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Al-Quran
“It is He Who sends down water (rain) from the
sky, and with it we bring forth vegetation of all kinds, and
out of it we bring forth green stalks, from which we bring
forth thick clustered grain. And out of the date palm and
its spath come forth clusters of dates hanging low and near,
and gardens of grapes, olives and pomegranates, each
similar (in kind) yet different (in variety and taste). Look
at their fruits when they begin to bear, and the ripeness
thereof. Verily! In these things there are signs for people
who believe.”
(Al-Anaam-99)
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Abstract
The wild edible fruit (WEFs) occupy key position among economically
important plants throughout the world. The use of WEFs seems more common and
widespread in food insecure countries including underdeveloped and developing
countries. Many species of WEFs plays important in curing various disorders due to
diversity of bioactive compounds including antioxidants. Pakistan has rich diversity
of WEFs commonly grows in tropical, sub-tropical, temperate and alpine forests,
plains and deserts of the country. The present study is aimed to analyze the nutritional
and antioxidant potential commonly used WEFs with special emphasis on mineral
diversity, proximate composition, energy content, bioactive compounds (Ascorbic
acids and carotenoids) and free radical scavenging activity using various assays.
During field surveys, Important WEFs were collected from various regions of
Pakistan and identified using flora of Pakistan. The fully ripened fruits were
processed and preserved using good laboratory practices. In analytical methods,
minerals including P, Na, K, Ca, Mg, Fe, Mn, Zn, Pb, Ni, Co, Cd, Cr and Cu) were
determined by using Atomic Absorption Spectrophotometer. Proximate composition
including Moisture Content (MC), Dry Matter (DM), Ash Content (AC), Crude Lipids
(CL), Total Dietary Fibre (TDF), Crude Proteins (CP), Total Available Carbohydrates
(TAC) and Gross Calorific Value (GCV) were determined using standard methods.
Free radical scavenging activity was determined using different assays including
Trolox Equivalent Antioxidant Capacity (TEAC), Ferric Reducing Antioxidant Power
(FRAP),

2,2-diphenyl-1-picrylhydrazyl

Scavenging

(DPPH)

and

Phosphomolybdenium Reduction (PMR). For confirmation of potential compounds,
Ascorbic acids and carotenoids were determined using HPLC techniques. a total of
23 WEFs belonging to 12 families commonly used in Pakistan were selected. Most of
the species belong Rosaceae and Moraceae (4pecies) followed by Capprifoliaceae and
Solanaceae (represented 4 species). The majority of species showed rich content of
Potassium (K) except Opuntia ficus-indica and Opuntia monacantha having Calcium
whereas Solena amplexicaulis, Rosa moschata Rosa webbiana and Rubus anatolicus
were rich in Phosphorus (P). Among heavy metals, Cd was detected in Sambucus
wightiana, Pistacia khinjuk, Lonicera quinquelocularis, Ribes orientale. In proximate
composition, majority of WEFs showed highest percentage of moisture content except
Sambucus wightiana having dry matter ((85.17 ± 4.902%). The highest free energy

XII

was reported in Pistacia khinjuk (580.82±13.03 k.cal/100g DW) followed by Rosa
moschata (418.02±20.7 k.cal/100g DW). The highest vitamin C (Ascorbic acid) was
determined in Rubus anatolicus (740.72±50.32 mg/100g) followed by Rosa webbiana
(669.17±56.08

mg). In free radical scavenging activities of WEFs, aqueous extracts

showed maximum antioxidant activities. The commonly isolated carotenoids were alltrans-β-cryptoxanthin, β-carotene-5, 6-epoxide, all-trans-ɛ-carotene, all-trans-γcarotene, all-trans-β-carotene and 13-cis-β-carotene. The present study provides
baseline data on commonly used WEFs in rural communities of Pakistan. The study
concludes that reported species are enriched with nutrients that can fulfil the nutrition
requirements among human populations.
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Chapter 1

1.1

Introduction

Wild Edible Fruits (WEFs): Source of Food and Nutrition
The use of wild and semi-wild fruits is known since ancient civilizations. Most

human cultures have been consuming variety of locally grown fruits in order to improve
their health and diets (Sharif Ali et al., 2008). In present times, utilization of wild fruit
bearing species is particularly more frequent and widespread among rural communities
and food insecure areas than urban populations. Local inhabitants especially children
may collect different nuts and berries from their surrounding locales to generate a
means of earnings and acquire better nutrition (Murray et al., 2001; Shrestha &
Dhillion, 2006). Although indigenous fruits and their wild relatives have minor
contribution in family meals, yet they are potential source of natural nutriments
(vitamins, proteins, sugars, fiber and other macro and micro-elements) and cultural
resources for local inhabitants. Adequate amount of these nutritive components is
needed to maintain healthy life and enhance immunity against infectious diseases
(Martins et al., 2011).
There are hundreds of non-conventional and wild fruit species all around the
world, which are known for their edible and dietary value. Mostly fruits have sweet
taste and generally do not need cooking like most vegetables and cereals. Thus, the
fresh or dried forms of wild fruits are extensively eaten in many regions and also used
in making commercial food products (Ali et al., 2008). In this sense fruits like olives,
dates, grapes, figs, pomegranates can be considered as luxurious endowment to
mankind from Allah.
“Almighty Allah has provided humans with food for hunger satisfaction as well
as all the acquainted chemicals affluences which makes them able to spend healthy and
prosperous lives (and among them fruit that they prefer the most)” Al-Waqia (Verse
20). WEFs have a very important role in the diet of the people since ancient times.
Traditional fruits represent economical but standard nutrition sources for the poor group
of the population, especially where malnutrition is ubiquitous. These fruits grow wild
and are readily obtained from the field as they do not require any cultivation. Wild
edible fruits are requisite for the prosperity of the populations as source of supplemental
food, nutritional diet, shelter, medicine, fuel, fodder and help in resource management
by conservation of important ecological habitats (Munir et al., 2011).
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During the last decade, many studies have systematically analyzed the
utilization and collection of wild edible fruits in Mediterranean countries including
France, Italy, Greece, Turkey, Spain and Cyprus (Pieroni et al., 2005). In Malawi, wild
fruits play an important role in people's diet and contribute to the economy of the
indigenous community (Saka and Msonthi, 1994). Medicinal importance of many wild
fruits for prevention and cure of various diseases have been reported. Wild fruits are
commonly consumed by both rural and urban occupants especially during the droughty
dry season when majority of cultivated fruits are not commonly available because of
off season. Wild and semi wild food resources are consumed in daily diet as the
dominant source of fruits especially in rural areas of Nigeria (Umaru et al., 2007).

Majority of wild fruits has not been brought under farm cultivation and detail
on their nutritional potential, energy storage is not investigated except their taste and
consumption rate. Moreover, there are many wild fruits in forests that are less familiar,
underexploited, and their economic potential is yet to be investigated. There is
insufficient research on edibility and therapeutic properties of wild fruits and data on
their nutritional composition is trivial (Mahapatra et al., 2012).

1.2

WEFs: Combating Food & Health Insecurity
The consumption of WEFs seems more common and widespread in food

insecure areas like deserts or dry lands. Where they serve as buffer food and rescue
lives of countless families at times of hunger and food scarcity. Underutilized fruits and
their wild relatives play a vital role in major famines of Africa (1973 and 1984-85),
India (1965-66) and Bangladesh (1974-75) (Bell, 1995; FAO, 1999). Pakistan is one of
the lowest ranking countries on the Food Security Risk Index, where almost half of the
total population is food insecure (NNS, 2011). The utilization of WEFs is a necessary
component of the strategies adopted by people in order to survive during stress periods
like war, crop failure, pest attack, and drought. Forest fruits are cheap and yet nutritious
source of food for rural poor communities (Teketay et al., 2010; Neudeck et al., 2012).
Unlike most cultivated and commercial fruits, WEFs offer sustainable food
production as they are often well adapted to local marginal land and harsh growing
conditions (Idowu, 2009). Furthermore, these lesser-known fruits can be used as a new
Nutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
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ingredient for the food industry or as an alternative to other agricultural fruits sold in
the market (Johns and Eyzaguirre, 2007). The commercialization of fruits of edible wild
plants may fulfill the increased demand of fruits and related products in urban centers
and also ensure their affordable reach to everyone. Recently greater attention has been
focused on direct and indirect benefits of wild fruit trees in livelihoods and food security
to enhance worldwide efforts to overcome hidden hunger and improve the nutrition of
both local communities as well as distant consumers (Mithofer & Waibel, 2003).

Malnutrition and Food insecurity affect the world’s population to a large extent.
Millions of people across the globe do not have enough food to meet their daily
requirements (Godfray et al., 2010). Approximately two billion people are likely to
suffer from micronutrient deficiencies that make them more susceptible towards
various diseases. Consequently, there is a significant decline in economic growth (FAO,
2012). Despite the obvious increase in global food production, malnutrition is the major
health burden in developing countries. Nutrition security becomes vulnerable when
food preferences are just a few numbers of cultivated crops and domestic animals.
Therefore, only the quantity and types of food are not sufficient to combat hunger and
undernourishment but quality of diet also contributes equally (Dhar et al., 2012;
Swaminathan, 2012). Forested landscapes are important for the production of many
under-consumed and nutritionally important wild foods like vegetables and fruits.
Indigenous fruits and their products contribute to overall food security by ensuring
nutrient-dense diets and therefore increasing the likelihood of sufficient micronutrient
intake without increasing the risk of obesity. The nutritional importance and other
health benefits of fruits intake is increasingly recognized (Slavin & Lloyd, 2012; WHO
& FAO, 2004).

Although cultivated plants are the focal source of food and income for rural
population, yet they are unable to meet the annual food requirements. Thus, the wild
edible plants including under-utilized fruits substantially contribute great share to
annual diets and improve the nutrition of several people in developing countries
(Ghorbani et al., 2012). Various researches from the past indicated that the edible wild
fruits have served as supplementary foods in different regions of the world (Asia,
Europe and Africa). The domestication of potential wild fruit species provides valuable
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genetic characters. These traits further used for developing genetically modified crops
through breeding and selection (Ford et al., 2011; Pandey et al., 2008; Redzic, 2006).

Evidences indicated that more than 300 million people throughout the
contemporary world get major part their food and livelihood from forests. Nonconventional fruits and their wild relatives have always been important in the folk
traditions. Apart from their traditional use of food, they have many nutritional and
health benefits. They are important source of dietary supplements (fiber, vitamins and
essential minerals) and many natural antioxidant compounds like carotenoids and
polyphenols (Della et al., 2006). Several studies have found that wild species of fruits
have rich nutritional contents comparable or sometimes superior to domesticated
varieties. Besides all, minor fruits can be used as food in times of scarcity. They sustain
the lives of rural and urban people from calamities by maintaining diversity in the food
system (Maduka, 2004).

1.3

WEFs: Medicinal and Dietary Significance
The dietetic significance of many wild plants is reported to be high in many

studies as compared to conventional vegetables and fruits (Orech et al., 2007). In this
regard, research on wild fruits has indicated that some wild fruits have better nutritional
value than cultivated fruits. These are rich source of nutrients including vitamins,
minerals, carbohydrates, proteins, fibers, bioactive compounds and have better taste
than their complement cultivated species, particularly those which have been under
cultivation for thousands of years (Trichopoulou et al., 2000). Wild Nuts and vegetables
are important for rural communities as they provide different nutritious components
like vitamins (C, A, B6, thiamine, niacin, E), minerals, and fibers that play important
roles in the different activities of body. Many wild fruits are medicinally important and
used for prevention and curing various diseases because they contain phytochemicals.
For instance, wild Medlar (Mespilus germanica L.) fruit liberate the kidney and bladder
stones and act as diuretic (Glew et al., 2003). Fruits of Capparis decidua are locally
used by the healers or hakims in treatments of various diseases like toothache, malaria,
inflammation, cough, swelling, asthma (Ziaulhaq et al., 2011). A number of wild fruits
serve as important constituents of conventional breweries. In this respect, various
efforts have been made to aware the community about the importance of the wild fruits
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as a part of human diet. Literature on the chemical composition and mineral content of
some wild fruits has reported their high nutraceutical value (Meyers et al., 2003).

The rising demand of quality food cannot be fulfilled only by increasing
productivity of the limited number of modern cultivated crops. Thus utilization of wild
food plants especially edible fruits is a better option to meet required nutritional rations,
as they have adequate potential to complement conventional human diet (Farooq &
Azam, 2002). WEFs have higher nutritional potential as compared to nutrient level
found in cultivated fruits (Eromosele et al., 1991; Maikhuri et al., 2004). Fruits provide
vitamins and minerals essential for the proper maintenance of human health. Wild fruits
have valuable nutritional composition in fatty acids (Vardavas et al., 2006). These have
important nutrients like carbohydrates including both starch and free sugars, proteins,
oils, minerals, ascorbic acid and antioxidants. From available literature and information
assembled from reliable sources, wild fruits and their dietary products have high energy
potentiality and enormous medicinal value. In Jordan many wild fruits are consumed in
different ways and widely distributed throughout the country. These are nutritionally
rich with high amount of mineral, vitamin, carbohydrate and fiber. Essential amino
acids, proteins, vitamin A, ascorbic acid, 3-carotene are reported in the wild fruit studies
conducted in West Africa, Middle East and Western Sahel (Leterme et al., 2006).

1.4

WEFs: Nutritional value and Dietary Requirements
Dietary assessment is used to categorize foods according to their nutritional

composition to facilitate identification of nutritious food that can improve dietary
quality (Hallström et al., 2018). Wild edible fruits are known to possess beneficiary
nutrients like vitamins, minerals and polyphenols, which provide health benefits in
addition to their nutritional value. Wild edible foods include fruits, leaves, flowers
and seeds from spontaneous trees and shrubs. Of these, fruits are receiving increase
interest from researchers working on wild edible plant species because of their
nutritional value, vitamin and mineral contents. In this context wild edible fruits are
being investigated as potential food supplements to increase quality of daily food for
the rural population in the Sahelian region, Africa, whereas many wild edible fruits
are still unknown or insufficiently exploited, despite their nutritional values
(Lamien-Meda et al., 2008).
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Wild fruits are commonly consumed by both rural and urban dwellers especially
during the dry season when most cultivated fruits are out of season. Wild and semi wild
food resources are frequently consumed as the dominant source of fruits especially in
rural communities in Nigeria. Such wild fruits have helped to provide a steady supply
of fruits during the dry season when cultivated fruits are scarce and expensive for lowincome earners that traditionally have large family. Considerable interest has been
generated by recent studies on the chemical composition of some wild fruits in Nigeria.
Some of these wild fruits have higher nutritional values compared with levels found in
cultivated fruits (Umaru et al., 2007).

Nutritional value of fruits cannot be judged without analysis, however, the fact
that most wild fruits cultivated by ethnic groups have comparatively high nutritional
value, especially in carbohydrate and vitamin C, needs further study (Jin et al., 1999).
Many studies reported the nutritional potential of wild edible fruits in different regions
of world (Chaudhury et al., 2018; Hazarika and Pongener, 2018; Mahapatra et al., 2012;
Rana et al., 2018; Saka and Msonthi, 1994; Seal et al., 2018; Sereno et al., 2018; Shin
et al., 2018; Sundriyal and Sundriyal, 2001; Turan et al., 2003; Vekiari and
Ouzounidou, 2018).

WEFs plays a great role in fulfilling the nutritional requirements, contribute
much in improving the economy of rural communities of India, Malawi and Africa. The
indigenous fruits collected from wild play significant role in the food and nutrient
availability to the poor communities of rural and tribal areas. Some wild fruits have
been identified to have better nutritional value than cultivated fruits. Fruits do not
require cooking that other plant products like vegetables need, are eaten raw and have
luscious flavors (Asfaw and Tadesse, 2001; Saka and Msonthi, 1994; Sundriyal and
Sundriyal, 2004).

1.5

WEFs: Antioxidant Potential
Free radicals are produced in normal and/or pathological cell metabolism.

Oxidation is essential to many living organisms for the production of energy to fuel
biological processes. However, the uncontrolled production of oxygen-derived free
radicals is involved in the onset of many diseases such as cancer, rheumatoid arthritis,
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cirrhosis and arteriosclerosis as well as in degenerative processes associated with
ageing. Antioxidant supplements or antioxidant-containing foods may be used to help
the human body to reduce oxidative damage. Natural antioxidants are being extensively
studied for their capacity to protect organisms and cells from damage brought on by
oxidative stress, the latter being considered a cause of ageing and degenerative diseases.
Plant antioxidant capacity is clearly associated with the activity of “free radical
scavenging enzymes” (superoxide dismutase, catalase, peroxidase, etc.) and with the
contents of antioxidant substances, mainly phenolic compounds, carotenoids,
tocopherol and ascorbic acid (Elmastas et al., 2007).

Wild Edible Fruit plant contain antioxidants such as ascorbic acid, vitamin E
and phenolic compounds such as flavonoids which neutralize oxidizing agents
generated as a byproduct of metabolic processes in humans. Anti-oxidants have
apparent antitumor and cardio-protective properties (Cook et al., 1998; Lako et al.,
2007). Reactive oxygen species (ROS) may cause oxidative stress in the body which
can destroy important biomolecules including proteins, lipids and DNA. Anti-oxidants
counteract the effect of these reactive oxygen species, thus reduce the ageing process
of tissues (Besco et al., 2007). Many plants have been investigated in the search for
novel antioxidants. Some natural antioxidants (i.e. rosemary and sage) are already
commercially used and have nutritional supplements (Proteggente et al., 2002).

Antioxidants are the most widely studied group among functional ingredients
of plants. The consumption of fruits with a high antioxidant content resulted in the
decreased ratio of many degenerative diseases including cardiovascular disorders,
cancer, arthritis, brain dysfunction, cataracts, inflammation and immune system decline
(Soong and Barlow, 2004). The main antioxidants found in fruit are phenolic
compounds, carotenoids, ascorbate, and flavonoid groups such as flavones, flavanones
and anthocyanins (Koleva et al., 2002; Leong and Shui, 2002; Valko et al., 2004).
Fruits and vegetables are, in general, harmless sources for obtaining natural
antioxidants. Fruit have long been regarded as having considerable health benefits due
to their nutritional attributes, and in particular their antioxidant activity against cellular
oxidation reactions. The positive effects of fruits may depend on the high amounts of
several antioxidants. These benefits have stimulated research to investigate the total
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antioxidant capacity (TAC) of fruit and vegetables and definitely contribute to prevent
or suppress diseases (Capocasa et al., 2008).

The dietary intake of fruits has a strong inverse correlation with the risk of
developing coronary heart disease and cancer. In fruits, vitamins C, A and E, and
polyphenols are known to be responsible for such antioxidant activity, with
polyphenols being the most active (Lamien-Meda et al., 2008). Fruits offer protection
against free radicals that damage lipids, proteins, and nucleic acids. Polyphenols,
carotenoids (pro-vitamin A), vitamins C and E present in fruits have antioxidant and
free radical scavenging activities and play a significant role in the prevention of many
diseases (Prakash et al., 2012). Many species of fruits, vegetables, herbs, cereals,
sprouts and seeds have been investigated for antioxidant activity during the past decade
(Brand-Williams et al., 1995; Caliskan and Bayazit, 2012; Chew and Lim, 2018; Hmid
et al., 2017; Hussain et al., 2011; Jabłońska-Ryś et al., 2009; Pelvan et al., 2018; Uddin
et al., 2014).

1.6

Diversity of WEFs in Pakistan
Pakistan has rich floral diversity due to the wide range of climatic and edaphic

conditions. There are many biodiversity hotspots in the area. Pakistani flora comprises
of approximately 8000 higher plant species, of which about 600 species are medicinally
important. A vast variety of wild food plants including under-utilized fruits grows in
tropical, sub-tropical, temperate and alpine forests of country. In general, major part of
domesticated and wild fruits diversity is confined to Northern (upper areas of Punjab
and Khyber Pakhtunkhwa, Gilgit-Baltistan and allied parts of Azad Jammu and
Kashmir) and South Western (Balochistan) regions of Pakistan. It is found that
approximately more than 90 different species of non-conventional and wild edible fruits
are known for their significant edible potential. Despite these diverse resources, about
37.5 million people in the country are not getting balanced diet. The main reasons of
undernourishment are poverty, limited access to healthy foodstuff and lack of
awareness about proper and quality food (Kabir and Afzal, 2016).

Pakistan has fertile soil and variable climatic conditions, which are favorable
for the production of fruits, vegetables and other agronomic crops. Pakistan is a
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fascinating country in its fruit wealth where almost all fruits consumable for humans
are grown. Minor’s fruits provide plenty of soluble dietary fiber, which helps to ward
off cholesterol and fats from the body and to help in smooth bowel movements as well
as offer relief from constipation ailments. Minor fruits are comprised of many antioxidants such as poly-phenolic flavonoids, vitamin-C and anthocyanins. These
compounds help human body to shield oxidant stress, diseases, and cancers.
Anthocyanins are flavonoid category of poly-phenolic compounds found in some minor
fruits like “fig, ber, phalsa, papaya, jamun, guava, fig, pomegranate, mulberry, pear,
cherry, avocado, loquat, litchi, olive, strawberry and mulberries, Minor fruit’s health
benefiting properties are because of their richness in vitamins, minerals, micronutrients, pigment anti-oxidants (Ahmad et al., 2015).

Minor fruits are usually found in Pockets, yet they have potential to be
developed into commercial production if improved cultivars and planting techniques
could be developed. There is lack of information on production, distribution, processing
and marketing aspects of these fruits. Nine minor temperate fruits in Northern Pakistan
are: Elaeagnus angustifolia L., Ficus palmata Forssk., Ficus sarmentosa Buch., Morus
species, Olea ferruginea Royle, Pinus gerardiana Wall., Sorbus lanata (D. Don) S.
Schauer, Viburnum grandiflorum Wall. and Vitis jacquemontii parker (Ahmad et al.,
2015).

1.7

WEFs: Traditional Uses
Traditional uses documentation of wild plants and their products throughout

the world have increased over recent years In many areas, the oral transmission of local
knowledge of traditional uses of wild plants between older and young generations is
not always assured (Kargıoğlu et al., 2010). There has been renewed or increasing
interest in consuming wild food plants. Despite primary reliance on crop plants, the
tradition of eating wild plants has not completely disappeared, their nutritional role and
health benefits being reported in many surveys worldwide. They were important as
dietary supplements, providing trace elements, vitamins and minerals. Nowadays,
however, consumption is determined less by calorie input and more by the pleasure of
gathering wild resources, recreating traditional practices and enjoying characteristic
(Pardo-de-Santayana et al., 2007).
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Important contributions to the diet from edible wild plants are well documented
and numerous studies reveal roles played by ‘lesser-known’ species when meeting
macro- and micronutrient needs of groups at risk, whether infants and children,
pregnant and/or lactating women, or the elderly (Grivetti and Ogle, 2000). Traditional
plants utilized by rural communities of Southern Italy are well determined, considered
profitable to the local market (Nebel et al., 2006). Inhabitants of Crete (Finland, Japan,
Greece, Yugoslavia, Holland, Italy and America) have 40% daily energy intake
comprises of wild fruits, wild vegetables, nuts and legumes, so they have lowest rate of
cardiovascular diseases and cancer (Vardavas et al., 2006). Juices, squash, jams and
jellies made from wild edible fruits have great economic potential in Central Himalayan
mountains of India (Maikhuri et al., 2004).

Fruits are acceptable as good nutrient source and supplement for world facing
the challenging problem of food shortage. WEFs are considered to be excellent source
of nutrients such as vitamins and minerals (Nahar et al., 1990; Valvi and Rathod, 2011).
In Xishuangbanna, wild fruits have been used as earning source, exchanged for grains,
rice, salt and other things required, or sold in local markets, so become an significant
part of income. Nutritional importance of wild fruits cannot be checked without
analysis, inspite of this it is the fact that most wild fruits cultivated by indigenous groups
have high nutritional value, especially in carbohydrate and vitamin C as compared to
cultivated fruits (Jin et al., 1999).

An increasing interest in wild edible plants, even in modern societies, has led to
many local ethnobotanical studies. The utilization of wild plants and animals continues
to greatly benefit the society to this day, from processes mostly involving local
experimentation through indigenous and local knowledge. Evidence indicates that
above 300 million people throughout the modern world gain part or all of their
livelihood and food from forests. Out of these, came the direct dependence of numerous
resource-poor households on indigenous plant resources in rural areas of most countries
as an integral part of their livelihoods. Such dependence is predominant in areas where
there are easily accessible communal area resources, in conjunction with limited
economic options. Regardless of agricultural societies, the practice of consuming wild
plants has not completely disappeared, their nutritional role and health benefits being
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reported in many surveys worldwide (Abbasi et al., 2013a). Throughout the world the
traditions of using wild edible plants as food and medicine are at risk of disappearing,
hence present appraisal was conducted to explore ethno medicinal and cultural
importance of wild edible vegetables used by the populace of Lesser HimalayasPakistan (Abbasi et al., 2013b). It is for this reason that ethno-directed research is very
useful in the discovery and development of new drug and food resources. Although
many ethnobotanical surveys have been conducted by different workers (Abbasi et al.,
2013c; Khan and Ahmad, 2015; Marwat et al., 2011).

1.8

Aims and Objectives of the Study
The project is confined to compile the list of selected WEFs with detailed

inventory from various regions of Pakistan. The major aims of present are:
•

To compile the list of importantly used WEFs with detail inventory.

•

To analyze nutritional, proximate and mineral evaluation and antioxidant
potential of selected WEFs.

➢ To evaluate the antioxidant potential based on different assays such as TEAC
Assay (Trolox Equivalent Antioxidant Capacity), FRAP Assay (Ferric
Reducing Antioxidant Power), DPPH Scavenging Assay (2,2-diphenyl-1picrylhydrazyl Scavenging) and PMR Assay (Phosphomolybdenum Reduction)
use to assess the health potential.
➢ To determine the Vitamin-C and carotenoids evaluation of the selected WEFs
to screen out the active compounds
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Table 1: List of selected WEFs along with their Collection information
Sr.
#
1.

2.
3.

4.
5.
6.
7.
8.
9.
10.
11.

Species Name
Sambucus wightiana
Wall. ex Wight & Arn.
Pistacia khinjuk
Stocks
Podophyllum emodi
Wall. ex Hook.F. &
Thomson
Opuntia ficus-indica
(L.) Mill.
Opuntia monacantha
(Willd.) Haw.
Capparis decidua
(Forssk.) Edgew.
Capparis spinosa L.
Viburnum mullaha
Buch.-Ham. ex D. Don
Lonicera
quinquelocularis H.
Solena amplexicaulis
(Lam.) Gandhi
Ribes orientale Desf.

English
Name
Dwarf
Elderberry,
Elderwort
Bombay
mastic
Himalayan
may apple

Local
Name
Mushkiara

Family

Collection Site

Altitude
Collector Name
(meter)
2300
Haleema,
Pakhtunzada, Zain

Collection
Date
12-09-2013

Adoxaceae

Ushu, Swat

Khangar

Anacardiaceae

Tehsil Zhob,
Zhob
Thandiani,
Abbottabad

1426

Haleema, Mushtaq
Ahmad
Haleema, Sadaf

12-07-2013

Bankakri

Berberidaceae

Cactus pear,
Barbary fig
Drooping
prickly pear
Kair, Karir

Barshum

Cactaceae

Madyan, Swat

1320

10-09-2013

Zuqam

Cactaceae

Bahrain, Swat

1400

Deelay

Capparidaceae

205

Kaveer
Titmaliya

Capparidaceae
Capprifoliaceae

4110
2410

Haleema, Abida
Haleema et al.

07-08-2014
24-07-13

Phut

Caprifoliaceae

2900

Cucurbitaceae

Ghonashat
ooh

Grossulariaceae

Ushu valley,
Swat

2300

Haleema and
Pakhtunzada
Haleema, Latif,
Ghulam Yaseen
Haleema,
Pakhtunzada

15-09-13

Bankakra

Watta khel,
Mianwali
Deosai, Skardu
Nathiagali,
Galyat
Kandol lake,
Utror, Swat
Maindan, Swat

Haleema,
Pakhtunzada, Zain
Haleema and
Mushtaq Ahmad
Haleema, M. Zafar

Caper brush
Starry
viburnum
Translucent
honeysuckle
Creeping
cucumber
Wild/Siberia
n currant

2700

1800

23-08-14

15-09-13
13-08-12

23-09-13
09-08-2013
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12.

Ficus racemosa L.

Cluster fig,
Indian fig

Gular

Moraceae

Nurpur Shahan,
Islamabad

588

13.

Ficus palmata Forssk.

Phagwara

Moraceae

Abbottabad

1256

14.

Morus alba L.

Chitta toot

Moraceae

Morus nigra L.

Kala toot

Moraceae

Dir khas, Upper
Dir
Tehsil Zhob

1420

15.
16.

Oxalis corniculata L.
Fragaria nubicola
(Lindl. ex Hook.f.)
Lacaita
Rosa moschata Herrm.

Pir Sohawa,
Margalla hills
Kaghan valley,
Mansehra

1525

17.

Wild fig,
Forest fig
White
mulberry
Black
mulberry
Creeping
wood sorrel
Wild/Himala
yan
strawberry
Himalayan
musk,
Rosehip
Wild rose,
Thorn rose
Holy
Bramble

18.

19.
20.

21.

Rosa webbiana Wall.
ex Royle
Rubus anatolicus
Focke

22.

Physalis divaricata
D.Don
Physalis peruviana L.

23.

Solanum nigrum L.

Khati booti Oxalidaceae

1425

Panjakha

Rosaceae

2500

Tarni

Rosaceae

Kumrat valley,
upper Dir

2285

Jangli
Gulab
Karwara

Rosaceae

2460

Rosaceae

Sheringal, Upper
Dir
Murree

Sunberry

Aknaj

Solanaceae

Madyan, Swat

1320

Golden
berry
Black
nightshade

Ras Bhari

Solanaceae

1420

Mako

Solanaceae

Dir khas, Upper
Dir
Nurpur Shahan,
Islamabad

2290

588

Haleema, Sadaf,
Sofia, Ghulam
Yaseen
Haleema, Sadaf

25-09-15

Haleema, Mushtaq
Ahmad, Latif
Haleema, Mushtaq
Ahmad
Haleema, Sofia,
Ghulam Yaseen
Haleema, Mushtaq
Ahmad, M. Zafar,
Zain
Haleema, Mushtaq
Ahmad, M. Zafar

12-05-2016

Haleema, Mushtaq
Ahmad, Latif
Haleema, Mushtaq
Ahmad, M. Zafar

27-10-16

Haleema,
Pakhtunzada
Haleema, Mushtaq
Ahmad, Latif
Haleema and Abida

15-10-13

10-05-2013

16-07-13
20-07-13
27-09-13

22-07-17

25-7-15

20-11-16
09-07-2013

14

Chapter 2

2.1

Material and Methods

Areas for collection of WEFs in the Present Project
The present research was conducted during 2012-2017 on selected wild edible

fruits (WEFs) found in different regions of Pakistan. About thirty-six major sites were
visited across the country to collect various unconventional fruits species (Table 1). The
respective sites in each territory are highlighted in the map. Botanical details including
scientific, common, local and family names, collection site, altitude, collector name of
WEFs included in the present study are given in Table 1.

2.2

WEFs: Collection and Identification
Extensive field work was done in both flowering and fruiting seasons (spring,

early autumn and summer) of the study period. A total of 23 different species of
unconventional fruits (WEFs) were selected for this project. During field tours, the
collection team was accompanied by local people to recognize the dietary use of each
harvested sample (Plate 1). About 1-1.5 kg fresh fruit sample of each species was
collected at fully ripened stage. The fresh materials were kept temporarily in plastic
bags and transported to the experimental laboratory without any delay. Field
photographs in both flowering and fruiting conditions were also taken for the correct
identification. WEFs collected in field were identified using the Flora of Pakistan
(Nasir and Ali, 1970-2002) and Catalogue of vascular plants of West Pakistan and
Kashmir (Stewart, 1972). Collected plants were compared with reference specimens in
Herbarium of Pakistan (ISL). Botanical names were authenticated from correct
botanical name service The Plant List (TPL) (www.theplantlist.org).

2.3

Processing & Preservation of WEFs for analysis
Healthy fruits and berries without any damage were sorted and then washed

with deionized water to remove dust and other extraneous material. They were given
an airing at room temperature and blotted dry till the excess moisture was absorbed.
Some of the collected samples were dried well under shade; while the others dried in
oven (at 40°C) to protect them from fungal attack. The completely dried samples were
ground to a fine powder and further transferred into the air-tight zipped bags. The sealed
samples were stored in vacuum desiccators in a dark room until used further for analysis
(Plate 2). For Vitamin C analysis, the weighed fresh were ground with 5% meta
phosphoric acid and stored in the freezer for further analysis.
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2.4

Material and Methods

Analytical Methods
The

analytical

procedures

included;

Nutrients

assessment

(minerals

quantification and proximate composition), In-vitro antioxidant assays (TEAC, FRAP,
DPPH, PMR) and determination of active antioxidant compounds (vitamin-C and
carotenoids) (Plate 3 & 4). Triplicate subsamples were taken for each analytical
procedure.
2.4.1

Nutritional Analysis

a)

Mineral Analysis

I)

Chemicals and Solvents
The chemicals used for analysis were of analytical grade; nitric acid (HNO3),

perchloric acid (HClO4), metals standard solutions (1000 mg/L as stock), milli-Q water
(Barnstead Nanopure Diamond TM).
II)

Sample Digestion
The fruit samples were digested by wet-oxidation method Hussain and Khan

(2010). About 1 gm each dried and ground sample was transferred to a conical flask
and a mixture of HNO3 and HClO4 (4:1, v/v) at room temperature was added. After 6
hours, this mixture was heated at 110°C for 60 minutes in digesting unit (Perkin Elmer,
AA Analyst 200, USA). The clear solution obtained was subsequently transferred to 50
mL volumetric flask and diluted with ultrapure water after cooling down. Acid
digestion of at least three replicates was done for each fruit species, and a blank
digestion was also carried out with every set of 12 samples.
III)

Instrumentation Procedure
The concentration of 14 inorganic elements (P, Na, K, Ca, Mg, Fe, Mn, Zn, Pb,

Ni, Co, Cd, Cr and Cu) were determined by using Atomic Absorption
Spectrophotometer (Perkin Elmer, AA Analyst 200, USA). The samples were
quantified against standard solutions of known mineral concentrations by using
respective calibration curves at corresponding wavelength (Table 2.2). All the AASgrade standard solutions and reagents of high purity (>99.9%) were used. Working
standards were prepared for each metal from their available stock solutions (1000
mg/L). The results were expressed as mg/kg dry weight (mean ± SD, where n=3).
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b)

Proximate Composition

I)

Reagents and Instruments
The analytical grade petroleum ether (C2H6O) and sulphuric acid (H2SO4) were

purchased from Merck (Darmstadt, Germany). The other chemicals i.e Boric acid
(H3BO3), methyl red, digestion mixture (FeSO4, CuSO4, K2SO4; 1:2:10) and sodium
hydroxide (NaOH) were obtained from Sigma Aldrich (USA). The instruments used
during proximate analysis include drying oven (Memmert, USA), muffle furnace
(Neycraft JFF, 2000), soxhlet extractor (BEHR Labor-Technik EZ 100), hot plate stirrer
(VELP Scientifica AM4), water purification system (Barnstead Nanopure Diamond
TM

), Kjeldahl distillation unit (VELP Scientifica, UDK 127) and a digesting unit (VELP

Scientifica, DK6 with a JP-recirculating water pump and SMS scrubber),
II)

Moisture Content (MC) and Dry Matter (DM)
Moisture content was determined by drying fresh samples in air-oven until the

constant weight was obtained (AOAC, 2008). Steps involved in the procedure are
mentioned below (Scheme 1). The difference between weight of dry and wet material
was used to determine moisture content. Dry matter (%) of fruits was obtained by
subtracting moisture content from 100 %.
MC (%) = Wt. of fresh fruit sample (A) – Wt. of dried fruit sample (B) x
100
Wt. of fresh fruit sample (A)

3-5 fresh fruits
weighed

Oven Drying
(108°C; 12-24 hr)

Calculations

Cool in dessicator

Weigh dried
samples

Scheme 1: Moisture determination.
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Ash Content (AC)
The dry ashing method was used to determine ash/inorganic content of fruits

(AOAC, 2005). The dried samples were incinerated in a muffle furnace under high
pressure and respective ashes were quantified (Scheme 2). The ash value was computed
as measure of the percentage of weight loss.
AC (% DW) = Wt. of ash + crucible (C) – Wt. of crucible (B) x 100
Wt. of dried sample used (A)
Dried powder
sample (2-3 g) in
pre-weighed
porcelain crucible

Incineration in
muffle furnace
(550°C; 6-8 hr)

Cool in dessicator

Weigh crucible
containing grey
ash

Compute Ash %
DM

Scheme 2: Ash content evaluation.
d)

Crude Lipids (CL)
The total fat contents in each sample was determined by solvent extraction

method using Soxhlet apparatus (AOAC, 2006). The crude fats from dried samples
were extracted with petroleum ether (Scheme 3) and expressed as percentage of the dry
weight.
CL (%DW) = Sample wt. before extraction(A) – Sample wt. after extraction (B)x100
Wt. of sample used (A)

Dried powder
sample (3-4 g) in
pre-weighed
extraction thimble

Soxhlet extraction
with petroleum
ether (60°C; 6-8
hr)

Calculate crude
Lipids % DM

Solvent recovery
& drying of
defatted sample in
oven

Weigh thimble
containing dried
lipid free sample

Scheme 3: Crude lipids analysis
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Total Dietary Fibre (TDF)
Dietary fiber of each defatted sample was estimated by sequential acid digestion

(0.255N H2SO4) followed by extraction with 1.25% NaOH solution (Aberoumand,
2009). After digestion, the dried residue was calcinated in muffle furnace (Scheme 4).
The difference in dry weight and ash content of the residue indicated the quantity of
fibre present.

Total Dietary Fiber (% DW) = Wt. of dry residue (B) – Wt. of residue ash (C) x 100
Wt. of defatted sample (A)

Dried defatted sample
(2-3 g)+200 mL
H2SO4 (boil for 30
min.)

Filter residue & wash
it with hot dist. water
(2-3 times)

Residue+200 mL
NaOH (boil for 30
min.)

Residue incinerated
in muffle (600°C; 3-4
hr), then weigh ash to
compute TDF

Shift residue in
crucible & dried in
oven (104°C; 7-8 hr),
then weighed.

Filter residue then
wash it with hot dist.
water & petroleum
ether (3 times each)

Scheme 4: Dietary fibre estimation

f)

Crude Proteins (CP)
The dried samples were tested for crude proteins by Kjeldahl nitrogen method

(AOAC, 2005). The process started from acid digestion followed by sequential
distillation and titration (Scheme 5). The measured nitrogen content was further
converted to total proteins by applying factor (6.25).

Crude protein (% DW) = % Nitrogen x 6.25
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Acid digestion (1 g
dried sample+25 mL
98% H2SO4+5 g
digestion mixture;
400 °C for 90 min)

Cooling & dilution
of digested sample
with dist. water (50
mL)

Diluted mixture
neutralized by 40%
NaOH to release
ammonia gas

Calculation of %
Nitrogen and %
crude Proteins DW

Collected NH3
titrated against 0.1N
H2SO4 till purple end
point

Distillation by
Kjeldahl assembly
(NH3 trapped in 1 %
boric acid containing
methyl red)

Scheme 5: Evaluation of crude proteins
g)

Nitrogen Free Extract (NFE)/Total Available Carbohydrates (TAC)
The percentage of available carbohydrates was obtained by subtracting the total

sum (%moisture, % ash, % fats, % dietary fibre and % proteins) from 100 percent
(AOAC, 2005).
h)

Gross Calorific Value (GCV)
The energy content of samples was calculated by Atwater formula and

expressed as Kilocalories per 100 gram (Nwabueze, 2006).
Gross Caloric Value (GCV) = (4xCP)+(4xTAC)+(9xCL)
2.4.2

In Vitro Antioxidant Assays

a)

Chemicals and Equipment
HPLC grade methanol, ethanol and ethyl acetate were purchased from Fisher

scientific (UK). Analytical grade acetic acid (CH3COOH), hydrochloric acid (HCl),
sulphuric acid (H2SO4), potassium persulphate (K2S2O8), sodium chloride (NaCl),
sodium dihydrogen phosphate (NaH2PO4), disodium hydrogen phosphate (Na2HPO4),
ferric chloride (FeCl3), ferrous sulfate (FeSO4), sodium acetate trihydrate
(CH3COONa3H2O), ammonium molybdate ((NH4)2MoO4), ascorbic acid (C6H8O6),
2,2-azinobis(3-ethylbenzenothiazoline-6-sulfonic)

(ABTS),

6-hydroxy-2,5,7,8-

teramethylchroman-2-carboxylic acid (Trolox), 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ)
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were purchased from Sigma–Aldrich (UK).
Deionized water was obtained from a Milli-Q water purification system (Barnstead
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) and 96-well microplate reader (SPECTRA MAX Plus-384)

with Soft Max Pro (V5.0.1) software was used to record absorbance in each assay.
b)

Extract Preparation
The extraction was conducted by following procedure of Kong et al., (2012)

with some modification. Each shade dried powder sample (1 g) was extracted in dark
room; separately with 10 mL of deionized water, ethyl acetate, 80% methanol and
ethanol for 14 hr on a horizontal shaker. After overnight extraction, the mixture was
centrifuged at 6000 rpm for 20min. The supernatant was transferred into a screwcapped glass vial and stored at −20 ◦C until analyzed.
c)

Antioxidant Assays
The antioxidant potential of selected wild edible fruits was analyzed using

different antioxidant assays including Trolox Equivalent Antioxidant Capacity
(TEAC), Ferric Reducing Antioxidant Power (FRAP), DPPH Scavenging Assay (2,2diphenyl-1-picrylhydrazyl Scavenging) and Phosphomolybdenium Reduction (PMR).
I)

TEAC Assay (Trolox Equivalent Antioxidant Capacity)
The scavenging activity of samples for ABTS radical cation was determined by

using method reported by Tai et al., (2011) with slight changes. Working solution was
prepared by mixing 10 mL of 2.45 mM potassium persulphate with 90 mL of ABTS (7
mM) solution and kept in dark at room temperature overnight. For every analysis, this
working mixture was freshly diluted with 5 mM phosphate buffer solution (PBS, pH
7.4) to an absorbance value of 0.70 at 734 nm.
An aliquot of sample or standard (10 μL) was added to dilute ABTS solution
(290 μL) in a 96-well plate. This mixture was allowed to react at 37°C for 20 min and
decrease of absorbance was recorded by microplate reader (at 734 nm). A linear
calibration curve (y=-0.0003x-0.019, R²=0.9978) was constructed for standard (Trolox)
with a concentration range of 0-2 mM. The results were expressed as millimole Trolox
equivalent per hundred grams fresh weight of sample (mM TE/100g FW ± SD).
II)

FRAP Assay (Ferric Reducing Antioxidant Power)
The reducing power assay was carried out as described by Ma et al., (2011) with

minor modification. Briefly, FRAP working reagent was made by mixing 2.5 mL of 10
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mM TPTZ solution, 25 mL of sodium acetate buffer (pH 3.6) and 2.5 ml of 20mM
ferric chloride. A total of 290 μL freshly prepared FRAP working solution was mixed
with 10 μL sample extract and incubated (37°C) for 5 minutes to develop blue colored
Fe2+TPTZ. The change in absorbance (at 593 nm) due to reduction of Fe3+ to Fe2+ was
monitored through microplate reader. Ferrous sulphate (FeSO4) concentrations in the
range of 0-1.5 mM were used for calibration (y=0.0007x+0.1245, R² = 0.9866) and
FRAP values were expressed as millimoles of Fe2+ equivalents per hundred grams of
fresh sample (mM Fe2+ Eq/100g FW ± SD).
III)

DPPH Scavenging Assay (2,2-diphenyl-1-picrylhydrazyl Scavenging)
The radical scavenging activity of extracted samples against purple colored

radical (DPPH·) was analyzed by following pre-reported procedure with few alterations
(Ma et al., 2011). The working solution was prepared by diluting 30 mL of stock DPPH
(0.24 mg/ mL) in absolute methanol (80 mL) and kept at 4 °C before analysis.
The working reagent (260 μL) was poured to 96-well plate, followed by addition
of sample (10 μL) and deionized water (30 μL). This mixture was gently shaken and
further incubated at 37°C for 0.5 hour. After incubation, the decrease in absorbance (at
517 nm) was recorded by microplate reader. Trolox standard dilutions (0-2 mM) were
used to construct linear calibration curve (y=-0.0003+0.01, R² = 0.9911) which was
further used to interpret DPPH scavenging ability of samples as millimole Trolox
equivalent per hundred grams fresh weight of sample (mM TE/100g FW ± SD).
IV)

PMR Assay (Phosphomolybdenium Reduction)
The total antioxidant capacity of the extracted samples was estimated by the

reduction of Mo (VI) to Mo (V) (Prieto et al., 1999). In this assay, a green phosphateMo (V) complex was formed when Mo (VI) was reduced by sample analyte. The
working solution was made by adding 1 mL of each 4 mM ammonium molybdate, 28
mM sodium phosphate and 0.6 M sulfuric acid in 20 mL of deionized water. This
solution was futher diluted upto 50 mL with deionized water. Briefly, an aliquot of each
sample/standard (10 μL) was mixed with working reagent (290 μL) in a 96-well
microplate, followed by incubation (at 95°C for 1.5 hour). Finally the absorbance was
measured at 695 nm against blank (methanol). Ascorbic acid (0-1.2 mM) was used to
make standard calibration curve and the antioxidant capacity of unknown composition
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was expressed as millimole ascorbic acid equivalent per hundred grams fresh weight
(mM AAE/100g FW ± SD).
2.4.3

Bioactive Compounds

a)

Estimation of Vitamin-C/Ascorbic Acid Content (AAC)

I)

Chemicals Required
Technical grade formaldehyde and sulphuric acid were purchased from Merck

(Darmstadt, Germany). Metaphosphoric acid (MPA), standard L-Ascorbic acid (AA)
and 2,6 Dichlorophenolindophenol (DCPIP) were supplied by Sigma Aldrich (USA).
Milli-Q water was used for preparing all the solutions.
II)

Extracts Preparation
A brief scheme of the extraction of processed samples is shown below

(Scheme 6). The frozen samples were extracted with metaphosphoric acid.

Frozen fruit sample
(10 g) + 5% MPA
(50 mL) in
centrifuge tubes

Sample-MPA
mixture
homogenized for
5-7 min.

Supernatent
collected and
filtered before use.

Centrifuged for 15
min (4°C) at 5000
rpm.

Scheme 6: Extraction of ascorbic acid from fruits
III)

Procedure: DCPIP Standardization & Sample Titration
The vitamin-C content of fruits was estimated by titrating extracted samples

against an oxidizing agent (AOAC, 1990). A dark blue dye (DCPIP) was used to
oxidize ascorbic acid. The indicator solution (0.08 %) was prepared by dissolving
DCPIP (0.8 g) in hot water (1 L) and kept in dark (at 4°C). About 5 ml of standard
ascorbic acid solution (0.05 g/250 mL 5% MPA) was titrated with DCPIP to a pink
color end point. A blank titration was carried out by using 5% MPA solution to the
same end point. The number of milligrams of ascorbic acid equivalent to 1 mL of
DCPIP solution was calculated as;
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Dye Factor (F) = Vol. of standard AA (ml) x Conc. Of AA (mg/L)
(Standardization Titre - Blank Titre) x1000
The sample solution for titration was made by mixing each fruit extract (25 mL)
in sulphuric acid (1 mL) and formaldehyde (2.9 mL). After thorough mixing, 10 mL
aliquots were titrated with standardized dye to an end point (pink color persisted for 810 seconds). A blank determination was also performed using 5% MPA instead sample
solution. The vitamin-C content of each fruit sample was expressed as mg/100g FW.
Vitamin-C/AAC = V x F x 50 x 28.9 x 100
W x 10 x 25
➢ Average sample titre (mL) = V
➢ Dye factor = F
➢ Weight of sample used (g) = W
➢ Total volume of sample solution before titration (mL) = 28.9
➢ Amount of 5% MPA used for extraction (mL) = 50
➢ Constants = 10, 25 and 100
b)

Carotenoids Analysis

I)

Solvents & Commercial Standards
HPLC grade solvents (ethyl acetate; C4H8O2, Methyl tert-butyl ether/MTBE;

C5H12O and methanol; CH3OH) were purchased from Fisher scientific (UK). A milliQ purification system (Barnstead Nanopure Diamond

TM

) was used to produce

deionized water. All-trans carotenoid standards (violaxanthin, neochrome, neoxanthin,
antheraxanthin, lutein, zeaxanthin, mutatoxanthin, canthaxanthin, α- and βcryptoxanthin, lycopene, ɛ-, α-, β- and γ-carotene), epoxides (Lutein-5,6-epoxide, , βcarotene-5,6-Epoxide) and chlorophyll-a and b were obtained from CaroteNature
GmbH (Switzerland) and Chromadex (USA).
II)

Extraction of Carotenoids
The carotenoid pigments from shade dried samples were extracted with ethyl

acetate in dark to avoid their degradation (Ishida et al., 2009). Brief steps of protocol
are shown in schematic diagram (Scheme 7).
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Sample (0.5g)+1.5 mL
C4H8O2>homogenized
(Ultra-Turrax T25,
Germany) in centrifuge
tubes

Mixture vortexed
(VWR VX-2500) for
10-15 min & kept in
dark (4°C) overnight

Supernatent (collected 3
times) centrifuged (30
min @ 4000 rpm), stored
(at -25°C) in appendrofs
& analysed by HPLCDAD

Residue+0.25 mL
C4H8O2>left in dark(2
hr; 4°C)>centrifuged as
before & again
supernatent collected

Mixture centrifuged (20
min; @ 4000 rpm) &
supernatent collected
(screw-top tube)

Residue+0.35 mL
C4H8O2>left in dark(2
hr; 4°C)>centrifuged
as before &
supernatent
recollected

Scheme 7: Protocol for carotenoid pigments extraction
III)

Isomerization of all-trans-carotenoid standards
The cis-isomers of carotenoids were produced by photoisomerization of all-

trans standards as described by Rajendran et al., (2005). Briefly, 2 mL solution (5
mg/ml) of each all-trans-compound (lutein, zeaxanthin, α-carotene and β-carotene) was
poured in glass vials. These vials were illuminated (for 24 hr at 25°C) with four 20 W
fluorescent light tubes at a distance of 30 cm and light intensity of 2500–3500 lux. The
illuminated standards were further evaporated to dryness, dissolved in MTBE/MeOH
(3:1, v/v) and filtered. About 20 μL of each photoisomerized standard solution was
injected to HPLC; and respective absorption spectra (λmax), Q-ratio and retension time
(Rt) were determined.
V)

Chromatographic Conditions
The carotenoid analysis was carried out on the HPLC system (Shimadzu)

consisted of a computer-controlled system with Class-VP software and CBM-20A
system controller. Other accessories were a Shimadzu DGU-20A degasser, LC-20 AD
Shimadzu pumps, a CTO-20 AC column oven and an SPD-M20A photo diode array
(PDA) detector. The column was a HyperClone Reverse phase C18 (250 × 4.6 mm,
5um), and column oven set at 40 ℃. The flow rate was 1 mL/min, injection volume 20
μL and the detection of carotenoids was at 450 nm. HPLC vials of Chromacol (500x03FISV, C268) company were used. The three mobile phases used for gradient HPLC
were pure water solvent (A), methanol solvent (B), and ethyl acetate solvent (C). The
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gradient elution profile was started from 88% B and 12% A for 0.01 min. B was
increased to 100% at 8 min and remained 100% at 10 min. Then C was increased from
0% to 35% at 23 min, 50% at 27 min, 100% at 30 min and kept at 100% until 32 min.
The concentration of B was increased to 100% at 37 min until 40 min. Finally the
solvents returned to their start concentrations; 12% A, 88% B and 0% C at 42 min, and
kept constant until next injection at 47 min (Cacciola et al., 2016).
VI)

Identification & Quantification
Chromatographic peaks of all-trans-carotenoids in the samples were identified

by comparing their retention times and UV spectra with those of their reference
standards and literature (Appendix 1). The cis-isomers of lutein, zeaxanthin, α- & βcarotene were tentatively identified on the basis of Q-ratios, cis-peak (absorption near
330 or 350 nm) and absorption spectra comparison with literature reported values
(Appendix 2). Quantification of all-trans forms (violaxanthin, neochrome, neoxanthin,
antheraxanthin, lutein, zeaxanthin, mutatoxanthin, canthaxanthin, α- and βcryptoxanthin, lycopene, ɛ-, α-, β- and γ-carotene) and epoxides (Lutein-5,6-epoxide,
β-carotene-5,6-Epoxide) was done from the peak area of each component and its
corresponding regression equation (y = ax+b). The stock standard solutions were
prepared in methanol (100 mg/L). A suitable concentration range (with a minimum of
five dilutions) for each standard compound was chosen to construct respective linear
calibration curve (Appendix 3). The extinction coefficients of cis-isomers are similar
to their all-trans forms; so their quantities were also determined by using the standard
curves of corresponding all-trans carotenoids (Lin & Chen, 2003). The final
concentration of each compound was expressed as milligrams/100 gram fresh weight
of sample (mg/100g FW). The summation of concentration of the individual carotenes
and xanthophylls was expressed as total carotenoid content (TCC).
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d

e

f

Plate 1: Panoramic Views & WEFs Collection (a) Mahodand Lake, Kalam. (b) Suleiman
Range, Zhob. (c) Deosai Plains, Skardu (d) Saif ul Malook Lake road, Naran (e) A local
boy selling unconventional fruits, Chitral (f) Fruits collection from Galyat
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d
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c

Plate 2: Identification & Preservation (a) & (b) Authentication of collected WEFs.
(c) & (d) Shade drying. (e) Separation of edible & non-edible parts. (f) Preserved samples
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b

c

d

e

f

Plate 3: Nutritional Assessment (a) Moisture determination by oven drying. (b) Kjeldahl
Assembly for protein analysis. (c) Ash content. (d) Crude lipids measurement. (e) Acid
digestion. (f) AAS for minerals quantification.
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b

c

d

e

f

Plate 4: Antioxidant Analysis (a) & (b) In-vitro inhibition assays. (c) WEFs extracts for
polyphenol analysis. (d) Carotenoids extracted in ethyl acetate. (e) Microplate reader. (f)
Samples loading in HPLC.
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Chapter 3

Results and Discussion

The present study is confined to nutritional and antioxidant analysis of selected
wild edible fruits from Pakistan. In present study, a total of 23 plant species of wild
edible fruits commonly used in Pakistan were selected based on indigenous knowledge
prevalent among indigenous communities. The study is comprised two major parts.
First, checklist of selected wild edible fruits that includes taxonomic names arranged in
family alphabetical order, English and local names. Second part contain botanical
information, nutritional and antioxidant evolution of each species.
The botanical information section includes field photograph of each species
(Plates 5-39), synonym, flowering-fruiting time, habit-habitat and localities of
collection of each species. Nutritional analyses include evaluation mineral content
(macro and micro elements), heavy metals and proximate components including water
and dry matter (Ash, crude fats, crude proteins, carbohydrates and estimated energy
available). Antioxidant analysis is confined to three components; including free radicals
scavenging effects using in vitro anti-radical assays. Furthermore, in vitro anti-radical
assays were based on DPPH (2,2-diphenyl-1-picrylhydrazyl Scavenging), TEAC
(Trolox Equivalent Antioxidant Capacity), FRAP (Ferric Reducing Antioxidant Power)
and PMR (Phosomolybdenium Reduction) using aqueous, methanol, ethanol, ethyl
acetate extracts. Vitamin C content (ascorbic acid) and potential carotenoids that may
responsible for nutritive values as well as defense against various disorders in body of
living organisms.
In results and discussion section, table 2 describes the floristic diversity of
selected plant species of wild edible fruits belonging to 12 families from different
regions of Pakistan. Most of the species belong Rosaceae and Moraceae (4pecies)
followed by Capprifoliaceae and Solanaceae (represented 4 species). Overall, figures 1
to 35 (a-i) provide comprehensively summarized information on nutritional and
antioxidant potential of studied wild edible fruits. Each figure shows information based
upon mean value (n=3) with a standard error bar and represent maximum, minimum
and mean values of respective components. The carotenoids were identified by using
respective standards, relative retention times and their spectral characteristics
mentioned in Table 2.3 & 2.4 )Anextire). The concentration of each carotenoid present
in sunberries is presented in Table 3 with corresponding peak numbers and retention
times (minutes).
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Table 2: Diversity of selected wild edible fruits
Plant Family

S. No of
species
1. Adoxaceae
1.
2. Anacardiaceae
2.
3. Berberidaceae
3.
4.
4. Cactaceae
5.
6.
5. Capparidaceae
7.
8.
6. Capparidaceae
9.
7. Cucurbitaceae
10.
8. Grossulanaceae
11.
12.
13.
9. Moraceae
14.
15.
10. Oxalidaceae
16.
17.
18.
11. Rosaceae
19.
20.
12. Solanaceae
21.
22.
23.

Species Name

English Name

Local Name

Sambucus wightiana Wall. Ex Wight & Arn
Pistacia khinjuk Stocks
Podophyllum emodi Wall. ex Hook.F. & Thomson
Opuntia ficus-indica (L.) Mill.
Opuntia monacantha (Wild.) Haw.
Capparis decidua (Forssk) Edgew
Capparis spinosa L.
Lonicera quinquelocularis Hard.
Viburnum mullaha Buch-Ham. ex D. Don
Solena amplexicaulis (Lam.) Gandhi
Ribes orientale Desf.
Ficus palmata Forssk.
Ficus racemosa L.
Morus alba L.
Morus nigra L.
Oxalis corniculata L.
Fragaria nubicola (Lindl. Ex Hook. F.) Lacaita
Rosa moschata Herrm.
Rosa webbiana Wall. Ex Royle
Rubus anatolicus (Focke) Hausskn.
Physalis divaricata D.Don
Physalis peruviana L.
Solanum nigrum L.

Dwarf Elderberry, Elder wort
Bombay mastic
Himalayan may apple
Cactus pear, Barbary fig
Drooping prickly pear
Caper
Caper brush
Translucent honeysuckle
Starry viburnum
Creeping cucumber
Wild/Siberian currant
Wild fig, Forest fig
Cluster fig, Indian fig
White mulberry
Black mulberry
Creeping wood sorrel
Wild/Himalayan strawberry
Himalayan musk, Rosehip
Wild rose, Thorn rose
Holy Bramble
Sunberry, Native gooseberry
Golden berry, Husk cherry
Black/Common nightshade

Mushkiara
Khangar
Bankakri
Barshum
Zuqam
Deelay
Kaveer
Phut
Titmaliya
Bankakra
Ghonashatooh
Phagwara
Gular
Chitta toot
Kala toot
Khati booti
Panjakha
Tarni
Jangli Gulab
Karwara
Aknaj
Ras Bhari
Mako

31

Chapter 3

Results and Discussion

Adoxaceae
1. Sambucus wightiana Wall. Ex Wight & Arn

Plate 5: Field photograph of Sambucus wightiana

Synonym

: Sambucus ebulus L.

Flowering Period

: June-July

Fruiting Time

: August-October

Habit & Habitat

: A fairly common shrub of inner Himalayan ranges. It grows
on mountain pathways at altitude of 2000-7500 meters.

Locality

: Kashmir (Sharda), Chitral, Dir, Swat, Kaghan, Naran,
Abbottabad, Ziarat

3.1

Nutritional Composition of Sambucus wightiana

a)

Minerals Content
The levels of investigated essential minerals and trace elements in Sambucus

wightiana are shown in Figure 1a, b and c. The descending orders of macro, micromineral and heavy metal contents were; K>Mg>Na>P>Ca, Cu>Mn>Fe>Zn>Co>Ni
and Cr>Cd>Pb. Among all the minerals analyzed so far, the prominent ones in
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Sambucus wightiana fruit were K (148.05±41.87 mg/100g DW) and Cu (3.626±0.63
mg/100g DW). Traces of Cd (0.008±0.0001 mg/100g DW) were also recorded in
Sambucus wightiana fruit but Pb was absent. In literature, Pandia et al. (2018) reported
the presence of various mineral elements in the fruit of Sambucus wightiana. In similar
to present study, Shallari et al. (1998) reported Cd from aerial part of this plant species
indicating the contamination due to industrial zones. Meanwhile, in a previous studies
it is also stated that the macro and micro elements are found to be important factor for
pharmacological properties of Sambucus wightiana (Shokrzadeh and Saravi, 2010).

b)

Proximate Components
Dwarf elderberries had low water content (14.83 ± 4.9%) and significantly high

dry matter (85.17 ± 4.902%) (Figure 1d). The average proximate composition of
powdered fruit sample is shown below in figure 3.42e. The percentage values of
respective nutritional components were; ash 3.499±1.28%, crude fats 5.36 ± 0.93%),
crude proteins 16.196 ± 7.76%, dietary fiber 22.15 ± 2.565% and total available
carbohydrates 52.79 ± 4.804%/ Total food energy content possessed by Sambucus
wightiana (DW) was 324.18 ± 11.5 k. cal/100gm (Figure 1f). In literature, sugars
content of Sambucus wightiana was reported as an active group in various
pharmacological activities (Pieri et al., 2009). In another study, the seeds of this plant
species were found to be rich in fat with high amounts of polyunsaturated fatty acids
(Dulf et al., 2013).

3.2

Antioxidant Capacity and Potential Constituents of Sambucus
wightiana

a)

In Vitro Antiradical Assays
The free radicals scavenging effect (mM/100g FW) of different extracts

(aqueous, methanol, ethanol, ethyl acetate) obtained from Sambucus wightiana fruit is
presented in Figure 1g. The aqueous and methanolic fruit extracts showed more
antioxidant ability than ethanolic and ethyl acetate extracts. The descending order of
various Sambucus wightiana fruit extracts in terms of their activity against different
free radical assays was; Aqueous>Ethanol>Methanol>Ethyl acetate. DPPH inhibition
was found to be highest in aqueous extract (5.85 ± 0.16 mM TE/100g FW) and lowest
in ethyl acetate extract (3.54 ± 2.19 mM TE/100g FW). Similar pattern was observed
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in TEAC, where aqueous and ethyl acetate fractions showed 7.52±0.16 mM TE/100g
FW and 5.02±1.74 mM TE/100g FW respectively. Aqueous extract exhibited more
FRAP (13.42±0.66 mM FeSO4 Eq/100g FW) and PMA (12.09±0.31 mM AAE/100g
FW) activities as compared to ethyl acetate extract (9.125±2.39 mM FeSO4 Eq/100g
FW and 9.37±1.67 mM AAE/100g FW). FRAP values were higher than PMR, TEAC
and DPPH in all solvent extracts of investigated Sambucus wightiana fruit. The edible
fruit of Sambucus wightiana is reported to be good source of natural antioxidants
(Ebrahimzadeh et al., 2009). In previous study, the fruit of Sambucus wightiana have
been evaluated against free radical scavenging activity (Dawidowicz et al., 2006) but
unlike to present study its comparative antioxidant potential using different assays was
not determined. The present study highlights the comparison of antioxidant potential
by using different assays.

b)

Vitamin-C Content
Total content of ascorbic acid in edible fruit of Sambucus wightiana was

31.565±4.29 mg/100g FW (Figure 1h). The results of present study regarding quantities
of ascorbic acid in this plant species concedes the various reports in previous studies.
Saeedi Saravi and Shokrzadeh (2008) reported the preventive effect of vitamin C and
E from Sambucus wightiana during renal and hepatic disorders showing the importance
of potential compounds in curing various chronic disorders. In previous studies, a high
content of total polyphenols, anthocyanin, quercetin and vitamin C was reported from
Sambucus wightiana , which may be related to its antioxidant activity (Tasinov et al.,
2013).

c)

Carotenoids Profile
HPLC chromatogram of carotenoids in ethyl acetate extract of Sambucus

wightiana fruit is shown in figure 1i. The prominent colored compounds observed in
Sambucus wightiana fruit were; all-trans-lutein, all-trans-β-cryptoxanthin, β-carotene5, 6-epoxide, all-trans-ɛ-carotene, all-trans-γ-carotene, all-trans-β-carotene and 13-cisβ-carotene. Small amounts of all-trans-violaxanthin, all-trans-mutatoxanthin, all-transantheraxanthin and neolutein-A were also present in dwarf elderberries. But, peaks for
neolutein-B, all-trans-neochrome, all-trans-zeaxanthin, and 13-cis-zeaxanthin, alltrans-α-cryptoxanthin, all-trans-lycopene, all-trans-α-carotene and its cis-isomers were
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not detected. Total carotenoids were estimated as a sum of xanthophylls and carotenes
content. So, the estimated value of carotenoids content in Sambucus wightiana fruit
(FW) was 0.062±0.07 mg/100g. The presence of carotenoids indicates the importance
of Sambucus wightiana. In highlighting the importance of reported carotenoids,
(Richelle et al., 2001) comparatively highlighted the antioxidant potential of
polyphenol and carotenoids. They concluded that diversity of carotenoids along with
polyphenols may play pivotal role in combating the various physiological disorders.
In literature, Mir et al. (2018) stated that Sambucus wightiana is found to be effective
against cancer due

to presence of diversity of potential compounds including

carotenoids, phenolic acids, flavonoids, condensed tannins, hydrolysable tannins,
stilbenoids, lignans, triterpenes and sterols.
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f) Energy value (k. cal/100g DW)
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i)

HPLC-PDA chromatogram of carotenoids separated from ethyl acetate
extract at 450 nm.
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Anacardiaceae
2. Pistacia khinjuk Stocks

Plate 6: Plant Field Photograph of Pistacia khinjuk
Synonym

: Pistacia acuminata Boiss. & Bushe

Flowering Period

: June-July

Fruiting Time

: August-October

Habit & Habitat

: A fairly common shrub of inner Himalayan ranges. It grows
on mountain pathways at altitude of 2000-7500 meters.

Locality

: Gilgit, Chitral, Kohistan, Khyber Agency, Waziristan,
Upper Sindh, Quetta, Zhob, Loralai (Qilla Saifullah),
Musakhel

3.3

Nutritional Composition of Pistacia khinjuk

a)

Minerals Content
The concentrations of inorganic elements (mg/100g DW) in ripened Bombay

mastic fruits are shown in Figure 2a, b and c. The decreasing orders of macro, micromineral and heavy metal levels in Pistacia khinjuk fruit were; K>Ca>Na>P>Mg and
Fe>Zn>Mn>Ni>Cu>Co and Cr>Pb>Cd. Among all the essential and trace elements
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studied so far, the highest contents of K (399.07±234.7 mg/100g DW) and Fe
(4.16±1.85 mg/100g DW) were recorded in digested Bombay mastic fruit sample.
While traces of heavy metals were also present; like Cd level (0.176±0.05 mg/100g
DW) was lowest in the order. In a previous study, Saffarzadeh et al. (1999) also
reported the macro-micro elements from Pistacia khinjuk. They also proved the
presence of highest content of Potassium showing the authenticity of present results.
According to Tavakoli et al. (2013) the fruit of Pistacia khinjuk contain the seed as
edible part and considered as very stable oils among common edible oils that act as high
oxidation stability due to presence of diversity of macro and micro elements.

b)

Proximate Components
The mean values of moisture and dry matter for Bombay mastic fruit were

54.36±3.82% and 45.63±3.82% (Figure 2d). A clear picture of proximate composition
of Pistacia khinjuk fruit on dry weight basis is summarized in Figure 2e. The results
showed that Bombay mastic fruit was proximately comprised of 3.009±0.78% ash,
47.93± 3.51% crude fats, 16.03±2.16% crude proteins, 11.7±2.62% dietary fiber and
21.31±3.46% carbohydrates. Total energy provided by Pistacia khinjuk fruit was
significantly high (580.82±13.03 k.cal/100g DW) due to higher crude fats value (Figure
2f). In literature, it was reported by Saffarzadeh et al. (2000) that Pistacia khinjuk may
be a potential source of new feedstuff in different regions and can provide
metabolizable energy values, which are compatible to cereal grains in diets. Such
source of nutrients may be due to presence of macro and micro nutrients determined in
present study. Asnaashari et al. (2015) determined the nutritive values of oil of
Pistacia khinjuk and reported that fatty acids (part of crude proteins) is an important
determination of its oxidation stability. Like in our study, they also concluded that
presence of diversity of fatty acids is potent component in nutrition.

3.4

Antioxidant Capacity and Potential Constituents of Pistacia
khinjuk

a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of four different extracts

(aqueous, methanol, ethanol, ethyl acetate) of Pistacia khinjuk fruit is illustrated via
line-plot (Figure 2g). Ethyl acetate extract exhibited the highest antioxidant power
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among all solvent extracts. The descending order of Pistacia khinjuk fruit extracts in
terms of their activity against different free radical assays was; Ethyl
acetate>Methanol>Ethanol>Aqueous. Maximum DPPH inhibition was observed in
ethyl acetate extract (0.158±0.14mM TE/100g FW) and minimum in water extract
(0.061±0.04 mM TE/100g FW). Similarly, the ethyl acetate extract exhibited highest
FRAP (0.096±0.03 mM FeSO4 Eq/100g FW), PMA (1.09±0.02 mM AAE/100g FW)
and TEAC (1.49±0.001 mM TE/g100 FW) values while aqueous fraction possessed the
least but noticeable activity (0.042±0.02 mM FeSO4 Eq/100g FW, 0.325±0.15 mM
AAE/100g FW & 0.172±0.18 mM TE/g100 FW). TEAC values were higher than PMA,
DPPH and FRAP in all respective extracted fractions.
The antioxidant potential based upon various assays showed that it may be due
to variety of potential compounds in fruit of Pistacia khinjuk. Like our study, it is
reported that there is always positive correlation between phenolics-flavonoids and
antioxidant activities (Hatamnia et al., 2016). There antioxidant capacity can be related
to total phenolic and flavonoid contents. Ahmed et al. (2017) reported that ethyl acetate
extract showed the highest antioxidant activity that support the findings of present
study.

b)

Vitamin-C Content
The mean value of total ascorbic acid content in Bombay mastic fruit was

2.566±1.06 mg/100g FW respectively (Figure 2h). In literature, none have determined
the vitamin C content of Pistacia khinjuk. However, Kizil and Turk (2010) reported
that stated that flavonoids from Pistacia khinjuk are considered mainly for their health
promoting activity, they outperform vitamin C and vitamin E in terms of antioxidant
activity because they have a stronger capacity to donate electrons. The vitamin C is
considered as important in defense of various diseases. In literature, it is reported that
vitamins including Vitamin C and E are important for human health. Such compounds
are related primarily to their antioxidant activity; nevertheless, they also show
important biological activity in vivo and may be beneficial in combating diseases
related to excessive oxygen radical formation that exceeds the antioxidant defense
capacity of the human body (Mirzaei and Yousefzadeh, 2013).
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Carotenoids Profile
The HPLC chromatogram of carotenoids from Pistacia khinjuk fruit is shown

in figure 3.27i. The major carotenoids found in Bombay mastic fruit were all-translutein, neolutein-A, all-trans-ɛ-carotene, all-trans-γ-carotene, all-trans-β-carotene, 13cis-β-carotene followed by small peaks of all-trans-neoxanthin and Neolutein-B. While
many

compounds

like

all-trans-neochrome,

all-trans-violaxanthin,

all-trans-

mutatoxanthin, all-trans-antheraxanthin, lutein-5, 6-epoxide, all-trans-zeaxanthin, 13cis-zeaxanthin, all-trans-α & β-cryptoxanthin, all-trans-lycopene, all-trans-α-carotene
and its cis-isomers were absent in the extracted sample. Total carotenoids content
(including xanthophylls and carotenes) of Pistacia khinjuk fruit was 1.87±0.05
mg/100g FW. In various studies, the diversity of carotenoids has been reported from
Pistacia khinjuk. Among them, Pheophytin, 𝛽-carotene, neoxanthin, luteoxanthin, and
violaxanthin were determined in most of the studies (Bozorgi et al., 2013).
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Berberidaceae
3. Podophyllum emodi Wall. ex Hook.F. & Thomson

Plate 7: Field photograph of Podophyllum emodi
Synonym

: Podophyllum hexandrum Royle

Flowering Period

: April-May

Fruiting Time

: June-September

Habit & Habitat

: A shade loving herb growing well in rich humus soil. It is
found in Himalayan scrub forests and alpine meadows from
2000 to 3500 meters

Locality

: Gilgit, Chitral, Skardu, Kashmir (Kel), Swat, Astor, Hazara
(Shogran, kohala, Saiful maluk), Muzaffarabad (Lipa
Valley), Murree, changla gali, Ziarat

3.5

Nutritional Composition of Podophyllum emodi

a)

Minerals Content
The concentration of inorganic elements (mg/100g DW) in ripened Himalayan

Podophyllum emodi is shown in figure 3a, b and c. The amounts of macro, micro-
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minerals and heavy metals were decreased in orders; K>Ca>Na>Mg>P,
Fe>Zn>Mn>Ni>Cu>Co and Pb>Cr>Cd. The results presented appreciable amount of
minerals in fruits of Podophyllum emodi. The highest content of K (605.61±111.37
mg/100g DW) and Fe (11.29±1.72 mg/100g DW) was recorded among macro- and
micro-elements. While, concentration of Cr was lowest (0.018±0.001 mg/100g DW)
among all the minerals and Cd was absent. Due to very restricted distribution of
podophyllum emodi, very little work is reported from past. However, In the previous
findings, nitrogen content was reported higher and phosphorus, potassium and Carbon
content were found to be lower in the Podophyllum hexandrum plant grown at higher
elevation as compared to lower altitude (Chandra et al., 2010).

b)

Proximate Components
Himalayan may apples had considerably high moisture content (76.04±17.3%)

and low dry matter (23.93±17.3%) (Figure 3d). The proximate composition of
Podophyllum emodi fruit on dry weight basis is shown in figure 3e. The measured
values for ash, crude fats, crude proteins, fiber content and total available carbohydrates
were; 1.513±0.71%, 0.767±0.67%, 6.317±0.65%, 38.41±2.696% and 52.98±2.72%
respectively. The recorded mean value of energy was 244.13±8.77 k.cal per 100 grams
of dried fruit (Figure 3f). In past, Shuai et al. (2008) reported a water-soluble
polysaccharide from root of Podophyllum emodi was obtained through boiling water
characterized through chromatography. It showed the highest content of carbohydrates
as reported in present study.

3.6

Antioxidant Capacity
Podophyllum emodi

a)

In Vitro Antiradical Assays

and

Potential

Constituents

of

The free radicals scavenging effect (mM/100g FW) of different extracts
(aqueous, methanol, ethanol, ethyl acetate) obtained from Podophyllum emodi fruit is
presented in Figure 3g. Aqueous and methanolic extracts showed more antioxidant
power than ethanolic and ethyl acetate extracts. The descending order of Himalayan
may apple extracts in terms of their ability against different free radical assays was;
Aqueous>Methanol>Ethanol>Ethyl acetate. DPPH inhibition found to be highest in
water extract (0.323±0.04 mM TE/100g FW) while, least in ethyl acetate extract
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(0.075±0.043 mM TE/100g FW). Aqueous extract exhibited considerably high FRAP
(1.95±0.16 mM FeSO4 Eq/100g FW) and PMA (0.63±0.1 mM AAE/100g FW) values
as compared to ethyl acetate extract (1.124±0.35 mM FeSO4 Eq/100g FW and
0.206±0.1 mM AAE/100g FW). Chawla et al. (2005) reported the antioxidant potential
of rhizomes of Podophyllum emodi. They studied the n-hexane, chloroform, alcohol,
hydro-alcohol and water extracts and concluded that alcohol fraction exhibited the
maximum antioxidant potential whereas in present study the highest antioxidant
potential was observed in water extract in DPPH assay. In another study, (Xue-hong
et al., 2008) it was stated that a water soluble polysaccharide comprised of composed
of glucose, fructose, mannose and arabinose exhibit the antioxidant property that work
by proliferation of lymphocytes and prevention of oxidative damage in immunological
system.

b)

Vitamin-C Content
Total content of ascorbic acid in edible portion of Podophyllum emodi fruit was

6.608±0.618 mg/100g FW (Figure 3h). In literature, very less quantitative information
is available about ascorbic acid extracted from Podophyllum emodi. However, Maurya
et al. (2006) concluded that Immune system can be protected against
radiation by various compounds including polyphenols and vitamin C naturally
occurring in Podophyllum emodi. In past, it was demonstrated that the aqueous extract
of Podophyllum emodi could protect the kidney and lung tissue against induced
oxidative stress probably by increasing antioxidant defense activities due to presence
of various vitamins (Ganie et al., 2011). Ganie et al. (2013) concluded that the extract
of Podophyllum hexandrum possess free radical scavenging activity under in
vitro conditions and could protect the liver tissue oxidative stress probably by
increasing antioxidant defense produced by vitamins E and C.

c)

Carotenoids Profile
The HPLC chromatogram of carotenoids in ethyl acetate extract of

Podophyllum emodi fruit is shown in figure 3i. The prominent colored compounds
found in Podophyllum emodi fruit sample were; all-trans-lutein, neolutein-A, all-transα-cryptoxanthin, all-trans-ɛ-carotene and all-trans-β-carotene. Small amounts of alltrans-violaxanthin, neolutein-B and all-trans-β-cryptoxanthin were also present in
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Himalayan may apple fruit. But, peaks for all-trans-neoxanthin, all-transmutatoxanthin, all-trans-neochrome, all-trans-antheraxanthin, lutein-5, 6-epoxide, alltrans-zeaxanthin, 13-cis-zeaxanthin, all-trans-lycopene, all-trans-γ-carotene, all-transα-carotene, β-carotene-5, 6-epoxide and cis-isomers of α- & β-carotene were not
detected. Total carotenoids were estimated as a sum of xanthophylls and carotenes
content. The estimated value of carotenoid content in Podophyllum emodi fruit was
0.37±0.02 mg/100g fresh weight. In previous studies, various natural compounds has
been reported in Podophyllum emodi. Many important secondary metabolites have been
reported to be extracted from the plant among which the most important one is
podophyllotoxin as it possesses antitumor property which is used for the treatment of
testicular cancer as well as lung cancer (Butt and Amjad, 2015). Chakravarti and
Chakraborty (2009) isolated the resins including essential oil podophyllotoxin,
picropodophytlin, and six per cent of the yellow coloring matter quercetin. It is reported
that, phytochemical screening of Podophyllum emodi also revealed the presence of
alkaloids, carbohydrates, phenols, glycosides, flavonoids, saponins and terpenes in
seed, leaf and rhizome extracts (Kumar and Dhillon, 2015).
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Cactaceae
4. Opuntia ficus-indica (L.) Mill.

Plate 8: Field Photograph of Opuntia ficus-indica
Synonym

: Cactus decumanus Willd.

Flowering Period

: June-July

Fruiting Time

: August-September

Habit & Habitat

: A shrub that grows in dry arid and rocky places

Locality

: Madyan Swat

4.7

Nutritional Composition of Opuntia ficus-indica

a)

Minerals Content
The contents of inorganic elements in 100 grams of shade dried Opuntia ficus-

indica in figure 4a, b and c. The descending orders of investigated macro, microminerals and heavy metals in terms of their concentrations were; Ca>P>K>Mg>Na,
Fe>Zn>Mn>Ni>Co>Cu and Cr>Pb>Cd. In Opuntia ficus-indica fruits, both Ca
(316.09±52.81 mg/100 DW) and Fe (25.91±4.2 mg/100 DW) were recorded to be
highest among macro- and micro-elements. While Cd was not detected in the analyzed
sample. In previous study (Aregahegn et al., 2013), it was reported that Opuntia ficusindica fruit contain various minerals including Ca, Mg, Fe, Mn, Zn, Cu, Co, Cr and Ni.
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They concluded that fruit lack Cd and Pb and it is rich in Ca, Mg, Fe and Zn. Al-Juhaimi
and Özcan (2013) also determined the macro and micro minerals including Ca, K, Mg
and P in Opuntia ficus-indica and can be consumed as a food ingredient to provide
nutrition.

b)

Proximate Components
Cactus pear fruits had high water content (88.90±4.97%) while low level of dry

matter (11.09±4.97%) (figure 4d). The proximate composition on dry weight basis is
shown below by interval plot (Figure 4e). Opuntia ficus-indica fruit was composed of
4.62±0.97% ashes, 0.74±0.41% crude fats, 1.09±0.22% crude proteins, 2.26±0.77%
dietary fiber and maximum available carbohydrates (91.28±1.16%). The recorded mean
value of energy (DW) was 374.22±7.96 k.cal/100g (Figure 4f). In literature, Sánchez
et al. (2015) reported the proximate components including crude proteins, fats and
carbohydrates in Opuntia ficus-indica. They concluded that carbohydrates variates with
season whereas proteins and fats remain stable in every season. Boza (2007) reported
the proximate components of Prickly pear and concluded that the fruit can provide
feeding value of 2.117 kcal metabolizable and 1.117 kcal productive energy per g DM
and, per kg, 0.68 feed unit and 0.47 kg starch equivalent.

3.8

Antioxidant Capacity and Potential Constituents of Opuntia
ficus-indica

a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of aqueous, methanol,

ethanol and ethyl acetate extracts obtained from cactus pear fruit is presented via lineplot (Figure 4g). Aqueous extract exhibited the highest antioxidant power among all
solvent extracts of Opuntia ficus-indica. The descending order of extracted fractions in
terms

of

their

activity

against

various

free

radical

assays

was;

Aqueous>Methanol>Ethanol>Ethyl acetate. The water extract had highest ability to
inhibit DPPH radicals (0.1±0.05mM TE/100g FW) while lowest inhibition was
observed in ethyl acetate extract (0.033±0.02 mM TE/100g FW). Similarly, maximum
TEAC, FRAP and PMA activities were found in aqueous extract (0.525±0.01 mM
TE/g100 FW, 0.96±0.12 mM FeSO4 Eq/100g FW, 0.073±0.02 mM AAE/100g FW)
and minimum values were recorded in ethyl acetate extract (0.34±0.09 mM TE/g100
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FW, 0.1±0.09 mM FeSO4 Eq/100g FW, 0.042±0.02 mM AAE/100g FW). Among all
the respective extracts of cactus pear fruit, FRAP and TEAC values were higher than
PMA and DPPH. There may be different active compound responsible for antioxidant
potential. Osuna-Martínez et al. (2014) have concluded that the ripened fruit of Opuntia
ficus-indica contain various potential compounds including phenol compounds,
ascorbic acid, betalains, betacyanins, and a flavonoid fraction that consists mainly of
rutin and isorhamnetin derivatives having natural antioxidant properties. In a study (Lee
et al., 2002) have proved that high amount of phenolics, are the active compounds
responsible for the antioxidant properties of Opuntia ficus-indica. However, the
quantitively antioxidants in Opuntia ficus-indica may be variated due to industrial
processing (Tesoriere et al., 2005).

b)

Vitamin-C Content
The ripened cactus pear contained 19.01±4.67 mg/100g of total ascorbic acid in

fresh sample (Figure 4h). Bbuni (2009) designed various methods for extraction of
ascorbic acid and determined that Opuntia ficus indica contain high content of vitamin
C compounds. In a previous study, (Ramírez-Moreno et al., 2013) it was stated that
Opuntia ficus indica is enriched with soluble compounds (sugars, minerals, vitamin C
and phenolics) and the losses of phytochemicals were related to the decrease of the
antioxidant capacity. Chiteva and Wairagu (2013) concluded that fruit of Opuntia ficus
indica are a good natural reservoir of energy whose nutritive components and
antioxidants such as vitamin C, can be used as a food supplement.

c)

Carotenoids Profile
HPLC chromatogram of carotenoids from cactus pear is shown in figure 4i. The

figures included in the table correspond to the mean ± SD values of respective carotenes
and xanthophylls present in the sample. The prominent carotenoid peaks recorded in
chromatogram include; all-trans-neoxanthin, all-trans-violaxanthin, all-trans-lutein,
all-trans-α-cryptoxanthin, all-trans-α- & β-carotene, 9-cis- all-trans-α-carotene
followed by small peaks of all-trans-antheraxanthin, all-trans-zeaxanthin, all-translycopene and 9-cis-β-carotene. Other xanthophylls (all-trans-neochrome, all-transmutatoxanthin, all-trans-β-cryptoxanthin, neolutein-A & B) and carotenes (all-trans-ɛcarotene, all-trans- γ-carotenes, epoxides etc.) were not found in the extracted sample.
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The total carotenoids content of cactus pears (including xanthophylls and carotenes)
was 4.11±0.07 mg/100g FW. In past, various studies has been conducted on
phytochemical investigation of Opuntia ficus indica. Mena et al. (2011) reported
various phenolic compounds including betalains as bioactive compounds responsible
various pharmacological properties. In another study (Toure et al., 2015) quantitively
determined the various compounds that are sterols/terpenes, polyphenols, flavonoids,
tannins, anthraquinones, alkaloids. However, profile of various carotenoids is scares.
Cano et al. (2017) reported some of the important carotenoids including E-lutien and
B-carotenes from Prickly pear. Carotenoids are also important in antioxidant activities.
Butera et al. (2002) determined the betalains pigments and their role in scavenging
activities.
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11.1% Dry matter

88.9% Moisture

d)

Moisture vs dry matter (%)

100
90.8099

g/100g DW

80

60

40

20
4.62286

0
Ash

e)

2.74865

0.742248

Crude Fats

Crude Fibers

1.07631

Proteins

Carbohydrates

Proximate composition (g/100g DW)

Nutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
61

Chapter 3

f)

Results and Discussion

Energy value (k. cal/100g DW)
Aqueous

Methanol

Ethanol

Ethyl Acetate

Antioxidant Activity (mM/100 g FW)

1.20

1.00

0.80

0.60

0.40

0.20

0.00
DPPH (mM TE/100g FW)

g)

TEAC (mM TE/100g FW) FRAP (mM Fe2+ Eq/100g FW) PMA (mM AAE/100g FW)

In-vitro antiradical activity

Nutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
62

Chapter 3

Results and Discussion

30

mg/100g FW

25

20

19.0133

15

10

5

0

h)

Vitamin-C content

i)

HPLC-PDA chromatogram of carotenoids separated from ethyl acetate
extract at 450 nm

Nutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
63

Chapter 3

Results and Discussion

5. Opuntia monacantha Haw.

Plate 9: Field Photograph of Opuntia monocantha

Synonym

: Opuntia vulgaris Mill.

Flowering Period

: June-July

Fruiting Time

: August-October

Habit & Habitat

: A Shrub often found on cliffs, agricultural areas, dry forest
plateaus, sandy beaches and disturbed sites.

Locality

: Bahrain, Swat (1400 m) & Pir Sohawa, Margalla Hills
(1524 m)

3.9

Nutritional Composition of Opuntia monocantha

a)

Minerals Content
The amounts of essential inorganic minerals (mg/100g DW) in drooping prickly

pear are shown in Figure 5a, b and c. The concentrations of macro, micro-minerals and
heavy metals were decreased in orders; Ca>P>K>Mg>Na, Fe>Zn>Mn>Ni>Co>Cu and
Cr>Pb>Cd. The results presented appreciable content of Ca (340.35±42.88 mg/100
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DW) and Fe (18.73±7.23 mg/100 DW) among macro- and micro-elements. Fruits had
minute levels of toxic heavy metals; like Cd shown lowest concentration
(0.008±0.11mg/100 DW). In literature, it is reported that Opuntia monocantha is rich
in magnesium and calcium, whereas levels of sodium, potassium, iron and phosphorus
are in the typical range of fruits. High calcium (up to 59 mg/100 g) and magnesium (up
to 98.4 mg/100 g) contents make prickly pear juices useful in the prevention of
osteoporosis and cramps, respectively. Whilst high levels of calcium, magnesium and
potassium are used for energy (Stintzing et al., 2001). Dick et al. (2019) determined
that mucilage in cladodes of Opuntia monocantha contain Phosphorus, potassium,
calcium, magnesium, sulfur, sodium, copper, zinc, iron and manganese. They
concluded that it can be an alternate source of energy and nutrients that proved the
possibility for its application in new health functional foods.

b)

Proximate Components
The percentage levels of moisture and dry mass in drooping prickly pears were

82.88±3.25% and low dry matter 17.11±3.25% (Figure 5d). The proximate composition
on dry weight basis is presented in Figure 5e. Opuntia monocantha fruit was
proximately comprised of following constituents; ash (3.31±0.89%), crude fats
(1.13±0.67%), crude proteins (2.34±0.73%), dietary fiber (4.44±1.37%) and
carbohydrates (88.75±1.25%). The recorded mean value of energy (DW) was
374.6±11.2 k.cal/100g (Figure 5f). Jun et al. (2013) determined that proximate
composition of Opuntia monocantha. They concluded that it contained water, crude
protein, crude fat, and crude ash. The proximate content may vary due to species
locality area, , and part of cactus studied (Lee et al., 1997). Interestingly, we observed
that crude ash was the most abundant component, which was the same as previous
reports (Hahm et al., 2011; Jung et al., 2011).

3.10 Antioxidant Capacity & Potential Constituents of Opuntia
monocantha
a)

In Vitro Antiradical Assays
The free radicals scavenging effect (mM/100g FW) of four different solvent

extracts (aqueous, methanol, ethanol, ethyl acetate) obtained from Opuntia monocantha
fruit is presented in figure 5g. In general, aqueous and methanolic extracts exhibited
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greater antioxidant ability than ethanol and ethyl acetate extracts. The antioxidant
activity of drooping pear fruit extracts against different free radical assays was
decreased in order; Aqueous>Methanol>Ethanol>Ethyl acetate. The highest DPPH
inhibition was found in aqueous extract (0.41±0.002 mM TE/100g FW) and lowest in
ethyl acetate extract (0.123±0.13 mM TE/g100 FW). Comparable pattern was observed
in remaining three assays. Maximum TEAC level was observed in water extract
(1.67±0.001 mM TE/100g FW), while minimum but noticeable activity was recorded
in ethyl acetate fraction (0.708±0.25 mM TE/100g FW). Similarly, the aqueous extract
revealed high FRAP (0.197±0.075 mM FeSO4 Eq/100g FW) and PMA (0.098±0.037
mM AAE/100g FW) values among all the solvent extracts made from Opuntia
monocantha fruit. Valente et al. (2010) reported the antioxidant activity of their MeOH
extract and of its n-hexane, Ethyl-acetate and n-Butanol fractions of Opuntia
monocantha assessed activity enhancement and concluded that the well-known freeradical scavenging activity of the isolated flavonoids reinforces the contribution of
these compounds to the presented activity of the Opunita monacantha.

b)

Vitamin-C Content
The measured value of ascorbic acid in edible drooping prickly pear was

14.03±2.79 mg/100g FW (Figure 5h). The literature reports that Opuntia monocantha
fruit is rich source of vitamin C and can prevent from various chronic diseases (Feugang
et al., 2006). Zhao et al. (2007) concluded that it is a good source of vitamin C, with
levels ranging from 18 mg to 23 mg per 100 g fresh fruit, the vitamin spectrum in cactus
pear is limited. In present study, it was reported less that may due to various factors
including collection site, time and stage of harvesting.

c)

Carotenoids Profile
HPLC chromatogram of carotenoids in ethyl acetate extract of Opuntia

monocantha fruit is shown in Figure 5i. The figures included in the table correspond to
the mean ± SD values of respective carotenes and xanthophylls present in the sample.
The prominent compounds recorded in drooping prickly pear sample were all-transneoxanthin, all-trans-lutein, neolutein-A & B, all-trans-zeaxanthin, all-trans-α & βcryptoxanthin, 13-cis-zeaxanthin, β-carotene-5,6-epoxide, all-trans-α & β-carotene and
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cis- α-carotene were also present. But, some compounds e.g all-trans-neochrome, alltrans-violaxanthin, all-trans-mutatoxanthin, all-trans-ɛ-carotene, all-trans-γ-carotene
were not found. The total carotenoids were estimated as a sum of xanthophylls and
carotenes content. The estimated value of carotenoid content in drooping prickly pear
fruit on fresh weight basis was 3.31±0.018 mg/100g. Aruwa et al. (2018) reported the
various profiles of classes of carotenoids including Lutein- 5,6- epoxide, (all-E)-bcriptoxanthin, (all-E)-a-carotene, (all-E)-b-carotene, (9Z)-b-carotene, lycopene.
xantophylls [(all-E)-lutein, (all-E)-violaxanthin and (all-E)-zeaxanthin], hydrocarbon
carotenes (belonging to two types of oxygenated carotenoid derivatives); and
chlorophyll.
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Capparaceae
6. Capparis decidua (Forssk) Edgew

Plate 10: Field photograph of Capparis decidua

Synonym

: Capparis aphylla Hayne ex Roth.

Flowering Period

: March-April

Fruiting Time

: May-June

Habit & Habitat

: Shrub or Small drought tolerant tree of Arid to semi-arid
regions. It is found in dry exposed habitat, often on foothills
and in wastelands.

Locality

: Watta khel, Mianwali

3.11 Nutritional Composition of Capparis decidua
a)

Minerals Content
The concentrations of essential elements (mg/100 DW) in ripened kair are

shown in figure 6a, b and c. Each box showed maximum, minimum and mean values
of respective minerals. The decreasing order of macro- and micro-minerals was
K>Ca>P>Na>Mg, Fe>Zn>Mn>Ni>Cu>Co and Pb>Cr>Cd. The results presented
considerable amount of minerals in fruits of Capparis decidua. The highest content of
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K (403.18±65.92 mg/100 DW) and Fe (22.52±4.84 mg/100 DW) was recorded among
macro- and micro-elements. In past (Gull et al., 2015),

explored the proximate

(moisture, protein, crude fiber, dry matter) composition and minerals profile of
Capparis decidua and concluded that the content of minerals was higher while traces
of heavy metals i.e. Ni, Co and Cd were recorded in C. decidua fruits and flowers. In
contrast to present study, Sodium was reported to be highest in Capparis decidua
whereas manganese was not detected but it might been found in trace undetectable
amounts (Alrasheid et al., 2018). Hamed et al. (2007) reported that Capparis decidua
have high content of calcium and potassium contents are valued both for livestock feed
and human food.

b)

Proximate Component
The mean moisture content and dry matter of Capparis decidua fruit pulp was

72.57±9.75% and 27.42±9.75% (Figure 6d). The proximate composition on dry weight
basis is shown in figure 6e. Results showed that the fruit was found to be a rich source
of carbohydrates (51.55±7.37%), crude proteins (22.56±1.50%) followed by crude fiber
(12.03±7.07%). The percentage ash content and crude fats were 4.48±1.40% and
9.36±1.31%. The recorded mean value of energy (DW) was 380.75±34.9 k.cal/100g
(Figure 6f). A few studies have been conducted to investigate the biochemical
composition of C. decidua. Results indicated that the plant is a potential source of
nutrients (Chadda, 2008). Iqbal et al. (2014) appraised the proximate composition and
minerals profile of flower and fruit of Capparis decidua and sated that the percentage
of moisture, ash, fiber and protein in flower and fruit was found to be higher as compare
to other proximate components. On other hand in similarity with present study, Kumar
et al. (2013) carbohydrates are the major constituents of caper fruits as well as buds
followed by crude proteins and neutral fibers.

3.12 Antioxidant Capacity & Potential Constituents of Capparis
decidua
a)

In Vitro Antiradical Assays
The free radicals scavenging effect (mM/100g FW) of different extracts

(aqueous, methanol, ethanol, ethyl acetate) obtained from Capparis decidua fruit is
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presented in figure 6g. The ethanol and ethyl acetate extracts showed more antioxidant
ability than aqueous and methanol extracts. The descending order of various extracts in
terms of their activity against different free radical assays was; Ethyl
acetate>Ethanol>Methanol>Aqueous. DPPH inhibition found to be highest in ethyl
acetate extract (0.44±0.001 mM TE/100g FW) and least in aqueous extract (0.215±0.03
mM TE/100g FW). Similar pattern was observed in TEAC, where ethyl acetate and
aqueous extracts showed 0.71±0.09 mM TE/100g FW and 0.33±0.11 mM TE/100g
FW. Ethyl acetate extracts exhibited considerable FRAP and PMA (1.53±0.03 mM
FeSO4 Eq/100g FW and 2.20±0.11 mM AAE/100g FW) values as compared to aqueous
extracts (0.39±0.017 mM FeSO4 Eq/100g FW and 0.836±0.24 mM AAE/100g FW). In
literature, various natural compounds extracted from Capparis decidua has been
reported to have antioxidant potential using different assays. Spermidine and spermine
polyamines were found to have an important role in free radical scavenging activities
(Soda, 2010). Singh et al. (2011) reported that Capparis decidua is rich in bioactive
compounds such as isothiocyanate glucoside, glucocapparin, stachydrine, ntriacontane, b-carotene and b-sitosterol. The water-in-oil emulsion cream of methanolic
extract of Capparis decidua reduces the skin sebum level. The antioxidants responsible
for this activity of the plant are isoginkgetin and ginkgetin (Zaman et al., 2012).

b)

Vitamin-C Content
The mean value of ascorbic acid in edible pulp of karir was 8.02±0.48

mg/100gm FW (Figure 6h). Joseph and Jini (2011) reported the Capparis decidua as a
potent source of Vitamins. According to (Vyas et al., 2009) capper fruit is rich source
of vitamin c along with various other important bioactive compounds. Unlike present
study, Arora et al. (2007) reported 100mg/100gm vitamin C content using mass loss
and thermometric methods. It shows the variation in vitamin content due to methods
applied.

c)

Carotenoids Profile
HPLC chromatogram of carotenoids in Capparis decidua fruit extract is shown

in figure 6i. The prominent peaks include all-trans-lutein, lutein-5,6-epoxide, all-transβ-carotene and cis-isomers of β-carotene. Whereas, little amounts of all-transneoxanthin, all-trans-violaxanthin, ɛ-carotene and β-carotene-5,6-epoxide and allNutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
74

Chapter 3

Results and Discussion

trans-γ-carotene were also present. All-trans-neochrome, all-trans-mutatoxanthin, alltrans-zeaxanthin,

all-trans-lycopene,

all-trans-α-carotene,

&

all-trans-α

β-

cryptoxanthin were absent. The total content of carotenoids (xanthophylls plus
carotenes) in Capparis decidua fruit was 3.49±0.17 mg/100g FW. In previous studies,
ample phytochemical work has been done so far on C. decidua, which has been reported
to contain β-sitosterols, indoles, aliphatic constituents, oxygenated heterocyclic
compounds, isocodonocarpine, diterpene alcohol, tannins, β-carotene, vitamin C,
minerals, and generous quantities of alkaloids, e.g., spermidine alkaloids and
stachydrine (Goyal et al., 2009). Nazar et al. (2018) comprehensively described the
various active compounds reported from Capparis decidua. It was concluded that
marvelous bioactivities of the caper plant can be attributed to the presence of a wide
range of phytochemicals including alkaloids (capparisinine, capparisine, stachydrine,
isocodonocarpine), phenolics, flavonoids, sterols and fatty acids.
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Figure 6: Capparis decidua
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7. Capparis spinosa L.

Plate 11: Field photograph of Capparis spinosa

Synonym

: Capparis murrayana J. Graham

Flowering Period

: April-May

Fruiting Time

: May-July

Habit & Habitat

: A shrub found on old walls, cliffs, rocky hillsides and hottest
localities up to 3600 meters in Himalayas.

Locality

: Deosai, Sakardu

3.13 Nutritional Composition of Capparis spinosa
a)

Minerals Content
The amounts of essential minerals (mg/100 DW) in ripened caper brush are

shown in figure 7a, b and c. Each box showed maximum, minimum and mean values
of respective minerals. The decreasing orders of macro- and micro-minerals
concentrations were K>Ca>Na>P>Mg, Fe>Zn>Mn>Ni>Cu>Co and Pb>Cr>Cd. The
results presented appreciable amount of minerals in fruits of Capparis spinosa. The
highest content of K (464.51±85.51 mg/100 DW) and Fe (28.69±7.35 mg/100 DW)
was recorded among macro- and micro-elements. Pb shown lowest value (0.54±0.10
mg/100 DW) among all the minerals. In past, Capparis spinosa fruit was reported to
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contain a number of minerals such as phosphorus, calcium, iron and zinc (Efe, 2016).
Mottese et al. (2018) determined the contents of 4 major elements (Na, Mg, K, Ca), 7
essential trace elements (Fe, Cu, Zn, Mn, Cr, Co, and Se), and 3 nonessential/potentially toxic trace elements (Ni, Cd and Pb) in fresh weight of fruit of
Capparis spinosa while in present study, the elemental composition was analyzed in dry
weight.

b)

Proximate Components
The average values of moisture and dry matter for edible caper brush fruits were

84.10±5% and 15.89±5.0% respectively (Figure 7d). The proximate composition on
dry weight basis is presented by interval plot (Figure 7e). The measured level of each
proximate constituent was; ash (2.46±1.44%), crude fats (13.59±0.38%), crude proteins
(20.70±1.5%), fiber (25.42±8.6%) and carbohydrates (37.81±9.19%). The recorded
mean value of energy (DW) was 356.4±33.9 k.cal/100g (Figure 7f). There may be
variation in proximate composition in fruit as in a previous study, Gull et al., (2015)
reported the variation in the moisture contents of different parts of C. spinosa. They
reported the range of moisture content between 10.84-84.67% in leaves while moisture
contents recorded in fruits was 84.67% followed by flowers, shoots, roots and stem
bark (69.84, 35.16, 25.98, 16.77), respectively. In a study (Errachidi et al., 2019), it is
stated that C. spinosa present a total of proteins ranging from 23.32 to 28.5% on a dry
weight basis. Additionally, the total lipids varied between 2.8 and 3.4%. C. spinosa
seeds contained a high level of carotenoids. The variation in physicochemical properties
of Capparis spinosa was also reported using different methods. Hacİseferoğullarİ et al.
(2011) reported moisture: 8%, total ash: 9.45%, acid insoluble ash: 2.45%, water
soluble ash 5.5%, water soluble extractive value: 13.18%, alcohol soluble extractive
value: 6.35% and ether-soluble extract: 17.8±1.1%, Dry matter: 93.6±1.6% and ash:
2.1±0.7%.

3.14 Antioxidant Capacity & Potential Constituents of Capparis
spinosa
a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of four different extracts

of caper brush fruit (aqueous, methanol, ethanol, ethyl acetate) is presented via lineNutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
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plot (Figure g). Ethyl acetate extract exhibited the highest antioxidant power among all
solvent extracts. The descending order of different extracts in terms of their activity
against different free radical assays was; Ethyl acetate>Ethanol>Methanol>Aqueous.
Maximum DPPH inhibition was observed in ethyl acetate extract (0.75±0.004mM
TE/100g FW) and minimum in water extract (0.6±0.03 mM TE/100g FW). Similarly,
the ethyl acetate extract exhibited highest FRAP (1.07±0.02 mM FeSO4 Eq/100g FW),
PMA (1.103±0.04 mM AAE/100g FW) and TEAC (1.28±0.012 mM TE/g100 FW)
values while aqueous fraction possessed the least but noticeable activity (0.43±0.03
mM FeSO4 Eq/100g FW, 0.53±0.14 mM AAE/100g FW & 0.83±0.24 mM TE/g100
FW). TEAC values were higher than FRAP, PMA and DPPH in all respective extracted
fractions.
In literature, various studies have been conducted to determine the antioxidant
potential of Capparis spinosa. Aliyazicioglu et al. (2013) determined the antioxidants
from fruit of Capparis spinosa using DPPH and FRAP assays and concluded that
Capparis spinosa fruit appears to be a good source of antioxidants that might serve to
protect health and combat several diseases. In a study, (Yang et al., 2010) it was concluded
that ethyl acetate and aqueous fractions showed greater DPPH scavenging activities

compared to the petroleum ether fractions due to presence of capparisides along with
other organic acids.

b)

Vitamin-C Content
Total content of ascorbic acid in edible portion of caper brush fruit was

5.71±0.86 mg/100g FW (Figure 7h). In past, Capparis spinosa fruit was evaluated for
the contents of total phenolic compounds, rutin, tocopherols, carotenoids and vitamin
C. Results showed the richness of caper with these compounds, especially phenolic
compounds and it was reported that C. spinosa contained an appreciable level of
vitamin C. Interestingly, it was also found the presence of both α- and γ-tocopherol.
Moreover, the significant amounts of these antioxidants confirm the nutritional and
medicinal value of caper (Tlili et al., 2010). Meanwhile, (Huseini et al., 2013) also
concluded that capper fruit is enriched with Vitamin C acting as potential antioxidant.
c)

Carotenoids Profile
HPLC chromatogram of carotenoids in Capparis spinosa fruit extract is shown

in Figure 3.3i respectively. The figures included in the table correspond to the mean ±
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SD values of respective carotenes, xanthophylls and chlorophylls present in the sample.
The prominent compounds in the examined fruit sample were all-trans-neoxanthin, alltrans-lutein, all-trans-β-carotene followed by small yet noticeable peaks of all-transviolaxanthin, all-trans-mutatoxanthin, β-carotene-5,6-epoxide and cis-isomers of βcarotene. Some commonly known xanthophylls (like all-trans-neochrome, all-transzeaxanthin, all-trans-α & β-cryptoxanthin) and carotenes (like all-trans-γ-carotene, alltrans-lycopene, all-trans-α-carotene) were absent. The measured total carotenoids
content (including xanthophylls & carotenes) in caper brush fruit pulp was 2.96±0.417
mg/100g FW. The fruit constituents have been subject of interest in several studies in
order to determine the biochemical content which is of great benefit in biology and food
industries. From fruits of C. spinosa, 11 organic acid compounds and a new antioxidant
active compound were isolated. Including carotenoids and some terpenoids such as
tocopherol. Aqueous ethanolic fruit extracts contained flavonoids equivalent to rutin,
phenolic compounds, tocopherol, carotenoid and vitamin C. In addition to the known
capparilloside A and stachydrine, an adenosine nucleoside, hypoxanthine and uracil
were isolated from C. spinosa (Capparidaceae) fruits in China (Chedraoui et al., 2017).
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15.89% Dry matter

84.1% Moisture

d)

Moisture vs dry matter (%)
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i) HPLC-PDA chromatogram of carotenoids separated from ethyl acetate
extract at 450 nm.
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Caprifoliaceae
8. Lonicera quinquelocularis Hard.

Plate 12: Field Photograph of Lonicera quinquelocularis

Synonym

: Lonicera diversifolia Wall.

Flowering Period

: April-July

Fruiting Time

: August-September

Habit & Habitat

: A widely distributed shrub, growing in open hills and dry
sunny places between 750-3000 meters above sea level.

Locality

: Utror (Kandol lake), Swat, and Kaghan Valley, Mansehra

3.15 Nutritional Composition of Lonicera quinquelocularis
a)

Minerals Content
The elemental composition (mg/100 DW) of shade dried translucent

honeysuckle fruit is presented in Figure 8a, b and c. The descending orders of macro,
micro-minerals

and

heavy

metals

concentrations

were;

K>P>Ca>Mg>Na,

Mn>Fe>Zn>Cu>Ni>Co and Pb>Cr>Cd. The results presented appreciable amount of
minerals in fruits of Lonicera quinquelocularis. Among all the minerals measured so
far, the levels of K (1426.76±80.56 mg/100 DW) and Mn (1.32±0.54 mg/100 DW) were
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significantly high. Fruits exhibited minute levels of toxic metals; Cd was not detected
in acid digested translucent honeysuckle. In past, Caprioli et al. (2016) reported the
values of minerals in Lonicera quinquelocularis fruit. They reported the highest level
of Ca, Na and K whereas in present study, the highest level of K and Mn was
determined. Lefèvre et al. (2011) also reported the highest values of Ca, Na, K, Mg ,
Cu in Lonicera quinquelocularis showing that the mineral content variates due to
various factors including site of collection, season and time of harvesting.

b)

Proximate Components
The mean moisture content and dry matter of translucent honeysuckle fruit pulp

was 85.22±2.76% and 14.77±2.76% (Figure 8d). The proximate composition on dry
weight basis is shown below via interval plot (Figure 3.18e). Each component is
represented as mean value (n=3) with respective standard error bar. Results showed that
Lonicera quinquelocularis fruit was found to be a rich source of carbohydrates
(45.02±5.52%),

crude

fibers

(36.51±2.73%)

followed

by

crude

proteins

(13.38±2.96%). The percentage contents of ash and crude fats were 1.64±0.28% and
3.42±0.55%. The recorded mean value of energy was 264.47 ±11.2 k.cal/100g (Figure
3.18f). Rupasinghe et al. (2012) reported the proximate content including in descending
order crude protein, crude fat and carbohydrates whereas in present study crude protein
content found to be low. (WANG et al., 2011) studied proximate content of leaves, fruit
and flower of lonicera quinquelocularis and concluded that crude fat was highest in
different parts of studied plant.

3.16 Antioxidant Capacity and Potenital Constituents of Lonicera
quinquelocularis
a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of four different extracts

(aqueous, methanol, ethanol, ethyl acetate) obtained from translucent honeysuckle fruit
is presented in Figure 8g. Aqueous extract exhibited the highest antioxidant power
among all solvent extracts. The descending order of respective Lonicera
quinquelocularis fruit extracts in terms of their activity against different free radical
assays was; Aqueous>Ethanol>Methanol>Ethyl acetate. Maximum DPPH inhibition
was recorded in water extract (1.637±0.009mM TE/100g FW) while minimum in ethyl
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acetate extract (0.526±0.49 mM TE/100g FW). In the same way, aqueous extract of
translucent honeysuckle exhibited highest values of FRAP (6.302±0.15 mM FeSO4
Eq/100g FW), PMA (1.753±0.04 mM AAE/100g FW) and TEAC (3.61±0.004 mM
TE/g100 FW) but ethyl acetate fraction possessed the least activity with above three
assays (1.983±0.48 mM FeSO4 Eq/100g FW, 1.143±0.33 mM AAE/100g FW &
0.852±0.71 mM TE/g100 FW). In past studies, antioxidant potential of Lonicera
quinquelocularis using various assays was reported. Siddiqui et al. (2017) reported the
examines the in vitro antioxidant activity of the different aqueous and organic fractions
of Lonicera quinquelocularis Hardwicke. The antioxidant potential of the remaining
aqueous and organic fractions was determined by using 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH) scavenging activity, total antioxidant activity, ferric reducing
antioxidant power (FRAP) assay and ferric thiocyanate assay. Among these fractions
ethyl acetate fraction displayed the maximum antioxidant activity. Two new
triterpenoids namely, 3_-hydroxyferna-7, 9 (11),22-trien-12-one and 3_-acetoxyferna7, 9(11)-dien-22-ol along with two known compounds 3_,16_-dihydroxyferna-7,9(11)dien-12-one and 3_,16_-dihydroxyferna-8-en-11-one were isolated from Lonicera
quinquelocularis having good antioxidant activities in the DPPH radical scavenging
assay (Khan et al., 2014).

b)

Vitamin-C Content
About 13.91±0.56 mg of vitamin-C was recorded per 100g of freshly collected

translucent honeysuckle fruits (Figure 8h). Oszmiański et al. (2016) reported that
Lonicera quinquelocularis is enriched with Vitamin C and many other organic
compounds. It was concluded in a study that good antioxidant activities of Lonicera
quinquelocularis are due to various vitamins including Vitamin C (Siddiqui et al.,
2017).

c)

Carotenoids Profile
HPLC chromatogram of carotenoids from Lonicera quinquelocularis fruit is

shown in figure 8i, respectively. The figures included in the table correspond to the
mean ± SD values of respective carotenes and xanthophylls present in the sample. The
major carotenoids found in translucent honeysuckle were; all-trans-violaxanthin, alltrans-lutein, all-trans-zeaxanthin, 13-cis-zeaxanthin, all-trans-lycopene, all-trans-βNutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
90

Chapter 3

Results and Discussion

carotene and 9-cis-β-carotene followed by small peaks of all-trans-neochrome, alltrans-mutatoxanthin,

all-trans-β-cryptoxanthin, lutein-5,

6-epoxide,

all-trans-γ-

carotene and all-trans-ɛ-carotene. Cis-isomers of lutein (Neolutein-A & B), all-transneoxanthin, all-trans-antheraxanthin, all-trans-α-cryptoxanthin and all-trans-α-carotene
were absent in the extracted sample. The total carotenoids content (including
xanthophylls and carotenes) of translucent honeysuckle fruit was 0.92±0.02 mg/100g
FW. In literature, various active compounds have been isolated from Lonicera
quinquelocularis. Ali et al. (2013) Isolated seven secondary metabolites for the first
time from the chloroform soluble fraction of Lonicera quinquelocularis and identified
as ferna-7, 9(11)-diene-3a, 16a-diol, lonicerin (log-2), E–p–coumaryl hexacosonoate,
methyl 2,4-dihydroxy-3,6- dimethylbenzoate, 7-hydroxycoumarin, secologanin
dimethylacetal and secologanoside-7- methyl ester. The carotenoids reported in present
study may be potential compounds having various pharmacological properties.
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14.78% Dry matter
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9. Viburnum mullaha Buch-Ham. ex D. Don.

Plate 13: Field Photograph of Viburnum mullaha

Synonym

: Viburnum stellulatum

Flowering Period

: May-June

Fruiting Time

: June-August

Habit & Habitat

: A common shrub of moist shady places, especially in
Himalayan forests from 1800-3000 meters above sea level.

Locality

: Nathiagali, Galiat

3.17 Nutritional Composition of Viburnum mullaha
a)

Minerals Content
The concentrations of analyzed essential and trace elements in starry viburnum

fruit are shown in figure 9a, b and c. The decreasing orders of macro, micro-mineral
and heavy metal levels were; K>Ca>P>Zn>Mg>Na, Fe>Zn>Cn>Mn>Ni>Co and
Pb>Cr>Cd. The results revealed that Viburnum mullaha fruit contained appreciable
amounts of K (940.9±109.44 mg/100g DW) and Fe (35.141±109.44 mg/100g DW)
among the investigated macro- and micro-elements. While, Cd shown lowest value
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(0.318±0.3 mg/100g). Agrahar-Murugkar and Subbulakshmi (2005) conducted study
on macro and micro mineral analysis of wild edible fruits including Viburnum mullaha
and determined that it is rich in K, Ca, Na, Zn. Maikhuri et al. (2012) determined the
nutritive value of underutilized wild edible fruit of V. muhalla and confirmed the
presence of proteins, lipids, carbohydrates as well as copper, zinc, iron, magnesium and
manganese.

b)

Proximate Components
The mean values of percent moisture and dry matter for starry viburnum fruits

were 79.77±5.91% and 20.23±5.91) (Figure 9d). Viburnum mullaha fruit was
proximately comprised of 1.642±0.66% inorganic ash, 0.744±0.63% crude lipids,
14.48±3.29% proteins, 11.344±4.62% dietary fiber and 71.79±6.78% carbohydrates
(Figure 9e). Gross food energy provided by hundred grams of dried starry viburnum
was 351.77±19.65 kilo calories (Figure 9f). Nutritional and energy value of an
underutilized wild edible Viburnum mullaha was determined. Vitamin analysis
confirmed that the fruit contains high amounts of vitamin C, vitamin B2, and vitamin
E. Macronutrient profile revealed that Viburnum mullaha is a rich source of
carbohydrates, proteins, and lipids. It was calculated that 100 g of fruit berries can
provide an average of 284.4 kcal energy (Acharya and Mukherjee, 2014).

3.18 Antioxidant Capacity & Bioactive Constituents of Viburnum
mullaha
a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of Viburnum mullaha

fruit extracts (aqueous, methanol, ethanol, ethyl acetate) is shown below (Figure 9g).
Results revealed that; ethyl acetate extract exhibited the highest antioxidant power
among all solvent extracts. The descending order of starry viburnum extracts in terms
of

their

activity

against

different

free

radical

assays

was;

Ethyl

acetate>Ethanol>Methanol>Aqueous. Maximum DPPH inhibition was observed in
ethyl acetate extract (8.23±0.05 mM TE/100g FW) while minimum in water extract
(4.47±2.77 mM TE/100g FW). Similarly, ethyl acetate extract exhibited highest FRAP
(10.34±0.34 mM FeSO4 Eq/100g FW), PMA (1.69±0.02 mM AAE/100g FW) and
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TEAC (11.52±0.014 mM TE/g100 FW) values while aqueous fraction possessed the
least activity with FRAP, PMA and TEAC assays (4.56±1.29 mM FeSO4 Eq/100g FW,
0.42±0.22 mM AAE/100g FW & 5.64±1.78 mM TE/g100 FW). TEAC values were
higher than FRAP, DPPH and PMA in all respective starry viburnum fruit extracts. The
fruits of V. muhalla was observed to show strong antioxidant activity with high value
of phenolic and flavonoid content (Singh et al., 2016). Biochemical and antioxidant
assays on Viburnum species was also conducted by İlhan et al. (2014) and concluded
that it is rich source potential compounds to be used as natural antioxidants against
various diseases.

b)

Vitamin-C Content
The calculated mean value of total ascorbic acid content in starry viburnum fruit

was 125.91±13.03 mg/100g FW, and hence a good source of naturally active
antioxidant compound i.e vitamin-C (Figure 9h).

Daubaras and Česonien (2014)

carried out study on Viburnum opulus and investigated the biochemical composition of
fruit and found significant variations in the amount of ascorbic acids and phenolic
compounds.

c)

Carotenoids Profile
HPLC chromatogram of carotenoids from Viburnum mullaha fruit is presented

in figure 9i, respectively. The key carotenoids found in Viburnum mullaha fruit were;
lutein-5, 6-epoxide, all-trans-lutein, all-trans-β-cryptoxanthin, all-trans-γ-carotene, alltrans-β-carotene, 13-cis-β-carotene followed by small peaks of all-trans-violaxanthin,
all-trans-zeaxanthin, 13-cis-zeaxanthin, Cis-isomers of lutein (Neolutein-A & B) and
9-cis-β-carotene. Other compounds such as all-trans-neochrome, all-trans-neoxanthin,
all-trans-antheraxanthin,

all-trans-mutatoxanthin,

all-trans-lycopene,

all-trans-α-

cryptoxanthin, all-trans-ɛ-carotene, all-trans-α-carotene and its isomer were absent in
the analyzed sample extract. Total carotenoids content (including xanthophylls and
carotenes) of starry viburnum fruit was 0.096±0.03 mg/100g FW.

In literature, Viburnum mullaha, was explored to determines the high values of
total phenolic and flavonoid contents namely, chlorogenic acid, acetyl salicylic acid,
dihydrorobinetin, dihydromyricetin, 2-isoprenylemodin, rutin, cosmosiin hexaacetate,
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pectolinarin,

dihydroquercetin,

eriodictyol,

iriginol

hexaacetate,

theaflavin,

epicatechin-pentaacetate, lomatin, and peucenin in fruit extracts (Singh et al., 2017). In
continuation to this study, Gavrilin et al. (2007) the total content of carotenoids was
determined spectrophotometrically, with the optical density of sample solutions being
a linear function of the concentration in the range from 1 to 6 gm/ml. The content of
carotenoids in viburnum oil varies from 60 to 200 mg%. The content of tocopherol was
determined by HPLC after preliminary saponification. The content of tocopherol in the
oil varies within 150 – 310 mg%.
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7. Cucurbitaceae
Solena amplexicaulis (Lam.) Gandhi

Plate 16: Field Photograph of Solena amplexicaulis

Synonym

: Solena heterophylla (Lour.) Cogn.

Flowering Period

: April-July

Fruiting Time

: August-October

Habit & Habitat

: A herb commonly found in dry deciduous forests and also in
plains.

Locality

: Swat

3.19 Nutritional Composition of Solena amplexicaulis
a)

Minerals Content
The concentration ranges of analyzed minerals in ripened creeping cucumber

are illustrated in box plots (Figure 10a, b and c). Each box showed maximum, minimum
and mean values (mg/100g DW) of respective elements. The decreasing orders of
macro,

micro-minerals

and

heavy

metals

level

were;

P>K>Mg>Ca>Na,

Zn>Mn>Fe>Cn>Ni>Co and Cr>Cd>Pb. According to results data, Solena
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amplexicaulis fruit had considerable quantity of P (289.2±21.59 mg/100g DW) and Zn
(4.964±0.94 mg/100g DW). The amounts of toxic heavy metals were very low; e.g
mean value of Cd in digested sample was 0.089±0.041 mg/100g DW) and Pb was not
detected.

The usage of medicinal plant reliability is evaluated by relating the

phytochemicals with their biological activities. In previous studies, The methanolic
extracts of leaf, tuber parts and stem of Solena amplexicaulis was investigated using
GC-MS analysis to explore the bioactive compounds which revealed the presence of
terpenes, esters, alkanes, hydrocarbons, amides and aldehydes to confirm the Solena
amplexicaulis as a good source of bioactive compounds (Krishnamoorthy and
Subramaniam, 2014).
b)

Proximate Components
Creeping cucumber fruit had significantly high percentage of moisture content

(88.14±3.652%) but very low dry mass value (11.86±3.65%) (Figure 10d). The
proximate composition of shade dried Solena amplexicaulis fruit is presented by an
interval plot (Figure 10e). The investigated fruit sample had almost equivalent
percentage values of inorganic ash (1.954±0.52%) and crude fats (1.94±0.73%), while
average percent of crude proteins was 1.393±0.39% respectively. Further analysis
revealed that Solena amplexicaulis fruit was found to be rich in dietary fiber
(26.501±0.92%) and total carbohydrates (68.208±0.854%). The mean value of energy
content (DW) for edible fruit pulp was 295.91± 4.801 k.cal/100g (Figure 10f). The
evaluation of proximate composition has significance in determining the nutritional
values of food (Ogunyinka et al., 2017).

3.20 Antioxidant Capacity & Bioactive Constituents of Solena
amplexicaulis
a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of Solena amplexicaulis

fruit extracts (aqueous, methanol, ethanol, ethyl acetate) is presented via line-plot
(Figure 10g). In general, aqueous and methanolic fruit extracts were more powerful
than ethanolic and ethyl acetate extracts regarding their antioxidant capacities. The
activity of respective creeping cucumber fruit extracts against different free radical
assays was decreased in following order; Methanol>Aqueous>Ethanol>Ethyl acetate.
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The highest TEAC and DPPH inhibition were recorded in methanolic extract
(3.001±0.12 mM TE/100g FW and 0.81±0.04 mM TE/100g FW) and the lowest
activities were found in ethyl acetate extract (1.75±0.35 mM TE/g100 FW and
0.14±0.17 mM TE/100g FW). A parallel pattern was observed in remaining two assays.
Like, methanolic extract exhibited maximum FRAP and PMA values (0.14±0.04 mM
FeSO4 Eq/100g FW and 2.37±0.05 mM AAE/100g FW) as compared to the other
solvent extracts obtained from creeping cucumber fruit. In previous studies, TEAC
values were higher than PMA, DPPH and FRAP in all respective extracted fractions.
Many other researchers also confirmed the antioxidant potential of various plant plarts
of S. amplexicaulis (Kabir et al., 2014; Karthika et al., 2016).
b)

Vitamin-C Content
The mean value of total ascorbic acid content in Solena amplexicaulis fruit was

13.67±2.12 mg/100g on the basis of fresh sample weight (Figure 10h). Kabir et al.,
(2014) investigated the ethanol extract of Solena amplexicaulis root for different
pharmcological activities. The extract showed potential antioxidant activity. The
reducing power was compared with ascorbic acid.
c)

Carotenoids Profile
HPLC chromatogram of carotenoids from Solena amplexicaulis fruit is

presented in figure 10i, respectively. The major carotenoids found in Solena
amplexicaulis fruit

were; all-trans-antheraxanthin, all-trans-lutein, all-trans-

zeaxanthin, 13-cis-zeaxanthin, all-trans-canthaxanthin, all-trans-lycopene, all-trans-αcarotene, all-trans-β-carotene, 9-cis-α-carotene, 13-cis-β-carotene followed by small
peaks of all-trans-neoxanthin, all-trans-violaxanthin, all-trans-β-cryptoxanthin and alltrans-ɛ-carotene. Other compound peaks like all-trans-neochrome, all-transmutatoxanthin, lutein-5, 6-epoxide, Cis-isomers of lutein (Neolutein-A & B), all-transα-cryptoxanthin and all-trans-γ-carotene were absent in the examined fruit sample. The
total carotenoids content (including xanthophylls and carotenes) of creeping cucumber
fruit was 0.139±0.07 mg/100g FW. The antioxidant activity of methanol extracts of leaf
of S. amplexicaulis was evaluated. The presence of polyphenols in extract confirmed
this activity because polyphenols are responsible for antioxidant potential (Maheshu et
al., 2010).
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HPLC-PDA chromatogram of carotenoids separated from ethyl
acetate extract at 450 nm.
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Grossulanaceae
11. Ribes orientale Desf.

Plate 19: Field Photograph of Ribes orientale

Synonym

: Ribes orientale var. genuinum Jancz

Flowering Period

: April-May

Fruiting Time

: June-September

Habit & Habitat

: A common shrub growing on rocks and hilly slopes of arid
Himalayan regions from 2300 to 3700 meters.

Locality

: Swat, Thandiani

3.21 Nutritional Composition of Ribes orientale
a)

Minerals Content
The contents of essential and trace elements (mg/100g DW) in ripened wild

currant are shown in box plots (Figure 3.35a, b & c). Each box showed maximum,
minimum and mean values of respective minerals. The concentrations of macro, microminerals and heavy metals were decreased in following orders; K>Mg>P>Na>Ca,
Zn>Mn>Ni>Cu>Fe>Co and Cr>Cd>Pb. The results revealed that, K (250.89±114.1
mg/100g DW) and Zn (13.38±1.41 mg/100g DW) were found to be significantly high
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among macro- and micro-elements analyzed. Ribes orientale fruits exhibited very low
levels of heavy metals; i.e Cd content was 0.07±0.025 mg/100g while Pb was absent.
b)

Proximate Components
The mean values of moisture and dry matter for wild currant fruit were

84.456±7.91% and 15.54±7.91% (Figure 3.35d). The clear picture of proximate
components on dry weight basis is summarized in an interval plot (Figure 3.35e). Each
component is represented as mean value (n=3) with respective standard error bar. The
results showed that Ribes orientale fruit was composed of 4.53±1.99% ash,
0.465±0.42% crude lipids, 10.77±0.47% crude proteins, 14.71±2.71% dietary fiber and
69.52±4.2% total carbohydrates. Total food energy (DW) provided by wild currants
was 325.37± 18.68 k.cal/100g (Figure 3.35f).

3.22 Antioxidant Capacity and Bioactive Constituents of Ribes
orientale
a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of four different Ribes

orientale fruit extracts (aqueous, methanol, ethanol, ethyl acetate) is presented via lineplot (Figure 3.35g). Ethyl acetate extract exhibited the highest antioxidant power among
all solvent extracts obtained from wild currants. The descending order of respective
fruit extracts in terms of their activity against different free radical assays was; Ethyl
acetate>Ethanol>Methanol>Aqeous. Maximum DPPH inhibition was observed in ethyl
acetate fraction (0.55±0.046 mM TE/100g FW) while, minimum in water extract
(0.063±0.05 mM TE/100g FW). Similarly, the ethyl acetate extract exhibited highest
FRAP (1.075±0.013 mM FeSO4 Eq/100g FW), PMA (8.32±0.19 mM AAE/100g FW)
and TEAC (2.61±0.07 mM TE/g100 FW) values while aqueous fraction possessed the
least but noticeable activity (0.38±0.15 mM FeSO4 Eq/100g FW, 6.14±0.85 mM
AAE/100g FW & 1.44±0.5 mM TE/g100 FW). PMA values were higher than TEAC,
FRAP, and DPPH in all respective fractions obtained from Ribes orientale fruit.
b)

Vitamin-C Content
The mean value of total ascorbic acid content in Ribes orientale fruit was

45.07±10.01 mg/100g FW respectively (Figure 3.35h).
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Carotenoids Profile
The HPLC chromatogram of carotenoids from Ribes orientale fruit is illustrated

below (figure 3.35i), respectively. The available carotenoid standards, relative retention
times and their spectral characteristics (Table 2.3 & 2.4) were used to identify the
respective compounds present in investigated sample. The concentrations (mg/100g
FW) of major and minor carotenoids observed in wild currants extract are presented in
Table 3 with their corresponding peak numbers and retention times (minutes). Figures
included in the table correspond to mean ± SD values of respective carotenes and
xanthophylls. The key carotenoids found in Ribes orientale were; all-transviolaxanthin, all-trans-lutein, β-carotene-5, 6-epoxide, all-trans-γ-carotene, all-trans-βcarotene and 9-cis-β-carotene followed by small peaks of all-trans-neoxanthin and alltrans-β-cryptoxanthin. While all-trans-neochrome, all-trans-antheraxanthin all-transmutatoxanthin, cis-isomers of lutein (Neolutein-A & B), lutein-5, 6-epoxide, all-transzeaxanthin, 13-cis-zeaxanthin, all-trans-lycopene, all-trans-α-cryptoxanthin, all-transɛ-carotene and all-trans-α-carotene were absent in extracted fruit. Total carotenoids
content (including xanthophylls and carotenes) of wild currants was 0.092±0.02
mg/100g FW.
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Moraceae
12. Ficus palmata Forssk.

Plate 16: Field photograph of Ficus palmata

Synonym

: Ficus caricoides

Flowering Period

: March-May

Fruiting Time

: June-July

Habit & Habitat

: Small tree or shrub that grows around wastelands and hilly
areas up to 2500 meters above sea level. Mostly occurring
on hot dry slopes with clay-loam soil.

Locality

:

Abbottabad and Dir khas, Upper Dir

3.23 Nutritional Composition of Ficus palmata
a)

Minerals Content
The concentrations of inorganic minerals (mg/100 DW) in ripened Ficus

palmata are shown below in figure 12a, b and c. Each box showed maximum, minimum
and mean values of respective elements. The descending orders of macro, microminerals and heavy metals levels were; K>Ca>Mg>Na>P, Fe>Zn>Mn>Cu>Co>Ni and
Cr>Cd>Pb. The results presented appreciable content of K (1263.05±57.08 mg/100
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DW) and Fe (0.82±0.21 mg/100 DW) among macro and micro-elements. Fruits had
minute levels of heavy metals; like concentration of Pb was almost negligible
(0.064±0.02 mg/100 DW) in digested wild fig sample. Kumari et al. (2018) reported
that Ficus palmata is most important in nutritive values due to presence of diversity of
minerals in it. In previous studies, A highest portion of the mineral components like
phosphorus, potassium, calcium, magnesium and iron were reported in Ficus palmata
(Javed et al., 2017) but in present the K followed by Fe was reported as most dominant
in minerals. In similarity to present study, Saklani and Chandra (2012) reported the high
proportion of Potassium followed by Phosphorus in Ficus palmata.

b)

Proximate Components
The average moisture value of Ficus palmata was 19.43±4.3%) and level of dry

matter was 80.56±4.3% (Figure 12d). The proximate composition on dry weight basis
is presented in figure 12e. Each component is represented as mean value (n=3) with
respective standard error bar. According to the results, fruit had 4.3±1.78% ash,
1.01±0.42% crude fats, 6.49±2.98% crude proteins, 17.81±3.41% dietary fiber and
70.4±4.59% total available carbohydrates. The recorded mean value of energy was
316.76±10.65 k. cal/100g (Figure 12f). Saklani and Chandra (2011) reported that fresh
pat weight Ficus palmata contain ash value, (total ash) moisture; crude fat and crude
fiber whereas in the present study the proximate analysis was performed in dry weight.
Sirisha et al. (2010) concluded that Ficus palmata contain rich amount of various
nutrients including crude proteins, fats and carbohydrates and their derivatives which
play important role in natural antioxidants.

3.24 Antioxidant Capacity & Bioactive Constituents of Ficus palmata
a)

In Vitro Antiradical Assays
The free radicals scavenging effect (mM/100g FW) of Ficus palmata fruit is

presented in figure 12g. In general, aqueous and methanol extracts possessed more
antioxidant ability than ethanol and ethyl acetate extracts. The descending order of
various extracts in terms of their activity against different free radicals was;
Aqueous>Methanol>Ethanol>Ethyl acetate. The DPPH inhibition found to be highest
in water extract (1.075±0.07 mM TE/100g FW) and least in ethyl acetate extract
(0.477±0.35 mM TE/g100 FW). Same pattern was observed in remaining three assays.
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In TEAC, maximum activity was observed in methanolic extract (2.48±0.08
mM TE/100g FW) and the lowest but noticeable activity in ethyl acetate fraction
(1.31±0.5 mM TE/100g FW). Similarly, the methanol extracts exhibited high FRAP
(2.62±0.29 mM FeSO4 Eq/100g FW) and PMA (0.138±0.07 mM AAE/100g FW)
values as compared to the other solvent extracts of wild figs. The results depicted that
FRAP and TEAC values were higher than TEAC and DPPH scavenging in all the
prepared sample extracts. Various studies reported the antioxidant potential of ficus
palmata fruit. Iqbal et al. (2014) reported that among sequentially extracted fractions
of Ficus palmata have higher phenolic content and also exhibited significantly more
radical scavenging (DPPH and Superoxide) and antioxidant (FRAP) capacity. Negi et
al. (2018) concluded that methanol and ethyl acetate extracts of Ficus palmata showed
potent antioxidant potential as determined by different procedures. Presence of
phenolic compounds in the extracts confirmed their utility as potent antioxidant agent.
Kaur et al. (2018) assessed antioxidant activity by DPPH scavenging assay. The
antioxidant activity was tested using DPPH and was found to increase with the
concentration of nanoparticles.

b)

Vitamin-C Content
The recorded value of total ascorbic acid in edible wild figs was 4.74±0.29

mg/100g FW (Figure 12h). In literature, it is reported that Ficus palmata is not rich
source of Vitamin C whereas in present study, it was determined in high quantity. In
similarity to present study, Hegazy et al. (2013) Reported Vitamin C of Ficus plamata
that varied between 25.33 to 85.00 mg/ 100 g fresh weight. In earlier study (Dhyani and
Khali, 1993), the presence of vitamin C content in Ficus palamta was also reported.

c)

Carotenoids Profile
HPLC chromatogram of carotenoids in ethyl acetate extract of Ficus palmata

fruit is shown in figure 12i respectively. The figures included in the table correspond to
the mean ± SD values of respective compounds present in the sample. The prominent
compound peaks in the examined fruit sample were; all-trans-violaxanthin, all-translutein, all-trans-β-cryptoxanthin, all-trans-lycopene, all-trans- α & β-carotene and 13cis-β-carotene. Small amounts of all-trans-mutatoxanthin and all-trans-α-cryptoxanthin
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trans-zeaxanthin, neolutein-A & B, lutein & β-carotene-5, 6-epoxides, all-trans-ɛcarotene and all-trans-γ-carotene were not found. The total carotenoids were estimated
as a sum of xanthophylls and carotenes content. The estimated value of carotenoid
content in wild fig fruit on fresh weight basis was 0.57±0.04 mg/100g. Feyssa et al.
(2011) reported the Total phenolic compounds, Tannins, Anthocyanins, Carotenoids
and Vitamin C from fruit of Ficus palmata. Alqasoumi et al. (2014) isolated a new
isomer of psoralenoside namely, trans-psoralenoside (5) in addition to, one triterpene:
germanicol

acetate

(1),

two furanocoumarins: psoralene (2), bergapten (3),

one aromatic acid vanillic acid (4) and the flavone glycoside rutin (6).
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13. Ficus racemosa L.

Plate 17: Field Photograph of Ficus racemosa

Synonym

: Ficus glomerata

Flowering Period

: March-May

Fruiting Time

: June-July

Habit & Habitat

: A tree grows amongst rocks, plains and mountainous areas.
It may favorably grow wild in hot dry forests.

Locality

: Nurpur Shahan, Islamabad and Madyan, Swat

3.25 Nutritional Composition of Ficus racemosa
a)

Minerals Content
The concentrations of essential minerals (mg/100 DW) in ripened cluster fig are

shown below in figure 13a, b and c. Each box showed maximum, minimum and mean
values of respective minerals. The amounts of macro, micro-minerals and heavy metals
were decreased as; K>Ca>Mg>Na>P, Mn>Fe>Zn>Cu>Co>Ni and Cr>Cd>Pb. The
results presented appreciable amount of potassium and iron in fruits of Ficus racemosa.
The highest content of K (1721.03±165.75 mg/100 DW) and Fe (0.88±0.18 mg/100
DW) was recorded among macro- and micro-elements. The level of toxic Pb was lowest
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(0.04±0.007 mg/100 DW) among all the metals. Baruah et al. (1992) reported the
nutritive values of Ficus racemosa and concluded that it contains various potential
compounds having high importance in Human diet. In previous studies, (Bhogaonkar
et al., 2014) reported the Ca, Mg, Fe, Na, K and P in Ficus racemosa but content of K
and Fe was reported as compare to present study. It was reported that Ficus racemose
possess importance as dietary food due to presence of diversity of minerals in its fruit
and other parts (Joseph and Raj, 2010).

b)

Proximate Components
The mean moisture content and dry matter of cluster fig fruit pulp was

21.17±6.43% and 78.82±6.43% (Figure 13d). The proximate composition on dry
weight basis is shown in figure 13e. Results showed that the fruit was found to be a rich
source of carbohydrates (70.31±6.54%), crude fiber (16.80±3.87%) followed by crude
proteins (6.31±2.45%). The percentage ash content and crude fats were 3.9±1.4% and
2.70±1.61%. The recorded mean value of energy was 330.42±10.5 k.cal/100g (Figure
3.12f). In literature, the variation is proximate composition of Ficus racemosa is
reported. Ahmed et al. (2010) analyzed the proximate composition of the Ficus
racemosa on fresh basis as well as on dry weight basis. The moisture content of the
bark was relatively high while, it was relatively low on dry basis. Although the bark
contained high total dietary fiber (20.5%) it was comparably lower than that of poplar
bark. Murti et al. (2010) also concluded that its fruit is rich source of proteins. The
variation in proximate composition is may be due to techniques applied and stage of
fruit processing and collection.

3.26 Antioxidant Capacity and Bioactive Constituents of Ficus
racemosa
a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of four different extracts

(aqueous, methanol, ethanol and ethyl acetate) of cluster figs is presented figure 13g.
Ethyl acetate extract exhibited the highest antioxidant power among all solvent extracts.
The descending order of different extracts in terms of their activity against different
free radical assays was; Aqueous>Methanol>Ethanol >Ethyl acetate. Maximum DPPH
inhibition was observed in aqueous extract (0.151±0.148 mM TE/100g FW) and
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minimum in ethyl acetate extract (0.058±0.04 mM TE/100g FW). Likewise, the water
extract exhibited highest FRAP (0.94±0.386 mM FeSO4 Eq/100g FW), PMA
(0.153±0.08 mM AAE/100g FW) and TEAC (0.739±0.22 mM TE/g100 FW) values
while ethyl acetate fraction possessed the least but noticeable activities using three
respective assays (0.275±0.26 mM FeSO4 Eq/100g FW, 0.098±0.07 mM AAE/100g
FW & 0.14±0.25 mM TE/g100 FW). The recorded FRAP values were higher than
TEAC, PMA and DPPH in all respective extracts obtained from Ficus racemosa fruit.

Jahan et al. (2009) reported that the 1-BuOH soluble part of the ethanol extract
exhibited significant antioxidant activity in DPPH free radical scavenging assay. 3-O(E)-Caffeoyl quinate (1) was isolated for the first time from this plant, which also
showed significant antioxidant activity. In another study (Nizam and Mushfiq, 2012),
it was reported that the total phenolic compounds present in fruit of Ficus racemosa
exhibit the antioxidant activities. The decreasing order of antioxidant activities was
methanol extract (F-Me)>ethyl acetate extract (F-EA)>acetone extract (FAc)>chloroform extract (F-Chl) >petrol extract (F-Pet) in all the methods which is in
conformity with TPC. The results clearly demonstrated that methanol extract had
highest TPC and displayed strongest activity and can be used to prevent oxidative stress
related diseases whereas in present study ethyl acetate extract showed maximum
antioxidant activity.
b)

Vitamin-C Content
Small yet noticeable amount of vitamin-C (5.96±1.34 mg/100g FW) was found

in ripened Ficus racemose fruit (Figure 13h). Verma et al. (2010) showed the presence
of vitamin C (antioxidant content) due to which it showed various radical scavenging
properties. It was reported that Ficus racemosa contain substantial amounts of
antioxidants including Vitamin C and E, carotenoids, flavonoids, tannins and thus can
be utilized to scavenge the excess free radicals from the human body (Zulfiker et al.,
2011).Gupta and Chaphalkar (2016) concluded that various pharmacological properties
of Ficus racemosa are due to presence of various vitamins including Vitamin C.
c)

Carotenoids Profile
HPLC chromatogram of carotenoids from Ficus racemosa fruit extract is shown

in figure 13i, respectively. The figures included in the table correspond to the mean ±
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SD values of respective carotenes and xanthophylls present in the sample. The major
carotenoid peaks separated by gradient HPLC were; all-trans-neoxanthin, all-transviolaxanthin,

all-trans-lutein,

Neolutein-A,

all-trans-α-cryptoxanthin,

all-trans-

lycopene, all-trans-β-carotene and 9-cis- β-carotene. Small amounts of lutein 5, 6epoxide, all-trans-ɛ-carotene, β-carotene 5, 6-epoxide and all-trans-α-carotene were
also present. Other compounds like all-trans-mutatoxanthin, all-trans-neochrome, alltrans-antheraxanthin,

all-trans-zeaxanthin,

all-trans-β-cryptoxanthin,

all-trans-γ-

carotene and cis-isomers of α-carotene were not found in the analyzed sample.
The total carotenoids content in Ficus racemosa (including xanthophylls and
carotenes) on fresh weight basis was 1.49±0.12 mg/100g. Ficus racemosa fruit showed
the presence of 32.7 mg/100 g carotenoids, 41.9 mg/100 g vitamin C (antioxidant
content), 15.3% sugars and 29.4% protein (nutritional content). In past, (Yadav et al.,
2015) elaborately described the useful structures of the secondary metabolites along
with their nuclear magnetic resonance (NMR) data. Su et al. (2002) in their study found
to contain several carotenoids, including lutein, cryptoxanthin, â-carotene, and ßcarotene, lycopene being the most abundant carotenoid, followed by lutein and âcarotene.
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14. Morus alba L.

Plate 18: Field Photograph of Morus alba

Synonym

: Morus indica L.

Flowering Period

: March-April

Fruiting Time

: April-June

Habit & Habitat

: A commonly found tree along road sides, forest edges, urban
lots, in old fields and other disturbed areas.

Locality

: Dir khas, Upper Dir and Pir Sohawa, Margalla hills

3. 27 Nutritional Composition of Morus alba
a)

Minerals Content
The concentrations of inorganic elements (mg/100 DW) in ripened Morus alba

are summarized in figure 14a, b and c. The heavy metals, macro- and micro-minerals
contents were decreased in order; K>Ca>Mg>P>Na and Fe>Co>Zn>Cu>Mn>Ni and
Cr>Pb>Cd. The prominent elements in Morus alba fruits were K (1673.01±331.12
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mg/100 DW) and Fe (0.47±0.18mg/100 DW). While, Cd shown lowest value
(0.195±0.06 mg/100 DW) among all the minerals. Jia et al. (2013) reported the minerals
including Ca, Mg, P, Mn and Zn in Morus alba. Butt et al. (2008) reported the highest
content of Fe in fruit of Morus alba whereas in present study K followed by Fe was
also reported as most prominent. In contrast to present study, Łochyńska (2015)
reported the highest content of macro minerals including N on dry weight while in
micro minerals Fe was predominantly reported.

b)

Proximate Components
Morus alba fruits had high water content (80.24±6.27%) and low dry matter

(19.75±6.27%) (Figure 14d). The proximate composition on dry weight basis is
presented in figure 14e. The results showed that Morus alba fruits had low levels of
crude fats (1.48±0.68%) and ash (4.54±1.14%), while significant amounts of total
available carbohydrates (69.46±4.04%), crude proteins (13.50±1.22%) and dietary
fiber (11.00±1.75%) as presented in figure 14e. The recorded mean value of energy
(Goodwin) was 345.36±11.7 k.cal/100g (Figure 14f). In past, it was reported that it
contains low amount of moister content and highest content of crude fibers and
carbohydrates (Khan et al., 2009). It was reported that Morus alba fruit contains
abundant protein, lipid, carbohydrate, fiber, minerals, and vitamins but low calories,
which can be a healthy food choice for consumers. In similar findings to present study,
the highest content of water and K mineral was also reported (Yuan and Zhao, 2017).
In another study, Ercisli and Orhan (2007) also reported the maximum values for
moisture contents were (71.5%) total dry weight (29.5%).

3.28 Antioxidant Capacity & Bioactive Constituents of Morus alba
a)

In Vitro Antiradical Assays
The results regarding free radicals scavenging effect (mM/100g FW) of

different extracts (aqueous, methanol, ethanol, ethyl acetate) obtained from white
mulberry fruits are presented below in a line-plot (Figure 14g). Ethanolic and ethyl
acetate extracts showed greater antioxidant ability than aqueous and methanolic
extracts. The antioxidant power of respective Morus alba fruit extracts against different
free radical assays was decreased in order; Ethyl acetate>Ethanol>Methanol>Aqueous.
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The DPPH inhibition was found to be highest in ethyl acetate extract (1.647±0.07 mM
TE/100g FW), while least in water extract (0.165±0.13 mM TE/100g FW). Similar
pattern was observed in TEAC, where ethyl acetate extract showed 1.927±0.002mM
TE/100g FW and aqueous extract with 0.864±0.26 mM TE/100g FW antioxidant
capacity. Remaining two assays (FRAP & PMA) showed the same behavior as prior
ones. Ethyl acetate extract of Morus alba fruit exhibited maximum FRAP (0.068±0.02
mM FeSO4 Eq/100g FW) and PMA (0.16±0.02 mM AAE/100g FW) values, while
minimum activity was shown by water extract in both FRAP (0.039±0.02 mM FeSO4
Eq/100g FW) and PMA (0.095±0.03 mM AAE/100g FW). In previous studies (Devi et
al., 2013), the antioxidant activity of Morus alba was evaluated by measuring 1,1diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, 2,2'-azino-bis-(3ethylbenzthiazoline-6-sulphonic acid (ABTS) radical cation scavenging capacity and
ferric ion reducing power. Studies have reported that the presence of bioactive
components in mulberry fruits, including alkaloids and flavonoid, are associated with
bioactivities such as antioxidant (Zhang et al., 2018)

b)

Vitamin-C Content
The mean value of ascorbic acid in edible white mulberries was 24.60±1.34

mg/100g FW (Figure 14h). It was noted that Morus alba contain large quantities of
protein and vitamins especially vitamins A, B and C responsible for antioxidant
activities (Adeduntan and Oyerinde, 2010). Younus et al. (2016) isolated the Ascorbic
acid as well as the content of Vitamin D from Morus alba. It was found that Morus alba
contain vitamin C content between 10.123 and 16.293 mg/100 g. In the earlier work
conducted on the northeast Anatolia region of Turkey, Ercisli and Orhan (2008)
reported vitamin C contents of black mulberry genotypes varied from 14.9 to 18.8
mg/100 mL. Ercisli et al., (2010) reported the average vitamin C content in black and
purple mulberries as 20.79 and 18.87 mg per 100 mL, respectively.

c)

Carotenoids Profile
HPLC chromatogram of carotenoids in ethyl acetate extract of Morus alba fruit

is shown in figure 14i respectively. The prominent compounds in the examined fruit
sample were; all-trans-violaxanthin, all-trans-lutein, all-trans-mutatoxanthin, all-transzeaxanthin, all-trans-β-cryptoxanthin, all-trans-α-carotene, all-trans-β-carotene, 9-cisNutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
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α-carotene and 13-cis-β-carotene. Little amount of all-trans-neoxanthin was also
present in white mulberries. But all-trans-antheraxanthin, all-trans-neochrome,
neolutein-A & B, β-carotene-5,6-epoxide, all-trans-α-cryptoxanthin, all-translycopene, all-trans-ɛ-carotene and all-trans-γ-carotene and) were not found. The total
carotenoids were estimated as a sum of xanthophylls and carotenes content. The
estimated value of carotenoid content in white mulberry fruit was 0.19±0.013 mg/100g.
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15. Morus nigra L.

Plate 19: Field Photograph of Morus nigra

Synonym

: Not known

Flowering Period

: March-April

Fruiting Time

: April-May

Habit & Habitat

: A tree grows amongst rocks, plains and mountainous areas.
It may favorably grow wild in hot dry forests.

Locality

: Dir Khas, Upper Dir and Madyan, Swat

3.29 Nutritional Composition of Morus nigra
a)

Minerals Content
The concentrations of inorganic elements (mg/100g DW) analyzed in ripened

black mulberries are presented in figure 15a, b and c. The heavy metals, macro- and
micro-minerals

contents

were

decreased

in

following

orders;

Cr>Pb>Cd,

K>Ca>P>Mg>Na and Fe>Ni>Mn>Zn>Co>Cu. The results presented appreciable
amount of minerals in morus nigra fruits. The highest content of K (1272.05±67.67
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mg/100 DW) and Fe (0.59±0.34 mg/100 DW) was recorded among macro- and microelements.

b)

Proximate Components
The mean moisture content and dry mass value of black mulberries pulp was

80.14±12.07% and 19.85±12.07% (Figure 15d). The proximate composition on dry
weight basis is shown in figure 15e. Results showed that Morus nigra fruits exhibited
significant amounts of carbohydrates (75.57±3.89%), crude proteins (10.34±2.68%)
followed by crude fiber (8.23±3.9%). The percentage values of ashes and crude fats
were 3.91±1.31% and 1.93±0.57%. The recorded mean value of energy (DW) was
361.05 ±13.15 k.cal/100g (Figure 3.21f).

3.30 Antioxidant Capacity and Potential Constituents of Morus nigra
a)

In Vitro Antiradical Assays
The free radicals scavenging effect (mM/100g FW) of four different extracts

(aqueous, methanol, ethanol, ethyl acetate) of Morus nigra fruit is presented in figure
15g. The ethanolic and ethyl acetate extracts showed more antioxidant power than
aqueous and methanolic extracts. The order of various black mulberries extracts in
terms of their activity against four respective free radical assays was; Ethyl
acetate>Ethanol>Methanol>Aqueous. The highest DPPH inhibition was found in ethyl
acetate extract (2.195±0.012 mM TE/100g FW) while least in water extract (0.414±0.34
mM TE/g100 FW). Similar pattern was observed in remaining three assays. In TEAC,
maximum scavenging capacity was observed in ethyl acetate extract (2.731±0.12 mM
TE/100g FW) and minimum activity was shown by aqueous fraction (1.033±0.39 mM
TE/100g FW). Likewise, the ethyl acetate extracts of black mulberries exhibited high
FRAP (0.62±0.14 mM FeSO4 Eq/100g FW) and PMA (0.17±0.03 mM AAE/100g FW)
values as compared to the other solvent extracts.

b)

Vitamin-C Content
The average amount of ascorbic acid in pulpy black mulberries was 53.41±3.55

mg/100g FW (Figure 15h).
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Carotenoids Profile
HPLC chromatogram of carotenoids in ethyl acetate extract of Morus nigra fruit

is shown in figure 15i respectively. The prominent peaks found in the examined fruit
sample were; all-trans-violaxanthin, all-trans-mutatoxanthin, all-trans-lutein, all-transzeaxanthin, all-trans-β-cryptoxanthin, all-trans-β-carotenes, β-carotene-5, 6-epoxide,
13-cis-β-carotene followed by little peaks of all-trans-neoxanthin, all-transcanthaxanthin

and

all-trans-α-carotene.

While

all-trans-neochrome,

all-trans-

antheraxanthin, neolutein-A & B, all-trans-lycopene, all-trans-γ-carotene, all-trans-ɛcarotene and all-trans-α-cryptoxanthin were not detected. The total carotenoids were
estimated as a sum of xanthophylls and carotenes content. The estimated value of
carotenoid content in black mulberry fruit on fresh weight basis was 0.21±0.015
mg/100g.
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Oxalidaceae
16. Oxalis corniculata L.

Plate 24: Field Photograph of Oxalis corniculata

Synonym

: Oxalis foliosa Blatt.

Flowering Period

: March-May

Fruiting Time

: June-July

Habit & Habitat

: A commonly found herb in waste places and arable land
during the spring season. It can grow from the plains to 2700
meters above sea level.

Locality

: Swat, Rawalpindi

3.31 Nutritional Composition of Oxalis corniculata
a)

Minerals Content
The concentrations of inorganic elements (mg/100g DW) analyzed in ripened

creeping wood sorrel are presented in box plots (Figure 3.24a, b & c). Each box
illustrated maximum, minimum and mean values of respective minerals. The
descending orders of macro, micro-minerals and heavy metals levels were;
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K>Ca>P>Na>Mg, Fe>Cu>Mn>Zn>Ni>Co and Cr>Cd>Pb. The results presented
appreciable amounts of essential minerals in oxalis corniculata fruits. The K
(127.16±22.53 mg/100 DW) and Fe (7.26±2.02 mg/100 DW) contents were found to
be highest in analyzed fruit sample. The recorded values of heavy metals were almost
negligible; Pb was not found in digested creeping wood sorrel solution.
b)

Proximate Components
The mean moisture content and dry matter of creeping woodsorrel fruit was

89.27±3.88% and 10.72±3.88% (Figure 3.24d). The proximate composition on dry
weight basis is shown below via interval plot (Figure 3.24e). Oxalis corniculata fruit
was found to be a rich source of carbohydrates (86.05±1.81%) followed by crude fiber
(8.95±0.54%). But, the percentage levels of other constituents like ash (1.52±0.46%),
crude proteins (0.91±0.28%) and crude fats (2.55±0.80%) were noticeably too low. The
mean value of food energy (DW) was 370.88 ±3.78 k.cal/100g (Figure 3.24f).

3.32 Antioxidant Capacity and Potential Constituents of Oxalis
corniculata
a)
In Vitro Antiradical Assays
The free radicals scavenging ability (mM/100g FW) of aqueous, methanol,
ethanol and ethyl acetate extracts of creeping wood sorrel fruit is presented via line-plot
(Figure 3.24g). Results showed that ethyl acetate extract exhibited the highest
antioxidant power among all prepared extracts. The descending order of Oxalis
corniculata fruit extracts in terms of their activity against different free radical assays
was; Ethyl acetate>Ethanol>Methanol>Aqueous. Ethyl acetate extract had highest
DPPH inhibition ability (0.0698±0.006 mM TE/100g FW) while water extract showed
least scavenging power (0.017±0.012 mM TE/100g FW). Similarly, maximum TEAC,
FRAP and PMA values were revealed in ethyl acetate extract (0.312±0.025 mM
TE/g100 FW, 1.469±0.05 mM FeSO4 Eq/100g FW and 4.58±0.1 mM AAE/100g FW)
and minimum but noticeable activities were found in aqueous fraction (0.104±0.052
mM TE/g100 FW, 0.569±0.27 mM FeSO4 Eq/100g FW and 2.128±0.94 mM
AAE/100g FW &). Present results showed that PMA values were higher than FRAP,
TEAC and DPPH in all respective extracts of creeping wood sorrel fruit.
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Vitamin-C Content
The creeping wood sorrel fruit was found to be rich source of total ascorbic acid

with mean value of 75.80-±8.95 mg/100g FW (Figure 3.24h).
c)

Carotenoids Profile
HPLC chromatogram of carotenoids from Oxalis corniculata fruit extract is

shown in Figure 3.24i, respectively. The compounds were identified by using respective
standards, relative retention times and spectral characteristics mentioned in analytical
methods (Table 2.3 & 2.4). The amount of major carotenoids in creeping woodsorrel
separated by HPLC is presented in Table 3. Table figures correspond to the mean±SD
values of respective carotenes and xanthophylls present in the sample. Only few
prominent carotenoid peaks were recorded in chromatogram e.g all-trans-lutein,
neolutein-B,

all-trans-β-cryptoxanthin,

all-trans-β-carotene,

13-cis-

β-carotene

followed by small peaks of all-trans-neochrome and lutein-5, 6-epoxide. Other
xanthophylls (all-trans-neoxanthin, all-trans-violaxanthin, all-trans-mutatoxanthin, alltrans-antheraxanthin, all-trans-α-cryptoxanthin) and carotenes (all-trans-lycopene, alltrans-α, γ and ɛ -carotenes) were not found in creeping woodsorrel extract. The total
carotenoid content of Oxalis corniculata fruit on fresh weight basis was 0.69±0.05
mg/100g.
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HPLC-PDA chromatogram of carotenoids separated from ethyl
acetate extract at 450 nm.
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Rosaceae
17. Fragaria nubicola (Lindl. Ex Hook. F.) Lacaita

Plate 21: Field Photograph of Fragaria nubicola
Synonym

: Fragaria vesca var. nubicola Hook. f.

Flowering Period

: April-June

Fruiting Time

: July-September

Habit & Habitat

: Herb growing in meadows, forest margins, wooded valleys
and on mountain slopes from 1500 to 3500 meters

Locality

: Utror (Kandol Lake), Swat and Kaghan valley, Mansehra

3.33 Nutritional Composition of Fragaria nubicola
a)

Minerals Content
The amounts of inorganic elements (mg/100 DW) in ripened wild strawberries

are summarized in figure 17a, b and c. Each box showed maximum, minimum and
mean values of respective minerals. The concentrations of macro, micro-minerals and
heavy metals were decreased in orders; P>Ca>K>Mg>Na, Zn>Fe>Mn>Ni>Cu>Co and
Pb>Cd>Cr. The results presented noticeable amount of minerals in Fragaria nubicola
fruits. The highest content of P (221.72±50.66 mg/100 DW) and Zn (1.4±0.33 mg/100
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DW) was recorded among macro and micro-elements. Cr was absent in tested fruit
sample. In past, Rai et al. (2005) reported that Fragaria nubicola is rich in Na and
Ca minerals whereas in present study Ca was also found in abundant mineral.

b)

Proximate Components
The wild strawberry fruit had high moisture value (81.99±3.17%) and low dry

matter content (18±3.17%) (Figure 17d). The proximate composition on dry weight
basis is shown in figure 17e. The results showed that the fruit was found to be rich in
carbohydrates (72.44±6.21%) and crude fats (11.36±2.94%). Considerable amount of
crude fibers (6.49±2.23%) and crude proteins (6.49±2.23%) was also present.
Percentage ash content was very low (0.73±0.21%). The mean value of energy was
418.02±20.7 k.cal/100g (Figure 17f). Indrayan et al. (2005) reported that Fragaria
nubicola had highest moisture content while fat, protein, carbohydrates are low. On
contrary to previous findings, the present study reported the lowest amount of moisture
and highest content of carbohydrates indicating that Fragaria nubicola is rich in energy
providing compounds.

3.34 Antioxidant Capacity and Potential constituents of Fragaria
nubicola
a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of four different extracts

of wild strawberries (aqueous, methanol, ethanol, ethyl acetate) is presented in figure
17g. Methanolic extract exhibited the highest antioxidant power among all solvent
extracts. The descending order of different Fragaria nubicola extracts in terms of their
activity against different free radical assays was; Methanol>Aqueous>Ethanol>Ethyl
acetate. Maximum DPPH inhibition was observed in methanolic extract (2.02±0.01
mM TE/100g FW) and minimum in ethyl acetate extract (0.953±0.86 mM TE/100g
FW). Similarly, the methanolic extract exhibited highest FRAP (3.89±0.28 mM FeSO4
Eq/100g FW), PMA (1.71±0.03 mM AAE/100g FW) and TEAC (5.56±0.011 mM
TE/g100 FW) values; while ethyl acetate fraction possessed the least but noticeable
activities by using respective assays (1.88±0.89 mM FeSO4 Eq/100g FW, 0.65±0.42
mM AAE/100g FW & 3.15±0.964 mM TE/g100 FW). TEAC values were higher than
FRAP, DPPH and PMA in all respective extracts of wild strawberries.
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The earlier reports support that the strawberry has potent antioxidant activity.
Rakhunde and Ali (2014) revealed that the biochemical investigations of Fragaria
nubicola showed the significant increase in the catalase and superoxide dismutase
enzyme activities, which indicates that Fragaria nubicola may decrease the formation
of free radicals. It was also indicated that Fragaria nubicola reduced the total nitrite
and malondialdehyde which is the marker of lipid peroxidation, suggesting that the
antioxidant potential of Fragaria nubicola may have decreased the formation of oxygen
radicals and further prevented the vicious chain reaction. Anees et al. (2018) reported
the phenol content of aqueous, methanolic and ethyl acetate extract obtained from
Fragaria nubicola and their antioxidant potential. The DPPH radical scavenging
showed highest ability against reactive oxygen species in comparison to other standard
assays BHT.

b)

Vitamin-C Content
The edible wild strawberry had significant amount of vitamin-C (50.32±9.88

mg/100g FW) in fresh fruits (Figure 17h). the results of present study are in line with
the study conducted by Dai et al. (2012) in which the content of vitamin C was 877.0
and 843.0 mg/kg. It was reported in previous studies that Fragaria nubicola produce
some chemical substances like Vitamin C which generate a specific physiological
action on the human body. Such natural compounds may act as free radical scavenging
molecules and help in defense against the production of free radicals (Anees et al.,
2018).

c)

Carotenoids Profile
HPLC chromatogram of carotenoids obtained from Fragaria nubicola extract

is shown in figure 3.14i, respectively. The prominent carotenoid peaks observed in
chromatogram were; all-trans-neochrome, all-trans-violaxanthin, all-trans-lutein, alltrans-zeaxanthin, all-trans-α- & β-cryptoxanthin, 13-cis-zeaxanthin, β-carotene-5, 6epoxides, all-trans-β-carotene and 13-cis-β-carotene, followed by small peaks of cisisomers of lutein (Neolutein-A & B), all-trans-neoxanthin, all-trans-mutatoxanthin and
all-trans-antheraxanthin. The rare color compounds like all-trans-α, ɛ, γ-carotenes and
their cis-isomers were absent. The tomato carotene (i.e all-trans-lycopene) was also not
detected in the extracted sample. The total carotenoids content in Fragaria nubicola
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(including xanthophylls and carotenes) on fresh weight basis was 5.27±0.02 mg/100g.
In past studies, Strawberry fruits reported to have phenolic compounds like ellagic acid,
ellagic acidglycoside, coumaryl glycoside along with various anthocyanidin as their
glycosides. The fruits are also reported to have antioxidant, anticancer, antiinflammatory and anti-neurodegenerative properties (Hannum, 2004; Seeram et al.,
2006). As previously reported the phytochemical investigation showed agrimoniin; an
anti-tumor and antidiarrheal agent as major ellagitannins in Fragaria nubicola
(Vrhovsek et al., 2012).
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18. Rosa moschata Herrm.

Plate 22: Field photograph of Rosa moschata
Synonym

: Rosa moschata var. nepalensis Lindl.

Flowering Period

: April-May

Fruiting Time

: June-August

Habit & Habitat

: A Shrub of arid areas and dry valleys. It also grows on rocky
slopes at 1500-3000 meters above sea level.

Locality

: Kumrat valley, upper Dir and Utror, Swat

3.35 Nutritional Composition of Rosa moschata
a)

Minerals Content
The contents of essential and trace elements (mg/100g DW) in ripened

Himalayan musk rose are shown in figure 18a, b and c. Each box showed maximum,
minimum and mean values of respective minerals. The decreasing orders of macro,
micro-mineral

and

heavy

metal

levels

were;

P>K>Na>Mg>Ca

Fe>Cu>Mn>Zn>Ni>Co and Pb>Cr>Cd. Overall analysis of minerals revealed that
Rosa moschata fruits were relatively rich in P (197.4±18.32 mg/100g DW) and Fe
(7.92±1.85 mg/100g DW). Cd concentration (0.032±0.012 mg/100g DW) was
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observed to be the lowest among all the minerals. In some studies (Szentmihalyi et al.,
2002), conducted on Rosa moschata, Phosphorus was found to be in high quantity. The
mineral composition of fruits depended, not only on the species or varieties, but also
on the growth environment, such as soil and geographical conditions. The available P
content in soils, which we did not study, could affect P uptake by fruit.

b)

Proximate Components
Himalayan musk rose fruit had considerably high moisture content

(76.36±2.05%) and low dry matter (23.64±2.05%) (Figure 18d). The proximate
composition of shade dried Rosa moschata fruit is presented in figure 18e. The
percentage values of inorganic ash, crude fats, proteins and dietary fiber were
5.26±0.28%, 1.11±0.27%, 9.01±4.43% and 3.88±2.04% respectively. Rosehip fruits
were found to be rich in carbohydrates (80.74±6.12%) and hence a good source of
energy too i.e 368.96±7.2 k.cal/100g (Figure 18f). Rosa moschata were evaluated for
proximate content. It was reported that Rosa moschata had highest moisture content
followed by crude protein, ash percentage and crude fat (Özcan, 2002).

3.36 Antioxidant Capacity and Potential Constituents of Rosa
moschata
a)

In Vitro Antiradical Assays
The free radicals scavenging effect (mM/100g FW) of different extracts

(aqueous, methanol, ethanol, ethyl acetate) obtained from Rosa moschata fruit is
summarized in figure 18g. Methanolic and aqueous extracts had greater antioxidant
ability than ethanolic and ethyl acetate extracts. The descending order of Himalayan
musk rose extracts in terms of activity against different free radical assays was;
Methanol>Aqueous>Ethanol>Ethyl acetate. DPPH inhibition found to be highest in
Methanolic extract (8.103±0.045 mM TE/100g FW) but lowest in ethyl acetate extract
(5.093±0.81 mM TE/100g FW). Similar pattern was observed in TEAC, where
methanolic and ethyl acetate extracts of investigated fruit sample showed 14.496±0.041
mM TE/100g FW and 10.52±2.12 mM TE/100g FW. Methanolic extract also exhibited
significantly high FRAP (8.58±0.26 mM FeSO4 Eq/100g FW) and PMA (0.325±0.12
mM AAE/100g FW) values as compared to ethyl acetate extracts (4.02±1.74 mM

Nutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
166

Chapter 3

Results and Discussion

FeSO4 Eq/100g FW and 0.213±0.12 mM AAE/100g FW). FRAP values were higher
than DPPH, TEAC and PMA in all respective extracted fraction.
The present study showed the similar findings as mentioned in past studies that
support that Rosa moschata has great antioxidant power against many diseases.

In

earlier studies (Gao et al., 2000), the ferric‐reducing antioxidant power (FRAP) and
Trolox‐equivalent antioxidant capacity (TEAC) of the crude extracts ranged from
983.4 to 2187.1 µmol FRAP g−1 dry matter and from 457.2 to 626.2 µmol TEAC
g−1 dry matter. The high antioxidant capacity was related to high contents of
phytonutrients.
The overall mean of antioxidants was 23.23 mg g−1 total carotenoids and
76.26 mg g−1 total phenolics. It was reported that the phenolic component made a major
contribution to the total antioxidant activities in both assays (overall mean was 90.5%
and 75.7%), whereas the ascorbate made a minor contribution (8.6% and 16.9%) and
the lipophilic component made an even smaller one (0.9% and 7.3%). However, the
lipophilic component was the most effective when the comparison was based on the
ratio of antioxidant activity to content of antioxidants. The crude extracts exhibited
50.9% (46.6–60.3%) inhibitory effect against the lipid peroxidation induced by 2,2′‐
azobis(2,4‐dimethylvaleronitrile) (AMVN) and 85.0% (80.1–90.2%) inhibition in 2,2′‐
azobis(2‐amidinopropane) hydrochloride (AAPH) assay at a concentration of 250 µg
ml −1. Ascorbate acted as an antioxidant in both peroxyl radical‐induced lipid
peroxidations, but as a pro‐oxidant in the metal ion‐induced lipid peroxidation. The
crude extracts showed a large inhibitory effect in the ferric ion‐induced lipid
peroxidation and caused 83.7% inhibition at a concentration of 25 µg ml −1 dried
rosehip powder.

b)

Vitamin-C Content
Total content of ascorbic acid in edible Rosa moschata rose was significantly

high. Fresh fruit sample contained 669.17±56.08 mg/100g of ascorbic acid (Figure
18h). In previous studies conducted in Turkey, the ascorbic acid content of Rosa
moschata was found in range from 140 to 1100 mg/100 ml (Kazankaya et al., 1999;
Misirli et al., 1999).

Nutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
167

Chapter 3

c)

Results and Discussion

Carotenoids Profile
HPLC chromatogram of carotenoids in ethyl acetate extract of Rosa moschata

fruit is shown in figure 18i. The prominent colored compounds present in Rosa
moschata fruit were; all-trans-neoxanthin, all-trans-lutein, all-trans-zeaxanthin, alltrans-canthaxanthin, all-trans-β-cryptoxanthin, β-carotene-5, 6-epoxide, all-trans-ɛcarotene, all-trans-rubixanthin, all-trans-lycopene, all-trans-β-carotene and 13-cis-βcarotene. Small amounts of all-trans-violaxanthin, lutein-5, 6-epoxide, neolutein-A,
all-trans-α-cryptoxanthin and all-trans-γ-carotene were also present in rosehip fruit.
But, peaks for all-trans-neochrome, all-trans-antheraxanthin, all-trans-mutatoxanthin,
neolutein-B, cis-zeaxanthin, all-trans-α-carotene and its cis-isomers were not detected.
Total carotenoids were estimated as a sum of xanthophylls and carotenes content. So,
the estimated value of carotenoid content in Rosa moschata fruit (fresh weight) was
2.43±0.027 mg/100g. Carotenoid composition has been investigated in Rosa moschata.
Six major carotenoids were identified (β-carotene, lycopene, rubixanthin,
gazaniaxanthin, β-cryptoxanthin, and zeaxanthin) together with other minor
carotenoids (violaxanthin, antheraxanthin, and γ-carotene). An average composition
has been estimated as follows: β-carotene (497.6 mg/kg of dry wt), lycopene (391.9
mg/kg of dry wt), rubixanthin (703.7 mg/kg of dry wt), gazaniaxanthin (289.2 mg/kg
of dry wt), β-cryptoxanthin (183.5 mg/kg of dry wt), zeaxanthin (266.6 mg/kg of dry
wt), and minor carotenoids (67.1 mg/kg of dry wt) (Hornero-Méndez and MínguezMosquera, 2000).
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Figure 18: Rosa moschata
a): Macro-minerals concentration (mg/100g DW)
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19. Rosa webbiana Wall. Ex Royle

Plate 23: Field Photograph and Fruiting branch of Rosa webbiana

Synonym

: Rosa maracandica Bunge

Flowering Period

: June-July

Fruiting Time

: August-October

Habit & Habitat

: It is a shrub growing in grassy places, scrubs, valleys, near
farmlands and on hilly slopes at elevations of 2000-4500
meters

Locality

: Sheringal, Upper Dir and Gabral Valley (Baila), Swat

3.37 Nutritional Composition of Rosa webbiana
a)

Minerals Content
The mineral composition of ripened Rosa webbiana fruit is shown in figure 19a,

b and c. The decreasing orders of heavy metal, macro and micro-mineral concentrations
were; and Pb>Cr>Cd, P>K>Na>Mg>Ca and Fe>Cu>Mn>Zn>Ni>Co. Among the
investigated macro- and micro-elements, thorn rose fruits had significant content of P
(197.4±18.32 mg/100g DW) and Fe (7.92±1.85 mg/100g DW). Traces of toxic metals
were also found; e.g 0.032±0.01 milligram of Pb was recorded in 100 grams of shade
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dried fruit sample. It was reported that Rosa webbiana are rich in oil, crude protein,
potassium, calcium, magnesium, and sodium (Özcan, 2002). In another study, Katiyar
et al. (2009) The fruit Rosa webbiana was rich in sugars (9.95-35.42%) and mineral
matter (0.5-4.7%) including Ca, Fe and P whose contents varied from 34-998, 51-671,
2-160 and 3-201 mg/100g fruit pulp, respectively. The present study also concedes the
findings of previous studies confirming that Rosa webbiana is rich in many important
minerals including P.

b)

Proximate Components
The mean values of moisture and dry matter for thorn rose fruit were

80.95±5.34% and 19.05±5.34% (Figure 19d). A clear picture of average proximate
composition on dry weight basis is shown in figure 19e. According to results, Rosa
webbiana fruit was proximately composed of 5.264±0.28% ash, 1.11±0.27% crude fats,
9.01±4.43% crude proteins, 3.88±2.04% dietary fiber and 80.73±6.12% total
carbohydrates. The mean value of food energy (DW) was 368.96±7.2 K.cal/100g
(Figure 19f). In previous studies, the proximate analysis and mineral contents of Rosa
webbiana fruit was found to be lower in moisture content (50.9%) when compared with
flowers (93.7%) and leaves (66.4%). However, leaf total dry matter (49.1%) was
significantly (p < 0.05) higher than those observed for flowers (6.3%) and fruits
(33.6%). For total fat content, fruits showed the highest content (1.6%), about 300 and
150% higher than flowers and leaves, respectively (Hosni, 2011). Mir et al. (2018)
concluded that environment, especially season and climate, influences the proximate
content of plant that grows and develops in the natural pastures.

3.38 Antioxidant Capacity and Potenital Constituents of Rosa
webbiana
a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of Rosa webbiana fruit

extracts (aqueous, methanol, ethanol, ethyl acetate) is presented in figure 19g. Methanol
extract exhibited the highest antioxidant power among all solvent extracts. The
descending order of wild rose fruit extracts in terms of ability against different free
radical assays was; Methanol>Aqueous>Ethanol>Ethyl acetate. Maximum DPPH
inhibition was observed in methanol extract (6.36±0.03 mM TE/100g FW) while,
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minimum in ethyl acetate extract (3.48±2.78 mM TE/100g FW). Similarly, methanolic
wild rose extract exhibited highest FRAP (6.876±0.07 mM FeSO4 Eq/100g FW), PMA
(0.43±0.03 mM AAE/100g FW) and TEAC (11.07±0.02 mM TE/g100 FW) values
while ethyl acetate fraction possessed the lowest but noticeable activity with above
three assay (3.97±1.13 mM FeSO4 Eq/100g FW, 0.083±0.03 mM AAE/100g FW &
8.34±1.99 mM TE/g100 FW). FRAP values were higher than, DPPH, TEAC and PMA
in all respective extracted fractions.
In past studies, the radical scavenging activity of the methanolic Rosa
webbiana extracts was determined from its DPPH radical quenching ability.
Antioxidant activity of Rosa webbiana fruits was found to be highest and indicate the
presence of various active compounds that may act as natural antioxidants (Roman et
al., 2013). In another study, Shameh et al. (2018) concluded that the amount of total
phenol content, total flavonoid content, and antioxidant activity were in the range of
25.13–52.01 mg gallic acid equivalents/g dry weight (DW), 0.61–0.82 mg quercetin
equivalents/g DW, 11.47–20.93 µmol Fe++/g DW (FRAP), and 31.66–74.44% (DPPH),
respectively. The p-coumaric acid (647.28 μg/g DW) and chlorogenic acid (24.37–
135.23 μg/g DW) were found to be the most abundant phenolic compounds in the
extracts of rose petals having antioxidant activities.

b)

Vitamin-C Content
The analysis revealed that Rosa webbiana fruit was found to be rich in vitamin-

C and recorded mean value of total ascorbic acid was740.72±50.32 mg/100g FW
respectively (Figure 19h). In earlier studies, it was reported that Rosa webbiana contain
high levels of antioxidants, mainly polyphenols and ascorbic acid, as well as
carotenoids and vitamins B and E (Nybom and Werlemark, 2017). It indicates that Rosa
webbiana is rich natural compounds that are either precursor of vitamin C or work as
derivatives of vitamins.

c)

Carotenoids Profile
The HPLC chromatogram of carotenoids from Rosa webbiana fruit is given in

figure 19i, respectively. The major carotenoids found in Rosa webbiana fruit were; alltrans-lutein, all-trans-zeaxanthin, all-trans-canthaxanthin, all-trans-β-cryptoxanthin,
all-trans-ɛ-carotene, β-carotene-5, 6-epoxide, all-trans-lycopene, all-trans-β-carotene
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and 13-cis-β-carotene followed by small peaks of all-trans-violaxanthin, all-transantheraxanthin, 13-cis-zeaxanthin, all-trans-rubixanthin and all-trans-α-carotene. But
cis-isomers of lutein (Neolutein-A & B), lutein-5, 6-epoxide, all-trans-neochrome, alltrans-mutatoxanthin, all-trans-neoxanthin, all-trans-α-cryptoxanthin and all-trans-γcarotene were absent in the extracted fruit sample. Total carotenoids content (including
xanthophylls and carotenes) of wild rose fruit was 3.08±0.03 mg/100g FW. In previous
studies, carotenoid composition has been investigated in Rosa webbiana. Six major
carotenoids were identified (β-carotene, lycopene, rubixanthin, gazaniaxanthin, βcryptoxanthin, and zeaxanthin) together with other minor carotenoids (violaxanthin,
antheraxanthin, and γ-carotene). An average composition has been estimated as
follows: β-carotene (497.6 mg/kg of dry wt), lycopene (391.9 mg/kg of dry wt),
rubixanthin (703.7 mg/kg of dry wt), gazaniaxanthin (289.2 mg/kg of dry wt), βcryptoxanthin (183.5 mg/kg of dry wt), zeaxanthin (266.6 mg/kg of dry wt), and minor
carotenoids (67.1 mg/kg of dry wt). (Hornero-Méndez and Mínguez-Mosquera, 2000)
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f): Energy value (k. cal/100g DW)
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20. Rubus anatolicus (Focke) Hausskn

Plate 24: Field Photograph of of Rubus anatolicus

Synonym

: Rubus sanctus Schreb.

Flowering Period

: March-May

Fruiting Time

: June-July

Habit & Habitat

: A shrub commonly grows in thickets, valleys, forests and on
dry slopes, valleys, forests and thickets at elevations of 10002800 meters above sea level

Locality

: Kalam, Swat, Dir Khas, Upper Dir, Murree

3.39 Nutritional Composition of Rubus anatolicus
a)

Minerals Content
The concentrations of essential minerals and trace elements in wild blackberry

are presented in figure 20a, b and c. The decreasing orders of macro, micro-minerals
and heavy metal contents were; P>Ca>Mg>K>Na, Fe>Mn>Zn>Cu>Ni>Co and
Cr>Pb>Cd. The results presented appreciable amounts of P (222.47±19.685 mg/100g
DW) and Fe (8.385±1.92 mg/100g DW) in Rubus anatolicus fruit. The amount of toxic
metals was almost negligible; Cd shown lowest value (0.062±0.02 mg/100g DW)
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among all the minerals. In previous study, Livani et al., (2013) reported that there is no
significant difference in the amount of sodium, potassium, calcium and magnesium
ions between the mature and immature samples. Immature fruits were more acidic than
mature ones.
b)

Proximate Components
The mean values of moisture and dry matter for wild blackberry fruit were

85.7±5.82% and 14.29±5.82% (Figure 20d). The average proximate composition on
dry weight basis is illustrated in figure 20e. The results showed that Rubus anatolicus
fruit was proximately composed of 6.26±3.55% ash, 9.883±1.88% crude lipids,
14.18±6.56% crude proteins, 12.301±1.75% dietary fiber and 57.36±11.85%
carbohydrates. Energy provided by 100 grams of shade dried wild blackberries was
375.14±11.85 k.cal (Figure 20f). According to White et al., (2009) The composition of
dried cranberry pomace was 4.5% moisture, 2.2% protein, 12.0% fat, 65.5% insoluble
fiber, 5.7% soluble fiber, 8.4% other carbohydrates, 1.1% ash, and 0.6% total
polyphenolics.

3.40 Antioxidant Capacity and Bioactive Constituents of Rubus
anatolicus
a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of Rubus anatolicus fruit

extracts (aqueous, methanol, ethanol, ethyl acetate) is summarized in figure 20g.
Methanolic fruit extract exhibited the highest antioxidant power among all solvent
extracts. The descending order of wild blackberries extracts in terms of their activity
against different free radical assays was; Methanol>Aqueous>Ethanol>Ethyl acetate.
Maximum DPPH inhibition was observed in methanolic extract (2.14±0.01 mM
TE/100g FW) while minimum in ethyl acetate extract (0.72±0.63 mM TE/100g FW).
Similarly, the methanolic fruit extract exhibited highest FRAP (0.659±0.04 mM FeSO4
Eq/100g FW), PMA (0.24±0.03 mM AAE/100g FW) and TEAC (5.353±0.002 mM
TE/g100 FW) values, while ethyl acetate fraction possessed the least but noticeable
activity with FRAP, PMA and TEAC assays (0.16±0.08 mM FeSO4 Eq/100g FW,
0.052±0.04 mM AAE/100g FW & 1.401±0.78 mM TE/g100 FW) respectively. TEAC
values were higher than DPPH, FRAP and PMA in all extracted fractions of Rubus
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anatolicus fruit. Deighton et al., (2000) reported the antioxidant capacities of the fruit
ranged from 0 to 25.3 µmol Trolox equivalents g−1 (TEAC) or from 190 to 66 000 µmol
l−1 ferric reducing antioxidant power (FRAP). Ascorbic acid contributes only
minimally to the antioxidant potential of Rubus juices (<10%, TEAC). There are
apparent linear relationships between antioxidant capacity (assessed as both TEAC and
FRAP) and total phenols (rxy = 0.6713 and 0.9646 respectively). Also, anthocyanin
content has a minor influence on antioxidant capacity (rxy = 0.3774, TEAC; rxy
= 0.5883, FRAP). The sample with the highest antioxidant capacity (Rubus anatolicus)
had the highest phenol content, but only a low percentage was represented by
anthocyanins.
b)

Vitamin-C Content
The mean value of total ascorbic acid content in wild blackberry fruit was

23.736±2.12 mg/100g FW respectively (Figure 20h). According to Bernal et al., (2014)
Rubus anatolicus 13.46 and 22.48 g of vitamin C g-1 of blackberries. They concluded
that the antioxidant and vitamin C content of Rubus anatolicus varies according to
season of collection.
c)

Carotenoids Profile
HPLC chromatogram of carotenoids from Rubus anatolicus fruit is illustrated

below (figure 3.39i), respectively. The main carotenoids recorded in Rubus anatolicus
fruit were; all-trans-antheraxanthin, all-trans-lutein, 13-cis-zeaxanthin, all-trans-βcryptoxanthin, all-trans-rubixanthin, all-trans-lycopene, all-trans-β-carotene, 9-cis-βcarotene followed by small peaks of all-trans-violaxanthin, all-trans-zeaxanthin, alltrans-mutatoxanthin, all-trans-γ-carotene and 13-cis-β-carotene. Other carotenoid
compounds e.g c is-isomers of lutein (Neolutein-A & B), lutein-5, 6-epoxide, all-transneochrome, all-trans-neoxanthin, all-trans-α-cryptoxanthin, all-trans-ɛ-carotene and
all-trans-α-carotene were absent in fruit extract. Total carotenoids content (including
xanthophylls and carotenes) of wild blackberry fruit was 0.69±0.07 mg/100g FW.
Bernal et al., (2014) reported a higher anthocyanin content (1.59 mg of cyn-3glu g-1 in the bilberry and 0.26 mg of cyn-3-glu g-1 in the blackberry) and total phenols
(5.57 mg of caffeic acid g-1 bilberry and 2.68 mg caffeic acid g-1 blackberry). Research

Nutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
183

Chapter 3

Results and Discussion

indicates that this plant contains antioxidants, anthocyanins, vitamins, minerals, folic
acid, tannin, and polysaccharides. In continuation to this, Sahragard and Jahanbin
(2017) isolated an acidic heteropolysaccharide, from Rubus anatolicus by water
extraction and purification and concluded that he total sugar content and specific optical
rotation of RAPS-1 were 96.3% and +196°, respectively.
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f): Energy value (k. cal/100g DW)
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21.

Solanaceae
Physalis divaricata D. Don

Plate 25: Field Photograph of Physalis divaricata
Synonym

: Physalis minima L.

Flowering Period

: July-August

Fruiting Time

: September-October

Habit & Habitat

: It is a commonly found herb growing on the bunds of fields,
around the houses, wastelands and on sides of roads; where
the porous soil is present and rich in organic matter

Locality

: Madyan, Swat

3.41 Nutritional Composition of Physalis divaricata
a)

Minerals Content
The contents of essential elements (mg/100g DW) in ripened sunberries are

shown below in figure 21a, b and c. The concentrations of macro, micro-minerals and
heavy

metals

were

decreased

in

following

orders;

K>P>Mg>Ca>Na,

Zn>Cu>Mn>Ni>Co>Fe and Pb>Cr>Cd. The results presented appreciable amount of
macro- and micro-minerals in Physalis divaricata fruits. Among the macro-minerals
studied so far, K (296.06±40.84 mg/100 DW) was found to be most abundant element.
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While, Zn (4.74±0.96 mg/100 DW) was recorded highest among micro-elements. The
concentration of heavy metals was almost negligible and toxic Cd was not detected in
sunberry sample.
In earlier studies, it was that Physalis divaricata contain various macro and
microelements including Na (1.072 %), Mg (68 %), Al (0.83 %), P (1.15 %), S (2.33
%), K (11.48 %), Ca (24.07 %), Mn (0.07 %), Fe (0.34 %), Zn (2.06 %). (Mushtaq et
al., 2012). The findings of present study also support the findings of previous report.
Valvi and Rathod (2011) had also carried out the chemical analysis of Physalis
divaricata and they showed that fruit was rich in mineral composition including
potassium and iron.

b)

Proximate Components
Sun berry fruits had significantly high moisture content (86.69±17.30%) while

low level of dry mas (23.95±1.30%) (Figure 21d). The proximate composition of
Physalis divaricata on dry weight basis has been shown figure 21e. The results showed
that the sunberries were proximately composed of 1.51±071% ash, 0.76±0.67% crude
fats, 6.31±0.65% crude proteins, 38.41±2.69% crude fibers and 52.98±2.72% total
carbohydrates. The recorded mean energy value in dry weight of sample was
244.12±8.8 k. cal/100g (Figure 21f).
In the previous findings, Physalis fruit was found to be comprised of 92 %
moisture content on fresh weight basis and protein content (11%), fat content (18%),
ash content (13%) and total dietary fibers (5%), carbohydrates (94%) and calorific
value (31 kcals/100 g) on a dry matter basis (Bock et al., 1995). In present study, the
proximate composition was determined in dry weight that may be the reason for
variability of results. Patel et al. (2011) concluded that the fruit of P. minima are
nutritive and a rich source of sugars, starch, free amino acids, proteins, total phenols
and ascorbic acid. They are metabolically active, showing a high specific activity of
hydrolyzing and antioxidant enzymes, while the activity of cell wall-degrading
enzymes is relatively low, indicating a better postharvest storage life.
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3.26 Antioxidant Capacity and Bioactive Constituents of of Physalis
divaricata
a)

In Vitro Antiradical Assays
The free radicals scavenging ability (mM/100g FW) of Physalis divaricata fruit

extracts (aqueous, methanol, ethanol, ethyl acetate) is presented in a line-plot (Figure
3.25g). In general, aqueous and methanolic fruit extracts were more powerful than
ethanolic and ethyl acetate extracts regarding their antioxidant capacities. The activity
of respective Physalis divaricata fruit extracts against different free radical assays was
decreased in following order; Methanol>Aqueous>Ethanol>Ethyl acetate. The highest
TEAC and DPPH inhibition were recorded in methanolic extract (0.611±0.014 mM
TE/100g FW and 0.017±0.0003 mM TE/100g FW) and the lowest activities were found
in ethyl acetate extract (0.42±0.08 mM TE/g100 FW and 0.041±0.03 mM TE/100g
FW). A parallel pattern was observed in remaining two assays. Like, methanolic extract
exhibited maximum FRAP and PMA values (0.208±0.04 mM FeSO4 Eq/100g FW and
6.04±0.16 mM AAE/100g FW) as compared to the other solvent extracts obtained from
sunberry fruit. In the previous studies, plant extract exhibited a significant dose
dependent inhibition of DPPH activity. The half inhibition concentration (IC50) of
Physalis divaricata fruit extract and ascorbic acid were 63.86 μg/ml and 34.91 μg/ml
respectively (Karpagasundari and Kulothungan, 2014). Namjoyan et al. (2016) also
concluded that Physalis divaricata is one of the best sources of natural compounds that
can be used as antioxidants.
b)

Vitamin-C Content
The mean value of ascorbic acid in fresh edible pulp of sunberry was 30.32±0.93

mg/100g (Figure 3.25h). In the previous findings, Physalis divaricata is one of the most
promising exotic fruits and its fresh juice contained polyphenols (76.6 mg/100mL),
vitamin C (38.8 mg/100mL) and carotenoids (70 µg/mL) (El Sheikha et al., 2010). The
vitamin C values presented by the studied Physalis divaricata concluded that fruits are
rich source of natural antioxidants, which makes physalis nutritionally appealing.

c)

Carotenoids Profile
HPLC chromatogram of carotenoids in ethyl acetate extract of Physalis

divaricata fruit is shown in Figure 3.25i respectively. The prominent peaks recorded in
Nutritional and Antioxidant Analysis of Selected Wild Edible Fruits in Pakistan
191

Chapter 3

Results and Discussion

sunberry fruit sample were; lutein-5, 6-epoxide, all-trans-lutein, all-trans-zeaxanthin,
neolutein-A, all-trans-α and β-cryptoxanthin, β-carotene-5, 6-epoxide, all-trans-α, β &
γ-carotene and 13-cis-β-carotene. Small peaks of all-trans-violaxanthin, all-transmutatoxanthin, 13-cis-zeaxanthin and 13-cis-β-carotene were also present. While alltrans-lycopene and all-trans-ɛ-carotene were not found. The total carotenoids were
estimated as a sum of xanthophylls and carotenes content. The estimated value of
carotenoid content in sunberries on fresh weight basis was 1.22±0.013 mg/100g.

(de

Rosso and Mercadante, 2007) conducted HPLC-PDA-MS/MS and reported total
carotenoids (80.89 µg/g) including all-trans-â-carotene (62.23 µg/g), 13-cis-â-carotene
(1.39 µg/g), all-trans-R-carotene (1.25 µg/g), 5,8-epoxy-â-carotene (1.03 µg/g), 15-cisâ-carotene (0.49 µg/g), all-trans-δ-carotene (0.35 µg/g) and various other carotenoids
in the fruit pulp of Physalis angulata.
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f): Energy value (k. cal/100g DW)
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22. Physalis peruviana L.

Plate 26: Field Photograph of Physalis peruviana
Synonym

: Physalis edulis Sims

Flowering Period

: July-August

Fruiting Time

: September-November

Habit & Habitat

: Herbaceous species that grows on edges of forest, scrub
vegetation and dune forest. It is occasionally found in
grasslands or open rocky areas, up to 2600 meters

Locality

: Dir khas, Upper Dir and Rawalpindi

3.43 Nutritional Composition of Physalis peruviana
a)

Minerals Content
The amounts of inorganic elements in ripened golden berry (mg/100 DW) are

shown in figure 22a, b and c. The concentrations of heavy metals, macro and microminerals were decreased in following orders; Pb>Cr>Cd, K>P>Mg>Ca>Na and
Zn>Cu>Mn>Ni>Fe>Co.

The

results

presented

considerable

amount

of

K

(253.95±69.59 mg/100 DW) and Zn (4.34±1.02 mg/100 DW) in Physalis peruviana
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fruits. Cr shown lowest value (0.052 ± 0.01 mg/100g DW) among all the minerals,
while Cd was not detected in the digested sample. As compare to present study, the
findings of previous studies were different. In most of the studies, most prevalent
minerals in the Physalis peruviana fruits descending order were Na, Mg, Al, Cu, K, Ca,
Mn, Fe, Zn, Ba, Co and Cr (Rodrigues et al., 2009).

b)

Proximate Components
Golden berries had considerably high moisture content (80.81±4.61%) and low

dry matter (15.09±2.2%) (Figure 22d). The proximate composition of Physalis
peruviana on dry weight basis is shown in figure 22e. The measured proximate values
were; ash 4.22±3.27%, crude fats 0.18±0.11%, crude proteins 17.38±0.503%, dietary
fiber 19.27±2.5% and carbohydrates 58.93±6.29%. The mean value of food energy
(DW) possessed by sunberry was 306.88±22.79 k. cal/100g (Figure 22f). In the
previous literature, Physalis peruviana fruit was found to be comprised of moisture
content (79.8 g/100g), protein content (1.9 g/100g), fat content (0.0 g/100g), ash
content (1.0 g/100g) and total dietary fibers (3.6 g/100g), carbohydrates (17.3 g/100g)
and calorific value (76.8 cals/100 g) (Repo de Carrasco and Encina, 2008). In present
study, a variation in proximate composition is clearly observed due to either methods
applied, or condition of fruit processed. In another study, Rodríguez et al. (2007)
indicated that the fruit of P. peruviana has good protein content, having detailed record
of the amino acids that confirmed the protein quality of the fruit, or the benefits of a
healthy consumption of protein from the fruit of P. peruviana could be determined.

3.44 Antioxidant Capacity and Bioactive Constituents of Physalis
peruviana
a)

In Vitro Antiradical Assays
The free radicals scavenging effect (mM/100g FW) of different extracts

(aqueous, methanol, ethanol, ethyl acetate) obtained from Physalis peruviana fruit is
presented in figure 22g. Methanolic and water extracts showed more antioxidant ability
than ethanol and ethyl acetate extracts. The descending order of various sunberry
extracts in terms of their activity against different free radical assays was;
Methanol>Aqueous>Ethanol>Ethyl acetate. DPPH inhibition found to be highest in
methanol extract (0.089±0.05 mM TE/100g FW) and least in ethyl acetate extract
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(0.036±0.04 mM TE/100g FW). Similar pattern was observed in TEAC, where
methanol and ethyl acetate extracts showed 0.83±0.029 mM TE/100g FW and
0.518±0.17 mM TE/100g FW. Methanolic extract of sunberries exhibited considerable
FRAP (0.637±0.07 mM FeSO4 Eq/100g FW) and PMA (7.112±0.11 mM AAE/100g
FW) values as compared to ethyl acetate extract (0.145±0.06 mM FeSO4 Eq/100g FW
and 4.37±1.59 mM AAE/100g FW). The DPPH radical scavenging capacity in terms
of IC50 values of Physalis peruviana fruit methanol extract, ascorbic acid, gallic acid,
and butylated hydroxytoluene (BHT) were determined as 32 mg/ml, 3.8 mg/ml, 3.51
mg/ ml, and 1.21 mg/ml, respectively in the previous studies where ascorbic acid, gallic
acid, and butylated hydroxytoluene (BHT) were used as references (Eken, 2014).
Burdurlu et al. (2006) reported that some of the medicinal properties of the fruit of P.
peruviana are associated with the antioxidant capacity of polyphenols present in the
fruit. Some authors have reported values of the antioxidant capacity of the fruit of P.
peruviana, determined in terms of activity DPPH free radical scavenger (DPPH
method), the concentration of total phenols and the FRAP assay (Ferric Reducing /
Antioxidant Power).
b)

Vitamin-C Content
Total content of ascorbic acid in edible portion of sunberries was 20.75 ±2.7981

mg/100g FW (Figure 22h). In the previous findings, Physalis peruviana fruit juice is
reported to have vitamin C (46±1.22 mg/100g) and total phenolics (6.30±0.36
mg/100g) which proved the potential of golden gooseberry in functional drinks
(Ramadan and Moersel, 2007). According to Puente et al. (2011) Physalis peruviana
fruit contain high amounts of polyunsaturated fatty acids, vitamins A, B and C and
phytosterols, as well as the presence of essential minerals, vitamins such as E and K1,
withanolides and physalins, which together would give them medicinal properties
described above.
c)

Carotenoids Profile
The HPLC chromatogram of carotenoids in ethyl acetate extract of Physalis

peruviana fruit is shown in figure 22i. The prominent colored compounds found in
sunberries extract were; all-trans-mutatoxanthin, lutein-5, 6-epoxide, all-trans-lutein,
neolutein-A, all-trans-zeaxanthin, all-trans-α-cryptoxanthin, all-trans-β-cryptoxanthin,
β-carotene-5, 6-epoxide, all-trans-α-carotene, all-trans-β-carotene, all-trans-γ-carotene
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and 9-cis-β-carotene. Small amounts of all-trans-violaxanthin, 13-cis-zeaxanthin, 13cis-β-carotene and 9-cis-α-carotene were also present in Physalis peruviana fruit. But,
peaks

for

all-trans-neochrome,

all-trans-neoxanthin,

all-trans-antheraxanthin,

neolutein-B, all-trans-ɛ-carotene and all-trans-lycopene were not detected. The total
carotenoids were estimated as a sum of xanthophylls and carotenes content. The
estimated value of carotenoid content in fresh sunberries sample was 6.94±0.08
mg/100g. In the previous literature, carotene (1.6 mg/100g). thiamine (0.1 mg/100g),
riboflavin (0.03 mg/100g), niacin (1.70 mg/100g) and ascorbic acid (43.0 mg/100g)
were reported in the goldenberry pulp.
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f): Energy value (k. cal/100g DW)
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23. Solanum nigrum L.

Plate 27: Field Photograph of Solanum nigrum
Synonym

: Solanum nigrum var. nigrum

Flowering Period

: March-May

Fruiting Time

: June-September

Habit & Habitat

: It is a common garden weed and herbaceous species that
grows in waste or uncultivated land

Locality

: Charbagh, Swat and Nurpur Shahan, Islamabad

3.45 Nutritional Composition of Solanum nigrum
a)

Minerals Content
The mineral composition of ripened black nightshade is summarized in figure

23a, b and c. The decreasing orders of heavy metal, macro and micro-mineral
concentrations were; Pb>Cr>Cd, K>Ca>P>Mg>Na and Mn>Fe>Zn>Cu>Ni>Co.
Among the investigated essential minerals and trace elements, Solanum nigrum fruit
had significantly high content of K (341.4±90.24 mg/100g DW) and Mn (5.012±0.82
mg/100g DW). Few milligrams of Cd (0.016±0.004 mg/100g DW) were also found in
respective fruit sample. The mineral analysis on leaf of Solanum nigrum revealed the
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in

order

Mg>K>Ca>Fe>Na>Mn>Zn

and

on

seeds

showed

Mg>K>Fe>Ca>Na>Mn>Zn. The Sulphur and Phosphorus levels were also different.
Solanum nigrum has proved to be a nutritive but also have oxalate which is antinutritive component (Akubugwo et al., 2017). It was reported that mineral analysis in
S. nigrum revealed in descending the order is Mg>K>Ca>Fe>Na>Mn>Zn. It supports
the findings of the present study reporting Mg most prevalent mineral. In another study,
Odukoya and Oshodi (2018) reported the Ca as most dominant mineral in Solanum
nigrum.

b)

Proximate Components
The percentage values of moisture and dry mass for black nightshade fruit were

68.106±7.49% and 31.894±7.49% (Figure 23d). Average proximate composition of
dried Solanum nigrum fruit basis is presented in figure 23e. The results revealed that
Solanum nigrum fruit was found to be a good source of natural proteins and sugars, thus
nutritionally comprised of 5.949±1.228% ash, 4.204±0.675% crude fats, 18.059±2.44%
crude proteins, 6.152±1.835% fiber and 65.636±0.495% carbohydrates. The energy
content of respective fruit sample was considerably good with a mean value of
372.615±1.89 k.cal/100g (Figure 23f). Due to the presence of nutritional substances
including vitamins, proteins, amino acids and sugars, the fruits of S. nigrum have been
used in beverages (Wang et al., 2017). Mali and Harsh (2015) reported the values of
moisture content, fat, protein, fiber and carbohydrate in plant parts of S. nigrum.

3.46 Antioxidant Capacity and Potential Constituents of Solanum
nigrum
a)

In Vitro Antiradical Assays
The free radicals scavenging capacity (mM/100g FW) of Solanum nigrum fruit

extracts (aqueous, methanol, ethanol, ethyl acetate) is presented in figure 23g. Aqueous
extract exhibited the highest antioxidant power among all solvent extracts. The
descending order of respective Solanum nigrum fruit extracts in terms of their activity
against different free radical assays was; Aqueous >Ethanol >Methanol>Ethyl acetate.
Maximum DPPH inhibition was observed in aqueous extract (1.51±0.01 mM TE/100g
FW), while minimum in ethyl acetate extract (0.413±0.47 mM TE/100g FW).
Similarly, the aqueous extract exhibited highest FRAP (0.91±0.04 mM FeSO4 Eq/100g
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FW), PMA (4.61±0.33 mM AAE/100g FW) and TEAC (12.37±0.04 mM TE/g100 FW)
values while ethyl acetate fraction possessed the least yet noticeable FRAP, PMA and
TEAC activity (0.304±0.18 mM FeSO4 Eq/100g FW, 3.01±0.51 mM AAE/100g FW
& 6.49±2.53 mM TE/g100 FW). TEAC values were higher than PMA, DPPH and
FRAP in all prepared extracts of Solanum nigrum fruit. Arulmozhi et al. (2010)
confirmed by performing antioxidant activity of S. nigrum fruit that its dietary intake
provides to our body which provide protection against various diseases. Hameed et al.
(2017) reported six pretreatment methods before cooking on the peroxidase activity,
chlorophyll and antioxidant status of S. nigrum, and showed that pretreatment methods
have significant effects on the parameters measured. A sharp difference in the
carotenoids, phenolics, flavonoids and tannins contents has been reported, indicating
the fragility of this antioxidant present in S. nigrum fruit.

b)

Vitamin-C Content
The mean value of total ascorbic acid content in freshly collected Solanum

nigrum fruits was 23.114±0.64 mg/100g FW respectively (Figure 23h). Vitamin C is
vital micronutrient due to the antioxidant and properties related to health promotion.
Black nightshade is a good source of ascorbic acid and it is closely related to the soil
fertility, plant maturity and handling procedure of post-harvesting (Ayua et al., 2016).
Son et al. (2003) stated that S. nigrum is enriched with various derivatives of Vitamin
C that possess the anticancer properties. Adebooye et al. (2008) also stated that high
nutritional values of S. nigrum are attributed to different antioxidant components, such
as vitamin C, vitamin E, carotenoids, lycopenes, polyphenols and other phytochemicals

c)

Carotenoids Profile
HPLC chromatogram of carotenoids from Solanum nigrum fruit is illustrated in

figure 23i, respectively. The major carotenoids found in Solanum nigrum fruit were;
all-trans-neochrome,

all-trans-lutein,

all-trans-α-cryptoxanthin

and

all-trans-α-

carotene, all-trans-β-carotene followed by small peaks of all-trans-neoxanthin, alltrans-antheraxanthin and cis-isomers of lutein (Neolutein-A & B). Other carotenoid
peaks i.e all-trans-mutatoxanthin, all-trans-violaxanthin, lutein-5, 6-epoxide, all-transzeaxanthin, 13-cis-zeaxanthin, all-trans-β-cryptoxanthin, all-trans-γ-carotene, all-transɛ-carotene, all-trans-lycopene, cis-isomers of α- and β-carotene were not recorded in
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the sample extract. Total carotenoids content (including xanthophylls and carotenes) of
Solanum nigrum fruit was 0.24±0.03 mg/100g FW. Abdallah et al. (2016) stated that
the plant secondary metabolites such as phenolics and carotenoids play significant role
in vegetable nutritional value and plant growth. The application of Nacl effects the
flavonoid and carotenoid metabolism and reported as adaptive antioxidant mechanism
against salt stress in S. nigrum. It was concluded that various carotenoid including
phytoene synthase 2 and b-lycopene cyclase, b-carotene, lutein, and quercetin 3-b-Dglucoside from the fruit of S. nigrum and concluded that the potential antioxidant
properties of carotenoids and flavonoids and their related key genes may be efficiently
involved in the restriction of salt-induced oxidative damages
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f): Energy value (k. cal/100g DW)
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Annexures

Appendix 1: Flame AAS-Optimal analytical conditions for metal analysis
Metal

Wavelength
(nm)

Silt Width
(nm)

Lamp Current
(mA)

Limit of Detection
(mg/L)

Acetylene Flow Rate
(L/min)

Regression Equation, Correlation
Coefficient

P

213.6

1

10

30

3

Na

589.6

0.6

5

0.0003

2.5

y = 0.5116x + 0.0415, R² = 0.99

Mg

202.6

1

4

0.0002

2.5

y = 1.2654x + 0.0188, R² = 0.9901

Ca

422.7

0.6

8

0.0015

2.7

y = 0.2352x + 0.0061, R² = 0.999

K

769.9

1

5

0.003

2.5

y = 0.1731x + 0.0291, R² = 0.9951

Fe

248.3

0.2

5

0.005

2.5

y = 0.0681x + 0.0087, R² = 0.9964

Cu

327.3

0.5

4

0.0015

2

y = 0.0967x + 0.0088, R² = 0.9981

Mn

279.5

0.2

5

0.0015

2.5

y = 0.1429x + 0.0214, R² = 0.9974

Zn

213.9

1

5

0.002

2.5

y = 0.3846x + 0.0096, R² = 0.9939

Ni

232

0.5

4

0.006

2

y = 0.0556x + 0.0164, R² = 0.9952

Co

240.7

0.2

7

0.009

2.5

y = 0.0663x + 0.0277, R² = 0.9933

Cr

357.9

0.2

7

0.003

3

y = 0.0678x + 0.0079, R² = 0.994

Cd

228.8

0.5

5

0.0008

2.5

y = 0.3435x + 0.0022, R² = 0.9952

Pb

217

1

4

0.015

2.5

y = 0.0414x + 0.0224, R² = 0.9912

y=0.00003x +0.0101, R² = 0.9928

Appendix 2: Identification characteristics of cis-isomers obtained by photo-isomerization of all-trans-carotenoid standards
Peak #

Compounds

Rt(min)

%III/II

λ(nm) Found

Q-ratio

λ(nm) Reported

found

Q-ratio

Ref.

Reported

8

9-cis-lutein (Neolutein-B)

11.6

66.7

333,417,441,472

0.12

332,416, 440,470

0.13

Lin & Chen, 2003

10

13-cis-lutein (Neolutein-A)

13.1

23.3

329,414,438,468

0.4

332,416, 439,468

0.39

Lin & Chen, 2003

13

13-cis-zeaxanthin

15.3

10

342,421,449,473

0.34

338,424, 446,472

0.37

Inbaraj et al., 2008

26

9-cis-β-carotene

24.7

33.3

338,420,446,471

0.08

335,421, 447,472

0.09

Faria et al., 2009

28

9-cis-α-carotene

27.5

52

332,420,445,472

0.06

330,421, 441,470

0.08

Emenhizar et al., 1996

29

13-cis-β-carotene

28.7

26.3

339,423,451,476

0.32

344,422, 452,476

0.35

Nyambaka & Ryley, 1996

Appendix 3: Chromatographic identification data of all-trans carotenoid standard compounds
Peak #

Compounds

RT (min)

λmax (at 450nm)

Regression equation

R2

%III/II

1

All-trans-neochrome

7.3

390,423,444

y = 1.8E-07x + 0.0284

0.9979

50

2

All-trans-neoxanthin

7.9

415,434,464

y = 3.2E-07x + 0.0536

0.9978

72.2

3

All-trans-violaxanthin

9.4

417,441,470

y = 2.4E-07x + 0.0426

0.9999

81

4

All-trans-antheraxanthin

9.8

421,444,472

y = 1.1E-07x + 0.0206

0.9991

60

5

Lutein-5,6-epoxide

10.3

417,442,471

y = 2.2E-07x + 0.0306

0.9992

72.5

6

All-trans-lutein

10.9

421,444,474

y = 1.3E-07x + 0.2028

0.9961

64.3

7

All-trans-zeaxanthin

11

426,449,476

y =3.9E-07x + 0.1389

0.996

40.6

9

All-trans- mutatoxanthin

12.5

405,430,456

y = 9.0E-08x + 0.0185

0.9995

59

11

All-trans-canthaxanthin

13.5

475

y = 1.3E-07x + 0.099

0.9971

-

12

Chlorophyll-b

14.9

469,604,647

y = 6.0E-08x + 0.0659

0.9955

2.6

14

All-trans-α-Cryptoxanthin

16.1

420,443,471

y = 4.0E-08x + 0.0089

0.9993

45.5

15

All-trans-β-cryptoxanthin

16.8

426,453,482

y = 2.1E-07x + 0.0405

0.9985

35.7

16

All-trans-ɛ-carotene

18.9

419,441,471

y = 2.0E-08x + 0.0159

0.9966

81.3

17

All-trans- rubixanthin

19.7

428,458,486

y = 6.0E-08x + 0.0252

0.9995

41.7

18

Chlorophyll-a

20.1

410,432,572,666

y = 6.0E-08x + 0.0644

0.9984

1.3

20

β-carotene-5,6-epoxide

22.4

420,444,472

y = 2.4E-07x + 0.0469

0.9989

52.5

21

All-trans-lycopene

22.9

445,471,502

y = 6.0E-08x + 0.0859

0.9991

72

23

All-trans-γ-carotene

23.8

438,464,494

y = 1.0E-07x + 0.0401

0.9866

51.1

24

All-trans-α-carotene

24

418,445,473

y = 9.0E-08x + 0.0539

0.9904

62.5

25

All-trans-β-carotene

24.4

423,451,478

y = 2.8E-07x + 0.2663

0.9863

31.3
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