\»)“mon& Ay
7 R0
L5

ISSN: 2155-9600

Research Article Onen Access

Studies on Dietary Mineral Composition of the Fruit of Sarcocephalus

saoua\,osQ

Yesufu and Hussaini, J Nutr Food Sci 2014, S8
DOI: 10.4172/2155-9600.S8-006

Journal of Nutrition & Food Sciences

latifolius (Smith) Bruce (Rubiaceae)
Yesufu HB'™ and Hussaini IM?

"Department of Pharmaceutical Chemistry, University of Maiduguri, Nigeria
2Department of Pharmacology, Faculty of Pharmacy, University of Maiduguri, PMB 1069, Maiduguri, Nigeria

Abstract

The study was aimed at investigating the concentration of macro/micro elements and proximate content of
the fruit of Sarcocephalus latifolius with the view of validating its nutritional benefit to man. The plant material
was collected from Gaya in Hong L.G.A of Adamawa State, Nigeria. Proximate analysis was conducted following
methods of Association of Official Analytical Chemists. The percentage values of moisture, ash, protein, fibre and
carbohydrate available were 14.6, 4.5, 8.52, 32.60 and 45.80 respectively. The levels of 13 elements (Ca, Mg, Na,
K, P, S, Fe, Mn, Zn, Cu, Co, Cr, Ni) was determined using atomic absorption spectrophotometry. While the content of
phosphorus and sulphur in the fruit was determined by colorimetry. Results revealed moderate to high concentrations
of some macro and micro elements in the fruit of Sarcocephalus latifolius. Phosphorus was the highest amongst the
macro element (0.531 g/100 g) which represent 37.96% of its Required Dietary Allowance (RDA). Magnesium (0.329
g/100 g), potassium (0.294 g/100 g) calcium (0.242 g/100 g) and sodium (0.196 g/100 g) which represent 16.40%,
7.34%, 34.80% and 17.80% of their required dietary allowance. Sulphur was the lowest (0.045 g/100 g) among the
macro element. For the microelements, Zn, a potent antioxidant was the highest (0.019 g/100 g) which represents
87.27% of its required dietary allowance (RDA). While Mn and Fe showed 99.8% and 33.3%. In conclusion, both the
proximate and elemental concentrations for the fruit of S. /atifolius was found within the permissible region set by the

World Health Organization.
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Introduction

The fruits, seeds and leaves of many wild plants already form
common ingredients in a variety of traditional native dishes for the
rural populace in developing countries [1]. Fruits are commonly well
known as excellent source of nutrients such as minerals and vitamins;
and also contain carbohydrates in form of soluble sugars, cellulose and
starch [2]. The diet of many rural and urban dwellers is deficient in
protein resulting in high incidence of malnutrition and increase in
dietary diseases; a situation in which children and especially pregnant
and lactating women are most vulnerable [3]. Food and Agricultural
Organization (FAO) reported that at least one billion people use wild
foods in their diets [4]. In Ghana alone, the leaves of over 300 species of
wild plants and fruits are consumed while about 150 wild plant species
have been identified as sources of emergency food in India, Malaysia and
Thailand [5]. Similarly, in South Africa about 1400 edible plant species
are used [6]. It is therefore worthwhile to note that the incorporation
of edible wild and semi-cultivated plants could be beneficial to
nutritionally marginal populations, or to certain vulnerable groups
within populations, especially in developing countries where poverty
and climatic changes are causing havoc to the rural populace [7].

Sarcocephalus latifolius is a savannah tree or shrub up to 12m. Three
other closely related species Sarcocephalus pobeguinii, Sarcocephalus
diderichi and Sarcocephalus Vandergushtii are forest trees [8]. It is multi-
stemmed and has an open canopy flowers with terminal spherical head
like cymes of small whitish flowers. The fruit is a syncarp, the individual
fruits being fused together into a fleshy mass with characteristic pitted
surface. The seeds are minute and embedded in a pinkish flesh with
straw-berry scent [9]. S. latifolius has been used for several economic
and medicinal purposes. The fleshy fruits are edible, live-stock feed on
the stalk and leaves, flowers provide nectar and pollen to bees, wood
is termite-resistant and bark yields tannins used in dyeing [9]. Despite
its use as food and medicine in this region, there has been little or

no report on its proximate and mineral composition. Therefore, this
work is aimed at evaluating the nutritional content of S. latifolius fruit
obtained from Gaya, in Hong local government area, Adamawa State
with the hope of encouraging the consumption of this forest fruit as an
alternative food source.

Materials and Methods

Experimental sample collection and preparation

The matured fruits of S. latifolius were randomly sampled from
different branches of the tree growing in areas around Gaya village,
Hong local Government area, Adamawa state, Nigeria, West Africa. The
samples were transported to the laboratory in air-tight polyethylene
bags.

Analytical procedure

The samples were air dried and pulverised with porcelain mortar
and pestle to fine particles and stored in plastic containers. Chemical
analyses were carried out on the ground samples.

Moisture and Protein contents were determined by the method
adopted by Anhwange et al. [10], ash and crude fibre contents by AOAC
[11], and carbohydrate content by AOAC [12].
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Mineral content

0.5g of the sample was packed into an acid-washed porcelain
crucible and then placed in a muffle furnace for four hours at 550°C.
The crucible was removed from the furnace and cooled. Ten ml of 6M
HCI was added and the content heated on a steam bath for 15 minutes.
One ml of HNO, was then added and evaporated to dryness by
continous heating for one hour so as to dehydrate silica and completely
digest organic substances. Lastly, 5 ml of 6M HCI and 10 ml of water
were added with heating on a steam bath to complete dissolution. The
mixture was cooled and filtered through a whatman No.1 filter paper
into a 100 ml volumetric flask and then made up to mark with distilled
water [13].

Elemental analysis

The mineral composition was conducted using Perkin Elmer optima
Analyst 400 atomic absorption spectrophotometer. Each element was
analysed at an appropriate lamp current and a wavelength determined
by the automated digital spectrophotometer. The concentration was
recorded in milligram per liter (mg/1) with further conversion to gram
per 100 gram [14].

Results and Discussion

Proximate analyses: The results of proximate composition of
S. latifolius fruit are shown in Tablel. Pearson [15] reported that
moisture content is a measure of the water content in fruit samples, if
moderate; it is an indication that it can be stored for a long time without
the development of moulds. The moisture content of S. latifolius was
14.60% (Table 1) which falls within the range of values required as safe
storage limit for plant food materials [5]. The value was lower compared
to 43.2% and 22% reported for Moringa citrifolia fruit and Moringa
pubescens fruit [16] which belongs to the same family of plant as S.
latifolius (Table 1).

Crude protein of S. latifolius was 8.52%, which is higher than
8.32% reported for M. citrifolia and lower than 4.87% reported for M.
pubescens. Ayessou et al. [17] in a study of the nutritional contribution
of some Senegalese forest fruit reported that S. latifolius provided high
protein content compared to E gnaphalocarpa and C. pinnata. Dreon
et al. [18] showed that most fruits had high carbohydrate content
depending on the fruit type, maturity and environment. Carbohydrate
content of S. latifolius was 45.80%. The value was found to be higher
when compared to Adansonian digitata specie (20% and 32%) [19],
but was lower than the carbohydrate content obtained for Zizyphus
Mauritania specie (between 56-65%) [20].

Ash content is a measure of the total mineral content of a food.
S. latifolius fruit showed ash content of 4.5% indicating its richness in
mineral element. Ayessou et al. [17] reported similar result for the ash
content of some Sudanese forest fruits (S. latifolius, F. gnaphalocarpa,
C. pinnata). Crude fibre obtained from S. latifolius fruit (32.60%) was
lower than that reported for M. citrifolia (33%) fruit and M. pubescens

Parameter Concentration (% DW)*
Moisture content 14.60 + 1.02
Ash content 450 +1.10
Crude protein 8.52+0.38
Crude fibre 32.60+0.10
Carbohydrate content 45.80 + 1.06

The data are Mean values + Standard deviation (SD) of three replicates.
* Values expressed as % Dry weight.
Table 1: Proximate composition of the fruit of S. /atifoliu.
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Parameter Concentration (% DW)*
K 0.294
Na 0.196
Ca 0.242
P 0.531
Mg 0.329

Table 2: Macro mineral content of the fruit of S. /atifoliu.

(48%) fruit [15]. The fibre RDA values for children, adults, pregnant and
breast feeding mothers are 19-25%, 21-38%, 28% and 29% respectively.
Thus S. latifolius fruit is a good source of dietary fibre in human diet.

Mineral composition: Mineral in order of their abundance in
human body include seven major (macro) minerals Ca, P, K, Na, Cl,
S and Mg. Important trace (micro) elements include Fe, Co, Cu, Zn,
I and Se. Macro minerals are present in virtually all cells in the body,
maintaining general homeostasis and required for normal functioning.
Acute imbalances of these minerals can be potentially fatal. Diet can
affect levels of macro nutrients in the body but effect are generally
chronic e.g. a high intake of sodium can lead to hypertension [21].
Table 2 shows the macro mineral composition of S. latifolius fruit.
Calcium forms component of bones and teeth, necessary for blood
clotting and muscle contraction. Some forms neutralize acidity, may
help clear toxins and provide signaling ions for nerve and membrane
function [22,23]. The calcium content of the fruit was 0.242 g which
was lower compared to the Senegalese specie of S. latifolius fruit (0.472
g/100 g), F .gnaphalocarpa fruit (0.612 g/100 g) and Icacina senegalensis
(0.309 /100 g) obtained by Ayessou et al. [17].

Phosphorus is related to calcium for bone, teeth and muscles growth
and maintenance. it is essential for proper utilization of Mg, Fe, Na
and K other than Ca [23]. 0.531 g/100g obtained for phosphorus was
appreciably higher than 0.214 and 0.209 g/100g reported for S. latifolius
fruit [17]. The availability of calcium in the body depends on calcium
to phosphorus ratio and presence of anti-nutritional factors. For good
calcium intestinal absorption, Ca: P ratio must be 1:1 [5]. Ca: P ratio
for the fruit of S. latifolius was 2:1 in the study which indicated that the
diet can be supplemented with phosphorus sources. Magnesium is an
important element in connection with circulatory diseases and calcium
metabolism in the bone [24]. The value of magnesium (0.329 g/100 g)
reported here was higher than (0.156 g/100 g) reported for S .latifolius
by Ayessou et al. [17]. Potassium is a systematic electrolyte and essential
in co regulating ATP with Na. it is required for regular contraction
of the muscle, maintaining the electrical conductivity of the brain and
normality of blood pressure in human body [25]. Also, it is preferred
as an efficient stress buster, ensure proper growth of muscle tissue,
assist in the metabolic processing of various nutrients and supports the
kidney to remove waste by the process of excretion [26]. The potassium
content of S. latifolius fruit (0.294 g/100 g) in the study was found to
be lower than 0.939 g/100 g reported for S .latifolius fruit by Ayessou
et al. [17]. Sodium content in combination with potassium is involved
in maintaining proper acid-balance and in nerve transmission in
the body [27]. The variation of potassium to sodium content in this
work is of significant importance particularly to people suffering from
hypertension [5]. The value of 0.196 g/100 g of Na obtained in this
study was lower than 0.011 g/100 g (S .latifolius and C .pinnata) 0.0210
g/100 g (F .gnapharlocarpa) 0.138 g/100 g (I .senegalensis) reported by
Ayessou et al. [17]. However, it was found to be below the daily required
dietary intake for sodium [28].

Micro minerals contribute to good health, if they originate from
an organic source because they are essentially been processed by
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Parameter Sarcocephalus latifolius (g/100g DW)
Zn 0.019
Fe 0.01
Cr 0.000012
Cu ND
Co ND

Table 3: Macro mineral content of the fruit of S. /atifolius.

Plants. When consumed by humans it easily assimilates and toxicity
by assimilation does not occur [29]. However, micro minerals from
inorganic sources such as heavy metals cannot be used by the body
as they tend to build up in the tissues [30]. The recommended dietary
allowance (RDA) for some micro elements estimated for safety and
adequate daily intakes for adults are as follows; Cr (0.6-3); Mn (26-60);
Se (0.9); and Zn (190) in pg/kg body weight [31]. According to WHO
recommendation, the maximum permissible limit of toxic metals like
arsenic (As), cadmium (Cd) and lead (Pd) amounts to 1.0, 0.3 and 10
ppm respectively [32]. This study reports the concentrations of six

microelements Zn, Fe, Cr, Cu, Co and Ni in the fruit of S .latifolius
(Table 3).

The content of zinc (0.019 g/100 g) in S .latifolius fruit was much
higher than the other micro nutrients. Although, lower than that
reported for S .latifolius (19.2 mg/kg) by Ayessou et al. [17], the value
falls within the recommended range of 25-150 mg/kg [33]. Zn is a
potent antioxidant. It is required for several enzymes such as carboxy-
peptidase and liver hydrogenase. Also, it is required for wound healing,
postrate disorders, weight loss, hair care and appetite loss [34]. The
iron content of S. latifolius fruit (0.01 g/100 g) was also lower than
that reported by Ayessou et al. [17]. Iron is an essential micronutrient
for haemoglobin formation, normal functioning of central nervous
system (CNS) and in the oxidation of carbohydrate, protein and fat
[30]. The required dietary allowance of iron is put at 5mg/day. Since it
had significant amount of iron, its consumption should be encouraged
particularly for menstruating and lactating women. The chromium
(Cr) content of was low (1.2x107° g/100 g). However, it was found to be
within the permissible limit [32]. Cu, Co and Ni were not detected in
the analysed fruit sample probably due to their very low concentration
or presence below the detection limit of the instrument.

Conclusion

The results of the nutritional analysis show that S. latifolius fruit
is a good source of macro and micronutrients. It is recommended for
nutritional purposes, considering the amount and diversity of nutrients
it contain. This work supports earlier reports that environmental
condition and genetic variation exert significant influences on chemical
composition of plants. This study further showed that no single plant
could provide the required food nutrients.

Acknowledgement

The authors wish to acknowledge the contribution of Mr Fine Akawo for his
assistance in the laboratory and Mr Mohammed Isiyaka for helping out with the
spectrophometric data information.

References

1. Humphrey CM, Clegg MS, Keen CL, Grivetti LE (1993) Food diversity and
drought survival: The Housa Example. Int J Food Sci Nutr 44: 1-16.

2. Nahar N, Rahman S, Mosiihuzzaman M (1990) Analysis of carbohydrates in
seven edible fruits of Bangladesh. J Sci Food Agric 51: 185-192.

3. Black R (2003) Micronutrient Deficiency: An Underlying Cause of Morbidity and
Mortality. Bull World Health Organis 8: 79.

12.
13.

20.

2

=

22.

2

w

24,

25.

26.

27.

Burhingame B (2000) Comparison of Total Lipids, Fatty Acids, Sugars and Non
Volatile Organic Acids in Nuts from Castanea species. J Food Comp Anal 13:
99-100.

Umar KJ, Hassan LG, Ado Y (2007) Mineral Composition of Detarium
microcarpum Grown in Kwatarkwashi, Zamfara State, Nigeria. Inter J Pure
Appl Sci 1: 43-48.

Hassan LG and Umar KJ (2004) Proximate and Mineral Compositions of Seed
and Pulp of African Locusts Beans (Parkia biglobosa I.). Nig J Basic appl Sci
13: 15-17.

Aberoumand A, Deokule SS (2009) Proximate and Mineral Composition of wild
coco (Eulophia Ochreata) tubers in Iran. Asian J Food Agro indust 2: 203-209.

Burkill HM (1997) The useful plants of West Tropical Africa. (2nd edn).

Arbonnier M (2002) Trees, Shrubs and Lianas of West African Dry Zones (2nd
edn. revised.) Neitherland: Cirad- Margraf

.Anhwange BA, Ajibola VO, Oniye SJ (2004) Amino Acid Composition of the

Seed of Moringa oleifera (Lam), Detarium microcarpum (Guill & Sperr ) and
Bauhinnia monandra (Linn) Chemclass J 9 - 13.

. AOAC (1980) Association of Official Analytical Chemists, Official Method of

Analysis 13th (ed.) Washington DC, USA 125-127.
AOAC (1990) Association of Official Analytical Chemists, Washington DC USA.

Radojevic M, Bashkin VN (1999) Practical Environmental Analysis (1st edn)
Cambride, UK: Royal society of Chemistry 378-408.

. Ogugbuaja VO (2000) Absoption/Emission Spectroscopy: An instrumental

methodology in Analytical Chemistry. Jos, Nigeria: FAB ANIEH 143-150

.Pearson A (1994) Vitamins in Fruits. The Biochemistry of Fruit and Other

Products. New York: Academic press 369-384.

.Nivas D, Gaikward DK, Chavan PD (2010) Proximate composition and some

Physicochemical properties of Morinda Pulp. Inter. J Appl Biol Pharm Tech 1:
679-682.

. Ayessou NC, Ndiaye C, Cisse M, Sakho M (2011) Nutritional contribution of

some Senegalese Forest fruits running across Soudano-Sahelian Zone. Food
and Nutrition Sciences 2: 606-612.

. Dreon DM, Vranizan KM, Krauss RM, Austin MA, Wood PD (1990) The Effect of

Poly Unsaturated Fat and Mono-saturated Fat on Plasma Lipoproteins. JAMA
263: 2462-2466.

. Souchi SW, Fachmann W, Kraut H (2008) Food Composition and Nutrition

Tables, Stuggart, MedPharm

Muchuweti M, Zenda G, Ndhalala AR, Kasiyamhuru A (2005) ‘Sugars, Organic
Acid and Phenolic Compounds of Zizyphus Mauritania fruit. Eur Food Res
Technol 221: 570-574.

. Nielsen FH (1999) Modern nutrition in health and disease. 283-303.

Ross AC, Manson JE, Abrams SA, Brannon PM, Clinton SK, et al. (2011)
Clarification of DRIs for calcium and vitamin D across age groups. J. Am Diet
Assoc 111: 1467.

.Yu ASL (2007) Disorders of magnesium and phosphorus. In: Goldman L,

Ausiello D, eds. Cecil Medicine. (23 edn). Philadelphia, Saunders Elsevier
120: 10-35.

Ishida H, Suzuno H, Sugiyaman N, Innami S, Maekawa A (2000) Nutritional
Evaluation of Chemical Component of Leaves Stalks and Stems of Sweet
Potatoes (Ipomea batatas poir ). Food Chem 68: 359-367.

Ascherio A, Rimm EB, Hernan MA, Giovannucci EL, Kawachi |, et al. (1998)
Intake of potassium, magnesium, calcium, and fiber and risk of stroke among
US men. Circulation 98: 1198-1204.

Tucker KL, Hannan MT, Chen H, Cupples LA, Wilson PW, et al. (1999)
Potassium, magnesium, and fruit and vegetable intakes are associated with
greater bone mineral density in elderly men and women. Am J Clin Nutr 69:
727-736.

Adeyeye EI (2002) Determination of the Chemical Composition of the
Nutritionally Valuable Parts Male and Female Common West African Fresh
Water Crab Sudnanautes africanus. Int J Food Sci Nutr 53: 189 -196.

J Nutr Food Sci

Dietary Methodology

ISSN: 2155-9600 JNFS, an open access journal


http://informahealthcare.com/doi/abs/10.3109/09637489309017417?journalCode=ijf
http://informahealthcare.com/doi/abs/10.3109/09637489309017417?journalCode=ijf
E:\TotalJournals\JNFS\JNFS_S8\JNFSS8_W\jnfs-14-179 (S8-006)\onlinelibrary.wiley.com\doi\10.1002\jsfa.2740510206\abstract
E:\TotalJournals\JNFS\JNFS_S8\JNFSS8_W\jnfs-14-179 (S8-006)\onlinelibrary.wiley.com\doi\10.1002\jsfa.2740510206\abstract
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2572405/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2572405/
http://www.researchgate.net/publication/237584237_Proximate_and_mineral_composition_of_wild_coco_%28Eulophia_ochreata_L.%29_tubers_in_Iran
http://www.researchgate.net/publication/237584237_Proximate_and_mineral_composition_of_wild_coco_%28Eulophia_ochreata_L.%29_tubers_in_Iran
http://www.nhbs.com/the_useful_plants_of_west_tropical_africa_sefno_39683.html
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCcQFjAA&url=http%3A%2F%2Fwww.ijabpt.com%2Fpdf%2F9861-Desai%2520Nivas%5b1%5d.pdf&ei=tFUxU_wgwqStB_CzgcgI&usg=AFQjCNFFORzOfbPgsMH6RPmqvBRYkxJMaQ&bvm=bv.63587204,d.bmk
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCcQFjAA&url=http%3A%2F%2Fwww.ijabpt.com%2Fpdf%2F9861-Desai%2520Nivas%5b1%5d.pdf&ei=tFUxU_wgwqStB_CzgcgI&usg=AFQjCNFFORzOfbPgsMH6RPmqvBRYkxJMaQ&bvm=bv.63587204,d.bmk
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCcQFjAA&url=http%3A%2F%2Fwww.ijabpt.com%2Fpdf%2F9861-Desai%2520Nivas%5b1%5d.pdf&ei=tFUxU_wgwqStB_CzgcgI&usg=AFQjCNFFORzOfbPgsMH6RPmqvBRYkxJMaQ&bvm=bv.63587204,d.bmk
http://www.scirp.org/journal/PaperInformation.aspx?paperID=6619#.UzFVh1Mq-ZQ
http://www.scirp.org/journal/PaperInformation.aspx?paperID=6619#.UzFVh1Mq-ZQ
http://www.scirp.org/journal/PaperInformation.aspx?paperID=6619#.UzFVh1Mq-ZQ
http://www.ncbi.nlm.nih.gov/pubmed/2329634
http://www.ncbi.nlm.nih.gov/pubmed/2329634
http://www.ncbi.nlm.nih.gov/pubmed/2329634
http://www.amazon.com/Composition-Nutrition-Tables-revised-completed/dp/0849341418
http://www.amazon.com/Composition-Nutrition-Tables-revised-completed/dp/0849341418
http://link.springer.com/article/10.1007/s00217-005-1204-6#page-1
http://link.springer.com/article/10.1007/s00217-005-1204-6#page-1
http://link.springer.com/article/10.1007/s00217-005-1204-6#page-1
http://www.ncbi.nlm.nih.gov/pubmed/21963009
http://www.ncbi.nlm.nih.gov/pubmed/21963009
http://www.ncbi.nlm.nih.gov/pubmed/21963009
http://www.expertconsultbook.com/expertconsult/op/book.do?method=display&type=bookPage&decorator=none&eid=4-u1.0-B978-1-4160-4478-9..50125-8&isbn=978-1-4160-4478-9
http://www.expertconsultbook.com/expertconsult/op/book.do?method=display&type=bookPage&decorator=none&eid=4-u1.0-B978-1-4160-4478-9..50125-8&isbn=978-1-4160-4478-9
http://www.expertconsultbook.com/expertconsult/op/book.do?method=display&type=bookPage&decorator=none&eid=4-u1.0-B978-1-4160-4478-9..50125-8&isbn=978-1-4160-4478-9
http://www.sciencedirect.com/science/article/pii/S030881469900206X
http://www.sciencedirect.com/science/article/pii/S030881469900206X
http://www.sciencedirect.com/science/article/pii/S030881469900206X
http://www.ncbi.nlm.nih.gov/pubmed/9743511
http://www.ncbi.nlm.nih.gov/pubmed/9743511
http://www.ncbi.nlm.nih.gov/pubmed/9743511
http://www.ncbi.nlm.nih.gov/pubmed/10197575
http://www.ncbi.nlm.nih.gov/pubmed/10197575
http://www.ncbi.nlm.nih.gov/pubmed/10197575
http://www.ncbi.nlm.nih.gov/pubmed/10197575
http://www.ncbi.nlm.nih.gov/pubmed/11951582
http://www.ncbi.nlm.nih.gov/pubmed/11951582
http://www.ncbi.nlm.nih.gov/pubmed/11951582

Citation: Yesufu HB, Hussaini IM (2014) Studies on Dietary Mineral Composition of the Fruit of Sarcocephalus latifolius (Smith) Bruce (Rubiaceae).
J Nutr Food Sci S8:006. doi:10.4172/2155-9600.S8-006

Page 4 of 4

28. Mattes RD, Donnelly D (1991) Relative contributions of dietary sodium sources. 32. WHO (1998) Quality Control Methods for Medicinal Plants Materials WHO

J Am Coll Nutr  10: 383-393. Geneva, Switzerland
29. Hussain |, Khan L, Khan F, Khan |, Ullah W (2006) Determination of Heavy 33. Jones JB (1972) Plant Tissue Analysis for Micronutrients. In: Micronutrients in
Metals in Medicinal Plants. J Chem Soc Pak 28: 347-351. Agriculture (Mortvedt JJ, Giorando PM and Lindsay WL [Eds.]) Soil Sci Soc
Am 21-46.
30. Mason JB (2007) Vitamins, trace minerals, and other micronutrients. In:
Goldman L, Ausiello D, edn. Cecil Medicine (23rd edn). 34. Trumbo P, Yates AA, Schlicker S, Poos M (2001) Dietary reference intakes:
. . . - vitamin A, vitamin k, arsenic, boron, chromium, copper, iodine, iron, manganese,
31. Okoli SA, Okeke MI, Iroegbu CU, Ebo PU (2002) Antibacterial activity of molybdenum, nickel, silicon, vanadium, and zinc. J Am Diet Assoc 101: 294-301.

Harungana madagascariensis leaf extract. Phytother Res 16: 174-179.

This article was originally published in a special issue, Dietary Methodology
handled by Editor(s). Dr. Christopher Papandreou, University of Crete,
Greece

J Nutr Food Sci Dietary Methodology ISSN: 2155-9600 JNFS, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/1910064
http://www.ncbi.nlm.nih.gov/pubmed/1910064
http://www.expertconsultbook.com/expertconsult/op/book.do?method=display&type=bookPage&decorator=none&eid=4-u1.0-B978-1-4160-4478-9..50242-2&isbn=978-1-4160-4478-9
http://www.expertconsultbook.com/expertconsult/op/book.do?method=display&type=bookPage&decorator=none&eid=4-u1.0-B978-1-4160-4478-9..50242-2&isbn=978-1-4160-4478-9
http://www.ncbi.nlm.nih.gov/pubmed/11933123
http://www.ncbi.nlm.nih.gov/pubmed/11933123
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCwQFjAA&url=http%3A%2F%2Fwhqlibdoc.who.int%2Fpublications%2F1998%2F9241545100.pdf&ei=D4Y-U4CAC8jUrQeF2IHoBw&usg=AFQjCNGcsHm5VY3Z3ay3mkoL-sN0DrDdug&bvm=bv.64125504,d.bmk
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCwQFjAA&url=http%3A%2F%2Fwhqlibdoc.who.int%2Fpublications%2F1998%2F9241545100.pdf&ei=D4Y-U4CAC8jUrQeF2IHoBw&usg=AFQjCNGcsHm5VY3Z3ay3mkoL-sN0DrDdug&bvm=bv.64125504,d.bmk
http://www.ncbi.nlm.nih.gov/pubmed/11269606
http://www.ncbi.nlm.nih.gov/pubmed/11269606
http://www.ncbi.nlm.nih.gov/pubmed/11269606

	Title
	Corresponding Author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Experimental sample collection and preparation 
	Analytical procedure 
	Mineral content 
	Elemental analysis 

	Results and Discussion 
	Conclusion
	Acknowledgement 
	Table 1
	Table 2
	Table 3
	References

