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ABSTRACT

This study investigated the effects of juicing on four micro-minerals (Cu, Zn, Mn and Mo) contents
of six different leafy vegetables commonly consumed in South western, Nigeria. Micro-minerals
were determined using Atomic Absorbance Spectrophotometer (AAS). Among the fresh
vegetables, highest level of micro-minerals was recorded in Senecio biafrae for Cu (9.13+0.21
mg/100 g dry weight); Manihot esculenta for Zn (2.01+0.17 mg/100 g dry weight); Ipomoea batatas
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for Mn (3.78+0.29 mg/100 g dry weight) and Senecio biafrae for Mo (35.00+0.00 pg/100 g dry
weight). In juiced form, highest value of Cu was noted in Launaea taraxacifolia (21.43+1.58 mg/100
g dry weight); Zn in Senecio biafrae (3.24+0.26 mg/100 g dry weight), Mn in Launaea taraxacifolia
(11.76+2.25 mg/100 g dry weight) and Mo in Piper guineense (44.00+0.00 ug/100 g dry weight).
The least micro-minerals contents noted in juice fraction of vegetables are as follows: Cu, Ipomoea
batatas (2.35£0.15 mg/100 g dry weight); Zn, Launaea taraxacifolia (0.36£0.01 mg/100 g dry
weight); Mn, Piper guineense (2.68+0.27 mg/100 g dry weight) and Mo, Ipomoea batatas
(0.002+0.00 mg/100 g dry weight). Increased concentrations of micro-minerals was observed in
virtually all juice fractions when compared with their corresponding fresh vegetables with exception
of Ipomoea batatas, where Zn and Mo contents reduced in the juice when compared with its
corresponding fresh vegetables. It could be deduced that the juice fraction of vegetables contain
more of trace-minerals in some of the vegetables. In addition, intake of 100 g dry weight of any of
the vegetable (fresh form) does not lead to toxic intake of any of the minerals using Recommended
Daily Tolerable Upper Intake Level (UL) as a standard. However, intake of the same corresponding
dry weight in juice would lead to toxic level of Cu in all the vegetables except Ipomoea batatas;

whereas, such amount would not lead to Zn, Mn and Mo toxicity.
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1. INTRODUCTION

Regular consumption of vegetables especially
the green as well as bright colour leafy ones has
undeniable positive influence on health due to
their phytochemical components which help to
protect animals and human alike against several
types of diseases especially the chronic ones [1].
Although, the mechanism by which vegetables
decrease risk of diseases is complex and poorly
understood nonetheless, many components of
vegetables have been identified to contribute to
the overall health benefit [1]. Vegetables may be
edible roots, stems, leaves, fruits or seeds; each
of these groups contributes to diet in their
peculiar manner, which distinguishes one from
another [2]. Leafy vegetable plants play a vital
role in the diet of the inhabitants of the
Southwestern Nigeria [3].

Reviews have reported that these leafy
vegetables could be rich sources of viatmins and
minerals, required for physiological stabilities and
metabolic processes [2,3]. Although vitamins and
minerials are readily available in vegetables,
however, their concentrations vary with respect
to their groups as well as other factors such as
harvest time, environment or soil components
and most especially genetic factors and plant’s
demand for such nutrients. While these minerals
and nutrients are beneficial, most importantly the
trace minerals, their impacts are greatly
dependent on availability and concentration in
the body [3]. Despite the essentialities of trace
minerals, their inadequacy may lead to impaired
growth while their excesses cause irreversible

health complications or even death in few cases

3].

As it is well documented that no vegetable is rich
in all minerals and/or sufficiently supply balanced
amounts. In the same manner, while some
vegetables may contain insignificant amount of
certain micro-elements others may have them at
high concentration [4,5]. Hence different
processing methods have been shown to
influence their concentration, bioavailability as
well as toxicity [6].

Processing methods such as salting, drying,
blanching, juicing among others have being
reported as some of the earliest technologies
used by man to his own advantage, affecting the
outcome in term of availability of nutrients and
non-nutrients alike [7,8]. Juicing, a processing
method of concentrating nutrients from plant
tissues such as fruit or vegetables has continued
to attract significant interest because of the
concentrated nutrients in the juice extract with a
belief of having more concentrated nutrients in
their natural state. Although, our previous studies
revealed alterations in juice contents of
vegetable such as oxalate, tannin and saponin,
which may adversely affect the consumers [9-
11]. Nevertheless, the presence of other
phytochemicals may outweigh their benefits.
Hence, there is need for a general screening of
some trace elements, which their high intake
may not be advisable. It is therefore expedient to
evaluate such trace elements in vegetable juice
in other to know how juicing affect the content of
such trace elements.



2. MATERIALS AND METHODS
2.1 Sample Collection

The green leafy vegetables used for the study
were bought from some major markets in Ogun
and Lagos States, Nigeria. The samples’ weights
were within 1-5 kg; identified at the herbarium of
the Plant Science and Zoology Department,
Olabisi Onabanjo University, Ago-iwoye, Ogun
State, Nigeria.

2.2 Sample Preparation

Vegetables leafs were destalked and washed to
remove any possible contaminants. Juicing was
achieved by using master chef juice extractor
(model no: mc-J2101) to separate the juice and
the pulp [10].

2.3 Quantitative Trace
Elements

Analysis  of

10 g of the sample was oven dried at 100<C until
constant weight. The dried samples were ashed
in furnace at 500C for 5 hours. The ashes were
dissolved in HNOg, the solution was filtered and
analyzed according to AOAC (1990) [12] using

Atomic Absorption spectrophotometer
(Schimadzu, Model: AA-7000).

2.4 Statistical Analysis

The experimental design was completely

randomized and data were analyzed by Analysis
of Variance (ANOVA) and Duncan Multiple
Range Test (DMRT) at p<0.05, using the

Table 1. Cu content in fresh and juiced leafy veget
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Statistical Package for Social Sciences (SPSS)
version 16 for Windows.

3. RESULTS AND DISCUSSION

Requirement of microelements in the body
though in trace amount are necessary because
of their crucial role in metabolic processes such
as immune processes, nervous coordination,
pigmentation and other metabolic processes
especially in redox reactions [13]. This study
gave an overview of juicing effect on six leafy
vegetables commonly consumed in
Southwestern Nigeria on four micro-minerals on
assumption of 100 g dry weight consumption and
using the reference values recommended by
Institute of Medicine (IOM), 2001 report as
standard for Adequate Intake (Al) and Tolerable
Upper Intake Limit (UL) for the four micro-
minerals [14]. The Cu content in the six
vegetables (fresh state) were within required Al
while juicing concentrated all to a toxic level
except Ipomoea batatas that maintained normal
range. Effect of juicing on Zn was insignificant in
all the leafy vegetables as the Zn level in fresh
were below Al and also their corresponding
juices had Zn content below the recommended
Al limit. Juicing affects Mn content in differently.
It increased its level in all juiced vegetables. In
addition, their Mn level was within Al range. Mo
content in all the leafy vegetable (fresh form) was
below Al; and juicing could not concentrate Mo
level in most of the vegetable juice to Al range
except in Manihot esculenta and Amaranthus sp.
Hence, consumption of 100 g dry weight of
vegetables would not lead to toxic level of trace
minerals either, in fresh or juice form except in
Cu.

ables

Leafy vegetables Fresh Juice Percentage Intake Limit [14]
(mg/100 gdry (mg/100gdry difference Al — UL
weight) weight) (%) Male: (0.9 — 10 mg/d)

Female: (0.9 — 10 mg/d)
Fresh Juice

Manihot esculenta 7.25+0.57"¢ 12.19+3.78°  68.14 N T

Launaea taraxacifolia ~ 8.15+0.12° 21.43+1.58?% 162.94 N T

Amaranthus sp* 6.44+0.23° 20.47+1.97° 217.86 N T

Piper guineense 5.44+0.19¢ 12.75+1.46°  134.38 N T

Ipomoea batatas 5.96+0.31°° 2.35+0.15° (60.57) N N

Senecio biafrae 9.13+0.21° 20.36+3.33% 123.00 N T

*Local name (Yoruba) of vegetable; Results presented are mean + SEM (n = 4); values in the same column with
the same superscript are not significantly different from each other (P > 0.05); Bracket “()” indicate negative
value. Adequate Intake (Al), and Tolerable Upper Intake Level (UL); Status of trace element compared to
recommended dietary range are represented as: B (Below normal); N (Normal range); T (toxic level)



Cu, one of the major cofactors of many enzymes,
is required for cellular respiration, iron oxidation,
pigment formation, neurotransmitter
biosynthesis, antioxidant defense, peptide
amidation, and connective tissue formation [15].
Its deficiency may adversely impair metabolism
of cholesterol and glucose; blood pressure
control and heart function; as well as
mineralization of bones, and immunity because
of loss of function of the Fe-Cu dependent
proteins. Similarly, accumulation or excesses of
this metal may result in unregulated oxidation of
proteins, lipids, and other cellular components,
causing tissue injury [15].

Vegetables are known rich sources of trace
minerals like Cu. In this study the level present in
different vegetables varies. Senecio biafrae (9.13
mg/100 g dry weight) had the highest Cu content
among fresh vegetables. The least value was
recorded in Piper guineense (5.44 mg/100 g dry
weight) but Piper guineense Cu content was
different from that of Ipomoea batatas. Ajiboye et
al. [16] reported low content of Cu in Senecio
biafrae (0.53 mg/100 g dry weight); a study
carried out by Singh et al. [17] showed that
Amaranthus sp. had significantly high level of Cu
in fresh vegetable. Effiong et al. [18] reported
similar values of Cu (2.62 mg/100 g dry weight)
for Piper guineense. Many factors have been
ascribed to be responsible for the variations of
Cu contents in leafy vegetables some of which
are genetic make-up [2], soil and enviroment
conditions [4-6] as well as growth stage [19],
among others. The increased Cu contents
oberserved in most of the vegetables could be
due to their fibre content [20] as well as acidity
[21]. Despite these obvious variations, all the
fresh vegetables contain Cu level that was within
Al range per 100 g dry weight.

Like other processing methods, juicing is
adopted mainly to concentrate nutrients and
other phytochemicals. Though, expected to
improve nutritional values on one hand may as
well concentrate nutrients to a toxic level on
other hand. Juicing effect increased Cu in most
of the vegetables except for Ipomoea batatas
that had 60.57% loss in Cu content when
compared to its fresh counterpart. Among
vegetable juice fraction, Senecio biafrae (9.13
mg/100 g dry weight) had the highest Cu content,
though not different from Launaea taraxacifolia
and Amaranthus sp. whereas, the least was
noted in Ipomoea batatas (2.35 mg/100 g dry
weight). The juicing effect concentrated Cu in
virtually all the vegetables to level above upper

Adeniji et al.; BBJ, 11(3): 1-8, 2016; Article no.BBJ.22744

limit of recommeded daily intake except in
Ipomoea batatas. Brewer, [22] reported that Cu
toxicity may induce ROS production — a risk
factor in diseases of aging, particularly
atherosclerosis and  Alzheimer's  disease.
Therefore, consumption of equivalent amount of
100 g dry weight/day of juice extracts of most of
these vegetables may result in Cu toxicity with
aforementioned attendant problems. Unlike other
juiced leafy vegetables, Ipomoea batatas Cu was
within the safe range for consumption.

Zn is essential for biological functions such as
growth, appetite, testicular maturation, skin
integrity, mental activity, wound healing and
immune-competence [23]. It is essential in
metabolic activities of many metalloenzymes. Zn
deficiency may result to skin lesion, growth
retardation, impaired wound healing, anemia and
immune deficiency [24]. Similarly, its excesses
may results in several complications like
alterations in gastroin that may immediately
cause burning and pain in the mouth and throat,
vomiting and later exhibits (acute pancreatitis
symptoms) pharynagitis, esophagitis,
hypocalcaemia, and elevated levels of amylase;
impaired nervous imbalance and death at chronic
level [25].

Variation was observed in Zn content in fresh
leafy vegetables. Manihot esculenta had the
highest Zn content (2.01 mg/100 g dry weight),
whilst no difference was observed between
Amaranthus sp. (1.75 mg/100 g dry weight),
Piper guineense (1.73 mg/100 g dry weight) and
Manihot esculenta. Ipomoea batatas (0.46
mg/100 g dry weight) and Senecio biafrae (0.42
mg/100 g dry weight) had equal level of Zn. The
juice fraction of Senecio biafrae had the highest
Zn level; though not difference from Piper
guineense. While Launaea taraxacifolia (0.36
mg/100 g dry weight) had the least.

Among the fresh leafy vegetables, there are
variations in Zn level. Notwithstanding, the Zn
content per 100 g of the fresh leafy vegetables
was below Al value. In addition, juicing effect
though increased Zn contents in most of the
vegetables surprisingly, could not sufficiently
increase Zn level to meet the daily minimum Al of
Zn if 100 g dry weight is consumed.

Mn, one of the main micro-minerals that have
important role in human and other living
organisms; as a component of enzymes involved
oxidation reactions. Also, function essentially as
antioxidant [26] and an activator of several other



enzyme systems. Barminas et al. [27] stated
that consumption of Mn within recommended
daily allowance (RDA) value may substantially
prevent adverse effects of dietary deficiencies
of Mn on the central nervous systems and
skeletal anomalies among children, and its
deficiencies may affect bone, brain and
reproductive systems [28]. In excessive intake,
Mn may induce neurological disorder including
decreased memory and concentration, fatigue,
headache, vertigo, equilibrium loss, insomnia,
Méniére's disease, trembling of fingers, muscle
cramps, rigidity, alteration of libido, and sweating
[28].

Mn content in all the fresh leafy vegetables
investigated varies. Ipomoea batatas (3.78
mg/100 g dry weight) had the highest level
among the leafy vegetables. Whereas,
Amaranthus sp (1.15 mg/100 g dry weight) and
Launaea taraxacifolia had lowest Zn content. In
addition, among the fresh leafy vegetables

Table 2. Zn content in fresh and juiced leafy veget
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investigated, three (Ipomoea batatas, Manihot
esculenta, and Senecio biafrae) out of six fresh
leafy vegetables contain Mn in amount that is
within the recommended Al range considering
100 g dry weight. Others (Launaea taraxacifolia,
Amaranthus sp., and Piper guineense) were
below Al.

Juicing increased Mn level in all the leafy
vegetables investigated. Launaea taraxacifolia
(11.76 mg/100 g dry weight) contained the
highest. Mn level in juice fraction of Launaea
taraxacifolia (11.76 mg/ 100 g dry weight) was
the highest. Whereas, no significant difference
(p>0.05) was observed among other vegetable
juices. The juicing effect seems to be moderate
on virtually all the vegetables investigated
because all the vegetables were within the Al
range. That is, those that were within Al range in
fresh form maintained the intake safe range.
While, those others that were below the Al range
increased to a level that is within Al.

ables

Leafy vegetables Fresh Juice Percentage Intake Limit [14]
(mg/100gdry (mg/100gdry difference Al - UL
weight) weight) (%) Male: (11 — 40 mg/d)

Female: (8 — 40 mg/d)
Fresh Juice

Manihot esculenta 2.01+0.17° 1.26+0.22° (37.31) B B

Launaea taraxacifolia  0.77+0.01° 0.36+0.01° (53.25) B B

Amaranthus sp* 1.75+0.16% 2.20+0.20° 25.71 B B

Piper guineense 1.73+0.04° 2.03+0.40° 17.34 B B

Ipomoea batatas 0.460.08° 1.16+0.01° 152.17 B B

Senecio biafrae 0.42+0.05° 3.2410.26° 671.43 B B

*Local name (Yoruba) of vegetable; Results presented are mean + SEM (n = 4); values in the same column with
the same superscript are not significantly different from each other (P > 0.05); Bracket “()” indicate negative
value. Adequate Intake (Al), and Tolerable Upper Intake Level (UL); Status of trace element compared to
recommended dietary range are represented as: B (Below normal); N (Normal range); T (toxic level)

Table 3. Mn content of fresh and juiced leafy veget

ables

Leafy vegetables Fresh Juice Percentage Intake Limit [14]
(mg/100 g (mg/100 g difference Al - UL
dry weight) dry weight) (%) Male: (2.3 — 11mg/d)
Female: (1.8 — 11mg/d)
Fresh Juice
Manihot esculenta 2.78+0.36"° 3.51+0.87"° 26.26 N N
Launaea taraxacifolia ~ 1.69+0.11° 11.76x2.25% 595.86 B N
Amaranthus sp* 1.15+0.02¢ 2.65+0.25° 130.43 B N
Piper guineense 1.90+0.07°¢ 2.68+0.27° 41.05 B N
Ipomoea batatas 3.78+0.29° 3.89+0.98"° 2.91 N N
Senecio biafrae 2.73+0.17° 4.78+0.58" 75.09 N N

*Local name (Yoruba) of vegetable; Results presented are mean + SEM (n = 4); values in the same column with
the same superscript are not significantly different from each other (P > 0.05); Bracket “()” indicates negative
value. Adequate Intake (Al), and Tolerable Upper Intake Level (UL); Status of trace element conspired to
recommended dietary range are represented as: B (Below normal); N (Normal range); T (toxic level)



Table 4. Mo content of fresh and juiced leafy veget
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ables

Leafy vegetables Fresh Juice Percentage Intake Limit [14]
(mg/100 g (mg/100 g difference Al — UL
dry weight) dry weight) (%) Male: (0.045 — 2mg/d)
Female: (0.045 — 2mg/d)
Fresh Juice
Manihot esculenta 32.00£0.00°  43.00£1.00*°  34.38 B N
Launaea taraxacifolia  32.00£1.00°  41.00+0.00° 28.13 B B
Amaranthus sp* 27.00+1.00°  43.00+1.00*°  59.26 B N
Piper guineense 18.00+0.00° 44.00+0.00% 144.44 B B
Ipomoea batatas 26.00£0.00°  2.00+0.00° (92.31) B B
Senecio biafrae 35.00+0.00°  42.00+1.00*°  20.00 B B

*Local name (Yoruba) of vegetable; Results presented are mean + SEM (n = 4); values in the same column with
the same superscript are not significantly different from each other (P > 0.05); Bracket “()" indicate negative
value. Adequate Intake (Al), and Tolerable Upper Intake Level (UL); Status of trace element conspired to
recommended dietary range are represented as: B (Below normal); N (Normal range); T (Toxic level)

The nutritional essentiality of Mo is among
the most important trace minerals, as it is
an activator for three important enzymes -
aldehyde dehydrogenase, sulfiteoxidase,
and xanthine oxidase. Mo deficiency has
been reported to inhibit growth and development,
especially in prenatal and neonatal stages
of development [29]. Low dietary intake
of Mo has been linked and identified to be
responsible for loss of Cu in the body via urine
[30]. On the other hand, prolonged and
excessive intake of Mo may result to the
development abnormally high serum uric acid
levels and increased cellular xanthine oxidase
activity [29,30].

Similar to other trace minerals investigated in
this study, variation in Mo level was observed
among the fresh leafy vegetables. Although,
none of the fresh leafy vegetables (at 100 g
dry weight) contain the amount of Mo required
to its daily Al. However, Senecio biafrae
had highest concentration of Mo (35.00 pg/100 g
dry weight) followed by Manihot esculenta,
and Launaea taraxacifolia which had equal
amount of Mo (32.00 pg/100 g dry weight)
while the least was observed in Piper guineense

(18.00 pg/100 g dry weight). Report has
shown that Mo level in plants is species
dependent. In addition, environmental

contaminants especially tungsten (an anti-
molybdenum) element may alter the uptake of
Mo from the soil [31]. Although, general increase
was observed in the level of Mo in all the
leafy vegetables investigated after juicing.
However, only two vegetable (Manihot esculenta
and Launaea taraxacifolia) juices contain Mo in
the required amount (at 100 g dry weight) for
RDA.

4. CONCLUSION

This study revealed that juicing increased Cu, Mn
and Mo contents in two vegetables (Manihot
esculenta and Amaranthus sp.) out of the six
leafy vegetables investigated. Cu and Mn
contents were also increased by juicing in
Launaea taraxacifolia, Piper guineense, Senecio
biafrae and Ipomoea batatas. Juicing effect
seems less significant as it could not affect Zn
content in the six leafy vegetable to yield the
amount required as RDA in any of the vegetables
investigated. Hence, juicing any of these
vegetable as supplement for Zn may require
more than 100 g dry weight to supply amount
required as RDA of Zn. In addition, among the
six leafy vegetables investigated, only juiced
Ipomoea batatas yielded all the four micro-
minerals below toxic level as it was observed that
others yielded Cu at a level that is more than the
upper limit of Cu RDA which may induce Cu
toxicity — one the risk factors of ageing related
diseases, atherosclerosis and Alzheimer's
disease. Hence, caution be exercised when
subject susceptible to Cu toxicity such as
pregnant women, children and aged people are
to consume juice of these (M. esculenta, L.
taraxacifolia, Amaranthus sp., Piper guineense,
Senecio biafrae) leafy vegetables. In addition,
subjects using mineral supplements containing
high amount of Cu should not take these juices
of vegetables on prolonged time.

ACKNOWLEDGEMENTS

We acknowledge Adelani Adegoke, Tiamiyu
Adenike and Adetokunbo Oluwaseun for their
assistance during the laboratory work of this
research. Also, the Department of Chemical



Sciences, College of Natural Sciences,
Redeemer’s University Ede, Osun State Nigeria
for provision of facilities to conduct this work.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Slavin JL, Lloyd B. Health benefits of fruits
and vegetables. Advances in Nutrition: An
International Review Journal. 2012;3(4):
506-516.

2. Kala¢ P, Krausova P. A review of dietary
polyamines: Formation, implications for
growth and health and occurrence in
foods. Food Chemistry. 2005;90(1):219-
230.

3. Freedman RL. Indigenous wild food plants
in home gardens: Improving health and
income-with the assistance of agricultural
extension. International  Journal  of
Agricultural Extension. 2015;3(1):63-71.

4, Chove BE, Ballegu WR, Chove LM. Cu
and lead levels in two popular leafy
vegetables grown around Morogoro
Municipality, Tanzania. Tanzania Health
Research Bulletin. 2006;8(1):37-40.

5. Muhammad F, Farooq A, Umer R.
Appraisal of heavy metal contents in
different vegetables grown in the vicinity of
an industrial area. Pak. J. Bot. 2008;40(5):
2099-2106.

6. Barrett DM, Lloyd B. Advanced
preservation methods and nutrient
retention in fruits and vegetables. Journal
of the Science of Food and Agriculture.
2012;92(1):7-22.

7. Kubura Temitope Odufuwa, Moronke
Muinat Adeyanju, Charles Babatunde
Adeosun, Adeleke Kazeem Atunnise,
Bamidele Adewale Salau Evaluation of
chromium composition of commonly
consumed leafy vegetables juice selected
from South West Nigeria. Journal of Food
and Nutrition Sciences. 2015;3(6):240-244.

8. Salau BA, Odufuwa KT, Adeosun CB,
Atunnise AK. Blanching and juicing effect
on flavonoids contents in commonly
consumed leafy vegetables in South West

Nigeria. International Journal of
Biochemistry Research & Review. 2015;
5(3):207.

9. Temitope K Odufuwa, Adeleke K Atunnise,
Olumide David Olukanni, Bamidele

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Adeniji et al.; BBJ, 11(3): 1-8, 2016; Article no.BBJ.22744

Adewale Salau. Juicing alters oxalates
contents in commonly consumed leafy
vegetables in South West Nigeria. Int. J. of
Nutri.and Food Sci. 2014;3(3):183-186.
Bamidele  Adewale Salau, Kuburat
Temitope Odufuwa, Olumide D Olukanni,
Adeleke K Atunnise, Gbenga G Daramola.
Increase in tannin content of some
selected Nigerian vegetables during
blanching and juicing. Journal of Scientific
Research & Reports. 2015;5(2):152-160.
Odufuwa KT, Atunnise A, Kinnah HJ,
Adeniji PO, Salau BA. Changes in
saponins content of some selected
Nigerian vegetables during blanching and
juicing. J. Environ. Sci. Toxicol. Food
Technol. 2013;3:38-42.

AOAC. Official Method of Analysis.
Association of Official Analytical Chemists,
Arlington, USA; 1990.

WHO/FAO. Diet, nutrition and prevention
of chronic diseases. Report of a Joint
FAO/WHO Consultation, World Health
Organization Technical Report Series, No.
916, Geneva, 2003.

Institute of Medicine, National Academy of
Sciences, Dietary Reference Intakes for
Vitamin A, Vitamin K, Arsenic, Boron,
Chromium, Cu, lodine, Iron, Mn, Mo,
Nickel, Silicon, Vanadium, and Zn.
Washington, DC: National Academy Press;
2001.

Tao X, He Y, Fortner JD, Chen Y, Hughes
JB. Effects of aqueous stable fullerene
nanocrystal (nC 60) on Cu (trace
necessary nutrient metal): Enhanced
toxicity and accumulation of Cu in Daphnia
magna. Chemosphere. 2013;92(9):1245-
1252.

Ajiboye BO, Ibukun EO, Edobor G, Ojo
AO, Onikanni SA. Chemical composition of
Senecio biafrae leaf. Scientific Journal of
Biological Sciences. 2013;2(8):152-159.
Singh G, Kawatra A, Sehgal S. Nutritional
composition of selected green leafy
vegetables, herbs and carrots. Plant Foods
for Human Nutrition. 2001;56(4):359-364.
Effiong GS, Ibia TO, Udofia US. Nutritive
and energy values of some wild fruit spices
in  Southeastern Nigerian. Electronic
Journal of Environmental, Agricultural and
Food Chemistry. 2009;8(10):917-923.
Sommer AL. Cu as an essential for plant
growth. Plant Physiology. 1931;6(2):339.
Reinhold JG, Garcia JS, Garzon P. Binding
of iron by fiber of wheat and maize. The



21.

22.

23.

24.

25.

American Journal of Clinical Nutrition.
1981;34(7):1384-1391.

Ginocchio R, Rodriguez PH,
Badilla-Ohlbaum R, Allen HE, Lagos GE.
Effect of soil Cu content and pH on Cu
uptake of selected vegetables grown under
controlled conditions. Environmental
Toxicology and Chemistry. 2002;21(8):
1736-1744.

Brewer GJ. Iron and Cu toxicity in diseases
of aging, particularly atherosclerosis and
Alzheimer’s disease. Experimental Biology
and Medicine. 2007;232(2):323-335.
Abdel-Mageed AB, Oehme FW. A review
of the biochemical roles, toxicity and
interactions of Zn, Cu and iron: I. Zn. Vet
Hum Toxicol. 2009;32(1):34-9.

Hajo H, Lothar R, The immune system and
the impact of Zn during aging. Immunity &
Ageing. 2009;6:9.

Pawa S, Khalifa AJ, Ehrinpreis MN,
Schiffer CA, Siddiqui FA. Zn toxicity from
massive and prolonged coin ingestion in

26.

27.

28.

29.

30.

31.

Adeniji et al.; BBJ, 11(3): 1-8, 2016; Article no.BBJ.22744

an adult. The American Journal of the
Medical Sciences. 2008;336(5):430-433.

Costa LG, Aschner M. (Eds). Mn in health
and disease. Royal Society of Chemistry;
2014.

Barminas JT, Charles M, Emmanuel D.
Mineral composition of non-conventional
leafy vegetables. Plant Foods for Human
Nutrition. 1998;53(1):29-36.

Tanaka S. Mn and its compounds. In: Zenz
C, ed. Occupational medicine: Principles
and practical applications. Chicago: Year
Book Medical Publishers. 1988;583-9.
Nielsen FH. Ultratrace minerals. Modern
nutrition in health and disease. 1999;9:
283-303.

Fraga CG. Relevance, essentiality and
toxicity of trace elements in human health.
Molecular Aspects of Medicine. 2005;
26(4):235-244.

Kabata-Pendias A. Trace elements in soils
and plants. CRC Press; 2010.

© 2016 Adeniji et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/12825




