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Abstract: Chromium is necessary for insulin function, nutrient uptake and regulation of major metabolism as well as boosting
of immune system amongst others; available in vegetables, the cheapest source for the majority of people living in developing
countries. Seven commonly consumed vegetables in south west Nigeria were collected from four major markets in the region,
thoroughly mixed and prepared for laboratory analysis. Each vegetables were shared into two groups (fresh and juice) and four
replicates each, chromium content were determined using Atomic Absorbance Spectrophotometer. Highest chromium content
was observed in Senecio biafrae (4.73+0.05) and it is significantly (p<<0.05) higher than other experimented samples while, the
least was observed in Piper guineense (0.89+0.30) and is significantly (p<<0.05) lower than other fresh leafy vegetables. Among
the juice extracts Senecio biafrae (29.80£2.11) contain the highest chromium content and significant difference (p>0.05) while,
Corchorus oliterus (10.90+0.50) is significantly (p<0.05) lower than other vegetables. Comparatively, chromium content in juice
extracts are significantly higher than their corresponding fresh vegetables. Therefore caution most be applied when juice of
vegetables are to be ingested especially in Piper guineense which displayed a significantly increase chromium content when
juiced.
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mitochondria and induction of apoptosis have been reported
for CrPic using mammalian cell cultures [5, 6]. Animal
studies showed that administration of chromium to pregnant
mice resulted in skeletal birth defects in the developing fetus
[7]. Chromium toxicity has been reported to induce oxidative
stress which may result in renal impairment [8]; severe
biochemical, histological and morphological changes in the
eye; skin blisters and pustules; anaemia; hemolysis; tissue
oedema; liver dysfunction; neuronal cell injury; impaired
cognitive, perceptual and motor activity[7, 9]; enhanced
production of hydroxyl radicals; chromosomal aberration
and depletion of antioxidant enzymes. Hence, case reports
have described acute kidney failure, liver damage and
anaemia by taking high dosage of CrPic as a dietary
supplement [8, 9]. Chromium is naturally available in food
sources such as meat, fish, grains, brewer’s yeast, fruits and

1. Introduction

Chromium a trace element in trivalent chromium state is
essential metal utilized in the human body for glucose
conversion by insulin-driven reactions in carbohydrate
metabolic pathways [1]. An antidepressant which helps in
prevention of obesity and type 2 diabetes mellitus by
preventing appetite in insulin resistance and glucose
intolerance as well as regulation of body composition[2, 3].
While chromium intake is crucial in optimal energy
metabolism and regulation excess consumption has been
reported to accumulate intracellular Cr3+ ions that may lead
to long-term genotoxic effects by formation of covalent
bonds to DNA [4]. Taken together, cytotoxic, genotoxic and
mutagenic effects as well as activity damaging to the
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vegetables [10].

Vegetables constitute the cheapest source of essential trace
element for the majority of people living in developing
countries which is processed into various form before
consumption [11, 12], food processing, being one of the
earliest technologies that man has been using, has the
advantage of insuring food supply and in many cases as a
necessary step before consumption for a variety of reason,
such as increasing stability and bioavailability, improving
flavour, decreasing possibility of toxicity and introducing
functioning ability. [12, 13]. However, this processing
sometimes introduces factors that may affect nutritional
values adversely [12].

In the past consumption of fresh (unprocessed) vegetable
was uncommon, but of recent the use of vegetable juice such
as Telfairia occidentalis (probably for hemopoetic value) and
Vernonia amygdalina (probably for antidiabetic and other
therapeutic purpose) is on increase among Nigerian
populace[14]. While the juicing is believed to concentrate the
nutrients, thus, the chromium content which may also be
concentrated possibly to the level that might affect the
consumer adversely [12, 14]. In view of the above, we set to
investigate the content of chromiumin fresh vegetables and
how its level is affected by juicing.

2. Materials and Methods
2.1. Sample Collection

Vegetables used for the study were purchased from four
major markets; Ago-iwoye, Ikenne and sagamu markets in
Ogun state and Ketu market in Lagos state, Nigeria. The
weight of the samples varied from 1-5kg. The samples were
identified at the herbarium of the plant science and zoology
department, Olabisi Onabanjo University.

2.2. Sample Preparation

The vegetables purchased were prepared by removing the
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leaves from the edible part of the vegetables. The prepared
samples were thoroughly mixed together specimen and
divided into four parts.

2.3. Juicing

This was carried out by using master chef juice extractor
(model no: mc-J2101). The juice and pulp were collected
separately.

2.4. Sample Analysis

Moisture content: The moisture content was determined by
ISO (1973) [15] methods. In which about 10g of each sample
from each replicate into a 200ml crucible and then it was dried
in oven at a temperature of 105°C for 24hours.

Chromium content: The chromium content was analyzedby
Parkhurst (1998) [16] methods. 10g of each sample was added
into a conical flask and heated on a hot plate at 200°C, for 45
minutes, then in a furnace at 500°C until the weight was
drastically reduced to near dryness. Then digested by adding
10 mL conc. aqua regia (3:1 HCIl: HNO3) and heated to
dryness. Twenty ml de-ionized water was added, stirred and
filtered. The filtrate was made up in standard volumetric flask.
Chromium was assayed with a AA 7000 Atomic Absorption
Spectrophotometer with detection limit of 0.001. The
background level found in a blank container was 0.001 mg/L.
The true intake using the arithmetic mean according to [15]
was calculated by multiplying contaminant level (heavy metal
level by amount/ volume of sample. In all the calculated levels
of chromium in the sample, 5 mL was assumed to be the
average volume for the sample.

2.5. Statistical Analysis

The experimental design was completely randomized. Data
were analyzed using the Statistical Package for Social
Sciences (SPSS) 16. Significant difference between the data
was determined at p< 0.05 using Duncan multiple range test.

Table 1. Chromium and Moisture Content of Some Selected Fresh Vegetables.

Chromium Content (mg/ 100g dry weight)

Percentage Moisture Content (%)

Botanical Name Local/CommonName

Piper guineense West African black pepper / Uziza 0.89+0.30°
Ipomoea batatas Sweet potatoes leaf / Ewe odukun 2.10£0.08°
Amaranthus spp. Joy weed/ Ebiden 2.3140.05
Corchorus oliterus Long-fruited vegetable / Ewedu 2.95+0.08°
Manihot esculenta Cassava leaf / Ewe paki 3.2240.30°
Launea taraxacifolia ~ Wild lettuce / Yanrin 3.91+0.05¢
Senecio biafrae Oliv. and Hiern / Woorowo 4.73£0.05°

85.87+0.36"°
86.37+0.06"°
85.20+0.41°
82.10+0.33"
85.08+1.33°
86.90+0.15°

87.23+0.22°

Values are mean + SEM of 4 determinations, Values in the same column with different superscripts are significantly different from each other (p<0.05).
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Table 2. Chromium and Moisture Content of Some Selected Vegetables Juice.

Chromium Content (mg/ 100g dry weight)

Percentage Moisture Content (%)

Botanical Name Local/CommonName
Piper guineense West African black pepper/ Uziza 19.44+0.88°
Ipomoea batatas Sweet potatoes leaf / Ewe odukun 15.63+0.13°

Amaranthus spp. Joy weed/ Ebiden 17.80£1.79>¢
Corchorus oliterus Long-fruited vegetable/ Ewedu 10.90£0.50°
Manihot esculenta Cassava leaf/ Ewe paki 21.80+0.32°
Launea taraxacifolia ~ Wild lettuce/ Yanrin 28.40+0.99¢
Senecio biafrae Oliv. and Hiern / Woorowo 29.80+2.11¢

95.62+0.2>¢
94.87+0.06"
95.20+0.46"°
92.13+0.36"
95.03+1.36
97.08+0.9%¢

97.13+0.17°

Values are mean + SEM of 4 determinations, Values in the same column with different superscripts are significantly different from each other (p<0.05).

Table 3. Percentage change in chromium and moisture Content of Some Selected Vegetables.

Botanical Name Local/CommonName

Chromium Content (%) Percentage Moisture Content (%)

Piper guineense West African black pepper / Uziza

Ipomoea batatas Sweet potatoes leaf / Ewe odukun
Amaranthus spp. Joy weed/ Ebiden
Corchorus oliterus Long-fruited vegetable / Ewedu
Manihot esculenta Cassava leaf / Ewe paki
Launea taraxacifolia Wild lettuce / Yanrin

Senecio biafrae Oliv. and Hiern / Woorowo

2084.27 11.35
644.29 9.84

670.56 11.74
269.49 12.22
577.02 11.69
626.34 11.71
530.02 11.35

Values are mean + SEM of 4 determinations, Values in the same column with different superscripts are significantly different from each other (p<0.05).

Table 1 above showed fresh vegetables and the variation in
chromium content in fresh leafy vegetables. Highest
chromium content was observed in Senecio biafrae
(4.7340.05) and it is significantly (p<0.05) higher than other
experimented samples. No significant difference (p>0.05)
was observed between Corchorus oliterus (2.95+0.08) and
Manihot esculenta (3.22+0.30) as well as Ipomoea batatas
(2.10+0.08) and Amaranthus spp. (2.31+0.05) while the least
chromium content was recorded in Piper guineense
(0.89+0.30) and it significantly (p<0.05) lower than other
vegetables.

Table 2 revealed chromium content in juice extracts of
green leafy vegetables. Senecio biafrae (29.80+2.11)
contains the highest, with significant difference (p>0.05)
when compared with Launea taraxacifolia (28.40+0.99),
however no significant difference (p>0.05) was observed
between Manihot esculenta (21.80+0.32), Piper guineense
(19.44+0.88) and Amaranthus spp. (17.80£1.79), and
Ipomoea batatas (15.63+0.13) and Piper guineense while,
Corchorus oliterus (10.90+£0.50) is significantly (p<0.05)
lower than other vegetables.

Table 3 displayed percentage change in chromium content
after juicing fresh leafy vegetable. The highest increase was
observed in Piper guineense with over 20 folds increase
(2084.27), about six to seven folds increase was observed in
Senecio biafrae, Manihot esculenta, Launea taraxacifolia,
Ipomoea batatas, Amaranthus spp., the least percentage
increase was noted in Corchorus oliterus about two and half
folds increase (269.49%).

4. Discussion

Chromium contents in plants especially vegetable crops is
dependent on wide range of factors such as environmental,
water and soil contamination with heavy metals, tissue
distributions of divers essential elements and genetic factors.
Juicing increased chromium content in all the leafy
vegetables experimented. The high chromium content
recorded in Senecio biafrae could be attributed to elevated
level of chromium present in the soil via fertilizers and other
organic matter application for soil improvement [17, 18];
decline in soil pH to 3.3 which may rapidly increase the
solubility and availability of chromium in soil [19].

In addition, the interactions of soil-plant roots-microbes
play important roles in regulating heavy metal movement
from soil to the edible parts of crops. Also, agronomic
practices such as fertilizer and water management and crop
rotation system can affect bioavailability and crop
accumulation of heavy metals, thus influencing the amount
of heavy metals in food chain [20].Thus, the various
environmental conditions and agronomic practices may affect
the accumulation of chromium in addition to inherent ability
of individual plants to accumulate particular elements
differently [12, 21].

Various storage and detoxification strategies, such as metal
chelation, transport, sequestration into the vacuole as well as
activation and synthesis of stress-related proteins and
signaling molecules utilized by other parts of plants including
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leaf may be responsible for the high chromium content
recorded in Corchorus oliterus, Manihot esculenta , Launea
taraxacifolia and Senecio biafrae [22].

Juicing, a mechanical means of extracting plants tissue
component requires the addition of water especially for leafy
vegetables. The water used in this process may cause
reduction, oxidation, sorption, desorption, dissolution, and
precipitation [23] of chromium, which are usually in bound
state with carbohydrates especially those with high cellulose
content [24]. Also, in the process of extraction the pH of the
juice extract is altered thereby increasing the solubility of
Cr(IlT) ion present in the plants tissue in turn increases
chromium content in vegetable juice extract, as observed in
all the vegetables studied. Under neutral to basic pH, Cr(II)
will precipitate and conversely under acidic pH it will tend to
solubilize [23, 24], thus, both bound and free chromium
precipitate in the juice extract.

Piper guineense with over 20 folds increase (2084.27),
about six to seven folds increase was observed in Senecio
biafrae, Manihot esculenta, Launea taraxacifolia, Ipomoea
batatas, Amaranthus spp., the while least percentage increase
was noted in Corchorus oliterus (269.49%). This study
revealed that juicing significantly increases chromium
content in all the leafy vegetables studied.

From the ongoing it is therefore expedient that caution
must be exercised in taking the juice of the vegetable with
high level of chromium because of the aforementioned
adverse effect of chromium toxicity.

5. Conclusion

This work revealed the effect of juicing on chromium
contents in green leafy vegetables. In this context,
accumulation of chromium in edible plants and their juice
extracts may represent a potential hazard to animals and
humans especially in infants and pregnant women, also
chromium competition with iron uptake and bioavailability
may be a devastating complication in subjects susceptible to
iron deficiency.
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