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Abstract: Oxalic acid is present in most vegetables in varying quantity; its salts are formed as insoluble complexes at
physiological pH with divalent cations, minerals and trace elements. The crystals of oxalates are associated with different
pathological conditions including kidney stones. Sixteen vegetables obtained from four major markets in South West
Nigeria were thoroughly mixed, grouped into two samples (fresh vegetables and juice extract) and four replicates for each
sample were analysed. Oxalates content was analysed using standard laboratory methods. Oxalates content in fresh
vegetables group vary; Amaranthus viridis has the highest and it is significantly (p<0.05) higher than others while
Crassocephalum rubens has the least though, not significantly (p>0.05) different from Basella rubra, Amygdalina vernonia
and Piper guineesis. Effect of juicing was notably significant in most of the vegetable when compared with their
corresponding fresh vegetables. Telfairia occidentalis juice extracts had significantly (p<0.05) higher amount of oxalates
than other juice samples, Crassocephalum rubens displayed the highest percentage increase compared with the
corresponding fresh vegetable followed by Manihot esculenta while decrease was observed in three out the sixteen of the
vegetables investigated and the highest percentage decrease was recorded in Talinum triangulare. The increased oxalate
content observed in most of the vegetables analysed suggests the probable complications that may be associated with intake
of certain vegetable juice. Hence, juicing must be used with caution. Thus, intake of such juice must be done with caution
in people susceptible to oxalates intoxication.
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1. Introduction
Consumption of sufficient fruits and vegetables are
required for maintaining good health especially for the
supply of vitamins, minerals and phytochemicals [1].
Nonetheless, they also contain antinutrients which include
phytic acid, oxalic and lectins, phenolic compounds like
tannins and saponins, enzyme inhibitors such as cyanogenic
glycosides and glucosinolates [2] responsible for reduction in
availability of certain nutrients and impairment of growth [3].
Though, the primary function of these antinutrients is to
exhibit protective effects against external agents such as
infection by microorganisms, environmental toxicity and
predation [4], however, they can extend their adverse effect

to human physiological status [5].While phytic acid binds
with some essential elements like Fe, Ca, Zn and P to form
insoluble salts, oxalate reacts with calcium to precipitate
calcium oxalate and prevent the absorption and utilization of
calcium which in turn causes calcium imbalance, rickets and
osteomalacia [6]. Oxalates are found in many plant products
including nuts, fruits, vegetables, grains, and legumes.
Oxalate crystals may induce renal problems such as renal
stones by precipitate around renal tubules [5].
Physiologically high oxalate may raise the risk of urinary
stones by sequestering calcium which is one of the essential
ions required for osmoregulation [6, 7]. In addition, sharp
crystals of oxalate have been reported to cause injury to body
tissue and also induce inflammation [7]. Iron oxalate crystals
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react with body fluids by impairing red blood cell formation
as well as trapping heavy metals in the body tissues thereby
causes significant oxidative stress [8]. Ingestion of not
properly prepared high oxalate containing leafy vegetables
however brings about severe swelling of the mouth and gut
[9]. Skin contact with plants rich in oxalate produces
irritations [10] where a specialized cell on the leaf surface
contains a needle-shaped crystal. Hence, as irritants to
humans [11] with formidable appearance, oxalate in plants
have been documented to be physical deterrents to herbivore
feeding [5, 12].
Even though, ample documentation on the toxicity of
oxalates in man and other animals have been established.
Yet, the levels of changes in oxalates contents in vegetable
juice extracts are poorly studied. Juicing is one of the
methods of processing in South Western Nigeria that is
mainly adopted in the process of increasing availability of
beneficial plants components like vitamins, minerals and
other antioxidants at the same time the process may
concentrate anti-nutrient of which oxalates is included.
Therefore, this work is poised to investigate the effect of
juicing on oxalate content in green leafy vegetables
commonly consumed in South West Nigeria.

2. Materials and Methods
2.1. Samples Collection
Vegetables used for this research work were sourced
from major markets in Ago-iwoye, Ikenne and sagamu, in
Ogun state and Ketu in Lagos state, Nigeria. The weight of
the samples ranged between 1 to 5kg; identified at the
herbarium of the plant science department, Olabisi
Onabanjo University.
2.2. Samples Preparation
The vegetables were destalked to remove the inedible
parts afterwards samples of each specimen from the

markets were mixed together and divided into four
replicates. Each was further grouped into subgroups (Fresh
and juice).
2.2.1. Juicing
This was done by using master chef juice extractor
(model no: mc-J2101). The juice was collected.
2.3. Determination of Oxalate
According to the method of AOAC 1999 oxalate was
determined; 0.1 g of sample was weighed and mixed with
30ml of 1M HCl. Each mixture was then shaken in a water
bath at 100 °C for 30 min. To each mixture was added
0.5ml of 5% calcium chloride and thoroughly mixed to
precipitate out the calcium oxalate. The suspension was
centrifuged at 3000rpm for 15mins and the supernatant
separated. The pellet was washed twice with 2 ml of
0.35M NH4OH then dissolved in 0.5 M H 2SO4. The
solution was titrated with standard solution of 0.1M KM
NO4 with the temperature being maintained at 60°C to a
faint violet colour that persisted for at least 15 seconds;
which is equivalent to 2.2mg of oxalate [13].
2.4. Moisture Content
The moisture content was determined by taking 10g of
each sample from each replicate into a 200ml crucible and
then samples were dried in oven at a temperature of 105oC
for 24hour.
2.5. Statistical Analysis
Data were analysed by one-way analysis of variance
(ANOVA), using Statistical Package for Social Sciences
(SPSS) software for windows. p<0.05 was considered
significant.

3. Results

Table 1. Changes in oxalate content during juicing of fresh vegetables (Decrease in oxalates content)
Botanical name

Local/ English name

Amaranthus spp.
Amaranthus viridis
Talinum triangulare

Joy weed/ Ebiden
Amaranth / Tete funfun
Water leaf / Gbure

Oxalate in fresh
(mg/100g dry wt.)
122.45±1.99a
591.77±9.79c
270.14±7.86b

Results presented are mean ± SEM (n = 4); values in the
same column with the same superscript are not significantly

Oxalate in Juice
(mg/100g dry wt.)
26.05±3.26a
153.85±0.00c,
101.33±5.56b

Change in oxalate content
(% decrease)
(78.73)
(74.00)
(62.49)

different from each other (P > 0.05). Values in brackets are
negatives.

Table 2. Change in oxalate content during juicing of fresh vegetables (Increase in oxalates content below 500%)
Botanical name

Local/ English name

Ipomoea batatas
Solanecio biafrae
Colocasia esculenta
Corchorus oliterus
Celosia argentea
Basella rubra
Basella alba

Sweet potatoes leaf / Ewe odukun
Oliv. and Hiern / Woorowo
Cocoyam leaf/ ewe koko
Jute plant / Ewedu
Soko pupa / Cockscomb
Indian Spinach / Amunututu pupa
Malabar Spinach / Amunututu

Oxalate in fresh (mg/100g
dry wt.)
63.77±1.94c
77.84±0.73d
68.21±4.47c,d
46.22±0.90b
75.00±3.57c,d
20.16±0.78a
294.12±0.00e

Oxalate in Juice
(mg/100g dry wt.)
377.56±23.95c
262.91±12.96b
141.23±4.06a
126.59±7.39a
411.29±9.01c
120.39±3.69a
384.05±31.30c

Change in oxalate content
(% increase)
492.07
237.76
107.05
173.89
448.39
497.17
30.58
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Results presented are mean ± SEM (n = 4); values in the
same column with the same superscript are not significantly
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different from each other (P > 0.05).

Table 3. Change in oxalate content during juicing of fresh vegetables (Increase in oxalates content above 500%)
Botanical name

Local/ English name

Oxalate in fresh
(mg/100g dry wt.)

Oxalate in Juice
(mg/100g dry wt.)

Change in oxalate content
(% increase)

Crassocephalum rubens
Manihot esculenta
Telfairia occidentalis
Piper guineesis
Launaea taraxacifolia
Amygdalina veronia

Ebolo
Cassava leaf/ Ewe paki
fluted pumpkin leaf/ Ugwu
Uziza
Wild Lettuce / Yanrin
Bitter leaf / Ewuro

19.43±0.32a
34.26±2.83b
152.41±7.21c
30.90±2.14a,b
39.35±1.24b
20.70±4.14a

382.37±29.60d
558.90±15.98e
1170.92±28.06f
196.50±17.81a
327.45±6.36c
262.50±12.50b

1867.94
1531.35
668.27
535.92
732.15
1168.12

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).
Table 1 above showed vegetables with decrease of
oxalate content in juice extracts when compared with fresh
vegetables. Amaranthus viridis has the highest oxalate
content both in fresh and juice extracts and there is a
significant (p<0.05) difference, while Amaranthus spp.
contain the least among the three vegetables and it is
significantly (p<0.05) lower than Talinum triangulare.
Though, oxalate in Amaranthus spp. both in fresh and juice
appear to be the highest, however, greatest loss of oxalate
content in juice extract was noticed in it while, the least
was observed in Talinum triangulare.
Table 2 presents vegetable with less than 500% increase
oxalate content in juice extracts when compared with fresh
vegetables. In fresh vegetables, oxalate content in Basella
alba is significantly (p<0.05) higher than others while the
least was observed in Basella rubra. Celosia argentea juice
extract contain the highest with a significant difference
(p<0.05) except with Basella alba and Ipomoea batatas. The
least increase in oxalate content was noticed in Basella alba
(30.58%) and the highest increase in Basella rubra (497%).
Table 3 presents vegetables with 500% and above yield
of oxalate content in juice extracts when compared with the
fresh vegetables. Telfairia occidentalis had significantly
(p<0.05) higher concentration of oxalates than other fresh
vegetables in this group while the least was observed in
Crassocephalum rubens though not significantly different
(p>0.05) form most of the vegetables, Also, Telfairia
occidentalis juice extracts has the highest oxalate content
and it is significantly (p<0.05) different from others in this
groups while Piper guinesis contain the least and it is
significantly (p<0.05) lower. Crassocephalum rubens juice
extract presents the highest increase in oxalates contain
(1867.94%) while, Piper guineesis gained the least oxalate
(535.92%) in this group.

4. Discussion
The distribution and form in which oxalates are present
in plants tissues are associated to many factors such as
nutrient demand, hydrogen ion concentration, soil and
environmental toxicity, osmotic pressure [14] as well as
predation. Effect of juicing on oxalates content in leafy

vegetables varies among different plant species; it increases
oxalate content to about 500% in many and decrease to
about 80% in a few. The significantly (p<0.05)high oxalate
content in fresh Amaranthus viridis, Basella alba, Talinum
triangulare, Ipomoea batatas and Amaranthus spp. observed
could be attributed to the broad variations hitherto
aforementioned. Olumuyiwa et. al. (2004) [15], reported
close values of oxalates in Amaranthus viridis and Basella
alba as observed in this study.
Furthermore, plants tissue matrix are determinants in
crystals formation of calcium oxalate [16], this is because
most of the enzymes that catalyze the process are matrix
bound [17]. Also ascorbic acid degradation is reported to
lead to oxalates formation in Amaranthus [18]. Poor
transpiration as well as rapidly proliferation in plants tissue
may reversibly dissociate calcium oxalate to mobilize
calcium for structural stability [19] hence, contributes to
reduced oxalates content noted in Crassocephalum rubens,
Amygdalina vernonia, Basella rubra and Piper guineesis.
Similarly, Akindahunsi (2005) reported similar low oxalate
content in these vegetables [20]. With the exception of
Amaranthus spp, Amaranthus, viridis and Talinum
triangulare, juicing significantly increase oxalates contents
in the juice extract of most of the vegetables investigated.
This could be ascribed to the resultant effect of mechanical
force of juicing stimulating oxalates formation as a
defensive mechanism [21] in plants. Thus, taking vegetable
juice of those vegetables with high content of oxalates in
their juice may make one prone to problems associated
with oxalate toxicity such as kidney stone [5], chelation of
essential minerals [7] and generation of free radicals [8].

5. Conclusion
This study revealed that juicing increase oxalate content in
most leafy vegetables commonly consumed in South West
Nigeria. High concentration of oxalates were observed in
Crassocephalum rubens, Manihot esculenta, Telfairia
occidentalis, Piper guineesis, Launaea taraxacifolia and
Amygdalina Vernonia and as such juice of those vegetable
should be consumed with caution because of problems
associated with oxalate consumption, which include renal
stones, impairment of red blood cells and oxidative stress; a
scaffold for diseases such as cancer, atherosclerosis and
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diabetes. Thus, intake of juice of oxalates rich vegetable
should be avoided by subject with history of renal disorders,
pregnant women and growing children.
Though, oxalate reduced in of juices of Amaranthus spp,
Amaranthus viridis and Talinum Triangulare, hence these
vegetable juices could be consumed at a moderate level.
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