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ABSTRACT: Leafy vegetables unfortunately contain 

significant levels of phytotoxins and antnutrients factors 

that can affect the bioavailability of nutrients to the human 

body. The effect of processing methods on the content of 

some phytotoxins in the leaves of Ocimum gratissimum was 

determined in order to identify the process methods that 

will significantly reduce the phytotoxins content in the 

vegetables to the tolerable levels. The processing method 

used includes: boiling (vegetables leaves were boiled for 3, 

5, 8, and 10 minutes), fresh, oven drying and sun drying. 

Titrimetric method was used to determine oxalate and 

phytate contents while cyanide and nitrate were determine 

by colourimetric methods. The results showed that all the 

processing methods significantly (p>0.05) reduced 

phytotoxins content in Ocimum gratissimum except that 

reduction in an oven drying sample was not significant 

(p>0.05). Boiling methods reduced the phytotoxins 

significantly (p<0.05) more than sun drying and oven 

drying. Boiling for 10 minutes best reduced the phytotoxins 

significantly (p<0.05) more than others boiling time. The 

decotion from the vegetables shows that plant toxins 

generally decreased with increase in boiling time. The 

result concludes that 10 minutes of boiling significantly 

reduces the concentrations of phytotoxins in Ocimum 

gratissimum than other processing methods adopted in this 

study.  

 

 

Keywords: Ocimum gratissimum, boiling, sun drying, oven 

drying, phytotoxins 
 

 
INTRODUCTION 
 
Green leafy vegetables are an essential part of the 
Nigerian diet and about 60 different species of green 
leafy vegetables are consumed in Nigeria. Vegetables, 
especially leafy vegetables are important source of 
phytonutrients which contain good amount of vitamins, 
minerals, dietary fibres and some essential amino acids 
require for normal metabolic activities of the body and 
also a good source of polyunsaturated fatty acids (Oguh 
et al., 2019a; Aletor and Omodara, 1994). Vegetables act 
as antioxidants that help to protect human body from 
oxidant stress, cardiovascular diseases and cancers 
(Oguh et al., 2019b). It helps the body to develop the 
capacity to fight against diseases by boosting immunity. 
Whitney and Hamilton, (1990)

  
reported   that   vegetables  

 
 
 
 
when eaten in sufficient amount may be helpful in 
reducing the incidence of colon and stomach cancers.  
Ocimum gratissimum are extremely consumed as a 
healthy vegetable in West Africa, because it contains 
abundant carotenoids, vitamin B1, B2, C and E, and 
minerals. The dark-green leaves of Ocimum gratissimum 
have varying proportion of Ca, Fe, β-carotene, vitamin C, 
fibre and protein required for health (Schippers, 2000). 
These vegetables generally have high nutritional 
contents, and they are consumed for health and 
nutritional benefits (Otitoju et al., 2012; Oguh et al., 
2020). 

However, despite these enormous nutritional 
advantages,    Ocimum     gratissimum   like   other   leafy  
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vegetables unfortunately contain significant levels of 
phytotoxins and anti-nutrients factors that can affect the 
bioavailability of nutrients to the human body. These 
phytotoxins factors interfere with metabolic processes 
and reduce the bioavailability of nutrients from plants or 
plant products used as human foods (Agbaire and 
Emoyan, 2012). Plants generally contain chemical 
compounds (such as alkaloids, flavonoid, phytate, 
cyanide, nitrates, soluble and total oxalate, tannin and 
glucoside) which are known as secondary metabolites 
and are biologically active (Soetan and Oyewole, 2009). 
The composition of anti-nutrients and toxic compounds in 
our leafy vegetables sometimes makes them inferior. 
These chemicals are toxic to animal and human tissues 
at high concentrations. Also these chemical substances 
under normal conditions are localized to separate 
compartments, come in contact with the nutrients during 
processing and digest in the gastrointestinal tract (GIT), 
when released from their compartments. 

Tannins can form complexes with protein. Cyanogenic 
glucosides also found in plants are inhibitors of 
cytochrome oxidase enzyme (Aletor, 1993).  Cyanide in 
large doses prevents cells from using oxygen and 
eventually these cells die (Elllenhom and Barcelonx, 
1988). Phytate chelates essential mineral elements and 
form complexes with proteins, and thereby reduced their 
bioavailability and nutritive values (Evans and Bandemer, 
1967). Oxalate binds to calcium to form insoluble calcium 
oxalate crystals which may precipitate in the kidney to 
form kidney stone and oxalemia. Large doses of nitrate 
can be responsible for Cancer and Methaemoglobinemia 
in man. Therefore, ways and means of eliminating or 
reducing phytotoxins levels to the barest minimum should 
be discovered, In order to retain the maximum nutritional 
benefit from this commonly consumed leafy vegetable, 
the research is aimed to determine the effect of three 
different cooking times (3, 5, and 10 minutes of cooking), 
oven drying and sun drying on the concentrations of 
some plant toxins. This is with the view of determining the 
treatment methods that would significantly reduce the 
phytotoxins to the barest minimum thereby increasing the 
bioavailability and nutritional value of Ocimum 
gratissimum. Therefore this research aimed to ascertain 
the effect of different processing methods on phytotoxins 
constituents in the fresh leaves of Ocimum gratissimum 
(Basil) obtain from different market. 
 
 
MATERIALS AND METHODS 
 
Sources of vegetables  
The leaves of Basil (Ocimum gratissimum) were used. 
The fresh samples of these vegetables were bought in 
three different markets namely, Lapai main market, 
Chanchaga, and Kure modem Market in Minna. In each 
market the samples were bought from three different 
sellers at the same time. The vegetables were   identified  

 
 
 
 
and authenticated by plant botany in department of 
Biological Science Ibrahim Badamasi Babagida 
University Lapai.  
 
 
Sample preparation  
 
The fresh leaves of the vegetables were sorted to remove 
damages and defective ones. The sorted fresh samples 
were washed with distilled water to remove dirt. The 
cleaned leaves were used for further processing.  
 
 
Boiling  
 
Exactly 60g of clean fresh leaves of Ocimum gratissimum 
were weighed out in three 600 cm

3
 beakers containing 

300 cm
3
 of distilled water each. Content of each beaker 

was boiled for 3, 5, and 10 minutes respectively. The 
concentrations of phytotoxins (cyanide, phytate, oxalate 
and nitrate) were determined in the decoctions and boiled 
leaves. 
 
 
Sun drying  
 
The leaves of Ocimum gratissimum were weighed, 
spread in clean containers. The container were placed in 
a direct sunlight on a roof away from animals, traffic and 
dust and turned occasionally until they were properly 
dried as indicated by caking. The dried leaves samples 
were used for chemical analysis to determine the 
phytotoxins constituents in the samples.  
 
 
Oven drying  
 
The fresh leaves of the vegetables were weighed and 
dried in an oven at the temperature of 70°C.  The 
temperature of the oven was maintained at 70°C until the 
leaves of the vegetables were sufficiently dried. The dried 
samples were used for chemical analysis. 
 
 
Determination of cyanide 
 
Alkaline picrate method of Ikediobi et al. (1980) was used 
to analyze cyanide content in the samples. In this 
method, a reaction of 2cyanide and alkaline picrate 
produce a characteristic orange colour whose 
absorbance was measured spectrophotometrically at 
490nm. 
 
Determination of nitrate 
 
The nitrate content in the vegetable sample was 
determined by the method of Sjoberg and Alanko (1994).  
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The nitrate in food is reduced to nitrite by treatment with 
spongy cadmium and the nitrate is then determines 
colourimentrically by absorbance at 530nm and 
compared with standard curve. 
 
 
Extraction of nitrate 
 
Exactly 2.0g of each of the vegetable sample were 
weighed, ground and transferred into 100cm

3
 volumetric 

flask.75cm
3
 of hot water and 5cm

3
 of saturated borax 

solution were added to precipitate the protein. The 
volumetric flask was warm in the boiling bath for 15 
minutes and 2cm

3
 of ZnSO4 was slowly added with 

shaking. The resulting solution was cooled to room 
temperature, and then the solution was diluted to the 
mark with distilled water, mixed and filtered. The blank 
sample was treated in the similar way. 
 
 
Determination of nitrite 
 
Accurately 10cm

3
 of clear filtrate of sample were pipette 

into 50cm
3
 volumetric flask and 10cm

3
 of colour reagent 

was added and mixed thoroughly for one minutes and 
absorbance was recorded at 530nm. 
The concentrations of nitrite in the samples were 
determined by comparing the absorbance of samples 
with that of standard. Calculation:   mg NaNO3/kg 
sample= (b × 100)/M             
 
Where b= NaNO3 from standard curve (µg) and M = 
weight of sample homogenate.  
Nitrate (mg/kg) = OD × 10/0.1×50 OD= Absorbance  
 
 
Determination of phytate 
 
Titrimetric method of Maga (1983) was used to estimate 
phytate content in the fresh and processed samples of 
the vegetables. Exactly 2g each of the vegetable samples 
slurry were weighed into a 250cm

3
 conical flask. 100cm

3
 

of 2% HCl was added and left for 3 hours. The resulting 
solution was filtered through double layer of hardened 
whatman No. 1 filter paper. About 50ml each of the 
filtrate was placed in another 250 cm

3
 conical flask and 

107cm
3
 distilled water was added in each case to give a 

proper acidity, while 10ml of 0.3% ammonium 
thiocyanate (NH4SCN) solution was added into each 
solution as indicator. This was titrated with standard 
solution of iron iii chloride (fecl3) which contains 0.00195 
g/cm

3
 (1.95g). The end-point was reached when slightly 

brownish – yellow colour was observed which persisted 
for about 5 minute. The concentration of phytic acid in 
g/100g sample was calculated using the formula:  
concentration of phytic acid = Titer value × 0.00195 × 
1.19 × 100 × 3.55/ weight of sample. 
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Determination of oxalate 
 
Titrimetric method of (Association of official analytical 
chemist AOAC, 1984) was used to estimate Oxalate 
content in the fresh and processed samples of the 
vegetables.  

The samples were ground into slurry and 1.0g of 
samples of fresh, and processed (3, 5 and 10 minutes 
boiling, oven drying and sun drying) leaves of vegetables 
were weighed into a crucible dish, and was extracted with 
10cm

3
 of distilled water, following by the addition of 1cm

3
 

of concentrated H2SO4. This was allowed to stand for an 
hour.  

The volume was made up to 50cm
3
 with distilled water. 

The resulting solution was filtered. About 25cm
3
 of the 

extract was pipetted into a conical flask heat to 90
o
C and 

titrated against potassium permanganate KMnO4 in a 
burette.   

A colour change was noted which indicates the end 
point and the reading of the burette was taken when the 
red colour remained steady for some seconds, the 
concentration of oxalate (mg g-

1
) in each of the sample 

was got by multiplying the burette reading by 11.5.  
Oxalate (concentration) = Average volume used × 11.5 
 
 
Statistical analysis  
 
The data obtained were subjected to Analysis of Variance 
(ANOVA) using statistical analysis system (SAS) 
statistical package Minitab to determine variation 
between treatments (effect of different processing 
methods). Means were separated using DUNCAN’s 
Multiple Range Test (DMRT). 
 
 
RESULTS 
 
Nitrate concentration   
 
Nitrate concentration of the various processed samples of 
Ocimum gratissimum were: fresh samples (337.83 
mg/kg), 3 minutes decoction (20.43 mg/kg), 5 minutes 
decoction (25.04mg/kg), 10 minutes decoction (30.45 
mg/kg), leaves cooked for 3 minutes (126.44 mg/kg), 5 
minutes (111.66 mg/kg), leaves cooked for 10 minutes 
(42.44 mg/kg), Oven dried leaves (173.77 mg/kg), and 
sun dried leaves (152.89 mg/kg). The results showed that 
nitrate concentration decreased significantly (p < 0.05) in 
all processed samples. The nitrate concentration in 3, 5, 
and 10 minutes decoction were not significantly different 
(p>0.05), and leaves boiled for 3, and 5 minutes were not 
significantly (p > 0.05), except in 10 minutes boiling which 
is significant due to the lengthen boiling time. Sun dried 
and oven dried leaves however, had significant (p < 0.05) 
amount of the compound than any of the processed 
samples (Figure1).  
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Cyanide concentration  
 
Results obtained from the analysis of cyanide 
concentration in the processed samples of Ocimum 
gratissimum showed that the cyanide content in fresh 
sample, 3 minutes decoction, 5 minutes decoction, 10 
minutes decoction, leaves boiled for 3 minutes, leaves 
boiled for 5 minutes, leaves boiled for 10 minutes, oven 
dried leaves and sun dried leaves were 115.83 mg/kg, 
5.02 mg/kg, 15.52 mg/kg, 20.70 mg/kg, 60.06 mg/kg, 
53.96 mg/kg, 46.16 mg/kg, 87.55 mg/kg and 31.14 
mg/kg, respectively. Data analysis shows that fresh 
sample and oven dried leaves are not significantly 
different (p > 0.05) which indicates that oven drying do 
not reduce cyanide concentration in the Ocimum 
gratissimum. However, sun drying and the three boiling 
periods significant (p < 0.05) reduce cyanide 
concentration (Figure 2). The amount of cyanide in 
leaves boiled for 3 minutes, 5 minutes and 10 minutes 
was significantly different from each other. The residual 
cyanide in boiled leaves was not significantly (p > 0.05) 

lower than the cyanide concentration in the decoction 
samples. The cyanogenic glycoside concentration in 3, 5 
and 10 minutes decoctions were also not significantly 
different from each other. 
 
 
Oxalate concentration  
 
Analysis of oxalate concentration in Ocimum gratissimum 
showed that oven drying had no significant (p > 0.05) 
effect on the oxalate content. Boiling, however, 
significantly (p < 0.05) reduced oxalate concentration in 
the Ocimum gratissimum. The concentration of oxalate in 
raw and processed samples of Ocimum gratissimum 
were; fresh sample (34.75 mg/g), 3 minutes decoction 
(3.45 mg/g), 5 minutes decoction (4.76 mg/g), 10 minutes 
decoction (6.80 mg/g), leaves boiled for 3 minutes (28.47 
mg/g), leaves boiled for 5 minutes (24.52 mg/g), leaves 
boiled for 10 minutes (20.95 mg/g), oven dried leaves 
(31.40 mg/g), and sundried leaves (24.27 mg/g). The 
oxalate in leaves boiled for 3, 5,   and   10   minutes   was  
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significantly (p < 0.05) different from each other. The 
three decoctions had the least concentration of oxalate, 
but their oxalate concentrations were not significantly 
different from each other only on 10 minutes decoction 
which is significant (Figure 3).  
 
 
Phytate concentration  
 
Results obtained from the analysis of phytate 
concentration in the processed samples of Ocimum 
gratissimum showed that the phytate content in fresh 
sample, 3 minutes decoction, 5 minutes decoction, 10 
minutes decoction, leaves boiled for 3 minutes, leaves 
boiled for 5 minutes, leaves boiled for 10 minutes, oven 
dried leaves, and sundried leaves were 9.98 g/100g, 1.14 
g/100g, 1.21 g/100g, 1.37 g/100g, 8.38 g/100g, 
7.74g/100g, 5.24 g/100g, 9.06 g/100g, and 6.80 g/100g 
respectively. Data analysis indicated that oven drying had 

no significant (p > 0.05) effect on the phytate 
concentration in the Ocimum gratissimum. However, the 
three boiled periods led to a significant (p < 0.05) 
reduction of phytate concentration (Figure 4). The 
amount of phytate in leaves boiled for 3, 5, and 10 
minutes was significantly different (p<0.05) from each 
other. The residual phytate in boiled leaves was 
significantly (p > 0.05) higher than the phytate 
concentration in the decoction samples. The phytate 
concentration in 3, 5, and 10 minutes decoctions were 
also not significantly different from each other. 
 
 
DISCUSSION 
 
The concentration of nitrate in fresh sample of Ocimum 
gratissimum compared to the treated samples is in line 
with the findings of (Anjana and Muhammad, 2007) who 
reported that various heat treatments such as boiling and  
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drying significantly reduced the nitrate concentration in 
the vegetables compared to fresh samples. There is 
observed general higher nitrate content in oven dried 
leaves compared to other processing methods. The 
leaves boiled for 10 minutes had less concentration of 
nitrate suggested that the nitrate may have been 
degraded or converted to other compound with increased 
boiling time. The observation is in accord with the 
submission of Waclaw and Stefan (2004) which 
demonstrated that heat treatment can degrade nitrate 
into another compounds. The significantly higher amount 
of nitrate in oven dried leaves compared to the 
concentrations found in sun dry and the leaves boiled for 
3, 5, and 10 minutes further shows the superiority of 
boiling over oven drying and sun drying. 

High cyanide concentration were observed in the fresh 
sample of Ocimum gratissimum compared to the 
corresponding processed samples, agrees with the 
submission of (Oboh et al., 2005) that various food 
processing methods reduce cyanide content in leaves. In 
the current study there was a significant higher 
concentration of cyanide in the leaves boiled for 3, 5 and 
10 minutes than in the corresponding decoctions in 
Ocimum gratissimum. This observation may entail that 
boiling the leaves of Ocimum gratissimum in water and 
discarding the water used in boiling would also reduce 
the cyanogenic glycoside concentration in the 
vegetables.  

This observation is in agreement with the earlier reports 
(Agbaire, 2012). These authors separately observed that 
boiling of the vegetables in water break the cell walls and 
can then cause the leakage of the cell contents including 
the anti-nutrients and toxic substances. The observed low 
concentrations of cyanide in decoctions and residual 
leaves compared to higher concentrations of cyanide in 
the fresh sample of Ocimum gratissimum implies that 
cyanide may be volatile and, or some may likely be 
destroyed during cooking. The much decrease in cyanide 
concentrations in Ocimum gratissimum during sun drying 
than in oven drying can be attributed to the volatile nature 
of cyanide and could likely be dissipated during sun 
drying. This observation corroborates the earlier findings 
of (Richard et al., 1991). The recorded significant amount 
of this respiratory poison in oven dried and sundried 
leaves compared to the levels found in the leaves boiled 
for 3, 5, and 10 minutes indicates that boiling may be 
superior in cyanide reduction than oven dry and sundry 
leaves. The reason may be attributed to the fact that 
boiling leads to break down of the plant cell wall which 
allows for the leakage of cell contents (Agbaire, 2012). 
Oven dry is a gradual heating while sun drying is a mere 
gradual evaporation process. The concentration of 
cyanide in the fresh sample of Ocimum gratissimum is 
lower than maximum permissible level of 200 mg/kg fresh 
weight of vegetables or forages (Richard et al., 1991). 
The insinuation of the results is that the cyanide 
concentration in the fresh   and   processed   samples   of 

 
 
 
 
Ocimum gratissimum may not be high enough to induce 
toxicity in man. 

There are higher oxalate concentrations in the fresh 
leaves of Ocimum gratissimum compared with processed 
samples. This is in harmony with the observation of 
(Adeboye and Babajide, 2007), who have reported that 
various food processing methods reduce oxalate content 
in plants. The higher oxalates concentration in the fresh 
sample of Ocimum gratissimum than in the boiled leaves 
agrees with reports of (Antia et al., 2006; Ogbadoyi et al., 
2006; and Adeboye and Babajide, 2007), which show 
that proper boiling of vegetables before consumption 
significantly reduced the oxalate concentration. The 
higher oxalate concentration in oven dried sample than in 
sun dried, 3, 5 and 10 minutes boiled     leaves further 
supports that boiling, as processing method is more 
effective in reducing the antinutrient content in Ocimum 
gratissimum than in oven drying and sun drying. 

There are high phytates concentration in the fresh 
leaves of Ocimum gratissimum and Solanum melongena 
(Taylor, 1979). There was just little reduction of phytate 
content in the process vegetables which was in line with 
the report that phytic acids (phytates) are not completely 
destroyed by being cooked even in boiling water 
(Ranhotra et al., 1974). Although the phytate levels 
recorded in all process leaves were fairly high compared 
to the result obtained by Ojokoh, 2006, recording a range 
of 2.90 to 3.25 mg/g phytate for cowpea, which can 
render metals like calcium, iron, zinc and magnesium 
unavailable into the body by forming insoluble salts with 
these metals (Edman and Forbes, 1977).   
 
 
Conclusion 
 
The results revealed that the concentrations of cyanide, 
nitrate, and oxalate in the fresh sample of Ocimum 
gratissimun are safe for consumption except in phytate 
which may contribute to nutritional problems. The 
negative health problems associated with high intake of 
these phytotoxins in the vegetables can be reduce 
through boiling, oven drying, and sun drying. With boiling 
(especially 10 minutes boiling) being the preferred 
method, since it reduce the plant toxins to the tolerable 
level. 
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