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Abstract 
This study examined the goitrogenic content (cyanogenic glucosides, glucosinolates, and Thiocyanate) 
of Pumpkin leaf (Telfaira occidentalis), Bitter leaf (Vernonia amygdalina), water leaf (Talinum 
fruticosum) and spinach (Spinach haleracea). The fresh leaves of these vegetables were randomly 
collected from the farmers and dried at room temperature. The cyanogenic glucosides, glucosinolates 
and Thiocyanate contents were analysed when fresh and after drying using standard AOAC methods. 
Results revealed that fresh sample of Pumpkin leaves contained  0.22 +2.23x 10-7, 0.22 +2.26x10-5, 
0.56 +2.50 x 10-6 mean values of cyanogenic glucosides, glucosinolates and Thiocyanate respectively, 
while the dried samples contained 0.28 + 1x10-6, 0.09 + 1.6 X 10-5, and 0.83 + 1.6 x 10-6rmean values 
respectively.    Fresh samples of spinach contained 0.19 +2.2x 10-7, 0.16 +2.2x10-5 and 0.49 + 1.4 x 
10-4 cyanogenic glucosides, glucosinolates and thiocyanate respectively, while for  dried samples, the 
mean values were 0.27  + 1.4 x 10-5, 0.08 + 1.6 x 10-5 and 0.78 +1.4 x 10-5 respectively. Fresh samples 
of waterleaf had mean values of 0.16 + 1.6 x 10-6, 0.13+2.2 x 10-5 and 0.54 + 1.3 x 10-5 of  cyanogenic 
glycosides, glucosinolates and thiocyanate respectively, while for dried samples the mean value were 
0.22 +1 x 10-6, 0.06 + 1.58 x 10-5 and 0.85 + 2.7 x 10-5. The fresh leaves of bitter leaf revealed the 
mean values of 0.24 + 2.5 x 10-6,0.11+1.4 x 10-4 and 0.44 + 1.1 x 10-4 for cyanogenic glucosides ,  
glucosinolates and thiocyanate respectively, while the mean values for the dried samples were 0.31 + 
2.5 x 10-6, 0.04 + 1.6 x 10-3 and 0.74 + 1.3 x 10-5 respectively. The findings revealed that cyanogenic 
glucosides, glucosinolates and thiocyanate contents of these vegetables were below the recommended 
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threshold levels by WHO(2003). Therefore the consumption of these vegetables does not pose a health 
risk to the inhabitants of Idah, Kogi State, Nigeria.  
 
Keywords: Cyanogenic glucosides, Glucosinolates, Goitrogenic, Thiocyanate, Vegetables, 
 
 
 
INTRODUCTION 
Goitrogens are substances that cause the enlargement of the thyroid gland, a condition 
known as goitre (Omale and ugwu, 2011). They may act directly or indirectly on the gland 
by altering the regulatory mechanisms of the gland and peripheral metabolism and 
excretion of triodothyromine (T3)/Thyroxin (T3) (Marhone et al., 2016). The thyroid gland is 
one of the sensitive endocrine hormone producing glands that enhance protein synthesis 
and oxygen utilization,  which in turn influence the basal metabolism rate (BMR) as well as 
calcium metabolism in the blood plasma (Mullur et al., 2014). Major goitrogens in foods such 
as vegetables,some fruits, nuts and grains include Glucosinolates, Cyanogenic glucosides 
and Thiocyanate (Bhattacharjee et al., 2012).  
 
Glucosinolatesare natural components or secondary plant metabolites of many pungent 
plants such as mustard, cabbage and horseradish. Three classes of Glucosinolates are 
available based on the structure of different amino acid precursors, these 
includeAliplaticglucosinolatesderived from methionine, Isoleucine, leucine or valine; 
Aromatic glucosinolates:derived from phenylalamine or tyrosine and Indole glucosinolates 
derived from tryptophan (Ishida et al., 2014)  
Cyanogenic glucosides are a group of nitrite containing or secondary compounds in plants 
or foods that yield cyanide (cyanogenesis) following their enzymatic breakdown (Islamiyat 
et al., 2016).  They occur in at least 2000 plant species of which a number of species are used 
as food. They are derived from six different amino acids: L-valine, L-isoleucine, L-leucine, L-
phenylalamine or L-tyrosine, and cyclopentenyl-glycine (a non protein amino acid) (Vetter, 
2000; Yulvianti and Zidorn, 2021). 
 
Thiocyanate (Sulphocyanate or SCN) is a competitive inhibitor of the human thyroid 
sodium/iodide symporter (NaIS). The adverse effects of the Thiocyanate overload are 
especially noticeable when iodine availability is low. Thiocyanate is the major product from 
cyanide that passes into the body as the body attempt to rid itself of cyanide. It affects the 
thyroid glands reducing the ability of the gland to produce hormones that are necessary for 
normal function in the body (Lo et al., 2018).  
Vegetables play vital roles in human nutrition; they serve as the most rapid and lowest-cost 
sources of fibers, minerals and vitamins to majority of people in developing countries, where 
they are often eaten in relatively small amount as side dish or relish with staple food (Omale 
and Ugwu, 2011). 
 
Fluted Pumpkin (Telfairia occidentalis) belongs to the family ‘Cucurbitacea', and is a tropical 
vine grown in West Africa as a leafy vegetable and for edible seeds. In Nigeria, the two main 
cultivars are ugu-ala, with succulent, broad leaves, small black seeds, thick stem and slow 
growth and ugu-elu with high growth rate, large brownish seeds, high viability with thin 
stem and small leaves (Kayode and Kayode, 2011). Common names for the plant includes 
‘’iroko’’ or ‘’aporoko’’ in Yoruba, ‘Ugu' in Igbo, ‘‘Kubewa’ in Hausa, ‘Ikong-ubong' in 
Efik/Ibibio, ‘’umee’’ in Urhobo, ‘’umeke’’ in Edo and ‘Ugwu’ in Igala (Kayode and Kayode, 
2011; Megan, 2018).  The fluted gourd has healing properties and used as blood tonic. The 
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leaves contain a high amount of antioxidants and hepato- protective and antimicrobial 
substances.  
Spinach (Spinacia oleracea) is a leafy green flowering plant native to central and western Asia. 
It belongs to the family Amaranthaceae, sub family Chemopodioidea. The leaves are 
common edible vegetables consumed either fresh or after storage using preservatives 
techniques by canning, freezing or dehydration. It may be eaten cooked or raw and the taste 
differs considerably. Common names of the plant includes Efoo' in Yoruba, ‘Alayyafo' in 
Hausa, ‘Alefor’ or ‘Iwe’ in Igala (Corleto et al., 2018; Verma, 2018). Spinach has dark green 
leaves that are simple, opposite or alternate, with margins that are entire or coarsely toothed, 
and without stipules. It grows to a height of up to 30 centimeters (cm). The leaves are 
alternate, simple, and ovate to triangular, either flat or curled, very variable in size, from 
about 2-30 cm long and 1-15 cm broad, with larger leaves at the base of the plant and small 
leaves higher on the flowering stem. 
 
Bitter leaf (Vernonia amygdalina) is a healthy bitter vegetable that is indigenous to Tropical 
Africa, and is majorly grown in west and southern part of Nigeria and West Africa. It is 
grown by stem cutting during the rainy season. It is known as ‘Onugbu' in Igbo, ‘Efoewuro’in 
Yoruba, ‘Shakes shuwaka’’ in Hausa, ‘Edidot’by the Efik in cross river state and ‘Ilo’in igala 
language. It is specially grown in Nigeria for culinary purpose, in cooking Nigerian soup 
called onugbu soup in Igbo land and many local cuisines. Bitter leaf has enormous medicinal 
uses and regarded as a gold mine by many African communities (Imaga and Bamigbetan, 
2013). It has anti-parasitic, antibacterial, anti-inflammatory and anti-helminthes properties. It 
is a laxative, an appetizer, an aphrodisiac and also used for body weight loss. It is drunk for 
restoration of stamina.  
Water leaf (Talinum fructicsum) is an annual herbaceous plant of West Africa that is found in 
most of the states in Nigeria mainly in the south. It is called ‘Gberu’in Yoruba, ‘Mgbolodi’ in 
Igbo, ‘Ebe-don don in Edo and ‘Kelekwu in Igala (Nya and Eka, 2015). It has succulent stem 
and it is often harvested from the wild for local consumption. Water leaf is rich in minerals 
such as calcium, potassium, magnesium and pectin protein (Ikewuchi et al., 2017), and used 
to eradicate malnutrition in Africa (Ogbonnaya and Chinedum, 2013) and to treat measles, 
diarrhoea, insomnia, anaemia, malaria, arthritis, reduce blood sugar,bood pressure, and 
weakness. It promotes brain functions, maintain skin health, prevent cancer, bladder stone 
etc, but not to be consumed by people with kidney disorder and gout (Abdul et al., 2011).  
The use of many plants for food is often limited by the composition of goitrogenic 
substances in them as they remain hazardous to both man and animals, and thus 
detrimental to nutrition and health (Yuwei and Weihua, 2013; Oladejoet al., 2018). Inspite of 
numerous reports on goitrogens content in food, there is a dearth of literature on the 
goitrogenic content of some leafy vegetables, thus, investigation of the levels of goitrogens in 
some Nigerian leafy vegetables is needed. This study detected the levels of goitrogens in 
some vegetables commonly sold in Idah, Kogi State , Nigeria.  
 
MATERIALS AND METHODS 

 
Study area 
This study was carried out in Idah, Kogi State. Idah is an old river port town lays on a sand 
stone cliff on the Eastern bank of the river Niger in the North central (middle belt) region of 
Nigeria. On the west bank of the Niger, is Aganebode in the geopolitical zone of the country 
which serves as the capital and ancestral city of all weppa-wanno (predominantly Etsako 
speaking) people and as the administrative head quarters of Etsako East council, Edo State. 

https://www.newworldencyclopedia.org/entry/Leaf
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During the 2006 head count, the population figure of the area, whose land mass is 
approximately 36sq km (14 sq miles), was put at 79,815 people. Idah is dominated by Igala 
speaking people whose major occupations are farming, trading, hunting and fishing. 
On the globe, Idah local council area of which Idah is the Headquarters, is locate on 
coordinates 7o 05’N6o 45’E / 7.083o N6.750oE at an altitude of approximately 62 meters. It 
enjoys both wet and dry season with the total annual rainfall that ranges between Idah has 
commercial routes on the river Niger linking Lokoja, the Capital of Kogi State, through to 
the north of the country, Onitsha in Anambra State, to the south, Aganebode in Edo State, 
across, the Niger with the aid of ferry service, to the west and Nsukka in Enugu State. 
 
Sample collection  
The selected vegetables including pumpkin leaf (Telfairia occidentalis),  waterleaf (Talinum 
fruticosum), bitter leaf (Vernonia amygdalina) and Spinach (Spinach oleracea) were purchased 
from Egah market in Idah local Government Area of Kogi state and transported to 
Biochemistry laboratory of Dept of Science Laboratory Technology, Federal Polytechnic 
Idah, Kogi state, for analyses.  
 
Sample preparation  
Each vegetable was separated from its stalk, rinsed with distilled water and divided into 
two portions. One portion was air dried at room temperature while the other was preserved 
in its fresh condition. The dried samples were ground into fine powder and sieved using 
2.0mm wire mesh and kept in an airtight container, both the powdered form and fresh 
samples were taken for analyses. 
 
Estimation of cyanogenic Glycosides  
Edible parts of fresh plant were hydrolyzed by the enzyme glucosidase, and hydrocyanic 
acid liberated was trapped in sodium hydroxide. Cyanide content of trapped hydrocyanic 
acid was then determined quantitatively. Cyanogenic glucosides were measured following 
the method of Oladejo et al. (2018).  
 
Estimation of Glucosinolates 
The enzymemyrosinase (thioglucosidase) reacts with glucosinolates present in plant foodsto 
generate thiocyanate. Following this principle glucosinolate (thioglucosides) was measured 
by the procedures of Mondal and Chandra (2019). Thiocyanate thus formed by the action of 
myrosinase was estimated by the method of Oladejo et al. (2018) 
  
Estimation of Thiocyanate  
 The plant food was cleaned of sand with distilled water (25ml) and refluxed subsequently 
for 20mins in a conical flask. The extract containing thiocyanate was treated with 
trichloroacetic acid, followed by saturated bromide and arsenoustrioxide (As2O3)and 
allowed to react with pyridine-benzidine hydrochloride mixture. The intensity of the color 
developed was measured using spectrophotometer (UV-1240, Shimadzu, Japan) Oladejo et 
al. (2018). 

 
Calculations of recovery (%)  
t A= blank-SCN(g) ;  B=vegetable sample ; C=vegetable +10”, g—SCN 
(C-A) –(B-A)  
% recovery =……….. × 100 
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Statistical analysis 
One –way ANOVA was used to determine variation in contents of goitregens 
 
 
RESULTS 
Cyanogenic glycosides, glucosinolates and Thiocyanate contents of some Nigerian leafy  
vegetables 
The results revealed that for the fresh sample of Ugwu leaf, the mean values obtained for 
cyanogenic glycosides, glucosinolates and Thiocyanate were 0.21+2.23x 10,  0.22+2.26x10-5, 
0.56+10-6 and 0.09+1.7x10-5 respectively. Also the results obtained for fresh spinach were 0.19 
+2.2x 10-7, 0.16 +2.2x10-5 and 0.49 + 1.4 x 10-4 respectively, while for dried samples, the mean 
values were 0.27  + 1.4 x 10-5, 0.08 + 1.6 x 10-5 and 0.78 + 1.4 x 10-5 respectively. Furthermore 
the results for fresh samples of water leaf were 0.16 + 1.6 x 10-6, 0.13 + 2.2 x 10-5 and 0.54 + 1.3 
x 10-5 respectively, while the dried samples had mean values of 0.22 +1.0 x10-6, .06 + 1.58 x 
10-5 and 0.85 + 2.7 x10-5. For fresh bitter leaf, the mean values include0.24 + 2.5 x10-6, 0.11 + 
1.4 x 10-4 and 0.44 + 1.1 x 10-4 respectively while dried bitter leaf samples had mean values of 
0.31 + 2.5 x 10-6, 0.04 + 1.6 x10-3, and 0.74 + 1.3 x 10-5 respectively (Table).           
 
Table showing Cyanogenic glycosides, Glucosinolates and Thiocyanate contents of some 
vegetables sold in Idah, Kogi State, Nigeria  
 

 Cyanogenic glucosides 
(mg/kg)  

Glucosinolates (mg/kg)  Thiocyanate (mg/kg)  

Plants Fresh  Dried Fresh Dried Fresh Dried  

Ugwu 0.02 0.28 0.22 0.09 0.56 0.83 

Spinach  0.19 0.27 0.16 0.08 0.49 0.78 

Water leaf  0.16 0.22 0.13 0.06 0.54 0.85 

Bitter leaf 0.24 0.31 0.11 0.04 0.44 0.74 

For Fresh leaves-One-way ANOVA; P=0.005. for dried leaves- p=2.534 

 
 

DISCUSSION 
The concentrations of Cyanogenic glucoside, Thiocyanate and glucosinolate in fresh and 
dried samples of pumpkin leaf, spinach, water leaf, and bitter leaf have been studied. 
Cyanogenic glucosides, glucosinolates and thiocyanate are the goitrogenic/antithyroid 
constituents of cyanogenic plants that are often used as common plant food by men and 
animals (Bhattacharjee et al., 2012). These goitrogenic constituents of cyanogenic plant affect 
thyroid hormone synthesis either by inhibiting iodide uptake or by interfering with the 
activity of the enzyme thyroid peroxidase by inhibiting the organification of iodide (I-I2), or 
iodination of tyrosine in thyroglobulin and coupling reaction or by both the mechanisms in 
the thyroid gland, and thus iodine supplementation does not always result in complete 
eradication of endemic goiter and Iodine deficiency diseases (IDD) (Bhattacharjee et al., 
2012). 
 
Results showed that there is no significant difference (p<0.05) in the level of cyanogenic 
glucoside, thiocyanate and glucosinolate between the fresh and dried samples of pumpkin 
leaf, spinach, water leaf, and bitter leaf studied (table), while in its fresh state, cyanogenic 
glycosides in bitter leaf (0.24 mg/Kg wet weight) was a little higher than spinach(0.19 
mg/Kg wet weight) and pumpkin(0.22 mg/Kg wet weight) which are almost the same 
where as it is lowest in water leaf (0.16 mg/Kg wet weight). The results of the present study 
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does not agree with the finding of Chandra et al. (2004) in a similar study of Goitrogenic 
content of cyanogenic plant foods of Indian origin and their in vitro anti-thyroidal activity.in 
which he observed that cyanogenic glucosides and glucosinolate contents in the selected 
vegetables are less in glucosinolate in their dried state than the fresh state. The cyanogenic 
glycoside in bitter leaf was higher (0.31mg/Kg wet eight) than in other plants studied in its 
dried state. One-way analysis of variance (ANOVA) test was done to determine differences 
across means of different compounds in the different plants. There is no significant 
difference (p<0.05) in the Mean values. This means that consumption of high quantity of 
bitter leaf may have effect on Iodine metabolism in the body (Mundal and Chandra, 2019).  
 
However, the findings indicates that thiocyanate content, glucosinolate and cyanogenic 
glucosides in the selected vegetables were found to be below the100mg/kg recommended  
levels values for thiocyanate, and 10mg/kg for both cyanogenic glycosides and 
glucosinolate (WHO, 2003; EFSA Panel on Contaminants in the Food Chain, 2019).  
 
There is a significant difference (p<0.05) in the concentration of cyanogenic glycosides, 
Thiocyanate and glucosinolate content of the dried leaves samples. However, cyanogenic 
glycosides was highest in dried bitter leaf and lowest in water leaf. In a similar study of 
Cyanogenic glucosides, glucosinolates and thiocyanate content of common vegetables viz., 
cabbage, cauliflower, radish, carrot, sweet potato and beans of Tarai region of Eastern Uttar 
Pradesh by Bhattacharjee et al. (2012). Thiocyanate content was found to be high and this 
observation suggest that in addition to iodine deficiency, dietary intake of cyanogenic plant 
food having high thiocyanate content may play some roles in the persistence of endemic 
goiter. 
 
Glucosinolate content is low in the dried leaves, although it is higher in pumpkin (0.9mg/Kg 
wet weight) and lowest in bitter leaf (0.04mg/Kg wet weight). The active ingredient in 
Glucosinolate is Goitrin, an oxazolidine decomposition product from progoitrin (Chandra, 
2015). It is known to be strongly goitrogenic, inhibiting the synthesis of thyroid hormones, 
thyroxine and tri-iodine-thyronine by a selective binding of iodine that prevents iodine 
intake by the thyroid gland (Lo et al., 2018). The minimum amount of goitrin required to 
decrease the uptake of radioiodine in humans is 25 mg/100 g (194 μmol/100 g) (Mundal and 
Chandra, 2016) 
 
The thiocyanate content was found to be very high in both fresh and dried state in the 
vegetables studied. One-way analysis of variance (ANOVA) test showed that there was no 
significant difference (p<0.05) across means of the compounds in the different vegetables in 
both fresh and dried state. Thiocyanate ions are degradation product of indole 
glucosinolates which are competitive inhibitors of the sodium/iodide symporter; thus, 
exposure tothiocyanate can reduce iodide uptake by the thyroid gland thus resulting in 
hypothyroidism (Lo et al., 2018). Thiocyanate content of cauliflower, cabbage, cassava, 
mustard radish and turnip were analyzed by National Institute of Nutrition (NIN) and was 
found to contain Thiocyanate at varying concentration (Eduardo et al., 2009).  
Consumption of cyanogenic plant as evidenced by urinary Thiocyanate level is considered 
as one of the etiological factors for the persistence of residual goiter in post salt ionization 
phase (Marwaha et al., 2003; Diallo et al., 2014). The consumption of vegetables, though rich 
in nutrients could be limited and dangerous to health if their goitrogenic content is high 
beyond the acceptable limit. However, Oladejo et al. (2018) in a similar study showed that 
the goitrogenic substances in Nigerian vegetables are in safe amount. 
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CONCLUSION 
The results obtained from the assessment of goitrogenic content of common vegetables viz:-
pumpkin leaf (Telfairia occidentalis), water leaf (Talinum fruticosum), bitter leaf(Vernonia 
amygdalina) and Spinach (Spinaceae oleracea)  obtained from Egah market in Idah local 
government area of Kogi State, Nigeria showed that Thiocyanate, cyanogenic glucosides and 
glucosinolate contents were below the maximum limits. Therefore there is no health risk for 
the consumers of these vegetables in the study area. However, further studies on the 
selected vegetables should be carried out to determine the contents of other harmful metals 
in vegetables in the study area 
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