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ABSTRACT  
Isothicyanate is a major bioactive compound in Moringa oleifera 
Lam. There are numerous literatures that report the therapeutic 
effects of isothiocyanates. It is for this reason that the local 
consumption of the plant is increasing. In the current study, we 
devised a rapid protocol for the extraction of ITC from the aerial 
parts of M. oleifera and also determined the plant part with the 
highest yield. The purity of the ITCs was confirmed by High 
Performance Liquid Chromatography analysis. Our findings 
revealed that the seeds contain the highest proportion of 
isothiocyanate. This implies that the seeds of M. oleifera could 
serve as invaluable feedstock for large scale extraction of the ITCs 
for pharmaceutical and food industries.  
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INTRODUCTION  
Isothiocyanates (ITC) are a class of Sulphur containing secondary 
metabolites produced via the hydrolysis of glucosinolates (Jaafaru 
et al., 2018). The hydrolysis of the glucosinolates occurs under the 
action of the enzyme myrosinase in plants. This process is usually 
triggered by tissue damage, chopping or chewing of the plant 
tissues that enables the release of myrosinase and its consequent 
hydrolytic activity (Dinkova-Kostova and Kostov, 2012). Regular 
consumption of plants that are rich in glucosinolates provides the 
body with a pool of ITCs that exert beneficial therapeutic effects in 
the body. ITCs, the active form of glucosinolates are predominantly 
found in Brassicaceae, Capparaceae and Moringaceae plant 
families (Sharma and Kapoor, 2015). Moringa oleifera is reported 
to contain significant proportion of important phytochemicals 
including GMG-ITC (Glucomoringen-ITC) that have been used for 
the treatment of cancer, inflammation, neurodegenerative diseases 
and bacterial, viral and fungal infections (Sharma and Kapoor, 
2015). The seeds of M. Oleifera contain essential oils, rhamnose, 
glucose and relatively high quantity of glucosinolates and their 
derivatives (isothiocyanates) (Jaja-Chimedza et al., 2017; Tripathi 
et al., 2017). The seeds also contained certain prominent 
substances like benzylamine (moringinine), thiocarbamate 
(moringin or [4-(α-l-rhamnopyranosyloxy) benzyl isothiocyanate]), 
glycosides (niaziminin and niazinin), β-sitosterol and lutein 
(Mbikay, 2012; Rajan et al., 2016). The ash content of M. oleifera 
Lam is rich in miringinine and moringin (alkaloids), and the purely 
extracted gum from the plant has been reported to possess 
galactose, arabinose, mannose, glucuronic acid, rhamnose and 
xylose, all in L form (Lalas et al., 2017; Singh, 2017). These 
monosaccharides are the mildly acidic products produced from the 
hydrolysis of the entire gum (Singh, 2017). Furthermore, the flower 
part of the plant contains traces of alkaloids, D-glucose, quercetin, 

kaempferitrin, wax and sucrose; with calcium and potassium 
abundantly present in the ash (Maizuwo et al., 2017; Oyeyinka and 
Oyeyinka, 2018). The leaves of the plant have been reported to be 
good source of antioxidants as they contains flavonoids, ascorbic 
acid, carotenoids and phenolics in addition to proteins, β-carotene, 
vitamin C, potassium and calcium (Nouman et al., 2016). Miracle 
tree, as it is popularly called, the entire plant has been associated 
with a number of medicinal activities ranging from anti-
inflammatory, antioxidant, antibacterial, antiulcer, anticancer, 
antidiabetic and neuroprotective properties (Daba, 2016; Vaknin 
and Mishal, 2017, Jaafar et al., 2019). Generally, M oleifera Lam is 
known for its economic value and versatile uses as functional food, 
medicinal agent, water purifying potential and nutraceutical among 
others (Daba, 2016). Being a repository of ITCs, we extracted and 
characterized ITCs from the seeds, leaves, stem bark and root of 
Moringa oleifera Lam. We also estimated the percentage yield from 
the aerial parts of the plant, as this would enable large scale 
extraction for commercial purposes by pharmaceutical and food 
industries. 
 
MATERIALS AND METHOD 
Plant material: The seeds, leaves, stem bark and root of Moringa 
oleifera Lam. were collected from Zaria, Kaduna State and 
identified by Malam Umar Ghali of the Department of Biological 
science (resident botanist), Kaduna State University. The voucher 
specimen no, 1121 was assigned to the plant material and 
deposited in the herbarium. 
 
Extraction of Glucomoringin-isothiocyanate: The plant 
materials were shade dried for 4 weeks and ground to fine powder 
prior to the extraction using a modified protocol of Jaafaru et al. 
(2018). About 10 g each of the dried M. oleifera seed, leaf, stem 
bark and root powder were soaked separately in 200 mL of 50% 
methanol (Analytical grade) in 500 mL conical flasks. The solutions 
were vortexed for 15 s and incubated at room temperature for 1 
hour and then sonicated for 35 mins at 30oC. The yield of crude 
extract was calculated as follows: 
 
Yield (%) =  
 
 
Isolation of Glucomoringin-isothiocyanate: The mixture above 
were spun at 5000 rpm for 30 mins and the supernatant was 
collected and loaded on to a column parked with DEAE Sephadex 
(A-25). A mixture of 50% methanol, acetic acid and water in the 
ratio, 1:1:3 was prepared and used to flush the column. To elute 
the GMG-ITC, 50 mL of 5% ethanol in 0.5 M K2SO4 was used to 
run the column. The GMG-ITC was purified further using cold 
ethanol, and dried again on a rotary evaporator at 40oC. However, 
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the yield of compound with high purity was calculated as follows: 
 
Yield (%) =  
 
 
High performance liquid chromatography (HPLC): The purity of 
the isolated compound was ascertained on (1290 Infinity II LC 
System, USA) equipped with C18 column (250 mm × 3.0 mm × 5 
μM). The isocratic program of 100% milliQ at 0.5 ml/min flow rate 
was performed at 299 nm, and a clear peak with a retention time 
between 1.8 to 4.0 minutes were observed as described by Jaafaru 
et al. (2018). 
 
RESULTS AND DISCUSSION 
Following extraction and isolation of the compound under study, 
the yields from starting material for crude extract and that of 
isolated compound of interest are displayed in Table 1. HPLC 
analysis using 299 nm wave length as described above, showed 
the elution of a phytochemical between 1.8 to 4.0 minutes with an 
intensity of about 7000 µV (Figures 1 to 4), indicating that the 
eluted compound was a sulphur containing principle as reported by 
de Graaf et al. (2015). 
 
Table 1 : Yield of extract and isolated compound from M. oleifera 
Lam seeds, leaves, stem bark and root in (mg) and (%) 

 
 

 
Figure 1: HPLC chromatogram of extracted isothiocyanate from 
the leaves of M. oleifera (A) and standard sinigrin (B). 
 

 
Figure 2: HPLC chromatogram of extracted isothiocyanate from 
the stem of M. oleifera (A) and standard sinigrin (B). 
 

 
Figure 3: HPLC chromatogram of extracted isothiocyanate from 
the root of M. oleifera (A) and standard sinigrin (B). 
 

 
Figure 4: HPLC chromatogram of extracted isothiocyanate from 
the seed of M. oleifera (A) and standard sinigrin (B). 
 
The use of M. oleifera in folklore medicine in Africa and Asia has 
been intensified in recent years, the aerial parts of the plant 
particularly the seeds and the leaves have been used to cure a 
number of disorders including but not limited to cancer, cardiac, 
infectious disease, diseases of the nervous system and metabolic 
diseases (Giacoppo et al., 2017). Among the phytochemical 
content of the plant, glucomoringin isothiocyanate hold high 
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therapeutic potential against several disease conditions (Giacoppo 
et al., 2017). Thus, the need to identify the plant part containing the 
highest percentage of GMG-ITC is a prerequisite for large scale 
extraction of the active component by pharmaceutical companies.  
The objective of this study was to isolate, characterize GMG-ITC 
from aerial parts of M. oleifera Lam using HPLC and to identify the 
GMG-ITC rich regions of the plant. 
 
Of all the aerial parts of the plant used for the extraction, the seeds 
of Moringa oleifera produced the purest form of isothiocyanate and 
the percentage yield of the compound is much higher in the seeds 
compared to other parts. This was closely followed by that of the 
leaves, stem bark and finally the root which contained the least 
amount among them. Similar findings reported that the seeds of M. 
oleifera contain high content of Glucomoringin (GMG) which is the 
precursor of the isothiocyanate (Galuppo et al., 2015). The elution 
time of the compound on HPLC system is in agreement with that 
reported by De Graaf et al. (2015) as observed on 1290 Infinity II 
LC System, where GMG-ITC was eluted between 2 to 4 minutes 
while its corresponding precursor was eluted between 5 to 8 
minutes. 
 
Based on literatures reviewed, the seeds and leaves of M. oleifera 
are the main parts used for the extraction of GMG-ITC. In a recent 
study by Jaafaru et al. (2018) on GMG-ITC isolated from M. oleifera 
pods, it was reported that the GMG-ITC rich fraction induced 
apoptosis and prevented the proliferation of human prostrate 
adenocarcinoma cells. Similarly, the phenylisothiocyanate has 
been reported to induce chemopreventive properties in cancer 
stem cells (Yuan et al., 2016). 
Oral doses of the ITCs for clinical studies have been formulated 
and used successfully (Fahey et al., 2019). More importantly, ITCs 
have been used as an antiviral, antifungal, antibacterial, 
antidiabetic and anti-inflammatory agents (Sharma and Kapoor, 
2015). The method described in this study is a rapid protocol that 
enabled the isolation of pure forms of ITCs. In addition, the study 
showed the seeds and leaves of M. oleifera produce purer and 
better yields of ITCs. Thus, the collective outcomes of the above 
analysis and supporting data from literature, enabled us to 
unequivocally confirm the isolated compound as 4-(α-L-
rhamnosyloxy) benzyl glucosinolate known as glucomoringin 
(GMG). 
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