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Abstract 

Due to diverse climate in India, wide variety of green leafy vegetables can be found which are 

still unexplored and underutilized. In addition to being resilient and adaptive, these vegetables 

also demand low cost plantation and harvesting. Demand for sufficient food and nutrition has 

led to scout more of these vegetables.  A study was conducted to assess the anti-nutritional and 

phytochemicals profile of some underutilized and commonly consumed green leafy vegetables 

(GLV) to increase their acceptability in the daily diet. Amaranth (Amaranthusviridis), 

cauliflower leaves (Brassica oleracea var. botrytis), radish leaves (Raphanus raphanistrum 

subsp. sativus), spinach (Spinacia oleracea) and lettuce leaves (Lactuca sativa) were collected 

locally. The leaves were washed and tray dried in a hot air oven at 60°C for 2-3 h and ground 

into powder. They were tested for presence of phytochemicals and anti-nutritional components 

phytic acid, nitrate, oxalate, tannin, and alkaloids. Among the GLV cauliflower greens had the 

highest content of oxalate (97.78±0.02 mg/100 g) followed by radish leaves (84.5±0.02) and 

spinach (72.51±0.02), respectively.  Higher levels of phytic acid occurred in lettuce 

(26.89±0.02 mg/100 g), amaranth (25.79±0.02), and cauliflower greens (25.50±0.02). Tannin 

content was in cauliflower (37.79±0.03 mg/100 g), spinach (39.89±0.02), radish (42.54±0.02), 

amaranth (41.26±0.02), and lettuce (43.7±0.02). No differences occurred in nitrate content of 

all GLVs (cauliflower (12.44±0.01 mg/100g), radish (9.8±0.02), spinach (7.9±0.28), amaranth 

(11.86±0.01), lettuce (12.76±0.02). Alkaloid content of the GLVs was highest in cauliflower 

(72.81±0.01 mg/100 g) followed by radish (68.09±0.02) and lowest in lettuce (48.8±0.02). The 
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GLVs offer cheap, rich sources of several phytochemicals. Phytochemicals are considered to 

be new form of medicine inducing health. The anti-nutritional content is of no consequence 

and may be reduced by various processing and cooking methods. Without any interference 

from anti nutritional factors, greens can be tapped to their maximum potential.  These 

underutilised greens can be developed as value-added food products but mostly greens serve as 

fodder for animals and is wasted. This study proves that the beneficial extracts from these 

underutilised green leafy vegetables can be used as rich sources of micronutrient and 

phytochemicals in our daily diet.  

Keywords: Vegetables, antioxidants, micronutrients, phytochemicals, therapeutic 

Introduction  

Emerging as Nutraceuticals, Phytochemicals are bioactive compounds which are obtained from 

plants including  luteins, diallylsulfides, isothiocyanates,  antioxidants polyphenols, carotenoids, 

vitamins, phytoestrogens, glucosinolates, anthocyanins and flavonoids. Mostly found in 

vegetables, they have many potential health benefits (Carbonell-Capel et al., 2013; Gil-Chávez et 

al., 2013; Yalsan and Capar, 2017).  Along with these phytochemicals, some vegetables also 

contain a certain amount of the anti-nutritional substances like oxalates, saponins, tannins phytic 

acid, and alkaloids (Begum and Manjula, 2015; Aguilar et. al., 2008) known to cause 

gastrointestinal disturbances and have an adverse effect on the absorption of calcium and iron. 

These side effects can be minimised by post-harvest heating and drying, canning, freezing, or by 

breeding varieties having lower anti-nutritional factors. (Ranum, et. al., 2014 and Gupta et.al., 

2011). Housing these both come underutilised green leafy vegetables (GLVs) which not only 

increase iron and serum retinol concentrations but also help in lowering cholesterol and control 

blood glucose levels (Balakrishnan et.al., 2009). There are green leafy vegetables which are 

underutilized in many locations of India and can be exploited for natural antioxidants and anti-

nutritional factors (Subhashree et. al., 2009; Sheela et. al., 2004). The study was conducted to 

assess the anti-nutritional and phytochemical profile of some commonly consumed underutilized 

green leafy vegetables to determine their suitability for consumption. 
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Materials and methods 

Five leafy vegetables viz., amaranth (Amaranthusviridis), cauliflower leaves (Brassica oleracea 

var. botrytis), radish leaves (Raphanusraphanistrum subsp. Sativus), spinach (Spinaciaoleracea) 

and lettuce leaves (Lactucasativa ) were purchased from the local markets of Chandigarh. On 

removing leaves and stalks , they were washed under running cold water. After washing, surface 

drying of the leaves was done and then shifted to hot air oven operated at 60◦C for 2-3h. Fine 

powder was made of the leaves after drying and stored in an airtight container for further use. 

Phytic acid was determined according to the method as suggested by Sadasivam and Manickam, 

2007. About 0.5g sample was extracted with 20 ml of 0.5M nitric acid for 3-4 hours with 

continuous shaking. The final intensity of the colour so formed was checked at 465nm by using a 

spectrophotometer against a blank of amyl alcohol. The amount of phytic acid can be calculated 

from the standard curve. Tannins were determined by the Folin-Ciocalteu method and the 

absorbance was read at 760nm (Saeed et. al., 2012). All the solutions were made fresh and 

diluted to volume with water.0.5gm of the sample was transferred to a 50ml volumetric flask 

containing 30ml 0.25 N HCl for the estimation of oxalates. The mixture was boiled for 

15minutes. Blank was prepared by using 2 ml of 1 N H2SO4 (Naik et. al., 2014). The absorbance 

was measured at 525nm. According to Chukwuma et. al.,2016 alkaloids were determined by 

using 2.5gm of the dried sample in which 200ml of 10% acetic acid solution was added and 

allowed to stand for 4 hours. The extract was then concentrated and 15 drops of concentrated 

ammonium hydroxide was added. After 3 hours, the supernatant so formed were discarded and 

the precipitates were treated with 20ml of 0.1M ammonium hydroxide and then dried. The final 

percentage of the alkaloids can be expressed by taking the weight of the alkaloid over the weight 

of the sample used into 100. Nitrates were determined according to the method used by Gaya et. 

al., 2006 and the final absorbance was read at 407nm. 

 

Results and discussion 

Table 1 shows the quantitative measurements of the anti-nutritional factors and phytochemicals 

of the selected underutilized greens. It is well established that GLVs have an important place in 

our diet due to their high micronutrient content. The presence of anti-nutritional factors should 
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not hinder their consumption. It was observed in the following study that the amount and types 

of anti-nutritional factors found were in limited amounts and not harmful for consumption. All 

the anti-nutritional factors assessed have little or no impact on the absorption of nutrients and in 

turn, they help enhance the phytochemical profile of the vegetables. Different processing 

techniques have an impact on the anti-nutritional factors in foods and thus can be utilised to 

decrease the amounts of undesirable factors found (Natesh et. al.,2017). 

The content of phytic acid in storage organs is much higher than the amount found in leaves.   

(Lott et. al., 2005; Raboy 2003). The phytic acid content of the leaves ranged from 21.67-

26.89mg/100gm (Figure 1) with radish leaves having the least amount and maximum levels were 

found in lettuce leaves. Alkarawi et.al 2014 studied the presence of phytic acid in green leaves 

and found that apart from roots, (Campbell et al., 1991), a sufficient amount of phytic acid was 

also found in tubers (Samotus &Schwimmer 1962) and leaves (Bentsink et al . 2003). De Turk 

1933 established that phytic acid levels are lower in the leafy part of the vegetables.  Winkler & 

Zotz (2009) was one of the first to indicate a potentially important ecological role of phytic acid 

in leaves as herbivore deterrent. Otitujo et.al.,2014 observed that the phytochemical contents of 

the vegetables are affected by processing. The phytochemical contents of most of the vegetables 

in their raw forms increased when shade dried and decreased when cooked.  

The nitrate content of the selected green leafy vegetables ranged from 7.9-12.76mg/100gms 

(Figure 2) with spinach having the lowest content and lettuce the maximum. Due to their role in 

nitrogen cycle and growth and development of plants, nitrates are considered an important 

natural constituent of plants (Lucariniet al., 2012; Boink, 2001; EFSA, 2008). A study conducted 

by Lammarino, 2014, also found that lettuce contains the highest concentrations of nitrate. A 

vegetable-rich diet is known to lower the risk of developing cardiovascular and other gastric 

complications (Naseem, 2005, Larsen, 2005, Webb, 2008; Bahra, 2012, Tang, 2011, Bondonono, 

2016).  Thus, the presence of nitrates in small amounts in the green leafy vegetables is 

considered safe and beneficial for human consumption. 

The tannin contents were similar in all the vegetables included in this study (Figure 3).  

The cauliflower contains the least amount (37.795mg/100gm) whereas lettuce has maximum 

amount of tannins (43.7mg/100gm). Several studies report the health benefit of tannins (Kumari 
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et. al., 2012). However, the literature on tannins composition in vegetables, particularly in leafy 

vegetables is scanty. Rao and Prabhavati, 1982 reported that a daily intake of tannin between 1.5 

– 2.5g is safe for consumption and does not cause any side effects. In turn, tannins are known to 

act as phytochemicals and help in the prevention of degenerative and lifestyle diseases (Tuli et. 

al., 2017). None of the GLVs undertaken in the present study reported high levels of tannins and 

can safely be consumed in the daily diet.  

The oxalate content was found highest in cauliflower leaves (97.78mg/100gm) and lowest in 

lettuce leaves (54.9mg/100gm). In spinach specifically, the oxalate is present in soluble form. 

This binds with the calcium present in food and thereby reduces its ability to be absorbed 

(Brorgren et. al., 2003). Cooking methods especially boiling markedly reduced soluble oxalate 

content by 30-87% (Chai et.al.,2005) 

Alkaloids are naturally occurring compounds having anti-microbial properties. The types of 

alkaloids found in green leafy vegetables have no adverse effects on human health and can be 

considered safe for consumption (Ranjitha et al., 2005). Thus, the alkaloid content found in the 

green leafy vegetables tested was highest in cauliflower greens (72.81mg/100gm) and least in 

lettuce (48.8mg/100gm). The alkaloid content was higher in raw vegetables as compared to 

boiled ones (Onyeka et al., 2007). The alkaloid content of cauliflower leaves is known to have 

herbicidal and anti-microbial effects. Furthermore, the anti-nutritional factors present in them 

serve as phytochemicals and help to alleviate several diseases (Saadet.al.,2017). 

Table 1: Anti-nutritional and phytochemical profile of selected GLVs 

Name of leafy 

greens  

Phytic acid 

(mg/100 g) 

Oxalate 

(mg/100 g) 

Nitrate 

(mg/100 g) 

Tannin 

(mg/100 g) 

Alkaloid 

(mg/100g) 

Cauliflower 25.50±0.02* 97.78±0.02 12.44±0.01* 37.79±0.03* 72.81±0.01*  

Radish 21.67±0.02 * 84.5±0.028  9.8±0.02* 42.54±0.02*  68.09±0.02*  

Spinach 22.42±0.02 * 72.51±0.02 7.9±0.28*  39.89±0.02*  53.22±0.01*  

Amaranth 25.79±0.02 * 65.79±0.02  11.86±0.01  41.26±0.02* 57.88±0.01*  

Lettuce 26.89±0.02 * 54.9±0.02  12.76±0.02 * 43.7±0.028* 48.8±0.028* 

All the values are represented as mean±SD. 

*The mean difference is significant at the 0.05 level using one way ANOVA followed by 

Dunnet’s t test  



European Journal of Molecular & Clinical Medicine  

ISSN 2515-8260 Volume 8, Issue 2, 2021 

 

448 

 

Figure 1: Phytic acid content of the greens/100 g.  

 

 

 

 

 

Figure 2: Nitrate content of the greens/100 g 

 

 

 

 

 

 



European Journal of Molecular & Clinical Medicine  

ISSN 2515-8260 Volume 8, Issue 2, 2021 

 

449 

 

 

 

Figure 3: Tannin content of the greens mg /100 g  

 

 

 

 

Figure 4: Oxalate content of the greens mg/100 g  
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Figure 5: Alkaloid content of the greens mg /100gms  

 

Conclusion  

This study emphasize on use of underutilized and unexploited green leafy vegetables dense in 

health imparting phytochemicals. Various tests conducted on GLF attempts to ward off any 

myths surrounding the consumption of green leafy vegetables and their avoidance due to their 

anti-nutritional content. The daily consumption of green leafy vegetables shows many beneficial 

effects that may tend to overcome the anti-nutritional components present in them. Not forgetting 

the important implementation of basic household techniques like washing, blanching etc. The 

amount of green leafy vegetables consumed, and the percentage of anti-nutrients present in them, 

are well below the toxic levels for consumption by humans. Thus, efforts must be made to 

include green leafy vegetables as an integral part of our daily diet as they are a storehouse of 

nutrients and help in alleviating various health related complications especially micronutrient 

deficiencies. Bringing these crops into cultivation and consumption will also provide much 

needed nutritional security to general populace. 
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