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Abstract 
 

Amaranthus spp. are widely consumed as vegetables for their nutritious qualities and also have 
applications in traditional medicine. The current research attempts to identify the phytochemicals, 
cytotoxicity effects, and antioxidant activities of the stem of A. tricolor, A. blitum, A. viridis, and A. 
spinosus. The stem powder was extracted by solvent using methanol, ethanol, and aqueous. The 
methods were used for phytochemical screening (standard protocol), total phenol content (Folin-
ciocalteau assay), total flavonoid content (aluminum colorimetric assay), cytotoxicity (brine shrimp 
lethality assay) and antioxidants (phosphomolybdate and DPPH assay). The phytochemical analysis 
revealed the existence of alkaloids, flavonoids, terpenoids, carbohydrate, glycosides, c. glycosides, 
amino acids, xanthoproteins, phenols, saponins, steroids, and coumarins. Among the four species, the 
methanolic extracts of A. blitum showed maximum quantities of phenol (20.02 ± 0.32 mg GAE/g), 
flavonoid (27.76 ± 0.29 mg QE/g) and high antioxidant activity (IC50 = 103.25 ± 1.52 µg/ml). The highest 
total antioxidant capacity was observed in the ethanolic extract of A. viridis (48.53 ± 2.98 mg AA/g). The 
stem of A. blitum showed little cytotoxic impact (LC50 <1000) and the rest of the species were non-
cytotoxic (LC50>1000). The findings demonstrated that the selected Amaranthus spp. are a valuable 
source of phytochemicals and natural antioxidants. This research suggests conducting further 
investigation to detect novel compounds. 
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Introduction 
A balanced diet must include a variety of vegetables since they provide a wealth of nutrients and bioactive 
substances that are vital to human health (Papastavropoulou and Proestos 2023). Many Asian and African 
nations, such as Bangladesh, India, China, Zimbabwe, and South Africa, commonly use aerial parts of 
Amaranthus species as vegetables (Yanga et al. 2020). Because they are rich in essential nutrients, 
phytochemicals, and proteins (Maroyi 2013). The most common Amaranthus species in Bangladesh are A. 
tricolor (known as lalshak), A. blitum (known as datashak), A. viridis (known as shaknotey), and A. spinosus 
(known as katanotey). A. tricolor and A. blitum are cultivated commercially in several locations, whereas A. 
viridis and A. spinosus are grown wild on fallow ground. Extracts from Amaranth are used as traditional 
therapeutic herbs; they are particularly effective as antiviral, antimalarial, anti-diabetic, antibacterial, anti-
helminthic, and anti-snake remedies (Sarker et al. 2020a, Sarker et al. 2020b). A. tricolor is traditionally used 
to cure ailments like coughs, throat infections, skin diseases, toothache, eczema, piles, hemorrhages, 
diarrhea, gonorrhea, leucorrhea, diabetes, and anemia (Kumar et al. 2019). A. blitum is treated against 
diseases like lung disorders, mouth and throat ulcers, fever, bleeding, inflammations, diarrhea, dysentery, 
cough, skin disease, and anemia (Nehal et al. 2016, Gavit and Patel 2019). Pulipati et al. (2015) reported 
that A. viridis traditionally used as diuretic, analgesic, antipyretic, vermifuge, antiulcer, antidiabetics, laxative, 
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asthma and venereal diseases. A. spinosus used in traditional medicines such as malaria, antipyretic, 
laxative, stomachic, febrifuge, gonorrhea, snake-bit and poultice for broken bones (Asha et al. 2016). Drug 
formulations based on antioxidants are used to treat and prevent diseases such as cancer, diabetes, stroke, 
atherosclerosis, and Alzheimer's disease (Devasagayam 2004). 
Antioxidants are compounds that give free radicals electrons, preventing the damage these radicals cause to 
cells. As a result, the chemical is stabilized and harm to neighboring cells is avoided. Antioxidants also 
convert free radicals into waste byproducts that the body finally removes (Islam et al. 2013). Phenolic 
substances, including flavonoids, phenolic acids, alkaloids, tannins, coumarins, terpenoids, and vitamins, are 
frequently abundant in medicinal plant components. These substances exhibit a variety of biological 
activities, such as antioxidant activity (Packer et al. 1999, Ho et al. 2012). The cytotoxic activity of plants 
regulates the progress of various therapeutic drugs such as tumors, cancer, and microbial disease (Akter et 
al. 2013). The brine shrimp lethality test is applied to estimate plants cytotoxicity and pesticidal properties 
(Pisthanan et al. 2004). A low LC50 (<1000) suggests the use of anticancer or cytotoxic medications, whereas 
a large LC50 (>1000) can be utilized to design non-toxic drugs (Kamanja et al. 2018). The toxic effect of 
medicinal plants is responsible for their phytochemical content such as alkaloids, heavy metal contamination, 
and substitution with toxic herbs (Zahir et al. 2021). 
Studies on Amaranthus species have revealed that their leaves have greater levels of minerals, 
phytochemicals, and antioxidant activity (Tharun et al. 2012, Sadia et al. 2016, Sharma et al. 2021, Jayarajan 
et al. 2022). These species also play a big part in food security and health benefits. Nevertheless, the 
phytochemical screening, cytotoxicity, and antioxidant activity of A. tricolor, A. blitum, A. viridis, and A. 
spinosus stem extracts are not well documented in the scientific literature. This study was the first attempt to 
identify the phytochemical content of stems from four Amaranthus spp. and to determine their potential for 
cytotoxicity and antioxidant activity.  
 
 
 
 
 
 
 

Materials and Methods 
Chemicals 
DPPH (2,2-diphenyl1-picrylhydrazyl), folin-ciocalteu reagent, aluminium chloride, ascorbic acid, gallic acid, 
quercetin, sodium carbonate, potassium acetate, sodium bicarbonate, etc. have been used these 
experiments. All chemicals and reagents were of analytical grade and were purchased from Tokyo Chemical 

A. viridis A. spinosus A. blitum A. tricolor 

Fig. 1: The whole plant of four Amaranthus spp. 
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Industry Co. Ltd. China; Loba Cheme Pvt. Ltd. India; Sisco Research Lab., Pvt. Ltd. India; Merck Life 
Science Pvt. Ltd., India. 
Plant Materials 
The fresh A. tricolor and A. blitum plants were purchased from the local market in Rajshahi. A. viridis and A. 
spinosus were collected from the University of Rajshahi campus areas. The plants were identified by the 
Plant Taxonomy Laboratory, Department of Botany, University of Rajshahi, Rajshahi. 
Preparation of crude extracts 
The stem parts were separated from the plants and dried at room temperature (26±2ºC). Stem parts were 
powdered using an electric grinder and extracted with absolute ethanol, methanol, and distilled water in a 
ratio of 1:10 (w/v). The extracts were filtered through the Whatman paper No. 1 filter paper and allowed to 
evaporate at 35±2°C in a water bath. The crude extracts were transferred into airtight vials and kept at 4°C 
for further investigations. 
Phytochemical analysis  
Phytochemical screening for the existence of alkaloids, flavonoids, terpenoids, carbohydrates, glycosides, c. 
glycosides, amino acids, xanthoproteins, phenols, saponins, tannins, steroids, and coumarins were carried 
out using established techniques as outlined by Balamurugan et al. 2019. 
Cytotoxicity analysis 
The cytotoxicity activity was determined by the brine shrimp lethality assay described by Bhatt et al. (2016) 
with slight modifications. Brine shrimp eggs (Artemia salina) were hatched in an artificial seawater. Ten 
nauplii were treated with different concentrations (10, 20, 40, 80, and 100µg/ml) of plant extracts. The data 
were recorded for 24 hours and calculated LC50 values. The percentage of mortality was calculated using the 
following formula: 
 
 
Estimation of total phenol content (TPC) 
The Folin-Ciocalteu Reagent (FCR) technique was used to calculate the total phenolic content described by 
Alhakmani et al. (2013) with some modifications. 1 ml of each extract (1 mg/ml concentration) was diluted in 
3 ml of distilled water. Then 1 ml of FCR was mixed with the solution and incubated for 5 min in the dark. 
After that 2 ml of 7.5% sodium carbonate (Na2CO3) was added and placed in the dark for 30 min. and the 
absorbance was measured at 765 nm with a UV-vis spectrophotometer. The gallic acid equivalent (mg/g) of 
the dry weight is used to represent the total phenol content. 
Estimation of total flavonoids content (TFC) 
With some changes, the aluminum chloride colorimetric technique described by Aruna and Sharma (2015) 
was used to assess the total flavonoid content (TFC). For this experiment, 1 ml of each extract (1 mg/ml 
concentration) was dissolved with 100 µl of 10% aluminum chloride solution and 1M potassium acetate 
solution, and 2.8 ml of distilled water for 30 minutes rest at room temperature (26±2ºC). The absorbance was 
measured at 415 nm with a UV-vis spectrophotometer. The quercetin equivalent (mg/g) of the dry weight is 
used to represent the total flavonoid content. 
 

Mortality (%) = 
No. of nauplii taken 

 
No. of nauplii lived 

No. of nauplii taken 
× 100 
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Determination of antioxidant activity 
Total antioxidant capacity (TAC) 
The phosphomolybdate method was employed to evaluate the total antioxidant capacity following a 
procedure outlined by Prieto et al. (1999). 100 µl of each extract was combined with 1 ml of 
phosphomolybdate reagent, and the mixture was incubated for 90 minutes at 95ºC. A UV-vis 
spectrophotometer was used to measure the absorbance at 695 nm after the solution was cool. 
DPPH radical scavenging activity 
The free radical scavenging activity of methanol, ethanol and aqueous extracts of stem was measured by a 
modified DPPH assay (Alvarez-Jubete et al. 2010). Mixed with 3 ml of DPPH solution and 2 ml of each 
concentration (25, 50, 100, 200, and 400 µg/ml) in a test tube. After 30 minutes in the dark, these solution 
combinations were measured at 517 nm with a UV-vis spectrophotometer. The percentage of DPPH 
scavenging activity was measured as follows: 
 
 
Where, Ab = Blank absorbance 
            As = Sample absorbance 
Data analysis 
The results were calculated as the mean ± SE of three separate replications. Statistical analyses and 
graphical presentations were performed using Origin Pro 9 software. The means were also compared by 
Duncan’s multiple range (DMRT) using the Statistical Package for the Social Sciences (IBM SPSS.23). The 
significance level was p<0.05. 
Results 
Phytochemicals screening 
The results of phytochemicals identification of four Amaranthus spp. are presented in Table 1. Among these 
species, the highest 12 (alkaloids, flavonoids, terpenoids, carbohydrates, glycosides, c. glycosides, amino 
acids, xanthoproteins, phenols, saponins, steroids, and coumarins) were detected in A. tricolor and A. 
spinosus stem extracts. Conversely, the stem extracts of A. blitum and A. viridis contained 11 phytochemical 
components, respectively. Only coumarins were absent in A. blitum and A. viridis, and tannins were not 
detected in any of the extracts. Compared to methanol and aqueous solvents, the ethanolic solvent was the 
most effective in identifying the phytochemical components. 
Cytotoxicity evaluation 
The percentage of probit kills at various log concentrations and the LC50 values of selected Amaranthus spp. 
stem extracts are displayed in Figs. 2 and 3. The maximum range (3.66 to 4.23%) of probit kill was found in 
A. tricolor, and the minimum range (3.12 to 3.87%) of probit kills was in A. viridis, respectively. The low LC50 
value (722.63 µg/ml) was shown in A. blitum, which was lower than the standard LC50 value (1000 µg/ml). 
On the other hand, the highest LC50 value (42757.66 µg/ml) was observed in A. viridis which was 
significantly higher than 1000 µg/ml. 
 

× 
Scavenging activity (%) = 

Ab As 

Ab 
× 100 
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Table 1: Phytochemical analysis of methanol, ethanol, and aqueous stem extracts of four Amaranthus spp.  

Phytochemicals 
A. tricolor A. blitum A. viridis A. spinosus 

M E Aq M E Aq M E Aq M E Aq 

Alkaloids - - + - - + - - + - - + 

Flavonoids + + - + + - + + + - - + 

Terpenoids + + - - + - + + - - + + 

Carbohydrate + + - + + + + + - + + - 

Glycosides - + - - + - + + - + + + 

C. glycosides + + - + + - + + - - + - 

Amino acid + + + + + + + + + + - + 

Xanthoprotein - - + - + - - + - - + - 

Phenol + - + + + + + + + - - + 

Saponins + + + + - + - - + - - + 

Tannins - - - - - - - - - - - - 

Steroids + + - + + - + + + + + - 

Coumarins + - + + - - - - - - - + 

“+” means Presence and “-” means Absence, M = Methanol, E = Ethanol, Aq = Aqueous. 
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Fig. 2: Percentage of probit kills at different log 

concentration in four Amaranthus spp. 
Fig. 3: LC50 values of four Amaranthus spp. 
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Total phenol content 
Fig. 4 is shows the results of the total phenol content of Amaranthus spp. at various solvents, which was 
measured by a folin-ciocaltue reagent assay and calculated with the gallic acid equivalent standard curve 
equation (y = 0.01831*x + 0.1454). The maximum phenol content was found in the methanolic extract of A. 
blitum (20.02 ± 0.32 mg GAE/g). This value was significantly difference at p<0.05% level with other all 
extracts. Whereas, aqueous extract of A. spinosus was obtained the minimum total phenol content (1.16 ± 
0.09 mg GAE/g), respectively. 
Total flavonoid content 
Using the aluminum chloride colorimetric technique, the total flavonoid content (TFC) of the methanolic, 
ethanolic, and aqueous extracts of Amaranthus spp. was calculated and compared with the quercetin 
equivalent standard curve equation (y = 0.01120*x + 1.124). The results are presented in Fig. 5. Among 
these species, the methanolic extracts of A. blitum contained the highest amount (27.76±0.29 mg QE/g) of 
total flavonoids, which was significantly different at the p<0.05% level from other species. The lowest amount 
(1.73±0.10 mg QE/g) of total flavonoids was observed in the aqueous extract of A. viridis. 
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Fig. 4: Total phenol content of four 

Amaranthus spp. 
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Fig. 5: Total flavonoids content of four 

Amaranthus spp. 
Antioxidant activity 
Total antioxidant capacity: The total antioxidant capacity of four different species of Amaranthus is shown 
in Fig. 6. The results showed that the ethanolic stem extract of A. viridis had the highest antioxidant capacity 
(48.53±2.98 mg AA/g), which differed significantly from the other extracts at the p<0.05% level. The 
methanolic stem extract of A. tricolor had the lowest antioxidant capacity (1.82±0.33 mg AA/g), but this 
difference was not significant compared to the methanolic extract of A. spinosus.   
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Fig. 6: Total antioxidant capacity of four Amaranthus spp. 

 

DPPH scavenging activity 
The antioxidant activity of four Amaranthus spp. stem extracts was measured as the percentage of DPPH 
free radical scavenging activity and IC50 values displayed in Figs. 7 and 8. According to the result, A. blitum 
stem showed a high percentage of scavenging activity (range: 33.41±0.10 to 65.37±0.10) at 25-400 µg/ml 
concentration and low IC50-103.25±1.52 µg/ml indicates it contains high antioxidant activity, which was a 
significant difference at the p<0.05% level. The lowest antioxidant activity was found in the aqueous stem 
extract of A. spinosus with a height IC50 value of 394.74±4.31 µg/ml 
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Fig. 7: Percentage of scavenging activity of four 
Amaranthus spp. 

Fig. 8: IC50 values of four Amaranthus spp. 
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Discussion 
Comparative studies were carried out on four species of Amaranthus spp. (A. tricolor, A. blitum, A. viridis and 
A. spinosus) for their phytochemicals, cytotoxicity and potential antioxidant activities. The present study 
revealed that selected four Amaranthus spp. methanolic, ethanolic and aqueous stem extracts were rich in 
phytochemicals including alkaloids, flavonoids, terpenoids, carbohydrate, glycosides, c. glycosides, amino 
acids, xanthoproteins, phenols, saponins, steroids, and coumarins. Sharma et al. (2021) reports that A. 
spinosus stem contains alkaloids, saponins, flavonoids, and polyphenols in different solvents. The current 
findings of stem extracts are nearly identical to some earlier research on the phytochemicals found in the 
leaves of A. tricolor (Sable and Saswade 2017), A. blitum (Gavit and Patel 2019), A. viridis (Sunday et al. 
2021), and A. spinosus (Sable and Saswade 2017).  According to some studies, flavonoids primarily reduce 
the risk of cancer and cardiovascular illnesses (Ballard and Marostica 2019). Alkaloids are useful in the 
synthesis of strong analgesics for human health (Kam and Liew 2012). It is well recognized that glycosides 
reduce blood pressure (Ullah et al. 2019). The applications of saponins include weight reduction, 
antioxidants, anticancer, anti-inflammatory, hypercholesterolemia, and hyperglycemia (Murugan and 
Parimelazhagan 2014). These findings suggest that Amaranthus spp. stems may be responsible for many of 
the therapeutic properties. 
In the present study, Amaranthus spp. stem extracts LC50 values sequences are A. viridis>A. spinosus>A. 
tricolor>A. blitum. The stems of A. viridis, A. spinosus, and A. tricolor have LC50 values of more than 1000 
µg/ml, indicating that they are safe to consume and can be applied as non-toxic medications. A. blitum stems 
contain LC50 values less than 1000 µg/ml, indicating that they are moderately toxic and might be used as 
cytotoxic drugs. Phytochemical groups such as flavonoids, alkaloids, and tannins have been shown to exhibit 
cytotoxic effects (Chowdhury et al. 2017). Khanal et al. (2015) reported that aqueous, hexane, and 
chloroform leaf extracts of A. spinosus are safe to use, and ethanolic extracts are slightly toxic. Some 
cytotoxicity studies of other species, like Amaranthus retroflexus are toxic in renal cells (Amoli et al. 2009), 
while Amaranthus caudatus has toxic effects (Shafie et al. 2023). The extracts with low LC50 values (>1000) 
have potential candidates for cytotoxic or chemotherapeutic medicines and may require more investigation. 
A. tricolor, A. blitum, A. viridis and A. spinosus are frequently eaten as vegetables and also utilized as herbal 
treatments in rural regions. Antioxidants present in plants have led to evaluations of their therapeutic 
qualities. The antioxidant activity of medicinal plants depends on quantities of phenolic and flavonoid 
compounds (Krings and Berger 2001). According to the current research, there was a significant rise in 
antioxidant activity (DPPH) and total antioxidant capacity when total phenol and flavonoid content increased. 
Because phenolic compounds function as reducing agents, and hydrogen donors, they can scavenge free 
radicals (Wojdylo et al. 2007). It has also been demonstrated in earlier research that TPC and TFC 
accelerate the antioxidant activities of plants (Wong-Paz et al. 2015, Yang et al. 2023). The greatest 
antioxidant activity in this context was found in the methanolic stem extract of A. blitum, which is also 
connected with higher TPC and TFC values. Lastly, the order of the four samples examined for antioxidant 
activity, TPC, and TFC was A. blitum >A. tricolor >A. viridis >A. spinosus. The order of total antioxidant 
capacity was A. viridis >A. blitum >A. spinosus >A. tricolor. Kavita et al. (2020) reported that the A. tricolor 
hexene extracts of stem contained TPC (0.11 ± 0.001 mg GAE/g), TFC (0.28 ± 0.08 mg QE/g) and IC50 
value (59.3 μg/mL) of DPPH which are lower values than current studies. Compared to some earlier 
research, the TPC, TFC, and antioxidant activity of Amaranthus spp. leaves are almost similar to our study 
values for stem (Khanam and Oba 2012, Menon and Thakker 2020, Jahan et al. 2022). 
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Conclusion 
The stems of the four Amaranthus species were found an excellent source of several phytochemicals, 
including phenols, saponins, steroids, coumarins, alkaloids, flavonoids, terpenoids, carbohydrates, 
glycosides, and c. glycosides. These species exhibited notable levels of antioxidant, flavonoid, and phenolic 
activity. The cytotoxicity statistics confirm that the stems of A. blitum are a little bit toxic and A. tricolor, A. 
viridis, and A. spinosus are considered non-toxic. These findings suggest that Amaranthus species are safe 
to consume as a vegetable and may have some therapeutic uses for human health. 
Acknowledgements 
The authors would like to express their gratitude to Professor MI Zuberi Ethnobotany Laboratory Department 
of Botany, University of Rajshahi, Rajshahi-6205, Bangladesh for providing Laboratory and associated 
facilities. 
Conflict of interest 
The authors declare that there are no conflicting interests. 
References 
Akter P, Shaikh J, Uddin I, Darren Grice and Tiralongo E (2013). Cytotoxic activity screening of Bangladeshi medicinal 

plant extracts. Journal of Natural Medicines 68(1): 246-252. doi: 10.1007/s11418-013-0789-5. 
Alhakmani F, Kumar S and Khan SA (2013). Estimation of total phenolic content, in vitro antioxidant and anti-

inflammatory activity of flowers of Moringa oleifera. Asian Pacific Journal of Tropical Biomedicine 3: 623-7. 
Alvarez-Jubete L, Wijngaard H, Arendt EK and Gallagher E (2010). Polyphenol composition and in vitro antioxidant 

activity of amaranth, quinoa buckwheat and wheat as affected by sprouting and baking. Food Chemistry 119: 
770-778. 

Amoli JS, Parisa Sadighara P, Barin A, Yazdani A and Satari S (2009). Biological screening of Amaranthus retroflexus L. 
(Amaranthaceae). Brazilian Journal of Pharmacognosy 19(2B): 617-620. 

Aruna K and Sharma RA (2015). Estimation of total phenol, flavonoid contents and DPPH free radical scavenging activity 
of Oxalis corniculata Linn. International Journal of Biological and Pharmaceutical Research 6: 178-81. 

Asha S, Rekha R and Sadiq AM (2016). Amaranthus spinosus- A Review. Bulletin of Environment, Pharmacology and 
Life Sciences 5(9): 102-107. 

Balamurugan V, Fatima MAS and Velurajan S (2019). A Guide to Phytochemical Analysis. International Journal of 
Advance Research and Innovative Ideas in Education 5(1): 2395-4396. 

Ballard CR and Marostica MR (2019). Health Benefits of Flavonoid in Book Bioactive Compounds, pp. 185-201. 
https://doi.org/10.1016/  

Bhatt D, Jethva K and Zaveri M (2016). Cytotoxicity screening of the commonly used indigenous medicinal plants using 
brine shrimp lethality bio-assay. International Journal of Pharmaceutical Sciences Review and Research 
37(2): 147-150. 

Chowdhury S, Poddar SK, Zaheen S, Noor FA, Ahmed N, Haque S and Akbar N (2017). Phytochemical screening and 
evaluation of cytotoxic and hypoglycemic properties of Mangifera indica peels. Asian Pacific Journal of 
Tropical Biomedicine 7(1): 49-52. doi: https://doi. org/10.1016/j.apjtb.2016.09.009. 

Devasagayam TPA, Tilak JC and Boloor KK (2004). Review: Free radical and antioxidants in human health. Journal of 
the Association of Physicians of India 53: 794-804. 

Gavit HB and Patel NM (2019). Pharmacognostical, phytochemical and physicochemical evaluation of Amaranthus blitum 
L. leaves from south Gujarat. Journal of Pharmacognosy and Phytochemistry 8(3): 2148-2155. 

https://doi.org/10.1016/
https://doi.


 Faruq et al. 66

Ho YL, Huang SS, Deng JS, Lin YH, Chang YS and Huang GJ (2012). In vitro antioxidant properties and total phenolic 
contents of wetland medicinal plants in Taiwan. Botanical Studies 53: 55-66. 

Islam S, Nasrin S, Khan MA, Hossain ASMS, Islam F, Khandokhar P, Mollah MNH, Rashid M, Sadik G, Rahman MAA 
and Alam AHMK (2013). Evaluation of antioxidant and anticancer properties of the seed extracts of Syzygium 
fruticosum Roxb. growing in Rajshahi, Bangladesh. BMC Complementary and Alternative Medicine 13:142. 

Jahan F, Bhuiyan MNH, Islam MJ, Ahmed S, Hasan MS, Bashera MA, Waliullah M, Chowdhury AN, Islam B, Saha BK 
and Moulick SP (2022). Amaranthus tricolor (red amaranth), an indigenous source of nutrients, minerals, 
amino acids, phytochemicals, and assessment of its antibacterial activity. Journal of Agriculture and Food 
Research 10 100419. https://doi.org/10.1016/j.jafr.2022.100419. 

Jayarajan D, Malinidevi M, Sathiya S, Vijayasimha M and Dreviyaraj VMA (2022). Qualitative phytochemical analysis and 
in-vitro antimicrobial screening of Amaranthus blitum (L.) extracts. International Journal of Recent Scientific 
Research 13(9): 2313-2319. 

Kam PCA and Liew (2012). Traditional Chinese herbal medicines and anesthesia. Anaesthesia 57: 1083-1089. 
Kavita R, Priyadharshini and Gandhimathi (2020). GC-MS analysis of phytochemicals extract of Amaranthus tricolor 

stem. Journal of Advanced Scientific Research 4(8): 111-116. 
Khanal DP, Raut B and Dangol KS (2015). Phytochemical screening, pharmacognostic evaluation and biological activity 

of Amaranthus spinosus L. Journal of Manmohan Memorial Institute of Health Sciences 1(4). 
Khanam UKS and Oba S (2012). Bioactive substances in leaves of two amaranth species, Amaranthus tricolor and A. 

hypochondriacu. Canadian Journal of Plant Science (2013) 93: 4758 doi:10.4141/CJPS2012-117. 
Krings U and Berger RG (2001). Antioxidant activity of roasted foods. Food Chemistry 72: 223-9. 
Kumar K, Chanda S, Mazumder A, Chakraborthy GS, Kumar P, Sodhi G and Rana SK (2019). Phytochemical and 

pharmacological aspect of Amaranthus tricolor Linn. Review. International Journal of Allied Medical Sciences 
and Clinical Research 7(1): 278-284. 

Maroyi A (2013). Use of weeds as traditional vegetables in Shurugwi District, Zimbabwe. Journal of Ethnobiology and 
Ethnomedicine 9: 60. doi:10.1186/1746-4269-9-60 

Menon S and Thakker J (2020). Assessment of Amaranthus viridis L. leaves on growth, antifungal and antioxidant activity 
of Cicer arientinum L. International Journal of Pharma Medicine and Biological Sciences 9(2). 

Murugan R and Parimelazhagan T (2014). Comparative evaluation of different extraction methods for antioxidant and 
anti-inflammatory properties from Osbeckia parvifolia Arn.- An in vitro approach. Journal of King Saud 
University-Science 26(4): 267-275. 

Nehal N, Mann S and Gupta RK (2016). Nutritional and phytochemical evaluation of A. lividis L. syn. Amaranthus blitum 
subsp. Oleraceus (L.) Coesta leaves. Indian Journal of Traditional Knowledge 15(4): 669-674. 

Packer L, Rimbach G and Virgili F (1999). Antioxidant activity and biologic properties of a procyanidin-rich extract from 
pine (Pinus maritima) bark, pycnogenol. Free Radical Biology and Medicine 27: 704-724. 

Papastavropoulou K and Proestos C (2023). Vegetables as functional foods against cardiovascular diseases. Functional 
Foods and Their Implications for Health Promotion, pp. 3-28.  

Pisthanan S, Plianbangchang P, Ruanruay S and Muanrit O (2004). Brineshrimp lethality activity of Thailand medicinal 
plants in the family Meliaceae. Narisuan University Journal 12(2): 13-18. 
 

Kamanja IT, Mbaria JM, Gathumbi PK, Mbaabu M, John KD and Kiama SG (2018). Cytotoxicity of selected medicinal 
plants extracts using the brine shrimp lethality assay from Samburu County, Kenya. Journal of Modern 
Research 4(5): 249-255. 

Prieto P, Pineda M and Aguilar M (1999). Spectrophotometric quantitation of antioxidant capacity through the formation 
of a phosphomolybdenum complex: Specific application to the determination of vitamin E. Analytical 
Biochemistry 269: 337-41. 

https://doi.org/10.1016/j.jafr.2022.100419.


COMPARATIVE STUDIES 67

Pulipati S, Babu SP and Narasu ML (2015). Phytochemical analysis and antibacterial efficacy of Amaranthus tricolor (L) 
methanolic leaf extract against clinical isolates of urinary tract pathogens. African Journal of Microbiology 
Research 9(20): 1381-1385. 

Sable KV and Saswade RR (2017). Preliminary phytochemical analysis of Amaranthus spinosus leaves. International 
Journal of Life Sciences 5(4): 742-745. 

Sadia S, Mashwani ZUR, Amin H, Shedayi AA, Zhang JT, Bai X, Nayyar BG and Mazari P (2016). Qualitative and 
quantitative phytochemical analysis and antioxidant potential of Amaranthus Viridis L. From Pakistan. 
Proceedings of 54th The IIER International Conference, Beijing, China, ISBN: 978-93-82702-35-1. 

Sarker U, Hossain MM and Oba S (2020b). Nutritional and antioxidant components and antioxidant capacity in green 
morph Amaranthus leafy vegetable. Scientific Reports 10: 1336. 

Sarker U, Oba S and Daramy MA (2020a). Nutrients, minerals, antioxidant pigments and phytochemicals, and antioxidant 
capacity of the leaves of stem amaranth. Scientific Reports 10: 3892. 

Shafie M, Ahmadi AB, Khosravi A, Azimic M, Derakhshani A, Saeedpour A, Shafieepour S, Zaherara M (2023). Cytotoxic 
effects of Amaranth (Amaranthus caudatus L.) extract on human hepatocyte cell lines. Zahedan Journal of 
Research in Medical Sciences 25(2): e120348 doi: https://doi.org/10.5812/zjrms-120348. 

Sharma I, Kasture P, Umrao A, Rao J and Rao G (2021). Phytochemical analysis of Amaranthus spinosus Linn.: An in 
vitro analysis. Journal of Emerging Investigators 2: 1-7. 

Sunday EA, Gift WP and Boobondah WJ (2021). Phytochemistry and antioxidant activity of Amaranthus viridis L. (Green 
leaf). World Journal of Advanced Research and Reviews 12(02): 306-314. doi: 
https://doi.org/10.30574/wjarr.2021.12.2.0468. 

Tharun K, Rao N, Padhy SK, Dinakaran SK, Banji D, Avasarala H, Ghosh S and Prasad MS (2012). Pharmacognostic, 
phytochemical, antimicrobial and antioxidant activity evaluation of Amaranthus tricolor Linn. leaf. Asian 
Journal of Chemistry 24(1): 455-460 

Ullah S, Ullah I, Khan M, Zamir M, Khan BT, Naz R, Sohil M, Ihsan M and Abasi F (2019). Phytochemical analysis and 
antibacterial activity of Ajuga bracteosa, Bergenia ciliate, and Amaranthus viridis from District Lower Dir 
Village Maidan Banda of Khyber Pakhtunkhwa Pakistan. International Journal of Biosciences 14(5): 403-412. 

Wojdylo A, Oszmianski J, and Czemerys R (2007). Antioxidant activity and phenolic compounds in 32 selected herbs. 
Food Chemistry 105(3): 940-949.  

Wong-Paz JE, Contreras-Esquivel JC, Rodriguez-Herrera R, Carrillo-Inungaray ML, Lopez LI, Nevarez-Moorillon GV and 
Aguilar CN (2015). Total phenolic content, in vitro antioxidant activity and chemical composition of plant 
extracts from semiarid Mexican region. Asian Pacific Journal of Tropical Medicine 8(2): 104-11. doi: 
10.1016/S1995-7645(14)60299-6. 

Yang J, Myong Jo Kim MJ, Kwon YS, Chen W and Yin F (2023). Analysis and phytochemical profile of Amaranthus 
tricolor L. extract with antioxidative and antimicrobial properties. Food Science and Technology 43: e004823. 
doi: https://doi.org/10.5327/fst.004823. 

Yanga YC, Monga MC, Wua WT, Wanga ZH and Yina MC (2020). Phytochemical profiles and anti-diabetic benefits of 
two edible Amaranthus species. CyTa-Journal of Food 18 (1): 94-101, doi:10.1080/19476337.2020.1716850. 

Zahir S, Pal TK, Sengupta A, Biswas S, Bar S and Bose S (2021). Determination of lethal concentration fifty (LC50) of 
whole plant ethanolic extract of Amaranthus viridis, Cynodon dactylon and Aerva sanguinolenta on Zebrafish 
(Danio rerio) embryos. Journal of Paramedical Sciences and Rehabilitation 12(4): 2394-2404. 

 

 

(Manuscript received on 27th February 2024 and revised on 28th March 2024) 

https://doi.org/10.5812/zjrms-120348.
https://doi.org/10.30574/wjarr.2021.12.2.0468.
https://doi.org/10.5327/fst.004823.

