
 

* Corresponding author E-mail:       rehablotfysaleh@gmail.com      © 2024                                                                          

                                                                                                                                               

Advances in Basic and Applied Sciences 4 (2025) 7-19 
_________________________________________________________________________________________ 

 

Advances in Basic and Applied Sciences 

 

   journal homepage:  https://abas.journals.ekb.eg/ 
 

Evaluation of some Quinoa genotypes on the production of active 

constituents and cytotoxic activity 
 

Ayman E. Badran¹ and Rehab A. Lotfy² * 

 

¹ Breeding unit, Genetic Resources Department, Desert Research Center, Cairo, Egypt 

² Natural Product Unit, Medicinal and Aromatic Plant Department, Desert Research Centre, Cairo, Egypt 

 

ARTICLE INFO 

 
Article history: 
Received 13 January 2025 
Received in revised form 20 March 2025 
Accepted 20 March 2025 
Available online 29 March 2025 

doi: 10.21608/ABAS.2025.352702.1058 

Keywords: Chenopodium; correlation; protein; phenolics; flavonoid; hepatocellular carcinoma (HEPG2). 

Abstract 

      In the last two decades, quinoa has gained great popularity in many countries of the world due to its numerous agricultural 

and medicinal benefits. This paper highlights two objectives: first, to evaluate the differences between three genotypes of 

quinoa (Chenopodium quinoa Willd.) in terms of crop and chemical characteristics and to study the association between them, 

and second, to what extent extracts of these genetic constructs may be effective in the treatment of liver cancer. The results 

indicate that there are significant differences for the tested traits except for globulin (%), 1000 grain weight. The results also 

indicate that there is a strong positive correlation between the yield, plant height and total protein (%),  as well as a strong 

correlation between protein and both albumin a and albumin b, which enhances the focus on these traits in selecting the 

distinctive genotype in the grain yield and its protein percentage. HPLC analysis of the ethanol extract of the seeds of the 

three genotypes revealed that reveals that the major flavonoid and phenolic in chipaya is quercetin (102.20 µg/g) and vanillin 

(98.32 µg/g) respectively. However, in L14 is naringenin (10.04 µg/g) is the major flavonoid and syringic acid the highest 

phenolic acid (68.88 µg/g). Concerning the genotype Q5 is hesperetin (22.19 µg/g) is the major flavonoid and chlorogenic 

acid (78.95 µg/g) the highest phenolic acid. In vitro cytotoxic activity of the three genotypes against hepatocellular carcinoma 

cell line (HPGE2) indicated that all extracts inhibits the viability and the IC50 of the three Genotypes chipaya, L14 and Q5 

were 214.37 ± 3.91, 114.99±0.46 and 113.72 ± 0.87 µg/ml respectively.  
 

1. Introduction 

      Many plants, including quinoa, have occupied a 

distinguished position due to their diverse adaptation 

mechanisms to different environmental conditions in 

addition to their unique nutritional value. Therefore, attention  

 
 

is directed towards using this crop as a good model for 

developing the agricultural sector or achieving economic 

profits in the Middle East region (1-3). 
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      Chenopodium. quinoa Willd. a pseudo cereal that has 

been cultivated in the Andean region of South America for 

thousands of years and belongs to the Chenopodiaceae family 

(4-5). 

      Quinoa is grown in more than 100 countries, with the 

largest production in Peru and Bolivia (90%). Global quinoa 

production has reached about 175,000 tons, and the United 

States is the largest consumer and importer of quinoa in the 

world. Quinoa grains do not contain gluten while containing 

a high percentage of protein, essential amino acids, minerals 

and vitamins (6) compared to major cereals as wheat, corn, 

rice, and barley (7-8). The average protein content of quinoa 

seeds ranges from 12 to 23% depending on the genetic 

makeup (9). Quinoa grains are also rich in bioactive 

compounds (flavonoids, phenolic acids, saponins, bioactive 

peptides and phytosterols (10-11).  

      Previous studies indicate that the main proteins in quinoa 

seeds are 37% globulins, 35% albumins, and a limited 

proportion of prolamins (0.5–7.0%) (12-13). Recently, 

quinoa seeds have been used as a source of gluten-free and 

healthy flour for celiac patients (14). 

      Previous studies have shown that the compositional 

evaluation of quinoa shows that its proteins are mainly stored 

in the embryonic tissues which also contain lipids, fibers, ash 

and saponins while the outer seed coat is rich in starch (15-

16). Proteins also contribute mainly to the structural and 

functional properties of quinoa, such as solubility, gel 

network formation, foaming and emulsifying properties (17-

18). 

      It was observed by Pasko et al. (19) that bioactive 

compound of quinoa could prevent the oxidative stress and 

also helps in decreasing the risk of various chronic diseases 

such as inflammation, immune disease, and cancer (20). The 

antioxidant effect of quinoa seeds is evident in their 

cardioprotective role by improving and normalizing the 

values of cardiac enzyme markers, LDH and CK that 

significantly increased their enzymatic activity after 

treatment with doxorubicin (21). Quinoa is important as an 

inexpensive and unique natural source of anti-diabetes, thus 

it is a promising complementary therapeutic agent against 

diabetes (22). 

      The promising importance of quinoa economically, 

phytochemically and biologically, made researchers and 

producers to search for new genotypes having better 

characters. This led to the idea of this article which is 

evaluating the phytochemical constituents and in-vitro 

anticancer activity of three new genotypes.  

 

2. Materials and Methods 

 

2.1. Plant material: 

      Three genotypes of Chenopodium. quinoa Willd. were 

obtained as follows: Chipaya genotype as commercial 

cultivar from Desert Research Center in Egypt while the 

second genotype (Line 14) from N.B.R.I., Lucknow in India 

and Q5 cv. from International Center for Biosaline 

Agriculture in United Arab Emirates. The genotypes were 

grown under field conditions during the successful winter 

growing season 2022/ 2023 in Ismailia region, Egypt. 

 

2.1.1. Measurements of vegetative, agronomic and chemical 

characters. 

 Plant height (cm) of plant. 

 Amount of chlorophyll was measured using chlorophyll 

Meter SPAD-502 where, the mean chlorophyll content 

(SPAD) of the tested quinoa genotypes were taken after 60 

days of cultivation where the chlorophyll content was read 

in three leaves (6th, 7th and 8th from the plant apex) from 

five plants from each replicate. 

 Weight of 1000 grain (g). 

 Grain yield / fed. (Kg). 

 Chemical properties (Estimation of total protein, albumins 

a,b and globulins): total protein was determined as 

described in AOAC International (23). To convert nitrogen 

content to crude protein content, a factor of 6.25 (N factor) 

was used. Proteins were removed sequentially according to 

their solubility; albumins (a,b), globulins (Glo). For 

extraction, 1 g of ground seeds was weighed and the 

corresponding solvent was added (ratio 1:10 w/v): water, 

phosphate buffer solution pH 7.5, 70% ethanol, and 0.1 M 

sodium hydroxide, respectively. After each extraction, 

samples were centrifuged at 11,000 g for 15 min at 4°C, 

and the upper liquid was collected and stored at 2°C until 

further use. Protein content was determined by the 

Bradford method (24). All determinations were made in 

three replicates. 

Residual = 100 – (albumins a+ albumins b + globulins) 

 

2.1.2. Statistical analysis 

      Statistical analysis was performed using standard 

procedures for randomized complete block design, by 

analysis of variance (ANOVA). Separation of means was 

performed by applying Duncan's mean difference 

comparisons at a significance level of p ≤ 0.05. SAS 

University Edition software was used (SAS 2014) (25). The 

data were expressed as the mean of three biological 

replicates.  

      The correlation coefficient analysis was performed 

between all tested traits according to Singh and Chaudhary 

(26). 

 

2.2. Quinoa seed extraction process 

      Quinoa seeds (Chipaya, L14 and Q5 genotypes) were 

washed and left to dry for 24 h in a drying cabinet set at 60 

◦C. The dried quinoa seeds were ground and ten gram of the 

ground seeds were subjected to extraction 70% ethanol. Then 

filtered with coarse filter paper and then ethanol was 

evaporated at 50 ◦C in a rotary evaporator to obtain quinoa 

seed extract. The extracts were kept for further chemical and 

biological investigation. 
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2.3. Quantitative estimation of flavonoids and phenolic using 

HPLC 

2.3.1. HPLC conditions 

      HPLC analysis was carried out using an Agilent 1260 

series. The separation was carried out using Zorbax Eclipse 

Plus C8 column (4.6 mm x 250 mm i.d., 5 μm). The mobile 

phase consisted of water (A) and 0.05% triflhuoroacetic acid 

in acetonitrile (B) at a flow rate 0.9 ml/min. The mobile phase 

was programmed consecutively in a linear gradient as 

follows: 0 min (82% A); 0–1 min (82% A); 1-11 min (75% 

A); 11-18 min (60% A); 18-22 min (82% A); 22-24 min (82% 

A). The multi-wavelength detector was monitored at 280 nm. 

The injection volume was 5 μl for each of the sample 

solutions. The column temperature was maintained at 40 °C. 

 

2.4. In vitro cytotoxic activity:  

2.4.1. Measurement of the potential cytotoxic activity:  

      was performed on liver carcinoma cell lines (HEPG2), 

using the ethanolic extract of Chenopodium quinoa Willd. 

seeds extract (Chipaya, L14, Q5), while doxorubicin was 

used as a positive control. The procedures were according to 

(MTT protocol) Viability assay (27-28). 

 

2.4.2. Morphological assay: 

      Large-scale, morphological changes that occur at the cell 

surface, or in the cytoskeleton, can be followed and related to 

cell viability. Damage can be identified by large decreases in 

volume secondary to losses in protein and intracellular ions 

of due to altered permeability to sodium or potassium. 

Necrotic cells: nuclear swelling, chromatin flocculation, loss 

of nuclear basophilia. Apoptotic cells: cell shrinkage, nuclear 

condensation, nuclear fragmentation (29). 

 

2.4.3. Statistical analysis: 

      Each value is the mean of three replicates. Obtained 

values were presented as mean ± SD. Significant differences 

between the values were calculated using SPSS software 

(V.22) using One-way ANOVA and Tukey’s test. The 

difference is considered significant at (P˂0.05). To compare 

the IC50 value of Chipaya, L14, Q5 and doxorubicin t-test was 

performed the difference was considered significant at 

(P˂0.05). 

 

3. Results 
 

      The results in Table (1) showed the performance means 

of some quinoa plant traits and significance for the three 

tested genotypes. The data showed significant differences in 

plant height, chlorophyll content in leaves, and grain yield 

per feddan, while the results showed no significant difference 

between the three genotypes for 1000 grain weight trait. The 

results also show that both Chipaya and L14 cultivars 

outperformed Q5 cultivar compared with general mean 

(870kg/fed.). 

3.1. Total protein, globulin and albumin content 

      The data in Table 2 showed significant variation in total 

protein content among the tested genotypes during the 

2022/2023 agricultural season, as the highest protein content 

was in the seeds of Chipaya genotype, while Q5 genotype 

recorded the lowest total protein content. 

      Albumin a, b content was the highest in the Chipaya 

genotype followed by the L14 genotype, while the Q5 

genotype recorded the lowest percentages of albumin a and b 

(11.35 and 1.22, respectively). As can be seen from the table, 

albumin (a) was higher than albumin b in the three tested 

genotypes. 

      While there was no significant difference in globulin 

content (p ≤ 0.05) between the three tested models during this 

season (Table 2). In general, the seed content of globulins 

was the main part in mature quinoa seeds, as the production 

of globulins was higher than albumins (Table 2). 

      the other hand, the residuals percentage of total protein 

(excluding albumin and globulin) showed a significant 

difference between the Chipaya genotype and the other two 

genotypes (L 14 and Q5) while there was no significant 

difference between L14 and Q5 genotypes.   

 

3.2. Correlation coefficient 

      The results of the Table 3 indicate that most of the traits 

have a significant correlation, except for the correlation 

between chlorophyll content in leaves and plant height, 

globulin and grain yield per feddan, which shows a non-

significant correlation.  

      The data also shows a negative significant correlation 

between the weight of 1000-grain trait and all other traits. On 

the other hand, the data showed that the highest positive 

significant correlation was recorded between grain yield per 

feddan and plant height (1.000), between albumin (a), 

albumin (b) (0.999), and also between albumin (a) and 

protein %. 

 

3.3. HPLC analysis: 

      The HPLC analysis of three Chenopodium quinoa Willd. 

genotypes (Chipaya, L14 and Q5) as shown in table (4) 

reveals that the major flavonoid and phenolic in chipaya is 

quercetin (102.20 µg/g) and vanillin (98.32 µg/g) 

respectively. However, in L14 is naringenin (10.04 µg/g) is 

the major flavonoid and syringic acid the highest phenolic 

acid (68.88 µg/g). Concerning the genotype Q5 is hesperetin 

(22.19 µg/g) is the major flavonoid and chlorogenic acid 

(78.95 µg/g) the highest phenolic acid. Rutin is absent in the 

three genotypes. While, chlorogenic acid is absent in chipaya. 

Ellagic acid is absent in both chipaya and L14. Coffeic acid 

is absent in Q5. On the other hand kampferol and catechin 

are absent in both L14 and Q5. 

 

3.4. Cytotoxic activity:  

      Figure (1) shows that the viability of the hepatic 

carcinoma cell lines (HEPG2) decreases by increasing the 
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concentration of the extract of the three Chenopodium quinoa 

Willd. genotypes (chipaya, L14 and Q5). Figure (2) 

illustrates the cytotoxic activity of doxorubicin on liver 

carcinoma cell line (HEPG2). Table (5 and 6) shows the 

statistical analysis (One-way ANOVA and Tukey HSD / 

Tukey Kramer) of the surviving fraction of hepatic 

carcinoma cell line cells where the significant difference is 

calculated at P˂ 0.05).  

      Figure (3) (The IC50 of chipaya, L14, Q5 and doxorubicin 

is calculated (214.37 ± 3.91, 114.99±0.46, 113.72 ± 0.87 and 

15.22±0.07 µg/ml respectively). T-test analysis indicated that 

there is a significant difference between chipaya and both 

L14 and Q5 at p ˂0.05. From the previous data it could be 

concluded that chipaya is less active than L14 and Q5, where 

both of them are equivalent to each other as anticancer 

against hepatic carcinoma cell line. There is a significant 

difference between doxorubicin and the three genotypes. 

      Figures (4, 5 and 6) show the morphological changes in 

the hepatic carcinoma cell lines with different concentration 

(1000, 500, 250, 125, 62.5 and 31.25 µg/ml) of the seed 

extracts (chipaya, L14 and Q5). Figure (7) show the 

morphological changes in the hepatic carcinoma cell lines 

with different concentration (100, 50, 25, 12.5, 6.25 and 

3.125 µg/ml) of doxorubicin. 

 

4. Discussion 
 

Mean performance of traits and their correlation coefficient 

 

Considering the data in Table 1, 2 and Table 3, it becomes 

worth mentioning to discuss several points as follows: 

      Although there are significant differences between the 

chlorophyll content in the three quinoa genotypes, this trait is 

not positively correlated with all other traits, including yield, 

but this chlorophyll content is only positively correlated with 

the weight of 1000 grain (the differences between the three 

genotypes are not significant ), and therefore it can be said 

that this trait cannot be relied upon in selection for grains 

yield directly  or indirectly through the weight of 1000 grains 

(Table 1, 3). 

      On the other hand, it is clear from Table 2, 3 that grain 

yield as a major trait can be selected among the tested 

genotypes through both plant heights strongly as well as the 

total protein ratio due to the relatively high correlation rate 

between them. 

      Despite the strong positive correlation between grains 

yield and the globulin trait, it cannot be relied upon in 

selection due to non-significant differences between the 

tested genotypes for this trait. 

      Protein content (%) can also be considered an important 

trait as the data showed a strong positive correlation between 

total protein content and both amino acids albumin a and 

albumin b (0.990 and 0.995, respectively) and can be used as 

an effective means of selecting genotypes with high protein 

content, this view is supported by the strong correlation 

between albumin a and albumin b (0.999).            

      Conversely, the positive correlation between protein and 

globulin (0.620) cannot be used directly as there are no 

statistically significant differences between the tested 

genotypes for the globulin trait. 

      Spehar and Santos (30) found a significant positive 

correlation between length of inflorescence in quina and 

grain yield, suggesting that selection for these traits may lead 

to the selection of more productive genotypes (31). For 

example, quinoa plants with more branching characteristics 

tended to develop larger inflorescences. Inflorescence length 

was also positively correlated with height of quinoa plant, 

suggesting that genotypes with greater plant height evolved 

taller inflorescences (32-33). 

      In general, this research agrees with what Badran et al. 

(34), confirmed that the data resulting from the evaluation of 

phenotypic traits and indicators of quinoa genotypes 

tolerance through the results of biochemical and molecular 

analysis provide new insights for breeding programs to 

improve quinoa to produce new genotypes that have the 

ability to confront environmental conditions and help reduce 

the food gap in the future. 

 

Cytotoxic activity 
 

       Due to increasing frequency rates of liver cancer and 

concerns about the toxicity of current chemotherapeutic 

medicines, the quest for further substitutes to treat this 

carcinogenicity has enhanced. Liver diseases are caused by 

different etiological agents, mainly alcohol consumption, 

viruses, drug intoxication or malnutrition. Frequently, liver 

diseases are initiated by oxidative stress and inflammation 

that lead to the excessive production of extracellular matrix, 

followed by a progression to fibrosis, cirrhosis and 

hepatocellular carcinoma (35). 

      Chlorogenic acid inhibites the proliferation, colony 

formation, invasion, and metastasis of HepG2 cells both in 

vitro and in vivo. Chlorogenic acid can suppress liver cancer 

cell proliferation, invasion, and metastasis through several 

pathways. Chlorogenic acid could serve as a candidate 

chemopreventive agent for hepatocellular carcinoma (36-37). 

      Hesperetin was proved to be a promising naturally active 

agent for prevention of hepatocellular carcinoma. It Also, can 

be considered as a potent chemosensitizer for 

chemotherapeutic agents such as 5-fluorouracil. Hesperitin 

applied its antitumor effect mainly by induction of Fas/FasL 

extrinsic apoptotic pathway as well as, implemetation of the 

antioxidant defense mechanisms (38). 

      It has been reported that some natural products display 

hepatoprotective properties. Naringenin is a flavonoid that 

exhibits hepatoprotective effect. It has antioxidant, 

antifibrogenic, anti-inflammatory and anticancer properties 

that is capable of preventing liver damage caused by different 

agents. The main protective effects of naringenin in liver 

diseases are the inhibition of oxidative stress, transforming 

growth factor (TGF-β) pathway and decreased collagen 

synthesis. Naringenin has shown favourable influence on 

nonalcoholic fatty liver disease (NAFLD) through the 
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direction of lipid metabolism, regulating the synthesis and 

oxidation of lipids and cholesterol. As well as, it inhibits 

growth factors such as TGF-β and vascular endothelial 

growth factor (VEGF), thus motivating apoptosis. 

Naringenin is safe and can be considered in the future as an 

important candidate in the treatment of different liver 

diseases (35-39). 

      Syringic acid has a protective effect against 

hepatocellular carcinoma by reducing the liver marker levels 

(aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), alpha-fetoprotein (AFP), and gamma-glutamyl 

transferase (GGT)) and increasing the expression of 

apoptotic proteins (P53, Bax, Apoptosis regulator Bcl2, 

Caspase 3, Caspase 9, Cytochrome C, Tnf α, Nfκb and 

Traf1). A docking study proved that syringic acid has good 

anticancer activity (40). 

      Quercetin is a flavonoid relatively less harmful to normal 

cells in comparison to chemotherapy and is an excellent free-

radical scavenger. It is present in many fruits, vegetables, and 

herbs. Quercetin can suppress liver carcinoma in vivo and in 

vitro. It inhibits the proliferation of liver cancer cells via 

induction of apoptosis and cell cycle arrest. Quercetin targets 

apoptosis, by upregulating Bax, caspase-3, and p21 while 

downregulating Akt, PLK-1, cyclin-B1, cyclin-A, CDC-2, 

CDK-2, and Bcl-2. Additionally, it has been reported to 

increase STAT3 protein degradation in liver cancer cells 

while decreasing STAT3 activation. Quercetin could be 

considered a novel potential anticancer drug candidate (41-

43). 

       Vanillin (4-hydroxy- 3-methoxybenzaldehyde) plays 

important role in the process of inhibiting tumor growth. Four 

vanilloid receptors (one transmembrane channel TRPV1 and 

three cytoplasmic peptides – MARK4, CAMK4 and CK2) 

play significant roles in the response of cancer cells to the 

natural compound.   

 

 

Tables 

 

 
 

 

 

 

These vanilloid receptors inhibit the proliferation of cancer 

cells as response to vanillin and its derivatives (44). 

 

Conclusion 

 

      Studying the significance of the different parameters of 

genotypes and determining the correlation coefficient 

between them can contribute to identifying the most 

appropriate of these genotypes for multiple aspects. The 

results also showed that both Chipaya and L14 outperformed 

Q5 in terms of overall average grain yield and protein (%). 

On the other hand, the correlation coefficient can be used to 

enhance grain yield and protein content through other traits 

such as plant height, albumin (a) and albumin (b), which 

contributes to future plant breeding programs. HPLC analysis 

of the ethanol extract of the seeds of the three genotypes 

revealed that reveals presence of variety of flavonoids and 

phenolics. The extract of the three genotypes exhibited 

anticancer activity against hepatocellular carcinoma cell line. 

It is recommended to make further investigation on the 

biological activity of quinoa as it is a rich source of active 

constituents. 
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 Plant 

height 

(cm) 

Chlorophyll 

content 

(SPAD) 

Weight of 

1000 grain 

(g) 

Grain 

yield / fed. 

(kg) 

Chipaya 88.0 a 46.31 b 3.02 a 882.67 b 

L14 93.0 a 54.20 a 3.18 a 905.93 a 

Q5 76.0 b 53.98 a 3.43 a 822.06 c 

Mean 
85.67 51.50 3.21 870.22 

Standard error  3.68 1.37 0.11 4.12 

Table (1): Mean performance of some traits in tested three genotypes different genotypes of Chenopodium quinoa Willd. 

during growing season 2022/2023. 
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 Protein (%) / 

grain 

Albumin a (%)/ 

total protein (%) 

Albumin b (%)/ 

total protein (%) 

Globulin (%)/ 

total protein (%) 

Residual 

(%) 

Chipaya 14.64 a 14.07 a 2.61 a 51.80 a 31.52 b 

L14 14.11 a 12.57 b 1.90 b 53.40 a 32.13 a 

Q5 13.40 b 11.35 c 1.22 c 49.82 a 37.61 a 

Mean 
14.05 12.66 1.91 51.67 33.75 

Standard error 0.21 0.36 0.06 1.85 1.97 

Trait Plant 

height 

 

Chlorophyll 

content 

 

Weight 

1000 

grain 

 

Grain 

yield 

 

Protein 

(%) 

Albumin 

(a) 

Albumin 

(b) 

Chlorophyll 

content 
-0.207ns       

Weight 1000 

grain 
-0.773* 0.781*       

Grain yield 1.000* -0.225 ns -0.784*     

Protein (%) 0.745* -0.807* -0.999* 0.757*    

Albumin (a) 0.642* -0.883* -0.983* 0.656* 0.990*   

Albumin (b) 0.678* -0.860* -0.990* 0.691* 0.995* 0.999*  

Globulin 0.985* -0.037 ns -0.652* 0.982* 0.620* 0.502* 0.542* 

Table (2). The percentage of total protein and some essential amino acids as a percentage of total protein and 

remaining protein in three genotypes of Chenopodium quinoa Willd. grains. 

 

Table (3). Correlation coefficient between the studied traits. 
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 Chipaya 

Conc. (µg/g) 

L14 

Conc. (µg/g) 

Q5 

Conc. (µg/g) 

Naringenin 46.09 10.04 3.15 

Daidzein 88.42 1.06 6.14 

Querectin 102.20 2.09 7.45 

Kaempferol 24.27 0.00 0.00 

Hesperetin 12.76 5.88 22.19 

Catechin 60.31 0.00 0.00 

Rutin 0.00 0.00 0.00 

Gallic acid 22.03 30.74 77.92 

Chlorogenic acid 0.00 35.73 78.95 

Ellagic acid 0.00 0.00 17.17 

Methyl gallate 8.22 9.51 25.57 

Coffeic acid 2.43 8.55 0.00 

Syringic acid 69.39 68.88 77.81 

Coumaric acid 56.37 5.57 4.20 

Rosmarinic acid 20.99 1.72 16.29 

Cinnamic acid 12.18 1.31 4.33 

Vanillin 98.32 25.34 5.27 

Ferulic acid 44.71 4.57 4.01 

Conc. 

(µg/ml) 

Surviving 

fractions 
Sum of squares 

Degree of 

freedom (df) 
Mean square F-value Significance 

31.25 

Between 

groups 
0.00003467 2 0.00001734 

1.1145 0.3876 
Within groups 0.00009333 6 0.00001556 

Total 0.000128 8  

62.5 

Between 

groups 
0.0005095 2 0.0002548 

6.6462 0.03008* 
Within groups 0.00023 6 0.00003833 

Total 0.0007395 8  

125 

Between 

groups 
0.2661 2 0.133 

2696.5375 1.372e-9* 
Within groups 0.000296 6 0.00004933 

Total 0.2664 8  

250 

Between 

groups 
0.0484 2 0.0242 

105.2132 0.00002131* 
Within groups 0.00138  6 0.00023 

Total 0.04978 8  

500 

Between 

groups 
0.0002007 2 0.0001003 

3.0819 0.12 
Within groups 0.0001953 6 0.00003256 

Total 0.000396 8  

1000 

Between 

groups 
0.0006507 2 0.0003253 

17.5328 0.003119* 
Within groups 0.0001113 6 0.00001856 

Total 0.000762 8  

Table (4) Flavonoid and phenolic contents of in three genotypes of Chenopodium quinoa Willd. grains using HPLC. 

 

Table (5). The One-way ANOVA results for the surviving fractions of Chenopodium quinoa Willd. grains extract (Chipaya, 

L14, Q5). *The mean difference is significant at (P < 0.05). Groups: Genotypes (chipaya, L14 and Q5) 
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Figures 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conc. (µg/ml)  

Significance (P-value) 

31.25 62.5 125 250 500 1000 

Group (I) versuss Group (J) 

1 
2 0.0047* 0.0023* 0.36 0.15 0.011* 0.019* 

3 0.0013* 0.017* 0.37 0.16 0.0077* 0.017* 

2 
1 0.0047* 0.0023* 0.36 0.15 0.011* 0.019* 

3 0.0033* 0.015* 0.008* 0.005* 0.0037* 0.0013* 

3 
1 0.0013* 0.017* 0.37 0.16 0.0077* 0.017* 

2 0.0033* 0.015* 0.008* 0.005* 0.0037* 0.0013* 

Table (6). The Multiple Comparison: Tukey HSD / Tukey Kramer results for the surviving fractions of Chenopodium 

quinoa Willd. grains extract. *The mean difference is significant at (P < 0.05). Group 1: Chipaya, and, 

Group 2: L14, Group 3: Q5. 

 

Figure (1) Cytotoxic activity of three genotypes of Chenopodium quinoa Willd. grains extract on liver 
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Figure (2) Cytotoxic activity of doxorubicin on liver carcinoma cell line (HEPG2) 

 

Figure (3) IC50 of the three genotypes of Chenopodium quinoa Willd. grains extract and doxorubicin on liver carcinoma cell 

line (HEPG2) 
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Figure (4) Effect of Chenopodium quinoa Willd. (Chipaya genotype) grains extract on liver carcinoma cell line (HEPG2) 

 

Figure (5) Effect of Chenopodium quinoa Willd. (L14 genotype) grains extract on liver carcinoma cell line (HEPG2) 
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Figure (7) Effect of doxorubicin on liver carcinoma cell line (HEPG2) 

 

Figure (6) Effect of Chenopodium quinoa Willd. (Q5 genotype) grains extract on liver carcinoma cell line (HEPG2) 



Ayman E. Badran and Rehab A. Lotfy. / Advances in Basic and Applied Sciences 4 (2025) 7-19 

 

 

18 
 

References 
1. Algosaibi Abdullah, M., Badran Ayman, E., 

Almadini Abdulrahman, M. and El-Garawany 

Mohammed, M. (2017). The Effect of Irrigation 

Intervals on the Growth and Yield of Quinoa Crop 

and Its Components. Journal of Agricultural 

Science, 9(9), 182-191.  
2. Badran, E.A. (2022). Assessment of variation and 

stability parameters of five quinoa genotypes under 

drought stress conditions. Egyptian Journal of 

Botany, 62(1), 21-30.  
3. Badran, E.A., Nerhan, A.E., Amr, R.H. and Henda, 

M. (2023) Differential responses in some quinoa 

genotypes of beneficial endophytic bacteria against 

bacterial leaf spot disease. doi: 

10.3389/fmicb.2023.1167250.  
4. Jancurová, M., Minarovicová, L. and Dandar, A. 

(2009) Quinoa–a review. Czech Journal of Food 

Sciences, 27, 71–79.  
5. Singh, K.V. and Singh, R. (2016). Quinoa 

(Chenopodium quinoa Willd.), functional superfood 

for today’s world: a review. World Scientific News, 

58, 84–96.  
6. Bazile, D., Pulvento, C., Verniau, A,, Al-Nusairi, 

M.S., Ba, D., Breidy, J., Hassan, L., Mohammed, 

M.I., Mambetov, O. and Otambekova, M. (2016). 

Worldwide evaluations of quinoa: Preliminary 

results from post international year of quinoa FAO 

projects in nine countries. Frontiers in Plant 

Sccience, 7, 850. doi: 10.3389/fpls.2016.00850. 

7. Sindhu, R., Khatkar, B.S. (2019). Pseudocereals 

nutritional composition functional properties and 

food applications. Food Bioactive, 28:410. 

8. Zhu, F. (2020). Dietary fiber polysaccharides of 

amaranth, buckwheat and quinoa grains: A review 

of chemical structure, biological functions and food 

uses. Carbohydrate. Polymers, 248, 116819. doi: 

10.1016/j.carbpol.2020.116819. 

9. Toapanta, A., Carpio, C., Vilcacundo, R. and 

Carrillo, W. (2016). Analysis of protein isolate from 

quinoa (Chenopodium quinoa Willd.). Asian 

Journal of Pharmaceutical and Clinical Research, 

9(2), 332-334. 

10. Chacaliaza-Rodríguez, L., Espinoza-Begazo, G., 

Ramos-Escudero, F. and Servan, K. (2016). 

Proximate chemical composition and content of 

biologically active components in leaves of two 

quinoa cultivars (Salcedo and Altiplano) produced 

in Peru. Research Journal of Medicinal Plants, 

10(8), 450–456.  
11. Choque-Quispe, D., LigardaSamanez, C.A., 

RamosPacheco, B.S., Legu’ıaDamiano, S., 

CallaFlórez, M., ZamalloaPuma, L.M. and 

ColqueCondeña, L. (2021). Phenolic compounds, 

antioxidant capacity, and protein content of three 

varieties of germinated quinoa (Chenopodium 

quinoa Willd). Ingenier´ Ia E Investigacion´, 41(2), 

e89831. 

12. Abugoch LE, Romero N, Tapia CA, Silva J, Rivera 

M (2008) Study of some physicochemical and 

functional properties of quinoa (Chenopodium 

quinoa Willd.) protein isolates, J Agric Food Chem 

56(12):4745-4750. doi: 10.1021/jf703689u. 

13. Dakhili, S., Abdolalizadeh, L., Hosseini, S.M., 

Shojaee-Aliabadi, S. and Mirmoghtadaie, L. (2019). 

Quinoa protein: Composition, structure and 

functional properties. Food Chemistry, 299, 

125161. 

https://doi.org/10.1016/j.foodchem.2019.125161. 

14. Alvarez-Jubete, L., Wijngaard, H., Arendt, E. and 

Gallagher, E. (2010). Polyphenol composition and 

in vitro antioxidant activity of amaranth, quinoa, 

buckwheat and wheat as affected by sprouting and 

baking. Food Chem., 119, 770–778. 

15. Prego, I., Maldonado, S. and Otegui, M. (1998). 

Seed Structure and Localization of Reserves in 

Chenopodium quinoa Get access Arrow. Annals of 

Botany, 82(4), 481–488. 

https://doi.org/10.1006/anbo.1998.0704.  
16. Ando, H., Chen, Y., Tang, H., Shimizu, M., 

Watanabe, K., and Mitsunaga, T. (2002). Food 

components in fractions of quinoa grain. Food 

Science and Technology Research 8(1):80-84. 

https://doi.org/10.3136/fstr.8.80. 

17. Lomakina, K. and Mikova, K. (2006). A study of the 

factors affecting the foaming properties of egg 

white–a review. Czech Journal of Food Sciences, 

24, 110-118.  
18. Elsohaimy, S.A., Refaay, T.M. and Zaytoun, 

M.A.M. (2015). Physicochemical and functional 

properties of quinoa protein isolate. Annals of 

Agricultural Science 60(2), 297-305.  
19. Pasko, P., Barton, H., Zagrodzki, P., Izewska, A., 

Krosniak, M., Gawlik, M., Gawlik, M. and 

Gorinstein, S, (2010). Effect of diet supplemented 

with quinoa seeds on oxidative status in plasma and 

selected tissues of high fructose-fed rats. Plant 

Foods for Human Nutrition, 65(2), 146–151.  
20. Fuentes, F. and Paredes-Gonzalez, X. (2013). The 

state of the world’s quinoa. Nutraceutical 

perspectives of quinoa: biological properties and 

functional applications. Rome: In FAO & CIRAD. 

State of the Art Report on Quinoa Around the World 

in; 2015, pp 286–99.  
21. ALjubory, R.K.I. and Rahim, S.M. (2021). 

Cardioprotective effect of alcohol extract and seed 

powder dietary supplementation of quinoa 

(Chenopodium quinoa) in female rats treated with 

Doxorubicin. Journal of Cardiovascular Disease 

Research, 12(05), 157-163.  
22. Alamri, E., Basuny A, and Bayomy H. (2023). 

Quinoa seeds (Chenopodium Quinoa): Nutritional 

value and potential biological effects on 

https://doi.org/10.1016/j.foodchem.2019.125161
https://doi.org/10.1006/anbo.1998.0704
https://doi.org/10.3136/fstr.8.80


Ayman E. Badran and Rehab A. Lotfy. / Advances in Basic and Applied Sciences 4 (2025) 7-19 

 

 

19 
 

hyperglycemic rats. Journal of King Saud 

University – Science 35(1), 102427.  
23. AOAC (1999): Official Methods of Analysis of the 

Association of Offi cial Analysis Chemists. AOAC 

International, Gaithersburg, USA. Method No: 

Lipids 920.39, total protein 984.13 and ash 923.03.  
24. Bradford, M. (1976). A rapid and sensitive method for 

the quantitation of microgram quantitates of protein 

utilizing the principle of protein-dye binding. 

Analytical Biochemistry, 72, 248–254.  
25. SAS Institute (2014). SAS User´s Guide: Statististics; 

SAS Institute: Cary, NC, USA.  
26. Singh, R.K. and Chaudhary, B.D. (1995). Biometrical 

methods in quantitative genetic analysis. Kalyani 

Publishers, New Delhi, pp. 215-218.  
27. Slater, T., Barbara, S. and Ursula, S. (1963). Studies 

on succinate-tetrazolium reductase systems: III. 

Points of coupling of four different tetrazolium salts 

III. Points of coupling of four different tetrazolium 

salts. Biochemia et Biophysica Acta, 77, 383-393.  
28. Van de Loosdrecht, A.A., Beelen, R.H., 

Ossenkoppele, G.J., Broekhoven, M.G. and 

Langenhuijsen M.M. (1994). A tetrazolium-based 

colorimetric MTT assay to quantitate human 

monocyte mediated cytotoxicity against leukemic 

cells from cell lines and patients with acute myeloid 

leukemia. Journal of Immunological Methods, 174, 

311-320.  
29. Alley, M.C., Scudiero, D.A., Monks, A., Hursey, 

M.L., Czerwinski, M.J., Fine, D.L., Abbott, B.J., 

Mayo, J.G., Shoemaker, R.H. and Boyd, M.R. 

(1988). Feasibility of Drug Screening with Panels of 

Human Tumor Cell Lines Using a Microculture 

Tetrazolium Assay. Cancer Research, 48(3), 589-

601.  
30. Spehar, C.R. and Santos, R.L.d.B. (2005). Agronomic 

performance of quinoa selected in the Brazilian 

Savannah. Pesquisa Agropecuaria Brasileira, 40(6), 

609–612.  
31. Mignone, C. and Bertero, H. (2007). Identificación del 

período crítico de determinación del rendimiento en 

quínoas de nivel del mar. In Proceedings of the 

Congreso Internacional de la Quinua, Iquique, Chile, 

23–27 October; pp. 23–26.  
32. Bhargava, A., Shukla, S., Rajan, S. and Ohri, D. 

(2007). Genetic diversity for morphological and 

quality traits in quinoa (Chenopodium quinoa Willd.) 

germplasm. Genetic Resources and Crop Evolution, 

54, 167–173.  
33. Yang, A., Akhtar, S., Amjad, M., Iqbal, S. and 

Jacobsen, S.E. (2016). Growth and physiological 

responses of quinoa to drought and temperature 

stress. Journal of Agronomy and Crop Science, 

202(6), 445–453.  
34. Badran, E.A., Khalil, R.M.A. and Kotb, A.E. 

(2019). The effect of gamma rays on quinoa plant 

and evaluation of promising genotypes under 

salinity stress. Journal of Plant Molecular breeding, 

7(1), 84-92.  
35. Hernández-Aquino, E. and Muriel P. (2018). 

Beneficial effects of naringenin in liver diseases: 

Molecular mechanisms. World Journal of 

Gastroenterology, 24(16), 1679-1707.  
36. Yuan, Y., Liuc, N., Houc, N., Donga, L. and Lid, J. 

(2017). Chlorogenic acid inhibits hepatocellular 

carcinoma in vitro and in vivo. The Journal of 

Nutritional Biochemistry Volume, 46, 68-73.  
37. Liu, Y., Feng, Y., Li, Y., Hu, Y., Zhang, Q., Huang, 

Y., Shi, K., Ran, C., Hou, J., Zhou G. and Wang X. 

(2020). Chlorogenic acid decreases malignant 

characteristics of hepatocellular carcinoma cells by 

inhibiting dnmt1 expression. doi: 

10.3389/fphar.2020.00867. 

38. Aboismaiela M.G., El-Meserya, M., El-Karefb, A. 

and El-Shishtawy M.M. (2020). Hesperetin 

upregulates Fas/FasL expression and potentiates the 

antitumor effect of 5-fluorouracil in rat model of 

hepatocellular carcinoma. Egyptian Journal of Basic 

and Applied Sciences, 7(1), 20–34. 

https://doi.org/10.1080/2314808x.2019.1707627.  
39. Zhang, M., Lai, J., Wu, Q., Lai, J., Su, J., Zhu, B. 

and Li, Y. (2023). Naringenin Induces HepG2 Cell 

Apoptosis via ROS-Mediated JAK-2/STAT-3 

Signaling Pathways. Molecules, 28, 4506. 

https://doi.org/10.3390/molecules28114506.  
40. Lavanya, M., Srinivasanm P. and Padmini, R. 

(2023). Unveiling the anticancer effect of syringic 

acid and its derivatives in hepatocellular carcinoma. 

International Journal of Applied Pharmaceutics, 

15(4), 114-124.  
41. Wu, L., Li, J., Liu, T., Li, S., Feng, J., Yu, Q., Zhang, 

J., Chen, J., Zhou, Y., Ji1, J., Chen, K., Mao, Y., Wang, 

F., Dai, W., Fan, X., Wu J. and Guo C. (2019). 

Quercetin shows anti‐tumor effect in hepatocellular 

carcinoma LM3 cells by abrogating JAK2/STAT3 

signaling pathway. Cancer Medicine, 8, 4806–4820.  
42. Hisaka, T., Sakai, H., Sato, T., Goto, Y., Nomura, Y., 

Fukutomi, S., Fujita, F., Mizobe, T., Nakashima, O., 

Tanigawa, M., Naito, Y., Akiba, J., Ogasawara, S., 

Nakashima, K., Akagi, Y., Okuda, K. and Yano H. 

(2020). Quercetin Suppresses Proliferation of Liver 

Cancer Cell Lines in vitro. Anticancer Research, 40, 

4695-4700.  
43. Sethi, G., Rath, P., Chauhan, A., Ranjan, A., 

Choudhary, R., Ramniwas, S., Sak, K., Aggarwal, D., 

Rani, I. and Tuli, H.S. (2023). Apoptotic Mechanisms 

of Quercetin in Liver Cancer: Recent Trends and 

Advancements. Pharmaceutics, 15, 712. 
https://doi.org/10.3390/pharmaceutics15020712.  

44. Rakoczy, K., Szlasa, W., Saczko, J. and Kulbacka, 

J. (2021). Therapeutic role of vanillin receptors in 

cancer. Advances in Clinical and Experimental 

Medicine, 30(12), 1293–1301. 

 

 

https://doi.org/10.1080/2314808x.2019.1707627
https://doi.org/10.3390/molecules28114506
https://doi.org/10.3390/pharmaceutics15020712

