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Abstract
Quinoa is known to be an excellent source of natural antioxidants and therefore the extract of quinoa seed was considered 

to have a significant anti-inflammatory activity. Two different varieties of quinoa seeds and six different solvents hexane, acetone, 
methanol, ethanol, ethyl acetate and water were used as solvent for extraction in the present study. Extracts from water, methanol 
and ethanol showed significant antioxidant and phytochemical activities. Water extract showed highest Phenol content (89.73 ± 
1.74), antioxidant activity (1586 ± 41.42) and DPPH scavenging capacities (82.71 ± 0.03) compared to other solvents used for 
extraction. IC50 value for percentage DPPH scavenging capacities by water extract was 14.71 ± 0.02, compared to ascorbic acid 
(7.15 ± 0.13), which is a control. All extracts exhibit significantly high levels of flavonoid content. Ethyl acetate extract represented 
highest (88.41 ± 0.37) NO scavenging capacity. Lowest IC50 value (52.58 ± 0.14) for NO scavenging capacity was identified 
for ethanol extract compared to control (24.19 ± 3.53). Ascorbic acid used as control in both DPPH and Nitric oxide scavenging 
capacities measurement. Quinoa seed extracts from all six solvents found to have antimicrobial activities towards gram positive 
bacteria but not towards all gram negative bacteria. All extracts showed significant anti proliferative activities towards P 116 cells.
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Introduction 
Normally, there is a balance between the quantities of free radicals 

generated in the body and the antioxidant mechanisms scavenge/
quench these free radicals preventing them from causing deleterious 
effects in the body. But, many detrimental diseases such as periodontal 
disease, metabolic bone diseases, diabetes mellitus, atherosclerosis, 
neurodegenerative diseases are characterized by an enhanced state of 
oxidative stress and are associated with the overproduction of reactive 
oxygen species (ROS) and/or a decrease in antioxidant defenses, leading 
to impose oxidative stress in the body [1]. Oxidative stress can be defined 
as an excessive amount of Reactive species (RS), which is the net result 
of an imbalance between production and destruction of RS, and which 
is regulated by antioxidant defenses. RS is a collective term that includes 
both oxygen radicals and other reactive oxygen and nitrogen species 
(ROS/RNS). Reactive oxygen (ROS) and nitrogen (RNS) species are 
products of normal cellular metabolism, which, at high concentrations, 
thought to be important mediators of damage to cellular structures, 
such as nucleic acids, lipids and proteins. Oxidation in the living system 
is essential for generation of energy due to catabolism but prolonged 
oxidative stress result in the continuous production of free radicals and 
reactive oxygen species (ROS), which can lead to permanent damage 
of the body organs leading to chronic disorders such as heart diseases, 
diabetes, cirrhosis, malaria, neurodegenerative diseases, AIDS, 
cancer, and premature aging [2,3]. ROS includes free radicals such as 
superoxide anion radicals (O2-), hydroxyl radicals (OH) and non-free-
radical species such as H2O2 and singled oxygen are various forms of 
activated oxygen. Oxidative damage to biomolecules such as proteins, 
lipids, and DNA is also thought to accumulate with ageing, leading to 
the pathogenesis of many age-related diseases [4]. Oxidative damage to 
DNA is considered a critical step in cancer development [5].

It is well-known that diets rich in fruit and vegetables are protective 
against cardiovascular disease and certain forms of cancer and perhaps 
against other diseases also [6]. Celiac Disease (CD), an systematic 
autoimmune enteropathy, currently CD is thought to resemble 
multisystem immunological disorder rather than a disease restricted to 

the gastrointestinal tract  [7,8], characterized by chronic inflammation 
of the intestinal mucosa, atrophy of intestinal villi and a permanent 
intolerance to gluten protein [9]. Plants have been used as traditional 
medicine system throughout the world for many years since they are 
rich in a wide variety of phytochemical compounds, which are good 
sources of antioxidants [10]. Following antioxidant hypothesis coined 
by Gey [11], it was thought that an increased intake of antioxidants 
found in biological system via dietary supplements might lower the risk 
of diseases that involve oxidants. A growing number of observational 
studies has examined the association between the intake of foods rich in 
polyphenols (onions, apples, tea, cocoa, red wine) and chronic diseases 
as well as the relation between the intake of individual dietary flavonoids 
and chronic diseases [12]. The antioxidant defense mechanism has 
led to the concept that increased antioxidant defenses might lower 
the risk of diseases that involve oxidants and free radicals generated 
from endogenous metabolic systems, such as, inflammation, aerobic 
respiration, exercise etc. and from exogenous systems such as, tobacco 
smoking, air/other pollution, radiation and UV-light and thus protect 
DNA, proteins and lipids from oxidative damage [4]. High antioxidant 
capacity is provided mainly by their phenolic contents and the beneficial 
effects of the polyphenols are known. Due to their antioxidant activities 
polyphenols might also enhance the antioxidant defense of the body. 
These properties have been demonstrated in various in vitro and ex vivo 
models [4].

Quinoa (Chenopodium quinoa Willd) a pseudo cereal belonging 
to the Chenopodiaceae family, has been considered to be a functional 

Journal of Food 
Processing & TechnologyJo

ur
na

l o
f F

oo
d Processing &
Technology

ISSN: 2157-7110



Citation: Bhaduri S (2016) An Assessment of Antioxidant and Antiproliferative Activities of Super Grain Quinoa. J Food Process Technol 7: 549. 
doi:10.4172/2157-7110.1000549

Page 2 of 8

Volume 7 • Issue 2 • 1000549
J Food Process Technol
ISSN: 2157-7110 JFPT, an open access journal 

food and it has gained increasing interest in recent years due to its 
high nutritional value. Quinoa also acts as a cell protector and presents 
an important source of antioxidants [13] due to its polyphenolic 
phytonutrient constituents, and therefore could be used for 
medicinal purposes in humans [14,15]. This gluten free pseudocereal 
recommended to be used as an ingredient in food such as bread, pasta 
or baby food and also in common diets [16], since; only effective 
treatment [17] for celiac disease (CD) is a life-long gluten-free diet. 
Despite its slightly bitter taste, quinoa flour produces acceptable gluten 
free baked products [18] that are high in fiber and rich in antioxidants. 
However, plants rich in phytonutrients may play an important role 
in inhibiting both free radicals and oxidative chain reactions within 
tissues and membranes [19].

Therefore due to its excellent nutritional, functional and 
technological properties, exceptional antioxidant activities and 
phytonutrient contents, Chenopodium quinoa might has a potential 
ability to be used as a naturally occurring food preservative also to 
inhibit microbial growth along with its anti-inflammatory activities, 
which probably needs a more in depth investigation. Development of 
cost effective isolation procedures that yield standardized extracts as 
well as safety and toxicology evaluation of quinoa requires a deeper 
investigation [20]. Due to the complex nature of phytochemicals, 
a single method cannot evaluate the antioxidant activities of the 
seed. Therefore several standard methods were used. Considering all 
these, the proposed study was aimed to evaluate the antioxidant and 
anti-inflammatory properties and activities of super grain quinoa 
phytochemicals.

Materials and Methods
Preparation of extracts

The quinoa seeds were powdered with a mechanical grinder to 
obtain a coarse powder, which were then subjected to extraction using 
a modified method [21] with hexane, acetone, methanol, ethanol, ethyl 
acetate and water. Briefly, 2 g of seed powder were extracted with 20 mL 
of solvent into a 50 mL polyethylene centrifuge tube. The mixture was 
kept on a rotary shaker at speed 5 for 24 hours at room temperature. 
After 24 hours, the filtrate was centrifuged at 5000 g for 10 minutes, 
the supernatant was collected. The extraction was done at least three 
times with the residues and supernatants collected each time. All 
the collected supernatants were pulled out together and were filtered 
through Whatman No. 1 paper filter and concentrated to a dry mass 
with the aid of a rotary evaporator. Two different varieties of quinoa 
seeds grain type I and grain type II from two different companies were 
selected to get extracts from hexane, acetone, methanol, ethanol, ethyl 
acetate and water as solvent. Therefore, two different sets of extracts 
from each of two different grains I and II were obtained. Each dried 
extracts were dissolved in 1 ml dimethyl sulfoxide (DMSO).

Determination of total phenolic content

The amount of total soluble phenolic content in different seed 
extracts was determined according to Folin-Ciocalteu method [22] 
with slight modifications. Briefly, 10 μL of the sample extract or a series 
of gallic acid standards (0, 20, 40, 60, 80, and 100 mg/l) from the stock 
solution was mixed with 100 μL of Folin-Ciocalteu reagent (Sigma 
Chemical Co., St. Louis, Mo., USA). After 10 min of incubation, 300 
μL of 20% Na2CO3 solution was added and the volume was adjusted 
to 1 mL using deionized water. The mixture was incubated in dark for 
2 hours at room temperature and the absorbance was measured at 750 
nm using a microplate spectrophotometer (Bio-Rad Laboratories, Inc., 
2000 Alfred Nobel Drive, CA 94547, USA) against blank sample. The 

total phenolic content was measured as gallic acid equivalents per gram 
of dry mass (mg GAE/g dw) and the values were presented as means of 
triplicate analysis.

Determination of total flavonoid content

 Total flavonoid content was estimated by a modified colorimetric 
method [23] by taking 20 μL of each extract and mixed with 500 μl de-
ionized water and 30 μl of 5% sodium nitrite (NaNO2) solution. After 
5 min of incubation at room temperature, 60 μl of 10% Aluminium 
chloride (AlCl3) solution was added. Subsequently, 350 μl of 1 M 
sodium hydroxide (NaOH) and 40 μl of de-ionized water were added to 
make the final volume 1 mL. Samples were further incubated for 15 min 
at room temperature and the absorbance of the samples was measured 
at 510 nm in a spectrophotometer (Spectrnics 20, Spectronics, CA). The 
total flavonoids were determined as qurecetin equivalents per gram of 
dry mass (mg QE/g dw) and the values were expressed as means of 
triplicate analysis.

Evaluation of antioxidant capacity

 Total antioxidant activity was estimated by phosphomolybdenum 
assay method [24] using Molybdate reagent Solution (1 ml each of 
0.6 M sulfuric acid, 28 mm sodium phosphate and 4 mm ammonium 
molybdate were added in 20 ml of distilled water and made up volume 
to 50 ml by adding distilled water). Extracts in different concentration 
ranging from 100 µl to 500 µl were added to each test tube individually 
containing 3 ml of distilled water and 1 ml of Molybdate reagent 
solution. These tubes were kept incubated at 95°C for 90 min. After 
incubation, these tubes were normalized to room temperature for 20-
30 min and the absorbance of the reaction mixture was measured at 
655 nm using a microplate spectrophotometer (Bio-Rad Laboratories, 
Inc., 2000 Alfred Nobel Drive, CA 94547, USA) against blank sample. 
Mean values from three independent samples were calculated for each 
extract. Ascorbic acid (AA) was used as positive reference standard and 
the total antioxidant capacity was expressed as milligrams of ascorbic 
acid equivalents per gram of dry mass (mg AAE/g dw).

Determination of ferric reducing antioxidant power (FRAP)

 A modified method [25] was used to measure the ferric ions (Fe3+) 
reducing antioxidant power (FRAP) of extracts. The FRAP method is 
based on a redox reaction in which an easily reduced oxidant (Fe3+), 
the ferricyanide complex is used in stoichiometric excess and the 
extracts used as antioxidants, which acts as reductants to reduce the 
ferricyanide complex to the ferrous form. Briefly, an aliquot of 100 µl 
of different extracts (5-200 mg/ml) were mixed with 1 ml phosphate 
buffer (0.2 M, pH 6.6) and 1 ml of potassium ferricyanide (1% w/v), 
shaken well and incubated at 50°C for 20 min. After incubation, 1 mL 
of trichloroacetic acid (10% w/v) was added to stop the reaction, which 
was then centrifuged at 3000rpm for 10 min. After centrifugation, 1.5 
ml supernatant was mixed with 1.5 ml deionized water and 0.1 ml ferric 
chloride (0.1%). The mixture was incubated for 10 min and absorbance 
was read at 700 nm in a spectrophotometer (Spectrnics 20, Spectronics, 
CA). The assays were carried out in triplicate and the results are 
expressed as mean values ± standard deviations. Ascorbic acid was 
used as standard. The reducing power of the extracts was represented 
as mg AAE/g of dry mass. Higher absorbance indicates higher reducing 
power.

DPPH radical scavenging activity

 The antioxidant activities of quinoa seed extracts were assessed [26] 
on the basis of the radical scavenging effect using stable 1, 1-diphenyl-
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2-picrylhydrazyl (DPPH). DPPH solution (0.004% w/v) was prepared 
in 95% methanol and serial dilutions were carried out with the stock 
solutions (20 mg/mL) of the extracts. Various concentrations of extracts 
were mixed with DPPH solution (900 μl), incubated in dark for 30 
min and then absorbance was measured at 517 nm (Spectrnics 20, 
Spectronics, CA). Methanol (95%), DPPH solution and ascorbic acid 
(AA) were used as blank, control and reference standard respectively.

DPPH scavenging ability (%) = [A517 nm of control – A517 nm of sample / A517 

nm of control] X 100

Nitric oxide scavenging activity

Nitric oxide scavenging activity was determined according to 
Griess Illosvoy reaction [27] by sodium nitroprusside method [28] in 
a 96-well microplate. The reaction solution (50 μl) containing 10 mm 
sodium nitroprusside in PBS (pH 7.0) was mixed with 50 μl of different 
concentration (50–200 μg/ml) of sample extracts, followed by incubation 
at 37°C for 20 min under light. After incubation, 100 μL of Griess 
(Promega) reagent (1% sulfanilamide, 2% H3PO4) added to each well. 
Incubate at room temperature for 5-10 minutes, protected from light. A 
purple/magenta color will begin to form immediately. Absorbance was 
noted within 30 minutes in a microplate spectrophotometer (Bio-Rad 
Laboratories, Inc., 2000 Alfred Nobel Drive, CA 94547, USA) at 540 
nm and the results were expressed as per cent of scavenged nitric oxide 
with respect to the negative control without addition of any antioxidant. 
Ascorbic acid was used as a positive control.

Nitric oxide scavenging ability (%) = [A540 nm of control × A540 nm 
of sample / A540 nm of control] ×100.

Antimicrobial activity

Briefly, the extracts were tested against the reference strains for 
antimicrobial activity containing different concentrations of extracts 
using micro dilution method [29-31] in 96 well micro plates with 
minor modifications. The antimicrobial activity of the extracts was 
evaluated against two gram positive (Enterococcus faecalis ATCC 
43062, Staphylococcus epidermidis ATCC 33501) and two gram negative 
(Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853) 
bacterial strains. The culture suspension (100 µl) were seeded into 96-
well plate at 1 × 104 cells/well density and treated with all extracts of 
quinoa seeds for two different concentrations, 50 µg/ml and 200 µg/ml 
and incubated for 48 h at 37 ± 1°C and then 10 μl of MTT (Promega) (5 
mg/ml) was added to each well. In control experiments, sterile distilled 
water was added in place of quinoa extracts and only sterile broth was 
used in place of suspension cultures (without inoculums) as blank. Then 
absorbance was measured at 570 nm in a microplate spectrophotometer 
(Bio-Rad Laboratories, Inc., 2000 Alfred Nobel Drive, CA 94547, USA). 
All experiments were performed in triplicate.

The percentage inhibition of the extracts was calculated using the 
formula: 

% Inhibition = (Acontrol – Asample  ) /Acontrol × 100 

Anti-proliferative activity

Cytotoxic activity of the extract was determined by MTT (Cell Titer 
96TM, Promega) assay against a lymphocyte as a preliminary step of 
experiment by colorimetric assay. Briefly, P 116 T lymphocyte cells 
were plated at 104 cells/well in a 96-well plate. The culture cells were 
incubated in a humidified incubator at 37°C, atmosphere of 5% CO2 
and 95% air for 24 h. After incubation for 24h at 37°C, the medium was 
discharged and cells were treated by all extracts of quinoa seeds with 

two different concentrations, 50 µg/ml and 200 µg/ml and incubated 
for 24 h. MTT reagent (0.5 mg/ml) was added to each well and further 
incubated for 4 hours at 37°C. Viable cells react with MTT to produce 
purple formazan crystals. After 4 h, the stop solution was added. The 
cells were then incubated for 2 h in room temperature and protected 
from light. After incubation, the cells were shaken. Optical density was 
read with a microplate spectrophotometer (Bio-Rad Laboratories, Inc., 
2000 Alfred Nobel Drive, CA 94547, USA) at a wavelength of 570 nm. 
The experimental data was absorbance of each well represents viability 
of cells in each well and then converted to percentage inhibition of 
growth. All experiments were performed in triplicate.

The percentage inhibition of the extracts was calculated using the 
formula: 

% Inhibition = (Acontrol – Asample ) /Acontrol × 100 

Statistical analysis

Microsoft® Excel 2013 programs were used for statistical analyses 
and calculations, Data were expressed as mean (M) ± standard deviation 
(SD) for 3 samples in each group. Student’s t-test and one way ANOVA 
were used to compare means, presenting their respective p-value 
for determination of statistical significance. The difference between 
compared groups was considered to be significant when p<0.05. Lower 
case letters a, b, c, d, e, f and g indicate statistical significance.

Results and Discussion
All extracts and their abbreviations

Table 1 explained all abbreviations used for different types of 
extracts. They were designated as QHX-I and QHX-II (for hexane 
extract), QAC-I and QAC-II (for acetone extract), QMT-I and QMT-
II (for methanol extract), QET-I and QET-II (for ethanol extract), 
QEA-I and QEA-II (for ethyl acetate extract), and QWA-I and QWA-II 
(for water extract). The dried extracts were dissolved in 1 ml dimethyl 
sulfoxide (DMSO).

Antioxidant and phytochemical activities

The results of total phenolic content of two different quinoa seed 
extracts (I and II) have been shown in Table 2. The total phenol content 
in the quinoa seed extracts (QHX, QAC, QMT, QET, QEA and QWA) 
expressed as gallic acid equivalent (GAE). The total phenol content 
in different extracts varied with different solvents and the range was 
found from 23.74 ± 1.63 mg GAE/g dw for QHX-II to 89.73 ±1.74 mg 
GAE/g dw for QWA-II, which is the highest total phenolic content. The 
results were also indicated that the methanol (QMT I and II) and water 
extracts (QWA I and II) possess a higher level of total phenol content 
compared to all other extracts. These data indicate major phenolics of 
quinoa are located in the water derived extracts.

All extracts from different solvents showed a moderately high level 
of total flavonoid content , the highest level of flavonoid content (106.49 

Extracts Quinoa grain type I Quinoa grain type II
Hexane QHX-I QHX-II
Acetone QAC-I QAC-II
Methanol QMT-I QMT-II
Ethanol QET-I QET-II

Ethyl acetate QEA-I QEA-II
Water QWA-I QWA-II

Table 1: All abbreviations used.
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± 10.14 mg QE/mg dw) was found for acetone extract (QAC-II) and 
the lowest level (41.72 ± 4.91 mg QE/mg dw) was for hexane extract 
(QHX-I). 

Both methanol extracts (I and II) water extracts (I and II) showed 
significantly high level of anti-oxidant activities, however the water 
extracts showed higher level of total antioxidant activities compared to 
other solvent extracts and the highest level (1586 ± 41.42 mg ascorbic 
acid/mg dw) of total antioxidant property was observed for QWA-II, as 
represented in Table 2. These data indicate major phenolics of quinoa 
are located in the water and also in the methanol derived extracts. 
Water extracts of quinoa might be considered to have a high level of 
antioxidant defensive action against reactive oxygen species. 

Ferric reducing antioxidant power were observed high for acetone, 
methanol and ethanol extracts and the highest level (183.08 ± 6.42 mg 
ascorbic acid/mg dw) was for QMT-II, showed in Table 2. Both the 
extracts of water showed lowest level of ferric reducing antioxidant 
activities.

DPPH radical scavenging activity

DPPH scavenging activities are represented in Table 3. The DPPH 
assay measured hydrogen atom (or one electron) donating activity and 
hence provided an evaluation of antioxidant activity due to free radical 
scavenging, 2,2-Diphenyl-lpicrylhydrazyl radical (DPPH) a purple-
colored stable free radical is reduced into the yellow colored diphenyl 
picryl hydrazine [26]. Very significant antioxidant activities were found 
in all the six extracts for two different seeds at higher concentration 200 
µg/ml (Table 3). Highest DPPH scavenging activities 82.39 ± 0.03 and 
82.71 ± 0.03 were for water extracts. All other extracts (QHX, QAC, 
QMT, QET and QEA) showed similar DPPH scavenging capacity and 
the range was 66.56 ± 0.04 to 77.47 ± 0.03. IC50 values (concentration of 
the extract in µg/ml that was able to scavenge half of the DPPH radical) 
was 14.71 ± 0.31 and 14.93 ± 0.06, the lowest for water extracts (QWA 
I and II).

Since, water extracts from both type of seeds showed lowest IC50 
value compared to other solvents, this indicates water extracts of quinoa 
has a strong proton donating ability, which could serve as a free radical 
scavenger and can neutralize the reactive oxygen species originate due 
to prolonged oxidative stress in living organisms.

Nitric oxide scavenging activity

Percentage free radical nitric oxide scavenging activities against 
concentrations of the extracts have been tabulated in Table 4. The 

scavenging activities increased with an increase in concentration of all 
extracts. Nitric oxide generated from aqueous sodium nitroprusside 
(SNP) solution interacts with oxygen to produce nitrite ions at 
physiological pH, which may be quantified and determined according 
to Griess Illosvoy reaction [28]. All the extracts of quinoa exhibited 
significant NO scavenging activity in a concentration dependent 
manner (Table 4). The results clearly identify QEA-II as better NO 
scavenger where percentage inhibition reached to 88.41 ± 0.37 at a 
concentration 200 µg/ml with an IC50 value of 74.31 ± 0.27. Lowest 
nitric oxide scavenging activity (26.91 ± 0.37) was observed with water 
extracts (QWA-II) at a concentration 200 µg/ml.

The NO radicals play an important role in inducing inflammatory 
responses Nitric oxide (NO) is a diffusible free radical that plays many 
roles as an effectors molecule in diverse biological systems including 
neuronal messenger, vasodilatation, and antimicrobial and antitumor 
activities, but Chronic exposure to nitric oxide radical is associated with 
various carcinomas and inflammatory conditions including juvenile 
diabetes, multiple sclerosis, arthritis, and ulcerative colitis [32].

Antimicrobial activity

All extracts of quinoa had shown moderate to significant 
antimicrobial activities against to both gram positive bacteria E. faecalis 
ATCC 43062, S. epidermidis ATCC 33501 shown in Figures 1(a) and 
1(b) and against one of the two gram negative bacteria used, which is 
P. aeruginosa ATCC 27853 at a concentration 200 µg/ml as shown in 
Figure 1(c). The extracts from methanol, ethyl acetate and water showed 
significant antimicrobial activities against E. coli ATCC 25922 presented 
in Figure 1(d) at a concentration 200 µg/ml compared to control. The 
extracts from hexane, acetone and ethanol did not show any significant 
activities at this concentration. However, a higher concentration over 
200 µg/ml was not tried in this study.

Table 5 representing IC50 values of all cells.  All extracts besides 
extracts from hexane showed moderately low IC50 values against E. 
faecalis ATCC 43062. Methanol extract showed lowest IC50 value (18.75 
± 0.03) against E. faecalis ATCC 43062, whereas, IC50 values were very 
low and were within the range of 14.55 ± 0.02 to 15.59 ± 0.05 for all the 
extracts against S. epidermidis ATCC 33501.

Both ethanol and methanol extracts showed lowest IC50 values 
19.19 ± 0.04 and 16.67 ± 0.03 respectively against P. aeruginosa ATCC 
27853, and only methanol extract showed lowIC50 values 20.24 ± 0.02 
against E. coli ATCC 25922. This observation might conclude quinoa 
seed extracts have antimicrobial activities towards gram positive 

Type of extract Total PhenolsX Total flavonoidY Total antioxidant activitiesZ Ferric reducing antioxidant powerZ

QHX-I 24.38 ± 1.28b 41.72 ± 4.91f 39.13 ± 0.89e 60.06 ± 2.32d

QHX-II 23.74 ± 1.63c 67.37 ± 16.68c 48.33 ± 0.58f 61.34 ± 0.84d

QAC-I 27.16 ± 1.82f 80.85 ± 5.89c 69.78 ± 2.37f 133.29 ± 2.11b

QAC-II 37.21 ± 1.98d 106.49 ± 10.14c 88.64 ± 2.37g 134.58 ± 2.24b

QMT-I 49.09 ± 2.11c 51.83 ± 6.68a 318 ± 13.98d 176.65 ± 12.84a

QMT-II 66.63 ± 1.23d 72.38 ± 3.03a 438 ± 6.98h 183.08 ± 6.42b

QET-I 38.39 ± 1.15e 46.81 ± 3.45a 139 ± 2.25d 155.78 ± 1.69d

QET-II 39.05 ± 2.25b 65.85 ± 8.32a 176 ± 5.32e 156.63 ± 0.49e

QEA-I 25.02 ± 0.44c 45.74 ± 3.48b 53.28 ± 11.85g 44.01 ± 0.64b

QEA-II 29.09 ± 3.45e 50.63 ± 3.98b 78.03 ± 4.97g 44.64 ± 0.32b

QWA-I 57.54 ± 9.01c 66.94 ± 13.03b 879 ± 15.31g 37.25 ± 0.64c

QWA-II 89.73 ± 1.74f 89.43 ± 10.75c 1586 ± 41.42g 37.47 ± 0.81c

X gallic acid, Y quercetin, Z  ascorbic acid
Results are expressed as Mean ± Standard deviation, where n = 3. Values with different superscripts (a, b, c, d, e, f, g, h) in a column differ significantly (p < 0.05).

Table 2: Quantitative representation of antioxidant and phytochemical activities.
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bacteria but not to all gram negative bacteria. However, IC50 values 
are higher for extracts from hexane against E. faecalis ATCC 43062 
(119.78 ± 0.27) and P. aeruginosa ATCC 27853 (129.74 ± 0.03).These 
results also indicate hexane extracts might have limited antimicrobial 
activities towards both the gram positive and gram negative bacteria. 
The mechanism could be a further subject of studies. 

Anti-proliferative activity

All extracts of quinoa extracts from all six solvents hexane, 
methanol, ethanol, ethyl acetate and water showed significant anti 
proliferative activities against P 116 cells at a concentration of 200 µg/
ml, represented in Figure 2.  However, methanol (QMT-I and QMT-
II), ethanol (QET-I and QET-II), ethyl acetate (QEA-I and QEA-II) 

and water (QWA-I and QWA-II) showed significantly low IC50 values 
ranging from 16.67 ± 0.02 (for water extract) to 31.26 ± 0.03 (for 
ethanol extract), as in Table 5. For the crude extracts an IC₅₀ value 
lower than 30 μg/mL established as the criterion for cytotoxicity [33] by 
the National Cancer Institute (NCI). Since, water extracts QWA I and 
QWA II showed lowest IC50 values 20.03 ± 0.04 and 16.67 ± 0.02, water 
extracts for quinoa should be further studied for its cytotoxic activities.

Conclusion 
The present study clearly demonstrated that the extract of quinoa 

seeds contains considerable amount of total phenols and flavonoids 
and exhibits high antioxidant and free radical scavenging activities. In 
addition, it has been demonstrated that the quinoa seed extracts also is 

Figure 1a: Antimicrobial activities of quinova extracts against gram positive bacteria E. faecalis ATCC 43062.
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Figure 1b: An antimicrobial activity of quinova extracts against gram positive bacteria S. epidermidis ATCC 33501.

Figure 1c: Antimicrobial activities of quinova extracts against gram negative bacteria P. aeruginosa ATCC 27853

(c)



Citation: Bhaduri S (2016) An Assessment of Antioxidant and Antiproliferative Activities of Super Grain Quinoa. J Food Process Technol 7: 549. 
doi:10.4172/2157-7110.1000549

Page 7 of 8

Volume 7 • Issue 2 • 1000549
J Food Process Technol
ISSN: 2157-7110 JFPT, an open access journal 

a potential antiproliferative and antimicrobial agent. The antioxidant 
and biological activities might be due to the synergistic actions of 
bioactive compounds present in them. However, it is still unclear which 
components and mechanisms are playing vital roles for these activities. 
Therefore further investigation is needed to identify the exact moiety 
responsible for antioxidant and antiproliferative activities of quinoa 
seeds and also for other gluten free pseudocereals.
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