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ABSTRACT

Red Amaranth (Amaranthus tricolor) and green Amé#éraAmaranthus viridisyare two very important leafy
vegetables consumed in most parts of India, not fumltheir flavours, but also for their pharmacgioal activities.
The cooking processes are different in the diffeqgart of this country, and therefore, the presshidy was
designed to analyze their in vitro antioxidant fliemfoefore and after thermal processing in waterdéferent
temperatures and pH. Thermal processing was dor'&, 80°C and 106C, whereas pH 5.0 and 9.0 were also
used for extraction. The assays performed inclUdB&H radical decolorization assay, reducing powssay and
assay for total phenolic contentswas observed that the antioxidant activities aoigl phenolic content improved
in case of the two vegetables after thermal prdngsand pH dependent extraction. Phenolic conterdse nearly
doubled after extraction at 180 and at pH 9.0, separately, probably due to bettdublization of the antioxidants
in hot water and different acid-base conditionsptovement in the total phenolic contents substémtighe radical
scavenging abilities of the two subject vegetahfesr aqueous extraction.
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INTRODUCTION

The rural people in India are still largely devaitlthe necessities of modern healthcare due to #wminomic
constraints, even in this early twenty-first cemtlit]. That is why, rural people mainly depend ¢ tocally
available edible plant materials to cure varioualthedisorders as those plants possess many heathoting
bioactives [2]. Taking the lead from such tradiibknowledge, the modern research is paying attertowards
exploring plant sources for substances that prowmigétional as well as pharmacological advantagelsumans. It
is now well known that fruits and vegetables aredysources of natural antioxidants for the humai, dontaining
many different antioxidant components which provigetection against harmful free radicals and gfhpn
associated with reduced risk of chronic diseasesh @s cardiovascular disease, cancer, diabetesgifter’s
disease, cataracts and age-related functionalngeali addition to other health benefits [3]. Amathg different
plant-based food sources, green leafy vegetabéea good source of antioxidants, minerals and vitarf#]. The
antioxidants of these vegetables play an impontalet in the maintenance of health and preventiodiséase. A
number of vitamins such as vitamins A, C, E, ad aglcarotenes are excellent antioxidants, whisb abntribute
to good health by acting as co-factors for certaimymes and by involvement in oxidation-reductieactions [5].
It has also been established that increase in a&bkigetonsumption reduces the risk of cancer, ceadiular
diseases and mortality, mainly attributable to@atiants such as ascorbic acid, vitamin E, caratlsndycopenes
and polyphenols [6,7,8].
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Usually, starchy foods are the staple foods utllim@stly in developing countries as they providéhtenergy and
proteins [9]. However, in India, the green leafgemables are the other important protein sourcésegsare cheap,
available locally and can be cooked fairly eagilyhie local households. They also help in reduttiegmalnutrition
problem since they provide essential minerals g and amino acids that are absent in the riseddiet [10].
Among these green vegetables, amaranthus plantslyfa Amaranthaceae) are spread throughout thddwor
growing under a wide range of climatic conditiom&l dhey are known to produce useful feed and faodlyrcts.
Amaranthusplants or amaranths are defined as “never-fadiogeits” in Greek [9]. Several species of amaranths
are often considered as weeds, although peopléwarnaranth as leafy vegetables to be utilized ily daisines in
most parts of India. The flavor of the raw or codbleenaranths is reported to be as equal to or ibdarthe spinach
or other leafy vegetables [11]. Among the amargnit amaranthAmaranthus tricoloy is especially nutritious, as
they are rich in minerals like iron and calciumtamin C, pigments like carotenoids and betalairt flavonoids
[12,13]. Green amarantiAfharanthus viridiy on the other hand, is replete with flavonoidd #émese compounds
are known to involve in anti-inflammatory, anti-atogenic, anti-allergic, antiviral and hepatoprttecresponses
[14]. It also contains minerals, vitamin C, caratigls and phenolic acids in substantial quantitlés.[

For the past few years, a number of studies hage pablished to determine the antioxidant potestdlamaranths
[16,17]. In such studies, extraction with solvelike raw and aqueous alcohols was a common pratdicéhe
determination of bioactives as well as radical scayng abilities. A few studies were also found rehevater was
used to extract the vegetables for adjudicatioramtfoxidant profile [18]. However, standard pharoiagical
extraction procedures were followed in such repantgiew of retaining the integrity of the bioadti principals. As
it is common that vegetables are usually cookechdst treatments which would certainly bring somgsjio-
chemical changes in them, the nutritional qualtuld change irreversibly [19]. The present studglsievith thein
vitro antioxidant profile of the two amaranth specie®teand after thermal processing with water. Siliéerent
cooking processes employ different thermal treatsjehe extractions in the present study were dordifferent
temperatures in order to ascertain the differemcantioxidant capacities. Again, the extractiongenvdone at
different pH as different cooking processes somesimtilize different pH conditions (i.e. use of dirjuices or use
of food grade sodium bicarbonates). To our knowdedgwas one of the very few studies that deathkiuman
consumable water extractives of foodstuffs for rtheidical scavenging abilities, and probably thstfiwvhere
different temperature and pH conditions for eximattwere employed. In this way, we would be abl&riow how
different cooking methods could retain the moseetif’eness of these natural foods for human consamprhe
present study reports the achievement of the aiough some commoin vitro antioxidant assays.

MATERIALSAND METHODS

Chemicals

2,2-Diphenytl-picryl hydrazyl (DPPH) were obtained from Himediadia. Analytical grades of trichloroacetic
acid, ascorbic acid, Folin-Ciocalteau’s solutioitric acid, sodium hydroxide and sodium carbonagzenobtained
from Merck, India. All other reagents and chemicas®d were of analytical grade procured from I@mirces.
Deionized distilled water was used in the entitelgt

Selection of samples

Fresh samples of two amaranths commonly used akifioral households of this part of the countrgmely, red
Amaranth Amaranthus tricoloy and green AmaranttAfnaranthus viridis were obtained from local markets in
Barasat, West Bengal, and authenticated by a Baitaltie vegetables were checked for dirt or anpleisiamages,
which were discarded. The samples were utilizegfraction afresh, without preservation.

Extraction of the samples at different temperatures

Fresh leaves were washed and cut into small pidcgs of wet sample was crushed in a mortar-pésttEbtain a
fine mixture of homogenous material. The extraciovere done using deionized distilled water witho#id-to-
solvent ratio of 1:10 (w/v). All samples were hehtd temperatures 60°C, 80°C and 100°C for abounihiites,
separately. A control with extraction done at rotemperature (32£Z) and at pH 7.2 was also prepared for
comparative purpose. Then the mixtures were cegeid at 6000 rpm for 5 minutes to get a clear swgiant. The
supernatants were utilized for antioxidant studies.

Extraction of the samples at different pH

Fresh samples were washed and cut into pieces. df grat sample was crushed in a mortar-pestle taioka fine
mixture of homogenous material. The extractionsewdwone at room temperature using deionized ddtilater
with a solid-to-solvent ratio of 1:10 (w/v). Prit extraction, the pH of the deionized distilledt@ravas set at 5.0
and 9.0 using citric acid and sodium bicarbonaspectively. A control with extraction done at rotemperature
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(32+2°C) and at pH 7.2 was also prepared for comparativpose. Then the mixtures were centrifuged at 6p60
for 5 minutes to get a clear supernatant. The sigpants were utilized for antioxidant studies.

DPPH radical decolorization assay

The DPPH assay was performed using a previouslgriesl procedure [20]. 1 ml DPPH solution (3 mg BPP
powder in 25 ml ethanol) was mixed with 0.5 ml séargplution and the decrease in absorbance of tkteira after

20 minutes of incubation in the dark was monitoa¢®17 nm in a Systronics spectrophotometer (med2202).
The concentration that causes a decrease in thwbamee of initial oxidants by 50% is defined agylGf the
samples. Ascorbic acid was used as positive coatrdlcomparing with its’ 165 and the results were expressed as
ascorbic acid equivalents (mM/gm spices).

Reducing Power assay

The assay was performed using a previously destpbecedure with minor modifications [21]. Briefl§,5 ml of
sample solutions was mixed with phosphate buffét {p4, 2.5 ml) and aqueous potassium ferricyanaatisn

(2.5 ml). This mixture was kept at 50+2°C in wabath for 20 minutes. After cooling, 2.5 ml of 10%/Y)
trichloroacetic acid was added and centrifugedQ&03rpm for 5 min. 2.5 ml of the supernatant wageaiwith
distilled water (2.5 ml) and a freshly prepareditechloride solution (0.5 ml). The absorbance weeasured at 700
nm in a Systronics spectrophotometer (model — 220@ptrol was prepared in similar manner excludagiples.
Gallic acid was used as positive control and coimgawith its’ ICso and the results were expressed as gallic acid
equivalents |{M/gm spices).

Total Phenolic Content assay

The assay was performed using a previously destpbecedure with minor modifications [22]. Briefl§,5 ml of
sample solution was mixed with 1.5 ml Folin-Cioealt’s solution (1:10 v/v diluted with distilled vea} and
allowed to stand for 28+2°C for 5 min. Then 2 mI78b (w/v) aqueous sodium carbonate solution wagcdehd
the mixture were allowed stand for another 90 nmid at darkness. The absorbance of the blue cabddgwveloped
was measured at 725 nm using spectrophotometetr¢8igs, Model — 2202). Gallic acid was used toppre the
standard curve (20-100g/ml) and the total phenolic concentration in tipéce extract was expressed as mg of
gallic acid per gram of dry weight of the spicaM(gm spice).

Statistical analysis
Data were expressed as mean * standard deviatifmuioindependent samples. Data were analyzed tyest'st-
test using the software ‘Prism 4.0’ (GraphPad I0SA).

RESULTS

Extraction of red amaranth at different temperatures

It was observed that there was an indication ofrawpment of DPPH radical scavenging potential dfaearanth

on thermal treatment compared to the control (TdYleThe activity was maximum (from 85.28 to 951®
ascorbic acid equivalent/gm sample, Table 1) upgtraetion at 60C. In higher temperatures, there was
deterioration in the activity, probably due to thecomposition of the bioactives. However, significenprovement
was observed in the reducing power assay and maxiautivity was found upon extraction at®80(from 25.41 to
28.71uM/gm sample, Table 1). The improvement in the tpia¢nolic content was also in consonance with the
reducing power assay, where significant improvemes observed in case of all three extraction condi (Table

1).

Tablel: Antioxidant potential of red amaranth (Amaranthustricolor) after processing with water at different temper atures. Results for
DPPH assay are expressed as ascor bic acid equivalents (uM/gm sample) and as gallic acid equivalents (uM/gm sample) for therest
assays.

Processing temperatures DPPH assay Reducing power assay Total phenolics

Content
Control 85.28+5.60 25.41+1.70 0.91+0.07
60°C 95.1248.13 27.59+1.69 1.18+0.09
8(°C 80.68+7.69 28.71+1.76 1.53+0.05
100°C 81.08+7.16 28.24+1.63 1.71+0.04

Data are expressed as Mean +SD (n=4), Control: ¢&ssing temperature 32%2 and pH 7.2

Extraction of red amaranth at different pH

Reducing power of plant bioactives provides a digant indication of the antioxidant activityn vitro.
Phytochemicals possessing reducing power are etedmnors and can reduce the oxidized intermedaftdipid
peroxidation processes, ultimately minimizing undddge health conditions [21]. It was observed ttisre was
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significant improvement of the reducing power anaiximum activity was found upon extraction at pH Erom
25.41 to 36.19uM/gm sample, Table 2). However, there was deteiimran the DPPH radical scavenging activity
upon extraction at different pH, probably due te gtructural changes occurred in the bioactivediferent acid-
base conditions (Table 2). The improvement in thal fphenolic content was also in consonance vaighréducing
power assay, where significant improvement wasmeleskin case of the two extraction conditions, nmraxin being
at pH 9.0 (Table 2).

Table2: Antioxidant potential of red amaranth (Amaranthustricolor) after processing with water at two different pH. Resultsfor DPPH
assay are expressed as ascor bic acid equivalents (uM/gm sample) and as gallic acid equivalents (uM/gm sample) for therest assays.

pH DPPH assay  Reducing power assay Total phenalics

Content
Control 85.28+5.60 25.41+1.70 0.91+0.07
5.0 84.43+4.89 36.19+2.16 1.76+0.08
9.0 75.45+7.26 31.08+£2.05 1.93+0.09

Data are expressed as Mean +SD (n=4), Control: d&ssing temperature 32%2 and pH 7.2

Extraction of green amaranth at different temperatures

It was observed that there was deterioration of BP&dical scavenging potential of green amaranttihenmal
treatment compared to the control (Table 3). Howesignificant improvement was observed in the oty power
assay and maximum activity was found upon extractib 106C (from 25.06 to 29.7¢M/gm sample, Table 3).
The improvement in the total phenolic content wé® an consonance with the reducing power assaygrevh
significant improvement was observed in case afhatle extraction conditions with maximum at 4©@Table 3).

Table 3: Antioxidant potential of green amaranth (Amaranthustricolor) after processing with water at different temperatures. Results
for DPPH assay ar e expressed as ascor bic acid equivalents (UM /gm sample) and as gallic acid equivalents (uM/gm sample) for therest
assay’s.

Processing temperatures DPPH assay Reducing power assay Total phenolics

Content
Control 97.22+6.76 25.06+1.76 0.88+0.03
60°C 93.75+7.33 27.18+1.52 1.12+0.06
80°C 81.82+5.63 28.41+£1.95 1.24+0.07
100°C 74.15+6.93 29.76x1.27 1.41+0.08

Data are expressed as Mean +SD (n=4), Control: d&ssing temperature 32%2 and pH 7.2

Extraction of green amaranth at different pH

It was observed that there was significant improseirof the reducing power and maximum activity @snd

upon extraction at pH 9.0 (from 25.06 to 30188/gm sample, Table 4). However, there was detelimman the
DPPH radical scavenging activity upon extractiondidferent pH, again probably due to the structuwiahnges
occurred in the bioactives at different acid-baseditions (Table 4). The improvement in the totaépolic content
was also in consonance with the reducing poweryasdgaere significant improvement (from 0.88 to 1}8@/gm

sample, Table 4) was observed in case of the twaaion conditions, maximum being at pH 5.0 (Tab)e

Table4: Antioxidant potential of green amaranth (Amaranthustricolor) after processing with water at two different pH. Resultsfor
DPPH assay are expressed as ascor bic acid equivalents (uM/gm sample) and as gallic acid equivalents (uM/gm sample) for therest
assay’s.

pH DPPH assay Reducing power assay Total phenolics

Content
Control 97.22+6.76 25.06+1.76 0.88+0.03
5.0 77.0617.47 32.18+2.18 1.53+0.07
9.0 97.06+7.59 30.88+2.12 1.51+0.09

Data are expressed as Mean +SD (n=4), Control: d&ssing temperature 32%2 and pH 7.2

Comparison of red and green amar anths

It was revealed from the present study that thergeemaranth showed better DPPH radical scavengingty than
red variant in control conditions (Fig. 1). Howeyvafter thermal treatment, the two vegetables sldoveenparative
DPPH radical scavenging profile. The improvemens weominent in green amaranth when the extractias done
at pH 9.0.

It was, however, also observed that red amaramtteddetter over green amaranth in reducing capahitd total
phenolic content (Figs. 2 and 3). Thermal treatsémiproved their antioxidant profile. Although teewere no
significant differences in reducing power of theotwpecies after thermal treatment, there were fggni
improvements of the total phenolic content afterthal processing.
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Fig. 1: Comparative DPPH radical scavenging capacities of red and green amaranth at different extraction conditions.
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Fig. 2: Comparative reducing power of red and green amaranth at different extraction conditions.
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Fig. 3: Comparative total phenalic contents of red and green amaranth at different extraction conditions.
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DISCUSSION

Cooking processes would bring about a number ofigbs in physical characteristics and chemical caitipa of
the vegetables. Many studies have shown that v@iGooking methods affected the content of phytodtals) in
particular, antioxidant present in the vegetablesyever little is known in this regard in depth [28]. The
determination of antioxidant potential of plant @&substances is still being an unresolved problednnot a single
assay would be sufficient for the assessment [Bb]the present study, the methods for adjudicatibrthe
antioxidant potential of the red and green amardatives were chosen specifically in view of the va&bo
proclamation. DPPH assay is one of the most popaldical scavenging assay methods and is basedwn n
aqueous less polar medium (i.e. alcohol). The pihgmicals that neutralize DPPH radicals are ususityrogen
atom donors and this neutralization reaction isperature and pH sensitive [26]. The results ingidahat there
might be some transformation in the hydrogen at@nsferring molecules of the two amaranths upomthkand
pH treatment which could be unfavorable for theRFMH radical scavenging abilities. On the other haeducing
power assay implicated effectiveness of the substin aqueous (i.e. polar) medium. This can beetaded
directly with improvement in phenolic contents béttwo amaranths shown after thermal processingaier. The
observed enhanced antioxidant profile in some rireat regimens as well as greater extraction of gi@ynols

might be due to enhanced solubility of the polyghen hot water which otherwise have less soltybih water at
room temperature.

The bioactives commonly present in the amaranth® weported to be effective against various typesoric
oxidantsin vitro although not much research have been conductédsirsphere [27, 28]. Phenolic compounds of
plants having one or more aromatic rings with onenore hydroxyl groups can potentially quench fragicals by
forming resonance-stabilized phenoxyl radicals whiglay a role in their antioxidant properties [20]he
effectiveness of them against the most harmful R@& thermal processing that closely resemble iogokethods
employed in India, however, was not explicitly sagdearlier [21]. In this context, the present gtudlicated some
positive effects of thermal and pH treatment upotioaidative potential of the two amaranths on agtion, which
would provide knowledge about their potential asctional food during human consumption.

CONCLUSION

The foremost conclusion arising out of the presgatk was that the antioxidant capacities of the wutbject
amaranth species could be improved by thermal geieg at different temperatures or by extractiodifiérent pH
conditions that resemble cooking. This could beeusiod form the improvement of their reducing peaaes well
as total phenolic contents. Enhanced activitiesvshafter thermal processing in water might be duenhanced
extraction of polyphenols, which might have leshilitity in normal water but enhanced solubility ot water.
There was a strong correlation between the impreviraf reducing power and the total phenolic cotstewhich
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indicated that the antioxidant activities of theasamths were mainly due to the polyphenolics eidchin the water
by thermal processing as well as pH dependent @idra The study also indicated that there wereginait

differences in the antioxidant potential of the esdl green amaranths without any treatment. Theowaments in
the antioxidative potential of red and green antéi®on heat or pH-dependent treatment with wat@tiéd their

role as functional foods, even after cooking.
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