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ABSTRACT

The nutritional and anti- nutritional characteistof the seeds @. album andC. quinoa were investigated using
standard analytical methods. The results indidadé the seeds of both. album andC. quinoa were an excellent
source of protein, lipids, sugar, minerals and maites. The phytochemical screening of the seeds stihaw
presence of alkaloids, amino acids, anthraquiondtaenoids, gycosides, phytosterol, saponingpgls, tannins
and triterpenoids. On the other hand, various atrients like flavonoids, saponins, phytic acidepbls and
tannins were also present in appreciable amouhts ethanolic seed extracts@fquinoa were better antioxidants
in comparison taC. album. Thus, the present analysis indicates that seédshenopodium album have high
nutritional value and as this crop is freely ava#aand thrown as weed, it may be used as cerdlabwiiany cost
and hence help in removing food scarcity, if usadely. Therefore, it is recommended for future coencral
cultivation and consumption.
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( \ INTRODUCTION

A The genusChenopodium contains about 250 species
of which about eight species are found in India.
Tripti Pachauri, Chenopodium quinoa, commonly known as quinoa,
is a well-known staple food of the Andean
communities serving as an alternative food sounce i
Dayalbagh Educational Institute, other regions?. Quinoa seeds are used as a potential
crop for many animal feed formulations, for direct
feeding, and as a human fdodue to high-protein
and a balanced amino-acid spectrum with high lysine
) (5.1-6.4%) and methionine (0.4-1.0%) conténts

The seeds are used in the same way as rice and
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wheat and are ground into flour to prepare breads.Chenopodium album is relatively inexpensive, easily
cakes, and fermented drifKs It belongs to the and quickly cooked green leafy vegetable. One does
group of crops known as pseudo cereals that inslude not find much literature on seeds@falbum as it is
other domesticated chenopods, amaranths andjenerally discarded from the field as a wée8ince,
buckwheat. The seed contains high-quality proteinC. album and C. quinoa belong to same genus and

and is particularly rich in essential amino acidsl a thus, it is assumed that the seeds of C. album may

its carbohydrate content has been reported to Aave possess similar nutritional characteristics asvak
higher nutritional value than that of cereals sash evident in C. quinoa. Data on the nutritional
corn, oats, wheat and rite Quinoa seeds are also composition of the leaves of this plant is avaiébl
rich in mineral nutrients (3.0%), and the K, Ca,,Mg 2* but data on nutritional composition of its seesls i
P and Fe contents are much higher than those ofimited. In this study, an attempt is made to
conventional cerea$® In the last few decades, determine the chemical composition of the seeds of
guinoa has been evaluated as a food with excellenthis neglected plant so that it may be grown a®p ¢
nutritional characteristics by the National Reskarc and provide nutritional support to human societg an
Council and the National Aeronautics and Spacereduce food scarcity of poor people.

Administration (NASA}*'®>and has been noted as a

new foodstuff in the world. Thus, recently theresha MATERIAL AND METHODS

been growing interest in a number of countries Sample Collection

(especially in Europe), initiating introduction and The seeds ofChenopodium album viz. A, B, C
research work on quin&a (cultivated and wild) were collected from different
Chenopodium album, which also belongs to the same places in and around the Dayalbagh University
genus, is a common weedlIndia. Although eaten as campus, Agra (27°10'N, 78°05'E, and 169 m.s.l;
a leafy vegetable in many parts of the countrys thi located in the north central part of India). Thedst
plant has been considered only as a source ofrgoult area is about 10 km away from the industrial sector
feed’. C. albumis the most widely distributed and is of the Agra city where due to agricultural pracsice
grown in the Himalayan region. The Himalayan vegetation predominates. The seed<oalbum A,
grain Chenopod is comparable to Andemmoa in B, C were collected in the month of March for three
nutrient composition and is much better than wheat,consecutive years 2010, 2011 and 2012 at the full
barley, maize and rice. Grain protein quality equal maturity stage. The seeds &. album B were
that of milk and contains high lysine (6 g /100 g cultivated in the botanical garden of Institute gars
protein), methionine (2.3 g/ 100 g protein) and while two wild varieties were collected in duplieat
cysteine (1.2 g /100 g protetfl) The grains are also from wheat €. album A) and gram fields. album
used in local alcoholic preparations and out of theC) of Dayalbagh, Agra. The fields of Dayalbagh are
four domesticated specie€,. album is the most situated about 5 km away from the Institute campus
widely distributed and is grown in the Himalayan and consist of villages which are generally clasgif
regiont®. The crop is also suited to the mixed as rural and poor. However, treated seedsCof
farming system, particularly the multiple cropping quinoa were obtained from USA. Professor Anil
systems. Analysis of foliage of ten species of Kumar Bhatnagar, Department of Botany,
Chenopodium at the National Botanical Research Dayalbagh University campus, authenticated the
Institute (NBRI), Luck now, revealed a wide range species. A voucher specimen was prepared and
of variation for protein (26—64 g/ kg), caroten&<€7 deposited in the herbarium of the Department of
190 mg/ kg), vitamin C (0.5-2.4 g/ kg), nitrate62.  Botany (Pachauri Med. 2010/11). The seeds were
5.0 g /kg) and oxalate (9-39 g/ Kg) allowed to air - dry in a shaded and well-ventithte
The plant is commonly available in India but day by place at ambient temperature (x 24°C) were ground
day its popularity is decreasing due to lack of into fine powder using mechanical grinder and then
awareness about its unique medicinal properties.

Available online: www.uptodateresearchpublicatiomc  January — June 10



Tripti Pachauri. et al. / International Journal of Nutrition and Agriculture Research. 4(1), 2017, 9 - 21.

were sieved to maintain uniform size for chemical However, wet digestion was done by treating the
and nutritive analysis. samples in triacid digestion mixture (conc. HCI,
Chemicals HCIOs and BSOQyw in 3:2:1 ratio) for 20 min. Both
Sigma grade (St. Louis, MO, USA) chemicals viz. 1, ashed and wet digested samples were analyzed for
1-diphenyl-2-picrylhydrazyl (DPPH), ascorbic acid, all the mineral elements. Total Fe and P were
polyvinylpolypyrrolidone (PVPP), N-acetyl-DL- estimated colorimetrically by o’a’ dipyridyl
phenylalanine 2-naphthyl ester, trypsin, tetrazatiz  method®, respectively while other mineral elements
o-dianisidine, N, N dimethylformamide, N-acetyl- (Na, K, Mg, Ca and Mn) were analyzed by using
DL-phenylalanine 2-naphthyl ester, catechin, sodiumDionex ICS 1100 Ion Chromatograph system
phytate and quercetin were used. Folin - Ciocakeus equipped with guard column (CG12A), analytical
phenol reagent, sodium carbonate, metaphosphoricolumn (CS12A), and cation self-regenerating
acid, 2, 6-Dichlorophenol indophenol dye, Ascorbic suppressor (CSRS 300) using 20 mM Methane
acid solution 3- carotene solution, Fe€and AlCk Sulphonic Acid as an eluent. The ion chromatograph
were from Merck Chemical Supplies (Damstadt, system was calibrated against a range of working
Germany). All the other chemicals used including standards of each element. On the other hand, the
the solvents, were of analytical grade. digested samples were analyzed for Zn and Cu using
Proximate analysis flame atomic  absorption  spectrophotometer.
Moisture, ash, protein, carbohydrates (reducing andCalibration of the instrument was done against a
total sugars) and lipids were analyzed by therange of working standards of each element. Test
methods described4h Moisture was determined by solution was aspirated and the concentration ofi eac
drying oven method, by drying 5 g sample in an element determined. The entire analysis was carried
oven at 105 C for 3 hours. Ash content was out in three replicates and the average values are
determined by incineration of the samples (2 gain reported.

muffle furnace at 600C for 6 hours until the ash Analysis of Vitamin A and C

turned white. Protein content of the seed sampled~or the determination of vitamin C, seed samples
was estimated colorimetrically by Lowry method for were extracted in metaphosphoric acid by
which the samples were extracted in phosphatecentrifuging it at 5000rpm for 20 min and the
buffer by centrifugation. Nelson- Somoygi’s method supernatants was titrated against dye (2, 6-
was used for the determination of reducing sugar fo dichlorophenol indophenol) solution till the
which the seed samples were extracted with waterappearance of light pink colour. For standard 20 ml
On the other hand, total sugar was obtained byof ascorbic acid solution, volume of dye reduced wa
hydrolyzing the seed samples with conc. HCI andrecorded. On the other hand, total carotene was
then estimated by potassium ferricyanide method,extracted in petroleum ether-acetone (1:1). Vitamin
spectophotometrically. Seeds were extracted withA was separated by column chromatography and
chloroform: methanol mixture and shaken with NaCl estimated colorimetricalty. Standard Curve was

to remove non-lipid contaminants and treated for prepared by taking 0.2 to 2.0 ml of standdd
gravimetric estimation of lipids. carotene solution in 50ml petroleum ether: acetone
Mineral analysis mixture and absorbance was taken at 450 nm.
Samples for the determination of mineral content Preparation of extract and Preliminary
were subjected to both ashing as well as wetPhytochemical screening

(nitric/sulphuric acid mixture) digestion methods. The fine powdered seeds were extracted with hexane
Ashing was done by incineration of seed samplesto remove lipids. It was then filtered and theréte
(5gm) in muffle furnace at 606G for 8 hours till was discarded. The residue was successively
seeds are converted to white ash. Ash content wagxtracted with ethyl acetate and methanol using col
weighed and treated with 5 ml conct. HCI in 100 ml percolation method. The percentage yields were 2.1,
volumetric flask and final volume was made up. 1.8. 1.6. 1.6 % in ethyl acetate and 10.8, 9.1, 88
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% in methanol for C. quinoa and C. aloum A, B and into test tubes and non-absorbed phenolics
C, respectively. determined as described. Calculated values were
For preliminary phytochemical screening, 1gm of the subtracted from total phenolic contents and total
ethyl acetate and methanol extracts of C. quin@a an tannin contents expressed as mg catechin/100 g dry
C. album seeds were dissolved in 100 ml of its ownplant material.

mother solvent to obtain a stock of concentrati®m 1 Total flavonoids were estimated using the method
(v/v). These extracts were subjected to the songeni of3L. To 1 mL of sample, 1 mL of 2% Al€kthanol

of alkaloids, amino acids, anthraquionones, solution was added. After 1 hour at room
flavonoids, gycosides, phytosterol, saponins, temperature the absorbance of yellow coloured
steroids, tannins and triterpenoids. The screeningsolution was recorded at 420 nm against a blank

was done by following the methodologyof° containing only extraction solvent (0.1 mL). The
Extract preparation and determination of total amount of flavonoids was calculated as a quercetin
phenolic, tannin, flavonoid contents equivalent from the calibration curve of quercetin

Fine powdered seed samples (2 g) werestandard solutions, and expressed as mg quercetin/
homogenized in 70% aqueous acetone at rooml00 g dry plant materi¥

temperature and centrifuged for 15 min at 10,000 gDetermination of saponin, phytic acid protease
and the supernatant was saved. The residue was réahibitors

extracted twice with 70% aqueous acetone (50 mL).Saponin content was obtained by following the
The extracts were rapidly vacuum-filtered and method of’. Seed samples were extracted several
refrigerated until assayed. times in 20% ethanol. The extracts were reduced
Total phenolics were determined by the Folin- over water bath at about 90°C and the concentrate
Ciocalteu proceduf® Aliquots (0.1 mL) of aqueous was mixed with diethyl ether into separator funnel
acetone extracts were transferred into test tuhds a and shaken vigorously. The aqueous layer was
their volumes made up to 0.5 mL with distilled recovered every time with the purification process.
water. After addition of Folin-Ciocalteu reagent The purified extracts were mixed in n-butanol and
(0.25 mL) and 20% aqueous sodium carbonatewashed twice with 5% aqueous sodium chloride. The
solution (1.25 mL), tubes were vortexed and after 4 remaining solution was heated in a water bath and
min the absorbance of the resulting blue coloredafter evaporation the samples were dried in thenove
mixtures was recorded at 725 nm using UV — VIS to a constant weight and the saponin content was
spectrophotometer (Shimadzu, 4800) against a blanlcalculated as percentage.

containing only extraction solvent (0.1 mL). The The presence of protease inhibitors was determined
amount of total phenolics was calculated as aby a method described h Seed samples were
catechin equivalent from the calibration curve of treated with distilled water with continuous stigi
catechin standard solutions (covering the for 16 h and the insoluble material was centrifuged
concentration range between 0.1 and 1.0 mg)mL  10,000g for 20 min and discarded. A 0.8% agarose
and expressed as mg catechin/100 g dry plantsolution prepared in 0.1M Tris-HCI buffer (pH 8.6)
material. was used to cast 2 nm thick gels which were
Total tannin content was determined by the Folin- punched into wells. After filling the wells with 5u
Ciocalteu procedure as above, after removal ofof test solution the slides were incubated in a
tannins by adsorption on an insoluble matrix chamber for 20 min at 37°C to allow inhibitor
(polyvinylpolypyrrolidone, PVPP). Insoluble, cross diffusion. The gels were immersed in 0.1M Tris-HCI
linked PVPP (Sigma, Germany; 100 mg) was buffer of pH 8.6 containing trypsin (100ug/litre).
weighed into test tubes and aqueous acetone extracfThe gels were then washed 3 times with distilled
(1.0 mL) added. After 15 min at 4 °C, tubes were water, and were incubated for 5 min at 37°C with
vortexed and centrifuged for 10 min at 4500 g. excess of a substrate solution of 3 mg of N-acetyl-
Aliquots of supernatant (0.2 mL) were transferred DL-phenylalanine 2-naphthyl ester dissolved in 1.25
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ml of N, N dimethylformamide and mixed with 11 measured at 517 nm using a double beam UV-VIS
ml of 0.1M Tris-HC1 buffer of pH 8-6 containing 6 spectrophotometer. The ethanolic extracts of the
mg of tetrazotized o-dianisidine. Finally, the gels plants were re-dissolved in ethanol and various
were transferred to 7.5% acetic acid to fix theoaaol concentration (50, 100, 150 and 2@@/ml) of
Phytate was quantified as hexaphosphateextracts were used. The assay mixture contained in
equivalents, using the method describetf.iThe total volume of 1 ml, 5040 of extract, 12§l
seed samples were mixed with HCI (2.4%) by prepared DPPH and 348 solvent (ethanol). After
shaking vigorously for 3 h at 20°C. The suspension30 min of incubation at 25°C, the decrease in
was filtered with vacuum through a What man No.1 absorbance was measured at 517 nm on
paper and mixed with 1 ml of EDTA/NaOH solution spectrophotometer against a blank containing
(0.11M NaEDTA and 0.75M NaOH in water) and absolute ethanol (0.5 mL) instead of a sample
placed on the ion exchange (anion-exchange resiraliquot. All measurements were done in triplicate.
AG1-X4, 100-200 mesh chloride form) column (0.7 The radical scavenging activity (RSA) was
cm x 15 cm). The column was washedOHand calculated as a percentage of DPPH using a
0.1M NacCl before it was eluted with 0.7M NaCl. discoloration using then equation % RSA ={(A
The eluate was collected in a digestion vessel. AAs)/Ag] x 100, where A and A are the absorbance
blank was prepared by mixing 2.4% HCI| with of control and test sample, respectively.
NaEDTA-NaOH reagent and diluting it with water. Statistical analysis

A mixture of concentrated 33Q; and HNQ was The results were reported as means of at leas thre
added to the eluate to release P by wet digesti@n i measurements, each performed in triplicate. One
Kjeldahl rack until a cloud of thick yellow vapour way analysis of variance (ANOVA) was used to
filled the neck of the flask. The content was then compare the means and the least significant
heated for 5 min at about 150°C, followed by heatin difference (LSD) test showed the values statidtical
for 5 min at about 80°C. The samples were cooled todifferent. Differences were considered significant
room temperature and then>® was added to P < 0.05. All statistical analysis was performedhwi
dissolve the salts. They were again heated forib0 m SPSS 16.0 software.

under low heat (about 80°C). After cooling, 2.5%

ammonium molybdate solution in 1N>8Q; was RESULTS

added and mixed well, and then 1 ml of sulphonic Proximate composition

acid reagent (0.16 g of 1-amino-2- naphthol-4- AlthoughC. quinoa is a lesser-known plant but there
sulphonic acid, 1.92 g of N80O; and 9-6 g of has been increasing interest due to its perceived
NaHSQ in 100 ml of HO) was added in the superior nutritional quality compared to other ggai
solution. After mixing well, the solution was alled The proximate composition of quinoa ranges from
to stand 15 min and the absorbance was measured 40 to 18% for protein, from 4.5 to 8.75% for crude
640 nm. The amount of phytate (phytate = 28.2% P)fat, from 54.1 to 64.2% for carbohydrates, from 2.4
in the sample was calculated as hexaphosphatéo 3.65% for ash and from 2.1 to 4.9% for crude
equivalents. Sodium phytate solutions were used agdiber’*. However, And® reported that quinoa seeds
standards. contain carbohydrates (77.6%), protein (12.9%),
Determination of anti-oxidant activity balanced amino acid spectrum of high lysine and
In order to measure antioxidant activity DPPH free methionine contents, lipids (6.5%) and is rich in
radical scavenging assay was used. This assadietary fiber.

measures the free radical scavenging capacity. DPPHh the present study, the proximate composition of
iIs a molecule containing a stable free radicathl  the seed sample€.(albumandC. quinoa) examined
presence of an antioxidant, which can donate anis presented in Table No.l. All samples contained
electron to DPPH, the purple color which is typical between 11.3 - 13.2% moisture and 2.1 - 3.2% ash.
for free radical decays and the absorbance wasThe protein content ranged from 3 to 5.5 g/100dp wit
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highest content (5.5 g/100g) i€. quinoa seeds found to be equal in all seed samplesCofalbum
followed byC. album A (3.4 g/100g). The values of while the levels were found to be much highe€Cin
protein inC. album seeds in present study are little quinoa. The highest quantity of sodium (34.8
lower than the values of protein in leaves (3.68%) mg/100 g) was found in the seedsfquinoa while
reported b¥’. However, earlier reported literature it was found to be nearly equal in all the seed
shows high content of protein in quinoa seeds @2-1 samples ofC. album. The richest source of zinc was
%)%®. The lower values in the present study arefound in C. quinoa (2.8 mg/100 g) while it was
probably because the seeds used in the presegt studound to be lowest in C. album (1.5 mg/100 g). Mn
were commercially obtained and are debittered seedsvas found in the narrow range of 0.8 to 1.8 mg/100g
in which the protein seed coat was removed.in all seed samples &. album andC. quinoa. Cu
Reducing sugar in all the four varieties rangescontent in all the seeds was observed in traces
between 2.2 to 3.1%. Among tiie album samples, ranging from 0.01 to 0.08 mg/100g in all seed
seeds of sample A contain highest percentage osamples ofC. album and C. quinoa. The seed
reducing sugar (2.6 g/100g) which is equal to thesamples evaluated contained substantial quandties
reducing sugar content &. alboum C (2.5 g/100g) iron and the seeds o€. quinoa contained a
indicating that wild seed samples have high contentsignificantly high level of iron (9.8 mg/100 g).

of sugars. The seeds Gf quinoa were found to be a The results obtained indicated appreciable amolnt o
good source of total sugar content which was foundvitamin A content inC. album seed samples as
to be 7.7 g/100g. Among all the. album samples, = compared tdC. quinoa seeds. In the seed samples of
cultivated seed samplesC.(album B) contained C. album, the levels of vitamin A ranged from 4.89
lowest amount (5.1%) of total sugar while sample A mg/100g to 6.61 mg/100g while it was found to be
contained highest amount (5.5%) of total sugar.very low in the seeds df. quinoa. No significant
Lipid content in all the seed samples ranged frobn 4 difference was found in vitamin C content and it
to 5.8 g/100g and found to be higherGnalbum A ranged from 10.2 mg/100g to 12.8 mg/100gq in all the
(5.8 g/100g) as compared to the seed€.ajuinoa. seed samples of. album and C. quinoa. Rajuf®
Przybylskr® isolated and characterized lipids from observed high levels ¢f carotene and lutein in the
quinoa seed and found the largest amount (20%) ofeaves of C. album (114.61 mg/100 g dry wt. and
neutral lipids was contributed by the diglycerides. 187.59 mg/100 g dry wt.) as compared to other green
The overall fatty acid compositions of whole quinoa leafy vegetables.

seeds contain linoleic, oleic and palmitic acidshes It is interesting to note that although album is a
major acids which were found to be similar to other wild species and is not a cereal but it contained
cereal grains. significant levels of all minerals and vitaminsyighit
Vitamin and mineral levels can be used as an alternative source to meet the
Mean values for mineral content of nutritional nutritional demands of especially poor and rural
importance are presented in Table No.2. The orfler opeoples.

minerals found in the seed samples were in therordePhytochemical screening

of K>P >Ca>Mg>Na>Fe >Zn>Mn > Cu. All Phytochemicals with biological activity are knowmn t
the seed samples analyzed in the study werehave valuable therapeutic ind&xPhytochemicals
excellent source of K, P and Ca content. The Ksuch as saponins, terpenoids, flavonoids, alkaloids
content varied greatly and ranged from 481.4tannins and steroids have anti— inflammatory
mg/100g C. album B, cultivated) to 865.2 mg/100g effect$’38 Glycosides, flavonoids, alkaloids and
in C. quinoa. On the other hand, the levels of P and tannins have hypoglycemic activiti€4® Studies
Ca were found to be higher in the seed€.afuinoa also show that saponins have antidiabetic while
(556.8 mg/100g of P and 197.8 mg/100g of Ca)steroids and triterpenoids show analgesic
followed by the seeds @&. album A > C. albumB > propertied!42

C. album C. On comparison, the levels of Mg were
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In the present study, the ethyl acetate and methanaoxicity to brine shrimps and against viral disease

extract of the seeds df. album and C. quinoa cholesterol-lowering effects, and enhances drug
showed the presence of different phytochemicals asabsorption through mucosal membranes. They act as
shown in Table No.3. Almost all the analyzed immunological and absorption adjuvants to enhance
phytochemicals were present in the all the seedantigen- specific antibody and mucosal respofises

samples except anthraquinones. Thus, the see@ls of Zhw!isolated 12 triterpene saponins from debittered
album and C. quinoa may also have various seeds of C. quinoa and reported that the saponin

medicinal values such as anti - inflammatory, concentrations ranged from 0.4 to 5.6% on a dry

antidiabetic and analgesic activities. weight basis with a mean value of 2.2%. On the
other hand, in the present study it ranges fronl 0.2

LEVELS OF ANTI-NUTRIENTS to 0.32 % on a dry weight basis©f sp. The highest

The levels of various antinutrients like saponins, concentration was observed in the seeds of C. quino
tannins, phenolics etc. present in the seed€.of (0.32%) followed by C. album A (0.27%), B (0.25%)
album and C. quinoa were determined and reported and C (0.21%) on a dry weight basis.

in (mg/100g) on dry weight basis in Table 4. Phytic acid

Saponins Phytic acid [myoinositol 1, 2, 3, 4, 5, 6-hexakis
Saponins are the major antinutritional factors @nés (dihydrogen  phosphate)] is an important
in the seed coat ofC. quinoa’. Saponins are antinutritional compound present in many cereals at
glycosidic triterpenoids or sterols that are widely concentrations of I-3% by weight. It is presenthe
distributed  throughout the plant. Their outer layers of wheat and rye but in case of quinoa
concentrations vary among plants; they occur uguall seeds phytic acid is evenly distributed in the pute
within a range of 0.1 to 5.0%% Saponins are toxic layers as well as in the quinoa endospérrim the
and their toxicity depends upon the type of saponingastrointestinal tract, it can form insoluble
and the method of absorption. Due to their complexes with multivalent cations such as iron,
differential toxicity with respect to various zinc, calcium and magnesium rendering them
organisms, saponins are also used as naturalinavailable in footf. The reduction of phytic acid in
insecticides without adverse effects on higher foods by processes like fermentation, sprouting and
animals and humans. Saponins have immensescalding has been reportéd

industrial importance and are used in the prepgamati The phytic acid concentration ranged from 1.05-
of soaps, detergents, shampoos, beer, firel.31g/100 g in five different varieties of quirtda
extinguishers and photography, cosmetic andwith the mean concentration of 1.18g/100 g which
pharmaceutical industri#s Another interest in was found to be similar as compared with other
saponins is with their antibiotic, fungistatic, and cereals like barley 1.07g/100 g, maize 0.949g/100 g,
pharmacological properti&s The pharmacological rice 0.89g/100g and wheat 0.99g/180gAlthough
interest in saponins concerns their ability to e&lu quinoa has more phytic acid than the cereals, no
changes in intestinal permeability which may aid th adverse effects were seen on the incorporation of
absorption of particular drugs and their calcium into bone or on iron absorptidn The
hypocholesterolemic effeé¢fs However, because concentrations of phytic acid ranges from 0.74340.
saponins may impart a bitter taste, the separation ¢/100 g in C album A, B and C, respectively (Table
saponins from quinoa seed is easily accomplished byNo.4). However, the content of phytic acid obtdine
rinsing the seed in cold alkaline water or by in quinoa was found to be 0.9 g/100 g which was
mechanical abrasi6h The protein quality of a found to be comparable with the values (1.04 + 0.08
saponin-free quinoa has shown better growthg/100 g) reported BY. The process of removing the

response than white rice, maize or wheat bitter taste from quinoa and album seeds was chrrie
Saponins isolated from seeds of C. quinoa haveout by first scrubbing and then washing, leading to
shown that they exert antimicrobial activfty® significant decrease (about 35%) in the recovery of
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phytic acid. The phytic acid concentration in bioavailability of protein in both the species of
processed quinoa seeds was comparable with thos€henopodium.
values for whole grain rye flour (0.77 g/100g), who  Flavonoids
grain wheat flour (0.87 ¢/100g), lentils (0.84 Flavonoids, one of the typical polyphenols present
g/100g), kidney bean (0.8 - 1.2 g/100g) and fabavegetables, fruits and tea, can prevent degenerativ
bean (0.8 g/1004. diseases such as coronary heart diS&ase
Tannins atherosclerosis, cancers, diabetes, and Alzheimer’'s
Tannins measured as catechin mg/100g of drydiseas#, through antioxidative action and/or the
weight plant material were found in appreciable modulation of several protein functidis Higher
good amounts in both the species of Chenopodiumconcentrations of flavonoid derivatives also enleanc
It ranged from 115 - 220 mg/100g and was found the neutraceutical value in terms of health-prongti
highest inC. quinoa. In case ofC. album, tannin effects. Quercetin is the strongest antioxidant rmgmo
concentration was found to be highesCiralbum C flavonoids; which have diverse biological effects.
(121 mg/100g) followed byC. album A (119 Several examples of plants rich in quercetin are
mg/100g) on dry weight basis. However, KoZfol onions (21.4 mg/100 g), green tea leaves (dry, 662
does not found any tannin content in raw whole mg/100 g), capers (234 mg/100 g), lovage leaves
qguinoa or raw polished and washed quinoa. On thg(170 mg/100 g), buckwheat (23.1 mg/100 g), etc.
other hand, Chauhahreported 0.53 g of tannins in Hirose€”® reported that quinoa seeds possess large
whole quinoa seeds, 0.28 g in manually dehulledamounts of quercetin and kaempferol glycosides and
(flour) and 0.23 g in water dehulled (flour) per0lg® the quinoa seeds cultivated in Japan are the most
on a dry matter basis. This variation in tannirelev  effective functional foodstuff in terms of being a
may be due to the variety and growing conditions of source of antioxidative and bioactive flavonoids. |
the plant analyzed. On comparison, we observed thathe present study, the flavonoid concentration edng
tannins were present in sufficient amounts in manyfrom 83 mg/100 g irC. album B to 108 mg/100 g in
seeds like soya bean lgygne max) 0.05%, C. quinoa which indicated that besides supplying the
amaranthus paniculatas 0.04 - 0.13%, kidney bean basic nutritional requirements, the seedsCofsp.
(phaseolus wul) 1.02%, rice beans (1.3%), green also have health-promoting and/or disease-
gram (1.1%), black gram 1.1% and barley O- preventing properties.
129¢°%:22:10 Anti - oxidant activity and total phenolics
Protease inhibitors The DPPH radical has been widely used to test the
The concentration of protease inhibitor in the seed potential of compounds as free radical scavenders o
of C. album andC. quinoa was below the detection hydrogen donor and to investigate the antioxidant
limit (BDL) of the qualitative method used for the activity of plant extracts. The ethanolic extradt o
determination of trypsin inhibitor. The resultsr@e seed samples of Chenopodium species showed
found to be similar as reportedlyHe concluded moderate free radical scavenging in DPPH assay.
that the protease inhibitors in quinoa seeds dmbe The extract ofC. quinoa exhibited antioxidant effect
50 ppm (0.97 TUI/100 g where TUI is Trypsin units at low concentration. When the extract of the seeds
inhibited. On comparison, we observed that proteasevas tested for DPPH radical scavenging activity, it
inhibitors were present in sufficient amounts imypa  was found that 5Qg/ml and 10Qug/ml of the extract
seeds like soya beanlygne max) 24.5 - 41.5 lowered the DPPH radical levels above 46 and 58 %
TUI/mg, amaranthus paniculatas 0.5 TUI/mg, respectively. On the other hand, the extract oftpla
kidney bean (paseoluswvul) 12.9 - 42.8 TUI/mg and C. album A, B and C showed low antioxidant
lentils (lens esculenta) 17.8 TUI/md®?2 However,  property but at higher concentration which was
as indicated in table 4, the trypsin inhibitor srére ~ found to be 9.6 and 22 % at the concentration 6f 15
absent inC. album and C. quinoa, thus retain the upg/ml and 200ug/ ml respectively. The results
indicated that the ethanolic seed extracts @f
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quinoa showed good antioxidant activity in by the difference in the environmental conditioms o
comparison taC. album A, B and C on DPPH free genetic background. The antioxidant activity was
radical. Significant differences (p < 0.05) in were less correlated to the phenolics conteft=(r0.27)
observed in the seed samples ©Ghenopodium suggesting that non-phenolic compounds might play
species. NsimB4 evaluated the antioxidant potency major free radicals scavenging activity in studied
of various extracts and fractions fro@. quinoa plant materials. Kaur and Kap@érreported high
using the DPPH scavenging activity and observedphenolic content (253.5 mg/100g) in the leave€.of
that seeds can act as powerful dietary antioxidantsalbum. Jafari and Kholdebarif investigated the
Some authors have also reported low anti —oxidantallelopathic effects ofC. album and concluded that
activity in the leaves of. album?®>° complete nitrite oxidation to nitrate (nitrificatip
Total phenolics content in the seed€Cofalbum and was delayed due to high phenolic contentGn

C. quinoa is shown in Table No.4. It varied from 189 album. The plant also releases phenolics into the soll
mg catechol/100 g dry weight @. album C to 224 and these are probably involved in the growth
mg catechin/100 g dry weight i€. quinoa. The inhibitory effect ofC. album®?.

difference in the phenolics concentration between

the three ecotypes @. album might be explained

Table No.1: Proximate composition in the seeds @. album and C. quinoa in (g/1009)

. , Carbohydrates -
S.No Seed Samples Moisture Ash Protein Reducing Sugar Total Sugar Lipids

1 C. albumA 11.3 2.4 3.4+£05 26+0.3 55+0.3 5.8

2 C.albumB 12.1 2.1 3.2+04 22+0.2 5.1+0.1 4.5

3 C.abumC 13.2 2.2 3.0+0.6 25+0.1 5.3+0.2 5.1

4 C. quinoa 12.3 3.2 55+£05 3.1+£0.1 7.7+04 5.6

Table No.2: Minerals and vitamin content in the segs of C. album and C. quinoa in (mg/100g)

S.No| Seed Samples Na K Mg Ca Mn| Fe P Zn Cd VitaminA VéminC
1 C.albumA |22.9| 512.8| 133.8] 158.6 1.1] 57 4635 1.7 0|02 6.61 11.3
2 C.albumB |22.1| 481.4| 131.7| 152.6 0.8 51 4629 15 0J01 5.21 10.2
3 C.albumC |21.9| 4885| 135.3] 1474 1.0/ 49 4508 19 0J02 4.89 10.7
4 C.quinoa |34.8| 865.2| 189.6] 197.8 1.8/ 9/8 5568 2.8 0/08 3.07 12.§

Table No.3: The analysis of phytochemicals in theleyl acetate and methanol extract of the seeds @af

album and C. quinoa showing presence (+) and absence (-)

S.No Phytochemicals C.abum A C.album B C.album C C. quinoa
1 Alkaloids + + + +
2 Amino acids + + + +
3 Anthraquinones - - - -
4 Flavonoids + + + +
5 Glycosides + + + +
6 Phytosterol + + + +
7 Saponins + + + +
8 Steroids + + + +
9 Tannins + + + +
10 Triterpenoids + + + +
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Table No.4: Anti nutrient content in the seeds o€. album and C. quinoa on dry weight basis

S.No| Seed samples Saponin | Phytic acid | Tannins Phenolics | Flavonoid Trypin units
' (%) (mg/qg) (mg/100g)| (mg/100g) | (mg/100g) | inhibited (TUI/mg)
1 C. quinoa 0.32 9 220 224 108 BDL
2 C. albumA 0.27 7.4 119 194 84 BDL
3 C.albumB 0.25 7.9 115 189 83 BDL
4 C.albumC 0.21 8.1 121 191 86 BDL

CONCLUSION

The results of the study imply that the seeds of
Chenopodium album are at par with thé&. quinoa
seeds and well-endowed with essential nutrients
required for human consumption. The seeds of both
species ofChenopodium were moderately nutritive
not only in terms of lipids, carbohydrates and
proteins but also a remarkable source of minerals
and vitamins. In the light of results obtained frdme
total phenolics, flavanoids and anti - oxidant\attj

the seeds ofC. album and C. quinoa also have
health-promoting and/or disease-preventing
properties, besides supplying the basic nutritional
requirements. Thus, th@ album growing as a weed

in the fields of wheat and gram can be used as a
future crop and is recommended for future
commercial cultivation.

ACKNOWLEDGEMENT

The authors are thankful to the Director, Dayalbagh
Educational Institute, Agra for necessary help and
University Grants Commission (F. No. 33-
280/2007) for financial assistance.

CONFLICT OF INTEREST
We declare that we have no conflict of interest.

BIBLIOGRAPHY

1. Delatorre-Herrera J. Current use of quinoa in
Chile, Food Reviews International, 19(1-2),
2003, 155-165.

2. Dini I, Tenore G C, Dini A. Nutritional and
antinutritional composition of kancolla seeds:
an interesting and underexploited andine food
plant,Food Chemistry, 92(1), 2005, 125-132.

3. Takao T, Watanabe N, Yuhara K, Itoh S,
Suda S, Tsuruoka Y, Nakatsugawa K,
Konishi Y. Hypocholesterolemic effect of

protein isolated from quinoa (Chenopodium
quinoa Willd.) seeds,Food Science and
Technology Research, 11(2), 2005, 161-167.

. Prakash D, Pal M.Chenopodium: seed

protein, fractionation and amino acid
composition, International Journal of Food
Science and Nutrition, 49(4), 1998, 271-275.

. Bhargava A, Shukla S, Ohri D. Genetic

variability and heritability of selected traits
during different cuttings of vegetable
Chenopodium, International Journal  of

Genetically Plant Breeding, 63(4), 2003,
359-360.

. Ando H, Chen YC, Tang H J, Shimizu M,

Watanabe K, Mitsunaga T. Food components
in fractions of quinoa see8pod Science and
Technology Research, 8(1), 2002, 80-84.

. Bhargava A, Shukla S, Ohri @henopodium

guinoa-An Indian perspective,Industrial
Crops and Products, 23(1), 2006, 73-87.

. Ruales J, Nair B M. Nutritional quality of the

proteins in quinoa (Chenopodium quinoa
Willd.) seeds, Plant Food for Human
Nutrition, 42(1), 1992, 1-11.

. Lindeboon N. Studies on the characterization,

biosynthesis and isolation of starch and
protein from quinoa (Chenopodium quinoa
Willd.). Ph.D Thesis, University of
Saskatchewan, Canada, 2005, 1-135.

10.Ruales J and Nair B M. Saponins, phytic

acid, tannins and protease inhibitors in
gulnoa (Chenopodium qumoa, Willd) seeds,
Food Chemistry, 48(2), 1993, 137-143.

11.Yadav S K and Sehgal S. Effect of domestic

processing on total and extractable calcium
and zinc content of Bathu&Clienopodium
album) and FenugreekT¢igonella foenum

Available online: www.uptodateresearchpublicatiomc  January — June 18




Tripti Pachauri. et al. / International Journal of Nutrition and Agriculture Research. 4(1), 2017, 9 - 21.

graecum) leaves, Plant foods for Human
Nutrition, 53(3), 1999, 255-263.

12.Konishi Y, Hirano S, Tsuboi H, Wada M.
Distribution of minerals in quinoa
(Chenopodium quinoa Willd.) seeds,
Bioscience Biotechnology and Biochemistry,
68(1), 2004, 231-234.

13.Bhargava A, Shukla S, Srivastava J, Singh N,
Ohri D. Chenopodium: a prospective plant
for phytoextraction, Acta Physiology of
Plant, 30(1), 2008, 111-120.

14.Schlick G and Bubenheim D L. Quinoa: An
emerging “new” crop with potential for
CELSS, NASA Technical Paper, 3422(1),
1993, 1-9.

15.Hirose Y, Fujita T, Ishii T, Ueno N.
Antioxidative properties and flavonoid
composition of Chenopodium quinoa seeds
cultivated in Japarf-ood Chemistry, 119(4),
2010, 1300-1306.

16.Jacobsen S E, Mujica A, Jensen C R. The
resistance of quinoa (Chenopodium quinoa
Willd.) to adverse abiotic factorsFood
Reviews International, 19(1-2), 2003, 99-
109.

17.Afolayan A J and Jimoh F O. Nutritional
quality of some wild leafy vegetables in
South Africa,International Journal of Food
Sciences and Nutrition, 60(5), 2009, 424-431.

18.Pratap T and Kapoor P. The Himalayan grain
chenopods |. Distribution and ethnobotany,
Agriculture Ecosystems and Environment,
14(3-4), 1985, 185-199.

19.Joshi V, Gautam P L, Bhag G D, Sharma M,
Kochher S. Conservation and Use of
Underutilized Crops: an Indian Perspective,
Managing Plant Genetic Diversity. IPGRI,
2002, 359-368.

20.Yildirim E, Dursun A, Turan M.
Determination of the nutritional contents of
the wild plants used as vegetables in upper
Coruh Valley, Turkish Journal of Botany,
25(2), 2001, 367-371.

21.Guerrero J L G and Isasa M E T. Nutritional
composition of leaves of Chenopodium
species €. album L., C. murale L. and C.

Available online: www.uptodateresearchpublicatiomc

opulifolium Shraeder)]nternational Journal
of Food Sciences and Nutrition, 48(5), 1997,
321-327.

22.Kaur C and Kapoor H C. Anti-oxidant
activity and total phenolic content of some
Asian vegetables|nternational Journal of
Food Science and Technology, 37(2), 2002,
153-161.

23.Raju M, Varakumar S, Lakshminarayana R,
Krishnakanthaa T P, Baskaran V. Carotenoid
composition and vitamin A activity of
medicinally important green leafy vegetables,
Food Chemistry, 101(4), 2007, 1598-1605.

24.Kumar S R and Vallikannan B. Carotenoid
composition and retinol equivalent in plants
of nutritional and medicinal importance:
Efficacy of B - carotene fronChenopodium
album in retinol-deficient rats, Food
Chemistry, 119(4), 2010, 1584-1590.

25.Sawhney S K and Singh R. Introductory
Practical Biochemistry,Narosa Publishig
House, 2014, 470.

26.A0OAC. Official Methods of Analysis, 1,
1990, 1-1230.
https://law.resource.org/pub/us/cfr/ibr/002/ao
ac.methods.1.1990.pdf

27.Ranganna S. Handbook of analysis and
quality control for food and vegetable
products, New Delhi, IndiaTata McGraw
Hill, 2" Edition, 1986, 1112.

28.Harborne J B. Phytochemical methods, A
guide to modern techniques of plant analysis,
Chapman and Hall International Edition,
New York, 3 Edition, 1998, 302.

29.Kumar A, llavarasan R, Jayachandran T,
Decaraman M, Aravindhan P. Phytochemical
investigation on a tropical plant, syzygium
cumini from Kattuppalayam, erode district,
Tamil Nadu, South IndigRakistan Journal of
Nutrition, 8(1), 2009, 83-85.

30.Hagerman A, Harvey-Mueller I, Makkar H P
S. Quantification of Tannins in Tree Foliage -
a Laboratory Manual, FAO/IAEA: Vienna,
2000, 1-25.

31.0rdonez A A, Gomez J G, Vattuone M A and
Isla M I. Antioxidant activities of Sechium

January — June 19



Tripti Pachauri. et al. / International Journal of Nutrition and Agriculture Research. 4(1), 2017, 9 - 21.

edule swart extract$;0od Chemistry, 97(3),
2006, 452-458.

32.Jimoh F O, Adedapo A A, Aliero A A,
Koduru S, Afolayan A J. Evaluation of the
polyphenolic, nutritive and biological
activities of the acetone, methanol and water
extracts of Amaranthus asp&he Open

Complementary Medicine Journal, 2(1),
2010, 7-14.

33.0badoni B O and Ochuko P O.
Phytochemical studies and comparative

efficacy of the crude extracts of some
Homostatic plants in Edo and Delta States of
Nigeria, Global Journal of Pure Applied
Science, 8(2), 2002, 203-208.

34.Vilche C, Gely M, Santalla E. Physical
Properties of Quinoa Seed®iosystems
Engineering, 86(1), 2003, 59-65.

35.Ahamed N T, Singhal R S, Kulkarni P R,
Kale D D, Pal M. A lesser-known grain,
Chenopodium quinoa: Review of the
chemical composition of its edible parts,
Food and Nutrition Bulletin, 19(1), 1998, 61-
69.

36.Przybylski R, Chauhan G S and Eskin N A
M. Characterization of quina@&henopodium
quinoa) lipids, Food Chemistry, 51(2), 1994,
187-192.

37.Liu R H. Health benefits of fruits and
vegetables are from additive and synergistic
combinations of phytochemical#ymerican
Journal of Clinical Nutrition, 78(3), 2003,
517-520.

38.Akindele A J and Adeyemi O O. Anti -
inflammatory activity of the aqueous leaf
extract of Byrsocarpus coccineus,
Fitoterapia, 78(1), 2007, 25-28.

39.0liver B. Oral hypoglycemic plants in West
Africa, Journal of Ethno pharmacology, 2(2),
1980, 119-127.

40.Cherian S and Augusti K T. Insulin sparing
action of leucopelargonidin  derivative
isolated from Ficus bengalesis Linimdian
Journal of Experimental Biology, 33(8),
1995, 608-611.

Available online: www.uptodateresearchpublicatiomc

41.Sayyah M, Hadidi N and Kamalinejad M.
Analgesic and anti — inflammatory activity of
Lactuca sativa seed extract in raksrnal of
Ethno pharmacology, 92(2-3), 2004, 325-
329.

42.Malairajan P, Gopalarishnan G, Narasimhan
S and Jessi Kala Veni K. Analgesic activity
of some Indian medicinal plantdournal of
Ethno pharmacology, 106(3), 2006, 425-428.

43.Koziol M J, Janick J, Simon J E. Quinoa: A
Potential New Oil Crop, New YorkNew
Crops, Wiley, 1993, 328-336.

44.Johnson D L and Ward S M, Janick J, Simon
J E. Quinoa. New YorkNew Crops, Wiley,
1993, 222-227.

45.Chandel R S and Rastogi R P. Triterpenoid
saponins and sapogenins: 1973-1978,
Phytochemistry, 19(9), 1980, 1889-1908.

46.0akenfull D and Sidhu G S. Could saponins
are a useful treatment for
hypercholesterolaemiazuropean Journal of
Clinical Nutrition, 44(1), 1990, 79-88.

47.Schlick G and Bubenheim D. Quinoa:
candidate crop for NASA’s controlled
ecological life support systems, Arlington,
VA, In: Progress in new crops, Janick J,
ASHSPress, 5(4), 1996, 632-640.

48.Woldemichael G M and Wink M.
Identification and biological activities of
triterpenoid saponins from Chenopodium
quinoa, Journal of Agricultural Food
Chemistry, 49(5), 2001, 2327-2332.

49.Kuljanabhagavad T, Thongphasuk P,
Chamulitrat W, Wink M. Triterpene saponins
from Chenopodium quinoa  Willd,
Phytochemistry, 69(9), 2008, 1919-1926.

50.Estrada A, Li B, Laarveld B. Adjuvant action
of Chenopodium quinoa saponins on the
induction of antibody responses to
intragastric and intranasal administered
antigens in miceComparative Immunology
Microbiology and Infectious Diseases, 21(3),
1998, 225-236.

51.Zhu N, Sheng S, Sang S, Jhoo J W, Bai N,
Karwe M V, Rosen R T, Ho C T. Triterpene
saponins  from debittered seeds of

January — June 20



Tripti Pachauri. et al. / International Journal of Nutrition and Agriculture Research. 4(1), 2017, 9 - 21.

(Chenopodium quinoa) seeds, Journal of
Agicultural Food Chemistry, 50(4), 2002,
865-867.

52.Gupta S, Lakshmi A J, Manjunath M N,
Prakash, J. Analysis of nutrient and
antinutrient content of underutilized green
leafy vegetabled,WT, 38(4), 2005, 339-345.

53.Souci S W, Fachman W and Kraut Food
Composition and Nutrition Tables, 1986, 87.

54.Lombardi-Boccia G, Di Lullo G and
Carnovale Eln-vitro Iron dialysability from
legumes: Influence of phytate and extrusion,
Journal of Science, Food and Agriculture,
55(4), 1991, 599-605.

55.Chauhan G S, Eskin N A M, Tkachuk R.
Nutrients and antinutrients in quinoa seeds,
Cereal Chemistry, 62(3), 1992, 85-88.

56.Arts | C W and Hollman P C H. Polyphenols
and disease risk in epidemiologic studies,
American Journal of Clinical Nutrition,
81(1), 2005, 317S.

57.Youdim K A, Shukitt-Hale B and Joseph J A.
Flavonoids and the brain: Interactions at the
blood-brain barrier and their physiological
effects on the central nervous systdfnee
Radical Biology and Medicine, 37(11), 2004,
1683-1693.

58.Nsimba R Y, Kikuzaki H, Konishi Y.
Antioxidant activity of various extracts and
fractions of Chenopodium quinoa and
Amaranthus spp seeds;ood Chemistry,
106(3), 2008, 760-766.

59.Dasgupta N and De B. Antioxidant activity
of some leafy vegetables of India: A
comparative studyi-ood Chemistry, 101(2),
2007, 471-474.

60.Jafari and Kholdebarin. Allelopathic effects
of Chenopodium album L. extract on
nitrification, Journal of Plant Nutrition,
25(3), 2002, 671-678.

61.Batish D R, Singh H P, Rana N and Kohli R
K. Assessment of allelopathic interference of
Chenopodium album through its leachates,
debris extracts, rhizophere and amended soil,
Archives of Agronomy and Soil Science,
52(6), 2006, 705-715.

Please cite this article in press asTripti Pachauriet al. Nutritional and antinutritional characterization |of
chenopodium album seeds: a neglected wild specibggrnational Journal of Nutrition and Agriculture Research,
4(1), 2017, 9-21.

Available online: www.uptodateresearchpublicatiomc  January — June 21



