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Abstract

Quinoa is a plant seed well known scientifically as Chenopodium quinoa. It is known as super food. In
the present study the white bold quinoa variety was analyzed for physical, functional, cooking and
nutritional properties. Thousand kernel weight (2.24g), length (2.2125mm), hydration capacity
(0.169/1000 kernel) and bulk density was 0.74g/ml. Lightness of the grains was 87.56 L*. Grains had
157.3 per cent of water holding capacity, 99 per cent of oil absorption capacity, 16.94 and 47.38 per cent
of foaming capacity and foaming stability respectively. Cooking characteristics showed 235.29 per cent
increase in weight, alkali spread ratio was zero which showed the highest 92.60° C of gelatinization
temperature. Quinoa has got 18.95 g of protein, fat (5.44 g), carbohydrate (57.88 g) and 356.81 Kcal of
energy. Major anti-nutrient saponins were also present (616.82 mg/100g). Thus study concluded that
quinoa is a rich source of protein with good functional properties.

Keywords: Dehulled quinoa grains, functional, nutritional composition, physical properties, saponins

Introduction

Quinoa is a pseudo cereal which belongs to Amaranthaceae family and genus Chenopodium
and species quinoa. It is a annual herb that produces a panicle containing small seeds, flat and
approximately 2-3mm in diameter with large array of color varied from white, yellow to red
and black which vary from region to region (Schlick and Bubenheim, 1993).

This crop can be adopted in different agro-climatic conditions. It can be grown under
conditions viz., relative humidity from 40 to 88 per cent and withstands the temperature from -
4 C to 38°C and a highly water efficient plant. (FAO, 2011). According to Jacobsen, 2003
quinoa is one of the oldest crops in the Andean region, and widely consumed and cultivated in
Peru, Ecuador with higher altitudes (above 3500m). Peru and Bolivia accounted for 92 per cent
of the quinoa produced in the world (FAO 2013). The United Nations General Assembly has
therefore declared 2013 as the "International Year of Quinoa", in recognition of ancestral
practices of the Andean people. With this background production has started all around the
world. In India, Andhra Pradesh and Uttarakhand are emerging as the main cultivators of
quinoa. In 2013, Uttarakhand reportedly signed a horticulture research agreement with Peru to
grow quinoa in the state and research institutes in Andhra Pradesh have successfully developed
local varieties of the crop (Mehra, 2016) 1,

Starch is the major component of quinoa mainly present in the perisperm. Perisperm, embryo
and endosperm are the three areas containing food reserves in it. Protein and and lipids are the
stored in the endosperm and embryo. The bran layer of quinoa seed comprise of most of the
sapogenins, fat, fiber and ash.

It is a complete food with high nutritional value, mainly due to its high content of good quality
protein. Protein content ranges from 13.8 to 16.5 per cent with an average 15 per cent (Koziol,
1992, Ogungbenle, 2003 and Kousalya, 2019) [?> %3, Starch is the main carbohydrate and
present between 52 to 68 per cent. The total dietary fibre ranges from 7 to 9.7 per cent. It is
also being rich in essential fatty acids such as linoleic and alpha linolenic and contains high

concentration of natural antioxidants such as alpha and gamma tocopherol (Filho, et al., 2015)
[17]
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The ash content of quinoa (3.4%) is higher than that of rice
and wheat, which is evident of high mineral content.

Saponins are the anti-nutrients present in the seed coat and
responsible for the bitter tasteinquinoa but not toxic to
humans (Zhuet al., 2002) 81, Saponin content varies from 0.2
to 11.3g /kg (Mastebroek et al., 2000) 21,

According to Chavan, 2018 ®% reported that if the saponin
content is 20-40mg/100g dry weight referred as sweet quinoa
genotype and >450mg/100g refers to bitter quinoa genotype.
Apart from this Saponins have their own role as nutraceuticals
due to its anti-inflammatory effect, high dietary fibre which
control the cholesterol and in turn helps in the management of
diabetes and hypertension.

Hence the present study was undertaken to estimate the
physico-chemical, functional and anti-nutritional factors of
quinoa.

Material and Methods

Procurement of quinoa grains:

A local variety of Andhra Pradesh white bold quinoa
(dehulled grains) were procured form Kilaru Naturals Private
Limited, Hyderabad. Grains were cleaned for extraneous
materials and stored in deep freezer and used for further
processing. All the estimates were carried in triplicates.
Physical and functional properties of quinoa grains:

Quinoa samples were assessed for physical characteristics
viz., kernel weight, length, thickness, bulk density, hydration
capacity and color were analyzed using standard procedures.
Functional properties viz., water holding capacity, tapped bulk

Absorbance of sample x dilution factor x gradient of graph
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density (Goula and Adamopoulos, 2008) [**! dispersibility
(Kulkarni et al., 1991) 281 water absorption index and water
solubility index (Sandoval et al., 2012) B9, oil absorption
capacity, foaming capacity and foaming stability (Onwuka,
2005) B4 and emulsion capacity (Kaushal et al., 2012) 24,
Color estimation was carried by Ranganna (2005) method.
Cooking characteristics of dehulled quinoa was estimated.
characteristics viz., elongation ration (Sindh et al., 1975),
gelatinization temperature (Juliano et al., 1964) 2%, volume
expansion (Sindh et al., 1975), cooking time, cooked weight
and per cent increase cooked weight (Wani et al., 2013) 3

and alkali spread value ( Bhattacharya and sowbhagya, 2007)
7.

Nutritional properties of quinoa grains

Macro nutrient analysis was estimated by following AOAC,
2005 M protocols. Moisture was determined by hot air drying
method at 105° C for 4 hrs until the constant weight is
obtained. Protein was estimated by micro kjeldhal method.
Fat was estimated by solvent extraction method. Acid wash
and alkali wash and difference in weight is taken as crude
fiber content. Ash was estimated by charring the sample
followed by muffle furnace charring. Carbohydrate and
energy by difference method.

Anti-nutrient saponins estimation was measured by subjecting
the mixture to spectrophotometer at wavelength of 544nm.
Diosgenin was used as a reference standard (Hai et al., 2003)
211 Saponin concentration was obtained from the standard
graph.

Saponin content (mg/100g) =

Results and discussion

The physical properties of dehulled grains was depicted in the
Table 1. Mean thousand kernel weight, length, thickness, bulk
density and hydration capacity were 2.24g, 2.12mm, 1.03mm,
0.74g/ml and 0.16 g/1000 kernals. The volumetric expansion
of the seed and pore spaces that increased the absorption of
moisture proportionately which corresponds to bulk density of
grians.

Similar findings were observed for the physical characteristics
of quinoa by Wu, 2016 [*4 4] estimated that the quinoa seeds
ranged from 1.9 to 2.2 mm in diameter. In the Blanca variety,
bulk densities ranged from 0.63kg/L to 0.63kg/L in the
Japanese strain.

The weight of a thousand quinoa seeds varied from 1.8 to
4.1g. Vilche, et al., 2003 2 noted that with an increase in the
moisture content of quinoa seeds, length and width
proportionately increased and was found to be 2.045 mm and
2.015 mm respectively. Similarly, Abalone et al. (2004) [
also showed an increase in volume as the moisture content
increased in the amaranth seeds. Whereas, the bulk and true
density decreased.

Color attributes includes L*, a* and b*, where L* value
represents lightness and darkness, b* gives indication for
yellowness and blueness while a* shows greenness and
redness. Results revealed that lowest L* values was observed
in dehulled sample 87.56 L* value and a* was 1.22 and b*
was 14.28. These findings in the present study are comparable
to the results reported by Patil et al. (2017) ¥ and showed
that rice flour possesses highest L values (93.65) depicts the
lightness of the sample. b* values (yellowness).Present study
results were on par with study carried by Gabrial et al., 2016

weight of the sample

X100

(181 showed color analysis of amaranth flour was L 89.68, a*
was 1.54 and b* was 14.27.

Table 1: Physical properties of raw and dehulled quinoa grains

Parameters Quantity (Mean + SD)
Thousand kernel weight (g) 2.24+0.26
Length (mm) 2.125+0.28
Thickness (mm) 1.03+0.02
Bulk density (g/ml) 0.74+0.03
Hydration capacity (g/1000 kernals) 0.16+0.06
Color
L* 87.56+0.00
a* 1.22+0.03
b* 14.28+0.34

All values are mean + standard deviation (n=3).

Functional properties of raw and dehulled quinoa flour
Functional properties of the flours that helps to reflect the
complex interaction between the food components viz.,
molecular structure of proteins, fats associated with
preparation, cooking and conditions in which they are
measured. Also describes how they affect the finished food
products in connection with taste, appearance and texture.
Following functional properties of the food were analyzed and
results expressed in the Table 2.

Water holding capacity or water binding capacity was defined
as the ability to hold or absorb water even after the
application of external forces viz., centrifugation or other
processing methods. dehulled quinoa grain flour (157.30%)
ascribed to presoaking, cooking and fiber content. These
results were in line with the study of Collar, 2016 I and the
study reported that quinoa flour had WHC from 116 to 157
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per cent. Abugoch et al., 2009 [ described as WHC of quinoa
meal is higher than amaranth meal (1.8g/g of meal) (Mahajan
and Dau, 2002) 8 Thus, it can also be due to the high
protein content, ash and hydration properties influenced by
particle fraction composition (Cotovanu et al., 2020) 11,

Bulk density reflects the capacity of the required packaging
material, material handling, application in food preparation
and food industries. Low bulk density foods are suitable for
making high nutrient dense formulation food. Dehulled
quinoa grain flour had bulk density of 0.72 g/ml. The present
study results were supported by the study carried on different
fractions of quinoa flour (Cotovanu et al., 2020) %1, It was
found that small particles or fractions of quinoa with lowest
moisture content (9.75%) contributed to their low bulk
density due to the ability of water moisture to stick to flour
particles, thus reducing their specific volume. Similar trend
was observed in the Ratnawati et al., 2019 8 and Beniwal et
al., 2019 B study, where bulk density was positively
correlated with carbohydrate content.

Dispersibility is the ability of the flour to disperse in water
without forming lumps and disintegration of agglomerates,
i.e., it indicates the reconstitution ability. Results revealed that
dispersibility of the dehulled grain flour was 34.91 per cent.
Gamel et al. (2006) showed significant difference in amaranth
cooked (7.0 cm®), popped (10.0cm®), germinated (6.0cmd)
sample compared to raw samples (5.6cm?®) This may be due to
the difference in the particle size, nature of the starch,
gelatinization temperaturein processing methods increased
dispersibility of the amaranth flour.

Water absorption index (WAI) is a measurement of water
absorbed by the flour and it can be used as gelatinization
index. WAI of dehulled grains was 6.58 g/g. The degree of
interaction within the amorphous and crystalline domains
between starch chains affected in terms of molecular
weight/distribution, degree of branching, duration of
branching, conformation by the amylose/amylopectin ratio
and by the characteristics of amylose and amylopectin.
Sandoval et al., 2012 B9 reported that the potato starch had
higher WAI was likely due to a higher amylopectin content of
phosphate groups, resulting in repulsion between phosphate
groups on adjacent chains, increasing hydration by weakening
the degree of bonding within the crystalline domains.

Water solubility index (WSI) can be used as indicator of
starch modification by thermo mechanical treatment. WSI
was 4.17 per cent and oil absorption index (99.29%), WSI
were higher in present study when compared to the study
carried by Beniwal et al.(2019) B! may be because of
difference in the processing methods and experimental
methods (centrifugation condition and sampling procedures)
(Li and Zhu, 2017) 27461, Since oil absorption capacity differs
as it depends on the various conformational characteristics,
lipophilic groups, surface hydrophobicity and nonprotein
compounds in the protein concentrates. Quinoa flour OAC
ranged from 1.53 to 2.73 ml/g (Beniwal et al., 2019) [,
Elkhalifa and Bernhardt (2010) ! results were similar to the
present study.

Emulsion capacity (EC) of the dehulled quinoa grians was
100.46 per cent. Ogungbenle et al., 2009 B3 reported that
quinoa flour emulsion capacity was averaged to be 100.4 to
104 per cent which completely agree with the current results.
Foaming capacity and foaming stability were 16.94 and 47.38
per cent respectively. The findings were collected from
Ogungbenleet al., 2009 B3 were comparable to the present
study for the foaming capacity of quinoa showed 66.66 per
cent and foaming stability ranged from 35.56 to 9.63 per cent.

http://www.chemijournal.com

Foaming capacity depends on the presence of the flexible
protein molecules which may decrease the surface tension of
water. On the other hand, low foaming capacity can be related
to highly ordered globular protein which resists surface
denaturation.

Table 2: Functional properties of dehulled quinoa grain flour

Functional properties Percent/Quantity (Mean + SD
Water holding capacity (%) 157.3 £14.95
Tapped bulk density (g/ml) 0.72 £0.00
Dispersibility (%) 34.91 +0.14
Water absorption index (g/g) 6.58+0.12
Water solubility index(%) 4.17+0.26
Oil absorption index (%) 99.29+0.97
Emulsion capacity (%) 100.46+1.41
Foaming capacity (%) 16.94+0.48
Foaming stability (%) 47.3849.21

Cooking characteristics of dehulled quinoa grians.

Results of cooking quality characteristics of quinoa samples
include elongation ratio, gelatinization temperature, volume
expansion, cooking time and per cent increase in weight after
cooking were presented in Table 5. Pressure cooking time was
6 min 36 sec. Per cent increase after pressure cooking was
23529 g. Quinoa showed elongation ratio of 1.28,
gelatinization temperature (92.60° C). Alkali spread ratio was
zero. Quinoa cooked doneness showed 20 min. and 18 sec
with 13.5 ml of cooked volume. The similar results were
indicated that the elongation ratio of commercial quinoa seeds
(1.14 £ 0.02 mm) was lower than experimental quinoa seeds
(2.10 £ 0.04 mm). As gelatinization temperatures (GT) was
based on the alkali spreading score. Priyanka, 2018 [ and
Chamorro, 2003 P! showed similar results that quinoa had
high gelatinization temperature 96.33°C and no effect on
alkali degradation. Wu et al. (2016) ©* %I showed higher
gelatinization temperature for small granule starches and
quinoa had (57 to 64 °C) gelatinization temperature, may be
due to structure of the grains. The cooking time observed by
Chukwuemeka et al. (2015) 2 and reported that it can be
related to the grains' surface area and grains with high
temperature requires more water and longer cooking time
(Rasool et al., 2015) 71,

Table 3: Cooking Characteristics of quinoa grains

Parameters Mean + SD
Initial Weight (g) 15.06+0.65
After boiling (g) 50.50+0.46
Per cent increase 235.29+1.72
Pressure cooking time 6 min 36 sec
Elongation ratio 92.60+0.5
Gelatinization temperature (C) 92.60+0.5
Cooked doneness 20 min 18 sec
Cooked volume (ml) 135
Alkali spread ratio 0

Nutrient composition of dehulled quinoa grains.

The composition of moisture content is dehulled (12.61%),
protein content (18.95 g), fat (5.44 g), fiber (2.73 g), ash (2.25
g), carbohydrate (57.99 g) and energy (356.81 Kcal). These
findings are comparable to the results reported by Chauhan
and Sarita, 2018 % and Beniwal et al., 2019 . Valencia et
al. (2010) ™4 and Milovanovic (2014) BY showed 11.52 per
cent and 10.1 per cent of moisture content in quinoa grains.
Quinoa protein quantity and consistency are usually superior
to those of other cereal grains, thus providing high
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digestibility and gluten free properties. Dehulled grains
represents the highest protein content as it was stored in
embryo and also may be due to the removal of the saponins,
other anti-nutrient. Chukwuma et al., 2016 [*3], and Bhathal et
al., 2017 [ studies found that protein content of cooked
quinoa ranged from 12.23 to 11.01 g/100g reduced from raw
sample. Sade (2009) and Amaral et al. (2006) ! consider
quinoa as an oilseed due to its fat content ranged from 4.5 to
8.7 per cent. Valencia et al. (2010) “ reported 88.7 g/kg of
total dietary fiber, 78.5 g/kg of insoluble dietary fiber and
10.2 g/kg of soluble dietary fiber was present in quinoa
grains. Chukwama et al., 2016 and Beniwal et al., 2019 B
showed ash content of dehulled quinoa (3.46%) and reported
that ash content depends on the varieties. Saponins is the
major anti-nutrient present in the quinoa. Study results
showed that it contains about 616.82 mg /100g. The presence
of saponin content greater than 470mg/100g was generally
established with the bitterness in quinoa (Chavan, 2018) 11,
Saponins are now considered as bioactive, health-promoting
compounds with several interesting findings (Carlson et al.,
2012; Miranda et al., 2010) 18 32 showed that the total amount
of saponins as alpha-hederin in the quinoa raw material was
557 mg/100 g DW (i.e. approximately 0.56 per cent).

Table 4: Nutrients and anti-nutrient composition of dehulled grains

Processing methods Quantity (Mean + SD)
Moisture (%) 12.61+0.38
Protein () 18.95+0.57
Fat (q) 5.44 +0.38
Fiber (g) 2.73+0.16
Ash (g) 2.25+0.05
CHO (g) 57.99 +1.11
Energy(Kcal) 356.81 +2.02
Anti-nutrient
Saponins (mg/100g) 616.82 + 4.02

Conclusion

Present study can be concluded that quinoa is a rich source of
protein fat and fibre. Procured quinoa variety was found to be
bitter variety and further processing is required for the
reduction of bitterness. Thus, considering its physical,
functional and nutrient composition, quinoa can be used for
the product development, which contains stored nutrients and
can be well packed in a suitable packaging materials.

References

1. Abalone R, Cassinera A, Gaston A, Lara MA. Some
physical  properties of amaranth  seeds. Biosyst
Eng 2004;89(1):109-117.

2. Abugoch L, Castro E, Tapia C, Anon MC, Gajardo P,
Villarroel A. Stability of quinoa flour proteins
(Chenopodium quinoaWilld.) during storage. Int. J. Food
Sci. Tech 2009;44(10):2013-2020.

3. Amaral JS, Casal S, Seabra RM, Oliveira BPP. Effects of
Roasting on Hazelnut Lipids. J. Agri. Food Chem
2006;54(4):1315-1321.

4. AOAC. Official methods of analysis, Association of
official analytical chemists. Edn 18, Washington, D. C,
USA, 2005, 2-38.

5. Beniwal SK, Devi A, Sindhu R. Effect of grain
processing on nutritional and physico-chemical,
functional and pasting properties of amaranth and quinoa
flours, Indian. J. Tradit. Know 2019;18(3):500-507.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,

~ 1106~

http://www.chemijournal.com

Bhathal SK, Kaur NK, Gill JPS. Effect of processing on
the nutritional composition of quinoa (Chenopodium
quinoaWilld). Agric. Res. J 2017;54(1):90-93.
Bhattacharya KR, Sowbhagya CM. An improved alkali
reaction test for rice quality. Int. J. Food Sci. Tech
2007;7(3):323-331.

Carlson D, Fernandez JA, Poulsen HD, Nielsen B.
Jacobsen SE. Effects of quinoa hull meal on piglet
performance and intestinal epithelial physiology. J.
Anim. Physiol. Anim. Nutr 2012;96(2):198-205.
Chamorro SA. Quinoa, In: B. Caballero, Ed.,
Encyclopedia of Food Science and Nutrition 2003, 4895-
4902.

Chauhan ES, Sarita. Effects of processing (germination
and popping) on the nutritional and anti-nutritional
properties of finger millet (Eleusinecoracana). Curr. Res.
Nutr. Food 2018;6(2):566-572.

Chavan SM, Jain NK, Kumar V, Jain SK, Agarwal C,
Wadhawan N, et al. Reviews on agronomical and
functional aspect of quinoa. Inter. J. Chem. Study
2019;7(1):2173-2178.

Chukwuemeka Al, Kelechi AJ, Bernard A. Cooking and
physicochemical properties of five rice varieties
produced in Ohaukwu local government area. Eur. J.
Food Sci. Technol 2015;3(1):1-10.

Chukwuma OE, Taiwo OO, Boniface UV. Effect of the
Traditional Cooking Methods (Boiling and Roasting) on
the Nutritional Profile of Quality Protein Maize. J. Food
Nutr. Sci 2016;4(2):34-40.

Collar C. Quinoa. Encyclopedia of Food and Health
2016, 573-579.

Cotovanu |, Batariuc A, Mironeasa S. Characterization of
quinoa seeds milling fractions and their effect on the
rheological properties of wheat flour dough. Appl. Sci
2020;10:1-21.

Elkhalifa AEO. Bernhardt R. Influence of grain
germination on functional properties of sorghum flour.
Food Chem 2010;121(2):387-392.

Filho AMM, Pirozi MR, Borges JTD, Pinheiro HM,
Chaves JBP, Coimbra JSD. Quinoa: nutritional,
functional, and antinutritional aspects. Rev. Food Sci.
Nutr 2015;57(8):1618-1630.

Gabrial SGN, Shakib MCR, Gabrial GN. Effect of
pseudocereal-based breakfast meals on the first and
second meal glucose tolerance in healthy and diabetic
subjects.  Open  Access Maced. J. Med. Sci
2016;4(4):565-570.

Goula AM, Adamopoulos KG. Effect of maltodextrin
addition during spray drying of tomato pulp in
dehumidified airpowder properties. Drying Tech
2008;26(6):726-737.

Greg S, David LB. Quinoa: an emerging "new" crop with
potential for celss. NASA 1993;1:1-15.

Hai W, Cheng H, Zhao M, Wang Y1, Hong L, Tang H, et
al. Two new cytotoxic triterpenoid saponins from the
roots of  Clematis  argentilucida. Fitoterapia
2012;83(1):759-764.

http://www.fao.org. quinoa 2013.

Juliano BO, Mundo LO. Relation of starch composition,
protein content and gelatinization temperature to cooking
and eating qualities of milled rice. Food Technol
1964;19(6):116-121.

Kaushal P, Kumar V, Sharma HK. Comparative study of
physicochemical, functional, anti-nutritional and pasting
properties of taro (Colocasia esculenta), rice (Oryza


http://www.chemijournal.com/

International Journal of Chemical Studies

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

sativa), pegion pea (Cajanus cajan) flour and their
blends. Food Sci. Technol 2012;48:59-68.

Kousalya MS, Sashidevi G, Kanchana S. Physico-
chemical and functional properties of quinoa
(Chenopodium quinoa). Int. J. Agric. Sci. Res.
2019;9(3):341-350.

Kulkarni KO, Kulkarni DN, Ingle UM. Sorghum malt
based weaning food formulation preparation, functional
properties and nutritive values. Food Nutri. Bull
1991;13(14):322-327.

Li G, Zhu F. Physicochemical properties of quinoa flour
as affected by starch interactions. Food Chem
2017;221:1560-1568.

Mahajan A, Dua S. Salts and pH induced changes in
functional properties of amaranth (Amaranthus tricolor.)
seed meal. Cereal Chem 2002;79(6):834-837.
Mastebroek HD, Limburg H, Gilles T, Marvin HJ.
Occurrence of sapogenins in leaves and seeds of quinoa
(Chenopodium quinoa Willd). J Sci. Food Agric
2000;80(1):152-156.

Mehra P, Grain shower: Indian farmers are now growing
quinoa. Pol. J. Food Nutr. Sci 22:1-8.

Milovanovic M. Agronomical and nutritional evaluation
of quinoa seeds (Chenopodium quinoa Willd.) as an
ingredient in  bread formulations.J. cereal sci
2012;55(2):132-138.

Miranda M, Vega-galvez A, Lopez J, Parada G, Sanders
M, Aranda M, et al. Impact of air-drying temperature on
nutritional properties, total phenolic content and
antioxidant capacity of quinoa seeds (Chenopodium
quinoaWilld.). Ind. Crop. Prod 2010;32(3):258-263.
Ogungbenle AA, Oshodi AA, Oladimeji MO. The
proximate and effect of salt application on some
functional properties of quinoa., (Chenopodium quinoa)
flour. Pakistan J. Nutr 2009;8(1):49-52.

Onwuka GIl. Food Analysis and Instrumentation: Theory
and Practice. J. Brazilian Chemical Society
2005;25(2):219-228.

Patil  SP, ARYA SS. Nutritional, functional,

phytochemical and structural characterization of gluten-
free flours. J. Food Measurement Characterization
2017;11(3):1284-1294.

Priyanka M. Nutritional profiling and development of
value added products with quinoa Chenepodium quinoa.
M.Sc. Thesis, Professor Jayashankar Telangana State
Agricultural University, Hyderabad. 2018.

Rasool N, Baba WN, Muzzaffar S, Masoodi FA, Ahmad
M, Bhat M. A correlation study of proximate
composition, physical and cooking properties of new
high yielding and disease resistant rice varieties. Cogent
Food & Agric 2015;1(1):1-9.

Ratnawati L, Desnilasari D, Surahman DN, Kumalasari
R. Evaluation of physicochemical, functional and pasting
properties of soybean, mung bean and red kidney bean
flour as ingredient in biscuit. Earth and Environmental
Science 2019;251:12-26.

Sandoval R, Sandoval G, Cortes-rodriguez M. Effect of
quinoa and potato flours on the thermo-mechanical and
bread making properties of wheat flour. Braz. J. Chem.
Eng 2012;29(03):503-510.

Tapia ME. Quinoa a ancient crop to contribute world
food security. FAO, Rome, Italy 2011, 11-16.

Valencia RRC, Encina CR, Binaghi MJ, Grecob CB,
Ferrer PR. Effects of roasting and boiling of quinoa,

42,

43.

44,

45,

46.

~ 1107~

http://www.chemijournal.com

kiwicha and kaniwa on composition and availability of
minerals in vitro. J. Sci. Food Agric 2010;90:2068-2073.
Vilche C, Gely M, Santalla E. Physical properties of
quinoa seeds. Biosys. Eng 2003;86(1):59-65.

Wani IA, Sogi DS, Wani AA, Gill BS. Physico-chemical
and functional properties of flours from Indian kidney
bean (Phaseolus vulgaris L.) cultivars. Food Sci. Technol
2013;53(1):278-284.

Wu G, Johnson SK, Bornman JF, Bennett SJ, Singh V,
Simic A. Effects of genotype and growth temperature on
the contents of tannin, phytate and in vitro iron
availability = of sorghum  grains. PL0oS One
2016;11(2):142-156.

Wu G, Johnson SK, Bornman JF, Bennett SJ, Singh V,
Simic A, et al. Effects of genotype and growth
temperature on the contents of tannin, phytate and in
vitro iron availability of sorghum grains. PLoS One
2016;11(2):142-156.

Zhu N, Sheng S, Sang S, Jhoo S, Bai S, Karwe M, et al.
Triterpene  saponins  from  debittered  quinoa
(Chenopodium quinoa) seeds. J. Agric. Food Chem
2002;50(4):865-867.


http://www.chemijournal.com/

