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1. Introduction 

Amaranthus, a major pseudo-cereal, is an ancient plant belonging to family Amaranthaceae, which is believed to have originated from 

central and southern America. Although it includes more than 60 species, of which only three species (Amaranthus caudatus, A. 

cruentus and A. hypochondriacus) present interesting agricultural characteristics, such as rapid establishment, tolerance to water 

deficits, biomass production, nutrient cycling and use as both human and animal food. (Spehar et al, 2003). At the present time it is 

also called a third millennium crop plant (Rastogi and Shukla, 2013).  Today amaranth is considered as an alternative crop and 

researchers in many parts of world have focused on improving agronomic features of the plant, the nutritional quality, and processing 

technology of the seed. Amaranth is a hardy, wild, fast growing plant with very broad leaves that produces very small spherical shape 

seeds (approximately 1mm diameter) vary in color from creamish yellow to reddish (Singh et al, 2014) Amaranth have higher protein 

content (12% to 18%) than most of the cereals with a significant higher content of lysine and acceptable level of tryptophan and 

methionine, which are found in low concentration in cereal and legume grains (Mendoza and Bressani, 1987).  It has lipid content of 

10 to 17% with a comparatively high amount of unsaturated fatty acids and it is also an excellent source of vitamins and minerals 

(Mburu et al, 2014).  Owing to their significant starch, protein, and lipid content, amaranth seeds can be considered promising raw 

materials for the production of flour, starch and protein. High-protein and high-carbohydrate flour have been obtained from amaranth 

seeds by an enzymatic process, which might find application as a dry milk extender and sweetener, respectively. Flour and starch of 

amaranth is becoming an important constituent of different food products, such as gravies, sauces, breakfast cereals, muffins, cookies, 

snacks, pastas, and health foods because of its unique composition (Teli et al, 1996).  The utilization of amaranth flour in food system 

greatly depends on its functional properties. Water and fat absorption, emulsification and viscosity are some important functional 

properties of flour that can decide their utilization for different food application (Shevkani et al, 2014). Even though it’s nutritional 

and health importance, amaranth flour has not gained sufficient research attention to its physicochemical, functional and thermal 

properties. Studies investigating the properties of amaranth flour are scarce. The present investigation was undertaken to examine the 

physicochemical, functional, pasting and thermal properties of flour and starch of amaranth in order to identify their potential 

application as food ingredients. 

 

2. Materials and Methods 
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Abstract:  

Amaranth is a major pseudo-cereal used in food industry in the form of flour, starch and grains. In the present investigation 

flour of amaranth was analyzed for physicochemical properties (chemical composition, water and oil absorption capacity, 

swelling power and solubility, color parameters), thermal and pasting behaviour. Chemical composition of amaranth flour 

confirmed good nutritional value of amaranth having 14% protein, 5% crude fibre and 5% crude fat content. Swelling 

power (12 g/g), solubility (41%), water absorption capacity (132%) and oil absorption capacity (144%) of flour indicated its 

wide applicability in functional foods.  Paste clarity of flour decreased progressively during storage at refrigeration 

temperature. High luminosity of flour makes it suitable for consumer’s preference. DSC showed wide range of gelatinization 

temperature and RVA demonstrated change in viscosity of paste during heating and cooling. Enhanced understanding of 

these properties aids in selection of processing conditions and advances utilization of amaranth flour. 
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2.1. Materials  

Grains of amaranth (Amaranthus hypocondriacus) of cultivar VL-44 used in this study were procured from National Bureau of Plant 

Genetic Resources Regional Station, Shimla, India. The grains were screened to remove foreign matter and stored in sealed container 

at room temperature previous to their use. The flour was prepared by grinding seeds on laboratory mill and stored in polyethylene bags 

at 10ºC.  

 

2.2. Chemical Composition  

Flour was estimated for moisture, crude fat, crude fibre, ash and protein (N x 6.25) content by employing the standard methods 

(AOAC, 1990). The amylose level was determined according to modified methods of Williams et al. (1970). The standard curve used 

for amylose was Y = 0.0089X + 0.0528 (r = 0.99), where X = amylose content (%), and Y = absorbance at 680 nm, based on 

fractionation of rice starch by Montgomery and Senti (1958).  

 
2.3. Hunter Color Parameters  

Color of flour was measured using Ultra Scan VIS Hunter Lab (Hunter Associated Laboratory Inc., Raston Va., U. S. A.). The system 

determines the L
*
, a

* 
and b

*
values,where L

*
 represents lightness and darkness; a

*
 represents the opposition between green and red 

color ranging from positive (red) to negative (green) values; and b
*
 is the yellow/blue opposition also ranging from positive (yellow) 

to negative (blue) values. 

 
2.4. Water and Oil Absorption Capacity   

Water absorption capacity (WAC) and oil absorption capacity (OAC) of flour were determined by using the method of Ige et al 

(1984). A suspension of 1.5g of flour sample in 10 ml distilled water was agitated 4 times allowing 10 min resting periods between 

each mixing and centrifuged at 3250 rpm for 25 min. The supernatant was decanted and tubes were air dried and weighed. For 

determination of oil absorption capacity (OAC), 3ml refined groundnut oil was added to 0.5g of flour sample and stirred for 1 min. 

After resting period of 30 min at room temperature, the tubes were centrifuged at 3200 rpm for 25 min. The volume of unabsorbed oil 

was determined. 

 

2.5. Swelling Power and Solubility 

Flour sample (4 g) was heated for 1 hour with 40 ml of water at 90°C. Constant stirring was done to avoid lump formation. The 

dispersion was centrifuged at 5,000 rpm for 10 min.  Sediment was weighed and supernatant was carefully taken in pre-weighed petri 

dish and dried to constant weight in drying oven at 100°C. The residue obtained after drying of supernatant represented the amount of 

flour solubilized in water (Subramanian et al, 1994; Raina et al, 2006). Swelling power of flour was calculated by using following 

formula- 

 

Swelling	Power	 =
Wt	of	sediment	paste	x	100

Wt	of	sample	on	dry	basis	x	(100 − 	%	solubility)
 

2.6. Paste Clarity  

Light transmittance (%) of pastes from flour was measured by method of Perera and Hoover (1999) with slight modifications.  

Aqueous suspension (1%) of flour was heated in water bath at 90ºC for 1 hour with constant stirring. The suspension was cooled to 

room temperature. Samples were stored for a period of 5 days at refrigeration temperature and transmittance was measured at an 

interval of 24 hours at 640 nm against a water blank using GENESYS 10S UV–VIS Spectrophotometer (Thermo Fisher Scientific, 81 

Wyman Street Waltham, MA USA). 

 
2.7. Bulk Density and Least Gelation Concentration  

Bulk density of flour was determined following the method as described by Balandran Quintana et al (1998). Flour sample (10g) was 

put in measuring cylinder, tapped 8-10 times from a particular height and volume of sample was noticed. Bulk density was measured 

as weight of sample per unit volume. For determination of least gelation concentration, the method described by Mishra and Rai 

(2006) was followed with slight modifications.  Solutions (5ml) of different concentration of flour (8-30 % w/v) in test tubes were 

heated at 90°C in water bath for 1hour, cooled immediately in ice chilled water bath and kept overnight at 4°C. The gelation was 

confirmed by inverting the test tubes. 

 

2.8. Pasting Properties   

Pasting properties of amaranth flour were determined using a Rapid Visco Analyser (Perten Instruments, Australia). Flour sample (3 

g, 14% moisture basis) was mixed with calculated amount of double distilled water in the RVA sample canister.  The slurry was 

manually homogenized using plastic paddle to stay away from lump formation before RVA run. A programmed heating and cooling 

cycle was used where the samples were held at 50°C for1 min, heated to 95°C in 3.30 min, held at 95°C for 3 min before cooling to 

50°C in 3.30 min and holding at 50°C for 2 min. The mixture was stirred at a constant speed of 160 rpm during the test. A RVA plot 

of viscosity (cP) versus time (s) was used to determine peak viscosity (PV), trough viscosity (T), breakdown viscosity(BD), final 

viscosity (FV), set back (SB), peak time (P time) and pasting temperature (P temp) of flour. 
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2.9. Thermal Properties  

Thermal properties were analyzed using a Differential Scanning Calorimeter 2920 (TA Instruments, New Castle, DE, USA) according 

to Bao et al (2004) with some medications. Flour sample (6.0 mg, db) was weighed into an aluminium pan and 6µl distilled water was 

added. The pan was hermetically sealed and equilibrated at room temperature for 1 h, then heated at the rate of10°C/min from 30°C to 

120°C with an empty sealed pan as a reference. Parameters such as onset (To), peak (Tp), conclusion (Tc) temperature and enthalpy 

(∆H) of gelatinization were determined by software provided in the system.  

 

3. Results and Discussion 

 

Moisture Content (%) 9.75±0.47 Swelling Power (g/g) 12.05±0.45 

Protein (%) 14.38±0.37 Solubility (%) 41.52±1.26 

Crude fibre (%) 5.73±0.70 Water Absorption Capacity (%) 132.0±0.85 

Crude fat (%) 5.37±0.15 Oil Absorption Capacity (%) 144±0 

Ash Content (%) 2.90±0.01 Bulk Density (g/ml) 0.53±0.0 

Amylose Content (%) 5.40±0.65 Least Gelation concentration (%) 24±0 

Table 1: Chemical composition and functional properties of flour 

Values expressed as mean ± SD (n=3). 

 

The chemical composition and functional properties of amaranth flour is presented in Table 1. The values of protein and ash content of 

flour were 14.38% and 2.90% respectively and found to be in range reported by Sevkani et al (2014). Similar results of protein and fat 

were obtained by Chauhan and Singh (2013) for amaranth flour.  Flour had crude fat content 5.37% which was in agreement with the 

results obtained by Choi et al (2004). However, Colla et al (2006) reported 10.8% lipid in amaranth flour.  In present study fibre 

content was found to be slightly higher (5.73%) than recorded by Chauhan and Singh (2013). Slight difference in composition of flour 

from previous record might be due to difference in climatic conditions of crops. Amylose content is an important factor affecting 

functional properties like swelling power and solubility of flour and starch. The fraction of amylose in amaranth flour is 5.40%, which 

was comparable with the corresponding results of 7.5% for amaranth flour reported by Tapia - Blacido (2010). However, in present 

study of amaranth flour amylose content was very low as noticed by Singh et al (2005) in different pea’s flour. The water absorption 

capacity is the ability of the flour to hold water against gravity wherein proteins and carbohydrates enhance the water absorption 

capacity of flour by providing hydrophilic parts like polar and charged side chains (Pomeranz, 1985). Water absorption capacity of 

amaranth flour was 132% which was higher than results of Aseniyi and Obatolu (2014) reported 107%   for A. Hypochondricus while 

Shevkani et al (2014) observed water absorption capacity of flour in the range of 209%-243% for same variety of amaranth. The water 

absorption capacity of amaranth flour in present investigation was comparable with the soybean (130%) and chick pea (133 to 147%), 

and lower than dry bean (223 to 265%) reported in literature (Oshodi and Ekperigia, 1989; Kaur and Singh, 2005; Siddiq et al, 2010). 

Oil absorption capacity of flour is due to interactions between the nonpolar amino acid side chains and hydrocarbon chains of lipid 

determine mouthfeel and flavour retention of products. In this study oil absorption capacity of flour was 144%, that was comparable 

with the results of Pachelo de Delahaye (1987) reported 150% for amaranth flour but higher than that reported by Asenity and Obatolu 

(2014) for flour of amaranth. Overall trend of WAS and OAC in present study was similar to the trend noticed by Shimelis et al 

(2006) for bean flour showing higher values of OAC than WAC.  

Swelling power and solubility can be utilized to measure the extent of interaction between starch chains, within the amorphous and 

crystalline domains of the starch granule (Ratnayake et al, 2002).  Furthermore, it is influenced by amylose and amylopectin 

characteristics (Chan et al, 2009).   Swelling power of flour was 12.05g/g    which was slightly lower than swelling power of starch of 

amaranth reported in literature (Kong et al, 2009) which might be due to higher amount of protein and lipid in flour than starch. 

According to Pomeranz (1991), formation of protein-amylose complex in native starches and flours may be the cause of decrease in 

swelling power. Solubility is the leaching out of linear molecules of amylose or linear portion of long chain of amylopectine at or 

above gelatinization temperature.  Solubility of amaranth flour was 41.52%, which was lower than the value of 90-91% solubility of 

amaranth starch reported by Kong et al (2009) which might be due to low level of amylopectine in flour than starch of amaranth. 

Leach et al (1959) reported solubility value of 82% for potato starch and 19.1% for wrinkled pea starch. Yang et al (1988) noticed that 

the solubility decreased as the amylose content of the variety decreased, which might be responsible for lower swelling power of flour 

than starch of amaranth reported in literature. Factors that may influence solubility of starches are source, swelling power, inter-

associative forces within the amorphous and crystalline domains and presence of other components like phosphorous. Ong et al (1995) 

inferred that long chains of amylopectine interact with the amylose to form double helix structures that lowers the swelling and 

leaching of materials on cooking. This might also be responsible for low swelling and solubility of amaranth flour.  The least gelation 

concentration of amaranth flour was 24%, which is the index of gelation properties that depends on the amount of starch and pasting 

properties of starch present in starch. Gelation properties are interrelated to water absorption capacities hence the low water absorption 

capacity recorded for the flours could explain the deficient gel formation capacity. Bulk Density of flour was 0.53g/ml which was in 

agreement with the finding of Chauhan and Singh (2013) for amaranth flour. Bhavsar et al (2013) reported higher bulk density 0.86 

g/ml and 0.74 g/ml for buckwheat flour and refined wheat flour.  
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RVA parameters Paste clarity 

Peak Viscosity (cP) 733.33±15.14 Storage period (Days) Transmittance (%)  

Trough Viscosity (cP) 681.33±12.66 0 3.63±0.3 

Breakdown viscosity (cP) 56±2.64 1 2.89±0.1 

Final Viscosity (cP) 800.66±13.05 2 2.55±0.21 

Setback Viscosity  (cP) 119.33±23.45 3 2.13±0.5 

Peak Time (min) 6.02±0.1 4 1.98±0.22 

Pasting temperature (°C) 77.45±0.05 5 1.77±0.11 

Table 2: Pasting properties and effect of storage on paste clarity of amaranth flour 

Values expressed as mean ± SD (n=3). 

 

Pasting properties of flour of amaranth are depicted in Table 2. The pasting curve represents changes in behaviour of paste viscosity of 

flour with change in temperature and mainly varies with composition of flour and characteristics of starch present in it.  Increase in 

viscosity during heating may be attributed to the swelling of granules, as a result of loss of crystalline order and absorption of water 

(Bao and Bergman, 2004). Pasting properties of flour were similar to the result of amaranth starch reported by Kong et al (2009), who 

studied fifteen cultivars of amaranth grain. Pasting temperature of amaranth flour was 77.45ºC which was higher than the range 

(71.3ºC-72.1ºC) reported by Shevkani et al (2014) for amaranth flour. The high pasting temperature of flour indicates its higher 

resistance towards swelling. The point of maximum swelling of starch granules is indicated by peak viscosity. Peak viscosity of flour 

was lower than the range (1050cP-1459cP) reported by Shevkani et al (2014) for flour. Break down viscosity, is the measure of 

resistance of gel to disintegrate at high temperature, was found to be higher in previous studies (Choi et al, 2004; Shevkani et al, 

2014).  Lower BV of flour (56cP) represents greater resistance to shear thinning and high stability of paste. Final viscosity represents 

the ability of starch/flour to form a viscous paste, was found to be 800cP for flour. Increase in final viscosity might be due to the 

aggregation of amylose molecules (Miles et al, 1985).  Set Back viscosity is the measure of syneresis upon cooling of cooked paste. 

The pasting properties of flour depend mainly on starch present in it. However, other components present in flour affects the pasting 

properties (Ragaee and Abdel-Aal, 2006) such as higher amount of lipid present in flour lowers viscosity. The role of lipids on the 

pasting properties was observed as positive relation with pasting temperature while negative relation with viscosity (Shevkani et al, 

2011; Singh et al, 2014). 

The transmittance values of paste of flour of amaranth were summarized in Table 2. Transmittance was found to decrease 3.63 to 1.77 

with progressive storage at refrigeration temperature for a period of 5 days. The swelling of granules, granule remnants, leached 

amylose and amylopectine, molecular weight and chain lengths of amylose and amylopectine have been reported to vary with granule 

size, which ultimately leads to turbidity development and decreased transmittance in starch paste during refrigerated storage (Perera 

and Hoover, 1999). Decrease in transmittance with refrigeration storage was noticed in paste of corn starch by Sandhu and Singh 

(2007) and in potato flour paste by Singh et al (2005).  

 

Thermal properties Colour parameters 

Onset temperature (ºC) 67.20±1.10 L* 85.19±0.30 

Peak temperature (ºC) 78.1±0.2 a* 2.87±0.03 

Conclusion temperature (ºC) 86.2±1.0 b* 17.24±0.11 

∆ H (J/g) 12.1±0.3   

Table 3: Thermal properties and color parameters of amaranth flour 

Values expressed as mean ± SD (n=3). 

 

Transition temperatures (T0, TP, TC) and gelatinization enthalpy (∆H) of flour of amaranth were shown in Table 3.  Differential 

scanning calorimetric studies of amaranth flour showed that the gelatinization temperature of the flour (67.20ºC) was in range reported 

by Kong et al (2009) for amaranth starch but lower than that (70ºC) reported by Menegassi et al (2011) for amaranth flour. The 

mucilage present in the flour contain proteins and also some complex polysaccharides which could compete with starch for moisture 

and result in a higher onset temperature of flour as compare to starch isolate (Taxi et al, 1972). Similar trend of transition temperatures 

was observed by Jane et al (1992) for taro starches and flours. The peak temperature for flour (78.1ºC) was slightly higher than pasting 

temperature obtained by RVA. Present investigation agreed with the study of Kong et al (2009) reported TP which ranged from 68ºC 

to 78ºC and T0 from 63ºC to 72ºC for fifteen cultivars of amaranth.  The onset, peak and conclusion temperature of flour (67.20ºC, 

78.1ºC and 86.2ºC respectively) were found to be comparable with the investigation of Menegassi et al (2011) reported TO (70.5º C), 

TP (76.1ºC) and TC (82.8ºC) for amaranth flour. During DSC analysis the transformed proportion of starch is reflected by the area 

under the endothermic peak, representing the enthalpy change (∆H). The value of ∆H for flour (12.1 J/g) was comparable to the values 

(10.6J/g, 9.8J/g) reported by Tapia-Blacido et al (2010) while higher than observed (5.5 J/g) by Menegassi et al (2011) for amaranth 

flour. Amylopectine is considered as primary participant in crystalline region (Robin et at, 1974) which was responsible for higher 

value of enthalpy change. Because amaranth starch, which is waxy due to rich in amylopectine, granules possess a different 

crystalline-amorphous structural relationship than normal starch granule. In literature higher values of ∆H for waxy starches than 

normal starches were reported by other authors (Stevens and Elton, 1971; Inouchi et al, 1984). One of the most important 

characteristics that can decide successful applications of functional ingredients in different food products is color and clarity. The 
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colour of starch due to the presence of polyphenolic compounds, ascorbic acid and carotene has impact on its quality. Any 

pigmentation in the starch is carried over to the final product. This reduces the quality, hence acceptability of starch product (Galvez 

and Resurreccion, 1993). The L
*
 value of   flour (85.19) was in consistent with range (82- 85) reported by Shevkani et al (2014) for 

amaranth flour.  The positive value of a
*
 was small indicating presence of little red tint in flour.  Positive b

*
 value of flour was 17.24, 

indicated presence of yellow components in flour.  The higher b* value has been reported to be an indication of presence of higher ash 

content (Kaur and Singh, 2007). Menegassi et al (2011) reported slightly lower b
* 
value (14.9) for flour of amaranth.  

 

4. Conclusion 

The physicochemical properties and functional characteristics of amaranth flour propose that it may have broad possibilities as an 

ingredient in food systems and other industrial application. High protein content, crude fibre, lipid content and ash content in flour 

confirmed the good nutritional quality of grain. Wide range of gelatinization temperature range, good swelling power, solubility and 

water absorption capacity noticed for flour which makes it potentially useful in products subject to high temperatures. High luminosity 

noticed in flour which is a most desirable property in food industry. Future work is necessary to analyze the amino acid and fatty acid 

profile, characterize fine structures of starch of amaranth of different origin and analyze their relationships with various properties of 

flour. 

 

5. References  
i. Adeniyi, P. O., and Obatolu, V. A. (2014). Effect of germination temperature on the functional properties of grain amaranthus.  

American J Food Sci  Techno, 2 (2), 76-79 

ii. AOAC. (1990). Official Methods of Analysis, 15th edn. Washington, DC: Association of Official Analytical Chemists. 

iii. Bao, J. S., Kong, X. L., Xie, J. K., and Xu, L. J. (2004). Analysis of genotypic and environmental effects on rice starch. 1. Apparent 

amylose content, pasting viscosity, and gel texture. J. Agric. Food Chem. 52: 6010–6016. 

iv. Bhavsar G. J., Sawate, A. R., Kshirsagar R. B. and Chappalwar, V. M. (2013). Studies on Physico-Chemical Characteristics of 

Buckwheat and Its Exploration in Bread as Functional Food. Int. J. Eng. Res. Technol,  2(1), 3971-3980. 

v. Breene, W.  (1991). Food uses of grain amaranth. Cereal Foods World, 36, 426–429. 

vi. Chan, H. T., Bhat, R., and  Karim, A. A. (2009). Physicochemical and functional properties of ozone-oxidized starch. J. Agric. Food 

Chem, 57, 5965–5970.  

vii. Chauhan,  A and Singh, S. (2013). Influence of germination on physico-chemical properties of Amaranth (Amaranthus spp.) flour. 

Int. J. Agri. Food Sci. Technol, 4 (3), 215-220.  

viii. Colla, E., Sobral, P. J. A. and Menegalli, F. C. (2006). Amaranthus cruentus flour edible films: influence of stearic acid addition, 

emulsification stirring speed and plasticizer concentration in amaranth flour based film forming solutions on barrier and mechanical 

properties of its films. J Agric Food Chem, 54, 6645–6653. 

ix. Crosbie, G. B. (1991). The relationship between starch swelling properties,  paste viscosity and boiled noodle quality in wheat 

flours. J Cereal Sci, 13, 145-150. 

x. Doublier, J. L., Llamas, G. and Meur, L. M. (1987). A rheological investigation of cereal starch pastes and gels. Effects of pasting 

procedures. Carbohyd Polym, 7,  251-275. 

xi. Glavez, F. C. F. and Resureccion, A. V. A. (1993). The effects of decortications and method of extraction on the physical and 

chemical properties of starch from mung bean (Vigna radiate L. Wilcze). J. Food Process Preservat, 17, 93-107. 

xii. Ige, M. M., Ogunsua, A. O., and Oke, O. L. (1984). Functional properties of proteins of some Nigeria oil seeds, conophor seed and 

three varieties of melon seeds. J. Agric. Food Chem, 32, 822-825. 

xiii. Inouchi, N., Glover, D. V., Sugimoto, Y. and Fuwa, H. (1984). Developmental changes in starch properties of several endosperm 

mutant of maize.  Starke, 36, 8. 

xiv. Jane, J. L., Chen, Y. Y., Lee, L. F., McPherson, A. E., Wong, K. S., and Radosavljevic, M., (1999). Effects of amylopectin branch 

chain length and amylose content on the gelatinization and pasting properties of starch. Cereal Chemistry. 76,  629–637. 

xv. Kaur, M. and Singh, N. (2005). Studies on functional, thermal and pasting properties of flours from different chickpeas (Cicer 

arietinum L.) cultivars. Food Chem, 91, 403–11. 

xvi. Kaur, M. and Singh, N. (2007). Characterization of protein isolates from different Indian chickpea (Cicer arietinum L.) cultivars. 

Food Chem, 102,  366–74. 

xvii. Kong, X. L., Bao, J. S. and Corke, H. (2009). Physical properties of Amaranthusstarch. Food Chem, 113, 371–376. 

xviii. Kumoro, A. C., Retnowati, D. S., Budiyati, C. S., Manurung, T., and  Siswanto. (2012). Water Solubility, Swelling and 

Gelatinization Properties of Raw and Ginger Oil Modified Gadung (Dioscoreahispida Dennst) Flour. Res. J.  Applied Sci. Eng. 

Technol, 4(17), 2854-2860. 

xix. Leach,  H. W.,  McCowen, L. D. and Schoch, T. J. (1959).  Structure  of starch granule. I. Swelling and solubility patterns of 

various starches. Cereal-Chem, 36 (11), 534–544. 

xx. Lee, J. H., Kim, S. R., Song, J. Y. and Shin, M. S. (1999) Comparison of physicochemical properties of amaranth starch with other 

waxy cereal starches. Korean J. Food Sci. Technol, 31, 614–618. 

xxi. Lorenz, K. and Collins, F. (1990). Quinoa starch– Physicochemical properties and functional characteristics. Starch/Stärke, 42, 81–

86. 

xxii. Mandoza, C., and  Bressani , R. (1987). Nutritional and functional characteristics of extrusion-cooked amaranth flour. Cereal Chem, 

64, 218-222.  

xxiii. Mbougueng, P.D., Tenin, D., Scher, J. and Tchiegang. (2008). Physicochemical and functional properties of some cultivars of Irish 

potato and cassava starches. J. Food Tech, 6(3), 139-146. 



 The International Journal Of Science & Technoledge  (ISSN 2321 – 919X) www.theijst.com 

 

109                                                           Vol 4 Issue 6                                                        June, 2016 

 

 

xxiv. Mburu, M. V. Gikongo, N. K., Kenji, G. M. Nwasaru, A. M. (2012). Nutritional and functional properties of  complimentary foods 

based on Kenyan amaranth grains (Amaranthus cruentus). African Jouran of  Food,  Agriculture, Nutrition and  Development, 

12(2), www.ajol.info/index.php.  

xxv. Menegassi, B., Pilosof, A. M. R. and  Areas, J. A. G. (2011). Comparison of properties of native and extruded amaranth 

(Amaranthus cruentus L.- BRS Alegria) flour. LWT- Food Sci.Technol, 44, 1915-1921. 

xxvi. Miles , M. J., Morris, V. J. and Ring, S. G. (1985). Gelation of amylose. Carbohydr Res. 135, 257. 

xxvii. Mishra, S. and Rai, T. (2006). Morphology and functional properties of corn, potato and tapioca starches. Food Hydrocolloids. 

20(5), 557-566.  

xxviii. Montgomery, E. M. and Senti, F. R. (1958). Separation of amylose from amylopectin of starch by extraction- sedimentation  

procedure. J. Polym. Sci, 28, 1–9. 

xxix. National Academy of Sciences. (1985). Amaranth: modern prospects for an ancient crop. Washington. DC 

xxx. Ong, M. H. and Blanshard, J. M. V. (1995). Texture deteminantsof cooked, parboiled rice 11, Phsicochemical properties and 

leaching behaviour of rice. J. Cereal Sci, 21, 261-269. 

xxxi. Oshodi, A. A. and Ekperigia, M. M. (1989). Functional properties of pigeon pea. Food Chem, 34, 1–5.  

xxxii. Pacheco de Delahaye E. (1987). Effect of temperature on the functional properties of amaranth seed flour. Amaranth Newsletter, 1, 

45-52. 

xxxiii. Parades-Lopez, O. (1994). Amaranth carbohydrate, in Amaranth Biology, Chemistry and Technology (Ed. O. Parades-Lopez) CRC 

Press. Boca Raton. 

xxxiv. Perera, C., and Hoover, R. (1999). Influence of hydroxypropylation on retrogradation properties of native, defatted and heat-

moisture treated potato starches. Food  Chem,  64, 361–375. 

xxxv. Pomeranz, Y. (1985). Functional properties of  food components. Academic press: Orlando, FL. 

xxxvi. Ragaee, S. and  Abdel-Aal, E. S. M. (2006). Pasting properties of starch and protein in selected cereals and quality of their food 

products. Food chem,  95, 9-18. 

xxxvii. Raina, C. S., Singh, S., Bawa,  A. S. and Saxena, D. C. (2006). Rheological properties of chemically modified rice starch model 

solutions. J. Food Process Eng, 29(2), 134–148. 

xxxviii. Rastogi, A . and Shukla,S. (2013). Amaranth: A new millennium crop of nutraceutical values. Critical Review In Food Science And 

Nutrition, 53(2), 109-125. 

xxxix. Ratnayake, W. S., Hoover, R. and Tom, W. (2002). Pea starch: Composistion, structureand properties. Starch/Starke,54,217-234. 

Sandhu, K. S. and Singh, N. (2007). Some properties of corn starches II: Physicochemical, gelatinization, retrogradation, pasting 

and gel textural properties. Food Chem, 101, 1499–1507. 

xl. Robin, J. P., Mercier, C., Charbonniere, R. and Guilbot, A. (1974). Lintnerized starches. Gel filtration and enzymatic studies of 

insoluble residue from prolonged acid treatment of potato starch. Cereal chem, 51,  389. 

xli. Shevkani, K ., Singh,N., Rana, J. C. and  Kaur, A. (2014). Physicochemical, pasting and functional properties of amaranth seed 

flours: Effects of lipid removal. J. Food Sci. 79(7): 1271-1277. 

xlii. Shimelis,  E., Meaza, M. and Rakshit, S. (2006). Physicochemical properties, pasting behaviour and fuctional characteristics of flour 

and starches from improved beans (Phaseolus valgaris L.) varieties grown in East Africa. E. J. Agric. Eng. Int, 8, 1- 18. 

xliii. Siddiq. M., Ravi, R., Harte, J. B. and Dolan, K. D. (2010). Physical and functional characteristics of selected dry bean (Phaseolus 

vulgaris L.) flours. LWT – Food Sci Technol, 43, 23-27. 

xliv. Singh, B., Nagi, H. P. S., Sekhon, K. S. and Singh, N. (2005). Studies on the Functional Characteristics of Flour/Starch from 

Wrinkled Peas (Pisum Sativum). Int. J. Food Prop, 8(1), 35-48. 

xlv. Singh, N., Kaur, S., Kaur, A., Isono, N., Ichihashi,Y., Noda, T. and Rana, J. C. (2014). Structural, thermal, and rheological 

properties of Amaranthus hypochondriacus and Amaranthus caudatus starches. Starch/Stärke, 66, 457–467.  

xlvi. Spehar, C. R., Teixeira, D.L., Cabezas, W. and Erasmo, E. A. (2003).  Amaranto BRS Alegria: Alternative crop for diversification 

of cropping systems. Pesq Agropec Bras, 38(5), 659–663. 

xlvii. Stevens, D. J. and Elton, G. A. H. (1971). Thermal properties of starch water system. Part 1.  Measurement of the heat of 

gelatinization by differential scanning calorimetry. Starke, 23, 8. 

xlviii. Subramanian, V., Hoseney, R.  C.  and Bramel-Cox, P. (1994).  Shear thinning properties of sorghum and corn starches. Cereal 

Chem, 71, 272– 275.  

xlix. Tapia-Blacido, D.R., Sobral, P. J. A. and Menegalli, F. C. (2010). Potential of Amaranthus cruentus BRS Alegria in the production 

of flour, starch and protein concentrate: chemical, thermal and rheological characterization. J. Sci. Food Agric, 90, 1185–1193. 

l. Taxi, M., Yamada, T. and Nayak, K. (1972). Studies on the mucilage of tubers of Colocasia antiquorum Schott var. Esculenta Engl 

(Part 1). Bull. Fac. Agric. Meiji Univ, 43, 105.   

li. Teli, M. D., Shanbag, V., Kulkarni, P. R. and Singhal, R. S. (1996). Amaranthus paniculates (rajgeera) starch as thickener in the 

printing of textile. Carbohydr  Polym,3, 119–122. 

lii. Williams, P. C., Kuzina, F. D. and Hlynka, I. (1970). A rapid colorimetric procedure for estimating the amylose content of starches 

and flours. Cereal Chem, 47, 411–420. 

  


