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Abstract 
 
Amaranth grain is a rich source of carbohydrate, protein, lipids, dietary 
fiber and functional components. Indeed, the grain is potential 
reservoir of starch and a competent candidate for the isolation of starch 
in comparison to other conventional sources of starch viz. tuber, cereal 
and pulses. This leads us to focus our attention for its isolation process 
standardization. Amaranth cultivars namely; Amaranth 
hypochondriacs Annapurna, Amaranth hypochondriacs Durga and 
Amaranth paniculates (Rajgeera) were tested for maximum starch 
extraction. The process was standardized for maximum recovery of 
starch with improved color and minimum impurities. The existing 
processes for isolation of starch were studied and experiments were 
conducted for comparative extraction of starch. The process was 
standardized by varying particle size of flour (grain grits, 30 mesh size 
and 60 mesh size), the concentration of alkali (NaOH) (0.05 - 0.30 % 
(w/v)) and mesh size filter screen (70, 100, 200, 300 mesh size). Other 
process variables like Alkali volume used, steeping time (24 hrs.) 
steeping temperature (4°C) and centrifuge speed (3000g×20 min.) were 
kept constant. The slurry was made with double de-ionized water and 
steeping was done under refrigeration. The starch was isolated by 
screening and centrifugation of the flour slurry which is been kept 
under refrigeration. Then supernatant liquor was discarded by scraping 
and water washing was done till complete removal of proteineous 
layer. The sediment collected as wet starch was dried overnight at 
40°C and weighted for final recovery. Starch isolated was examined 
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for recovery, color and protein content. The standardized process 
variables were obtained at a concentration of NaOH (0.25%), Screen 
size (300 mesh) and flour particle size (60 mesh). The highest recovery 
and minimum protein fraction was obtained from Amaranth 
hypochondriacs Durga (34.35%) followed by Amaranthus paniculates 
and Amaranthus hypochondricus anapurna at residual protein content 
of (0.36%), fat content (0.30%), ash content (0.67%) and fiber content 
(0.26%). 
 
Keywords: Amaranthus, Alkali Concentration, Protein, Color, Yield. 
 
 

1. Introduction 
Cereals, pseudo-cereals, legumes, roots and tubers are the raw materials for starch 
extraction. The most important source of starch is corn. In the United States (producer 
of more than 60% of the total world starch), it is almost the sole industrial material for 
starch extraction. Starch plays a crucial role in the food industry as a food ingredient. 
For example, more than 250 million bushels of corn were used in starch production in 
2010, and an estimated 20 billion pounds of bread are produced yearly, a product in 
which wheat starch is a principal constituent (Zobel and Kulp 1996). In the whole 
world the share of starch from corn is about 83%, followed by wheat (7%), potato 
(6%) and tapioca (4%). Nearly 53% of starch total production is used in the food sector 
(sweets – 18%, soft drinks – 11%, other food – 24%). Of the non-food sector (total 
share of 46%), 28% is used for production of paper, cardboard and corrugated board, 
and 13% is used for fermentation (Bergthaler, 2004). The first Millennium 
Development Goal is to reduce hunger and poverty by promoting non-conventional 
crop by 2015 (Dixon et al., 2006). 

The genus Amaranthus belongs to the family Amaranthaceae and includes more 
than 60 species, of which three viz., Amaranthus hypochondriacus, A. paniculates, A. 
cruentus and A. caudatus, are the essential grain species (Stallknecht & Schulz-
Schaeffer, 1993; Brenner et al., 2000). Amaranth is a very versatile crop that is 
grown in a wide range of agro-climatic conditions; it resists drought, heat, and pests, 
and adapts readily to new environments (Brenner et al., 2000; Rana, Pradheep, 
Yadav, Verma, & Sharma, 2007). Amaranth protein concentration is in between a 
range of 12.5% or 17.6% with a significantly higher content of lysine, and acceptable 
levels of tryptophan and methionine, which are found in low concentrations in cereals 
and leguminous grains of common usage (Mendoza & Bressani, 1987; Teutonico & 
Knorr, 1985) and Amaranth has also been recognized because of its high vitamin and 
mineral contents, such as riboflavin, niacin, ascorbic acid, calcium, and magnesium 
contents. Amaranth grain consists of 6 to 9% of oil which is higher than most other 
cereals. The lipid fraction is unique due to the high squalene content. Detailed studies 
on amaranth grain oil have been researched further in the last 2–3 decades (Lyon 
CK,1987). Amaranth grain has high soluble fiber content 4.2% (Early and Early 
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1987). It was determined that Amaranth paniculatus and Amaranth cruentus are good 
sources of flavanoids, especially for rutin, which are mostly produced in the stage of 
blossoming (Martirosyan DM,2003).  

 
 

2. Material and Methods 
2.1 Material  
The materials consist of 2 cultivars procured from different locations of India. 
Amaranth 1 (one) cultivar Amaranth hypochondricus having 2 lines namely; 
Annapurna and Durga was collected from National Bureau of Plant Genetic Resources 
(NBPGR), located in the Phagli area of Shimla, Himachal Pradesh, India at latitude of 
31°60�N and longitude of 77°10�E, having elevation of 2000m. The agro-climatic 
conditions are sub-temperate to temperate, the area receives average rainfall of 1350 
mm, and the temperature varies from -0.4 to 32.0°C. The 2rnd cultivar Amaranth 
paniculates (Rajgeera) was procured from Nasik, Maharashtra, India have even 
climate throughout the year.  

 
2.2 Preparation of Flour 
Amaranth grains of 2 cultivars and 2 lines of one out of the 1 cultivar were milled with 
a mortal-pestle and passed through Sieve No. 70, by the British Sieve Standards (BSS), 
to obtain flour. 
 
2.3 Proximate Composition 
The flour samples of different cultivars and lines were analyzed for their moisture, 
protein, fat, and ash contents by employing standard methods of analysis (AOAC, 
1990). The crude fiber content was determined using the AACC (2000) methods. The 
analysis was conducted in triplicate and average value was taken. 

 
Table 1: Nutritional Composition of Amaranth Cultivars. 

 
S. 

No. 
Amaranth Grain Cultivars CHO 

(%) 
Protein 

(%) 
Fat  
(%) 

Fiber  
(%)  

Ash 
(%) 

01  Amaranthus hypochondricus 
Anapurna  

70.05 14.50 8.70 3.15 3.60 

02  Amaranthus hypochondricus 
Durga  

67.16 14.50 12.82 3.24 2.28 

03 Amaranthus paniculates  69.77 15.13 9.77 3.05 2.28 
 
 

3. Result and Discussion 
3.1 Process Standardization  
Amaranth hypochondriacs Anapurna, Amaranth hypochondriacs Durga and Amaranth 
paniculates were tested for maximum starch extraction. The process was standardized 
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for maximum recovery of starch with improved color and minimum impurities. The 
process was standardized by varying particle size of flour (grain grits, 30 mesh size 
and 60 mesh size), the concentration of alkali (NaOH) (0.05-0.30 % (w/v)), filter 
screen size (70, 100, 200, 300 mesh size) and centrifuge speed (1000-3000g×20 min.) 
Other process variables like Alkali volume used, steeping time (24 hrs.) steeping 
temperature (4°C) and were kept constant. The grain protein-starch network was 
analyzed on the basis of the solubility of protein and fat which when broken result 
libration of starch. The solubility of protein is derived from either alkali or de-ionized 
water used for the extraction of starch. The existing processes for isolation of starch 
were studied and experiments were conducted for comparative extraction of starch. 

 
 

Table 2: Pre-standardized methods of extraction of amaranth starch and  
their yield and protein percentage. 

 
S. No. Method by Author Yield (%) Protein (%) 

01 Wu et.al (1995) 23.95 0.36 
02 Chai et. al (2004) 31.25 1.25 
03 Perez, Behnerry and Breeze (1993) 19.08 0.16 
04 Mayer and Fox (1994) 28.77 0.46 
05 Singh L. et. al 32.68 1.11 

 
The starch was extracted as per the methods studied. Alkali (NaOH) is responsible 

for the solubility of the protein fraction (globulin and albumin) present inside the 
Amaranth grain. Alkali concentration was increased from 0.05–0.30% while keeping 
all the others factor constant. The alkali concentration was standardized at 0.25% to 
obtain higher yield and minimum protein fraction in the extracted starch. All the other 
factors; alkali volume: flour ratio, flour particle size, steeping time, steeping 
temperature, Screen/filter mesh size, centrifugation speed/time were kept constant. 

 
 

Table 3: Alkali Standardization for the Extraction of Starch from  
Amaranthus hypochondricus Anapurna. 

 
S. No. Alkali (NaOH) (%) Starch Yield (%) Protein Fraction (%) 

01 0.05 09.0 1.16 
02 0.10 15.0 1.26 
03 0.15 22.9 1.56 
04 0.20 24.5 1.71 
05 0.25 28.0 1.76 
06 0.30 28.5 2.06 
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The alkali concentration (NaOH) in de-ionized water was standardized at 0.25% 
(w/v) to get of 28.0% starch yield at protein fraction of 1.76%. The protein fraction and 
extraction of the starch was further increased by standardizing the flour particle size. 
The alkali concentration standardized is further fixed and flour particle size was varied 
from grits to 30mesh to 60 mesh size in a view of getting increased yield and minimum 
protein fraction. The alkali concentration fixed at 0.25% (w/v) for the further 
standardization of process. All the other factors; alkali volume, flour ratio, steeping 
time, steeping temperature, Screen/filter mesh size, centrifugation speed/time were 
kept constant. 

 
 
Table 4: Flour Particle Size Standardization for the Extraction of Starch from 

Amaranthus hypochondricus Anapurna. 
 

S. No. Flour Particle Size (Mesh) Starch Yield (%) Protein Fraction (%)
01 Grits 29.5 1.81 
02 30 28.5 1.84 
03 60 29.7 1.70 
 
The flour particle size affects the extraction process of starch isolation. The flour 

particle size was considered as per as the previous study; grits, 30 and 60 mesh size. 
The flour size at particular sieve size gives uniformity in composition and higher 
exposed surface area which greatly affect the extraction characteristics of the flour 
prepared. The highest extraction (29.7%) was obtained at sieve mesh size 60 at a 
protein fraction of 1.70 which is better then previous standardized process. This shows 
a continuous improvement in the yield and decrease in protein fraction.  

 
 
Table 5: Table: Screen/Filter Mesh Size Standardization for the Extraction of  

Starch from Amaranthus hypochondricus Anapurna. 
 

S. 
No. 

Filter/Screen 
Size (Mesh) 

Centrifuge
Speed (g) 

Protein 
Scraping

(No.) 

Time 
(min.) 

Yield 
(%) 

Protein 
Fraction (%)

01 70 3000 5-6 20a + 15b 44.0 3.12 
02 100 3000 5-6 20a + 15b 43.5 1.70 
03 200 3000 3-4 20a + 15b 41.2 0.83 
04 300 3000 2-3 20a + 15b 37.0 0.76 

 
The process was further affected by the Screen mesh size used for the separation of 

fiber fraction present in steeped slurry solution. Filtration is the most critical process 
operation for the standardization. The increase in the mesh size drastically reduced the 
labor of scraping of protein and residual fiber from the starch milk obtained after the 



Narender Kumar et al 

 

622

screening of slurry. The varying screen mesh size (70, 100, 200 & 300) was used for 
the standardization of the starch. The screen mesh size for the filtration was 
standardized at 300 to obtain a yield of 37.0% at a protein fraction of 0.76%. The flour 
particle size was fixed at 0.25% (w/v) for the further standardization of process. All the 
other factors; alkali volume, flour ratio, flour particle size, steeping time, steeping 
temperature, centrifugation speed/time were kept constant and process was 
standardized for screen mesh size. 

 
 
Table 6: Process Standardization for the Extraction of Starch from Amaranthus 

hypochondricus Anapurna, Amaranthus hypochondricus Durga and  
Amaranthus paniculates. 

 
Amaranth  
Cultivars 

Amaranthus 
hypochondricus 

Anapurna 

Amaranthus 
hypochondricus  

Durga 

Amaranthus 
paniculates 
(Rajgeera) 

Standardized Process Variable for Isolation of Starch 
Alkali (NaOH) (%) 0.25 0.25 0.25 

Alkali Volume: Flour Ratio 1:5 1:5 1:5 
Steeping Time (hrs.) 24.0 24.0 24.0 

Steeping Temperature (°C) 4.00 4.00 4.00 
Flour Particle Size 60 60 60 

Filter/Screen Size (Mesh) 300 300 300 
Centrifuge Speed 3000 g 3000 g 3000 g 

Time (min.) 20a + 15b 20a + 15b 20a + 15b 
Starch Yield (%) 32.65 34.35 37.00 

Moisture Content (%) 15.52 11.08 11.03 
Protein Fraction (%) 0.96 0.26 1.04 

Color 
L 94.33 94.54 94.81 

 a* 2.541 0.955 1.351 
 b* 0.641 3.240 4.393 

Note: Where, Superscript a and b refers to 1st and 2nd centrifugation time respectively. 
The above process was standardized for Amaranthus hypochondricus Anapurna, Amaranthus 
hypochondricus Durga and Amaranthus paniculates (Rajgeera) at a particular protein fraction. 

 
The process was standardized for alkali contraction, particle flour size and Screen 

mesh size respectively in a range of 0.05-0.25% (w/v), (grits, 30, 60) and (70, 100, 
200, 300) mesh size. The maximum extraction of starch was obtained 37.0% at a 
protein fraction of 0.76%. This process was standardized for Amaranth 
hypochondricus Anapurna for obtaining maximum starch extraction, minimum protein 
fraction and color indices. The existing process standardized was further applied to 
Amaranth hypochondricus Durga and Amaranth paniculates (Rajgeera). 
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4. Conclusion 
The highest recovery with minimum protein fraction was obtained from Amaranthus 
hypochondriacs Durga (34.35%) at residual protein content of (0.36%), fat content 
(0.30%), ash content (0.67%) and fiber content (0.26%) followed by Amaranthus 
paniculates and Amaranthus hypochondricus Anapurna. The Amaranthus paniculates 
indeed was highest in starch yields (37%) but with higher protein fraction (1.04) and 
therefore Amaranthus hypochondricus Durga line was selected as best among above 
tested cultivars and lines. The studies are going for further standardization of process 
by volume used of alkali used, steeping time/temperature and centrifugation. 
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