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In this study the changes of rutin content in different anatomical parts (stems, leaves, flowers and seeds) 
of amaranth (Amaranthus hypochondriacus L.) during vegetation period were analysed. Dynamics of rutin 
content in four growth phases (GP I-IV: formation of buds, beginning of flowering, full blossoming and full 
ripeness in five cultivars was compared. An HPLC DAD method working at 365 nm was applied for the 
rutin determination. The gained results suggest  the variety dependence, as well as the growth phase 
influence on forming of this compound. It has been identificated no statistically significant difference in 
rutin content in stems of amaranth between the growth phases, but the leaves of all tested samples show 
the highest value which was observed in the IV. growth phase compared with the I. and the II. growth 
phase. The amaranth flowers contained about half the rutin amount compared with amaranth leaves. 
Maximal increase of rutin content was manifested in each variety at the end of the vegetation period. 
Among the tested anatomical parts was also found statistically significant differences.  
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INTRODUCTION 
 
Amaranth (Amaranthus hypochondriacus L.) as a 
pseudocereal is very suitable crops for human nutrition 
known as alternative crop. Its origin is in South America, 
and ranks among the oldest culture crops. Amaranth 
species are cultivated and consumed as a leaf vegetable in 
many parts of the world. In some countries amaranth is 
widely used as food. In the shops of the USA, Argentina 
and Poland you can buy biscuits, pasta, crips bread, sauce 
made from amaranth or with the use of its additives. In the 
last decade, the use of amaranth has broadened   not  only  
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in the common diet, but also in diet of people with celiac 
disease or allergies to typical cereals. The amaranth has 
attracted much interest in recent years beacuse this 
pseudocereal seeds have high nutritional and functional 
values which are associated with the quality and quantity of 
their proteins, fats and antioxidant potential (Paśko et al., 
2009) - has an excellent aminoacidic balance, a high 
protein content and other nutritive important compounds, 
p.e. flavonoid rutin. Amaranth grains are also naturally 
gluten-free, which is important for people with gluten 
allergies. Young amaranth leaves are rich in protein 
content (a good source of lysine and methionine), 
carotene, micro- and macroelenets, vitamins A, C, E and 
rutin. The seeds and green parts are excellent examples of  



 
 
 
 
‘functional food’ defined as lowering the risk of various 
civilization diseases. However, most of the recently 
published articles are focused mainly on the studies of 
crops such as buckwheat, broccoli, mung bean, and 
soybean, which are already easily available on the market. 
The green parts of amaranth are “new” vegetables, which 
can be used in the nutrition of vegans and vegetarians and 
as a common diet too (Paśko et al., 2009).  

The purpose of this study was to identify and quantify 
health promoting secondary metabolit (only rutin) in 
anatomical parts of amaranth and to elucidate the variation 
in rutin content between anatomical parts of amaranth in 
dependence on cultivars and growth phases. 
 
 
MATERIALS AND METHOD 
 
Material 
 
Samples of 5 different amaranth varieties (1008, Olpir, 
Burgundy, Elephant Head and Plainsman) were used for 
this investigation. All the varieties originated from the 
experimental station of the Research Institute of Crop 
Production in Piešťany, Slovakia. The samples of amaranth 
were taken in the individual selected growth phases. 
 
Preparation of metanol extracts 
 
To prepare methanol extracts, 25 ml of methanol (80%, 
v/v) (HPLC grade, Sigma-Aldrich Co., St. Louis, USA) was 
added to 1 g of each part of the sample. The mixture was 
shaken at room temperature for 8 h at 250 rpm. Samples 
were than filtered throught filter paper (130 g/m

2
, Filtrak, 

Thermalbad Wiesenbad, Germany) and kept at 4 ˚C for 
futher analysis.  
 
The rutin determination 
 
Sample extracts filtered throught filter paper were 
additionally filtered through a syringe filter unit (0,22 µm, 
Millipore, Billerica, USA). The filtrate was injected into 
a high performance liquid chromatography (HPLC) system 
that consisted of an HPLC chromatogrph (Aliance 2696, 
Waters USA), a LiChroCART Purospher RP C18 column (5 
µm, 250 x 4.6 mm, Merck, Darmstadt, Germany), and 
a DAD 2996 UV detector (Waters, Milford, USA). The 
column temperature was 30 ˚C. A gradient elution of the 
mobile phase was used with a flow rate of 1 ml/min. 
Solvent A was acetonitril, and solvent B was 0.1 % 
phosphoric acid. The solvent gradient was as follows: the 
concentration of solvent A was 40 % for the first 3 min., 5 
% for the next 5 min., and 5 % for an additional  2 min. The 
concentration of solvent B was 60 % for the first 3 min., 95 
% for the next 5 min., and 95 % for an additional  2 min. 
The presence of rutin was detected at 365 nm, and the 
content was calculated on the basis of the calibration curve  
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of rutin standards (Acros Organic, Waltham MA, USA) 
prepared in methanol (gradient elution grade, Sigma-
Aldrich Co., St. Louis, USA). Results were expressed as 
µg/g of dry weight.  
  
Statistical analysis 
 
All of the data were expressed as the mean and standard 
deviation of four replications. The statistical program 
Statistica 8 was used. The significance of factors in the 
studied parameters was evaluated by multifactor analysis 
of variance. Differences between varieties, anatomical 
parts and growth phases were tested by Tukey-test at the 
significance level α = 0.01. 
 
 
RESULTS AND DISCUSSION 
 
The rutin content was evaluated in the I growth phase 
(formation of buds), in the II phase (at the beginning of 
flowering), in the III phase (full blossoming) and in the IV 
phase (full ripeness). We were analyzed the 5 varieties of 
amaranth: 1008, Olpir, Burgundy, Elephant Head and 
Plainsman.  

The significantly higher content of rutin was observed 
only in the variety Elephant Head in the IV. growth phase in 
comparison to the I. growth phase. In other studied 
cultivars there no statistically significant differences exist in 
the rutin content between the growth phases (Table 1). The 
statistically inconclusive difference in the rutin content was 
recorded between the varieties Olpir and 1008, and the 
varieties Elephant Head and Plainsman. 

Between the individual growth phases has been no 
statistically significant difference in the rutin  content in 
amaranth stems. In the leaves, the highest rutin value was 
observed in the IV. growth phase in comparision to the I. and II. 
growth phase. In the average rutin values were also observed 
statistically significant differences between stems and leaves 
and results are presented in Table 2.  

Kalinová and Dadáková (2009) reported the higher rutin 
content in amaranth leaves than stems. In the II. and III. growth 
phase we evaluated the rutin content  in stems, leaves and 
flowers of amaranth. Even in one variety, we recorded no 
statistically significant difference in the rutin content between 
the growth phases. However, we found statistically significant 
differences between the variety Burgundy and other varieties 
and between the variety 1008 and other varieties (Table 3).  

The statistically significant difference in rutin content was 
found between the II. and III. phase only in the leaves. Between 
the observed anatomical parts (stems, leaves, flowers) has 
been determined also statistically significant difference and 
results are shown in Table 4.   

The amaranth flowers contained about half the amount of 
rutin compared with the amaranth leaves. Probably here 
showed a potencial impact of the stems, which are essential in 
developing of amaranth flowers. In each   variety   were  the  
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                      Table 1.  Dynamics of changes in rutin content (µg/g) in amaranth in dependence on variety and growth phases (I. - IV.) 
 

variety growth phase rutin SD 

Olpir  I. 7.68 abcd 5.87 

II. 7.90 bcd 5.87 

III. 8.26 cd 5.65 

IV. 8.39 d 5.89 

Burgundy  I. 17.23 hi 16.40 

II. 18.14 i 17.33 

III. 18.39 i 17.42 

IV. 18.28 i 17.32 

Elephant Head  I. 11.54 e 12.37 

II. 13.72 fg 11.59 

III. 14,83 g  12.70 

IV.  15,21 gh 12.97 

Plainsman I. 11.24 e 9.92 

II. 10.77 e 9.24 

III. 12.45 ef 10.93 

IV. 12.62 ef 11.11 

1008 I. 5.72 a 4.19 

II. 6.17 abc 4.59 

III. 6.16 abc 4.63 

  IV. 6.04 ab 4.76 
 

Data expressed as average values and standard deviation (SD). 
Values in the column with different letters present significant differences (p < 0,01) 

 
 
 
 
 
 
 
 
 
 
                     Table 2. Dynamics of changes of average values of  rutin content (µg/g) in anatomical parts (leaf, stem) of amaranth   
                                   in dependence on growth phases (I. - IV.) 
 

anatomical parts growth phase rutin SD 

stem I.  1.59 a 0.84 

II.  2.29 a 0.43 

III.  2.46 a 0.53 

IV.  2.41 a 0.60 

leaf I.  19.77 b 8.30 

II.  20.40 bc 8.80 

III.  21.58 cd 9.12 

  IV.  21.80d 9.07 
 

Data expressed as average values ± standard deviation (SD). 
Values in the column with different letters present significant differences (p < 0,01) 

 
 
 
 
 



Timoracká et al. 457 

 
                  Table 3.  Dynamics of changes in rutin content (µg/g) in anatomical parts (leaf, stem, flower) of amaranth  
                                  in dependence on variety and growth phases (II. - III.) 
 

variety phase rutin SD 

Olpir II.  8.68 d 4.83 

III.  8.96 de 4.63 

Burgundy II.  17.09 f  13.92 

III.  17.39 f  13.99 

Elephant Head II.  11.77 ab 9.69 

 
III.  12.62 b  10.65 

Plainsman II.  10.35 ae 7.40 

III.  11.57 ab 8.82 

1008 II.  5.66 c 3.74 

  III. 6.05 c 3.70 
 

Data expressed as average values and standard deviation (SD). 
Values in the column with different letters present significant differences (p < 0,01) 

 
 
                  Table 4. Dynamics of changes of average values of  rutin content (µg/g) in anatomical parts (leaf, stem, flower) of amaranth  
                                in dependence on the growth phases (II. – III.) 
 

anatomical parts growth phases rutin SD 

stem II.  2.29 a 0.43 

III.  2.46 a 0.53 

leaf II.  20.40 c 8.8 

III.  21.58 d 9.12 

flower II.  9.45 b 3.51 

  III.  9.92 b 3.28 
 

Data expressed as average values ± standard deviation (SD). 
Values in the column with different letters present significant differences (p < 0,01) 

 
 
 
                  Table 5. The rutin content content (µg/g) in anatomical parts (leaf, stem, grain) of amaranth in dependence on variety and IV. growth phase  
 

variety growth phases rutin SD 

Olpir IV.  92.75 c 125.66 

Burgundy IV. 179.81 ab 239.62 

Elephant Head IV. 155.35 a 207.75 

Plainsman IV.  124.66 d 166.15 

1008 IV.  187.97 b 269.67 
 

Data expressed as average values ± standard deviation (SD). 
Values in the column with different letters present significant differences (p < 0,01) 

 
 
highest concentration of rutin in leaves (10.44 do 34.61 µg/g).  
The highest concentration of rutin was observed in the variety 
Burgundy. Flowers contained rutin in the range 4.64 µg/g 
(variety 1008) to 15.38 µg/g (variety Burgundy) and the lowest 
level of rutin content in these growth phases was again 
observed in stems (1.86 - 3.00 µg/g).  

In the IV. growth phase, we evaluated the content of rutin in 
stems, leaves and seeds of amaranth. The followed order of 
decreasing rutin content can be confirmed in tested anatomical 
parts: seeds (261.46 - 551.83 µg/g) > leaves (10.46 to 34.42 
µg/g) > stems (1.61 to 3.13 µg/g). Our values for the 

determination of rutin in the seeds are higher than the results 
obtained by Kalinová and Dadáková (2009). The different 
levels of rutin in amaranth seeds can be dependent on the 
amaranth varieties. In the IV. growth phase, where we 
analyzed the rutin content in stems, leaves and grains of 
amaranth, and the statistically significant highest value of rutin 
was recorded in the variety 1008 in comparison to the Olpir, 
Elephant Head and Plainsman varieties (Table 5). 

As shown in Table 6, in the IV. growth phase  we found 
highly significant differences in the average rutin content 
among observed anatomical parts, and the highest value of  
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                         Table 6. The average values of rutin content (µg/g) in anatomical parts (leaf, stem, grain) in IV. growth phase 
 

anatomical parts growth phase rutin SD 

stem IV.  2.41 a  0.60 

leaf IV.  21.80 b 9.07 

grain IV.  420.10 c 11.98 
 

Data expressed as average values and standard deviation (SD). 
Values in the column with different letters present significant differences (p < 0,01) 

 
 
rutin was determined in the amaranth grain. This value 
amounted to 185.6-fold higher value compared with stems and 
12.2-fold higher compared with amaranth leaves. 

In the amaranth stems, the tendency of changes of rutin 
content during vegetation is not unequivocal as published by 
Kalinová and Dadáková (2009). In the variety 1008, from the 
second phase (formation of flowers) the levels of rutin showed 
slightly decreased tendency, which correspond with the results 
by  Martirosyan  et al. (2003) that rutin is usually formed in 
amaranth during flowering. Similarly as reported by Kalinová 
and Dadáková (2009), in all our studied varieties was observed 
in the stems lower of rutin content at the beginning of the 
growing season than at the end of vegetation. Our results are 
not correspond with the results by Martinkova et al. (2009) who 
reported the greatest amount of rutin during stem elongation, 
therefore in the I. growth phase. 

In the varieties Burgundy and Olpir we observed highest 
levels of rutin in stems in the III. growth phase (2.16 and 
2.99 µg/g), in the varieties Plainsman and Elephant Head 
we have observed a slight increase in the content of rutin 
in stems until the end of the vegetation period (2.27 and 
3.13 µg/g).  The rutin content in leaves of individual 
varieties of amaranth increased with plant age and with the 
maximum at the phase of lactic and full ripeness. Only the 
variety Plainsman we have determined a slight decrease in 
the rutin content in the II. phase in comparison to the rutin 
content in the I. phase (from 20.47 to 19.38 µg/g). In the 

variety Burgundy we have observed a slight decrease in 
rutin content in the IV. phase in comparison to the III. 
phase (approx. about 0.2 µg/g). Probably it has already 
caused of the restriction of metabolic activity and transport 
of assimilates as well as published by Martinkova et al. 
(2009). The maximum increase of the rutin content 
occurred in the III. vegetation phase (flowers formation). 
This increase ranged from 1.17 to 26.13% in different 
varieties of amaranth compared with the rutin content in 
the II. phase. 

Plant kingdom includes about 35 species of plants, in 
which was identified rutin, but few of them have the 
nutritional importance. One is buckwheat dishes, which is 
considered to be the richest source of rutin, also parsley 
and citrus (Duke, 1992; Bilbao et al., 2007). Amaranth is 
also a valuable source of rutin. Its presence was confirmed 
in all studied the anatomical parts of amaranth. The 
content of rutin in this pseudocereal is very important from 
a dietary point of view, because food intake with a higher 
content of flavonoids is a very important element in the 
prevention of civilization diseases. 

Influence of factors (variety, anatomy, growth phase) for 
rutin content in amaranth at the significance level α = 0.05 
is presented in Tables 7-9. 
 
 

 
                Table 7. Analysis of variance for rutin in the anatomical parts (leaf and stem)  of amaranth  in growth phases I to IV 
 

 
Df 

rutin 

SS MS F P-value 

variety (V) 4 2871.20 717.80 648.28 0.000000 

anatomical parts (AP) 1 13989.66 13989.66 12634.70 0.000000 

growth phase (GP) 3 53.03 17.68 15.96 0.000000 

V x AP 4 2892.22 723.06 653.02 0.000000 

V x GP 12 42.40 3.53 3.19 0.000494 

AP x RF 3 12.82 4.27 3.86 0.011011 

Error 132 146.16 1.11   

Total 159 20007.47    
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              Table 8. Analysis of variance for rutin in the anatomical parts (leaf, stem, flower)  of amaranth  in II. and III. growth phases  
 

 
Df 

rutin 

SS MS F P-value 

variety (V) 4 1717.59 429.40 425.57 0.000000 

anatomical parts (AP) 2 7037.87 3518.93 3487.55 0.000000 

growth phase (GP) 1 11.02 11.02 10.92 0.001326 

V x AP 8 1677.72 209.72 207.85 0.000000 

V x GP 4 4.03 1.01 1.00 0.412161 

AP x GP 2 5.44 2.72 2.70 0.072529 

Error 98 98.88 1.01   

Total 119 10552.56    

 
 
               Table 9. Analysis of variance for rutin in the anatomical parts (leaf and grain)  of amaranth  in IV.  growth phase 

 

 
Df 

rutin 

SS MS F P-value 

variety (V) 4 75128 18782 55.467 0.000000 

anatomical parts (AP) 2 2223238 1111619 3282.868 0.000000 

V x AP 8 145215 18152 53.607 0.000000 

Error 45 15238 339   

Total 59 2458818    

 
 
CONCLUSION 
 
The suitability of using of amaranth for the development 
and production of functional foods was evaluated from 
point of dynamics rutin content during vegetation in 
different anatomical parts of this plant.  

In all growth phases, we analyzed the stems and leaves of 
amaranth. In the monitored varieties there were no statistically 
significant differences in the content of rutin in stems between 
the growth phases. In the leaves the highest value was 
recorded in the end of vegetation phase compared to the initial 
growth phases. From the point of the average value of rutin 
were also observed statistically significant differences between 
stems and leaves (leaf > stem). In II. and III. growth phase - 
beginning of flowering and full blossoming, we evaluated the 
content of rutin in stems, leaves and flowers of amaranth. 
Neither in one variety, we recorded no statistically significant 
difference in the rutin content between growth phases. On the 
end of vegetation we evaluated the rutin content in stems, 
leaves and seeds of amaranth. We observed highly significant 
differences in the average rutin content among surveyed 
anatomical parts with the highest value of rutin in the grain of 
amaranth. 

The tendency to change the content of rutin in stems during 
the growing amaranth is not clear. In the leaves of the individual 
varieties of amaranth the rutin amount increased with 
maximum value at the phase of lactic and full ripeness.  

On the basis of results we can recommend observed 
amaranth varieties (mainly cv. Burgundy) for use in the 

development and preparation of new types of foods with 
significant positive effects on human health.  
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