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ASSESSMENT OF CONTENT OF FAT AND TOCOPHEROLS  
IN SEEDS OF AMARANTHUS IN RELATION  

TO DIVERSIFIED FERTILIZATION WITH MACROELEMENTS  

OCENA ZAWARTO ŚCI TŁUSZCZU I TOKOFEROLI  
W NASIONACH SZARŁATU W ZALE ŻNOŚCI  

OD ZRÓŻNICOWANEGO NAWO ŻENIA MAKROELEMENTAMI  

Abstract:  This study is based on the field experiment carried out in the years 2007-2008, on an individual 
farmer’s field in Bodaczow, near Zamosc. The aim of the experiment was to determine the influence of different 
dosages of NPK on the content of fat and homologous tocopherols in the seeds of two varieties of amaranth: Rawa 
and Aztek. The experiment was started on brown soil made from loess, with high content of P, K and Mg, and 
slightly acidic reaction (pH in l mol KCl·dm–3 - 5.8). The experiment was started with split-plot method in three 
repetitions, and involved: two varieties of amaranthus (Rawa and Aztek), and 4 variants of fertilization with 
macroelements NPK (kg · ha–1) (1 - object without any fertilization, 2 - 70 N, 50 P2O5, 50 K2O; 3 - 90 N, 60 P2O5,  
60 K2O; 4 - 130 N, 70 P2O5, 70 K2O). The content of fat was marked in the seed with Soxhlet’s method,  
and α-, β-, γ- and δ-tocopherol with high performance liquid chromatography (HPLC). The study reveals that the 
amount of accumulated fat in the seeds of amaranthus largely depended on the variety of the plant and variant  
of fertilization with macroelements. Significantly high content of fat in the seeds was found at the fourth (the 
highest) level of fertilization with NPK. Higher content of fat in the seeds was determined in Aztec variety than 
Rawa. The varieties of amaranthus varied considerably in the content of: α-, β-tocopherol and their total amount. 
Higher content of α-tocopherol and its higher total amount was found in the seeds of Aztek variety, rather than 
Rawa. The seeds of Rawa variety had significantly more β-tocopherol than Aztek variety. Fertilization with 
growing dosages of NPK had a significant, positive influence only on the amount of α-tocopherol and its total 
amount. 
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Amaranthus is a crop (pseudo-crop). It is also one of the oldest plants cultivated in the 
world [1]. Its extraordinary nutritive aspects were valued by the Aztecs and the Incas [2-4]. 
The prospects of reintroduction of this plant for widespread cultivation appeared in the 70s 
of the 20th century, because new highly nutritive plants were in demand. Various studies 
confirmed that amaranthus has a very favorable chemical composition of seed, which 
differentiates it from other crops [5-10]. Another advantage of amaranthus is high 
productivity. 

                                                           
1 The Faculty of Agricultural Sciences in Zamosc, The University of Life Sciences in Lublin,  
ul. Szczebrzeska 102, 22-400 Zamość, Poland, phone: +48 84 677 27 56, email: barbara.skwarylo@up.lublin.pl 



Barbara Skwaryło-Bednarz 

 

274 

Among crops, amaranthus stands out as a plant with the highest content of fat (5 to 9% 
in dry seed mass) [11]. Oil obtained from amaranthus seeds has high content of unsaturated 
fatty acids (oleic acid, linoleic acid, linolenic acid) [12, 13]. Some of them, eg linoleic acid, 
linolenic acid belong to exogenous acids that are crucial for human body [8, 14]. They play 
an important role in hormone synthesis, build of cell membranes and regulation of their 
permeability [14, 15]. Many valuable components are dissolved in the oil obtained from 
amaranthus seeds [8], such as squalene, tocopherols, and tocotrienols [7, 8, 14]. Squalene is 
used in production medicines that counteract body ageing processes. Antioxidant properties 
of squalene are investigated by many scientists. The studies conducted on animals revealed 
that squalene is a protective factor against cardiac infarction which is caused by 
isoproteronol [15]. It is most probable that it is owing to squalene that the mechanism of 
blocking of induction of lipid peroxidation is triggered [15, 16]. Squalene also decreases the 
amount of cholesterol in blood [17-19]. Tocopherols and tocotrienols are natural 
antioxidants [20] which support human body immune system and protect vitamin A and 
unsaturated fatty acids, membrane lipids and reserve lipids [21]. Tocopherols probably 
restrict lipid peroxidation [22]. The studies confirm that α-tocopherol is the strongest 
antioxidant [23, 24]. It should be noted, that higher plants are the main source of 
tocopherols [24], however, the amount of tocopherols in a plant depends on the stage of 
development of the plant. An increased amount of tocopherols, especially α-, β-tocopherols, 
was observed in the period of fruit ripening [21]. 

The aim of this study was to estimate the content of fat and tocopherols in the seeds of 
Polish varieties of amaranthus - Rawa and Aztek, in conditions of diversified fertilization 
with macroelements.  

Material and methods 

The field experiment was carried out in the years 2007-2008 on an individual farmer’s 
field in Bodaczow, near Zamosc, using two varieties of amaranthus for seeds (Amaranthus 
cruentus L.): Rawa and Aztek. The experiment was started on brown soil made from loess, 
with high content of P, K and Mg, and slightly acidic reaction (pH in l mol KCl·dm–3 - 5.8). 
The experiment was started with split-plot method in three repetitions. The area of a microplot 
for sewing was 1 m2.  

The experiment involved: two varieties of amaranthus (Rawa and Aztek) and 4 variants of 
fertilization with macroelements NPK [kg·ha–1] (1 - object without any fertilization, 2 - 70 N,  
50 P2O5, 50 K2O; 3 - 90 N, 60 P2O5, 60 K2O; 4 - 130 N, 70 P2O5, 70 K2O). Fertilization with P 
(polifoska) and K (potassium salt) was used in autumn. N (ammonium salt) was sown in spring in 
two separate dosages (one was used before sowing, and the other on month after the plants started 
growing). 

The seeds of the two varieties of amaranthus were sown in the third decade of May, and the 
distance between the rows was 48 cm. Cultivation and plant care procedures were in accordance 
with commonly used rules of agritechnique. The seeds were harvested in the second half of 
October.  

The content of fat in the seeds was marked with Soxhlet’s method in Central Analytic 
Laboratory in the University of Life Sciences in Lublin. Moreover, the following were 
determined: α-, β-, γ- and δ-tocopherol with high performance liquid chromatography 
(HPLC) - Laboratory of the Institute of Food Analysis, Department of Biochemistry and 
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Food Analysis, Faculty of Food and Nutrition Sciences, University of Life Sciences in 
Poznan. 

The results obtained in this paper were statistically elaborated and the smallest 
significant discrepancies were calculated by means of Tukey’s test with 5% error risk. The 
results presented in this paper are mean values from two years. 

Results and discussion 

The study that was carried out reveals, that the content of fat in amaranthus seeds 
depends greatly on the variety of the plant and the dosage of fertilization with 
macroelements (Table 1)). The mean amount of fat in the seeds of Aztek variety was about 
7.70% higher than observed for Rawa variety (Table 1). 
 

Table 1  
Content of fat in seeds [%] 

Fertilization Rawa variety Aztec variety Mean 
1 5.75 6.60 6.18 
2 6.35 6.70 6.53 
3 6.40 6.75 6.56 
4 6.42 6.80 6.61 

Mean 6.23 6.71 – 

LSD0.05 fertilization 0.34; variety 0.23. 

 
Many studies show that different varieties of amaranthus vary in chemical composition 

of seeds, also in content of fat [25, 26]. The content of fat obtained in this experiment in the 
seeds of Polish varieties of amaranthus are coherent with the results obtained earlier [27]. 

The highest content of fat in the seeds of amaranthus was found after the fourth (the 
highest) dosage of macroelements had been used (6.23% for Rawa variety and 6.80% for 
Aztek variety (Table 1). The mean content of fat in amaranthus seeds that was obtained in 
the experiment (Rawa variety - 6.23%, Aztek variety - 6.71%) is higher than this obtained 
by Tomoskozia et al [25] - 5.95%. A higher content of fat in amaranthus seeds was obtained 
by other authors - Dodok et al [12] - 7.32%, Ratusz and Wirkowska [28] - 7.10%. Gajewska 
et al [29] obtained a higher mean content of fat in seeds - 7.1% in their studies, at the noted 
range of fat 5.9÷9.3%. 

The amount of accumulated fat in seeds depends on the variety of amaranthus and 
dosages of fertilization with macroelements that is used [30]. The studies of Bressani et al 
[30] reveal that fertilization of Amaranthus caudatus species with increasing dosages of 
macroelements favored accumulation of fat, whereas fertilization of Amaranthus cruentus 
species resulted in a decreased amount of fat [30]. The investigation carried out in this 
paper show favorable effects of fertilization with increasing dosages of macroelements on 
accumulation of fat in the seeds of Polish varieties of Amaranthus cruentus. 

The occurrence of four homologs of tocopherol: (α-, β-, γ-, and δ-tocopherol) was 
observed in the seeds of Aztek variety of amaranthus, and two: α- and β-tocopherol in the 
seeds of Rawa variety. β-tocopherol was the dominant form in the seeds of both varieties of 
amaranthus (Table 2). 

This study reveals that increasing dosages of fertilizers significantly influenced the total 
content of tocopherol and especially of α-tocopherol (Table 2). 
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Table 2 
Content of tocopherols in seeds of amaranthus [mg·kg–1 d.m.] 

Tocopherols 
Fertilization 

α β γ δ 
Total content 
of tocopherols 

Rawa variety 
1 10.2 38.4 - - 48.6 
2 11.2 40.9 - - 52.1 
3 14.0 40.2 - - 54.2 
4 17.4 48.5 - - 65.9 

Mean 13.2 42.0 - - 55.2 
Aztec variety 

1 14.8 35.4 3.9 15.7 69.8 
2 18.6 38.8 2.0 18.4 77.8 
3 19.4 39.8 4.0 15.5 78.7 
4 20.6 39.3 2.1 17.9 79.9 

Mean 18.4 38.3 3.0 16.9 76.6 
LSD0.05 

fertilization 
3.4 ns ns ns 13.1 

LSD0.05 
variety 

2.9 3.5 ns ns 6.2 

 
Considerable differences in content of α-, β-tocopherol and their total content in seeds 

were observed between the varieties of amaranthus. The mean amount of α-tocopherol and 
its total amount in the seeds of Aztek variety were higher than in the seeds of Rawa variety 
by 39.4 and 38.8%, respectively (Table 2). The seeds of Aztek variety contained less  
β-tocopherol (by about 9.7%), as compared with Rawa variety. Generally speaking, the 
amount of β-tocopherol that was obtained in the seeds of amaranthus closely corresponded 
with the amount obtained by Gustone et al [31], and higher than that obtained by Lehmann 
et al [32]. 

The seeds of Amaranthus cruentus in their lipid fraction contain a similar amount of  
α-tocopherol as the oil obtained from rape seeds [33], which are commonly used in the diet 
of Polish people. The amounts of α-tocopherol in the seeds of Polish varieties of 
Amaranthus cruentus that were obtained in this experiment are lower, and the amounts of  
β-tocopherol are higher than these obtained by Lehmann at al [32]. However, the results are 
close to the values obtained in the studies of Polish varieties of amaranthus in the 
environment of south-eastern Poland [27]. Moreover, it should be noted that the amounts of 
γ- and δ-tocopherol in the seeds of Aztek variety, that were obtained in this study, are higher 
than these obtained for this variety of amaranthus by Lehmann et al [32] and comparable 
with Rawa variety. 

Mean total amount of isomer of tocopherols in the seeds of amaranthus, Aztek variety, 
was by 38.8% higher than in the seeds of Rawa variety. Total content of tocopherol in the 
seeds of Rawa variety was 55.2 and 76.6 mg·kg–1 d.m. for Aztek variety (Table 2). The 
mean content of tocopherols (α-, β-, γ- and δ-tocopherol) in the seeds of Amaranthus 
cruentus is 4.94 mg·100 g–1 d.m. seeds, but this value may vary within the range from 2.80 
to 7.80 mg·100 g–1 d.m. [31]. The values of mean total content of tocopherols in the seeds of 
the investigated varieties of amaranthus, that were obtained in this experiment, are within 
the given range. However, it should be emphasized that the use of the third and the fourth 
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dosages of fertilizers on amaranthus, Aztek variety, enhanced an increase in the total 
amount of tocopherols. Their amount was higher than that given by Gunstone et al [31]. 

Conclusions 

1. The amount of fat in the seeds of amaranthus largely depended on the variety of the 
plant and the variant of fertilization with macroelements. Particularly large amounts of 
fat in the seeds were obtained at the highest level of fertilization with NPK. A higher 
content of fat in seeds was observed in Aztek variety than in Rawa variety. 

2. The varieties of amaranthus significantly varied in the content of α- and β-tocopherol, 
and their total amount. Higher content of α-tocopherols and their total amount was 
found in the seeds of Aztek variety, than in Rawa variety. The seeds of Rawa variety 
had significantly more β-tocopherol than in Aztek variety. 

3. Fertilization with increasing dosages of NPK had a significant, positive effect only on 
the amount of α- tocopherol and its total amount. 
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OCENA ZAWARTO ŚCI TŁUSZCZU I TOKOFEROLI  
W NASIONACH SZARŁATU W ZALE ŻNOŚCI  

OD ZRÓŻNICOWANEGO NAWO ŻENIA MAKROELEMENTAMI 

Wydział Nauk Rolniczych w Zamościu, Uniwersytet Przyrodniczy w Lublinie 

Abstrakt:  Podstawę pracy stanowi doświadczenie polowe przeprowadzono w latach 2007-2008 na polu rolnika 
indywidualnego w miejscowości Bodaczów k. Zamościa. Celem doświadczenia było określenie wpływu różnych 
dawek NPK na zawartość tłuszczu oraz homologów tokoferolu w nasionach dwóch odmian amaranthusa: Rawa  
i Aztek. Eksperyment założono na glebie brunatnej wytworzonej z lessu, o dużej zasobności w P, K i Mg oraz 
lekko kwaśnym odczynie (pH w l mol KCl·dm–3 - 5,8). Doświadczenie założono metodą split-plot w trzech 
powtórzeniach. W doświadczeniu przyjęto następujące czynniki: dwie odmiany szarłatu (Rawa i Aztek) oraz 4 warianty 
nawożenia makroelementami NPK (kg·ha–1) (1 - obiekt bez nawożenia, 2 - 70 N, 50 P2O5, 50 K2O; 3 - 90 N, 60 P2O5,  
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60 K2O; 4 - 130 N, 70 P2O5, 70 K2O). W nasionach oznaczono zawartość tłuszczu metodą Soxhleta  
oraz α-, β-, γ- i δ-tokoferol metodą wysokosprawnej chromatografii cieczowej (HPLC). Z przeprowadzonych 
badań wynika, iż ilość zgromadzonego tłuszczu w nasionach amaranthusa była statystycznie istotnie uzależniona od 
odmiany oraz wariantu nawożenia makroelementami. Szczególnie dużą zawartość tłuszczu w nasionach uzyskano przy 
czwartym najwyższym poziomie nawożenia NPK. Większą zawartością tłuszczu w nasionach cechowała się odmiana 
Aztek niż Rawa. Odmiany amaranthusa statystycznie istotnie różniły się między sobą zawartością: α-, β-tokoferolu  
i całkowitą ich ilością. Większą zawartością α-tokoferoli oraz całkowitą jego ilością cechowały się nasiona odmiany Aztek 
niż Rawa. Nasiona odmiany Rawa miały statystycznie istotnie więcej β-tokoferolu niż odmiany Aztek. Nawożenie 
wzrastającymi dawkami NPK miało statystycznie istotny, dodatni wpływ tylko na ilość α-tokoferolu. 

Słowa kluczowe: amaranthus, zawartość tłuszczu, tokoferole 


