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Oil content, fatty acids profile, acid and saponification values of poppy seeds grown on two localities of the Slovak Re-
public were evaluated in the study. Statistically significant effects of locality, genotype and their interaction (P < 0.05) 
for numerous descriptors were proved by non-parametric tests. Results confirmed that variation in the analysed pa-
rameters was influenced by the colour of seeds. Ochre variety Redy contained the highest oil level in both localities 
(49.9 and 52.4%) and linoleic acid level (74.3 and 71.6%). White-seeded Racek and Albín had the highest acid value 
(2.8 and 2.4% of free fatty acids) and grey-seeded Malsar and blue-seeded Maratón contained the highest saponifica-
tion value. Buddha, a high-morphine poppy variety, differed significantly in all monitored parameters. High negative 
interrelation between linoleic and oleic acids levels was observed. Oil content was positively correlated with linoleic 
acid and negatively with oleic acid. Weather conditions at the end of vegetation influenced the accumulation of oil and 
essential linoleic acid.

Poppy (Papaver somniferum L.) is worldwide 
cultivated as a basic raw material for manufacture of 
pharmaceutically important narcotics as well as for 
production of seeds. In 2012, the Czech Republic 
was a leading producer of poppy seeds in the world 
with a total production of 12,814 tons (FAOSTAT 
2014). On the other hand, the Slovak Republic 
reached a production of 296 tons. In Slovakia, pop-
py is cultivated mainly for oily seeds containing 
50% of oil (Luthra & Singh 1989; Bozan & Temelli 
2008). Seeds are used especially in the food indus-
try as sprinklings and fillings in confectionary and 

bakery. Because of high content of polyunsaturated 
fatty acids (PUFAs), they are suitable in human nu-
trition. Dominant fatty acids in poppies are linoleic 
and oleic, next palmitic, stearic and alpha-linolenic 
acids (Nergiz & Otles 1994; Azcan et al. 2004). Cur-
rently, fatty acids attract a great attention thanks to 
their beneficial effects on human health. Due to high 
level of PUFAs, poppy seeds and its products are 
very susceptible to auto-oxidation, resulting in un-
pleasant odour and bitter taste. Therefore, detailed 
chemical analysis of oil quality is required for its 
industrial and nutritive use. Oils of high quality are 
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Selected characteristics of evaluated poppy genotypes 
(country of origin and year of registration)

suitable for food industry and cosmetics. Determi-
nation of current quality of oil with regard to lipid 
oxidation can be achieved using procedures as acid 
value, peroxide value, p-anisidine value. The acid 
value (free fatty acids) is an important parameter of 
quality of seed oil and reflects the amount of free fat-
ty acids hydrolysed from triacylglycerols (Berezin 
et al. 1996). Free fatty acids are a key indicator of 
hydrolytic degradation associated with off flavour 
and oil changes (Atinafu & Bedemo 2011). Sapon-
ification value is the average molecular weight of 
fatty acids, bonded and unbonded acids, present in 
the oil. Oils with the higher saponification value are 
suitable for use in cosmetics (Tamzid et al. 2007).

The chemical composition of poppy seeds is in-
fluenced by many factors, for example, genotype, 
environment ‒ locality and year of cultivation. Many 
studies (Vašák 2010; Azcan et al. 2004; Valizadeh et 
al. 2014) showed that colour of seed significantly 
affected some substances of poppy seed (protein, 
oil and fatty acids). Rahimi et al. (2011) observed 
high variability in oil and fatty acid amounts of 18 
different Turkish poppy varieties. Similarly, Rahi-
mi et al. (2015) evaluated the significant effect of 
locality on the oil content and fatty acids levels of 
four poppy genotypes cultivated in two localities of 
Turkey. According to Hlinková et al. (2012), quality 
of oil was influenced by environmental conditions 
of poppy cultivation.

The trend in poppy seed cultivation and ex-
ploitation is increasing. Therefore, the aim of the 
study was to evaluate the basic quality parameters 
of the seed such as oil content, fatty acids com-
position, chemical parameters [acid value (AV), 
free fatty acids (FFAs), respectively, and saponi-
fication value (SV)] in selected poppy varieties 
cultivated in two localities of Slovakia. The study 
presents chemometric evaluation of the influence 
of genotype and locality of cultivation on levels of 
analysed descriptors. Moreover, the interrelations 
among studied properties were examined. The col-
our of poppy seeds in relation to the descriptors 
was also investigated in this study. For breeders, 
those results served as valuable information con-
cerning the appropriate conditions of poppy culti-
vation in Slovakia. Moreover, genotypes with the 
higher ‘added value’ could be suitable material for 
food industry.

MATERIAL AND METHODS

Field trials were conducted on two localities in 
Slovakia (Research and Breeding Station at Malý 
Šariš (east Slovakia) and Vígľaš-Pstruša (middle 
Slovakia) in 1 year (2011). Locality Malý Šariš is 
21°10ʼ East longitude, 49°00ʼ Northern latitude, 
310 m a.s.l., has an annual precipitation 624 mm, 
an average annual temperature of 8.1°C. Locality 
Vígľaš-Pstruša is 375 m a.s.l., 19º17ʼ37ʼʼ East-West 
longitude, 48°33ʼ19ʼʼ North-West width, has an an-
nual precipitation 666 mm, an average annual tem-
perature of 8.0°C. Malý Šariš has a rich content of 
humus (2.27%) and Stagni-Haplic Luvisol. The soil 
was characterised by high content of phosphorus 
(158 mg/kg), good content of potassium (276 mg/kg) 
and magnesium (241 mg/kg), with pH 6.1. The type 
of soil in Vígľaš-Pstruša is Stagni-Haplic Luvisol 
with the lower humus content (1.6%) than locali-
ty Malý Šariš. The soil was characterised by high 
content of phosphorus (138 mg/kg), fair content of 
potassium (146 mg/kg) and high content of magne-
sium (275 mg/kg), with pH 5.9.

Genotype Country of 
origin Year of registration

Bergam SK 1998
Gerlach SK 1990
Major SK 2002
Malsar SK 2002
Maratón SK 2000
Opal SK 1995
Orfeus CZ 2009
Aristo AT 2006
Buddha HU 2004
Albín SK 1991
Racek CZ 2008
Redy CZ 2008
MS ZB-3 SK N
MS 387 SK N
MS 423 SK N

N = not registered genotype
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Meteorological conditions of experimental sites in 2011

Fifteen poppy genotypes (Papaver somniferum 
L.) were cultivated in two localities in randomised 
block design with four replications. Eight varieties 
(Bergam, Gerlach, Major, Malsar, Maratón, Opal, 
Albín, Orfeus) were listed at that time in the List of 
Registered Varieties of the Slovak Republic (ÚKSÚP 
2011). Four varieties (Aristo, Buddha, Racek, Redy) 
are of European origin and three samples are breed-
ing lines (MS ZB-3, MS 387, MS 423). Four colour 
types, ochre (Redy), white (Albín and Racek), grey 
(Malsar, restricted variety) and blue were used (Ta-
ble 1). The seeds were sown on 26 March 2011 (at 
Vígľaš-Pstruša) and 29 March 2011 (at Malý Šariš). 
The date of harvest was 6 August 2011 at Malý Šariš 
and 16 August 2011 at Vígľaš-Pstruša. In both lo-
calities, plants were treated during the vegetation 
with herbicides and insecticides on the basis of the 
current spectrum of weeds and pests. Pre-emer-
gence weed control was provided by systemic her-
bicide Callisto 480 SC (active substance, mesotri-
one). As postemergence control was used Laudis 
OD (active substance, tembotrione) in combination 
with Starane 250 EC (active substance, fluroxypyr). 
Against animal pests was applied insecticide Karate 
Zeon 5 CS (active substance, lambda-cyhalothrin) 
used as mix with plant stimulator Atonik (3 aro-
matic nitro compounds). Against gramineous weed 
species was used Garland Forte (active substance, 
propaquizafop).

The locality Malý Šariš in 2011 was character-
ised by the large misalignments of precipitation 
during the growing season (long-term drought 
during the germination and in early growth stages 
of the plant and heavy precipitation at the end of 

vegetation). Average temperatures for the months 
from April to July were 0.95ºC above the long-term 
average. At Vígľaš-Pstruša, precipitation and tem-
perature in months April to July were higher than 
the long-term average. The end of vegetation was 
characterised by heavy precipitation. Comparison of 
temperature and precipitation of experimental sites 
are given in Table 2.

For oil content determination, a method by 
Soxhlet according to the norm (STN 461011-28) 
was used in two replications. To evaluate fatty ac-
ids composition by gas chromatography (GC), the 
method of fatty acids methyl esters preparation was 
used according to Christoperson and Glass (1969). 
Fatty acids were analysed as their methyl esters by 
GC (GC-6890 N, Agilent Technologies) using cap-
illary column DB-23 and FID detector under a tem-
perature gradient (Čertík & Ješko 2006). Fatty acids 
were identified by authentic standards of C4–C24 
fatty acids methyl esters mixture (Supelco, USA) 
and by ChemStation 10.1 (Agilent Technologies). 
The degree of fatty acids unsaturation (UI) was cal-
culated in D/mole: UI = [1 (% monoene) +2 (% di-
ene) +3 (% triene)]/100 (Čertík & Šajbidor 1996).

AV (calculated as a percentage of FFAs in oil) 
was determined according to American Oil Chem-
ists’ Society (AOCS) Official method: AV (1998). 
SV of oil was determined using a method ASTM 
D464 (2010).

Chemometrical data analysis was carried out to 
discover statistically significant differences among 
poppy samples according to their genotype and lo-
cality of cultivation by means of general linear mod-
el (GLM) approach and alternatively by appropriate 

Month Temperature
[°C]

Precipitation
[mm]

Temperature
[°C]

Precipitation
[mm]

Locality Malý Šariš Vígľaš-Pstruša
March   3.5 22.1   4.3 8.1
April 10.6 14.8 10.8 55.0
May 14.4 56.8 13.5 61.2
June 18.3 98.7 17.5 85.0
July 18.4 165.0 20.5 123.2

August 19.8 18.4 17.6 34.7
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non-parametric tests. Significant correlations among 
studied descriptors were done using correlation 
analysis, specifically non-parametric Spearman cor-
relation analysis. The principal component analysis 
(PCA) was applied to detect the natural grouping 
of samples and interrelations between analysed de-
scriptors. Statistical data treatment was performed 
using SPSS v. 19.0 and STATISTICA v. 10.

RESULTS AND DISCUSSION

Malý Šariš was characterised by total higher oil 
values compared to Vígľaš-Pstruša (Figure 1). How-
ever, in both localities, the highest oil content had 
the ochre variety Redy (49.9% in Vígľaš-Pstruša 
and 52.4% in Malý Šariš). Moreover, white-seeded 
varieties were characterised by the higher oil con-
tent compared to blue and grey varieties. This result 
was confirmed in many studies (Azcan et al. 2004; 
Eklund & Agreen 1975). Different colours of poppy 
seed are related to the anatomical structure of the 
outer layers. White-seeded varieties are character-
ised by thin seed coat and a high oil content (Vašák 
2010). Özcan & Atalay (2006) showed that oil con-
tent in poppy seeds depends on variety and ranged 
from 32.4 to 45.5%. We assume that oil content 
is strong genotypic trait. Varieties with white and 
ochre colour of seed contained the highest oil level, 
irrespective of locality.

The data in Table 3 show that white seeds con-
tained the highest AV (2.4 and 2.8% of FFAs) at 
both localities. Our results are in agreement with the 
Özcan & Atalay (2006) and Wagner et al. (2003), 
which determined 1.6‒3.2% of FFAs in selected va-
rieties. The oxidative and chemical changes during 
storage of the oil are characterised by an increase in 
AV, amount of FFAs in the oil, respectively (Perkins 
1992). Our results detected the relatively low hy-
drolytic and lipolytic activities in oil. The maximum 
limit of 2.0% of FFAs is reported by Codex Alimen-
tarius (1993).

Varieties registered in the List of Registered Vari-
eties in Slovakia (ÚKSÚP 2011) were characterised 
by higher SV of oil (Table 3) in range of 174.8 mg 
KOH/g of oil (Major, Malý Šariš) to 204.7 mg 
KOH/g of oil (Malsar, Vígľaš-Pstruša). No signif-
icant differences were found between localities.
Our results were different compared to Azcan et 
al. (2004), which determined higher value, 234 mg 
KOH/g of oil. Our results indicated that selected 
poppy oils contained the higher levels of low mo-
lecular weight fatty acids. We assume that analysed 
oils have a suitable potential for industrial applica-
tion, particularly in the manufacture of soaps and 
cosmetics.

The major fatty acids presented in poppy oil 
were linoleic (C 18:2), oleic (C 18:1) and palmit-
ic (C 16:0) acids (Table 4). According to the litera- 
ture, poppy oils contain 50‒70% of linoleic acid, 

Figure 1. Average oil content [%] in poppy seeds grown in two localities in one year (Malý Šariš andVígľaš-
Pstruša)
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16‒30% of oleic acid and 6‒16% of palmitic acid 
(Nergiz & Otles 1994; Azcan et al. 2004). In gener-
al, levels of C 18:2 and C 16:0 were higher in Malý 
Šariš compared to Vígľaš-Pstruša. For C 18:1 was 
the situation opposite, higher amounts were detect-
ed in Vígľaš-Pstruša. Variety Buddha (high content 
of morphine) was characterised by the highest level 
of C 16:0 and C 18:1. The highest level of C 18:2 
was detected in ochre and in white-seeded poppies. 
Equally to our results, white-seeded poppies contain 
higher levels of linoleic acid compared to blue ones 
(Nergiz & Otles 1994; Azcan et al. 2004). Absolute-
ly dominant C 18:2 is responsible for the biosyn-
thesis of arachidonic acid and some prostaglandins. 
Diet enriched with C 18:2 in patients with diabetes 
caused lower lipoprotein profile (Heine et al. 1989). 
Stearic (C 18:0) and alpha-linolenic (C 18:3) ac-
ids were presented as minor fatty acids (data not 
shown). Levels of C 18:0 varied from 2% (Albín) 

to 2.4% (Aristo, Racek and Gerlach) in both local-
ities. The highest level of C 18:3 contained Redy 
in both localities (0.9%), however, other genotypes 
contained very similar levels of C 18:3 (0.7‒0.8%). 
C 18:3 belongs to the omega-3 fatty acids with 
positive effect on atherosclerosis, ischemic heart 
disease, inflammatory diseases and probably also 
for conduct disorder (Connor 2000). On the other 
hand, C 18:3 inclines extensively to auto-oxidation; 
therefore, its high level is an ineligible factor in 
food industry (Bajpai et al. 1999). Considering this 
fact, poppy seed is a suitable material to be used 
in the food industry since it contains relatively low 
amounts of this fatty acid. Arachidic (C 20:0), gad-
oleic (C 20:1) and palmitoleic (C 16:1) acids were 
presented in amounts of 0.1‒0.2%. From the levels 
of fatty acids was detected their high unsaturation 
in analysed oils. Average values of unsaturation in-
dex (UI) were 1.62 (Malý Šariš) and 1.59 (Vígľaš-

T  a  b  l  e   3

Chemical properties of poppy seed oils extracted from seeds grown on two localities, Malý Šariš  
and Vígľaš-Pstruša 

+statistically significant differences (P < 0.05) between Malý Šariš and Vígľaš-Pstruša for particular genotypes 
tested by Mann–Whitney test
SFA ‒ saturated fatty acids; MUFA ‒ monounsaturated fatty acids; PUFA ‒ polyunsaturated fatty acids; FFA ‒ 
free fatty acids; SV ‒ saponification value of oil

Descriptor SFA  
[%]

MUFA  
[%]

PUFA  
[%]

FFA  
[%]

SV  
[mg KOH/g of oil]

Locality Malý 
Šariš

Vígľaš-
Pstruša 

Malý 
Šariš

Vígľaš-
Pstruša 

Malý 
Šariš

Vígľaš-
Pstruša 

Malý 
Šariš

Vígľaš-
Pstruša 

Malý 
Šariš

Vígľaš-
Pstruša 

Bergam  11.0+  10.7+ 16.8+ 21.0+ 72.2+ 68.3+ 2.2 2.3 180.1 188.4
Gerlach 11.0 10.9 15.9+ 19.6+ 73.1+ 69.5+ 2.0 2.1 183.1 183.4
Major 11.2 11.1 17.4+ 19.9+ 71.4+ 69.0+  2.0+  2.3+ 174.8 187.5
Malsar 11.3 11.4 16.3+ 19.5+ 72.4+ 69.1+  2.2+  1.7+ 179.3 204.7
Maratón 11.1 11.0 16.2+ 19.3+ 72.7+ 69.7+ 1.8 1.4 199.4 196.8
Opal 10.6 10.6 16.3+ 19.3+ 73.1+ 70.1+  1.7+  1.3+ 190.6 204.3
Orfeus 10.8 10.8 16.3+ 19.1+ 72.9+ 70.0+  1.9+  1.1+   174.8+   198.4+

Aristo  12.0+  11.6+ 17.1+ 19.0+ 70.9+ 69.4+  2.3+  1.4+   175.6+   198.7+

Buddha  12.6+  12.3+ 19.7+ 23.7+ 67.7+ 64.0+ 2.2 1.8   173.5+   198.8+

Albín  11.2+  11.0+ 14.2+ 16.8+ 74.6+ 72.2+ 2.4 2.2   185.7+   193.4+

Racek  11.6+  11.4+ 13.6+ 16.6+ 74.8+ 72.0+ 2.1 2.8 185.2 190.0
Redy 10.9 10.9 13.9+ 16.6+ 75.2+ 72.6+  2.1+   2.6+ 181.0 182.2
MS ZB-3  11.5+  11.1+ 15.9+ 18.9+ 72.6+ 70.1+  2.0+   2.4+ 182.8 179.1
MS 387 11.3 11.3 18.5+ 20.2+ 70.2+ 68.5+ 1.9 2.0 176.9 178.1
MS 423 11.2 11.1 16.6+ 19.3+ 72.3+ 69.6+ 2.1 2.0 187.0 184.9



24

Agriculture (Poľnohospodárstvo), 62, 2016 (1): 19−27

Pstruša). The ratios of oleic acid/linoleic acid (data 
not shown) were calculated and included to the final 
statistical evaluation. Our results showed that high 
morphine variety had the highest amount of satu-
rated fatty acids (SFAs), 12.5% in average and mo-
nounsaturated fatty acids (MUFAs), 21.7%. Redy 
disposed by the highest PUFAs in both localities. 
However, white-seeded varieties Racek and Albín 
contained a high value of PUFA (difference in tenth 
of a percent compared to Redy).

According to climatic conditions, there is an 
assumption that analysed quality parameters could 
be affected by temperature and precipitation. Malý 
Šariš was characterised by heavy precipitation at the 
end of vegetation (June and July) reported in Table 
2. However, the average temperature at the end of 
vegetation was higher in Vígľaš-Pstruša (19.1°C). 
Since the oil content and the level of C 18:2 were 
higher in Malý Šariš, it could be assumed that low-
er temperatures and greater precipitation can cause 
increased accumulation of oil, however, more re-
search needs to be done in this area. Similarly, ac-
cording Canvin (1965), fatty acid composition was 

not affected by changes in temperature. However, 
the amount of higher unsaturated fatty acids de-
creased with increasing temperature. The fatty acids 
are important components providing structural bar-
riers against changes in the environment (Beisson et 
al. 2007). Their levels are influenced by the environ-
mental stress and salinity and heave metals in soil 
too (Maksymiec 2007; Mikami & Murata 2003).

The interaction effect genotype × locality was 
found to be statistically significant (P < 0.05) re-
garding all analysed descriptors by GLM. Conse-
quently, locality was found statistically significant 
(P < 0.05) for numerous descriptors when consid-
ered each genotype category individually (Tables 3 
and 4). Besides, the factor genotype was determined 
as statistically significant (P < 0.05) in all investigat-
ed descriptors for both levels of locality considered 
separately. Similarly, Sethi et al. (2006) confirmed 
the statistically significant effect of genotype and 
locality on the yield and oil content of poppy seeds.

Statistically significant correlations were found 
for numerous pairs of descriptors (Table 5). The high-
est negative correlations were observed between C 

T  a  b  l  e   4

Levels of dominant fatty acids (in %) in poppy seeds grown in two localities, Malý Šariš and Vígľaš-Pstruša

Descriptor C 16:0 C 18:1 C 18:2
Locality Malý Šariš Vígľaš-Pstruša Malý Šariš Vígľaš-Pstruša Malý Šariš Vígľaš-Pstruša 
Bergam 8.7 ± 0.06+ 8.3 ± 0.17+ 16.6 ± 0.67+ 20.7 ± 0.43+ 71.4 ± 0.65+ 67.6 ± 0.33+

Gerlach 8.5 ± 0.01+ 8.3 ± 0.06+ 15.6 ± 0.19+ 19.4 ± 0.17+ 72.4 ± 0.2+ 68.7 ± 0.11+

Major 8.8 ± 0.03+ 8.7 ± 0.06+ 17.1 ± 0.39+ 19.6 ± 0.26+ 70.6 ± 0.42+ 68.2 ± 0.40+

Malsar    9.0 ± 0.05    9.0 ± 0.06 16.1 ± 0.14+ 19.2 ± 0.35+ 71.6 ± 0.17+ 68.3 ± 0.27+

Maratón 8.7 ± 0.02+ 8.5 ± 0.09+ 15.9 ± 0.53+ 19.1 ± 0.12+ 72.0 ± 0.58+ 68.9 ± 0.08+

Opal    8.2 ± 0.10 8.1 ± 0.14 16.1 ± 0.46+ 19.0 ± 0.31+ 72.4 ± 0.48+ 69.3 ± 0.45+

Orfeus    8.4 ± 0.07 8.4 ± 0.13 16.1 ± 0.48+    18.9 ± 0.2+ 72.1 ± 0.50+ 69.3 ± 0.14+

Aristo 9.4 ± 0.02+ 9.0 ± 0.08+ 16.9 ± 0.17+ 18.8 ± 0.33+ 70.2 ± 0.19+ 68.6 ± 0.35+

Buddha   10.1 ± 0.13+ 9.9 ± 0.12+ 19.4 ± 0.3+ 23.4 ± 0.48+ 66.9 ± 0.38+ 63.1 ± 0.61+

Albín 9.1 ± 0.03+ 8.8 ± 0.32+ 13.9 ± 0.16+ 16.5 ± 0.74+ 73.8 ± 0.14+ 71.4 ± 0.73+

Racek 9.1 ± 0.23+ 8.9 ± 0.22+ 13.3 ± 1.82+ 16.3 ± 0.21+ 74.1 ± 1.61+ 71.3 ± 0.34+

Redy    8.6 ± 0.06 8.5 ± 0.24 13.6 ± 0.16+ 16.3 ± 0.38+ 74.3 ± 0.17+ 71.6 ± 0.46+

MS ZB-3 9.1 ± 0.12+ 8.7 ± 0.11+ 15.6 ± 1.60+ 18.6 ± 0.51+ 71.8 ± 1.47+ 69.2 ± 0.53+

MS 387    9.0 ± 0.04 8.9 ± 0.22 18.2 ± 0.46 19.9 ± 1.21 69.5 ± 0.39+ 67.7 ± 0.95+

MS 423 8.8 ± 0.04+ 8.7 ± 0.04+ 16.3 ± 0.37+ 19.0 ± 0.29+ 71.5 ± 0.44+ 68.8 ± 0.26+

+statistically significant differences (P < 0.05) between Malý Šariš and Vígľaš-Pstruša for particular genotypes 
tested by Mann–Whitney test
C 16:0 ‒ palmitic acid; C 18:1 ‒ oleic acid; C 18:2 ‒ linoleic acid
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18:1 and C 18:2 and consequently, between MUFAs 
and PUFAs. This correlation indicates a competitive 

relationship between oleic and linoleic acids in the 
biosynthesis of fatty acids in the poppy seeds. The 
biosynthesis of fatty acids is a very complex process; 
all plants produce fatty acids in pathway with pre-
cursor acetyl-CoA. PUFAs are synthesised in high 
plants by both, eukaryotic and prokaryotic pathways 
(Browse et al. 1986). According to fatty acids pro-
file in our analysed poppies, C 16:0 is elongated to 
C 18:0 and then stearoyl-CoA-desaturase catalyses  
conversion of C 18:0 to C 18:1. Desaturases (Δ12 and 
Δ15) catalyse a consecutive conversion from oleic 
acid to linoleic acid and from linoleic to alpha-li-
nolenic acid. C 20:0 and also C 20:1 are formed by 
the elongation of stearic and oleic acids. Bajpai et 
al. (1999) confirmed significant positive correlation 
between yield and oil content and Luthra and Singh 
(1989) found positive correlations between C 18:0 
and C 18:1 and between C 18:2 and C 18:3. Small 
discordances with our results are presumably occa-
sioned by different poppy material selection and as a 
consequence, the differences in biosynthesis pattern 
of fatty acids may occur with respect to the particu-
lar genotype and environment.

PCA showed that natural grouping of samples in 
relation to their locality of cultivation was obvious 
(Figure 2). Consequently, we concluded, that the 
quality of poppy seeds depends on their genotype 
and especially on the locality of growing, that is, 

T  a  b  l  e   5

Reduced correlation (Spearman correlation coefficients (P < 0.05)) table for all poppy samples (n = 180) 

+highly significant correlation (P < 10-6)
MUFA ‒ monounsaturated fatty acids; C 18:1 ‒ oleic acid; YDC ‒ yield of dry capsules; YS ‒ yield of seed; 
C 20:1 ‒ gadoleic acid; C 18:0 ‒ stearic acid; C 18:3 ‒ alpha-linolenic; SFA ‒ saturated fatty acids; C 16:0 ‒ 
palmitic acid; LC ‒ oil content; C 18:2 ‒ linoleic acid; PUFA ‒ polyunsaturated fatty acids

Descriptor LC C 16:0 C 18:0 C 18:1 C 18:2 C 18:3 C 20:1 SFA MUFA PUFA YDC
C 18:0 –0.26   0.08
C 18:1 –0.67+ –0.06   0.29
C 18:2   0.67+ –0.10 –0.34 –0.97+

C 18:3 –0.30 –0.08 –0.15   0.24 –0.23
C 20:1 –0.51+ –0.50+   0.30   0.59+ –0.52+   0.14
SFA –0.05   0.94+   0.36   0.04 –0.21 –0.11 –0.38
MUFA –0.67+ –0.06   0.29   1.00+ –0.98+   0.24   0.59+   0.04
PUFA   0.66+ –0.11 –0.35 –0.97+   1.00+ –0.21 –0.52+ –0.22 –0.97+

YDC –0.44   0.00   0.20   0.50+ –0.52+   0.48   0.49   0.08   0.50+ –0.51+

YS –0.46 –0.26   0.21   0.56+ –0.54+   0.39   0.69+ –0.16   0.56+ –0.53+ 0.76+

Figure 2. PCA bi-plot showing the mutual position 
of original variables along with the groups of poppy 
samples labelled according to locality of cultivation 
(1 ‒ Malý Šariš, 2 ‒ Vígľaš-Pstruša). PCA: principal 
component analysis.
OA/LA ‒ oleic/linoleic acid ratio; MUFA ‒ monoun-
saturated fatty acids; C 18:1 ‒ oleic acid; ALA/LA ‒ 
alpha-linolenic/linoleic acid ratio; YDC ‒ yield of dry 
capsules; YS ‒ yield of seed; C 20:1 ‒ gadoleic acid; C 
18:0 ‒ stearic acid; SV ‒ saponification value; C 20:0 
‒ arachidic acid; C 18:3 ‒ alpha-linolenic acid; SFA 
‒ saturated fatty acids; C 16:0 ‒ palmitic acid; C 16:1 
‒ palmitoleic acid; FFA ‒ free fatty acids; AV ‒ acid 
value; LC ‒ oil content; C 18:2 ‒ linoleic acid; PUFA 
‒ polyunsaturated fatty acids; UI ‒ unsaturation index
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climatic conditions. Another separated cluster of 
samples represents high morphine variety Buddha, 
characterised by lower C 18:3 and oil content (LC) 
and higher C 16:0 contents compared to all other 
genotypes. Concerning this cluster individually, 
poppy samples from Malý Šariš are also separated 
from Vígľaš-Pstruša. Hence, the PC 1 represents 
original variables OA/LA, MUFA, C 18:1, PUFA, 
and C 18:2, UI as well as oil content (LC), yield 
of seed and capsules (YDC and YS) with the high-
est loadings for this vector. In addition, the PC 2 
represents the original descriptors C 16:0, C 16:1, 
SFA and C 20:1 and contributes to the separation of 
samples in relation to their genotype. Also, samples 
denoted with number 2, which are mixed in group 
of locality 1 (Malý Šariš) belongs to special geno-
types ‒ the white- and ochre-seeded varieties char-
acterised with higher levels of C 18:2 and LC, caus-
ing the aggravated stability in storage. On the other 
hand, white- and ochre-seeded varieties differed in 
terms of their lower levels of C 18:1, YDC and YS.

According to the result, it can be concluded the 
positive correlation of LC with C 18:2 (and there-
fore, also with PUFA and UI) and their negative cor-
relation with C 18:1, calculated variables MUFA, 
OA/LA and interestingly also, with YDC and YS. In 
other words, by increasing YDC and YS, the content 
of oil and linoleic acid level in seeds is decreasing, 
as it was shown also in correlation analysis.

CONCLUSIONS

Genotypes cultivated at locality Malý Šariš were 
characterised by higher oil content, concentrations 
of palmitic and linoleic acid. On the other hand, 
the situation was opposite at Vígľaš-Pstruša. Gen-
otypes cultivated at Vígľaš-Pstruša contained the 
lower oil content, lower concentrations of palmit-
ic and linoleic acid, but the higher amount of oleic 
acid. Genotypes with ochre and white colour of seed 
contained the highest oil content in both localities. 
However, white colour of seed was associated with 
higher AVs of oil, reflecting low anti-oxidative sta-
bility. Our results indicated that genotypes listed in 
the List of Registered Varieties of Slovak Republic 
were characterised by higher SV of oil. As major 
fatty acids were detected linoleic, palmitic and oleic 

acids. High-morphine genotype Buddha contained 
the highest levels of palmitic and oleic acid. Factors 
genotype, locality and their interactions were statis-
tically significant (P < 0.05). High negative inter-
relation between linoleic and oleic acids levels was 
determined.
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