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ABSTRACT: Literature data about nutritional characteristics of linseed cultivars from some specific
geographical area or country is scarce. For that very reason, following paper is presenting fatty acid (FA)
compositions and antioxidant capacity of lipid-soluble (ACL) components of ten native linseed cultivars
from Serbia. These characteristics can be interesting, especially due to the increasing trend of linseed
usage in human diet. Presented results show that there were statistically significant (p<0.05) differences
between linseed kernels in FA composition. Negative correlation was found between FA C18:0 and a-
linolenic acid (ALA). The cultivar with the highest ACL value was No. 10 (342.66 ymol trolox/kg d.m.),
meaning that it had very strong protection against oxidation of polyunsaturated FAs. Nevertheless,
correlation between ACL and polyunsaturated FA content in cultivars was not statistically significant
(p=0.84). ACL of the samples did not depend on FA composition of linseed, but it might depend on
characteristics of a specific cultivar. The aforementioned results show potential usage in storage of
linseeds or its products, while FA composition of linseed kernels might be one of criteria for authentication
of linseed origin, and can be of great help in future selection of the cultivars, depending on purpose of

linseed production.

Key words: linseed, native cultivars, fatty acid, antioxidant capacity

INTRODUCTION

Not so many commercial crops are so in-
tensively exploited during the history such
as linseed. In fact, its Latin name (Linum
usitatissimum) means "useful." It was pri-
marily grown (about 3000 B.C.) for medi-
cinal purposes and for the fibres of which
were made linen. Nowadays, linseed oil is
mainly used, whether it comes to food or
chemical industry (Bhatty and Cherdkiat-
gumchai, 1995). This plant grows to a
height up to 60 cm, with slim and very
fibrous stems, leaves with three veins, and
its light blue flowers. The seeds are rich
source of both edible and non-edible oils
(Rubilar et al., 2010; Matheson, 1976), con-
taining approximately 40% of oil, of which

more than 70% are unsaturated fatty acids
(FAs). In addition to a large amount of ail,
linseed contains approximately 20-30% of
crude protein (lvanov et al., 2012a; Daun et
al., 2003; Karlovi¢ and Andri¢, 1996).

Raw linseed oil is dark yellow in colour, with
strong specific smell and taste (Dimi¢,
2005). This oil is well known as one of the
most unsaturated vegetable oils with high
content of ALA, which amount in total fat is
more than 50% (Gunstone, 2001). ALA is a
precursor of eicosapentaenoic (EPA) and
docosahexaenoic acid (DHA), n-3 polyun-
saturated FAs, responsible for the proper
brain development in children, as well as for
resistance to various allergies, autoimmune
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diseases, cardiovascular problems, and in-
flammation (Sierra et al., 2008). These FAs
are essential, because mammals, and the-
refore humans, cannot endogenously syn-
thesize them and must adopt them exo-
genously from dietary sources (Beare -
Rogers, 2001). High quality of linseed oil
confirms the fact that US National Cancer
Institute (NCI) targeted linseed as one of the
six plant materials for study as cancer-pre-
ventative foods. Linseed oil is a potent in-
hibitor of pro-inflammatory mediators even
when used in domestic food preparation.
This is a great advantage of linseed aill,
which make it suitable for application in the
development of novel anti-inflammatory the-
rapies with or without pharmaceutical pro-
ducts for target populations (Oomah, 2001).

There are a lot of examples of positive lin-
seed effects on animal health and wel-
Ibeing. The immunomodulating effects of
omega-3 FAs combined with the potential
hormonal effects of the phytoestrogens may
have a positive effect on sow productivity
and the health of the piglets. Due to the po-
sitive impact of including omega-3 FAs in
human diets, there is significant interest in
enriching the omega-3 FA content of meat
products produced by beef cattle and swine.
Linseed can be included in poultry diets if
used in the proper proportions and for-
mulated appropriately. The most popular
commercial poultry product is omega-3
eggs (Newkirk, 2008).

The aim of this study was to determine FA
composition and ACL of ten autochthonous
linseed cultivars cultivated in the northern
Serbian province Vojvodina, in order to de-
tect some mutual characteristics, and to de-
termine whether any significant variation
existed in their compositions.

MATERIAL AND METHODS
Material

Examined cultivars of linseeds were deve-
loped at the Institute of Field and Vegetable
Crops in Novi Sad, Department for Alter-
native Crops in BacCki Petrovac, Serbia. The
cultivars were labelled with number from 1
to 10. All of them were cultivated in Voj-
vodina, the northern Province of Serbia.
After harvesting, grains were transported to
the laboratory in polypropylene bags and
held at room temperature. They were clea-

ned on an air screen cleaner to remove all
foreign matter and impurities such as dust,
dirt and immature and broken kernels.

Fatty acid analysis

Supercritical fluid extraction (SFE) with CO,
was used for extraction of lipids from the
samples, since it showed good results as a
preparative technique for FA analysis. Ex-
traction was performed on LECO TFE-2000
fat analyzer and extraction conditions were
adjusted as explained in the paper of lvanov
et al. (2012b). FA methyl esters were pre-
pared from the extracted lipids by trans-
metilation method that use 14% wt. boron
trifluoride/methanol solution, as recommen-
ded method for this type of substrates
(lvanov et al., 2012b; Karlovi¢ and Andri¢,
1996). Nitrogen gas (99.99%) was used for
removing boron trifluoride/methanol so-
lution and n-heptane (99.99%) from FA
methyl esters. Obtained samples were ana-
lyzed by a gas chromatograph Agilent
7890A system (Agilent Technologies, Santa
Clara, CA, USA) with flame ionization de-
tector (GC-FID), auto-injection module for
liquid, equipped with fused silica capillary
column (DB-WAX 30 m, 0.25 mm, 0.50 um).
Carrier gas was helium (purity>99.9997 vol
%, flow rate=1.26 ml/min). The FAs peaks
were identified by comparison of retention
times with retention times of standards from
Supelco 37 component FA methyl ester mix
and with data from internal data library,
based on previous experiments and FA me-
thyl ester determination on GC-MS. Results
were expressed as mass of single FA or FA
group (g) in 100 g of total FAs (relative con-
tent).

Antioxidant capacity of lipid-soluble
substances analysis

Estimation of the antioxidant capacity in
lipid-soluble substances (ACL) was done by
photochemiluminescence method using an
antioxidant analyser Photochem instrument
(Jena Analitik, Germany). In the ACL assay,
the photochemical generation of free ra-
dicals was measured with a sensitive de-
tector by using chemiluminescence. Free
radicals were produced from the luminol,
which worked partly as a photosensitizer
and partly as an oxygen radical detection
reagent. The lipid-soluble antioxidants were
measured with the ACL Kkit, according to
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manufacturer's protocol (Jena Analytik,
2004). The working solution consisted of the
following reagents:

methanol (Reagent 1) - 2.3 ml,
buffer solution (Reagent 2) - 200 pl,
photosensitizer (Reagent 3) — 25 pl.

Antioxidant capacities of the samples were
determined from calibration curve by extra-
polation method. Trolox standard with the
concentration of 100 pmol/dm?was used for
the preparation of calibration curve. All mea-
surements were done in duplicates.

Statistical analysis

Statistical analysis of experimental data was
performed using STATISTICA software
version 10 (Statsoft, Tulsa, OK, USA). One
way analysis of variance — ANOVA and
Tukey’'s HSD comparison of means of sam-
ples were used for analysing variations.
Differences among means with probability
p<0.05 were accepted as representing sta-
tistically significant differences. Correlations
between FAs and ACL pairs were evaluated
at p<0.05.

RESULTS AND DISCUSSION

FA composition of linseed is well known,
however, there are some differences among
various cultivars, geographical area, climatic
conditions, etc. Table 1 presents FA com-
position of ten cultivars, examined in this
experiment. Obviously, FA composition of
linseed oil is dominated by unsaturated C18

Table 1.
Fatty acid composition of extracted linseed oils

FAs (average contents: C18:1 — 22.5%,
C18:2 — 14.46%, ALA — 53.23%). Bean and
Leeson (2002) reported following mean
percentages for these FAs: C181 -
18.50%, C18:2 - 14.44% and ALA -
57.11%. Myristic acid (C14:0) was not de-
tected in all samples, and when detected,
did not exceed 0.06%. Sauvant et al. (2004)
also showed low content of this FA (0.10%),
while Bean and Leeson (2002) did not de-
tected it.

Cultivar 1 had significantly (p<0.05) higher
content of saturated FAs (SFA), which ac-
counted for 24.01% of total FAs, in contrast
to all other cultivars having from 9.23% to
12.11% of total FAs. Content of monounsa-
turated FAs (MUFA) ranged from16.44%
(cultivar 5) to 22.57% (cultivar 8). Bayrak et
al. (2010) reported in their paper average
SFA content of 10.02% and MUFA content
of 22.47%. Looking at content of polyun-
saturated FAs (PUFA), it can be seen that
cultivar 1 had significantly lower (p<0.05)
PUFA content 57.79% than all other cul-
tivars, while cultivar number 5 had sig-
nificantly higher (p<0.05) PUFA content
(74.33%).

Another interesting fact is that C18:0 FA
had significant (p<0.05) negative effect (r=-
0.86) on the content of essential ALA (see
Table 2). It means that with the increase of
C18:0 FA content, content of ALA generally
decrea-sed, which was especially obvious in
cultivar 1, as already mentioned.

Fatty acid content (% of total fatty acids)

Linseed
cultivar
C14:0 C16:0 Cl16:1 C180 C18:1 C18:2n-6 C18:3n-3 SFA MUFA PUFA
1 0.00 458  0.20° 19.43* 17.99° 14.83° 42.97° 24.01* 18.20® 57.79°
2 0.00 4.89* 0.08®° 5.96" 20.77*" 16.17° 52.12° 10.85° 20.85* 68.30°
3 0.00 4.93° 0.07* 5.82° 20.30*" 15.88? 52.99° 10.76° 20.38* 68.87°
4 0.00 5.31° 0.08% 4.08° 21.03* 15.292 54.22% 9.39° 21.11* 69.51°
5 0.00 5.42° 0.11* 3.81° 16.33° 13.27° 61.06% 9.23° 16.44° 74.33°
6 0.05* 575  0.07° 4.32° 20.94* 13.34° 55.52% 10.13"° 21.06* 68.86°
7 0.05* 6.29° 0.13* 578" 21.72% 13.16° 52.87° 12.11° 21.91* 66.03°
8 0.05* 5.91° 0.09? 4.32° 22.43*  14.91° 52.29° 10.27° 22.57* 67.20°
9 0.06* 6.42° 0.15*  3.65° 21.02** 13.36° 55.35% 10.13° 21.23* 68.70°
10 0.05* 5.71° 0.08% 4.78° 22.02%  14.44% 52.92° 10.53° 22.16* 67.36°
Mean 0.05 6.09 0.12 6.74 2255  14.46 53.23 11.74 2059 67.69

The values are presented as mean, n=3

¢ Different superscripts within the same column indicate significant differences (p<0.05)
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Table 2.
Correlation coefficients between fatty acids of various linseed cultivars
C14:0 C16:0 Cil6:1 C18:0 ci8:1 C18:2 C18:3 n-3
C14.0 1
C16:0 0.883 1
Cl6:1 -0.03 -0.06 1
C18:.0 -0.36 -0.60 0.751 1
Ci8:1 0.644° 0.499 -0.44 -0.41 1
C18:2 -0.59 -0.71 -0.29 0.20 0.148 1
C18:3 n-3 0.139 0.462 -0.54 -0.86 -0.10 -0.43 1

Statistically significant correlation (p<0.05)

Significant negative correlation was found
also bet-ween C18:2 and C16:0 (r=-0.71),
while C14:0 and C16:0 were in significant
positive correlation (r=0.883).

The FA composition of seed oils varies wi-
dely among different species. Usually, the
occurrence of some specific FAs is charac-
teristic for particular plant families (Aitzet-
muller, 1996; Ozcan et al., 2010). The most
dominant FA in all examined linseed culti-
vars was ALA, with mean value of 53.23%
(see Table 3). The highest content of this
FA was recorded in cultivar number 5
(61.06%). Cultivar 1 significantly differed
(p=<0.05) from all other samples by being lo-
wer in the content of ALA (42.97%). It is
noticeable that this cultivar contained sig-
nificantly (p<0.05) higher content of C18:0
FA, which was present in the amount of
19.43%. By comparing the obtained results
with those presented in paper of Bayrak et
al. (2010), the difference in FA compositions
is evident. In the aforementioned paper,
authors did not detect C14:0 and C16:1
FAs, while detecting C20:0 and C20:1.
Bean and Leeson (2002) reported results
more similar to ours, except for absence of
C14:0 FA. Specific FA composition of exa-
mined Serbian cultivars might be used as
one of the benchmarks for authentication of
linseed origin.

As shown in the paper of Bean and Leeson
(2002), mean PUFA content of 23 examined
linseed samples was 71.55%, which is in
accordance with our results. However, El-
Beltagi et al. (2007) reported lower values-
for PUFA content (66.5%) in five linseed cu-
ltivars from Egypt. FA composition of
linseed oil especially composition of unsatu-
rated FAs and their content highly depends
on climatic conditions. Early and late frosts,

as well as high temperatures and drought
damage kernels, is causing higher content
of palmitic (C16:0), linoleic (C18:2) and ALA
than it is in whole and undamaged kernels
(Sediqi, 2012; Hall et al., 2006). Cool clima-
tic conditions characteristic for northern re-
gions increase the contents of linoleic acid
and ALA (Nykter and Kymalainen, 2006).
High humidity conditions extend accumula-
tion period of unsaturated fatty acids (Laza
and Pop, 2012).

N-6/n-3 ratio in the linseed grains ranged
from 0.22 (cultivar 5) to 0.35 (cultivar 1), as
presented in Figure 1. Western diets are de-
ficient in n-3 FAs, while having extortionate
amounts of n-6 FAs in comparison with the
diet on which humans evolved. Recom-
mended values of n-6/n-3 ratio should be at
least less than 4/1 in the secondary pre-
vention of cardiovascular disease, and a ra-
tio of 2-3/1 suppressed inflammation in pa-
tients with rheumatoid arthritis (Simopoulos,
2004; Scollan et al., 2006). FA composition
of all investigated cultivars can be consi-
dered as nutritionally desirable. Although
there were significant differences in n-6/n-3
ratio between the cultivars, all values were
far below 2-3/1.

The significance of lipid soluble antioxidants
is crucial in protection of lipid-rich food from
fast oxidative deterioration. Since linseed is
an oilseed, ACL was chosen as an appro-
priate criterion for determination of antioxi-
dant capacity in linseed kernels, and the re-
sults are presented in Table 3.

The highest ACL was recorded in cultivar 10
(342.66 pymol trolox/kg d.m.), and the lowest
in cultivar 4 (136.44 pmol trolox/kg d.m.).
The ACL values varied over a wide range
and significant differences (p<0.05) were
observed among the cultivars (see Table 3).
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¢ Different superscripts indicate significant differences (p<0.05)
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Figure 1. Ratio of n-6 and n-3 fatty acids in the investigated cultivars

Table 3.
Antioxidant capacity of lipid-soluble substances in linseed kernels
Linseed ACL
cultivar (umol trolox/kg d.m.) SD cv
1 260.14°¢ 16.52 6.35
2 273.32% 9.23 3.38
3 273.55% 6.33 2.31
4 136.44° 6.38 5.00
5 259.96"* 8.64 3.32
6 199.26% 9.59 4.81
7 266.28% 5.22 1.96
8 250.68"° 4.50 1.80
9 227.65% 4.76 2.09
10 342.66°" 10.45 3.05
Mean 248.99

The values are presented as mean, n=3

&9 Different superscripts within the same column indicate significant differences (p<0.05), SD — standard deviation.

CV — coefficient of variation

The cultivars with higher ACL value had
stronger protection against oxidation of
PUFA. However, statistically significant cor-
relation between ACL and PUFA, or ALA
content in the cultivars could not be found.
Correlation coefficient between ACL and
PUFA content was r=0.04, with p=0.84,
while r=0.006 between ACL and ALA, with
p=0.99.

The highest PUFA content was recorded in
cultivar 5 (Table 3). Nevertheless, ACL va-
lue for this cultivar was 259.96 pmol tro-
lox/kg d.m. (Table 3), which was close to
the mean ACL value (248.99 pmol trolox/kg

d.m.). Cultivar 10 had the highest ACL va-
lue, as already mentioned, but this cultivar
had PUFA content of 67.36% (mean was
67.66%) and ALA content of 52.92% (mean
was 53.62%). It can be concluded that ACL
did not depend on the FA composition of lin-
seed, but it might depend on characteristics
of a specific cultivar.

CONCLUSIONS

Our results showed that the examined Ser-
bian linseed cultivars contained FA C14:0,
which is not frequently present in the FA
composition of linseed. Therefore, it might
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be a specificity of linseed oil originated from
this specific geographical area. FA C18:0
and ALA were in significant negative cor-
relation (r=-0.86), meaning that with an in-
crease in C18:0 content, ALA content de-
creased, and vice versa. The highest ACL
was recorded in cultivar 10 (342.66 pmol
trolox/kg d.m.), and the lowest in cultivar 4
(136.44 pmol trolox/kg d.m.). However, any
significant correlation between ACL and
content of any FA was not found, which
might lead to conclusion that ACL is depen-
dent on linseed cultivar, rather than FA
composition.
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CACTAB MACHUX KUCENMIUHA U NPUPOOAAH AHTUOKCUOATUBHMU
NMOTEHUMUJAN OECET COPTU NTIAHEHOI' CEMEHA U3 CPBMJE

Oywuua C. Yonosuh™*, Jarow J. Bepern’, Anenka P. NeBapt®, JaHes K. Cano6up®,
JoBaHka [. J'IeBmhl, Pagmuno P. L-Ior|013|/|hl, Carba J. Monosuh*

lyHMBepSVITeT y HoBom Cagy, Hay4Hu MHCTUTYT 3a npexpambeHe TexHonoruje y Hosom Cagy,
21000 Hoeu Cag, bynesap uapa Jlasapa 6p. 1, Cpbuja
2I/1HCT|/|TyT 3a paTtapcTBo M noBpTapcTBo, Ofererwe 3a anTepHaTMBHE KyNnType,
21000 Hoeu Cag, Makcuma Nopkor 30, Cpbuja
3yHl/lBepsvlTeT y Iby6rbaHn, BuotexHuukm dakyntet, Jomxkane, pobrbe 3, CrnoseHuvja

Caxertak: JlutepatypHm nogauy 0 HYTPUTMBHMM KapakTepucTukama pasnuumTnx CopTu naHeHor
ceMeHa ca wucTor reorpadckor nogpydja cy usyseTtHo ManobpojHu. CTtora je TemaTuka OBOr paga
noceeheHa UCNUTMBaHkY MACHOKMCESTMHCKOI cacTaBa W aHTMOKCMAATUBHOP KanauuMTeTa KOMMOHeHaTa
pacTBOPIBUBMX Y Yrby KOA OeceT ayTOXTOHMX COPTW naHeHor cemeHa u3 Cpbuje. NomeHyTe ocobuHe
Hapo4nTO Cy 3aHMMIbLMBE, C 063Mpom Ha pacTyhu TpeHa ynoTpebe naHa y rbyackoj ncxpadu. OobujeHn
pe3yntaTu nokasanum Ccy da Cy Ce MaCHOKUCESIMHCKM cacTaBu WCMUTUBAHWX copTu MefycobHo
CTaTUCTUYKM 3Ha4ajHo pasnukoBanu (p<0.05). Mamehy macHux kucenuHa C18:0 n a-nnHoOneHcke kuce-
nuHe (AJA) ytBpheHa je HeraTuBHa kopenauuja. CopTa ca HajBULWMM aHTUOKCUOATUBHMM KanauuTeToM
(ALJ=342.66 pmol trolox/kg c.m.) je 6una o3HadeHa Gpojem 10, WTO 3HaA4M Aa je oBa copTa nokasana
n3y3eTHy MOryhHOCT camo3alTuTe o aytookcupauumje nonmHesacuheHux macHux kucenvHa ([MMYOA).
MefhyTtum, kopenauuja namehy cagpxaja NMY®PA n AUJ Huje BGuna ctatuctnykm 3HadvajHa (p=0.84). Ctora
je 3akrbydeHo ga ALJ1 ncnmtuMBaHMX y3opaka He 3aBUCKM Of MaCHOKUCENMHCKOr cacTaBa, Hero oA cne-
UMdMYHUX KapakTepucTuka ogpeheHe copte. MNpukasaHu pesyntaTn Nokasyjy 3Ha4vaj n noteHumjan npu-
MEHe Yy KOHTPONU CKMaguliTera faHeHOr CeMeHa WM HEroBuMx MpousBoda, AOK Ce MaCHOKUCENUHCKU
cactaB MOXe ynotpebutu kao jegaH of Kputepujyma 3a ogpehuBare reorpadpckor nopekna, unm y ce-
neKumnju copTu NaHa y 3aBMCHOCTU Of1 CBpXe y3roja.

KrbyuyHe peum: siaHeHO ceme, aymoxmoHe copme, MacHe KucesluHe, aHmuoKcudamueHu
Kanayumem
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