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Abstract: In this study, oil ratios and fatty acid components in the seeds of 17 different flax varieties (Sari—85,
Atalanta, Florinda, Floriana, Flanders, Lirina, Mures, Midin, Mikael, Mc Groger, Antares, Olin, Norman, Linda,
Barbara, Dakota, and Fluin) grown under the ecological conditions of Kazova, Tokat, Turkey are determined. For
analysis purposes, oil was extracted from seeds by means of cold extraction. Following solvent removal, amounts
were calculated. In order to perform fatty acid analysis, first fatty acid methyl esters were formed. Then, gas
chromatography method was employed using a FID detector. As the findings of the study revealed, the ratio of oil
contained in linseeds ranged from 31.8% to 38.9%. The flax variety having the highest oil ratio was Floriana
(38.9%). In the flax varieties analyzed, both the difference between oil ratios and the difference between fatty acid
components were found to be statistically significant (p<0.01). The rate of unsaturated fatty acids (85.8-89.0%)
were higher than the rate of saturated fatty acids (11.0-14.2%) in the seeds of the flax varieties analyzed. The rates
of linolenic acid (omega-3), which is the most significant unsaturated fatty acid for flax, varied between 50.32%
and 58.28%.
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Bazi Keten (Linum usitatissimum L.) Cesitlerine Ait Tohumlarda Yag Oram ve Yag
Asitlerinin Belirlenmesi

Oz: Bu ¢alismada, Tokat-Kazova sartlarinda yetistirilen 17 farkli keten ¢esidinin (Sari—85, Atalanta, Florinda,
Floriana, Flanders, Lirina, Mures, Midin, Mikael, Mc Groger, Antares, Olin, Norman, Linda, Barbara, Dakota ve
Fluin) tohumlarindaki yag orani ve yag asidi bilesenleri belirlenmigtir. Tohumlardaki yag analizi soguk
ekstraksiyon metodu ile yapilmis ve ¢oziicii uzaklastirildiktan sonra miktarlar1 hesaplanmistir. Yag asidi analizi
elde edilen yagin, yag asidi metil esterleri olusturulduktan sonra FID dedektorii kullanilarak gaz kromatografisi
cihaziyla yapilmistir. Caligmada keten tohumlarindaki yag oranlarinin %31,8-38,9 arasinda degistigi belirlenmistir.
En yiiksek yag oranina sahip keten ¢esidi Floriana (%38,9) olmus ve ¢esitlerin yag oranlari arasindaki farkliliklar
istatistiki (p<0,01) olarak &nemli bulunmustur. Analiz edilen keten gesitlerindeki yag asidi bilesenleri arasindaki
farkliliklar cesitlere gore istatistiksel yonden énemli (p<0,01) bulunmustur. Incelenen gesitlerin tohumlarindaki
doymamis yag asitleri orani (%85,8-89,0) doymus yag asitleri oranindan (%11,0-14,2) daha yiiksek bulunmustur.
Doymamus yag asitlerinden keten i¢in en dnemlisi olan linolenik asit (omega-3) oranlar1 %50,32-58,28 arasinda
degismistir.

Anahtar kelimeler: Keten, Linum usitatissimum L., Omega-3, Yag asitleri, Yag orani

1. Introduction

Flax (Linum usitatissimum L.) is one of the
major industrial crops that is long-known and
produced in our country. The amount of linseed
production is 2.1 million tons in the world.
However, it is approximately 3 tons in Turkey
2014). Flax is

(Anonymous an agricultural

product used in numerous industries such as food,
oil, fibre, and cellulose both in Turkey and in the
world. Due to the rapidly emerging artificial fibre
industry and its incapability to compete with
cotton fibre, flax has been produced mainly for its
seeds (Bjelova et al 2012; Biiyiik 1993).
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The basic fatty acids in linseed oil are
linolenic, linoleic, oleic, stearic and palmitic fatty
acids. The fatty acid composition of linseed oil
differs depending on various factors. However, it
is in general 50% linolenic, 20% oleic, 15%
linoleic, 6% palmitic and 5% stearic acids. Of the
said fatty acids, linoleic, linolenic and oleic acids
are classified as unsaturated fatty acids, while
palmitic and stearic acids are saturated fatty acids
(Duke 1983; Kurt 1996).

Linseed oil is rich in polyunsaturated fatty
acids as one of the vegetable sources having the
highest rate of omega-3. Playing a crucial role in
lowering cholesterol, omega-3 fatty acids have a
positive effect on both repairing nervous system
and slowing and even preventing abnormal cell
growth in some cancer types (Bloedon and
Szapary 2004; Thompson et al 2000). Moreover,
by means of the proteins and soluble fibres it
contains, omega-3 helps to prevent some non-
communicable diseases (Rubilar et al 2010). In
their study Vijaimohan et al (2006), indicate that
linseed oil regulates cholesterol metabolism and
fat concentration. On the other hand Tzang et al
(2009), in their study, analyze the effect of butter,
palm oil and linseed oil on mice and state that
linseed oil lower cholesterol in mice and that
triglyceride and cholesterol levels are lower in the
mice that consume linseed oil.

Linseed has been used in traditional medicine
for long years for the purpose of relieving pain
and healing injuries and skin diseases (Taylor et al
1999; Johnsson et al 2002). It is reported that, in
recent years, linseed is used in animal nutrition so
as to make foods rich in omega-3 and omega-6
(Hasanoglu 2007). In addition, use of linseed in
bakery products at certain rates is recommended
because linseed contains a considerable amount of
dietary fibers (Anil 2002).

Flax, which has
importance as a source of omega-3 in human

recently increased in
nutrition, is analyzed in this study. The purpose of
this study is to determine fixed oil and fatty acid
rates in the seeds of 17 flax varieties that have
been adapted to the region. In selecting the
varieties suitable for the region, not only seed
yield but also taken into
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quality were

consideration with the intention of enabling
people to consume higher-quality linseeds.

2. Materials and Methods

2.1. Materials

The material of this study was taken from a
study conducted by Yilmaz and Kinay on 17
different flax varieties under the ecological
conditions of Kazova, Tokat in 2010. In the test,
seeds of Sar1-85, Atalanta, Florinda, Floriana,
Flanders, Lirina, Mures, Midin, Mikael, Mc
Groger, Antares, Olin, Norman, Linda, Barbara,
Dakota, and Fluin were used. The seeds were
harvested during the physiological maturity
period of flax crops. Following blending, the

seeds were not processed in any manner.

2.2. Methods

2.2.1. Oil Extraction

For each flax variety, approximately 50 grams
of linseeds were ground by a laboratory blender.
Of the said 50 grams of ground linseeds, 10 grams
were extracted with 30 mL hexane for 24 hours at
room temperature. Following filtering by a filter
paper and transferring to a tared flask, the solvent
of the filtrate was removed under low pressure at
40°C. The total amount of oil was calculated
based on 0% humidity, taking weight loss into
consideration. For fatty acid analysis, the oil
obtained was put into amber glass containers and
kept at +4°C.

2.2.2. Preparation of Fatty Acid Methyl
Esters

For fatty acid analysis, fatty acid methyl esters
were formed. To do so, 30 milligrams of extracted
oil was solved in 3 mL hexane. After adding 3 M
KOH solution prepared in 3 mL methanol, it was
vortexed for 3 minutes. Then, it was kept waiting
for 5-10 minutes at room temperature for phasing.
0,5 mL hexane containing methyl esters was put
into vials and analyzed by GC-FID. The amount
of each fatty acid was determined in percentages
according to the rate of peak areas. In the
determination of fatty acids, standard fatty acid
mixture (Supelco 37 Component FAME mix
47885-U) was used (Demirtas et al 2011).
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2.2.3.
Program

Fatty acids were analyzed by Perkin Elmer
Clarus 500 Series gas chromatography (GC) using
a FID (Flame Ionization Detector) detector.
Apolar capillary column (TR-FAME 30 m X 0.25
mm X 0.25pm 1.D) was employed. Split rate was
set to 50:1. As the carrier gas, helium was used at
a flow rate of 0.5 ml/min. Injection temperature
and detector temperature were set to 250°C and
260°C, respectively. Being originally 100°C,
column furnace temperature was increased for
2°C per minute and fixed to 220°C.

Gas Chromatography Analysis

2.2.4. Statistical Analysis

The results obtained were subjected to
variance analyses according to Randomized Block
Design. Averages were compared in accordance

with Duncan Test (Feixiang et al 2015).

3. Results and Discussion

The ratio of oil contained in the flax varieties
used in the study ranged from 31.80% to 38.90.
The differences between flax varieties in terms of
fat contents were found to be statistically
significant (p<0.01). The flax variety having the
highest oil ratio was Floriana (38.90%). On the
other hand, Midin (31.80%) and Dakota (31.80%)
were found to be the flax varieties having the
lowest oil ratios. Registered in Turkey, Sari-85
was ranked as the second with an oil ratio of
38.60% (Table 1).

Table 1. Oil ratio of different flax variety (%)
Cizelge 1. Keten cesitlerinin yag oranlart (%)

Variety O(gor)it:{o Variety 0(2}(3120
Floriana | 38.90 a Barbara 34.20 fgh
Sar1-85 |38.60 ab | Flanders 34.10 fgh
Lirina 38.10 bc | Antares 33.80 gh
Linda 3750 cd | Mc Gregor 33.60 h
Florinda |37.30d Norman 32.701
Fluin 37.30d Mures 32.30 4
Olin 3550¢ Dakota 31.80j
Mikael |34.60 f Midin 31.80j
Atalanta | 34.50 fg | AAverage of 35.09

variety

** p<0.01, In the table, the same letter was not significantly different

The fatty acid analysis of the seeds from 17
different flax varieties used in the study was
performed by gas chromatography. Their amounts
were calculated in percentages (%) (Table 2). The
fatty acids of palmitic, stearic, oleic, linoleic and
linolenic had statistically significant (p<0.01)
differences by varieties. By variety averages,
linolenic, oleic, linoleic, palmitic and stearic acid
rates were 53.38%, 19.44%, 14.53%, 6.07% and
5.67%, respectively (Table 2).

Numerous studies demonstrate that linolenic
fatty acids prevent heart diseases (Hu et al 1999;
Mori et al 2000; Mozoffarian 2005 ), cancer
(Narisawa 1994; Williams et al 2007),
neurodegenerative and inflammatory diseases
(Joshi et al 2006; Zhao 2007) and lower blood
glucose and cholesterol levels (Pellizzon et al
2007; Pan et al 2009). The present study revealed
that linseed contained high levels of linolenic
fatty acids, which play an essential part in human
nutrition. The importance of linseed in medical
and balanced nutrition is demonstrated by the fact
that, among all vegetable sources that contain
omega-3 (linolenic acid), the rate is 11-18% in
walnut (Martinez et al 2006), 4.05% in purslane
(Simopoulos 2004) but more than 50% in linseed.

Antares had the lowest rate of palmitic fatty
acid, which is a saturated fatty acid (5.47%). On
the other hand, Olin had the highest rate of
palmitic fatty acid (7.13%). In terms of stearic
fatty acid, the lowest rate and the highest rate
were detected in Norman (4.77%) and Barbara
(6.76%), respectively. The rate of oleic acid,
which is an unsaturated fatty acid, was highest in
Linda (21.25%) and lowest in Mc Gregor
(16.40%). As another unsaturated fatty acid,
linoleic acid was highest in Mc Gregor (18.54%)
and lowest in Sar1-85 (%11.19). In terms of
linolenic acid, which is one of the most important
components of linseed oil, Mures (58.28%) and
Sar1-85 (58.21%) had the highest rates, while
Fluin (50.32%) had the lowest rate (Table 2).
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Table 2. Percentage of fatty acids of different flax variety of linseed (%)
Cizelge 2. Farkli keten cegitleri tohumlarmmin yag asitleri orani (%)

Variety Palmitic acid** Stearic asid** Oleic asid** Linoleic asid** Linolenic asid**
Mures 559 ¢ 504 b 19.07 ¢ 1122 f 5828 a
Sar1-85 568 ¢ 5.00 b 19.04 ¢ 11.19 f 5821 a
Olin 713 4 531 b 19.64 ¢ 1558 b 5143 ]

Florinda 5.80 ¢© 6.40 2 17.94 ¢ 15.86 b 53.46 ¢
Linda 6.39 bc 639 a 2125 a 1334 ¢© 51.66 !

Antares 547 ¢ 6.40 2 19.95 ¢ 14.11 ¢ 5295 &
Atalanta 6.03 cd 555 b 18.17 d 13.68 ¢ 5569 b
Midin 6.36 bc 571 b 21.19 a 13.18 ¢© 52.60 &
Fluin 6.94 ab 6.49 4 1991 ¢ 1533 b 50.32 1

Dakota 574 ¢ 478 ¢ 17.78 ¢ 1565 b 55.18 ¢

Lirina 554 ¢ 511 b 20.54 b 1528 b 5243 h
Mikael 6.35 bc 564 b 2105 2 13.96 d 5209 h
Mc Gregor 6.57 bc 540 b 1640 f 18.54 a 52.13 h
Barbara 6.47 be 6.76 2 2001 b 1431 ¢ 5132 k
Floriana 5.58 ¢ 6.17 2 1942 ¢ 15.77 b 5207 h
Flanders 553 ¢ 539 b 18.55 d 1522 b 5437 d
Norman 592 ¢ 477 ¢© 2046 D 14.76 ¢ 5325 f

Average

of variety 6.07 5.67 19.44 14.53 53.38

** p<0.01, In each column, the same letter was not significantly different

which can be regarded as low. The rate of
The rate of unsaturated fatty acids (linolenic, unsaturated fatty acids was highest in Dakota and
linoleic and oleic acids) of the flax varieties used lowest in Fluin (Figure 1).
in the study differed between 85% and 89%,

100,0
80,0
60,0
40,0
20,0

0,0

Concentration (%)

Variety

Saturated fatty acids ™ Unsaturated fatty acids

Figure 1. Saturated and unsaturated fatty acids ratio in linseed
Sekil 1. Keten tohumunda doymus ve doymamus yag asitleri

Unsaturated fatty acids are categorized as linoleic acids) ranged from 65% to 71%. The
polyunsaturated fatty acids and monounsaturated highest rate and the lowest rate were detected in
fatty acids. In the linseeds used in the study, the Dakota and Barbara, respectively. On the other
rate of polyunsaturated fatty acids (linolenic and hand, the rate of monounsaturated fatty acids
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(oleic acid) varied between 16% and 21.3%.
Linda had the highest rate of monounsaturated
fatty acids by 21.3%, while the lowest rate of
monounsaturated fatty acids was seen in Mc
Gregor by 16% (Figure 2).

The factor that makes flax important is the rate
of linolenic fatty acid (omega-3), which is a
polyunsaturated fatty acid, it contains (Figure 3).
This study demonstrated that the rate of linolenic
fatty acids ranged from 50.0% to 58.3% by
varieties. One of the two varieties having the
highest rates of linolenic fatty acids (Mures and
Sar1-85) is Turkey’s registered variety called Sari-
85. The other variety is known to be uneconomic
in terms of seed production because of having low
seed yield and being fibrous (Y1ilmaz et al 2007).

In recent years, consumers have tended to
consume healthy foods. Omega-3 fatty acid is also
medically advantageous by virtue of solving heart
and nervous system problems (Harris 2012; Raatz

2012) and preventing non-chronic communicable
diseases (Morais 2011). In developed countries,
consumption of foods rich in omega-3 in human
nutrition is on the increase. Today,
products -especially fish- are consumed in general

animal

as a source of omega-3. However, linseed is a
vegetable source rich in omega-3 and a good
choice in terms of sustainability.

17 different flax varieties used in the study
were evaluated in terms of oil ratio; Floriana
(38.9%) and Midin and Dakota (31.8%) were
found to be the flax varieties having the highest
oil ratio and the lowest oil ratio, respectively. A
study conducted under the ecological conditions
of Tokat suggested that Floriana was one of the
flax varieties having the highest seed yield per
decare with 200 kilograms (Y1lmaz et al 2007).

This variety is also advantageous in terms of
having a high oil ratio and, accordingly, a high oil
yield per decare (approximately 77.8 kg/da).

80,0
s 70,0
~ 60,0
g 50,0
= 40,0
§ 30,0
S 20,0
2 10,0
s 0,0
@)

Monounsaturated fatty acids

Variety

B Polyunsaturated fatty acids

Figure 2. Polyunsaturated and monounsaturated fatty acids ratio in linseed (%)
Sekil 2. Keten tohumunda tekli ve ¢coklu doymamis yag asitleri orant (%)

Compared to other flax varieties, Sar1-85 was
found to be rich in linolenic acid content. Linseed
oil rich in linolenic acids is less favored as edible
oil due to rapid oxidation of polyunsaturated fatty
acids. Instead, such linseeds can be used directly
in human nutrition with foods and poultry rations.
In recent years, in addition to being extracted,
linseeds have been widely used by being crushed

or as a whole for omega-3. This study
demonstrated that Sar1-85, which has yellow
seeds, and Floriana, which has brown seeds and
high seed yield per decare and oil yield, are

commercially preferable as a source of omega-3.
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Figure 3. Linolenic acid composition in linseed varieties (%)
Sekil 3. Keten ¢egsitlerinin linolenik yag asitleri orani (%)

References

Anil M (2002). Master, Department of Food Engineering,
University of Ondokuz Mayzis, Turkey

Anonymous (2014). Production Yearbook, Food and
Agriculture Statistic

Bloedon LT and Szapary OP (2004). Nutrition Reviews,
62.

Bjelkova M, Nozkova J, Fatrcova-Sramkova K and
Tejklova E (2012). Chemical papers, 66 (10), 972-976

Biiyiik H (1993). Master, Department of Field Crops,
University of Cukurova, Turkey

Demirtas I, Ayhan B, Sahin A, Aksit H, Elmastas M and
Telci I (2011). Nat. Prod. Res., 25:1512-1523.

Duke J A (1983). Handbook of Energy Crops

Feixiang L, Ganggang C, Zhengbing G, Xiangru L and
Yujie C (2015). J. Am. Oil. Chem. Soc., 92:55-63

Green A G (1986). Crop Science, vol:26.

Harris W S (2012). The Journal of Nutrition s:600-604

Hasanoglu O (2007). PhD, Department of Animal Feed,
University of Uludag, Turkey

Hu FB, Stampfer MJ, Manson JAE, Rimm EB, Wolk A,
Colditz GA, Hennekens CH and Willett WC (1999).
Dietary intake of alpha-linolenic acid and risk of fatal
ischemic heart disease among women Am. J. Clin.
Nutr. 69, 890-897.

Johnsson P, Peerlkamp N, Kamal-Eldin A, Andersoson R
F, Andersson R, Lundgren LN and Aman P (2002).
Food Chemistry, 76, 207-212

Joshi K, Lad S, Kale M, Patwardhan B, Mahadik SP, Patni
B, Chaudhary A, Bhave S and Pandit A (2006).
Prostag. Leukotr. Ess. 74, 17-21.

Kurt O (1996). Anadolu Journal of Agricultural Sciences,
91, (1):189-194.

Martinez ML, Mattea MA and Maestr DM (2006). Journal
of American Oil Chemists Society, Vol. 83, no. 9

Morais DC, Moraes EA, Dantas MIS, Carraro JCC, Silva
CO, Cecn PR, Martino HSD and Ribeiro SMR (2011).
Food and Nutrition Sciences, 2, 281-286.

202

Mori TA, Burke V, Puddey IB, Watts GF, O’Neal DN,
Best JD and Beilin L (2000). J. Men. Am. J. Clin.
Nutr. 71, 1085-1094.

Mozaffarian D (2005). Altern. Ther. Health Med. 11, 24—
30.

Narisawa T, Fukaura Y, Yazawa K, Ishikawa C, Isoda Y
and Nishizawa Y (1994). Cancer 73, 2069-2075.

Pan A, Yu DX, Demark-Wahnefried W, Franco OH and
Lin X (2009). Am. J. Clin. Nutr. 90, 288-297.

Pellizzon MA, Billheimer JT, Bloedon LT, Szapary PO
and Rader DJ (2007). J. Am. Coll. Nutr. 26, 66-75.

Raatz SK, Rosenberger TA, Johnson LK, Wolters WW,
Burr GS and Picklo MJ (2012). Journal of The
Academy of Nutrition and Dietetics Vol. 113, s. 282-
287.

Rubilar M, Gutiérrez C, Verdugo M, Shene C and Sineiro
J (2010). Journal of Soil Science and Plant Nutrition,
10 (3): 373-377.

Simopoulos AP (2004). Biological Research 37, 263-277.

Taylor SA, Ster TE and Gibson GR (1999). Nutrition and
Food Science, July/August, Number:4, 187-191

Thompson LU, Li T, Chen J and Goss P E (2000). Breast
Cancer Res. and Treat, 64 (1):50

Tzang BS, Yang SF, Fu SG, Yang HC, Sun HL and Chen
YC (2009). Food Chemistry-114, p:1450-1455.

Vijaimohan K, Jainu M, Sabitha KE, Subramaniyam S,
Anandhan C and Shyamala-Devi CS (2006). Life
Sciences-79, p:448-454.

Williams D, Verghese M, Walker LT, Boateng J,
Shackelford L and Chawan CB (2007). Food Chem.
Toxicol. 45, 153—-159

Yilmaz G, Telci I, Kandemir N and Ozdamar MI (2007).
Turkey Oil Crops and Biodiesel Symposium, Turkey,
s: 126-132.

Zhao GX, Etherton TD, Martin KR, Gillies PJ, West S G
and Kris-Etherton P M (2007). Am. J. Clin. Nutr. 85,
385-391.




