
P
os

te
d

on
A

ut
ho

re
a

1
D

ec
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

68
43

32
.2

04
70

76
4/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Comparison of Fatty Acids Composition and Oil Quality Factors
of Different Market Type Peanut (Arachis hypogaea L.) Varieties

Halil BAKAL1

1Cukurova University Faculty of Agriculture

December 1, 2020

Abstract

This study was conducted at the experimental area of the Cukurova University, Faculty of Agriculture in 2017, 2018 and
2019 in Adana (Mediterranean Region)-Turkey. The objective of this study was to compare of fatty acids composition and oil
quality factors of different market type peanut (Arachis hypogaea L.) varieties grown as a main crop. Four different market
type peanut varieties, including Virginia (Halisbey), Runner (G.Green), Spanish (Florispan) and Valencia (G.Red) were used
as plant material in this research. The experimental design was a randomized complete block design with three replications.
Oil content, fatty acids composition such as oleic acid, linoleic acid, stearic acid palmitic acid and oil quality factors such as
Oleic/linoleic acid ratio (O/L) and iodine value (IV) of peanut seed oil were investigated. According to a three-year results;
the oil content of the peanut varieties varied between 45.38% and 51.28%. The total saturated fatty acid was higher in Spanish
and Valencia types than Virginia and Runner types. On the other hand, the total unsaturated fatty acid was higher in Virginia
and Runner types than the others types.

Introduction

Peanut seeds contain approximately 42-56% oil, 25-35% protein and 20% carbohydrate and is a rich source
of minerals (K, Ca, Mg, Fe and Z) and vitamins such as E, K and B group (Isleib et al., 2008; Hassan and
Ahmed, 2012). For these reason, peanut kernel is an important and good source of oil, protein and fatty
acids for human nutrition. The annual peanut production is around 42.0 million tons in the world in 2019
(Anon., 2019). 53% of the world peanut production uses for the oil production, 32% for the peanut butter,
confectionary and roasted and the remaining 15% seedcake after oil extraction is used as feed for livestock.
For these reason, Peanut (Arachis hypogaea L.) is an important oilseed crop for vegetable oil production in
the world. Peanut production is getting important crop by year to year. Peanut production was 173.800
ton in Turkey in 2018 (Anon., 2019) and all of them are used for the human nutrition (roasted peanut).
Peanut is a legume crop and it fixes about 150 kg/ha nitrogen to soil from the atmosphere by the Rhizobium
bacteria living their roots (Arioglu, 2014).

Oil and protein content are the main nutritional quality factors in peanut seed. Nutritional quality of the seed
is influenced by several factors such as environmental factors, genetic factors and their interaction (Isleib et
al., 2008). Chowdhury et al. (2015) found out that the oil and protein content of peanut varieties were varied
between 49.20-50.76% and 30.62-38.88%, respectively. Raheja et al. (1987) found out that the oil content of
Virginia runner market type peanut varieties was 45.50-52.10%, Virginia bunch types was 47.50-51.90% and
Spanish bunch types was 44.70-54.00%.

The nutritional and storage qualities of peanut are determined by its fatty acids composition. The major fatty
acids in peanut oil are palmitic (C16:0), stearic (C18:0), oleic (C18:1) and linoleic (C18:2) acids (Chowdhury
et al., 2015). The amount of saturated (palmitic and stearic) and unsaturated (oleic and linoleic) fatty acids
in peanut oil varies from 10.92 to 17.47% and from 81.13 to 94.81%, respectively. Peanut oil is rich in oleic
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and linoleic acids. Oleic acid content in peanut genotypes can vary from 21 to 85% and linoleic acid from 2
to 43% (Andersen and Gorbet, 2002).

The fatty acid composition of peanut is becoming increasingly important diet for healthy living. The nutri-
tional quality of peanut depends on the relative proportion of saturated and unsaturated fatty acids in the
oil. A high proportion of polyunsaturated fatty acid is desirable because it lowers plasma cholesterol and
low-density lipoprotein (LDL) content, which may reduce the risk of coronary heart disease (Mzimbiri et al.,
2014).

Brown et al. (1975) and Chaiyadee et al. (2013) reported that the ratio of oleic acid to linoleic acid (O/L
ratio) and iodine value determine the quality, storability and shelf-life of peanut oil and its products. In
addition, the iodine value (IV) was used to determine the degree of unsaturated fatty acid and the stability of
peanut oil. High O/L ratio and low IV value generally indicate good stability and long shelf-life (Worthington
et al., 1972; Braddock et al., 1995).

Golombek et al. (1995), Hinds (1995), Andersen and Gorbet (2002) Isleib et al. (2008), Shin et al. (2010),
Singkham et al. (2010), Chowdhury et al. (2015), Gulluoglu et al. (2017) and Bakal and Arioglu (2019)
indicated that the fatty acid composition of peanut oils varies significantly by genotype, soil nutrient, seed
maturity, production year and planting date, geographic location of production, and environmental factors
including temperature and other seasonal effects.

Oil content and fatty acid composition of peanut have been studied in different cultivars and different
environments and it has been reported that the oil content of peanut cultivars varied between 37.9-56.3%,
oieic acid 37.7-82.2%, linoleic acid 2.9-41.5%, palmitic acid 9.6-13.2%, stearic acid 1.6-3.7%, arachidic acid
1.2-1.7%, behenic acid 1.2-3.5% and iodine value varied between 88.6 to 105.4 (Dwivedi et al., 1996; Ozcan
and Seven, 2003; Onemli, 2012; Hassan and Ahmed, 2012; Chaiyadee et al., 2013; Mzimbiri et al., 2014;
Chowdhury et al., 2015).

Peanut has been grown as a main and double cropped after a small grain harvest in the Cukurova region
(Mediterranean Region) in Turkey. It is important to know the content of peanut fatty acids for better quality
and safety of its product. Fatty acid composition of peanut is not constant. The fatty acid composition of
peanut oil varies depending on growing seasons and varieties. The objective of the study was to determine
oil content, fatty acids composition and oil quality factors (O/L and IV) of different market type peanut
cultivars grown as a main crop in Adana (Mediterranean Region)-Turkey.

Materials and Methods

Material

Field experiments was conducted during 2017, 2018 and 2019 growing seasons at Experimental Farm of
Agricultural Faculty, Cukurova University (Southern Turkey, 36o59lN, 35o181 E and 23 m above sea level)
as a main crop in Adana, Turkey. In this research, Halisbey, Georgia Green, Florispan and Georgia Red
peanut varieties were used as plant material belonging to Virginia, Runner, Spanish and Valencia market
types, respectively (Table 1).

The soil texture was clay loam. The soil tests indicated that pH of 7.6-7.7 with high concentrations of K2O
and low concentrations of P2O5. In addition, the organic matter and nitrogen content of the soil were very
low. The lime content was 21.1-21.8 % in the soil of experimental area.

This study was conducted in Adana province ( Mediterranean environment) in Turkey and in this region,
winters are mild and rainy, whereas summers are dry and warm, which is a typical of a Mediterranean
climate. The climate data such as temperature, precipitation and relative humidity during the 2017, 2018
and 2019 growing period and long term (LT) average (1929-2019) in Adana was shown in Table 2.

The average monthly air temperature during the research period (April-September) was varied between 18.5-
30.4oC in 2017, 20.2-29.7oC in 2018 and it was varied between 17.0 and 29.6oC in 2019. The total rainfall
was 138.2 mm, 86.8 and 105.8 mm during the growing period in 2017, 2018 and 2019, respectively. The
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average relative humidity was ranged from 60.7% to 69.1% in 2017, 61.2% to 70.2% in 2018 and 57.6% to
68.8% in 2019. As it can be seen in Table 2, the differences between the years and long term for the climate
data were not found very significant except total rain fall.

Method

The experiment was designed a randomized complete block design with three replications. The pre-sowing
herbicide was applied to the soil and the plots were kept weed-free by hand weeding during the growing
period. 300 kg ha-1 of Di-ammonium phosphate (54 kgha-1 N, 138 kg ha-1P2O5) fertilizer was applied and
incorporated to soil before planting. Urea (46%N) at the rates of 400 kg ha-1 was applied as two times;
before first (beginning of flowering) and third (pod formation) irrigation (200 kg ha-1 + 200 kg ha-1) in each
three years. Plot size was 2.8 x 5.0 m (14.0 m2) and spacing between row and plant was 70 and 15 cm,
respectively. The seeds were treated with fungicide before sowing (80% Thiram ) at the rate of 4 g kg-1

seeds for controlling Aspergillus Crown rot (Aspergillus niger van Tieghem). The seeds were sown by hand
at 5 April in 2017, 7 April in 2018 and 6 April in 2019. During the growing period, recommended pesticides
and fungicides were applied at proper time intervals to control insects and diseases. Sprinkler irrigation
was applied at 10 days intervals to maintained soil moisture close to field capacity. The remaining cultural
practices such as inter row cultivation and weed control were applied during the growing period. The plants
were harvested by hand after sowing 150 days (in September) in each three years.

Data collection and analysis :

The data belonging to oil content and oil quality characteristics such as fatty acids composition, L/O and
Iodine values (IV) were recorded after harvesting (Gulluoglu et al., 2016).

The oil content was extracted from peanut seeds using “Soxhlet equipment” and oil percentage was estimated
according to Association of Official Analytical Chemist (AOAC, 2010). The fatty acids composition of the
peanut oil was analyzed according to Association of Official Analytical Chemist (Anon., 2010) using Gas
Chromatograph equipment (Hewlett-Packard Company, Wilmington, DE, USA). Iodine values (IV) = [(%
oleic acid x 0.8601) + (% linoleic acid x 1.7321)] and Oleic acid/Linoleic acid (O/L) ratio=[% oleic acid
(18:1)/linoleic acid (18:2)] of the peanut oils were calculated using the equation given by Hashim et al.
(1993) and Chowdhury et al. (2015).

The data were statistically and correlation analyzed by using JMP 8.1.0 package program with repeat years
on randomized complete block design. The Least Significant Differences (LSD) test was used to compare
the treatments at 0.01 level.

RESULTS and DISCUSSIONS

The average data (three years) belonging to oil content, fatty acids composition, O/L ratio and iodine value
of different market type peanut varieties has been presented in Table 3 and Fig 1.

Oil Content

As it can be seen in Table 3 the results indicated that the differences between the peanut varieties were
statistically significant for the oil content in a three-year average. The oil content values varied between
45.38% and 51.28% in peanut varieties. The oil percentage was the highest in G.Green (51.28%) and
followed by Florispan (50.54%), Halisbey (49.87%) and the lowest in G.Red (45.38%) varieties. According to
a three-year average, the highest and the lowest oil percentage was obtained from Runner type (G.Green) and
Valancia type (G.Red) peanut varieties, respectively. Onemli (2012), Gulluoglu et al. (2017) and Arioglu et
al. (2018) reported that the oil percentage of peanut varieties varies between 35-56% depending on genotype,
seed maturity, growing season and crowing conditions. The amount of oil in peanut seed has been shown
to vary with the cultivar, market type and the environment conditions under which the seed were produced
(Sanders et al., 1995; Isleib et al., 2008). Many researchers reported that the oil content values of peanut
varieties in different market types ranged from 42.0% to 53.8% in the Spanish type, from 45.0% to 52.6%
in the Virginia type, from 41.2% to 53.6% in the Runner type and from 43.0% to 48.0% in Valencia type
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varieties (Asubio et al., 2008; Calıskan et al., 2008; Onemlı, 2012; Wang et al., 2013; Arioglu et al., 2018).
Significant differences for oil content among the cultivars are attributable to the genetic makeup and place
of their origin (Hassan et al., 2005). These results are in agreement with the findings of Raheja et al. (1987),
Chowdhury et al. (2015) and Bakal and Arioglu (2019).

Saturated Fatty Acids Composition

The major saturated fatty acids in peanut oil are palmitic (16:0) and stearic (18:0) acids. According to a
three-year result, significant differences were observed between market types for palmitic and stearic acids.
Palmitic and stearic acids percentage values of the peanut varieties varied between 10.04-12.68% and 2.32-
3.36%, respectively (Table 3). The palmitic and stearic acids percentage were the highest in Florispan
(12.68% and 3.36%) variety. On the other hand, the palmitic and stearic acids were the lowest in Halisbey
(10.04%) and G.Green (2.32%) varieties, respectively (Table 3). The highest palmitic and stearic acids
percentage were found from Spanish type (Florispan) and the lowest from Virginia (Halisbey) and Runner
market type peanut varieties, respectively. It was determined that the total amount of saturated fatty acid
was higher in Spanish and Valencia market type of peanuts than Virginia and Runner market type of peanut
varieties (Table 3).

The saturated fatty acids content in peanut oil were strongly influenced by genotype and harvesting time
(Isleib et al., 2008; Bakal and Arioglu, 2019). Fatty acid composition of peanut has been studied in different
cultivars and different environments and it has been reported that the palmitic acid content of peanut
cultivars varied between 8.6-14.1% and stearic acid between 1.6-3.7% (Onemli, 2012; Chaiyadee et al., 2013;
Mzimbiri et al., 2014; Chowdhury et al., 2015; Bakal and Arioglu, 2019).

Significant differences for palmitic and stearic acids percentage among the cultivars are attributable to the
genetic makeup and place of their origin (Hassan et al., 2005). These results are in agreement with the
findings of Anderson and Gorbet (2002), Ozcan and Seven (2003), Hassan et al. (2005), Gulluoglu et al.
(2016), Sogut et al. (2016), Arioglu et al. (2018) and Bakal and Arioglu (2019).

Unsaturated Fatty Acids Composition

The major unsaturated fatty acids in peanut oil are oleic (C18:1) and linoleic (C18:2) acids. As it can be seen
in Table 3, the differences between the market types of peanut varieties for the unsaturated fatty acids (oleic
and linoleic acids) values were statistically significant in a three-year average. According to a three-year
average oleic and linoleic acid percentage varied between 37.46% and 51.97%, respectively (Table 3). The
highest oleic acid percentage (51.97%) was obtained from Virginia market type peanut variety (Halisbey)
and the lowest (37.46%) from Spanish market type variety (Florispan). It was determined that the total
amount of unsaturated fatty acid was higher in Virginia and Runner market type of peanut varieties than
Spanish and Valencia market type of peanut varieties in this study. Bakal and Arioğlu (2019) indicated that
the oleic and linoleic acids percentage varied between 39.05-60.45% and 28.18-30.05%, respectively in main
crop growing season. How and Young (1983), Ozcan and Seven (2003) and Wang et al., (2013) indicated
that the unsaturated fatty acids such as oleic and linoleic acids composition of peanut oils varied between
35-65% and 19-45%, respectively. Hassan et al (2005) and Gecgel et al. (2007) reported that significant
differences for unsaturated fatty acids among the peanut cultivars are attributable to the genotype. Similar
results were obtained in many studies on fatty acids composition (Onemli„ 2011; Chowdhury et al., 2015;
Gulluoglu et al., 2017; Arioglu et al., 2018; Asik et al., 2018; Bakal and Arioglu, 2019).

Oil Quality Values (O/L and IV)

The ratio of oleic acid to linoleic acid (O/L ratio) and iodine value (IV) determine the nutritional quality,
storability and shelf-life of peanut oil and its products. A high oleic to linoleic (O/L) acid ratio (>10:1)
in peanut results an increased self life (up to 10 times) and improved flavor when compared to a normal
O/L ratio (1.5/1). In addition, the iodine value was used to determine the degree of unsaturated fatty acid
and the stability of peanut oil. High O/L ratio and low IV value generally indicate good stability and long
shelf-life (; Chaiyadee et al., 2013; Chamberlin et al., 2014).
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As it can be seen in Table 3, the differences between the peanut varieties for the O/L values were statistically
significant in main crop growing season. According to a three-year average, O/L values of the peanut varieties
varied between 0.97 and 1.91. The O/L value was 0.97 in Florispan, 1.23 in G.Red, 1.50 in G.Green and
1.91 in Halisbey peanut varieties in a three-year average. The highest O/L ratio was obtained from Virginia
market type peanut variety due to higher oleic acid and lower linoleic acid percentage compared to other
market types of peanut varieties. On the other hand, the lowest O/L ratio was obtained from Spanish market
type peanut variety due to lower oleic acid and higher linoleic acid percentage. Bakal and Arioglu (2019)
indicated that O/L value in peanut oil was increased when the harvesting delayed. They also indicated
that the reason of O/L increases because the oleic acid percentage was increased and the linoleic acid was
decreased when the harvesting times were delayed. Bovi (1982), Raheja et al. (1987) and Onemli (2012)
reported that there was a negative correlation between oleic acid and linoleic acid. Gulluoglu et al. (2016)
reported that the O/L ratio of the peanut oil varied between 1.92 and 2.23 at different harvesting times in
main crop growing season. The O/L ratio was increase when the harvesting delayed. Oleic and Linoleic acids
percentage of peanut varieties were found different. For these reasons, O/L ratio of the peanut varieties was
found different. Hassan et al. (2005) reported that significant differences for unsaturated fatty acids and
O/L ratio among peanut cultivars are attributable to the genotype.

Iodine values (IV) of the peanut oils were calculated using the (% oleic acid x 0.8601) + (% linoleic acid x
1.7321) equation given by Chowdhury et al. (2015). IV is important quality factor in peanut oil. Chaiyadee
et al. (2013) and Brown et al. (1975) reported that the ratio of oleic acid to linoleic acid (O/L ratio) and
iodine value determine the quality, storability and shelf-life of peanut oil and its products. In addition, the
iodine value (IV) was used to determine the degree of unsaturated fatty acid and the stability of peanut oil.
High-oleic peanut has longer self-life than low-oleic peanut and it has better flavor quality or stability than
low-oleic peanut. Worthington et al. (1972) and Young et al. (1972) indicated that Iodine value indicates of
the stability and self life of peanut oil. Low iodine value generally indicates good stability and long shelf-life.

The differences between the peanut varieties for the iodine value were found statistically significant in a
three-year average. According to a three-year average, the iodine values of the peanut varieties varied
between 91.80 and 99.23 in main crop growing season (Table 3). Iodine value was the highest in Florispan
(99.23) and the lowest in Halisbey (91.80) varieties. Iodine value was the highest in Spanish market type
peanut varieties due to higher linoleic acid percentage compared to other market types of peanut varieties.
High linoleic acid percentage increases the iodine value (% Linoleic acid x 1.7321). Linoleic and oleic acids
percentage was the important factors for indicating the iodine value. Andersen and Gorbet (2002) concluded
that biochemical relationships between variables of fatty acids were more greatly affected by genetic effects
than by environmental conditions. The reason for the differences between the varieties for the iodine value
was them having different oleic and linoleic acids content. These results are in agreement with the findings of
Andersen and Gorbet (2002), Chaiyadee et al. (2013), Chamberline et al. (2014), Chowdhury et al. (2015),
Gulluoglu et al. (2016) and Arioglu et al. (2018) were indicated similar results.

Conclusion

Peanut seeds contain approximately 42-56% oil, 25-35% protein and 18-20% carbohydrate and are rich source
of minerals (K, Ca, Mg, Fe and Z) and vitamins such as E, K and B group. For these reason, peanut kernel
is an important and good source of oil, protein and fatty acids for human nutrition. Peanut production is
getting important crop by year to year. Peanut production was 173.800 ton in Turkey in 2018 and all of them
are used for the human nutrition (roasted peanut). The objective of this study was to compare of fatty acids
composition and oil quality factors of different market type peanut (Arachis hypogaea L.) varieties grown as
a main crop in Cukurova region (Mediterranean Region)-Turkey.

According to a three-year results; the oil content of the peanut varieties varied between 45.38% and 51.28%.
The total saturated fatty acid was higher in Spanish and Valencia types than Virginia and Runner types.
On the other hand, the total unsaturated fatty acid was higher in Virginia and Runner types than the others
types.
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The ratio of oleic acid to linoleic acid (O/L ratio) and iodine value (IV) determine the nutritional quality,
storability and shelf-life of peanut oil and its products. In addition, the iodine value was used to determine
the degree of unsaturated fatty acid and the stability of peanut oil. High O/L ratio and low IV value generally
indicate good stability and long shelf-life. According to a three-year average, the highest O/L and IV was
obtained from Virginia type (Halisbey) and Spanish (Florispan) market type peanut varieties, respectively.
Halisbey peanut variety has the highest oil quality due to high O/L and Low IV among the tested peanut
varieties.
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