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In this study, total lipid content, fatty acid composition, tocopherol content, total phenol, 
and DPPH activity of nine selected walnut genotypes from Liaoning province of China were 
studied. The total lipid content of the walnut genotypes was changed between 47.5 (3-2-
16) and 66.8% (Liaoning 7). Oleic acid was the major monounsaturated fatty acid that is 
42.86% in the Liaoning 7 genotype, while linoleic acid was the dominant polyunsaturated 
fatty acid reached a maximum of 63.47% at Han Feng genotype. The total tocopherol con-
tent of walnut genotypes ranged from 166.15 (Lipin 1) to 382.40 µg/g oil (E1-44). The most 
abundant tocopherol isomer was γ-tocopherol and it showed maximum level in the Han 
Feng genotype (318.42 µg/g). We found α-tocopherol was the minor tocopherol compared 
to other tocopherol isomers and all walnut genotypes showed antioxidant activity that is 
varied from 52.22 (3-2-16 selection) to 40.18% (Lipin 1). As a result, this study provided 
valuable information on the chemical compound of selected Chinese walnut genotypes and 
insights into selecting 
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INTRODUCTION

Walnut (Juglans regia L.) is one of the most important and common nut species 
and ranked second after almond in terms of production. Walnut trees can be 
grown in a wide range from South-eastern Europe to the Caucasus regions 
due to their high ability to adapt to different climate conditions [1, 2]. Walnut 
includes high nutritious components including macronutrients (protein, fat, 
carbohydrate), micronutrients (minerals, vitamins) and other bioactive com-
pounds such as monounsaturated fatty acids [MUFA], polyunsaturated fatty 
acids [PUFA], and tocopherols [3]. Walnut has significant health benefits when 
consumed in an adequate amount. It has medicinal importance in medical 
biochemistry and physiology because of its specific composites [4]. Therefo-
re, the production and consumption of walnut have increased at a fast rate in 
the last decades [5]. The production of world shell-walnut was approximately 
3.7 million metric tons, and the major walnut producing countries are China 
(1.536 mt), USA (613 kt), Iran (409 kt), and Turkey (215 kt) [5]. Among these 
countries, China is the leading walnut producer in the world and is responsi-
ble for 43.3% of world production in 2018.
Walnut has been used in the human diet since ancient times and it includes 
approximately 60% oil [6], among which the unsaturated fatty acids is the 
dominant compound. Walnut contains a high level of polyunsaturated fatty 
acids (PUFAs) including Omega-6 and Omega-3, which are more beneficial 
for human health compared to monounsaturated fatty acids (MUFAs) [7, 8]. 
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ried from 47.2% (PI 142323 from France) to 81.0% 
(Ashley from California).
China is the leading walnut producer in the world. 
However, there is little research on the biochemical 
components of Chinese walnut cultivars. Furthermore, 
we need more research on the nutritional quality and 
health-promoting constituent of walnuts to enhance 
our knowledge and encouraging walnut consump-
tion. The aim of this study was the characterisation of 
promising genotypes grown in China in terms of fatty 
acids, total antioxidant as well as tocopherol content, 
and the evaluation of the nutritional value of selected 
varieties to expand the knowledge of the crop and 
encourage walnut consumption. The result of this stu-
dy will provide valuable information on the chemical 
compound of Chinese walnut genotypes.

EXPERIMENTAL PART

PLANT MATERIAL
Mature fruit samples of nine walnut genotypes (E1-44 
Selection, Liao Rui Feng, Liaoning 1 7, Liaoning 1 4, 
3-2-16, Lipin 2, Liaoning 1, Lipin 1, Han Feng) were 
harvested from the Liaoning agricultural research cen-
tre, which is located in the Liaoning province of China 
in September 2019. The nuts were selected randomly 
from each genotype with three replicates. The sam-
ples were immediately carried to the laboratory after 
harvesting and then dried in an incubator at +30°C for 
36 hours. The dried samples were transported to Tur-
key in vacuum-sealed plastic bags for further analysis.

KERNEL OIL EXTRACTION AND FATTY ACID ANALYSIS
Oil extraction of the samples was performed accord-
ing to the method of Bligh and Dyer [22]. The oil con-
tent was calculated based on the weight difference 
of tubes before and after the experiment. The oil 
samples were used for the fatty acid and tocopherol 
assays. Potassium hydroxide (KOH) in methanol was 
used for the methylation process. At first, the sam-
ples from nine genotypes were grounded separately 
with mortar, then 20 g of ground samples were used 
for the oil extraction using hexane solvent in Soxhlet 
equipment (Gerhardt Soxtherm) and a triplicate anal-
ysis was reported for each genotype. The samples 
were mixed with petroleum benzene and kept for 2 h 
to accomplish the extraction. The samples were dried 
until reaching a constant weight.
The total fatty acids were evaluated using Agilent Gas 
Chromatography accompanying with an auto-sam-
pler (Agilent.7820A). The fatty acid analysis was con-
ducted according to the method by Firestone [23] 
with some modification by Ichihara et al. [24] by trans-
forming the fatty acid to the corresponding methyl es-
ter forms. The main parameters for GC analysis were 
described in the Table I

The highest proportions of the unsaturated fatty acids 
contain α-linolenic acid (18:3ω3) and linoleic acid 
(18:2ω6) [9]. Ros et al. [10] reported that consumption 
of walnut has significantly reduced low-density lipo-
protein (LDL) cholesterol concentration and preven-
ted coronary heart disease in humans. Kris-Etherton 
[11] also demonstrated walnut consumption reduces 
the two major risk factors (lipoprotein cholesterol and 
diastolic blood pressure) for cardiovascular disease. 
Additionally, West et al. [12] reported that high wal-
nut consumption in the diet can significantly reduce 
stress level in humans. 
Walnut is also a natural source of antioxidants that 
protects the human body from the detrimental effects 
of free radicals [13, 14]. In previous studies, phenols 
are reported to have antimicrobial activity by many 
researchers [15, 16]. Walnut contains a high level of 
phenols thatan prevent the lipid oxidation process 
[8]. Because the public’s awareness of the harmful 
artificial antimicrobial components added to food 
is increasing, people are avoiding to use chemi-
cal preservations and trying to find new harmless 
antimicrobials with a natural origin [17, 18]. In re-
cent years, phenolic compounds and antioxidant 
research in walnut gained more interests in the in-
ternational community. Many important chemicals 
such as antioxidants, fatty acids, and tocopherols 
showed significant variation between different wal-
nut cultivars [19]. Many studies had focused on 
the chemical compounds of walnut from different 
countries and nine walnut cultivars grown in Portu-
gal were analysed in a recent study. Content of the 
three major tocopherols γ-tocopherol, α-tocopherol, 
and δ-tocopherol varied from 172.6 to 262.0 mg/
kg, 8.7 to 16.6 mg/kg and from 8.2 to 16.9 mg/kg, 
respectively [19]. Greve et al. [20] studied eight New 
Zealand walnut selections together with five commer-
cial cultivars and reported that the total lipid content 
of the walnut genotypes ranged from 64.2 to 68.9%. 
The oleic acid content of the oils varied from 12.7 to 
20.4% of the total fatty acids. The total tocopherol 
contents of these nuts varied from 268.5 to 436.0 
µg/g. Nineteen walnut genotypes were selected from 
the Kahramanmaraş region of Turkey and analysed 
for fatty acid and tocopherol content by Beyhan et al. 
[21]. Results showed that the total fat, stearic acid, 
linoleic acid, linolenic acid, and oleic acid varied from 
51.2 to 82.1%, 2.57 to 3.37%, 53.23 to 63.62%, 
10.75 to 15.24% and 14.73 to 24.17%, respecti-
vely. Tocopherol content including α, γ, and β + 
δ tocopherol changed between 23.47 and 38.04 
μg/g, 161.09 and 292.56 μg/g, and 16.93 and 
32.34 μg/g, respectively. Greve et al. [20] analysed 
151 cultivars originated from four different countries 
and cultivated in the California region. As a result, 
the polyunsaturated fatty acid content of the wal-
nuts as a percentage of total fatty acid content va-
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515 nm in a spectrophotometer (Thermo Multi Scan 
Go) and the results were calculated as the following 
formula:

STATISTICAL ANALYSIS
All extractions and analysis were performed in tripli-
cate. Results were presented as mean values ± stan-
dard deviation (SD). Variances between the mean 
values were compared by One-way ANOVA in SPSS 
26.0 software and significant difference between va-
rieties was assigned by the Duncan test. The differ-
ence at p <0.05 was considered significant.

RESULTS AND DISCUSSION 

The kernels of nine important selected walnut gen-
otypes were analysed for determining walnut kernel 
oil compositions such as total lipid, saturated and 
unsaturated oil. Besides, the nine selected walnut 
genotypes were analysed in terms of total tocopher-
ol and its isomers compounds such as α, β, γ, and 
δ-tocopherol. 

SATURATED FATTY ACIDS
The values of the total lipid (%) and essential saturat-
ed fatty acid profile of nine selected walnuts geno-
types are shown in Table II. The total lipid content of 
kernels of the nine selected genotypes ranged from 
44.9 (Liaoning 1) to 66.8% (Liaoning 7) (Tab. II). In 
previous studies, Yerlikaya et al. [27], stated an oil 
content of 61.3 to 69.4% in seven walnut genotypes, 
while Beyhan et al. [21] studied the lipid content of 
19 selected walnut genotypes from Turkey and the 
lipid content of the genotypes differed from 51.2 to 
82.1%. Akbari et al. [28] reported an lipid content 
of 63.3 to 78.5% in six different walnut genotypes, 
while Ünver et al. [29] determined an oil content of 
43.2 to 58.7% in some selected walnut genotypes. 
The lipid and fatty acid proportion of walnuts can 
change depending on the walnut cultivar, the har-
vesting year, environmental conditions, temperature 
variation, rainfall, light [30], and the cultivation meth-
od such as pruning, fertilisation, and irrigation [31, 
32]. The various lipid content among the genotypes 
may be caused by the cultivar and regional differ-
ence of walnut genotypes.
Saturated fatty acids (SFA) are the less abundant fat-
ty acid form in walnut [30]. Low SFA level in walnut is 
helpful to maintaining normal blood cholesterol and 
reducing the risk of diabetes and cardiovascular dis-
eases [33]. In this study, SFA is the less abundant 
fatty acid and palmitic acid constituted the major-

TOCOPHEROLS 
A total of 1 g of an oil sample from each walnut gen-
otype was used for the tocopherol (α, β, γ, and δ-to-
copherol) analysis using the HPLC system (Agilent 
1100). In the analysis, Hexane: Acetic Acid: 2-propa-
nol (1000:5:6) was used as mobile phase, samples 
were injected into the GL Science InterstilTM NH2 (5 
µm 4.6 × 250 mm) column, and the peaks were de-
tected using the UV detector at wavelengths of 298 
nm.

TOTAL PHENOL OF THE WALNUT
Total phenolic compounds were evaluated from oil 
samples according to the Folin-Ciocalteu reagent 
method by Spanos and Wrolstad, [25] with slight 
modifications. Briefly, 50 μl of a sample, 100 μl of di-
luted Folin-Ciocalteu, and 1.5 ml of double-distilled 
water were added to the 2 ml tubes, respectively. Af-
ter 10 min 50 μl 20% sodium carbonate was added to 
the mixture and kept in a dark room for 2 hours. For 
control and blank read groups, 50 μl double distilled 
water and 50 μl 80% methanol was used, respective-
ly, instead of samples. 250 μl from each sample was 
tested for absorbance at 725 nm in a spectropho-
tometer (Thermo Multi Scan Go). Gallic acid was used 
for constructing the standard curve. The results were 
expressed as mg gallic acid equivalents (GAE) 100 g 
of the dried walnut kernel.

DPPH SCAVENGING ACTIVITY 
DPPH (2,2-diphenyl-1-pikrilhidrazil) scavenging po-
tential of each variety was measured according to the 
method of Cuvelier and Berset, [26] with few modi-
fications. At first 50 μl of the sample was added to 
the 2 ml falcon tube then, 1950 μl 0.06 Mm DPPH 
was added to each tube in a dark room. The mixture 
was vortexed and stand at room temperature in a 
dark room for one hour. For control and blank read 
groups, 50 μl double distilled water and 50 μl 80% 
methanol was used instead of samples, respectively. 
Absorbance values of the samples were measured at 

Table I

Table II - Total lipid and saturated fatty acid content (%) of the nine selected walnut genotypes (mean ± SD).

Genotypes Total lipid (%) Saturated fatty acids (%)
Stearic acid Myristic acid Palmitic acid Arachidic acid

E1-44 53.6±4.3d 0.07±0.08e 0.14±0.13e 6.84±0.22b 0.30±0.16e

Liao rui feng 59.8±0.2b 0.11±0.07d 0.22±0.14d 6.51±0.19c 0.33±0.09de

Liaoning 7 66.8±4.4a 0.18±0.04c 0.14±0.16e 5.83±0.09f 0.40±0.14c

Liaoning 4 56.1±3.1c 0.21±0.07c 0.34±0.20c 6.97±0.04a 0.57±0.24a

3-2-16 47.5±4.0ef 0.10±0.03de 0.15±0.07e 6.56±0.22c 0.28±0.10e

Lipin 2 57.1±1.0c 0.09±0.01de 0.19±0.04de 6.88±0.14ab 0.32±0.04de

Liaoning 1 44.9±6.5f 0.34±0.49a 0.53±0.76a 5.74±0.08f 0.46±0.23b

Lipin 1 59.2±3.6b 0.09±0.09de 0.14±0.10e 6.06±0.13e 0.37±0.05cd

Han Feng 48.2±3.9e 0.27± 0.20b 0.43±0.29b 6.38±0.08d 0.40±0.18c

Different letters for the same parameters indicate significant difference among genotypes (p < 5).

Gas Chromatography 
(Shimadzu gregg GC-2010) Parameters

Column FID (Flame Ionization Detector)
Detector Fused-silica capillary SGE

Temperature 280°C
Length 30 m
Film thickness 0.25 µm
Inner Diameter 0.32 mm

Oven Temperature 140-220°C
Injection volume 1 µl
Injection temperature 220°C
Column temperature 190°C
Carrier Gas Helium (0.5 ml.min-1)

DPPH inhibition = 1 − × 100
A control

A control − A sample



LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL XCVIII - LUGLIO/SETTEMBRE 2021 LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL XCVIII - LUGLIO/SETTEMBRE 2021

190

Table I

Table II - Total lipid and saturated fatty acid content (%) of the nine selected walnut genotypes (mean ± SD).

Genotypes Total lipid (%) Saturated fatty acids (%)
Stearic acid Myristic acid Palmitic acid Arachidic acid

E1-44 53.6±4.3d 0.07±0.08e 0.14±0.13e 6.84±0.22b 0.30±0.16e

Liao rui feng 59.8±0.2b 0.11±0.07d 0.22±0.14d 6.51±0.19c 0.33±0.09de

Liaoning 7 66.8±4.4a 0.18±0.04c 0.14±0.16e 5.83±0.09f 0.40±0.14c

Liaoning 4 56.1±3.1c 0.21±0.07c 0.34±0.20c 6.97±0.04a 0.57±0.24a

3-2-16 47.5±4.0ef 0.10±0.03de 0.15±0.07e 6.56±0.22c 0.28±0.10e

Lipin 2 57.1±1.0c 0.09±0.01de 0.19±0.04de 6.88±0.14ab 0.32±0.04de

Liaoning 1 44.9±6.5f 0.34±0.49a 0.53±0.76a 5.74±0.08f 0.46±0.23b

Lipin 1 59.2±3.6b 0.09±0.09de 0.14±0.10e 6.06±0.13e 0.37±0.05cd

Han Feng 48.2±3.9e 0.27± 0.20b 0.43±0.29b 6.38±0.08d 0.40±0.18c

Different letters for the same parameters indicate significant difference among genotypes (p < 5).

Gas Chromatography 
(Shimadzu gregg GC-2010) Parameters

Column FID (Flame Ionization Detector)
Detector Fused-silica capillary SGE

Temperature 280°C
Length 30 m
Film thickness 0.25 µm
Inner Diameter 0.32 mm

Oven Temperature 140-220°C
Injection volume 1 µl
Injection temperature 220°C
Column temperature 190°C
Carrier Gas Helium (0.5 ml.min-1)

Table III - Unsaturated fatty acid content (%) of the nine selected walnut genotypes (mean ± SD).

Different letters for the same parameters indicate significant difference among genotypes (p < 5).

Table IV - Total Tocopherol Contents (µg/g oil) and total phenols (mg of Gallic acid/100 g fresh) of the nine selected walnut 
genotypes (mean ± SD)

Genotypes α β γ δ Total Total Phenols
E1-44 11.44±0.85a 41.04±4.03a 308.97±20.29a 20.93±24.72cd 382.40a 1.533±24.10g

Liao rui feng 6.92±0.45b 38.82±1.89a 264.58±12.41b 27.62±1.57b 337.95b 2.016±14.91d

Liaoning 7 2.81±0.59cd 30.15±0.33b 165.97±6.15d 20.31±1.17cde 219.25d 2.353±75.33b

Liaoning  4 1.99±0.66de 12.82±0.74b 264.82±3.24b 16.53±2.51e 291.68c 2.666±13.33a

3-2-16 2.64±0.82cde 02.82±0.86d 200.07±8.53c 27.70±0.12b 233.24d 2.109±10.62c

Lipin 2 1.10±0.37e 16.10±3.11c 253.30±9.71b 17.46±7.65de 288.35c 1.502±73.22h

Liaoning 1 1.36±0.38de 16.05±3.11c 238.93±9.71b 16.39±0.69bc 276.77c 1.932±35.47e

Lipin 1 1.34±0.37b 13.05±0.96b 238.21±3.58e 24.79±0.76cde 166.15e 1.463±4.89i

Han Feng 3.74±0.28c 10.70±0.44b 318.42±7.53a 35.73±1.26a 368.61ab 1.686±11.54f

Different letters for the same parameters indicate significant difference among genotypes (p < 5).

Unsaturated fatty (%)

Genotypes
Polyunsaturated fatty acids (%) Monounsaturated fatty acids (%)

Linoleic acid
(%)

a linolenic acid
(%)

PUFA
(%)

Oleic acid
(%)

Palmitoleic acid
(%)

MUFA
(%)

E1-44 43.91±1.81e 7.15±0.52bc 51.06±1.15f 41.18±1.86a 0.42±0.31de 41.60±1.08b

Liao rui feng 61.21±0.80b 8.93±0.38ab 70.14±0.60a 22.14±0.69f 0.56±0.11cd 22.70±0.40g

Liaoning 7 42.02±0.92e 7.81±0.28abc 49.83±0.60f 42.86±0.55a 0.76±0.14ab 43.62±0.34a

Liaoning 4 52.39±3.22d 8.90±0.66ab 61.29±1.94d 29.75±3.71c 0.87±0.22a 30.62±1.96d

3-2-16 56.30±1.82c 8.77±0.42ab 65.07±1.12c 27.46±1.86d 0.39±0.04de 27.85±0.95e

Lipin 2 61.32±1.28b 9.10±0.34a 70.42±0.82a 21.80±1.43fg 0.31±0.09e 22.11±0.72gh

Liaoning 1 57.79±1.69c 9.49±0.56a 67.28±1.12b 24.97±0.42e 0.69±1.02bc 25.66±0.76f

Lipin 1 50.63±0.44d 6.63±0.10c 57.26±0.27e 35.75±0.67b 0.34±0.14e 36.09±0.40c

Han Feng 63.47±0.55a 8.25±0.63abc 71.72±0.58a 20.14±0.90g 0.67±0.45bc 20.81±0.67h

ity of SFA percentage (Tab. II and Tab. III). Palmitic 
acid ratios ranged from 6.97% (Liaoning 4) to 5.74% 
(Liaoning 1), while arachidic acid, myristic acid, and 
stearic acid content of the SFA were changed from 
0.28 to 0.57%, 0.14 to 0.34%, 0.07 to 0.34%, re-
spectively (Tab. II).  Unver et al. [29] also detected 
that palmitic acid is the major SFA form in walnut 
and palmitic acid content and ranged from 5.20 to 
7.29%. In another study, palmitic acid (C16:0) was 
also the primary SFA in walnut and its ratio changed 
between 7.28% to 8.95% [30]. In brief, our findings 
are consistent with these previous studies.

UNSATURATED FATTY ACIDS
Unsaturated fatty acids (USFA), especially polyun-
saturated fatty acids (PUFA), have a fundamental 
role in healthy human nutrition [33]. Walnut oil con-
tent consists of predominantly unsaturated fatty ac-
ids. PUFA and monounsaturated fatty acids (MUFA) 
were also studied in this study. In contrast with other 
nuts such as almond, pistachio and hazelnut, wal-

nut mainly contains PUFAs [33]. Total PUFA content 
varied between 49.83% (Liaoning 7) to 71.72% (Han 
Feng) and the total amount of MUFA changed be-
tween 20.81% (Han Feng) to 43.63% (Liaoning 7) 
in the nine selected walnut genotypes (Tab. III). Am-
aral et al. [8] reported that PUFA content changed 
between 70.66 and 74.83%, while MUFA content 
varied from 15.82 to 18.87%. According to Kafkas 
et al. [34] MUFA content varied between 13.06% to 
27.70%, and PUFA content oscillated from 61.25% 
to 76.74%. The fatty acid content of walnut cultivars 
cultivated in an experimental orchard at Lincoln Uni-
versity was examined and PUFA content of the wal-
nut oil ranged between 62.4% to 68.7% [7]. Accord-
ing to another study, MUFA and PUFA contents were 
21.2 g/100 g and 69.0 g/100 g in the walnut oil, 
respectively [35]. Li et al. [36] studied the fatty acid 
compositions of three heartnut (Juglans ailanthifo-
lia var. cordiformis) varieties and stated that PUFAs 
are the foremost group of fatty acids in heartnut and 
walnut that changed from 73.07 to 80.98%. In all 
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had the highest tocopherol content (382.40 µg/g) 
among all the genotypes (Tab. IV). Abdallah et al. [41] 
reported that the total tocopherol content of six walnut 
cultivars were changed between 186.54 to 436.2 mg/
kg. In another study, the total tocopherol content of 
Rex cultivar and Dublin’s Glory cultivar (selected from 
New Zealand) had 290.2 µg/g (the lowest) and 34.8 
µg/g (the highest level), respectively. These findings 
were consistent with the results of this study γ-to-
copherol is predominant among all tocopherol forms 
(Tab. IV). The highest content of this form was found 
in Han Feng (318.42 µg/g) genotype, while the lowest 
value was found in Liaoning 7 (165.97 µg/g) genotype. 
γ-tocopherol is more active in decreasing platelet ag-
gregation and LDL oxidation than α-tocopherol [42]. In 
addition, β -tocopherol content varied between 41.04 
(E1-44) and 2.82 µg/g (3-2-16) (Tab. IV). δ -Tocopher-
ol ranged between 35.7 µg/g in Han Feng and 16.39 
µg/g in Liaoning 1. α-tocopherol showed a lower level 
than the detected other tocopherols (1.10-11.40 µg/g) 
(Tab. IV). In this study, tocopherols content showed a 
significant difference among the genotypes which is 
similar to the previous reports [14], [41]. Abdallah et 
al. [41] stated that β and γ-tocopherol are predomi-
nant among the detected tocopherols in six varieties 
and α-tocopherol had the lowest value. In another 
study  γ-tocopherol was the main tocopherol (127-
267 mg/kg) while β-tocopherols were not identified in 
walnuts cultivated in Canada [36]. Moreover, Korn-
steiner et al. [14] reported that β and γ-tocopherol 
are the main detected tocopherols (120-320 mg/kg) 
in cultivated walnuts in Austria, and α- tocopherols 
were not detected. These differences may result 
from different tocopherol analysing methods used in 
experiments. Genotypes with high tocopherol con-
tent such as E1-44 and Han Feng can be selected 
as a candidate for commercial production or breed-
ing studies.
The total phenolics content of the nine selected wal-
nut genotypes was listed in Table IV. The mean value 
of total phenolics oscillated between 1463.09 (Lipin 

these studies PUFA content was much higher than 
the MUFA content and these results were consistent 
with our results.
The unsaturated fatty acids (%) were linoleic acid, ole-
ic acid, α-linolenic acid, palmitoleic acid in descend-
ing order. The highest linoleic acid content among 
the genotypes was detected in the Hang Feng gen-
otype (63.47%), while the lowest linoleic acid con-
tent was detected in Liaoning 7 genotype (42.02%) 
(Tab. III). The highest oleic acid content was found in 
Liaoning 4 (29.75%) genotype and the lowest value 
was found in Han Feng genotype (20.40%). Çaglar-
irmak [4] found that oleic acid and linoleic acid con-
tent varied between 13.10 to 27.12%, and 39.08 to 
49.07%, respectively. Uzunova et al, [37] also report-
ed that linolenic acid changed from 9.66 to 10.77% 
and the highest value of linoleic acid content was 
64.14%. These results were similar to the results of 
the current study. Aparicio et al. [38] stated that the 
rate of oleic/linoleic acid was the most significant in-
dicator of stability of walnut oil. In particular, a higher 
oleic ratio and lower linoleic acid ratio means a long 
shelf-life. This ratio was used in the characterisation 
of walnut oil [30] and oil quality of walnut cultivars 
[38]. In this study, the oleic/linoleic acid ratio ranged 
from 0.32 in Liao rui Feng to 1.02 in Liaoning 7 (data 
are not shown). This ratio reported in the walnut oil 
ranging from 0.2 to 0.32 [30] which indicates Lia-
oning 7 cultivar is the ideal candidate for walnut oil 
extraction. Moreover, Zwarts et al. [7] stated that the 
composition of the fatty acids was essential for ran-
cidity, flavour, as well as the taste of the walnut oil.

TOCOPHEROL CONTENT AND TOTAL PHENOLS
Tocopherols are the major membrane localised anti-
oxidants in humans. Lower tocopherol intake increase 
the risk of certain types of cancer and atherosclerosis 
[39]. Walnut oils are an important source of tocopherols 
which includes four homologues: α, β, γ, δ-tocopher-
ols [40]. Lipin 1 genotype had the lowest total tocoph-
erol content (166.15 µg/g), while the E1-44 genotype 

Table III - Unsaturated fatty acid content (%) of the nine selected walnut genotypes (mean ± SD).

Different letters for the same parameters indicate significant difference among genotypes (p < 5).

Table IV - Total Tocopherol Contents (µg/g oil) and total phenols (mg of Gallic acid/100 g fresh) of the nine selected walnut 
genotypes (mean ± SD)

Genotypes α β γ δ Total Total Phenols
E1-44 11.44±0.85a 41.04±4.03a 308.97±20.29a 20.93±24.72cd 382.40a 1.533±24.10g

Liao rui feng 6.92±0.45b 38.82±1.89a 264.58±12.41b 27.62±1.57b 337.95b 2.016±14.91d

Liaoning 7 2.81±0.59cd 30.15±0.33b 165.97±6.15d 20.31±1.17cde 219.25d 2.353±75.33b

Liaoning  4 1.99±0.66de 12.82±0.74b 264.82±3.24b 16.53±2.51e 291.68c 2.666±13.33a

3-2-16 2.64±0.82cde 02.82±0.86d 200.07±8.53c 27.70±0.12b 233.24d 2.109±10.62c

Lipin 2 1.10±0.37e 16.10±3.11c 253.30±9.71b 17.46±7.65de 288.35c 1.502±73.22h

Liaoning 1 1.36±0.38de 16.05±3.11c 238.93±9.71b 16.39±0.69bc 276.77c 1.932±35.47e

Lipin 1 1.34±0.37b 13.05±0.96b 238.21±3.58e 24.79±0.76cde 166.15e 1.463±4.89i

Han Feng 3.74±0.28c 10.70±0.44b 318.42±7.53a 35.73±1.26a 368.61ab 1.686±11.54f

Different letters for the same parameters indicate significant difference among genotypes (p < 5).

Unsaturated fatty (%)

Genotypes
Polyunsaturated fatty acids (%) Monounsaturated fatty acids (%)

Linoleic acid
(%)

a linolenic acid
(%)

PUFA
(%)

Oleic acid
(%)

Palmitoleic acid
(%)

MUFA
(%)

E1-44 43.91±1.81e 7.15±0.52bc 51.06±1.15f 41.18±1.86a 0.42±0.31de 41.60±1.08b

Liao rui feng 61.21±0.80b 8.93±0.38ab 70.14±0.60a 22.14±0.69f 0.56±0.11cd 22.70±0.40g

Liaoning 7 42.02±0.92e 7.81±0.28abc 49.83±0.60f 42.86±0.55a 0.76±0.14ab 43.62±0.34a

Liaoning 4 52.39±3.22d 8.90±0.66ab 61.29±1.94d 29.75±3.71c 0.87±0.22a 30.62±1.96d

3-2-16 56.30±1.82c 8.77±0.42ab 65.07±1.12c 27.46±1.86d 0.39±0.04de 27.85±0.95e

Lipin 2 61.32±1.28b 9.10±0.34a 70.42±0.82a 21.80±1.43fg 0.31±0.09e 22.11±0.72gh

Liaoning 1 57.79±1.69c 9.49±0.56a 67.28±1.12b 24.97±0.42e 0.69±1.02bc 25.66±0.76f

Lipin 1 50.63±0.44d 6.63±0.10c 57.26±0.27e 35.75±0.67b 0.34±0.14e 36.09±0.40c

Han Feng 63.47±0.55a 8.25±0.63abc 71.72±0.58a 20.14±0.90g 0.67±0.45bc 20.81±0.67h



LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL XCVIII - LUGLIO/SETTEMBRE 2021 LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL XCVIII - LUGLIO/SETTEMBRE 2021

192

the unsaturated fatty acids, PUFAs are proven to be 
healthier than MUFAs by many types of research. 
Also, among different tocopherol isomers, γ-tocoph-
erol was suggested to be especially important for hu-
man health compared to other tocopherol isoforms. 
Nine walnut genotypes (E1-44, Liao Rui Feng, Liao-
ning 7, Liaoning 4, 3-2-16, Lipin 2, Liaoning 1, Lipin 
1, Han Feng) were analysed in this study, based on 
our result in these walnut genotypes. Unsaturated fat-
ty acid content is higher than the saturated fatty acid 
content. PUFA content is higher than MUFA content. 
γ-tocopherol is the most abundant tocopherol isomer. 
All the results above highlighted the importance of 
walnut as a healthy diet. China is the main walnut pro-
ducer in the World which is responsible for almost half 
of the whole world’s walnut production and China has 
many potential superior walnut genotypes. This stu-
dy revealed useful information on the chemical com-
pound of nine selective walnut genotypes from China. 
These results can be used to select potential cultivars 
with high nutrition value and further breeding studies.

Acknowledgments 
Gratitude is extended to Liaoning Institute of Eco-
nomic Forestry, Dalian, China for providing the walnut 
samples. The analysis was performed at the Universi-
ty of Çukurova, Faculty of Agriculture, Department of 
Horticulture. 

Author contributions
All authors contributed to the study conception and 
design. Material preparation was carried out by FL 
and YG. Data collection and analysis were performed 
by ÖFB, ŞHA, and PA. The first draft of the manuscript 
was written by ÖFB, PA, SK, and ENK. All authors 
commented on previous versions of the manuscript. 
All authors read and approved the final manuscript.

Funding
This research did not receive any specific donations 
from funding agencies in the civil commercial, or 
non-profit sectors.

Data Availability
All data interests and material in this study support 
published claims of the authors and comply with field 
standards.

Code availability
No software application and custom code were avail-
able in this study.

Conflict of interest
The authors declare that the research was conducted 
in the absence of any commercial or financial relation-
ships that could be construed as a potential conflict of 
interest. There is no conflict of interest. 

1) and 2666.12 (Liaoning 4) GAE/100 g. Kornsteiner 
et al. [14] studied the total phenols content of four 
different nuts as a result the highest phenol content 
was reported in walnut (1020 - 2052 mg/100 g), fol-
lowed by pistachios (492 to 1442 GAE/100 g) and 
pecans (1022 - 1444 GAE/100 g). Moreover, Kafkas 
et al. [34] reported that the total phenolic content of 
10 different walnut cultivars oscillated between 2440 
and 3490 mg GAE/100 g. These results agree with 
our study.

THE DPPH SCAVENGING CAPACITY
DPPH assay has been generally used to determine 
the free radical- scavenging activity of different plants 
and pure compounds [15, 38]. DPPH provides fun-
damental information about the extract’s antiradical 
activity. Inhibition of lipid oxidation by antioxidants is 
one of the best-known mechanism of radical scav-
enging [44]. It is known that antioxidant active com-
pounds have helped prevent chronic diseases [45]. 
In this study, DPPH scavenging capacity oscillated 
between 52.22 (3-2-16 selection) to 40.18% (Lipin 1) 
genotype (Fig. 1). Akbari et al. [28] studied the DPPH 
activity of six Iranian walnut genotypes and the re-
sults differed between 53.83 (B1) to 94.07%(BHA). 
Li et al, [46] stated that DPPH activity of the walnut 
oil (100 mg/mL) was 0.47 (μM TEAC/g), while DPPH 
of the walnut extraction (50 μg/mL) was 1026.19 
(μM TEAC/g). These differences may result from the 
used analysing methods. 

CONCLUSION

Walnut contains many beneficial compounds such as 
PUFA, MUFA, tocopherols, and antioxidants. Unsa-
turated fatty acids are not synthesized in the human 
body, so they are called essential fatty acids. Among 

Figure 1 - The antioxidant activity of the nine selected walnut 
genotypes.
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