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Variability in oil content and fatty acid composition in selected
walnut (Juglans regia) ger mplasm
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ABSTRACT

The oil content and fatty acid composition of 16 walnut (Juglans regia L.) genotypes collected during 2008 from
Phulwama and Budgaon districts of Jammu and Kashmir were determined. Considerable variations between genotypes
were observed for all the parameters. The total oil content of the walnut ranged from 65.93% to 75.26%. The oleic acid
ranged from 14.77 to 28.29% of thetotal fatty acid content, whilelinoleic and linolenic acid ranged from 47.07 to 66.0%
and 8.13t019.90%, respectively. Thesaturated fatty acid, i e palmitic acid and stearic acid ranged from 4.76 to 7.63% and
1.74 to 3.34%, respectively. The large variability was observed for all fatty acids and these can act as base for breeding
of walnut cultivars for superior varieties with oil of higher quality, satisfying industrial and consumer sectors.
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Walnut (Juglans regia L.) tree is native in south-eastern
Europe, Asiaminor, Indiaand China. Thekernel istheedible
part of the nut and is considered an important food crop with
a high nutritional value. They have been used traditionally
to treat cough, stomach and cancer in Asia and European
countries (Fukuda et al. 2003). Walnut oil iswidely used in
cosmetic industry wherewalnut oil isan important ingredient
of anti-wrinkle and anti-aging products, dry skin cream
because it presents moisturising as well as antioxidant
properties (Espin et al. 2000). Walnut kernels generally
contain about 60% oil (Prasad 1994) but this may vary from
52 to 70% depending upon the cultivar, location of growth
andirrigation state. Considerabl einterest has been generated
inwalnut asthey are believed to possess plasma cholesterol -
lowering properties (Sabate et al. 2003). Walnut’'s
concentration of omega-3'shas many potential health benefits
ranging from cardiovascular protection to the promotion of
better cognitive function, to anti-inflammatory benefits
helpful in asthma, rheumatoid arthritisand inflammatory skin
diseases such as eczema and psoriasis. This property is
believed to result from the fatty acid profile present in wal nut
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oil. The major fatty acids found in walnut oil areoleic (18:1
®-9), linoleic (18:2 w-6) and linolenic (18:3 w-3) acids. The
ratios of these fatty acids are considered important for their
economic and nutritional value. For example, lesser the
linoleic and linolenic acid contentsin the ail, longer the shelf-
life, while higher levels of polyunsaturated fatty acids are
more desirable because of their potential health benefits
(Cunnane et al. 1993, Abbey et al. 1994).

Major quality loss during storage and transport occurs
dueto kernel rancidity. Therefore, for oil stahility, fatty acid
composition essentialy the ratio of oleic to linolenic (O/L)
acidsis considered as an important criterion to evaluate the
kernel quality (Kester et al. 1993). Walnuts are essential
component of human diet because of their biochemical
composition of polyunsaturated fatty acids, especially 18:2
and 18:3; therefore, it hasvery important placein nutritional
habits. And for nutritional quality the ratio of linoleic and
linolenic (w-6/m-3) acid is very important. In the present
study nutritive composition of fatty acids has been analyzed
in walnut germplasm collected from Jammu and Kashmir,
India. Such evaluation would be helpful for characterization
of walnut cultivars and would provide selection criteriain
terms of quality evaluation and healthy diets that are
important for future commercia production in the region.

MATERIALSAND METHODS

Plant materials
Sixteen germplasm of walnut (JuglansregiaL.) collected
from Phulwama and Budgaon districts of Jammu and
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Kashmir regions were analyzed for their total oil content
and fatty acid profile during 2008.

Total oil content of kernel

Kernels of walnut were dried to 4-5% moisture level in
oven at 108°C for 16 to 18 hr. The oil content of the seed
sampleswere determined by anon-destructive method using
a Newport NMR analyzer (Model-4000) from Oxford
Analytical Instruments Ltd, UK after calibrating with pure
walnut ail.

Fatty acid analysis by gas liquid chromatograph

Kernels of walnut were freshly grounded (Remi
homogenizer) and weighed to obtain 40mg oil when
extracted with 10ml solvent mixture consisting of
chloroform: hexane : methanol (8:5:2 v/v/v). The extracts
obtained were dried at 60°C in nitrogen gas for 30 min.
Methyl esters of oil samples were prepared according to the
method of Neff et al. (1994) with slight modifications. 1ul
of the hexane extract was injected into a highly polar HP
Innowax capillary column of 30m length (inner diameter:
0.32m, filmthickness: 0.5um, split: 1:80). A Hewlett Packard
gas chromatograph, model 6890 equipped with flame
ionization detector (FID) was used. Theinjector and detector
temperatures were 260°C and 275°C, respectively. Oven
temperature was programmed from 150°C holding at 1 min.
to 210°C at the rate of 15°C/min., followed by 210°C to
250°C at the rate of 5°C/min. for 12 min. Peaks of fatty
acid methyl esters were identified by comparing their
retention times with those of known standards run under
similar separation conditions; peak integration was performed
applying HP3398A software.

Satistical analysis

Correlation co-efficient was calculated using MS Excel.
Pair-wise euclidean genetic distance, UPGM-based
clustering, Mentle'stest, PCA analysiswas calculated using
NTSY Spc 2.11X (USA).
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RESULTS AND DISCUSSION

The per cent total oil content of the walnut kernel ranged
from 65.93 to 75.26% with a mean value of 71.88%. The
variability of oil content inwalnut kernels confirmstheresult
reported for other walnut cultivars. The highest oil content
was found in IC561581 (75.26%), |C561604 (74.45%) and
1C561564 (74.36%).

The fatty acid composition along with oil content of
walnut isshown in Table 3. The study has shown that walnut
haslow concentration of the ensemble of saturated fatty acid
(SFA) (palmitic and stearic), intermediate for MUFA and
high concentration of poly unsaturated fatty acid (PUFA),
especialy linoleic acid. Thevalueswere 4.76-7.63% of total
kernel oil for palmitic acid, 1.74-3.34% for stearic acid,
14.77-28.29% for oleic acid, 47.07-66.0% for linoleic acid
and 8.13-19.90% for linolenic acid. The high linoleic acid
wasfoundin IC561561 (66%), followed by 1C561596 (62%),
while high oleic acid was found in 1C561591 (28.29%),
followed by 1C561562 (23.96%). The range of variability of
each mgjor fatty acid herein reported agreeswell with already
reported (Greve and Labavitch 1992, Dogan and Akgul 2005,
Ozkan and Koyuncu 2005).

The O/L ratio is considered as an important criterion for
kernel quality evaluation. There is large variability in the
content of oleic acid and linoleic acid. The genotypes with
high O/L ratio were 1C561591, followed by 1C561562,
probably because of their high oleic acid. A high oleic acid
isvery essential from both quality and stability point of view,
as it increases the nutritional value and the stability of the
fat against rancidity.

Based on the recommendation of FAO/WHO for dietary
fat in human nutrition, the fatty acid composition of oil should
have significant proportions of two essential poly unsaturated
fatty acids, i e -6 and w-3, with adesirableratio of the two
between 5:1 and 10:1. The m-6/w-3 ratio ranged from 2.73
to 7.73. The genotypeswith high ratio were |C561596 (7.73),
followed by 1C561561 (7.40).

Table1l Correlation co-efficient between oil content and fatty acid concentrations in walnut?

Component Qil Palmitic Stearic Oleic Linoleic Linolenic O/L w-6/w-3 v

Oil -0.226 —-0.046 -0.007 -0.149 0.284 0.060 -0.228 0.282
Palmitic 0.272 -0.473 0.399 -0.290 -0.457 0.310 -0.202
Stearic -0.282 0.125 —-0.063 -0.201 0.218 -0.106
Oleic -0.716%* —-0.008 0.968** -0.235 —-0.559
Linoleic —0.664** —0.851** 0.807** -0.032
Linolenic 0.198 —0.939** 0.754**
Oo/lL -0.418 -0.422
w-6/m-3 —-0.559
v

aCorrelation shown in bold face type are significant at 5% (**) level of significance

O/L, Oleic/linoleic acid ratio; 1V, iodine value
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Table 3 Average range of variation and component scores of the first 4 principal components of genetic divergence in 16 genotypes of

walnut
Genotype Min max SD 1 2 3 4
Oil 65.9 75.2 0.28 0.32 0.32 0.78
Palmitic 4.7 7.6 -0.61 0.05 -0.47 -0.16
Stearic acid 17 3.3 -0.32 0.06 -0.74 0.48
Oleic acid 14.7 28.2 0.68 -0.73 0.04 0.03
Linoleic acid 47.0 66.0 -0.94 0.11 0.29 0.01
Linolenic acid 8.1 19.9 0.71 0.66 -0.22 -0.07
O/L 0.23 0.6 0.79 -0.59 -0.10 0.06
0-6/w-3 2.7 7.7 -0.84 -0.45 0.19 0.17
I\ 152.7 168.6 0.20 0.95 0.14 -0.10
Varaiance (%)
Proportion 422 28.3 119 10.0
Cumulative 42.2 70.5 82.5 92.6

O/L, Oleic /linoleic acid ratio; 1V, iodine value

Sixteen populations clustered at two main groups at the
linkage distance of 4.54 while one of the accessions | C561591
was most distant. The accession 1C561591 had highest O/L
ratio and lowest m-6/w-3 ratio. Moreover, it also had highest
oleic acid content and lowest linolenic acid content. On the
other hand, |C561561 and | C591596 of cluster | had highest
-6/mw-3 ratio and highest linolenic acid. Members in sub-
cluster IlA had O/L ratio more than 0.3 and oleic acid
concentration was more than 18% whilein 1B the O/L ratio
was less than 0.3 and oleic acid concentration was less than
18% and this group had higher linolenic acid content.
Mantels correlation was 0.69.

To assess the patterns of variation, principal component
analysis was done by considering all the nine variables
simultaneously, 4 of the principal components accounted for
more than 92% of the total variation encountered (Table 3).
Thefirst principal component, accounting for morethan 42%
of the total variation due to oleic acid, linolenic acid, O/L
ratio. Oil and iodinevalue had also relatively positive weight
on this component. Conversely, linoleic acid, m-6/m-3,
pamitic acid, stearic acid had negative weight. The second
component accounting for an additional 28% of the total
variation depicted primarily the pattern of variationiniodine
value, linoleic acid, increased at the expense of O/L and
linolenic acid (negative co-efficients).

The pattern of variationsillustrated by the PCA was very
well substantiated by the genotypic correlation co-efficients
determined for pair-wise association of thetraits. Consistent
to the outputs of the PCA, thetraitsthat contributed most for
the 1st principal component (oleic acid) was positively
correlated with O/L and negatively with linoleic acid. The
contrasting relationship of linolenic acid with m-6/w-3 ratio
depicted by the 2nd principal component was supported by
highly significant negative correlation co-efficient.

Widevariability was observed for the contents of all fatty
acids, O/L and w-6/w-3 ratio, representing avery promising

baseto obtain new walnut cultivarsfor production of healthy
snack food high in PUFAs. The variation in fatty acid
composition of nuts from different genotypes may affect the
final use of the product. For example, the nuts containing
high levels of oleic, linoleic and linolenic acid should
be preferred if nuts were destined for use in cholesterol-
lowering diet. The present study further confirmsthat wal nuts
are rich source of essential fatty acids which have positive
effect on human health. The superior germplasm identified
in the study will be useful for walnut breeding programmes
to generate superior genotypes for industrial and consumer
needs.
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