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ABSTRACT

The aim of this study was to know the nutritional composition of walnuts grown in Kashmir valley of north western
Himalayan region for their commercial exploit at farm and consumer level. Samples were collected from earmarked
trees growing in major walnut producing areas of Kashmir valley. The research work was conducted during 2002—-18
at [CAR-CITH, Srinagar. The observations were assessed in 11 walnut (Juglans regia L.) genotypes (BHU-01, ZC-
05, NU-03, SPS-02, BPP-05, MPU-04, NU-05, CSB-02, DU-07, NU-02 and BPP-07). Mineral content: zinc (Zn),
magnesium (Mg), manganese (Mn), selenium (Se), copper (Cu), aluminium (Al), cobalt (Co), molybdenum (Mo),
and iron (Fe), were determined by atomic absorption spectrophotometry. Fat content was determined by standard
Association of Official Analytical Chemists (AOAC) methods. Nut and kernel exterior quality traits were recorded
as per the IBPGR descriptor. Results revealed that micro-mineral nutrient contents expressed in mg/100 g dry weight
ranged between 147.39-68.07 (Mg), 19.71-74.16 (Mo), 7.32-15.57 (Mn), 2.25-9.03 (Cu), 2.90-3.53 (Zn), 1.99-3.81
(Fe), 0.11-0.93 (Al), 0.007-0.069 (Co) and 0.00-0.006 (Se). The fats accounted for more than 60% of the walnut
kernel weight and it was ranged from 53.54-74.93%. Significant variability (P<0.05) recorded for physical properties
can be attributed to quality criteria of nuts and kernel in walnut.
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Walnut (Juglans regia L.) is one of the most nutritious
nut crop grown around the world in temperate climates.
India is one of the major producer as well as exporter of
walnuts. It enjoys good demand in the international market
due to its superior quality. North western Himalayan in
general and Kashmir valley in particularly is the bowl of
walnut production. It has a special value in Indian foods,
and medicine as well as in traditional sweets (Uniyal
et al. 2002). Walnut is a rich source of healthy fats that
vary from 50-70% depending on the cultivar and location
(Greve 1992). It is also considered as the power house of
the essential nutrients (Venkatachalam and Sathe 20006).
In modern era of busy lifestyles, tree nuts are convenient,
tasty, nutritious and easy snack and, therefore, contribute
significantly towards a healthy lifestyle (Spiller and
Bruce 1997). Several health beneficial minerals are also
abundantly present in walnuts (Anderson et al. 2001) and
work synergistically in the body for the health benefits. The
variations in mineral nutrient composition among walnut
cultivars/genotypes have been reported by several workers
from Iran (Aryapak and Ziarati 2014, Gharibzahedi et al.
2014), Italy, New Zealand, Romania (Cosmulescu et al.
2009), Serbia, Spain (Tapia et al. 2013) and Turkey (Ozcan
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et al. 2010, Polat et al. 2015). However, it is lacking for
Indian walnut varieties or genotypes.

The morpho-physical qualities of nuts as well as
kernel of walnuts are also very important for trade purpose.
Several reports have been published from India (Pandey
et al. 2004, Rana et al. 2007), Iran (Aryapak and Ziarati
2014), Pakistan (Ali et al. 2010), Romania (Cosmulescu
et al. 2009), Turkey (Ozcan et al. 2010, Polat et al. 2015).
Therefore, this study was conducted with the objective to
characterize the walnut genotypes for micronutrient profile,
fat recovery and morpho-physical quality traits.

MATERIALS AND METHODS

Eleven walnut genotypes (BHU-01, ZC-05, NU-03,
SPS-02, BPP-05, MPU-04, NU-05, CSB-02, DU-07, NU-
02 and BPP-07) were collected from the different location
of Kashmir valley. The research work was conducted at
ICAR-CITH, Srinagar in 2002—18. For each genotype, 5
kg of the walnuts were received. The samples were packed
in air tight packets and stored at 4°C in the dark until
analysis. Copper (Cu), iron (Fe), zinc (Zn), magnesium
(Mg), manganese (Mn), selenium (Se), aluminium (Al),
cobalt (Co), and molybdenum (Mo) concentrations in the
digisted samples were determined. An Analytik Jena AAS
Vario-6 Graphite furnace spectrometer (Made in Germany),
furnished with PC-controlled 6-piece lamp turret, where
hollow cathode lamps are mounted as line radiator along
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with a deuterium hallow cathode lamp for compensation of
the background absorption and argon gas supply, was used
for all of the absorption measurements. The hollow cathode
lamps fitted for specific element that has to be analyzed
with their respective wavelength and the slit width adjusted
accordingly. Signal measurement was done in peak area/
peak height and calibration was in linear mode. The sample
injection volume is 20 uL. The typical heating programme
of GF-AAS is drying, atomization, and cleansing. The
concentration of minerals was calculated with a standard
curve for each element. Fat content was measured by the
Soxhlet extraction method by exhaustively extracting 5.0
g of each sample in a Soxhlet apparatus using n-hexane
(boiling point range 55-60°C) as the extractant (AOAC
1990). Exterior quality traits related to nut and kernels
were measured after drying in the shade. The traits like
nut weight, nut diameter at suture, nut diameter at cheek,
nut length, nut shape, shell texture, shell colour, shell
thickness, packing tissue thickness, kernel weight, kernel
recovery, kernel vein and kernel colour were determined
(IPGRI 1994). While weighing 0.001 g was performed with
sensitive precision scales, measuring was made with 0.01
mm precision digital calliper. Mean values and standard
errors are reported. Genotypes differences were analysed
using the Analysis of Variance (ANOVA) procedure of
OPSTAT software (http://www.hau.ernet.in/opstat). The
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degree of significance was set at P<0.05. Correlation
analysis was carried out employing Pearson’s test.

RESULTS AND DISCUSSION

Mineral content of eleven walnut genotypes: The
micro-mineral composition showed significant differences
(P<0.05) among the 11 walnut genotypes (Table 1, 2, 3).
The order of the micro mineral nutrient concentrations
among all the genotypes kernel samples are found to be in
order of Mg>Mo>Mn>Cu>Zn>Fe>Al>Co>Se. Very little
or no Se was detected in most of genotypes. Similarly,
Aluminium (Al) levels were also found low in all the
genotypes. These levels are below the tolerable limit for Se
and Al in most adults. In general, in eleven genotypes, zinc
ranged between 2.90 and 3.53 mg/100 g, Mg from 147.39
to 168.07 mg/100 g, Mn from 7.32 to 15.57 mg/100 g, Cu
from 2.25 t0 9.03 mg/100 g, Al from 0.11 to 0.93 mg/100 g,
Co from 0.007 to 0.069 mg 100/g, Mo from 19.71 to 74.16
mg 100/g and Fe from 1.99 to 3.81 mg/100 g. In general,
4 genotypes showed high levels of micronutrient, viz.
BHU-01 (zinc, magnesium, and iron), ZC-05 (manganese,
copper), BPP-05 (selenium, aluminium) and NU-05 (cobalt
and molybdenum). In contrast, the minimum content of
micronutrients was recorded in NU-03 (zinc, cobalt, and
selenium), CSB-02 (copper, molybdenum, and selenium),
NU-02 (magnesium, aluminium), SPS-02 (manganese,
selenium) and ZC-05 (iron).

It has been reported that the walnuts contain variable

Table 1 Fat content (%) and concentrations (mg/100 g) of
zinc, magnesium, manganese, selenium of 11 walnut
genotypes Table 2 Concentrations (mg/100 g) of copper, aluminium, cobalt,
; molybdenum and iron in 11 walnut genotypes
Genotype Fat content Zinc Mg Mn Se
(%) Genotype Cu Al Co Mo Fe
BHU-01 63.67+ 3.53+ 168.07+ 14.70 + 0.003 = BHU-01 357+ 0.19+ 0016+ 4557+ 381+
1.18 0.03 4.08 0.09 0.00 0.05 0.004 0.00 0.51 0.03
ZC-05 69.33 £ 3.15+ 16649 = 15.57 + 0.002 + 7C-05 9.03+ 0.12+ 0.019+ 6871+ 199+
2.07 0.04 2.35 0.18 0.00 0.05 0.001 0.00 1.12 0.02
NU-03 7493+ 290+ 161.82+ 12.06 + 0.000 + NU-03 351+ 051+ 0010+ 49.89+ 225+
1.64 0.04 2.78 0.12 0.00 0.07 0.006 0.00 0.32 0.02
SPS-02 67.00+ 292+ 151.86+ 7.32+ 0.000 + SPS-02 333+ 077+ 0017+ 2731+ 229+
1.83 0.04 1.67 0.08 0.00 0.06 0.004 0.00 0.29 0.01
BPP-05 5354+ 334+ 16506+ 1527 + 0.006 + BPP-05 423+ 093+ 0019+ 60.61+ 376+
2.06 0.04 2.23 0.22 0.00 0.01 0.005 0.00 0.85 0.09
MPU-04 68.67 + 3.44 + 148.56 + 10.77 £ 0.000 + MPU-04 366+ 0.69+ 0.015+ 3551+ 3.16+
2.35 0.08 2.72 0.09 0.00 0.05 0.008 0.00 0.43 0.05
NU-05 73.19+ 343+ 152.01 + 15.33 £ 0.000 + NU-05 495+ 0.12+ 0.069+ 4234+ 222+
1.00 0.04 1.42 0.10 0.00 0.01 0.001 0.001 0.41 0.01
CSB-02 73.00+ 330+ 154.86 + 15.54+ 0.000 + CSB-02 225+ 0.15+ 0018+ 1971+ 259+
1.56 0.02 1.41 0.19 0.00 0.18 0.001 0.00 0.27 0.01
DU-07 69.80 £ 3.49+ 159.96+ 10.98 + 0.000 + DU-07 318+  0.12+ 0.010+ 30.34+ 2.58+
2.45 0.04 1.47 0.15 0.00 0.04 0.002 0.00 0.24 0.02
NU-02 67.80 £ 327+ 14739+ 1294+ 0.001 + NU-02 228+ 0.11+ 0.007+ 7416+ 221+
1.65 0.03 1.26 0.14 0.00 0.00 0.001 0.00 0.82 0.02
BPP-07 5833+ 340+ 16290+ 9.57+ 0.001 + BPP-07 294+ 0.14+ 0019+ 2078+ 233+
2.28 0.01 2.10 0.06 0.00 0.05 0.000 0.00 2.07 0.03
C.D. (P<0.05) 4.34 0.12 6.98 0.39  0.001 C.D. (P<0.05) 0.21 0.012  0.001 245 0.10
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Table 3 Nut weight, nut diameter at suture, nut diameter at cheek, nut length, nut shape, shell texture and shell colour of 11 walnut

genotypes
Genotype Nut weight ~ Nut diameter Nut diameter at Nut length Nut Shell Shell
(2) at suture (mm)  cheek (mm) (mm) shape texture colour
BHU-01 7.67 £0.11 27.00 + 0.23 27.60 + 0.54 31.00 + 0.45 Round Medium Dark
ZC-05 1299 +£0.12 2899+ 0.18  33.00+0.12 46.60 = 0.34 Elliptic Rough Medium
NU-03 8.18 £0.05  28.00+0.24  30.00 + 0.64 28.99 + 0.42 Round Smooth Light
SPS-02 1555+ 031  35.00 +£0.41 37.50 +£0.27 40.00 + 0.59 Round Medium Medium
BPP-05 1229+ 0.06  34.00 +0.52  32.00 £ 0.27 35.00 £ 0.40 Round Smooth Light
MPU-04 1229 +£0.07 3099+0.46  32.00+0.55 36.00 + 0.48 Round Medium Light
NU-05 983 +£0.14 29.00+024  30.00 +0.06 30.99 +0.32 Round Medium Medium
CSB-02 981 +0.05 30.00+0.70  29.50 +0.44 32.00 £ 0.37 Round Medium Medium
DU-07 938 £0.05 29.89+040  30.01 £0.68 29.00 + 0.53 Round Smooth Light
NU-02 821+£0.07 29.00+0.33 27.30+0.21 37.30 £ 0.18 Elliptic Medium Medium
BPP-07 17.17+0.05 39.00 + 0.48  45.00 £ 0.24 44.00 £ 0.73 S. Trapezoid Medium Medium
CD (P<0.05) 0.36 1.10 1.10 1.42 - - -

levels of Mg between 42.09 mg (Kirbaslar et al. 2012)
to 483.3 mg/100 g (Moodley et al. 2007), Mn from 2.33
(Gharibzahedi ef al. 2014) to 12.88 mg/100 g (Moodley et
al. 2007), Zn from 1.17 (Ali et al. 2010) to 5.43 mg/100 g
(Moodley et al. 2007), Fe from 2.49 (Kirbaslar et al. 2012)
to 7.16 mg/100 g (Moodley et al. 2007), Se from untraceable
(Moodley et al. 2007) to 0.30 mg/100 g (Kirbaslar et al.
2012), Cu from 0.20 (Ali et al. 2010) to 5.91 mg/100 g
(Moodley ef al. 2007) and Al from 0.10 to 0.53 mg/100 g
(Cosmulescu et al. 2009). The mineral composition of the
11 genotypes (BHU-01, ZC-05, NU-03, SPS-02, BPP-05,
MPU-04, NU-05, CSB-02, DU-07, NU-02 and BPP-07) is
in line with these values reported by Kirbaslar e al. (2012),
Ali et al. (2010), Cusmulescu et al. (2009), Gharibzahedi et
al. (2014) and Ozcan et al. (2010). However, Moodley ef al.
(2007) reported very high values for Mg (483.3 mg/100 g),
Zn (5.43 mg/100 g) and Fe (7.16 mg/100 g) and explained
by geographical origin, harvest year, climate and methods
of cultivation.

The nutritional interest of walnuts is mainly due to micro
mineral elements. Mineral element Mg is a constituent of
bones, teeth, enzyme cofactor (Murray et al. 2000). The low
levels of Mg in the diet are associated with heart and brain
related diseases. Around the world most people are at least
marginally, if not severely, deficient of Mg. Walnut kernels
are among the most concentrated sources of magnesium.
In the 11 genotypes studied, Mg was the most abundant
mineral, and in all genotypes the highest magnesium levels
was found in BHU-01 (168.07 mg/100 g) followed by ZC-05
(166.49 mg/100 g) and BPP-05 (165.06 mg/100 g). Their
high magnesium content makes them a very suitable food
to offset deficiencies in this mineral, particularly BHU-01,
ZC-05 and BPP-05, the genotypes with the rich source of
Mg, Zn, Fe, Mn, Cu, Se and Mo levels.

Fat content: The high protein and oil contents of the
kernels of Juglans regia make this fruit indispensable for
human nutrition. Fat content in 11 walnut genotypes were
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analysed (Table 1) and data showed significant variation
(P<0.05) among the genotypes and it was ranged from
53.54 (BPP-05) to 74.93% (NU-03). The similar variations
were also reported from other countries where walnut is
important crop like Iran (Akbari ef al. 2014, Gharibzahedi
et al. 2014, Aryapak and Ziarali 2014), Spain (Tapia ef al.
2013) and Turkey (Ozcan and Koyuncu 2005, Ozcan ef al.
2010, Polat et al. 2015). However, the nutritional contents
differ from a cultivar to another which is mainly influenced
by genotype, cultivar, different ecology and different soil
(Caglarirmak 2003, Muradoglu et al. 2010).

Exterior nut and kernel quality traits: Thirteen
important quality traits were studies and were found
significant variable among genotypes. Data revealed that
the nut weight ranged between 7.67 (BHU-01) and 17.17 g
(BPP-07); nut diameter at suture between 27.00 (BHU-01)
and 39.00 mm (BPP-07); nut diameter at cheek between
27.30 (NU-02) and 45.00 mm (BPP-07); nut length between
28.99 (NU-03) and 46.60 mm (ZC-05); nut shape from
round to small trapezoid; shell texture from medium to
smooth; shell colour from light to dark; shell thickness
between 1.40 (BHU-01) and 2.15 mm (SPS-02); packing
tissue thickness between 0.15 (NU-03) and 0.70 mm
(BPP-05); kernel weight between 2.73 (NU-05) and 10.25
g (SPS-02); kernel recovery between 38.07 (NU-05) and
65.91% (SPS-02); kernel vein between 6.00 (NU-02) and
25.00 (MPU-04); and kernel colour from extra light to light
amber. The maximum variability was recorded in nut weight,
kernel weight, nut diameter, nut length, kernel recovery and
kernel vein. Similar variations were also reported by various
workers (Sharma and Sharma 1998, Pandey ef al. 2004,
Ozkan and Koyuncu 2005, Rana et al. 2008, Aryapak and
Ziarati 2014). In breeding programmes, nuts with smooth,
strong, thin shells, with a tight seal, and light kernels are
most desirable (McGranahan and Leslie 1990).

Exterior nut and kernel quality traits: Interestingly,
the highly significant and negative correlations were
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found between fat content-selenium (r=-0.79; P<0.01),
kernel weight-manganese (r=-0.73; P<0.05) and kernel
recovery-manganese (r=-0.79; P<0.01), suggesting diverse
genetic factors controlling the accumulation of different
minerals or different physiological mechanisms associated
with uptake/translocation of these minerals in the kernel.
However, the highly significant and positive correlations
were also found between Fe-Se (r=0.67; P<0.05), kernel
weight-nut weight (r=0.90; P<0.01), kernel recovery-nut
weight (r=0.61; P<0.05) and kernel weight-kernel recovery
(r=0.87; P<0.01), this suggesting common genetic factors
controlling the accumulation of different minerals or
similar physiological mechanisms associated with uptake/
translocation of these minerals in the grains. In rest of the
combinations, relationship was found non-significant. A
significant positive correlation (0.786) between nut weight
and kernel weight was also reported by Aryapak and Ziarati
(2014).

Based on the above findings, it is concluded that
genotypes BHU-01, NU-05, and ZC-05 were found rich in
mineral composition, especially magnesium, molybdenum
and manganese. Although other elements like Zn, Cu, Co,
and Fe were also found in significantly higher concentrations.
The fat content of the three genotypes was ranged from
63.67-74.93%. Genotypes, SPS-02 and BPP-07 found
promising in terms of exterior quality traits related to nut
and kernel, with maximum nut and kernel weight as well as
kernel recovery. These genotypes are good for commercial
cultivation for market.

ACKNOWLEDGEMENTS

The authors would like to thank the National
Agricultural Technology Project and Central Institute of
Temperate Horticulture for funding. We are grateful to the
walnut growers who are maintaining the original trees at
the respective locations.

REFERENCES

Akbari V, Heidari R and Jamei R. 2014. Fatty acid compositions
and nutritional value of six walnut (Juglans regia L.) cultivars
grown in Iran. Advances Herbal Medicine 1(1): 36-41.

Ali M, Ullah A, Ullah H, Khan F, Ibrahim S M, Ali L and Ahmed
S. 2010. Fruits properties and nutritional composition of
some walnut cultivars grown in Pakistan. Pakistan Journal of
Nutrtion 9(3): 240-44.

AOAC. 1990. Official methods of analysis. Association Official
Analytical Chemists, Washington.

Aryapak S and Ziarati P. 2014. Nutritive value of persian walnut
(Juglans regia L.) orchards. American-Eurasian Journal of
Agriculture and Environental Science 14(11): 1228-35.

Caglarirmak N. 2003. Biochemical and physical properties of
some walnut genotypes (Juglans regia L.). Nahrung/Food
47(1): 28-32.

Cosmulescu S, Baciu A, Achim G, Botu M and Trandafir I. 2009.
Mineral composition of fruits in different walnut (Juglans
regia L.) cultivars. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca 37(2): 156-60.

Gharibzahedi S M T, Mousavi S M, Hamedi M and Khodaiyan

VERMA ET AL.

124

[Indian Journal of Agricultural Sciences 90 (3)

F. 2014. Determination and characterization of kernel
biochemical composition and functional compounds of Persian
walnut oil. Journal of Food Science and Technology 51(1):
34-42.

Greve C, M ¢ Granahan G, Hasey J, Snyder R, Kelly K, Goldhamerer
D and Labavitch J. 1992. Variation in polyunsaturated fatty
acid composition of Persian walnut. Journal American Society
of Horticultural Sciences 117: 518-22.

IPGRI. 1994. Descriptors of walnut (Juglans regia L.). International
Plant Genetic Resources Institute, Rome, Italy.

Kirbaslar F G, Turker G, Ozsoy-Giines Z, Unal U, Dulger B, Ertas
E and Kizilkaya B. 2012. Evaluation of fatty acid composition,
antioxidant and antimicrobial activity, mineral composition and
calorie values of some nuts and seeds from Turkey. Records
Natural Products 6(4): 339—49.

McGranahan G H and Leslie C. 1990. Walnuts (Juglans). Acta
Horticulturae 290: 905-51.

Moodley M, Kindness A and Jonnalagadda S B. 2007. Elemental
composition and chemical characteristics of five edible nuts
(almond, Brazil, pecan, macadamia and walnut) consumed in
Southern Africa. Journal of Environment, Science and Health-
Part B 42: 585-91.

Murray R K, Granner D K, Mayes P A and Rodwell V' W. 2000.
Harper's Biochemistry, 25 Edition, McGraw-Hill, Health
Profession Division, USA.

Ozkan G and Koyuncu M A. 2005. Physical and chemical
composition of some walnut (Juglans regia L) genotypes grown
in Turkey. Grasas y Aceites 56(2): 141-46.

Ozcan M M, Iman C and Arslan D. 2010. Physico-chemical
properties, fatty acid and mineral content of some walnuts
(Juglans regia L.) types. Agriculture Science 1(2): 62—67.

Pandey G, Tripathi AN, Verma M K and Sofi AA. 2004. Collection,
characterization and evaluation of walnut (Juglans regia L)
germplasm from north-western Himalayas. Indian Journal of
Plant Genetic Resources 17(1): 77-88.

Polat M, Okatan V and Guglu S F. 2015. Determination of some
physical and chemical Properties of walnut (Juglans regia
1) genotypes grown in the central district of Bitlis/Turkey.
Scientific Papers. Series B, Horticulture LIX: 81-85.

Rana J C, Singh D, Yadav S K, Verma, M K, Kumar K and
Pradheep K. 2007. Genetic diversity collected and observed
in Persian Walnut (Juglans regia L) in the Western Himalaya
region of India. Plant Genetic Resources Newsletter 151:
63-68.

Sharma O C and Sharma S D. 2001. Genetic divergence in
seedling trees of Persian walnut (Juglans regia L.) for various
metric nut and kernel characters in Himachal Pradesh. Scientia
Horticulturae 88: 163—71.

Spiller G A and Bruce B. 1997. Nuts and healthy diets. Vegetarian
Nutrition 1(1): 12—-16.

Tapia M I, Sanchez-Morgado J R, Garcia-Parra J, Ramirez R,
Hernandez T and Gonzalez-Gomez D. 2013. Comparative
study of the nutritional and bioactive compounds content
of four walnut (Juglans regia L.) cultivars. Journal of Food
Composition and Analysis 31: 232-37.

Uniyal S K, Awasthi A and Rawat G S. 2002. Traditional and
ethanobotanical uses of plants in Bhagirathi valley (Western
Himalaya). Indian Journal Traditional Knowledge 1(1): 7-19.

Venkatachalam M and Sathe S K. 2006. Chemical composition
of selected edible nut seeds. Journal of Agriculture and Food
Chemistry 54: 4705-14.



