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INTRODUCTION

Nuts are rich sources of oils. The tree nuts exhibit more
than 50 % (w/w) lipid fraction. A number of studies are carried
out on nuts, highlighting their nutritional value, particularly
lipid fraction and their health promoting attributes. Walnut
(Juglans regia L.) is flourishing expansively right through the
Himalayas at altitudes of 900-3300 m. It is valued as a dessert
and dry fruit and greatly prized in ice-creams and confectionery.
Regardless of its production and utilization in large magnitudes,
its mycotoxin contamination has not been explored in detail
so far'. The almond tree (Prunus amygdalus) belongs to the
Rosaceae family and is the most popular among tree nuts
worldwide. This crop is highly valued for its fruit, aesthetic,
nutritional and pharmaceutical properties. According to the
already reported literature about different cultivars of walnut
and almond, the lipid fraction of walnut and almond are 70-
75 and 50-60 %, respectively*®. The compositional profile of
lipid fraction extracted from the nuts show a little variation
according to the climatic conditions of their habitat.

A complex of eight different homologues, four tocotrienols
(a, B, v, 8) and four tocopherols (a, B, 7, 8) is designated as
vitamin E. It is lipid-soluble vitamin. Biologically most active
component of vitamin E is considered as a-tocopherol’. Itis a
pale yellow viscous oil that is insoluble in water but soluble in
oils, fats and certain organic solvents, such as acetone, ether,
alcohol and chloroform®. It also prevents the destruction of
lipids by capturing free radicals and breaking lipid peroxidation
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chain reactions. The effects of oxidative stress, cardiovascular
diseases, cancer, the aging process and atherosclerosis are
claimed to be restrained by antioxidant activity of o.-tocopherol.
Its action is supposed to be primarily by scavenging reactive
oxygen species (ROS), particularly peroxyl radicals and forming
resonance-stabilized tocopheroxyl radicals’.

Irradiation of food is employed as a cold food preservation
process and has been comprehensively studied for its valuable
and detrimental effects on food. Nuts have been found to
contain numerous antioxidants and when exposed to ionizing
radiation, formation of free radicals is reported. Antioxidative
activity in the cashew nuts was found to reduce considerably
by irradiation at 0.25-1.00 kGy and subsequent storage'®. Due
to much debate about the safety of yirradiated food, a number
of studies have been conducted to assess the after effects of y
irradiation.

EXPERIMENTAL

Samples of walnut and almond were randomly collected
from retail outlets of Faisalabad, Pakistan. The kernels (nuts
without shells) of walnut and almond were purchased for this
study. The initial moisture contents (MC) of walnut and almond
were found to be 0.38 and 0.68 %, respectively. Moisture
contents were determined following the method of USDA,
1978'"". The moisture contents of the samples were adjusted to
10 = 3 and 16 £ 3 % with tap water and stored in wooden
containers. To avoid the loss of moisture from nuts, the
containers were roofed with polythene films. During 1st, 2nd,




Vol. 25, No. 2 (2013)

Effect of Gamma-Irradiation on Tocopherols and Free Fatty Acids in Walnut and Almond 1007

4th and 12th week of storage, the nuts at both the moisture
levels (10 =3 and 16 £+ 3 %) were investigated for tocopherols
as well as free fatty acids. After a storage period of 12 weeks,
the nuts were undertaken 7 irradiation.

v-Irradiation of nuts: After 12th week of storage, Y-
irradiation was performed using Cs-137 in a y-chamber
(Gamma cell 3000) concaved in water as radiation source, at
Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad.
The dose rate of the y-irradiator was 0. 6746 kGy h”' having
activity 2.7 KCi. All the samples were irradiated at ambient
temperature 22 + 2 °C. The samples were exposed at a distance
of 2.5 cm from the source for 180, 360, 540 and 720 min for
the absorbed doses of 2, 4, 6 and 8 kGy. The experiments
were carried out for three replicates for each radiation dose
and each nut at 10 = 3 and 16 £ 3 % moisture levels. The
irradiated ground and tree nuts were kept at a temperature of
2 + 2 °C until further analysis.

Extraction of fat: Fat was extracted at different time
intervals during storage of unirradiated and irradiated nuts
according to the method reported by Schreiber et al.'>.

Tocopherol analysis: Tocopherol analysis was carried out
according to the method suggested by Swiglo and Sikorska'’.
The samples were analyzed by injection into high performance
liquid chromatograph. Mobile phase used was acetonitrile and
methanol in the ratio of 1:1. Isocratic elution was done at a flow
rate of 1.3 mL/min and the amount of sample injected was 20
pL. Fluorescence detector was used with an excitation wave-
length at 295 nm and emission at 325 nm. Qualitative as well
as quantitative determination of o, y and 8 tocopherols was
done by comparing their retention times with the corresponding
standards and evaluating the area under each peak.

Free fatty acid composition: The free fatty acids compo-
sitions of control, unirradiated and irradiated walnut and
almond were determined by gas chromatography by derivatizing
free fatty acid into methyl esters. Fatty acid methyl esters were
prepared by the method followed by Sheshata et al.'*. The
samples were analyzed by gas chromatograph (Perkin Elmer-
3920 attached with C-R4A chromatopac) at following operating
conditions.

Statistical analysis: Each laboratory sample was divided
into three analytical samples and then each sample was
analyzed in triplicate and data are reported as mean (n = 3 x
3) = SD. An analysis of variance (ANOVA) was executed using
Minitab 2000 version 13.2 statistical software (Minitab Inc.
Pennsylvania, USA).

RESULTS AND DISCUSSION

Tocopherols content in tree and ground nuts: The toco-
pherols content of control, unirradiated and irradiated walnut
and almond was estimated by high performance liquid chromato-
graphy, Table-1 represents the data obtained from triplicate
analyses of lipid samples of walnuts during storage at different
moisture levels. In walnut, lipid sample taken during first week
of storage, a-tocopherol was found to be the predominant
isomer of vitamin E followed by 8 and a-tocopherols. This
finding is in agreement with the tocopherols content reported
in various cultivars of walnut"®. The results are also in accordance
with the tocopherol contents of almond stored for different
time intervals, at two moisture contents as presented in Table-2.
Almond, belongs to the family of tree nuts, but its tocopherol
content is exactly opposite to that of walnut. The concentrations
of the three tocopherol isomers follows the order & <y < a.
This result is in accordance with dry nuts'®".

TABLE-1
VITAMIN E (o, § AND »-TOCOPHEROLS) LEVELS DURING STORAGE IN WALNUT AT DIFFERENT MOISTURE LEVELS

Moisture contents Storage period Tocopherol (mg kg'')
(%) (week) o-Tocopherol 8-Tocopherol y-Tocopherol Total
Ist 8.71 £0.61 25.61 £0.62 266.28 +£0.93 300.61 £ 1.7
1043 2nd 5.21 £0.29 22.57 £0.33 245.07 £ 0.44 272.86 £ 1.9
- 4th 3.03 £ 0.08 17.32 £0.33 224.44 +0.38 24478 £2.4
12th 2.95 +0.05 6.52 +0.05 214.81 £0.31 224.29 +0.88
Ist 8.71 £ 0.61 25.62 £ 0.62 266.28 £ 0.93 300.62 + 1.7
1643 2nd 4.29 £0.34 9.96 +0.40 225.25 £0.65 239.51 £ 1.67
- 4th 2.61 £0.02 5.82 +£0.02 212.70 £ 0.29 221.14 £ 1.41
12th 1.56 + 0.01 1.96 + 0.04 205.26 £ 0.22 208.79 £+ 1.40

*Mean = standard deviation (n = 3).

TABLE-2
VITAMIN E (0,6 AND y-TOCOPHEROLS) LEVELS DURING STORAGE IN ALMOND AT DIFFERENT MOISTURE LEVELS

Moisture contents Storage period Tocopherol (mg kg™)
(%) (week) o-Tocopherol 8-Tocopherol y-Tocopherol Total

Ist 279.11 £0.91 15.61 £ 0.46 43.91+0.55 338.63 £2.25

1043 2nd 238.71 £ 1.45 9.89 £0.11 32.01+0.65 280.61 £2.11

- 4th 194.16 + 1.61 4.73 £0.26 27.58+1.10 226.47 £1.92

12th 161.98 + 1.15 1.77 £ 0.45 25.72+0.71 189.47 £ 1.53

Ist 279.11 £ 1.24 15.61 £0.77 43.91+0.51 338.62 £2.49

1643 2nd 205.08 £2.16 6.63 +0.62 28.01+0.62 239.73 £2.45

- 4th 176.45 + 1.98 3.78 £ 0.81 25.64+0.91 205.87 £2.03

12th 134.45 £2.01 1.01 £ 0.01 21.79+0.95 157.25 £2.61

*Mean = standard deviation (n = 3).
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During storage period of 12 weeks, a decrease in tocopherol
content was observed in all nut samples at both moisture levels.
There was a significant change (p < 0.05) in individual and
total tocopherol content of all nuts at both moisture levels.
This finding is in consistence with the vitamin E component
of rice bran reported in previous literature'®. These authors
also report that high destruction of vitamin E may be related
to the amount of free fatty acids hydrolyzed by lipolytic
enzymes in food or feed commodity. The loss of tocopherol
content in nuts during storage may be attributed to loss of
antioxidant activity as a natural phenomenon.

Effect of y-irradiation on tocopherols in stored nuts:
The effect of different doses of y-radiation ranging from 0-8
kGy on @, 7, 8 and total tocopherols in 12 week, stored walnut
and almond oils was studied. The results are shown in Tables
3 and 4, respectively. For un-irradiated walnut samples,
adjusted at low moisture levels, the values for o, & and o-
tocopherol were 2.955, 6.517 and 214.8 mg kg™, respectively
(Table-3). The values for o and &-tocopherol decreased
gradually till 8 kGy treatment. There was a slight variation
in o-tocopherol as evident from the data. There was also a
decreasing trend in total tocopherol content. Similar obser-
vations were noted for walnut adjusted at high moisture level.
For almond oil at low moisture level, the maximum decrease
in o, 8 and y-tocopherol and total tocopherol content observed
at 8 kGy were 130, 0.624, 20.809 and 151.44 mg kg™', respec-
tively. The similar observation was also noticed for irradiated
almond oil at high moisture level. But the change in tocopherol
contents was statistically non-significant.

The decreasing trend with the radiation treatment in
tocopherols is in accordance with that reported in red meat,
Turkey, vegetable oils, sage, thyme and oregano'®?'. As vitamin
E is known as the most radio-resistant of all the fat soluble
vitamins, a number of authors had studied the effect of
radiations on tocopherols in various foods. They establish
different results according to the composition assayed, water
activity and the radiation conditions***, The decreasing trend
in tocopherol contents is interrelated to the degradation or
quenching of free radicals generated by y-irradiation.

Changes in free fatty acids profile in of ground and
tree nuts during storage: Free fatty acids composition of the
lipid component of control, unirradiated (during 1st, 2nd, 4th
and 12th weeks of storage) and irraited walnut and almond
was estimated qualitatively and quantitatively by GC/ FID.
The results are shown in Tables 5 and 6.

The saturated fatty acids in walnut and almond are palmitic
acid (Cie00) and stearic acid (Cis.o0). The unsaturated fatty
acids are oleic acid (cis.1), linoleic acid (Cys.2) and linolenic
acid (Cis3). The fatty acids profile of walnut was found to be
composed of 12.66 % saturated and 87.33 % unsaturated fatty
acids, which further constituted of 27.31 % monounsaturated
and 60.02 % polyunsaturated fatty acids. In case of almond,
only 10.62 % saturated, 74.1 % monounsaturated and 15.27 %
polyunsaturated fatty acids were estimated. However, in almond
the oleic acid was the predominant fatty acid (74.10 % ) and
poly unsaturated fatty acids were approximately 15 %. The fatty
acid profiles of the nuts revealed in the present study were in
synchronization with a number of already published reports

TABLE-3
EFFECT OF y-IRRADIATION ON VITAMIN E CONTENT IN WALNUT ADJUSTED AT DIFFERENT MOISTURE LEVELS

Moisture contents Irradiation dose

Tocopherol (mg kg™)

(%) (kGy) o-Tocopherol &-Tocopherol y-Tocopherol Total
0 2.95+0.25 6.52 +£0.21 214.21 £1.21 224.28 +2.50
2 2.71 £0.61 6.99 + 0.45 212.82 £ 1.55 222.53 £3.13
10+3 4 3.29 +0.04 6.42 +£0.37 216.88 £ 1.05 226.59 £2.72
6 2.57+£0.21 446 +£0.41 211.87 £1.42 218.91 £2.55
8 1.47 £0.01 3.65 +0.62 201.15 £1.20 206.26 +£1.92
0 1.56 £0.02 1.96 £ 0.41 205.26 + 1.45 208.79 £ 1.94
2 1.35+0.04 1.60 £ 0.25 194.18 £ 1.44 197.13 £ 2.41
16 +3 4 1.21 £0.01 1.21 £0.11 183.72 £ 1.01 186.14 £2.76
6 1.12 £0.05 0.86 £0.21 192.04 £ 1.63 194.01 £ 3.38
8 0.58 £0.03 0.63 £0.15 184.07 £ 1.12 185.28 £ 1.51
*Mean =+ standard deviation (n = 3).
TABLE-4

EFFECT OF y-IRRADIATION ON VITAMIN E CONTENT IN ALMOND ADJUSTED AT DIFFERENT MOISTURE LEVELS

Moisture contents Irradiation dose

Tocopherol (mg kg™)

(%) (kGy) o-Tocopherol 3-Tocopherol y-Tocopherol Total
0 161.98 =+ 1.01 1.77 £0.41 25.72 £ 0.54 189.47 +1.29
2 158.12 +1.31 1.82+0.23 24.97 +0.27 184.91 £ 1.45
10+£3 4 163.40 = 1.45 1.65 +0.22 25.74 £ 0.45 190.79 £ 1.12
6 160.97 =+ 1.04 1.51 +1.01 22.43 +0.27 184.91 +1.01
8 130.01 = 1.05 0.63 £0.32 20.81 +£0.55 151.44 +1.01
0 134.45 +1.68 1.01 +1.64 21.79 £ 0.31 157.25 +1.74
2 136.76 = 0.99 0.99 +0.07 21.58 £0.29 159.33 £2.15
16 +3 4 132.64 +1.26 0.65 +0.02 20.65 +0.41 153.94 £2.02
6 128.34 +1.05 0.74 £ 0.02 18.85 +£0.35 147.93 £2.41
8 120.18 = 1.21 0.51 +£0.01 20.67 £0.19 141.36 + 1.81

*Mean + standard deviation (n = 3).
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TABLE-5
CHANGES IN FREE FATTY ACIDS PROFILE IN WALNUT DURING STORAGE ADJUSTED AT DIFFERENT MOISTURE LEVELS
Moisture contents (%) 10+£3 16 +3
Storage period (week) 1st 2nd 4th 12th 1st 2nd 4th 12th
Fatty acids (g/100 g) Fatty acids (g/100 g)
16:00 839+021 932+0.15 9.68+004 985+0.65 | 839+032 974+0.01 10.09+0.19 10.31+0.71
18:00 426+001 446+021 5.18+024 559+0.19 | 427+0.08 482026 548+0.71 6.18+0.19
18:01 2731+0.78 2697 +1.67 27.59+0.46 27.97+0.11 | 27.32+0.78 2536+0.38 26.51+028 28.70 1.7
18:02 4752051 4476+020 4142+02 3891092 4752 +£1.04 4423+121 40.16+0.94 38.49 +0.43
18:03 1248+0.11 1228+0.12 11.07+0.88 9.62+0.83 | 12.49+0.07 11.14+039 10.36+0.78 9.18 + 0.46
ESFA 12.66+0.25 13.79+048 14.87+0.44 1545+029 | 12.67+0.12 14.56+0.12 1557 +0.61 16.49+0.29
TLUFA 8733+12 84.03+1.05 80.08+1.41 7650+1.08 | 87.33+1.18 80.73+1.00 77.04+0.54 76.37+0.78
YUFA/ZSFA 6.8 6.1 54 49 6.8 55 49 46
*Mean = standard deviation (n = 3).
TABLE-6
CHANGES IN FREE FATTY ACIDS PROFILE IN ALMOND DURING STORAGE ADJUSTED AT DIFFERENT MOISTURE LEVELS
Moisture contents (%) 10+3 16 +3
Storage period (week) Ist 2nd 4th 12th Ist 2nd 4th 12th
Fatty acids (g/100 g) Fatty acids (g/100 g)
16:00 874+044 936+026 9.85+0.03 10.05+0.1 | 874+0.06 9.74+0.04 10.03+0.14 10.22+0.29
18:00 1.89+0.03 1.92+0.02 207+003 231+001 | 1.89+0.02 194+0.06 232+004 2.51+0.03
18:01 7410£0.55 7278 +0.52 72.59+040 74.42+0.15 | 74.10+0.11 73.12+0.32 74.62+024 7501 +0.45
18:02 1499 £0.12 14.59+0.46 14.85+088 13.62+0.5 | 1499+003 14.12+0.15 13.06+0.87 12.78+0.1
18:03 028+002 027+0.04 025+002 022+0.02 | 028+0.01 027+0.06 024004 0.22+0.03
¥SFA 10.62+0.07 11.28+0.52 11.91+0.04 1236+0.13 | 10.62+093 11.68+1.11 12.34+0.48 12.73+0.17
YUFA 80.37 £ 1.02 87.64+1.08 87.69+0.78 88.27+0.83 | 89.37+048 87.51+040 87.93+0.01 88.01 +0.44
YUFA/ZSFA 8.4 7.7 7.3 7.1 8.4 7.4 7.1 6.9

*Mean = standard deviation (n = 3).

on oils extracted from different varities of edible nuts specially
walnut and almond>**?*.

The storage period of 12 weeks selectively affected the
free fatty acids in the nuts. The concentrations of palmitic and
stearic acids increased throughout during storage period in
the nuts analyzed. The increase in saturated fatty acids was
statistically significant. The concentration of monounsaturated
fatty acid showed a little decrease during 2nd and 4th weeks
of storage. However, during 12th week of storage, there was a
considerable increase in oleic acid concentration. The concen-
tration of polyunsaturated fatty acids decreased throughout
the storage period in the nuts analyzed. This leads to a corres-
ponding decrease in ZUFA/XSFA (oxidation index) throughout
storage period. The decrease in polyunsaturated fatty acids
and increase in saturated fatty acids was more pronounced for
nuts adjusted at high moisture level as clear from the data.

The behaviour of the free fatty acids during storage in nuts,
reported in our study, was found to be in harmony with those
reported rice bran and almond'®**?’,

Effect of y-irradiation on free fatty acids in ground
and tree nuts: The results obtained from the irradiated nuts
stored for 12 weeks at different moisture levels are presented
for walnut in Table-7 and almond in Table-8, respectively.
The content of total saturated fatty acids, monounsaturated
fatty acids and polyunsaturated fatty acids in unirradiated
walnut at low moisture level were 15.40, 27.97 and 48.53 (g/
100 g), respectively. After irradiation at 8 kGy, their respective
values were 18.69, 24.97 and 48.48 (g/100 g). The content of
palmitic and stearic acid increased (p < 0.05) by irradiation
with a corresponding decrease (p < 0.05) in oleic acid in all
the nut samples. The polyunsaturated fatty acid content remained
unchanged. The effect of y-irradiation was more definite for

TABLE-7
EFFECT OF y-IRRADIATION ON FREE FATTY ACIDS PROFILE IN WALNUT ADJUSTED AT DIFFERENT MOISTURE LEVELS
Moisture
contents 10+3 16+3
(%)
Irradiation
dess (5G) 0 2 4 6 8 0 2 4 6 8
Fatty acids (g/100 g)
16:00 9.85+0.65  11.02+0.86 11.14+0.53 1227+#1.33 11.532098  10.3120.7  11.56+0.32  11.68+021 12.92+0.41  12.08+0.30
18:00 5.59+0.19 6.79+0.07 6.74+0.15 6.93+0.16 7.17+0.65 6.18+0.19 7.49+0.36 7.44+0.54 7.62+0.17 7.92+0.16
18:01 27.97+0.11 25.91+0.16  25.51+0.13  26.34+0.20 24.97+0.24 28.70+1.7 26.57+0.37  26.18+0.29 27.07+0.41 25.63+0.64
18:02 38.91+0.92 38.66+1.86 38.42+0.41 38.81+0.76 38.67+0.95 38.49+0.43 38.23+1.2 38.01+0.78 38.41+0.94 38.26+0.54
18:03 9.62+0.83 9.67+0.07 9.45+0.65 9.42+0.32 9.81+0.41 9.18+0.46 9.24+0.53 9.10+0.20 8.87+0.44 9.34+0.39
YSFA 15.45+0.29  17.82+0.95 17.89+0.15 19.19+£0.16  18.69+0.12  16.49+0.29  19.06+0.21 19.11+£0.21  20.54+0.26  20.00£0.16
YUFA 76.50£1.08 74.24+0.63 73.38+0.82 74.57+1.02 73.45+097 76.37+0.78 74.04+0.86 73.29+0.74 74.36+1.06  73.23%1.05
YUFA/ESFA 4.9 4.2 4.1 3.8 3.9 4.6 3.8 3.8 3.6 3.6

*Mean + standard deviation (n = 3).
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TABLE-8
EFFECT OF y-IRRADIATION ON FREE FATTY ACIDS PROFILE IN ALMOND ADJUSTED AT DIFFERENT MOISTURE LEVELS
Moisture
contents 10+£3 16+3
(%)
Irradiation
e ) 0 2 4 6 8 0 2 4 6 8
Fatty acids (g/100 g)
16:00 10.05£0.10  12.15:0.87 11.87+1.57  11.34x0.17  12.91+1.50 10.22+0.29 12.350.06 11.53+0.93 11.53x0.93 13.12%1.11
18:00 2.31+0.01 2.56+0.71 3.13+0.19 2.59+0.46 2.87+0.17 2.51+0.03 2.78+0.04 3.52+0.37 2.81+0.10 3.1320.16
18:01 74.42+0.15 71.09+0.45 68.95+0.53 70.83+1.27 69.94+0.33  75.01£0.45 71.65+0.76  69.51+0.09 71.38+0.20 70.52+0.39
18:02 13.62+0.5 13.79+£0.52  13.34+0.96 13.58+0.04 13.56+0.38 12.78+0.1 12.93+0.37 12.5240.21 12.75+0.20 12.72+0.41
18:03 0.22+0.02 0.22+0.20 0.22+0.02 0.22+0.00 0.23+0.19 0.22+0.03 0.22+0.03 0.21+0.08 0.21+0.06 0.22+0.02
YSFA 12.36+£0.13  14.71+0.86 15+0.89 13.93+0.69 15.79+0.22  12.73+0.17  15.14+0.65 15.05+£0.17 14.34+0.33  16.25+0.10
YUFA 88.27+0.83  85.09+0.88  82.51+0.63 84.62+1.02 83.73+0.99 88.01+0.44  84.80+0.45 82.25+0.17 84.34+0.30 83.45+0.15
YUFA/XSFA 7.1 5.8 5.5 6.1 5.3 6.9 5.6 5.5 5.8 5.1

*Mean + standard deviation (n = 3).
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