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The changes in the lipid fraction and the deterioration of its quality were studied in almonds (Prunus
amygdalus) of the variety Guara after treatment with accelerated electrons at doses of 3, 7, and 10
kGy, during a storage period of 5 months. In almond oil, the most significant difference from the
nutritional point of view was seen in the fatty acid linolenic (18:3), which shows at 3 kGy a maintenance
of the initial content during the whole storage period, whereas, at 7 and 10 kGy, the content in 18:3
disappears from the first moment. The quality indices of the oil (K232, Kz70) decreased at all doses
and remained stable during the time of storage. The peroxide value did not show changes at the
doses of 3 and 7 kGy, in non-irradiated samples, but significantly increased when the maximum
dose of 10 kGy was applied. These changes were reflected in the sensory analysis, in which the
tasters did not find sensory differences between the controls and those irradiated at doses of 3 or 7
kGy, whereas almonds irradiated at 10 kGy exhibited a rancid flavor and a significant decrease in
general quality.
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INTRODUCTION of hygienization to be obtained while causing few changes in
the chemical composition of the product @). It involves

. . - .
Accor.dlng to the FAQ gstlmatea)( 2‘.5/0 of world grain exposure of foods to the direct action of certain electromagnetic
production is lost due to insects, bacteria, and rodents, and a

similar percentage of dry fruit production is contaminated by radiation such ag-rays, electrons, or X-rays, with sufficient

mycotoxins, the most commonly contaminated being peanuts s:‘e;gzlgo E(zeast?rri\éitt:ser?ui?rrit!g?ngltegli\tlvmfng]::fﬁmmg their
and pistachios (2). g p : quality, y.

Fumigants are now being phased out because they can, in In Spain, the production, marketing, and import of foodstuffs

some cases. affect consumer health and. therefore. the healtgnd food ingredients treated with ionizing radiation will have,
authorities from different countries have established restrictions T0M nNow on, a legislative framework (Royal Decree 348/2001).

on their application; their use has even been banned by someft present, the list of foodstuffs that can be treated using ionizing
countries (3). radiation includes only dried aromatic herbs, spices, and dry

Because the aflatoxins cannot be removed using conventionalV€9€table seasonings. However, from now on, any person with

techniques, the microbial contamination must be avoided and,_domICIIe n the European Union will be a_ble to Qpp'y f_or the
therefore, treatments for ensuring the product quality, while introduction of a foodstuff on the mentioned list, with an
maintaining the sensory and nutritional quality presently @PPlication that mustbe accompanied by a scientiféchnical
demanded by consumers, must be used. report.

Recently, treatment with ionizing radiation has become more ~ The commission in charge of the authorization of the
significant as a solution to these problems. It is a physical treatments (6) has recently stated that although, at the moment,
treatment that does not produce waste and allows a high degre@nly one food category has been included in the community

positive list, on a European scale, for the treatment by irradiation

* Address correspondence to this author at the Department of Food (dried aromatic herbs, Spices, anq dr.y. vegetalqle seasonlngs),
Science and Technology, CEBAS-CSIC, Apdo. 4195, 3100 Murcia, Spain the process continues, and the scientific committee has issued
(telephonet34 968396328; fax-34 968396213; e-mail felix@cebas.csic.es). a document stating that other products could be included on

T CEBAS-CSIC. e | _ w i e
s Universidad Miguel Hernandez. the positive list soon; among them, “dried fruits” were men-
#University of Murcia. tioned explicitly.
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Table 1. Conditions Applied during the Irradiation Treatments and the Later Readings of the Dosimeters To Verify the Real Absorbed Dose

applied speed of conveyor beam current width of electron dosimeter real absorbed
dose (kGy) belt (m/min) intensity (mA) beam (cm) measurement (kGy) optic abs dose (kGy)
3 5 2.15 103 3 0.413 +0.002 3.2+017
7 47 4.38 103 7 0.720 £ 0.001 71+0.12
10 347 5 103 10 1.003 + 0.003 10.3+0.4

High doses of radiation can sometimes cause undesirableFrutos Secos del Mafian. The extractions was carried out on defatted
changes in the food flavor, appearance, and texture, resultingalmonds using methanol/water, and they were separated using antibody
in a product unfit for human consumption. This fact may limit affinity columns. The quantification and detection were carried out by
the dose and, therefore, the number of microorganisms that carfign-performance liquid chromatography (HPLC) and fluorescence

be removed. The combination of low radiation doses with other d6téction with iodine derivatization. Extraction, determination, and

treatments can solve this problem. For this reason 0,[herquantn‘lca‘uon of aﬂ_atoxms were made according to the AOAC official
) L ’ methods of analysis (15).

preservation methods, such as adjuvant systems, low temper- Lipid Extraction. The fat was extracted in a six-unit extractor (Det-

atures, controlled or modified atmospheres, or just adequategyas J. p. Selecta S.A., Barcelona, Spain), using petroleum ether (40

storage conditions, are usually employed), (but limited  60°C) as extractant; to avoid fat oxidation during the extraction, ether
literature is available regarding the effects of ionizing radiation evaporation was carried out in a vacuum.
on dried fruits, particularly almonds (8—14). Fatty Acid Methyl Esters (FAMESs). The FAMEs were obtained

This paper reports the effect of ionizing radiation treatments according to theOfficial Methods of Analysis(16), with some
at doses of 3, 7, and 10 kGy on the whole shelled almonds, modifications. The preparation of the FAMESs was carried out by direct
packed in air atmosphere and stored for 5 months at0 interesterification of the fat in two stages: formation of free fatty acids

The influence of these doses on the quality of the lipid fraction Y Saponification with methanolic NaOH and a later free fatty acids
esterification with methanolic HCI.

and the organoleptic changes caused in the fruit also have been The methyl esters were analyzed in a gas chromatograph (CG14A:

observed. Shimadzu Corp., Kyoto, Japan) with a FID and a TR-Wax capillary
column, 0.25 mmx 25 m (Technokroma, S. Coop. C. Ltda., Barcelona,

MATERIALS AND METHODS Spain); the carrier gas was nitrogen with a flow rate of 0.8 mL/min,

the temperature of the column was isothermal atZ)ahe temperature

in the detector and in the injector was 2%, and the identification of

the fatty acids was carried out using the retention times relative to

commercial standards of Supelco fatty acids (Sigma-Aldrich Quimica,

S.A., Madrid, Spain). The results were expressed as a percentage of

Samples.Almonds (Prunus amygdalysvere supplied by Frutos
Secos el Mafian (Pinoso, Alicante, Spain). Shelled Guara variety almond
integuments-normal or contaminated byspergillus—were used in this
work. The almonds contaminated Byspergilluswere obtained from
the samples rejected by the firm due to the fungal contamination. each fatty acid with regard to the total fat.

A total of 12 kg of almonds without mold and 2 kg of contaminated Peroxide Value.The peroxide value was determined on the extracted
ones from the same harvest were packaged in high-barrier plastic bagg,; estimated as the iodine released as a product of the oxidation of
(polypropylene polyethylene, PP.PE) (100 g each). Samples contami-,qiassium iodide by the peroxides, or other similar products of fat
nated byAspergillus were used to determine the evolution of the level o iqation. The value obtained was expressed as milliequivalents of O
of aflatoxins after irradiation treatments. _ per kilogram of seed; the procedure was carried out according to the

Radiation Treatments. Irradiation was carried out using a Rhodot-  methods described by the AOAC (17).
ron (1.B.A.) circular electron accelerator (lonmed, Tarancén,_Spai_n) at  Qjl Ultraviolet Absorption Coefficients (UV Index). Oil quality
an energy level of 10 MeV. Treatment lots were deposited in & yas evaluated as the absorbance of a solution containing 0.05 g of oil
transporting tape leading to the electron beam; the samples werej, 190 mL of cyclohexane under UV light @, Koo, using a
arranged in a monolayer. The programmed irradiation doses were 3.0,spectrophotometer (model Uvikon 930; Kontron Instruments Ltd.). The

7.0, and 10.0 kGy; non-irradiated samples were separated as control,5jue of the UV index was expressedRs= (Kz3/Kz79) according to
lots. The treatment protocol and the number of dosimeters per treatmentine methods described by the AOAC (17).

batch, as well as the determination of the real dose absorbed by the  gensory Determination. Sensory evaluation was conducted by a

fruits, were carried out in the Research and Development Departmentse|ected and trained panel comprising five judges with some expertise
of lonmed. Radiochromic dosimeters FTW-60.0 (Far West Technology) n tasting other foods. The evaluation was done using 5-point structured
were employed, and the absorbed dose was measured at 600 Nm in cales, 5 being the best and 1 the worst quality. To evaluate the capacity
Genesis-5 spectrophotometer (Espectronic) with an uncertairigios of examination and the sensitivity of the tasters, sucrose was used as
= 0.006 for a level of confidence of 95%. An adequate number of 4 standard for the sweet flavor, bitter almond for the bitter flavor, and
dosimeters was randomly placed in both faces of the bags to verify the xjgized oleic acid for rancidity. The general acceptance quality attribute
real dose absorbed by the fruits and to studiesy the penetration of theyas assessed as measurement of the acceptability of the product by
radiation. the consumer using a scale from “very unpleasant” (level 1) to “very
The variability of the real dose of irradiation absorbed by the samples pleasant” (level 5). The tasters’ selection and training, as well as the

was <1% of the programmed dose applied. The dosimeters also verified fitting-out of the tasting room, were carried out according to UNE 87
the homogeneity of the dose and validated the irradiation process. The(18).

treatment conditions and the later readings of the dosimeters are shown  statistics. Tests for significant differences were carried out using
in Table 1. After irradiation, samples were stored in controlled the General Linear Model of the SPSS (version 11.0) statistical package.
conditions (20+ 1 °C and 75% relative humidity) for a period of 5 Apalysis of variance (ANOVA) was conducted for irradiation doses
months, and periodic sampling was carried out. and storage as factors. When differences were significant, multiple
The efficiency of treatments for avoiding the growth of fungi of the comparisons were made using Tukey’s td€)( which compares the

genusAspergilluswas verified. The lowest dose of radiation (3 kGy)  samples on the basis of the mean of the factors’ variances.
was applied to samples already contaminated by the mold, and the

formation of aflatoxins was observed in both control and treated RESULTS
samples.

Determination of Aflatoxins. The extraction and determination of The irradiation of samples contaminated with funghs-
aflatoxins were carried out in the facilities of the Farming Cooperative pergillus showed a clear effect on the formation of aflatoxins
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Table 2. Percentages of Fatty Acids Contents [Palmitic Acid (C16:0), Estearic Acid (C18:0), Oleic Acid (C18:1), Linoleic Acid (C18:2), and Linolenic
Acid (C18:3)] at Different lonization Doses and Storage Times?

dose  storage dose  storage

(kGy)  (days) C16:0 C18:0 C18:1 C18:2 C18:3 (kGy)  (days) C16:0 C18:0 C18:1 C18:2 C18:3

0 0 637+031 246+0.12 6825+045 19.88+0.52 0.28+0.06 7 0 6.88+071 224+013 71.06+0.14 17.67+0.87 tr

7  644+001 250+026 66.78+0.69 19.75+0.96 0.12+0.07 7 6.63+0.12 214+010 70.11+038 1833+157 tr

14 620+0.08 220+0.05 70.03+0.53 19.67+0.04 tr 14 6.65+019 218+024 71.06+0.35 17.68+0.17 tr

21 654+0.03 248+0.07 69.62+0.05 19.69+0.04 tr 21 6.66+0.46 2.06+0.00 7146+0.03 1836150 tr

28 6.42+0.06 235+012 69.55+0.27 19.34+0.19 tr 28 6.69+0.17 232+0.27 6797+055 18.27+0.06 tr

43 652+0.05 241+0.01 69.21+0.33 19.74+0.45 tr 43 691+031 205+0.18 71.14+052 18.02+0.93 tr

58  658+0.18 238+0.05 6838+0.76 20.24+0.78 tr 58  6.65+004 206+0.04 70.71+040 20.08+0.39 tr

74 6.38+0.10 233+0.08 66.69+0.09 21.94+0.38 tr 74 7.02+037 229+016 69.89+0.15 1895+1.11 tr

121 6.29+0.10 220+0.16 69.61+0.20 19.17+0.13 tr 121 6.74+0.10 212+0.04 70.74+0.06 18.89+0.10 tr

157  6.41+024 225+0.06 69.33+0.39 19.41+0.37 tr 157 6.76+0.16 211+020 71.22+040 1853+0.31 tr

3 0 748+039 232+010 69.10+1.08 18.74+0.80 0.31+0.04 10 0 658+0.03 238+015 69.54+044 18.10+0.67 tr

7 7.01+0.07 209+0.06 71.03+0.78 1716156 0.30+0.03 7 650+010 234+012 71.09+0.11 1837%0.16 tr

14 6.99+022 221+003 6929+0.83 18.64+0.35 0.38+0.09 14 657+026 245+007 71.00+0.32 18.32+0.88 tr

21 6.79+017 228+0.28 69.75+0.24 1816+0.06 0.28+0.01 21 6.63+0.09 238+0.05 69.72+0.17 18.97+0.83 tr

28 7.04+044 225+012 6837+0.05 1834+104 043+046 28 6.53+041 262+0.03 7059+032 1855+1.10 tr

43  7.06+031 228+0.16 69.24+0.80 18.66+0.28 0.34+0.04 43 659+028 246+0.02 71.40+024 1858+1.69 tr

58  7.19+024 236+0.18 6838+0.14 1865+167 0.33+0.03 58  6.64+026 247039 71.20+0.17 18.89+0.34 tr

74 7.00+0.14 223+001 6881+018 1755+1.23 0.44+0.02 74 6.09+025 223+001 7142+045 17.12+031 tr

121 7.16+067 232+0.09 6815+0.11 1874+169 0.37+0.03 121 6771016 255+0.20 70.84+0.01 19.15+1.27 tr

157  6.83+0.21 219+0.04 7052+048 1829+0.09 0.10+0.04 157 6.63+0.05 241+0.09 7194+060 18.27+0.46 tr

dose *k *k *k *%k *k dose *k *k *% *k ns

storage ns ns ns ns ns storage ns ns ns ns ns

dose x storage ns ns ns ns ns dose x storage ns ns ns ns ns

2 Statistical differences were analyzed by ANOVA (p < 0.05); ns, not significant; **, significance at 99%; tr, trace, <0.1.

A2 @G2 @Gl @B2 g B1 | Table 3. Homogeneous Subset from the Multiple-Comparisons Test
44" N S (Tukey's Test) for Each Fatty Acid after Irradiation®
N N
35 ‘§ § dose (kGy) C16:0 C18:0 c18:1 C18:2 Cc18:3
s 3 Q N N 0 64la  235a  687a  197b tra
g % ?% S %% 3 7.06¢ 22a 69.2ab  18.49a 0.33b
g 4" N N \ N 5 7 676b  21a  705bc  1898ab  tra
g > % g% % % § 10 655ab  25b 708¢ 19.0ab tra
& N N
= 4 \ g% N | %% % = Statistical di : .
% %% r % 7 % % Statistical differences were analyzed by ANOVA (p < 0.05); tr, trace, <0.1;
1 RN N N N N subset, ¢ > b >a.
N dY NN
N N N N N
05 N N : . i . , -
. % é% § é% § linolenic, and palmitic fatty acids, with respect to the total lipids,
' p— ' _— ' — | - ' cves | wis according to the storage period and the dose applied. The
one O L 4 contents of saturated palmitic (C16:0) and stearic (C18:0) fatty
0 30 60 acids changed but, whereas for palmitic acid the change was at
Days all doses, only stearic acid showed a significant variation when
Figure 1. Evolution of the level of aflatoxins Gy, G,, By, and B, with the maximum dose of 10 kGy was applied.
storage period for control and irradiated at 3 kGy samples. With regard to unsaturated fatty acids, the content of linoleic

acid (18:2) in the irradiated samples was slightly lower than
G1, Gy, By, and B (Figure 1). In control samples, the aflatoxin that in the control samples, whereas the content of linolenic
levels increased over time, whereas, in ionized samples, itacid (18:3) showed significant differences, in comparison to
remained constant during the whole storage period. Therefore,control samples, only in the samples irradiated at 3 kGy. The
the ionization at minimum doses of 3 kGy showed a great statistical analysis shows that significant differences only appear

efficacy for the destruction of the existing coloniesAspergil- ~ according to the irradiation treatment applied and, therefore,

lus (20, 21), but it could not eliminate the already formed the differences during the storage period for the same irradiation

aflatoxins in the sample. doses are not statistically significantable 3 shows the
Effect of Irradiation on Fatty Acids Composition The homogeneous subsets into which the samples are distributed

effects of irradiation on the samples were not expressed in theaccording to the applied irradiation dose.

physical characteristics as in the lipid conte?, (22, 23) (data The irradiated samples showed an oleic acid content signifi-

not shown). A significant factor, in assessing the effect of the cantly higher than that of the control samples; these differences
irradiation treatments, is the fatty acids composition of the lipid were higher at the highest dose, maybe due to a delay in the
fraction. In almond, the main fatty acids are oleic and linoleic desaturation of oleic to linoleic acid caused by the treatment
acids @3—26), both being unsaturated with one and two double (27). During the 5 months of storage, no significant changes
bonds, respectively, a fact favoring the relative speed of were observed in the lipid composition, which was modified at
oxidation in comparison to other plant foods with a lower the precise moment of the treatment or immediately after, but
content of these fatty acids. remained constant during the whole storage period.

Table 2 shows the results obtained from the determination = The contents of other fatty acids did not show significant
of the percentage composition of the oleic, stearic, linoleic, changes with the doses irradiated or during the period after the
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Table 4. Variation of Total Fatty Acids Saturated, Unnsaturated, and Ratio of Unnsaturated/Saturated Based on lonization Dose and Storage Time?

storage
dose
(kGy) 0 days 7 days 14 days 21 days 28 days 43 days 58 days 74 days 121 days 157 days
% saturated 0 883+044 894+026 840+0.03 895+010 876+0.06 893+0.04 896+014 871+0.02 849+026 8.66+029

3 9794029 9.09+0.01 920+025 9.07+045 929+056 934+047 9554042 923+015 948+0.76 9.02+0.26
9.12+059 877+0.02 883+043 872+046 9.01+044 895+050 871+£0.00 931+052 886+0.05 887036

-

10 896+0.18 885+0.02 9.02+033 971+044 915+044 9.05+030 911+065 833%+024 932+035 9.03+0.13

% unsaturated 0 8813+1.08 86.53+0.65 88.70+0.49 88.91+0.00 88.89+046 8854+0.12 8863+0.02 88.64+047 8878033 88.73+0.02

3 87.83+0.89 8819+122 8793+148 8890+118 86.71+£100 8890+1.09 87.03+153 86.37+1.05 86.90+058 88.81+0.58

7 8873+101 89.44+195 8874+1.18 90.83+053 88.24+061 89.16+146 90.7+0.091 8884+127 90.63+0.05 89.75+1.71

10 90.23+0.23 90.46+0.05 9032+0.44 88.69+0.66 90.13+0.22 90.38+0.54 90.09+0.50 8854+1.14 89.99+0.26 90.20+0.14

unsat/saturated 0 9.98+037 9.69+069 1055+0.02 994+0.11 10.14+0.12 992+0.03 9.89+0.15 10.18+0.07 1046+0.36 10.25+0.35

3 897+046 970%+0.13 956+042 9.82+062 935+046 953+060 911+024 935+0.04 919+067 9.85+035

7 9.76+0.96 1020+0.24 10.07+0.85 1043+0.61 9.82+0.88 9.98+0.83 1042+0.00 956+0.78 10.23+0.07 10.13+0.61

10 10.07+0.23 1022+0.02 1003+0.41 9.15+049 987+050 9.99+039 992+0.76 10.63+0.07 9.66+0.39 9.99+0.16
dose *% *% *% *% *% *% *% *k *k *%
storage ns ns ns ns ns ns ns ns ns ns
dose x storage ns ns ns ns ns ns ns ns ns ns

a Statistical differences were analyzed by ANOVA (p < 0.05); ns, not significant; **, significance 99%.

—e—Control —#—3 kGy —a—7 kGy —x—10 kGy however, from day 28, this index significantly increased in the

6 samples treated at 3 kGy and, to a lesser extent, in those treated
at 7 kGy and in control fruits. Samples treated at 10 kGy showed

5 a less-pronounced tendency to increase than the other samples

during the period between 28 and 71 days; this tendency was
observed until month four, when the samples treated at 10 kGy
showed a significant increase while the rest remained relatively
stable.
2 - Uthman et al. {1) found a similar behavior when irradiating
- shelled and toasted almonds at doses of 6 and 10.5 kGy; with
i:f,%- the lowest dose they showed, at the beginning and until 8 weeks
‘ of storage, a higher peroxide value than those irradiated at 10.5
0 7 14 21 28 43 58 71 121 157 kGy.
days The results found in this study indicate that the peroxide value
Figure 2. Peroxide values at different doses and storage. of the fat in almonds stored for 5 months at*ZDis not affected
by irradiation with accelerated electrons at doses lower than 7
storage; their average contents ar@.1% except palmitoleic kGy, because after 157 days, levels of peroxides were similar
acid (0.4—0.5%). to those found in non-irradiated control fruits. It seems that for
Table 4 shows the total contents of saturated and unsaturatedhigher doses (10 kGy) the induction period is extended for up
fatty acids and the ratio of unsaturated/saturated fatty acids. Theto 8 weeks and, therefore, a delay in the start of the peroxidation
results indicate that there is a significant change<(0.05) in is observed in comparison to control samples.
these percentages in samples exposed to irradiation; thus, the Effect of Irradiation on UV Index. Polyunsaturated fatty
percentage of saturated fatty acids increased with the treatmentsacids, such as linolenic and linoleic acid, have their double bonds
whereas the percentage of unsaturated fatty acids decreasedlaced according to the system called “malonic”. One of the
Thus, the unsaturated/saturated ratio decreased with the treatreactions occurring during the lipid oxidation implies the
ments, and this influence was higher at 3 kGy than at the other transformation of the malonic systems into conjugated systems,
doses, resulting in a decrease in the nutritional quality of the which are less stable against later oxidations. These conjugated
oil. systems can be detected by UV spectrophotometry, and they
Effect of Irradiation on Peroxide Value. Both the applied tend to break down and result in carbonylic compounds,
irradiation treatments and the storage period had a significantaldehydes, and ketones, which, together with other compounds,
influence on the peroxide index, and a significant interaction give the food the “rancid smell” that is disliked by the consumer
between the two factors was also observed. These statistical28). The indexR (Kz3JKz270), which compares the absorbances
differences are clearly seen igure 2, where an increase in  at 232 and 270 nm, is employed for evaluation of the fat
fatty acids oxidation during storage, both in the control and in oxidation (the higher the oxidation, the lower the value of the
the irradiation treatments, was observed; the peroxide value wentindex) and, together with the peroxide value, it is a good
from 0.34 to 3 mequiv of @kg in control fruits, to 3.7 mequiv  indicator of the oil quality (2930).
of OJ/kg in those treated at 3 or 7 kGy, and to 5 mequiv of  Table 5 shows the evolution of this index in the almonds; it
O2/kg in fruits treated at the maximum dose of 10 kGy. significantly decreased from the first moment for all treatments
The interaction of the factors time and treatment is reflected applied and then remained constant during the whole storage
in the fact that the increase in the peroxide index was not linear period. The greatest decrease Riwas obtained when the
with time, but showed well-distinguished slopes according to samples had been treated at 3 kGy, from an initial value of 28,
the irradiation dose and the storage period. Thus, immediately similar to that of non-irradiated samples, to 16. When 7 or 10
after the application of the treatments, there were no significant kGy was applied, the decrease was lower, values of 18 being
differences in the peroxide index among the studied samples;reached in both cases.

meq O2/kg seed
w
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Table 5. UV Index Variation at Different lonization Doses and Storage Times?

dose storage dose storage
(kGy) (days) R (K232/K270) Kasz Kao (kGy) (days) R (K232/K270) Koz Kao

0 0 28.60 £ 0.99 212+0.34 0.07+£0.01 7 0 18.93+1.41 1.96 + 0.06 0.11+£0.02

7 28.09 +0.09 1.84+0.01 0.07 £0.00 7 18.89 + 0.06 222+0.15 0.12+0.01

14 28.58 £ 0.61 1.82+£0.20 0.06 +£0.01 14 19.17 £ 0.56 2.08+0.19 0.11£0.00

21 27.06 £0.70 1.91+0.05 0.07 £0.00 21 18.38 + 1.27 1.96 +0.03 0.11+£0.01

28 27.45+0.37 1.84+0.13 0.07 £0.00 28 19.61+0.35 2.30+£0.06 0.12+0.01

43 27.45+0.09 1.84+0.17 0.07+£0.01 43 19.61 +0.62 230+0.11 0.12+0.01

58 28.58 + 1.66 1.89 £ 0.08 0.07 £0.00 58 19.63 £ 0.88 2.27+0.13 0.12+£0.03

74 26.72 £ 1.50 2.09+0.09 0.08+£0.01 74 19.36 + 0.62 2.49+0.10 0.13+0.00

121 29.23+1.76 2.38+0.43 0.08+0.01 121 17.63+0.01 2.77+0.30 0.16 +£0.02

157 29.46 £ 1.30 2.43+£0.58 0.08 £0.02 157 18.20+£1.20 3.18+£0.03 0.18 £0.03

3 0 15.80 £ 1.05 1.85+0.37 0.12£0.01 10 0 19.63+1.18 2.08 +£0.40 0.10£0.03

7 14.92 £ 0.44 3.16+1.98 0.21+£0.14 7 20.46 £0.28 2.21+0.07 0.11£0.00

14 14.89 + 0.50 210+0.13 0.14 £ 0.00 14 20.52 £ 0.60 2.18+0.15 0.11+£0.01

21 15.48 +0.85 2.21+0.04 0.14+0.01 21 20.35+1.05 1.85+0.08 0.09+0.01

28 16.16 £ 1.26 2.15+£0.12 0.13£0.02 28 19.35+1.08 224 +0.24 0.12+£0.02

43 16.16 + 1.40 2.15+0.05 0.13+£0.02 43 19.35+0.45 224+0.12 0.12+0.01

58 16.96 +0.39 220+0.14 0.13+0.01 58 19.29+0.23 2.32+0.20 0.12+0.01

74 16.41£1.00 2.23+£0.13 0.14 £0.01 74 16.83 £ 0.05 2.27+0.20 0.13+£0.01

121 16.87 £0.35 1.68 £0.15 0.10£0.12 121 17.36 £0.18 237024 0.14£0.01

157 17.32+0.34 243 +0.55 0.14+£0.03 157 1752+ 1.42 2.81+£0.25 0.16 £ 0.00
dose b ns bl
storage ns ns ns
dose x storage ns ns ns

a Statistical differences were analyzed by ANOVA (p < 0.05); ns, not significant; **, significance 99%.

In general, a decrease in the oil quality was observed as a B Rancidity W Global quality

consequence of the irradiation treatments applied, sharp differ-
ences occurring according to the dose, although levels resulting |
in an unacceptable quality, according to the classification _ 4. |
proposed by Cabada et a1 for olive oils, were never found. § 4 | aly a abl a

These results agree with those obtained for the peroxide value,§ 351 a
where the lowest dose applied (3 kGy) was the one which, in @ 3 |
the short-term, had the greatest effect on the lipid oxidation, § 5 5 |
and, from the fourth week, the doses of 7 and 10 kGy showedz , |

55 7

a higher effect on the lipid peroxidation. § s
Effect of Irradiation on Organoleptic Properties of Al- @ b
monds. To verify if the irradiation doses had affected organo- HE |

leptically the almonds, sensory studies were carried out during
the whole storage period, with a selected and trained panel of 0 °
five tasters, who evaluated the sensory attribute “rancid flavor” Control 3kGy 7 kGy 10 kGy
and its effect on the global appreciation, a correlation between Figure 3. Tasting committee scores for rancidity and global quality
the rancidity found by the taste panel and the lipid peroxidation; attributes.
no clear sensory differences were found between control samples
and those irradiated up to the end of the storage period. which favor oxidation and the appearance of the rancid flavors
Therefore, the results obtained after 157 days are shown heredetected by the panel of tasters.

Figure 3 shows the numeric assessment given by the panel
of tasters. A decrease in the parameter “global quality” exists DISCUSSION

both in control and in irradiated samples, although sharp  Thg effects of radiation on food depend, among other factors,
differences can be appreciated when the doses of 3 and 7 kGyon the kind of food irradiated, the dose applied, and the

are compared with that of 10 kGy. A long storage, 4 months at ¢ongitions of application of the treatme2). One of the main
20 °C, had affected negatively the samples, both control and effects of the irradiation is the formation of free radicals, which
iradiated. are responsible for the lipid degradation and oxidation, resulting
This situation is verified when rancidity, a sensory attribute in volatile compounds generating off-odor. This limits the shelf
indicating the degree of fat oxidation, was analyzed; values for life of the product, even for those products with fat levels under
samples treated at doses of 3 or 7 kGy were slightly lower 1% of lipids (33).
(~0.4) than for the control samples. The panel of tasters did The lipid fraction of the almond seed ranges from 50 to 60%
not find perceptible differences among the three samples and, within this fraction,~~80—90% are mono- or polyunsatu-
regarding the rancid flavor. On the contrary, the dose of 10 kGy rated fatty acids40, 23,24, 26, 34). The degree of unstauration
showed a completely different profile, with very low values for of the fatty acids is a very significant factor in the oxidation
the global appreciation and rancidity, a fact indicating that at speed because, although saturated fatty acids oxidize only at
the maximum level of authorized doses there are changes intemperatures 60 °C, polyunsaturated fatty acids oxidize during
the lipid composition, implying the formation of hydroperoxides, the storage period, even at freezing points @%). Thus, the
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lipid fractions of plants, as in this case for almond, can be easily (K232Kz70 and the change in the fatty acid composition, could

oxidized when ionized, due to their high degree of unstauration be explained.

(37). Although an increase in the peroxide value was observed
There is disagreement in the literature about the optimum during the storage period, for all irradiation doses, significant

conditions for the irradiation of dried fruits without producing  differences in the peroxide value were found only for samples

changes in their organoleptic quality. Most authors agree that iradiated at the maximum dose of 10 kGy. This stability against

doses between 0.3 and 0.9 kGy result in a correct hygienizationoxidation by irradiation at lower doses could be due, on the

without the induction of undesirable chang8,(39). Rodees ~ ©n€ hand, to the low water content of the almonds, a fact
et al. (38) found that for these doses (0B9-kGy), no changes

inhibiting the mobility of the radicals and peroxides produced

were caused in the foodstuff immediately after the treatment, dUring oxidation 48—51), and, on the other hand, to the high

but a sensory quality deterioration was observed during the
storage period. On the other hand, Khan et40) did not find
changes at doses over 1 kGy during the storage period, an
Wilson-Kahashita et al. (41), when studying walnuts irradiate
at doses from 5 to 20 kGy, did not find changes in the lipid
composition, the iodine indices, or the levels of TBA after the
treatment, but there was a significant increase in the peroxide
levels during storage.

tocopherols content of almonds.

It has been observed that treatments with doses under 7 kGy

o not affect the organoleptic properties of the almonds,
d @lthough slight changes in the lipid fraction were observed,
whereas at 10 kGy, the sensory quality is negatively affected.
Therefore, the dose of 3 kGy in almond irradiation can be

onsidered as adequate and enough for their correct hygieni-

zation without significant quality losses.

Many authors have found changes in the lipid composition LITERATURE CITED

caused by irradiation treatments (@, 42). Todoriki et al. 27,

43), in studies on the irradiation of potatoes, found an increase
in the content of linolenic acid and a decrease in the content of
linoleic acid, as well as a delay in the desaturation of the
saturated fatty acids for doses of 0.5 kGy. Chiou et al. (44), in
studies of peanuts irradiated at increasing doses of up to 20
kGy, found decreases in the contents of linoleic and linolenic

acids, which were higher as the irradiation doses increased but
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