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Abstract : Thisinvestigation aimsto study the &f-
fectsof gammairradiation at dosesof 0, 1.5, 3.0and
4.5 kGy and plasmatreatment at exposuretimesof 1,
2, and 3min., which gpproved for somechemica prop-
erties of camel meat. Non-irradiated, irradiated and
meat samples exposureto plasmawere analyzed for
amino acids, fatty acidscomposition whereastheir lip-
idswereandysisfor somelipid characteristics. It could
be concluded that gammairradiation dosesand plasma
trestmentshadn’t any effect on the amino acids of meat
samplesunder investigation. On the other hand these
treatments caused decreased in total saturated fatty
acidsleadingtoincreasinginthetota unsaturated fatty
acidsfor extracted lipids of samplesunder investiga-

INTRODUCTION

The Food and Agriculture Organization of the
United Nations (FAO) estimated that 25% of al food
productsarewasted after harvest worldwide. Themost
economic |lossesof foods are dueto infestation with
insects, fungal contamination and prematuregermina
tion"4, The Joint FAO/ IAEA/ WHO Expert Com-

tion. Refrigerated storage (4+1) had a significant (P <
0.05) increased in acid and peroxidevaluesof lipids of
meet sampleswhichirradiated with gammairradiation
and samplesexposureto plasmaunder investigationand
thelipolysiswasrelatively higher inlipids of control
sample compared with other samplesunder investiga:
tionduring storage. It could besummarized that gamma
irradiation and plasmatreatments had no adverse ef-
fectson chemical propertiesof camel mest, therefore
their useas safety technologica trestmentsinfood pres-
evaion. © Global Scientificlnc.

Keywords : Gamma irradiation; Plasma; Meat
muscles, Amino acidslipid characteristics.

mittee for Food Irradiation (JECFI) concluded that
foodsirradiated upto 10 kGy (1 Gy=100rad) aresafe
and nontoxic?8. Thislimit isadapted to Codex Stan-
dardin 1983, Later on, JECFI, for the eval uation of
toxicologicd, nutritional, chemica and physica aspects
of foods, declared that irradiated up to 10 kGy are
safeand nutritionaly adequate aslong asthey arepro-
duced according to good manufacturing practices?®..
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Irradi ation of food does not induce additional radioac-
tivity, because the sources of radiation approved for
useinfood irradiation arelimited to those producing
energy too low to induce sub-atomic particles®4l,

Plasmas are energeti c gases composed of atoms,
molecules, radicasaswel | asexcited and charged par-
ticles. Furthermore, plasmasemit acharacteristiclight
frominfrared over thevisblespectrd rangetoultraviolet.
Technical progressallowsto control plasmasand to
usethemforindustria gpplications. Thisincludesmod-
erntelevison, energy savinglampsand e.g. plasmaetch-
ing for microcontroller manufacturing. A new field of
goplicationistheuseof plasmasfor decontamination of
e.g. medica products and food produce*?. Plasmais
asourceof different antimicrobid substancesincluding
UV photons, charged particles, and reactive species
such assuperoxide, hydroxyl radicals, nitricoxideand
ozoneg®101318 Number of studiesinvestigating thein-
activation of microorganismsinoculated on food sur-
facesincreased with the main focus on the decontami-
nation of fruit, vegetable and poultry car-
cassegte iz Additionaly, Moonet . and
Frohling, et al.l!4 reported that plasmatreatment as
active method to decontaminate fresh meat and mesat
products.

Theaim of thisstudy wasto evad uatethe quality of
somelipid characteristics of meat musclesasacid and
peroxidevaueswere measured over arefrigerated stor-
ageperiod of 18 days(4+1). Additionally, total amino
acids and fatty acids of meat muscles measurements
were conducted to eval uate changesin meat samples
after gagmmairradiated and plasmatreatments.

MATERIALSAND METHODS

Materials

Camel meat was purchased from local market
(Benha, Qdiobiagovernorate, Egypt). All sampleswere
transported to our laboratory food irradiation unit,
Nuclear Research Center inice-box (0°C) and sur-
veyed for microbiological countsfor countsof total
bacteria, psychrophilic bacteria, sporeforming bacte-
rig, total molds and yeasts. Then, meat sampleswere
packed intightly sealed polyethylene pouchesand di-
videdinto seven groupsand stored infreezingtill irra-
diationtrestments.

Gammairradiation treatments

Four bagsfrom each of meat samplesweregamma
irradiated at 0.0, 1.5, 3.0 and 4.5 kGy doses using
cobalt-60 gamma chamber (1.367 kGy/h) in Cyclo-
tron Project, Nuclear Research Center Atomic Energy
Authority, Inshas, Cairo, Egypt. After irradiation, all
sampleswerestored at 4+1°C.

Plasmatreatments

Character of exposuremachine

The plasmagenerator consisted of anegative dc
source, a Blumlein-type pul se-forming network (E-
PFN), and a dynamic spark gap switch. A triggered
spark gap switch was used as a closing switch of E-
PFN. E-PFN had four stagesof LCladder, whichwere
composed of 5 nF of capacitor and 3 uH of inductor.
The characteristicimpedance (2"L/C) and the pulse
width (2N”’LC) of E-PFN, calculated from capacitance
(C) andinductance (L) of the LC ladder, and number
(N) of LC ladder stageswere approximately 49 Q and
1.0 us, respectively.

A charging resistance value of 50 kQ) waschosen
in the present case which correspondsto acharging
RC timeconstant of 1 ms, whichis40timesfaster com-
pared to the repetition rate of the pulse.

A schematic of the pul sed atmospheric-pressure
plasmajet (PAPPJ) devicefor generating high voltage
pulsed, cold atmospheric plasmajetsisshownin Fig-
urel. Thehighvoltage (HV) wireeectrode, whichis
made of acopper wire, isinserted into ahollow barrel
of asyringe. Thedistance between thetip of the HV
electrode and thenozzleis0.5 cm.

When HV pulsed, DC voltage (amplitudesup to
25KV, repetition rate up to 25 Hz), was applied to the
HV dectrodeand helium gaswasinjected into thehol -
low barrel. Thisdevicewas made using medical sy-
ringe (madeout of aninsulating materia cylinder). The
gaswasfed intothe systemviaflow meter.

Theapplied voltage to and the discharge current
through thedischarge chamber weremeasured usinga
voltage divider (Homemade), which was connected
between the two electrodes, and a current monitor,
which can belocated upon returning totheground. The
signdsfromthevoltagedivider and the current monitor
wererecordedinadigitizing oscilloscope(Lecroy, USA)
with a200-MHz bandwidth.
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Thehigh voltage pul ses are applied between the
needled ectrode positioned insideadidectric cylinder
(assmplemedical syringe) and ametal ring placed on
theexterior of thiscylinder. In order to obtain electric
discharges at atmospheric pressure, a high voltage
pulses (tensof kV) which havelimited duration (hun-
dreds of nanoseconds) and arerepeated (tensof pulses
per second), inadditionto aninert gas(argon) isintro-
ducedinthecylinder. Thegasflowswereintherange
0.5-101/min. The dischargetakes place between the
metallic needletop and ametallicring fit on the outer
surfaceof thesyringe. Under optimal conditions, plasma
isemitted ascentimeter-longjets, just millimetersindi-
ameter or even smaller. The working gases are sup-
plied by high-pressurecylinders. Gaspressureregul a
torsareused to reducethe pressure of gasesto awork-
ablelevel. Then, gasflow controllersdeliver thegases
with thedesired flow. For voltageamplitudesof 15-18
kV, theplasmajet isvery weak. Theplasmajet disap-
pearsfor voltage amplitudes|ower than 15kV. When
argonisinjected from thegasinlet and high voltage
pulses, 26 kV voltagesisapplied to the electrode, the
plasmajet isgenerated and aplasma plumereaching
length of 21 mm islaunched through theend of thetube
andinthesurroundingair. Thelength of theplasmaplume
can be adjusted by the gas flow rate and the applied
voltage. Threebagsfrom each of meat sampleswere
exposuretoplasmaat 1, 2and 3 minin PlasmaPhysics
and Nuclear Fusion Department, Nuclear Research
Center, Atomic Energy Authority, Inshas, Cairo, Egypt.
After theexposuretime of plasma, al sampleswere
stored at 4+1°C.

Quantitativedeter mination of thetotal amino ac-
idscontent except tryptophan

Amino acids contents of control and camel meat
samples were determined according the method de-

Dielectric cylinder
Gas inlet (He/Ar)

T

High voltage pulses
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scribed by Pellet and Young® which could be summa-
rized asfollows. A known weight of each samplecon-
taining 100 mg protein was hydrolyzed in sed ed Pyrex
test tubes with 10 ml of 6 N HCL at 110°C for 24
hours. The hydrolyzatewas quantitatively transferred
to porcelain dish and the (HCL ) wasthen evaporated
todrynessat 60°C under vacuum. Five ml of distilled
water was added to the hydrolyzate and then evapo-
rated to drynessto remove the excess of HCL. The
separation of amino acids was performed by (Auto
Sampler Version, Analyzer, Biochrom 20 pharmacia
biotech) at Nationa Center for Radiation research and
Teachnology (N.C.R.R.T), Nasr City, Cairo Egypt.

Lipid extraction

Meat samplesweredried at 105 °C for 6 hr. and
ground using stainlesssted mill. Thenthelipidwasex-
tracted by n-hexaneusing 2 literscapacity. Soxhelt ap-
paratus unitsfor 16 hr. After lipid extraction, the sol-
vent was evaporated under vacuum at 60 °C and the
crudeoil wasdried over anhydroussodium sulfate, fil-
tered, packed in dark brown bottleswithout further pu-
rificationandkept till analysis, accordingtoA.O.C.S.

Determination of acid and per oxidevalues

Acidand peroxideva ueswere determined accord-
ing to the methods described by theA.O.A.C.5.

Fatty acid composition

Gasliquid chromatographic analysiswas applied
toidentify thefatty acid composition asfollows:

Preparation of fatty acidsmethyl esters

Themethyl esterswereprepared usng sulfuricacid
inmethanol (2.5:97.5 v/v) asreagent and the methyla-
tion processwascarried out by refluxingtheail for 2.5
hr according to the method reported by Stahl

(b)

Figurel: Schematic diagram of theplasmajet generator (a) | mageof theplasmajet with argon gas(b).
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Identification of the fatty acids methyl esters
(FAME)

Thefatty acid methyl esterswereanayzed by usng
aHewlett Packard 6890 gas chromatograph instrument
equi pped with aflamionization detector. The column
used for al analysiswasacapillary column, innowax-
crosdinked polyethyleneglycol column30mx.0.32mm
|.D, and 0.5 mm film thickness. Carrier gaswasnitro-
genat aflow of 1.5 ml/min. Thetemperature Program
was 150 0C for 1 min., then 150°C - 235°C at 17°C
/ min. 235°C - 245°C at 1 °C /min at which the oven
was hold for maximum of 5 min. Thetemperature of
injection port and detector was 260 °C and 275 °C,
respectively. The Peak areasand retention timeswere
measured usingA Hewlett Packard 3392 A integrator.

Satistical analysis

Thedatigtica evauation of themean datawascom-
pared using one-way analysisof variance (ANOVA)
according to Zart®. Thechosen leve of significance
was P<0.05.

RESULTSAND DISCUSSION

Thetotd amino acidswerequantitatively determined
in non-irradiated, irradiated camel meat and mesat
muscles exposureto plasma(TABLE 3). Itisclearly
seen that thetotal amino acidsrepresented 294.3, 294.0,
294.1, 294.4, 293.5, 293.9 and 294.2mg/g in non-
irradiated (control), irradiated meat sampleswith 1.5,
3.0and 4.5 kGy gammaraysand meat samples expo-
suretoplasmaat 1, 2 and 3 min., respectively. Meat
sampl estreated with gammairradiation and exposure
to plasmacontai ned the same essentia and non-essen-
tial amino acids. From the sametable, it could be ob-
served that gammaiirradiation doses and plasmahadn’t
any effect on the amino acids of meat samples under
investigation. Similar observationswerereported by
Badr® who mentioned that the amino acids of breast
and leg muscles showed no remarkabl e changesdueto
gammairradiation.

Lipid characterigtics TABLE 2 show theinitid acid
vaueof lipidsextracted from non-irradiated came meat

TABLE 1: Total aminoacidsof came meat asaffected by gammairradiation and plasma.

Gammairradiation doses (kGy) Exposuretime of plasma (min)

Typeof Aminoacids Aminoacids Control

15 3.0 45 1.0 2.0 3.0
Therionine 15.2 15.6 15 16.8 15 16.8 15.8
Valine 13.2 134 13.6 14.4 12.4 13.2 134
Methionine 6.1 6.4 6.2 6 6.1 6.4 6
Isoleucine 16.8 15.6 16.6 16.8 18 15.6 17
Essential amino acids Leucine 63.6 63.6 64.6 64.2 64.4 63.8 63.4
Tyrosine 7.2 7 5 4.2 6.4 7.2 8
Phenyalanine 18 18.5 18.6 17.8 18.2 17.6 18
Lysine 27.6 26.9 27.6 27.6 27.2 274 26.6
Histidine 22.7 22.8 22.8 224 22.2 224 21.9
Total essential amino acids 190.4 189.8 190 190.2 189.9 190.4 190.1
Aspartic 17.1 16.8 17 16.8 16.4 16.8 16.8
Serine 13.4 12.9 12.6 13.2 12.8 13.4 13.2
Glutamic 19.2 18 18.4 19.8 18.2 19.2 19.2
Non-essential amino Prolin 35 4.8 4.3 4.2 4.8 4.9 4.8
acids Glycine 11.1 10.8 10.8 10.8 11 10.8 10.8
Alanine 11.7 11.9 12 11.8 12 12 12
Cystine 6.6 7.4 7.4 7.4 6.8 7.2 6.9
Arginine 21.6 21.6 21.6 20.2 21.6 19.2 20.4
Total non-essential amino acids 104.0 104.2 104.1 104.2 103.6 103.5 104.1
Total Amino acid (mg/g) 294.3 294.0 294.1 294.4 293.5 293.9 294.2
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was0.408+0.006 lower than that of lipid extracted from
irradiated meat samples with 1.5, 3.0, 4.5 kGy
(0.422+0.009, 0.445+0.002, 0.453+0.002) and
samples exposure to plasma at 1, 2 and 3 min.
(0.434+0.002, 0.442+0.001, 0.451+0.001) respec-
tively, while peroxide va ue of the same sampleswas
0.607+0.005, 0.622+0.009, 0.644+0.001,
0.651+0.002, 0.633+0.001, 0.640+0.001 and
0.650+0.001, respectively. It could be noticed that
gammairradiation and plasmatreatmentscased asig-
nificant dightly increasedin acid and peroxideva uesof
lipid extracted from meat muscel sin zerotime of stor-
age. Thisincreasngmay beduetotheeffect of irradia-
tion ontheester bondsand liberation of freefatty acids
moreover its effects on unsaturated fatty acidss2.

ORIGINAL ARTICLE

TABLE (2 and 3) also showsthat refrigerated storage
(4+1) a significant markedly affected the acid and per-
oxidevauesof lipidsof sampleunder investigation and
thelipolysiswasrelatively higher inlipids of control
sample compared with other samplesunder investiga-
tion.And al valueswerewithinthe acceptablelevels.
Gaschromatographic anaysisfor lipidsextracted
from camel meat samplesof non-irradiated (control),
irradiated (1.5, 3.0 and 4.5 kGy) and treated samples
by plasma (1, 2, and 3 min.) revealed that the total
saturated fatty acidsfor their lipidsamounted to 54.465,
47.405, 47.703, 49.563, 51.562, 54.197 and
51.136%, whilethetotd unsaturated fatty acidsreached
45.535, 52.795, 52.297, 50.438, 48.439, 45.803 and
48.865, respectively (TABLE 3). Fromthesametable

TABLE 2: Lipid characteristicsof camel meat asaffected by gammairradiation and plasmatreatmentsduringrefriger ated

storage (4+1)

Storage period

Gammairradiation doses (kGy)

Exposuretime of plasma (min.)

Deter mination Control
(days) 15 30 45 1.0 2.0 3.0
Zerotime  0.408:0.006 0.422+0.009 0.445:0.002 0.453:0.002 0.434+0.002 0.442+0.001 0.451:£0.001
3 0.528+0.006 0.53040.006 0.532+0.002 0.525:0.005 0.530:0.006 0.528+0.008 0.526+0.005
6 0.733:0.001 0.631:0.002 0.571+0.016 0.564:0.016 0.624+0.012 0.567+0.015 0.533+0.031
Acid value 9 R 0.637+0.006 0.581£0.013 0.5700.011 0.637+0.006 0.579:0.011 0.543+0.032
12 - R 0.681+0.013 0.557+0.033 R 0.678+0.011 0.564+0.016
15 R 0.837+0.049 - R 0.800+0.02
18 R ; ; R
Zerotime  0.607+0.005 0.622£0.009 0.644+0.001 0.651+0.002 0.633+0.001 0.640:0.001 0.650:+0.001
3 0.828+0.006 0.829:0.005 0.833:0.001 0.835:0.006 0.829:0.004 0.828+0.008 0.826+0.005
_ 6 0.932:0.001 0.824+0.012 0.771:0.016 0.764:0.016 0.820:0.011 0.766:0.015 0.743:0.015
Fggjg ﬁﬂi‘é‘; 9 R 0.837+0.006 0.780£0.012 0.769+0.024 0.827+0.023 0.777+0.010 0.763+0.025
12 - R 0.881£0.013 0.794+0.012 R 0.879£0.011 0.797+0.001
15 R 1.037+0.055 - R 1.02+0.030
18 R - - R

TABLE 3: Analysisof variancebetween treatmentsfor acid and peroxied valuesof came meat asaffected by gammairradia-
tion and plasmatreatmentsduringrefriger ated stor age (4+1)

Storage period df ) Acid value Peroxied value
F crit
(days) Ss MS F Ss MS F

Zerotime 6 2.848 0.005 0.001* 48.701 0.005 0.001* 52.629
3 6 2.848 0.000 1.700N° 0.522 0.000 2.920M° 1.00
6 6 2.848 0.070 0.012* 73.735 0.075 0.012* 71.571
9 5 3.106 0.022 0.004* 17.034 0.015 0.003* 8.821
12 3 4.066 0.043 0.014* 35.875 0.021 0.007* 61.566
15 1 7.709 0.002 0.002M% 1.479 0.002 0.000M® 0.224

NS: Non significant; *significant; Values are means of threereplicates. Data were analyzed by ANOVA (Single factor), F test means

(P<0.05).
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TABLE 4: Fatty acidsof camel meat asaffected by gammairradiation and plasma

Gamma irradiation doses

Exposuretime of plasma (min)

Fatty acids (%) Control
4.5 3.0 15 3.0 2.0 1.0
Myristic C14:0 7.786 5.300 5.782 5.621 5.976 6.433 6.127
Palmitic C16:0 35.783 28.775 31.032 30.039 33.181 34.108 33.267
Stearic C18:0 10.896 13.330 10.889 13.903 12.405 13.656 11.742
Oleic C18:1 45,535 47.085 48.007 45,138 48.439 45.803 48.865
Linoleic C18:2 0.000 5.710 4.290 5.300 0.00 0.00 0.00
Total saturated fatty acids 54.465 47.405 47.703 49.563 51.562 54.197 51.136
Total unsaturated fatty acids 45,535 52.795 52.297 50.438 48.439 45.803 48.865
pA ]
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Figure2: Chromatogram of fatty acidsof control camel meat sample
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Figure3: Chromatogram of fatty acidsof camel meat asaffected by gammairradiation at 1.5kGy
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5w min
Figure4: Chromatogram of fatty acids of camel meat asaffected by plasmaat 1.0 min.
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Figure5: Chromatogram of fatty acidsof camel meat asaffected by gammairradiation at 3.0kGy
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Figure6: Chromatogram of fatty acids of camel meat asaffected by plasmaat 2.0 min.
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Figure7: Chromatogram of fatty acidsof camel meat asaffected by gammairradiation at 4.5kGy
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Figure8: Chromatogram of fatty acids of camel meat asaffected by plasmaat 3.0 min.

it can benoticed that pamitic and stearic werethe ma:
jor saturated fatty acids, whereasoleic constituted the
major unsaturated fatty acids. Gammairradiation and
plasmatreatments caused decreased in total saturated
fatty acidsleadingtoincreasnginthetota unsaturated
fatty acidsfor extracted lipids of meat samplesunder
investigation. It can concluded that upon irradiation of

fas, theprimary effect of incident e ectronsor Compton

electronslead to cation radicalsand exited molecules
andthecationradica isshown generdly withtheloca -

ization of chargeunspecified followed by dimerization

or disproportionation reaction(*Y,

CONCLUSON

Refrigerated storage (4+1) of camel meat camel
meat induced increasetheacid and peroxidevaues of
lipidswhichwerewithinthe acceptablelevels. Irradia-
tion and plasmatreatmentsdid not appreciably affect
theamino acids of meat samplesunder investigation.
Whileincreased the un-saturated fatty acidsand de-
creased saturated fatty acids of their lipids. Moreover
gammairradiation (1.5, 3.0 and 4.5 kGy) and plasma
technology (at 1, 2 and 3 min.) treatments can be used
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for meat preservation without any adverseaffectsonits
chemica characterigtics.
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