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Food safety has been a concern for consumers, especially when storing various types of meat. Non-thermal
technology, in particular electron beam irradiation, can ensure the safety of poultry meat by inactivating food
pathogens without significantly affecting its nutritional and organoleptic characteristics. Compared to other non-
thermal methods, electron beam irradiation is considered a new non-thermal technology for meat due to its low cost,
lack of contamination, and antibacterial effect. However, this technology still has some limitations, such as lipid
oxidation (LPOD), protein oxidation (PNOD), physicochemical changes, and organoleptic changes, which limit its
application in various types of meat. The aim of this scientific study is to highlight new ideas for the application of
electron beam irradiation in poultry meat storage. This article focuses on the application and mechanism of electron
beam irradiation sterilisation, justifies the electron beam irradiation dose, and highlights areas for future research. In
addition, particular attention is paid to optimising processing parameters to minimise quality deterioration while
maintaining microbiological safety and extending shelf life.
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YCTOWYMBOE OBECHEYEHUE BE30OITACHOCTH MSICA:
BJIMAHUE OBPABOTKU JIEKTPOHHBIMU TYYKAMM
HA IMOKA3ATEJIN KAYECTBA U BE3OITACHOCTHU MSICA IITULBI
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besonacnocmb nuuieevix npodykmoe oviia npodnemoit 011 nompedumerneil, 0COOEHHO NPU XPAHEHUU PA3TUYHBIX
6uooeé msaca. Hemepmuueckan mexmonozus, 6 4acmHocmu o0nyuenue 3JeKMPOHHBIM HYYKOM, MOMcem obecneuums
0e30nacHocms MACA RMUYBL 3a cCuem UHAKMUBAYUN NULEBLIX NAMO2EHO06 De3 CYUeCEEHHO20 NIUAHUA HA RUMAmenbHble
u opeananenmuyeckue xapaxmepucmuxu. Ilo cpagnenuro c Opyzumu HemepMu4ecKUMU Memooamu oo0yuenue
EKMPOHHBIM RYUKOM CUUMAENICA HOB0U HEMEPMUUECKOI MEXHON0UEN 0N MACA U3-34 ee HU3KOIU UeHbl, OMCYNICMEUs
3azpA3HeHUA U AHMUOAKMePUanbHozo IPpgdexma. OOnaKo Ima MexXHONO2UA 6ce eule UMeen HeKOmopble 0ZPanudenus,
makue Kaxk oxucienue aunudoé (LPOD), okucnenue 6benxoe (PNOD), uzuxo-xumuueckue u opzanaienmuyecKue
U3IMeHEeHUA, KOMOopble 02PAHUYUBAIOM ee NPUMEHEHUE 8 PA3TIUYHBIX 6U0ax maca. L]ens nayunozo uccnedosanus - oceemums
HO6ble udeu NPUMeHenUA 0ONYYeHUA ITIEKMPOHHBIM NYYKOM HPU XPaHeHuu maca nmuysl. B cmamue ocnognoe snumanue
YOeNeHO0 NPUMEHEHUIO U MEXAHU3MY CIEPUNU3AUULU O00IyYeHUs INEKMPOHHBIM HYUKOM, 000CHO6AHA 0034 00nyHeHus:
INEKMPOHHBIM RYUKOM, @ MAKIHCE NOOYEPKHYMbL HANPABIEHUS OYOYUIUX UCCTEO06AHUIL.

KuaroueBble cji0Ba: 3JIEKTPOHHOE 00J1yYeHHe, MSICO ITUILIbI, MUKPOOHOJIOTHYecKasi 0€30MACHOCTD,

(pusuko-xumMnyeckue cBoiictBa, pH, ceHcOpHBIEe XapaKTepHCTHKH, CPOK XPaHEHHUs], KA4eCTBO MscCa,
nuiesast 6e30MacHOCTh.
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A3bIK-myniK Kayincizoici mymulHywvinap yuiin, acipece apmypii em mypJiepin caKkmay Ke3iHoe Manbi30bl Maceine
Oonvin maosinaovt. Tepmusanvlx emec mexHoa02UA, AMAN AUMKAHOA IIEKMPOHObL CIYIEMEH OHOeY, KOPEKMIK JHcaHe
0p2aHONEeNMUKANBIK CUNAMMAMATIAP2A AUMAPIbIKMAil acep emnecmen mazamoblK, namozenoepoi UHAKMUGAyUANAy
apKwlbl Kyc eminiy Kayincizoizin kammamacelz eme anaovl. backa mepmuansix emec adicmepmen canvicmolp2anoa,
INEKMPOHOBL CIYNIENIK OHOEY em YN HCAHA MEPMUATIBIK, eMec MEXHOI02UsA 00N CAHANAbl, ce0edi OHbIH KYHbl IMOMEH,
eKinwi pemmik J1acmany Kayni JcoK JHcoHe auKblH 0axkmepusaza Kapcbl acepee ue. [lezenmen, Oyn mexHoao2ua0a
aunuomepoiy, momuizyvt (LPOD), akyvizoapoviy momuwigyst (PNOD), uzuxa-xumuanvlk scane op2anoienmuKkaibiy,
o03zepicmep cuakmol Oipkamap uiekmeynep oOap, Oyn OHbIH IpmMYpAi em mypaepinoe KOJOAHLUIYbIH UWieKmelloL.
3epmmeyoin, maKcamovl — Kyc emin caKmay 0apviCblHOa IJ1eKMPOHObL CIYIEMEH OHOEYOi KOJIOAHYObIH JHCAHA bLIbIMU
macindepin nezizoey. Maxanaoa 3>1eKmpoHObl CIYIEMEH 3apapcbl30aHObIpy MeXaHusMi Kapacmulpolivli, OHOeyOiH
OHMAiLIbl 003ACbl Heziz0enedi, COHOAN-aK, OHIM CANACLIH CAKMAY MeH CAKMAy MeP3iMiH Y3apmyza 6azplmmanzan 601amax
3epmmeynepoiy; nepcneKmueanslK 6azelmmapovl AUKbIHOANAObL.

Heri3ri ce3mep: 3JeKTPOHIBIK CIyJieJieHy, KYC eTi, MUKPOOHOJIOrusJIbIK Kayincisaik, pusuka-
XUMHUSAJIBIK Kacuertepi, PH, ceHcopablk cumarramajapbl, cakray Mep3imi, eT camachl, TamMaK
Kayineizairi.

Introduction doses between 2 and 4 kGy, while higher doses can

In recent decades, food safety assurance and achieve near-complete inactivation [7]. Nevertheless,
shelf-life extension have emerged as central excessive irradiation levels may promote lipid
challenges in the food industry [1]. Poultry meat oxidation and negatively affect sensory properties [8].
represents a major protein source worldwide; In addition to microbial control, E-beam
however, its high water activity and nutrient-rich irradiation contributes to shelf-life extension of chilled
composition create favorable conditions for microbial poultry products. Doses in the range of 2 - 4 kGy have
proliferation, particularly for pathogens such as been shown to prolong storage stability by up to
Salmonella spp. and Listeria monocytogenes [2]. The several weeks [9], especially when combined with
presence of these microorganisms not only vacuum packaging [10,11]. However, optimization of
accelerates spoilage processes but also increases the irradiation parameters remains essential to balance
incidence of foodborne illnesses. microbial safety with product quality.

Among emerging non-thermal preservation Therefore, comprehensive evaluation of
technologies, electron beam (E-beam) irradiation has microbiological, physicochemical, and sensory
attracted considerable attention due to its capacity to changes in poultry meat subjected to electron beam
inactivate microorganisms while maintaining product irradiation is required to establish effective and safe
quality [3]. This technology involves exposure of processing regimes.
food materials to high-energy electrons, resulting in Materials and methods
disruption of microbial DNA and cellular structures. The study was carried out in several
Compared with gamma irradiation, E-beam treatment consecutive stages in order to evaluate the effect of
offers lower penetration depth but enables precise electron beam irradiation on microbiological safety
dose control and reduced processing time, which is and quality of poultry meat.
advantageous for industrial applications [4]. At the first stage, model systems were

Previous studies have demonstrated the prepared using sterile sodium chloride (NaCl)
effectiveness of E-beam irradiation in reducing solution. The solutions were artificially inoculated
pathogenic bacteria in poultry meat [5], particularly with  Salmonella enterica (strain 9842) and
Salmonella spp., Listeria monocytogenes, and Escherichia coli (strain 47078) to obtain an initial
Campylobacter jejuni [6]. Microbial reductions of microbial concentration of approximately 10® CFU.
several logarithmic cycles have been reported at These model samples were irradiated at different dose
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levels to assess the sensitivity of microorganisms to
electron beam treatment. The results of this stage
were used to determine irradiation doses capable of
providing effective microbial inactivation.

At the second stage, real meat samples were
used. Poultry meat was artificially contaminated with
selected pathogenic microorganisms in order to
simulate unfavorable sanitary conditions. The choice
of bacterial cultures was based on common food
safety requirements for ready-to-eat meat products.
After irradiation, microbiological analyses were
performed to evaluate the relationship between
absorbed dose and microbial reduction.

At the final stage, poultry meat samples
without artificial contamination were irradiated to
study the influence of electron beam treatment on
physicochemical properties, sensory quality, and
shelf life during refrigerated storage.

Irradiation was conducted using an industrial
electron accelerator 1LU-10 [12]. The energy of
accelerated electrons ranged from 2.5 to 5 MeV, and
the beam current reached up to 10 mA. Samples were

transported through the irradiation zone using an
automated roller conveyor equipped with adjustable
lifting platforms. The conveyor speed varied from 2
to 8 cm/s depending on the required absorbed dose.

For experiments with model systems,
irradiation was performed at the Institute of Nuclear
Physics of the Ministry of Energy of the Republic of
Kazakhstan. Electron energy was set at 5 MeV, and
absorbed doses of 2, 4, 6, and 8 kGy were applied.
Dose control was achieved by adjusting the beam
current while keeping the conveyor speed constant.

During processing, samples were placed
horizontally on the conveyor and irradiated from both
sides by rotating them 180 degrees to ensure uniform
dose distribution.

Results and discussion

Poultry meat samples were treated with
electron beam irradiation at doses of 2, 4, 6, and 8
kGy and stored under refrigerated conditions. During
storage, sensory  quality,  physicochemical
parameters, and microbiological safety were
regularly evaluated. (Fig. 1).

Effect of Irradiation on the Sensory Properties of Poultry Meat
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Figure 1. Effect of irradiation on the sensory properties of poultry meat

Sensory properties

Taste. Poultry meat treated at doses of 2 and 4
kGy preserved its natural taste during the first 14 days
of storage. No clear differences were detected when
compared with non-irradiated samples. In contrast,
samples exposed to 6 and 8 kGy showed noticeable
taste changes from about day 10. A mild cooked-like
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flavor and slight rancid notes gradually appeared as
storage progressed.

Odor. Meat irradiated at 2 and 4 kGy
maintained a fresh and pleasant smell for up to 20 days.
At higher doses, however, weak off-odors were
detected starting from day 10 of storage. These



AJIMATBI TEXHOJIOTMSUIBIK YHUBEPCUTETiHIH xabapmbichl. 2026. Ne2.

changes are likely related to oxidative reactions in
lipids.

Color. Visual changes in meat color depended
on irradiation dose. Samples treated with 6 and 8 kGy
showed darkening after approximately 14 days of
storage. In contrast, meat irradiated at 2 and 4 kGy
remained visually stable with no noticeable
discoloration throughout the storage period.

Texture. Texture remained soft and close to
fresh meat in samples treated at 2 and 4 kGy for up to
30 days. At higher doses, meat gradually became
firmer and drier by around day 20, which may be

explained by structural changes in muscle proteins
caused by irradiation.

Overall, these results agree with previous
reports indicating that high irradiation doses can
negatively influence meat texture and consumer
acceptance [13].

Physicochemical changes

The effect of electron beam irradiation on pH
values of poultry meat is shown in Figure 2. A general
decrease in pH was observed as irradiation dose
increased. This trend suggests that higher doses
promote oxidative processes and modifications in
protein structure.

Changes in pH of Poultry Meat Under Radiation Exposure
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Figure 2. Changes in pH of poultry meat under irradiation

pH changes. Meat treated with irradiation
doses of 2 and 4 kGy showed stable pH values
between 5.8 and 6.1 during the first 20 days of
storage. In contrast, samples exposed to 6 and 8
kGy experienced a faster decline in pH, reaching
about 5.5 by the tenth day. This decrease is likely
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linked to increased oxidation of proteins and lipids.
In general, low irradiation doses caused only minor
pH fluctuations, while higher doses led to a clear
reduction in pH. Similar trends were reported by
Hashim et al., who observed decreasing pH values
with increasing irradiation intensity [14].
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Composition of Poultry Meat After 1 Day

70 +
60 |
;\3 50} Moisture, %
i, —#— Fat, %
5 40 F —4— Protein, %
< —~4— Ash, %
Y 30t
20 & —k i e
10
0 > 2 T 7 0
== 1 1 1 1
Control 2 kGy 4 kGy 6 kGy 8 kGy

Irradiation Dose (kGy)
Figure 3 - Composition of poultry meat after 1 day

Composition of Poultry Meat After 5 Days
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Figure 4. Composition of poultry meat after 5 days
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Poultry Meat Composition After 14 Days
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Figure 5. Composition of poultry meat after 14 days

Physicochemical composition

Moisture content. The amount of moisture in
poultry meat gradually decreased as irradiation dose
increased. The greatest reduction was observed in
samples treated at 8 kGy, where moisture loss
reached about 12% after 14 days of storage. In
contrast, non-irradiated meat showed a slight increase
in moisture by day 5, after which samples spoiled and
were excluded from further measurements. The
decrease in moisture in irradiated samples may be
linked to reduced biological activity and structural
changes in muscle tissue.

Fat content. Differences in fat content were
observed between irradiated and control samples.
A temporary increase in measured fat levels was
noted, which may be explained by breakdown of
lipid molecules and relative concentration effects.
Over storage time, fat content in samples treated at
6 and 8 kGy gradually declined, indicating ongoing
oxidative degradation.

Protein content. Protein levels remained
generally stable in both irradiated and non-
irradiated meat. The most favorable protein
retention was observed in samples exposed to 2 and
4 kGy, suggesting that moderate irradiation doses
do not negatively affect protein composition.

Ash content. Ash content showed a slight
decrease with increasing irradiation dose and
storage duration. Higher doses caused minor
mineral losses, although overall changes remained
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limited. Previous studies have also reported that
irradiation above 3 kGy can intensify lipid
oxidation and reduce certain vitamins such as A
and E [15]. In addition, flavor changes have been
linked to the formation of sulfur-containing
compounds rather than lipid oxidation alone [16].

Microbiological quality

Electron beam irradiation led to a clear
reduction in total microbial load in poultry meat.
Microbial counts were measured in samples treated at
2, 4, 6, and 8 kGy after 1, 5, and 14 days of
refrigerated storage.

Non-irradiated samples initially showed
microbial levels of approximately 3.4-3.9 x 102
CFU/g. After irradiation, these values decreased
depending on dose, reaching about 2.0 x 10> CFU/g
at 2 kGy, around 1.5 x 10> CFU/g at 4 kGy, and below
5.0 x 10 CFU/g at 6 and 8 kGy.

During storage, microbial growth in control
samples increased rapidly. After five days, counts
more than doubled, and by day fourteen they
reached 1.15-2.5 x 10* CFU/g, exceeding
acceptable hygienic limits.

In irradiated samples, microbial growth was
strongly suppressed. Reductions after five days
ranged from about twofold at low doses to over
fourteenfold at high doses. After fourteen days, the
difference became even more pronounced, with
microbial levels in high-dose samples remaining over
one hundred times lower than in non-irradiated meat.
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Changes in KMAFANM in poultry meat

Changes in fungi in poultry meat
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Figure 6. Changes in MAFAM in poultry meat

No Salmonella spp., Listeria mono-
cytogenes, or coliform bacteria were detected in
any of the irradiated samples. Mold levels also
remained within acceptable limits throughout
storage. These findings show that poultry meat
treated with electron beam doses of 2, 4, 6, and 8
kGy can be safely stored under refrigerated
conditions for at least 14 days.

Lower irradiation doses of 2-4 kGy were
sufficient to effectively suppress pathogenic
microorganisms  while preserving desirable
sensory quality. At these levels, microbial safety
was improved without causing noticeable negative
effects on taste, odor, or texture.

Similar antimicrobial effects have been
reported in previous studies. Yang et al. observed
strong reductions in spoilage and lactic acid
bacteria following low-energy electron beam
treatment at 8 kGy [17]. Wahyono et al. also
demonstrated effective inactivation of Salmonella
and E. coli using electron beam irradiation [18].

Shelf-life estimation. Shelf life of chilled
poultry meat depended on irradiation dose and
quality changes during storage:

-Non-irradiated samples remained accep-
table for approximately 3 days

-Samples treated at 2 kGy remained stable
for about 7 days

-Samples treated at 4 kGy retained
acceptable quality for up to 14 days

-Samples treated at 6 and 8 kGy remained
microbiologically safe for up to 20 days, although
noticeable sensory deterioration occurred.

Overall, irradiation doses between 2 and 4
kGy provided the most practical balance between
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safety and product quality, extending shelf life by
up to two to three weeks [19] with minimal changes
in sensory and physicochemical characteristics.
Higher doses achieved longer microbial stability
but caused clear declines in taste, texture, and
nutritional quality.

Conclusions

This study examined the effects of electron
beam irradiation on chilled poultry meat at doses of
2, 4, 6, and 8 kGy. Based on the results, the
following conclusions can be made:

1. Shelf-life extension. Electron beam
treatment significantly increased the shelf life of
poultry meat. At doses of 2 and 4 kGy, meat could
be stored for 14-20 days, almost double the storage
time of non-irradiated samples. The longest shelf
life was observed at 6 and 8 kGy, up to 30 days, but
these higher doses also caused noticeable changes
in meat quality.

2. Sensory quality. Meat treated with 2 and
4 kGy retained good taste, odor, and texture
throughout storage. At 6 and 8 kGy, slight changes
in taste (mild cooked or slightly rancid flavor) and
texture (increased dryness and firmness) appeared
around day 20.

3. Physicochemical parameters. Moderate
doses (2-4 kGy) had little effect on pH, moisture,
or lipid oxidation, which remained stable for about
20 days. Higher doses (6—8 kGy) caused a decrease
in pH and an increase in indicators of lipid
oxidation, such as peroxide value and
malondialdehyde (MDA). Despite these changes,
values stayed within acceptable limits.

4. Microbial safety. Electron beam irradiation
effectively reduced bacterial contamination. Total
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microbial counts in samples treated at 2 and 4 kGy
remained safe for 14-20 days. At 6 and 8 kGy,
microbial levels stayed below permissible limits for
up to 30 days. Doses of 4 kGy and higher completely
removed pathogens like Salmonella spp. and Listeria
monocytogenes.

5. Nutrient retention. While higher doses
extended shelf life, 6 and 8 kGy also led to losses
of certain vitamins, especially B: and E. This
should be considered when choosing irradiation
doses for long-term storage.
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