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Introduction

Microbial safety and quality of raw animal products, particularly chicken meat, are among the critical concerns
in the food production and distribution chain. Chicken meat holds a significant place in the dietary patterns of
many populations due to its high nutritional value, easy accessibility, and affordable price. However, the presence
of pathogenic microorganisms like Salmonella spp. and Campylobacter spp. in chicken carcasses is a major cause
of foodborne illnesses, affecting millions of people worldwide annually. According to the World Health
Organization (WHO), Campylobacter jejuni and Salmonella enterica are among the leading bacterial agents
responsible for human gastroenteritis, with contaminated poultry products being their primary source.
Slaughterhouses represent critical control points within the protein supply chain, playing a pivotal role in either
the dissemination or mitigation of microbial contamination. Therefore, the adoption of innovative technologies for
effective microbial load reduction at early processing stages is essential for enhancing food safety and reducing
reliance on chemical preservatives in later distribution stages. In recent years, there has been increased interest in
applying non-chemical and non-thermal methods to control microbial contamination. Techniques such as the
application of ice powder for thermal shock, ozone as a potent disinfectant and oxidizing agent, lactic acid as a
natural organic acid, and pulsed electric fields (PEF) as an emerging non-thermal technology have gained
prominence. These approaches effectively reduce pathogenic microbial loads without compromising the physical
or sensory qualities of meat products. They are particularly promising in lowering resistant microbial populations
and extending the shelf life of meat products. Considering the limitations of conventional thermal or chemical
methods in preserving product quality and meeting the growing consumer demand for safer and more naturally
processed products, the present study aimed to evaluate and compare the efficacy of four non-chemical methods
such as ice powder, ozone, lactic acid, and pulsed electric fields in reducing the total microbial count, Salmonella,
andCampylobacter contamination on chicken carcasses.

Material and Methods

This experimental study was conducted on 150 samples collected from a total of 450 broiler chicken carcasses
at an industrial poultry slaughterhouse in Najafabad County, Esfahan Province, Iran. To assess microbial control
methods and improve hygienic conditions in the slaughtering process, treatments included immersion in water
containing ice powder at 0 and 10 °C, lactic acid at concentrations of 0.5% and 1%, ozonated water at 1 and 2
ppm, pulsed electric fields applied at 60 volts with frequencies of 100 and 200 MHz, and combinations of these
four methods at the specified concentrations. Treatment durations were set at 5 and 10 min for all groups.
Following treatment, samples were taken from the carcass surfaces, and total microbial counts, Salmonella, and
Campylobacter populations were enumerated according to Iranian National Standard methods. Data were
statistically analyzed using one-way ANOVA and means were compared by Tukey’s test at a 95% confidence
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level.

Results and Discussion

The results of this study demonstrated that most examined treatments significantly reduced the microbial
contamination of chicken carcasses compared to the control (P<0.05). Among the treatments, lactic acid and the
combined method particularly at their highest tested levels, exhibited the greatest effectiveness in reducing total
microbial counts and Campylobacter populations, highlighting the synergistic potential of combined interventions
for improved pathogen control. The use of ice powder showed the least effect in reducing the microbial
contamination of poultry carcasses. However, as observed, the combined method successfully reduced the total
bacterial count, Campylobacter and Salmonella by 97%, 91% and 95%, respectively, compared to the control. The
findings of this study revealed that the examined treatments led to a significant reduction in the total bacterial
count and Campylobacter at 5 and 10 minutes (P<0.05). However, increasing the treatment duration from 5 to 10
minutes did not result in a further significant reduction of these bacteria (P>0.05). Nevertheless, a 5-minute
treatment already reduced more than half of the Salmonella population, and extending the treatment time to 10
minutes resulted in an even greater reduction in Salmonella (P<0.05). This finding aligns with Carvalho et al.
(2022), who reported that the antibacterial activity of organic acids against meat pathogens increases up to a
saturation point, beyond which extended exposure yields minimal additional efficacy.

Conclusion

The findings of this study indicate that the application of treatments such as lactic acid, pulsed electric field,
ozonated water, and ice powder can significantly reduce the microbial load of poultry carcasses within a short
period. These interventions offer promising alternatives to conventional thermal treatments or the use of harsh
chemical preservatives. Moreover, the results highlight the critical importance of precise control over parameters
such as treatment time, concentration, and intensity, which significantly influence the overall antimicrobial
efficacy. In summary, the present study not only confirms the practical applicability of these methods for
enhancing the microbial safety of poultry meat but also demonstrates that the strategic combination of physical
and chemical technologies with optimized exposure times can effectively control microbial contamination in
slaughterhouses and meat processing operations without compromising product quality.
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Chicken carcass in the tank containing lactic acid %
G Sl e adY ppm 1-2 24
Chicken carcass in the ozone water tank
s pully (S0 plie i O g3 3 o 48Y
H Chicken carcass in the water tank with a 60-volt pulsed MHz 100-200 24
electric field
& 4 (59) 35 slolesd oS
| Combined effect of the above treatments on chicken - 24
carcass
F - 150

Total
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7- Sulfide-Indole-Motility

8- VVoges-Proskauer/Methyl Red

9- Campylobacter Blood-Free Selective Agar Base
10- Columbia Blood Agar

11- Brucella broth

S pallun oy § yo SLaEY (Sa T (a0 (paan

655 Y5 e cadyl ppmlioge 28 Ao o (58S 13
Al Sy i il ule e 2 len YYY ik |y 4505 0
ol 38 Ked g igem dAiBy ) Gdeds 5 balswe (BPW)
Ve il Ve ik cdyl pmedlyuse il VE0 ik
S islass sl of 56 18 Jisio bl alef] oy & 5
(S 5 395 3lital S TabeaS b 5 (silulis 5 s S,
2 Misallw ypo> b3 g )5 lag asbl Ve 728y b s
Jesllygwd wlul p lolis g (gjlulis 101,56 yo 4BY (cladiges
YO+ e (b pbsl VAYY ojled 4 lpl (Lo jluilil
V7 28y b e o YD Jolo adsl pmilioge | 2 ko
L ()l Al S 0,8 il ax 0 VY glod o celio VA Cosey
I3 oty g ol 3 oo 1N ke o 51
Wy coutbe Bl Gilo e e 4 Migalls gjlolis o]
Sdedy 3,5 il a3 YV slod 3 g Jitie o ledl (S pe) T e
2 bt Ohaods odd gf bl sl 3 il 460l celw YF
(ol S o) (BGA®) )BT 1 5 il polaid] cuiS oo (<9,
2 el ¥ ey oS ol as o YV glod ;3 5 0 ooy cuis
Ysomn & Sligalls & SSita il 85 )3 9LsS
Wgdee b )i L Syp bl anll 503 5)ee ©)god
023 (TSI ol w8 s BT Jolis 31,8 slolao 4 5 sl
3 5 bxd Jiste (Gll oS o) ST o) L (LIAP 5T o]
W08 ()l ae F el Y oy 3,8 Sl a3 YV gled
L5k sl Sy bl ladlS 5l eadl ls (oyp 5 om
(Ol S 5e) BT 025 il baomo (55 2 Ll S Migoll
oS plordgn ke 4 Jobs o S 5 cply 050
Jizo (ool «S'pe) Slyzaw ygemw 3 VP-MRA SIMY dles |
ax YV glod o celio YF oty (6118615 35 g 9 5003,5
slolid sy e plysas bigell (ol @b s o1, 5l
e laises 5 Mpalle SosisS 5 pe | jpds Ll
(ISIRI, 2010) 8,5 )8 oslazuwl 3y90 (cawyp

Eoo LAY ju sl plusas slads 58 wls 9 ol jledd

1- Buffered Peptone Water
2- Selenite F Broth

3- Brilliant Green Agar

4- Triple Sugar Iron Agar
5- Lysine Iron Agar

6- Urea Agar Base
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Sl 3y silecSs jslaiear joulo alY als ol 5l
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oo oskaieds oy lis bl ple b (P<+/+0) (g)b gre cugles
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395 G puae 03l] yy3li 5l YL g5 Hb b cadY (ke
Caxdg Sloo ;i8S bla ) Sogl cansg Jlas ol 5las o)l Ll
saimd il slabey j) odlinul o (5 5 Al |y lio
e 3l Gt yoeo o518 )3 e (Lo 55l 5 (o9 Sun (S0
sl by Sl gk il 2> bl ren sl 5l 30
yosb oS LS iligy Cunds Semy 5 (sssSes S5 LinlS
23,8 eolatwl

wss Jlosl sl iy ol 5o FLEN A ol (S L‘ﬁl C;LD
55 g el (SoSUl le «SSY sl () 55 gloles
43Y (950 Sl 59l liee witadls 5V sl 53 059 el
Cr e (P<e/0) wins (ialS (C) JyuS dges & o |y Epe
IS wges jo (FIVA log cfulg) og,ist (IS o)leds liue
Sadisges YL s 5 sl ogySso s oaimd L 45 L5 odaliee
Sl 5 S e ond Jlesl clatsy e ol g0 a5y
i Bles (oloS zgbhaw (p VL ) (oS5 hgy 9 (43 )
Oy Ml VA log cfu/g 5 VoA log cfulg  lade 4

5 oslazal b o S ol ijled 055 Gl a8 cladlyy]
a5 plosl (V) ala)
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(ISIRI, 2006) culy & 5

LpeasilS 5l g 530 (S (i lach
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S ol (gl Bud (g I8l ) el FA ooy 013 il
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(Kokoszynski, 2021

Rodly (gl Judoxi g & 50
w05 SPSS JJ33la 5 31 slil b 41,5 do 51 ol slmosls
0903l 5 Bog)S o gl gy (sl ind s g o8 VP
oliabsl o ;5 (One-Way ANOVA) 46,bS, il ly Julow
(P<+/+0) @ls g )b sre Cygo 13 5 13,5 edlaiw] dusys A0
OSbe ©yg0 gl 85 pbsl (S5 0l b lopSile dulie

15 )5S e il ol

JS bl 5l golass oS )5 (Sogll o gy psliton;

Ol ¥ Jga> 0 45 €S I3 (awyp )50 5 )b pdised Sl
oL S anlp e 3 Jlaise bl uiblig Cundy g (5ol
g zud Jolye 3l yous il oy 05y cf yo yliiS b )> sl 0 00l
plxl Slogil b s g0ty (A) slis g slel alss (S
oy cpl 3 Ygaro yolo AV (xlaws (Sogl i 5 295
Lol 5l eam (S)k g Shs s 5 Shss sl silolir ey
lbae cpl e 55 pSl iagh ulls 5 Wil e 395 do (VL
Laogs 115y 43Y (gt lides alnye ol 1 o o
Pl (C) guins (sloshir 53 (w9 (B) ol JLidyy (slabg
$9) 29,540 9 S0 Sl eles 39500 il g 395 0

1- Plate Count Agar
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Ramirez-) cul 00,8 Joe (awyp 3ys0 Sojud sl i,
Mg, 4lie .(Hernandez, Brashears, & Sanchez-Plata, 2018
3 IS w905 53 yislalal” Slad gyl K Lhled
Mo AWl 5 cusb 1y (Y/AA log cfulg) ,laie o

Sb s 3 il b yley ST (P<4/+0)

(Pe1-0) sl a3l LugSee LIS b el 5 1, sk
O 5 03 @ sl odlatel plSin & ey (29,50 sk SRS
9590 ool (P<2120) 392 )sS3a ) 93 5 yieS (pudly (S5l
oy (S8 sl 5k plians Lelge 31 o0litl a8 a3 oo Lt

PN logyShe Ady e 3 e (oL ySbas cusls

(50,3 ) Migallr (53501 5 (yid oo b 0,5 32 (5131 s (IS Ty Dand oy )IN) wiThpdesas” (po Lo 9 L5 S (IS (08 slowsd (3ukoe =Y Jgui>
Sl WuTd (b s Sl J 568 bW s
Table 2- The mean of total bacterial count and Campylobacter count (Log CFU/g) and Salmonella contamination (%6) at
critical control points during the slaughter process

S Js b (Log CFU/G) b pSl 5 odjlews  (Log CRUIQ) s liphsal” 50 jlows (7) Migallawr (53901 20y
Critical control points Total count of bacteria Campylobacter count The percentage of Salmonella infection
(A) o3 ‘u;u 6.26 + 0.26° 3.20 £ 0.48® 41+0.412
Internal evacuation
(B) yiind g2 6.43 £ 0.29° 3.32 +0.42° 42 +0.41°
Washing shower
(€) pid 6.18 + 0.33° 2.98 +0.15% 42 +0.41°
Washing chiller
©) M“S 6‘0 ol 5.55 +0.39° 2.81+0.33* 25 +0.55°
Cooling chiller
(O) gtz | 5.29 +0.32° 2.64 +0.18° 25+ 055

Chiller washing water

i (S O,a)'i o> gy pdan 50 I cixe gl oimd L gliie gy
Different letters indicate significant differences at the 5% level according to Tukey’s test.

(AE10) o) MB) el (SopSI lae pulas b gy il 3l
2 gl b bl ails 3 Migall 2alS ) 55 (VD) & e g
55 B3y 5 SV sl b anlie )3 Mpalls (o1 tals
sl gy 5l oSy oolatwl &5 umd o L Bl pl g yieS
Chlad ol gl olio (Pl S5 (S50 9 2besd
3 5 SV dol a5 B 3103l Mgl ) 5L 23l
35 Jleinl & s slow 8L sbags iSh (Sogll JialS 5 (S 5
St 2 b tins Sl g Lo PH 28 ) (30
g S pudgilio 5 Joho glid 3 )Shas 55 JMB] g0 oS
S i g il Wle (938 laby) (lie ) 298
oo sl 3 BTy glans] ol sbul L b
Qian et al., ) uuS o S8 19,50 Hb Hials @ dacg Ko
sl Gials bl isu il adlas ol 3 as 31 (2019
SSY sl ) ST (IS hiled 5 [sslen 8L slas S
Y
Sl (33) 56 2 48 iy sl imgy b B (] (slaadly
CbsS (29550 )b GBS (oS Sy (iren 9 SSY
O an g 18150 Lawg a5 laddlae )3 .39 guned 5> AST oo
clale b oY el 5l eolanwl i plool (Megahed et al., 2020)
ol e Jlgie syl 9 5r9abse gy 93 505,54 L A ppm

Losd jlos sladiges 3 j5haleas” ()lod ) 2R (50
9 (V+Ylog cfulg) cw)y 3y50 zokaw (p YL, SSY sl
(V¥alog cfu/g) bayleas (oolos zokaw (VL 53 (55 U9,
Jolos 51 &4 Sl cnl US> gy 93 cnl Cue Sl oaima L
Sadigel 3 D9 ded o0 Cgute (NS dlge ) alics)lon e
ooled Rl g b (oSl e g il L esd las
P sl )3 b5 a5 a8 ()55 S diges 4 G 5 lglecas”
2 el (S SI Glae SYL G585 5l SYL cldalé) alas
Wged A Comnd |y (63 me (g )lol gl (ahB> Vo 9O yloj g3 yb
Cilisee zolaw )3 Fu ydg jl edlawl (P<+/<0) Wby olis J,us
(P> +1+0) bl ui5TpheaS” Sogl GialS )3 6yl sy 2,90
Bl I Slgi o gy Wi S 5 45 WS (oo 4T S
Jsia) &5 Jes 5350 lisslon slocs Sl Jloe 53 5 03,5 bxl
F
S92 LY J58 diged > Migall (S9)l oliee & Jpi> b
391 YLl s (gla 39y b o Hlod (sladiges & Cons &5
Ol b (ol carge byl (S5 (g 5l odlatul (P<+/-0)
Gged g jlosi plo b (P<2/00) ()l dme 0pli5 & 3 (8L,
Sbobey pbo b dwslie )3 35 SSY sl fizmen ety S
ool 1) e lon 68 ol 4 (S5l 65550 g oy 2 390
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I Sl @l 28 (yp & 4V (09)Se0 )b (22 ]y 2oy
3033 5 525 lskeaf dnudlS s Sen (IS Giolo a5 LB inlS
03 Sl GBI s S b 53 il ul 330 Migall 5
bl e yeSde cuSy iSu Sl Gislil edad i 45T D Wals
&y aiY (il gdb e 0 S5 ol eolitwl (pimen
@ 1) el See (IS (A)led (o) S VN talS
Jl Sy 5w (Bai et al, 2020) 4, 5 (oL il ol jor
Jewd9d o b ol o (S sl 5 <S5y dpl) I slan!
&S 05,8 Bye e slodilS Jsteds lgicd |y (SDS) cldgu
Gho Voo Gials aib V0 Ge jd witudly oli8len pudlSe b
e ooelS S sbel b e kale 1) 5Tglias s Migalle
YL @508 oaimd )i e Sl byleds o ¥/V log CFU/ML |
soebo S (lasiyl b b 9)Se slo Sogll S8 )5 oS 5

|

O sl ) €8l g gy o 59y |y Higall g I3 sine
dye cpiz e (S (Rl Sgpgboar S ol gy
-/ log/lcm? 5 /1V109/CM? deis 4y .l iy (S yaml 5 (5 9abogé
ol e ge ol Jglowe 0 SV el (39331 () 2 0gMe s
Alosmsplis ggdge cul &5 Ad S 5 ol (29,500 M5 Cidils
5 Oler>)y by (63503 adlas sl Jole 93 (nl SOy
asY g bylys » (Rahimian et al., 2019) ) Ken
sobds Cudles Y ppm clale b5l 5l eolatwl a8 oly L jguds
cloasb b o] zls g sy jials | o iSL S sl g g5 b6
2 Ol Fhe o Sl gedse ol il cilbe il adll
CuisS Lais (gl & Canl J1tS 1y STy )3 (29,500 5L SRRl
& cirgh (oEmed ) (3L Cuenl Hobo DY gaxe el
pbol (Kazemi Taskooh et al., 2016) )|)\Ken 5 055 bl
V SSY el g ¥ 9 ) ppM slackale b ol oS 5 5wl

adlbae 3,90 G095 )3 Migalw (53901 2403 9 1T lipderaS g ySy (IS (55 jlowd (Lo Y Jguia

Table 3- The mean total bacterial count, Campylobacter count, and the percentage of Salmonella contamination in the studied

groups
B 5L S (55 lod FSglaT
Lo Sl JL“;‘ O:j 9 Tobw Total bacterial Campylobacter }Il’}**"‘“i’l
Treatments Lc?f\ﬁegtnmetrllze %9 )ctzch:r'\:tU/g o9 )cou(r::tFU/g conti?n?:lzrgfors (%)
o r“ljt’r‘j © - 6.18+0.33° 2.98+0.15 42+0.412
. 4335 -a> 2 10 6.05+0.07% 2.95+0.35 34.00+0.51%
IC(eE)ng)J:r 45,3510 —45,5 10 5.87+0.13™ 2.76+0.26 25.00+0.55*®
485 a0 0 5.72+0.13° 2.60%0.26° 25.000.55%*
43510 —42 50 5.58+0.11° 2.5620.35° 16.50+0.52°
4,855 -1 ppm 5.87+0.242 2.88+0.242 34.000.52°
éGZ)O:‘;' 48510 -1 ppm 5.77£0.17% 2.69+0.15% 17.00+0.51%
4,855 -2 ppm 5.42+0.29° 2.48+0.24° 8.500.41°
428> 10 -2 ppm 5.35+0.17" 2.44+0.23 8.50+0.41°
43,83 5-100 mhz 5.71+0.32% 2.67+0.25%® 25.00+0.55°
(';L)“;‘::] ec“‘st;l’ff: g;‘:‘ 443> 10-100 mhz 5.61+0.32° 2.49+0.26% 8.500.41°
4i,3> 5-200 mhz 5.38+0.37" 2.3740.20° 0.000.00¢
438> 10-200 mhz 5.22+0.31° 2.31+0.48° 0.00£0.00¢
4,35 -0.5% 5.16+0.36° 2.4240.40% 8.50+0.41°
(FL)a;;f:C :j“”‘ 4,85 10 - 0.5% 5.37+0.32t 2.28+0.44° 8.50+0.41"
455 -1% 4. 69+0.32° 2.15+0.31° 0.000.00°
4510 - 1% 4.60+0.30° 1.96+0.41° 0.00+0.00°
' 1o los dan 1 4.93+0.19° 2.26+0.24° 8.50+0.41°
Corg:i)r::j); ;;Lct o Lo dod 2 4.78+0.20% 1.97+0.26" 0.000.00°
b )loss 402 3 4.57+0.37% 1.83+0.32% 0.00+0.00°
b )loss 4o 4 4.28+0.39° 1.59+0.30° 0.000.00°

S5 3 sme VB (S5 90l o yd gy pdaw > i Ciglize Lg s (glld 48 (jlme Bl oE uSilie) JyiS 09,5 4 o o (pSSles pgtw y 5
In each column, means (mean * standard deviation) with different letters are significantly different at the 5% level according to
Tukey's test.
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.(Martinez-Laorden, & Perez-Arnedo, 2020
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B sl > jlosi 81 Jlasl 1 g s55Tslas logs ST S
sl S 09,8 4 Cowd ()b e LialS @ddy Ve 4
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il Sb el 55 (Novickij et al., 2019) ) San 5 Sozemgs
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laslas oo Ll 358000 anlin ¥ Jpi 3 S55Slen
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2 S oy See Jobo lalis juin cupps el clile
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Lissles 685k lags Sty il 55 9 Syl (2l 02
ol g olge ol ke [l e mate dlaly b () sl
e (Wang et al.,, 2019) cuwl sy Sll 4 (49,50 ;b
Sl oo SLSY Gl 5 aS 2900 b)l5 (Habeeb, 2018)
(5P Oypoh @ g e Ojgod 4o (Sl sl g SV
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Colled jd oli8led dgng edimd L sel cpl &S g ol 4 S
=593 sabasly oyl Lol gl e canla )l b S bas
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3p)8 comizmen Bl Lioli3l gyld e jobods Migall 4y (Sl
Jolgs b (o5 5 Spgot 5 Vb slojldy b pudly (S8l e
Ol 2 Gplede Gl cwl wdly 09 S
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Fig. 2. Average percentage reduction in total bacterial count, Campylobacter count (number of colony-forming units per
gram of sample), and Salmonella contamination (percentage) with each treatment compared to the control group
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