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ABSTRACT: Fresh chicken legs were subjected to different treatments;
flash pasteurization (FP) for 15 seconds; 10% lactic acid buffered system pH3
(LABS); Modified Atmosphere Packaging (MAP); combination of FP+LABS;
FP+MAP; LABS+MAP and finally FP+LABS+MAP to study the effect of these
treatments on chicken quality during storage at 5°C. Results revealed that
the total viable bacteria, Enterobacteriaceae, H,S-producing bacteria, lactic
acid bacteria and yeast were inhibited by all treatments used as compared
with the untreated sample. The highest inhibition was observed with FP+
LABS + MAP treatment followed by LABS+MAP. The buffering capacity of the
buffer systems seems to be sufficient to maintain a low pH of the skin during
storage. Sensory evaluation revealed that FP treatment improved the colour
of the fresh chicken legs and showed no cooking effect _Microbiological
changes supported the sensory resuits. Chicken legs treated with FP, LABS
and MAP; gave shelf life of 7, 11 and 12 days when stored at 5°C,
respectively. Meanwhile combination of FP+LABS; FP+MAP; LABS+MAP and
FP+ LABS* MAP gave 12, 14, 16 and 18 days, respectively. However, the
untreated chicken had 5 days.

Key words: Poultry; Quality; Flash pasteurization; Lactic acid buffer

system; Modified atnosphere packaging.

INTRODUCTION:

The microbiological quality of commercially processed poultry products
are major areas of concern for producers, consumers, and"public health
officials worldwide (Abu-Ruwaida et al., 1994; Russell et al., 1997). Products
excessively contaminated with microorganisms are undesnrable from the
standpoint of public health, storage quality, ‘and general aesthetlcs {Mead,
1989; Abu-Ruwaida et al., 1994; Zeitoun et al., 1994; Mulder, 1997).
Psychrotrophic bacteria are the major group of mlcroorgamsms' responsible
for spoilage of fresh poultry (Goksoy et al., 2001; Bailey et al., 2004) The shelf
life of poultry meat thus depends on the Ievel of its mlcroblal contamination
(Mead, 1989; Zeitoun et al, 1994; Muider, 1995).Therefore enhancing the
keeping quality, reducing or killing spoilage causing microorganisms of
chicken carcasses are very important objectives of food technologists and
microbiologists (Mead, 1989; Zeitoun et al., 1994; Mulder,1995) One way to
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reduce the level of microorganisms of chicken carcasses is through
pasteurization. Microbial reduction by flash pasteurization has been studied
in a large number of foods including: Poultry (Goksoy et al., 2001; Avens et
al., 2002; Purnell et al., 2004); fish and shell fish (Rosenberg and Werner,
1997).

Moreover, lactic acid has also been used successfully in extending the
shelf life of fresh meat and poultry (Van der Marel et al., 1988; Zeitoun et al.,
1994; Smulders, 2003).

Modified Atmosphere packaging (MAP) and refrigerated poultry products
have increasing need for quality improvement and extending the shelf life
(Jimenez et al., 1999; Bjorn et al., 2006), to meet consumer demands for
fresh, refrigerated foods with extended shelf life. Developments in packaging
materials and techniques over the last 20 years have made the use of
modified atmospheres at the retail level possible (Jimenez et al., 1999;
Sivertsvik et al., 2002; Eilert, 2005; Bjorn et al., 2006).

At present there is no literature data available documenting the effect of
combined application of flash pasteurization, lactic acid buffered system and
modified atmosphere packaging on poultry. Therefore, the objective of this
study was to investigate such effects with fresh poultry.

MATERIALS AND METHODS

Materials:

Fresh chicken legs were obtained directly from a local commercial
poultry processing plant (In Alexandria).They were transported under
refrigeration to the laboratory of Faculty of Agric. Saba Bacha, within two
hours. Legs were used for practical reasons,_ mstead of whole carcasses.

Flash pasteurization: Fresh chicken legs were pasteurlzed by immersion
In boiling water (1:2 wiv) at 95°C for 15 seconds. The immersion time’ of
chicken legs in the boiling water (15 seconds) was chosen as a result of
preliminary trials which showed that this time had ho cooking effect on the
chicken skin, chicken legs were allowed to cool and drain at 5°C for two hrs,
then packed in Sidamil plastic bags (permeabifity. 6ccO, im” 124h, 15cc CO,
Im? 24h, 2¢cN, /m? I24h, at 25 °C and 100% RH) and stored at 5°C and 96%
RH. Non-treited controls were also stored in the Sidamil plastic bags.

Lactic acid buffered system treatment: Chicken legs were
decontaminat:d by spraying with lactic acid /sodium lactate buffered system
pH3 accordirg to Zeitoun and Debever (1990) .Spraying was performed
uniformly oy:r the surface on both sides of the legs by using spray gun.
After this trratment, the chicken legs were allowed to drain at 5°Cfor two hrs,
packed segirately in Sidamil plastic bags and stored at 5°C. Samples of flash
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pasteurization chicken legs were also treated with lactic acid buffered
system and stored at 5°C.

Gas packaging: Samples of flash pasteurized, flash pasteurized and
decontaminated with 10% lactic acid buffered system; decontaminated with
10% lactic acid buffered and untreated samples were packed in Sidamil
plastic bags. All bags were totally evacuated from air and completely flushed
with gas mixture of 90% CO, and 10% O, (International Co. for Air and Gases
Products, EI-Sadat city) and then heat sealed. The bags were stored at 5°C.

Microbiological analysis: At each sampling time, three legs were sampled
aseptically taken by means of excision of surface areas of 15 cm? of skin.
A sterile filter paper (6x2.5 cm) was used to outline the area. Filter paper and
skin were homogenized for 2 min in 150 ml sterile physiological saline
supplemented by 0.1% peptone, using a stomacher (Lab Blender 400, Seward
Medical, London). From this homogenate, decimal dilutions were prepared in
physiological saline containing 0.1% peptone and were plated. Total viable
bacteria were determined by the pour-plated method in plate count agar
(PCA; Oxoid CM 325), incubated at 25°C for 72 h (Jimenez et al., 1999;
Panagiotis and George, 2002). Lactic acid bacteria were assessed as colony
forming units on MRS agar (Oxoid CM 361) with an overlay of the same agar
incubated for 3 days at 30°C (Jimenez et al., 1999; Panagiotis and George,
2002). H.S-producing colony forming units were determined on iron agar as
described by Jensen and Schulz (1980), supplemented with 0.04%L-cysteine
(wiv) (Gram et al., 1987; Zeitoun and Debevere, 1990) covered with an overlay
of the same agar, and incubated for 3 days at 25°C. Enterobacteriaceae were
determined as colony forming units on Violet Red Bile Glucose Agar (VRBG)
(Oxoid CM 485), overlaid with the same medium and incubated at 37°C for
24 h. (Zeitoun et al., 1994; Panagiotis and George, 2002). Yeast colony
forming units were determined on Rose Bengal Chloramphenicol agar (RBC)
(Oxoid CM 549) with supplement (Chloramphenicol antibiotic supplement
Oxoid SR 78), incubated up to 5 days at 30°C (Zeitoun and Debevere, 1992). °

Sensory analysis: Sensory evaluation was carried out using five trained
panelists. Samples were judged for odour, colour and texture. A hedonic
scale was used between 9 (extremely good) and 1 (extremely poor) (Jimenez
et al., 1999). The score of each parameter was calculated in terms of average
score points given by panel of judges to each sample. A score of 5 was taken
as the average score for minimum acceptability.

Triangle test was performed on flash pasteurized samples compared with
blank (untreated chicken legs) at day zero to examine weather the flash
pasteurization has a cooking effect.

The pH measurement: After éampling for microbiological analysis, the
rest of the skin was removed, macerated (skin only) in a blender for 10s
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(Zeitoun and Debevere, 1990) and the pH was measured using a digital pH
meter (Thermo Orion, model 260A) (USA).

Statistical analysis: Obtained data were analyzed using analysis of
variance two ways (ANOVA) and subjected least significant difference (LSD)
at 0.05% level of significance was used to compare the treatment means
(Waller and Duncan, 1969). Computations were done using SAS (1996).

RESULTS AND DISCUSSION:

Foods should be regarded as unwholesome when they have a large
population of microorganisms. High counts in foods indicate contaminated
raw materials and /or unsatisfactory processing and /or cross contamination
after processing from a sanitary point of view (ICMSF, 1988). Immersion in
hot water is one of many potential methods for reducing levels of spoilage
and pathogenic bacteria on raw poultry (Whyte et al., 2003; Purnell et al.,
2004). Results of the effect of treatment with flash pasteurization (FP), 10%
lactic acid buffer system (LABS) and Modified Atmosphere Packaging (MAP)
on the growth of total viable bacteria on chicken legs stored at 5 °C is shown
in Table 1. The initial number of total viable bacteria was 4.98 log,, CFU/cm?
on fresh chicken legs. A reductions of 1.03 and 1.86 logs, units were obtained
by the treatments with flash pasteurization (FP); and flash pasteurization
(FP) combined with 10% lactic acid buffer system pH3 (LABS), respectively.
Several Outbreaks of highly pathogenic avian influenza (HPAI) in poultry are
caused by influenza H5N1 virus (WHO, 2005). Lipatov et al., (2004), reported
that avian influenza H5N1 virus was killed at 62.2 °C. This meant that safety
of chicken legs against pathogenic avian influenza H5N1 virus can be
improved by flash pasteurization treatment (FP). On day 3 and 5 there were
significant differences (P<0.05) for the number of total viable bacteria
between legs treated with FP; LABS; MAP; FP+ LABS; FP+MAP; LABS+MAP;
and FP+ LABS+ MAP as compared with blank. After 14 days of storage at 5
°C, the number of total viable bacteria on chicken legs treated with
FP+LABS+MAP was still lower than the initial number (day zero). Chicken
legs treated with flash pasteurization (FP) combined with 10% lactic acid
buffer system pH3 (LABS) have a shelf life equal to samples packed in
modified atmosphere packaging (12 days). Chicken legs treated with flash
pasteurization (FP); 10% lactic acid buffer system (LABS); Modified
Atmosphere Packaging (MAP); FP+LABS; FP+MAP; LABS+MAP And
FP+LABS+MAP showed shelf life of 7, 11, 12, 12, 14, 16 and 18 days of
storage at 5 °C, respectively. This signifies a prolongation of shelf life at 5°C
of 2,6,7,7,9, 11 and 13 days, respectively as compared with blank samples.
The increased shelf life obtained by those treatments could be explained by
inhibition of H,S-producing bacteria resulting in lower levels of hydrogen
sulphide and other sulphur containing spoilage compounds (Bailey et al.,
2004; Zeitoun and Debevere, 1992). Resuits obtained for H,S-producing
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bacteria (Table 2) gave similar trends. Data in Table (3) represent the effect
of flash pasteurization (FP), 10% lactic acid buffer system (LABS) and
Modified Atmosphere packaging (MAP) on pH of chicken legs stored at 5 °C.
Initial pH value for the skin of chicken legs used in this study was 6.60. A
reduction of 1.85 pH was obtained by using 10% lactic acid buffer system
(LABS). The buffering capacity of the buffer system seemed to be sufficient
to maintain a pH of chicken legs which was lower than the initial pH for 11
days of storage at 5 °C. Samples packed in modified atmosphere packaging
(MAP) showed significant decrease in pH (p< 0.05) as compared with the
initial pH. This decrease in the pH mainly due to CO, absorbed by the
chicken (Bjorn et al., 2006).The pH of fresh chicken increased as the
microbial population increased (Genigeorgis, 1985; Bjorn et al., 2006). These
results are contradictory to those obtained for pH (Table 3) and total viable
bacteria (Table 1).

When chilled meat is packaged in modified atmosphere packaging with
an elevated level of carbon dioxide, its microflora is dominated by lactic acid
bacteria (Genigeorgis, 1985; Panagiotis and George, 2002; Bjorn et al., 2006).
Such new packaging technologies present opportunities for microbial
control that may not only extend shelf life, but also enhance the
microbiological safety of meats (Genigeorgis, 1985; Bjorn et al., 2006).
Bacteriocins are antimicrobial proteins produced by lactic acid bacteria; act
on target cells by various mechanisms, most of which are, as “yet, unclear
(Stiles and Hasting, 2003). Changes in lactic acid bacteria are presented in
Table (4). The initial number of factic acid bacteria was 4.12 log,, CFU/cm? on
biank samples. The numbers of lactic acid bacteria were reduced by 0.85
- log10 unit for FP and 1.44 for LABS.

The initial number on untreated sample (4.12 logs CFUlcm?),
increased to 5.37 after 5 days of storage. However, the rates of increases for
sample treated with FP and sample treated with LABS were slower than that
on untreated sample. Chicken legs treated with MAP; FP+MAP; LABS+MAP;
and FP+LABS+MAP showed a lag period of 3, 5§, 5 and 7 days of storage at
5°C, respectively. After these periods the number of lactic acid on these
samples starts to increase at slower rate as compared with untreated
samples. On the day of spoilage on all samples packed in modified
atmospheres irrespective of the treatment received, lactic acid bacteria were
found to be the predominating flora. Similar results were obtained by other
investigators (Genigeorgis, 1985; Panagiotis and George, 2002; Bjorn et al.,
2006), who demonstrated that lactic acid bacteria are less inhibited by CO;
than Gram-negative bacteria.
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Results of the effect of treatment with flash pasteurization (FP), 10% lactic
acid buffer system (LABS) and Modified Atmosphere packaging (MAP) on the
growth of Enterobacteriaceae on chicken legs stored at 5°C are illustrated in
Table 5. The ANOVA indicates that storage time and treatment effects were
significant (P< 0.05) in Enterobacteriaceae counts. The |n|t|a| number of
Enterobacteriaceae on the chlcken was 3.05 logy, CFU/cm? A reduction of
1.47, 1.73 and 2.18 log4g CFUlcm? was obtained for treatment with FP, LABS
and FP+LABS, respectively as compared with blank. Such reduction wouild
improve the safety of the chicken legs. The number of Enterobacteriaceae
increased rapidly on untreated samples {(control). After 5 days of storage at
5°C, reduction of 4.94, 4.82, 4.62, 4.47, 4.20, 2.97, and 2.04 log4, CFUlcm? were
obtained for FP+LABS+MAP; LABS+MAP; FP+MAP; FP+LABS; LABS; MAP
and FP respectively as compared with blank. A similar trends for H,S-
producing bacteria (Table 2) were obtalned resulting in reductions of 5.8,
5.72, 5.57, 5.49, 5.40, 4.78, 2.69 log;, CFU/cm? respectively.

Effect of FP and LABS on growth of yeast (Table 6) was slightly lesser
than those obtained for Enferobacteriaceae (Table 5) and H,S-producing
bacteria (Table 2). Growth of yeast on all chicken legs packed in modified
atmospheres irrespective of the treatment received, were strongly inhibited.
It seemed that 90% O, was sufficient to control the growth of yeast. On the
other hand, the |n|t|al number of lactic acid bactena on untreated samples
(2.94 logyy CFU/cm?), increased to 4.97 logqe CFU/cm?, after 5 days of storage
at 5°C.

127



€0 %01 + 209 %06 = dVIN 'S
‘¢cHd waysds saynqg poe aoe %04 =sAVT ¥
‘uolezunajsed yse|4 =44 'S
‘abejiods Jo asnesaq fauluIalap 10U = ‘pru ‘g
(5070 2d) Juasuyp Apueosyiubs jou

aJe (Y-B) Uwnjo3 jeallaA 10 (H-y) MOl [ejuoziioy swes ay) uy syduosiadns awes ayj yjim sonjep °L

WSE'D | of¥'S | L 2EV | 5€9°C | OLT | 5SST | 9T | 6,2CT | GhO'T | SbT dVIN + SEVT + dd
PU | 2E9 | (o6Y'S | 5SSV | o388 | oqTV'E | oo€8T | ST | pg}ST | 589T dVI +sav1
PU L OPU | PTY | gZE'S | 5o88'Y | o 8L'P | 8L°C | ,,08°€ |, FEE | AVLZE dVI +dd
PU | CPU | PU | 9,80°6 | o WSV | 9L | po¥0'C | o092 | gE€T | ST sgv1+dd
‘pPu | pu | 'pu &wv.m eab9'S | ogC0'T | of8Y | g9V | aSLY | b | oy L 254 0 06) n_m_m_
U} PU | P | PU | LS | SOV | o Z8'E | o 6E°C | gT8'T | ,,89T (cHd) sav %01
pu | pu | pu | Pu | U [ PU |88 | 0082 | w085 | T | wenemuneised (dd)

ezunajsed yse|y
PU | CPU | PU | CPU | PU | PU | PU | LS | SV | LY juelg
8l o | v Z 1 6 L S € 0

1,6 Je abeio)s Jo shep u je eiId)ORqg pIde 2139e] Jo N4 Bo

spudWIRal )

A. A. Zeitoun and R.Y. Khattab

*9,6 Je palo)s pue Buibeyoed aiaydsowny payipow pue (¢Hd) (sgv) wayshs .ayng
pi1oe 2130k ‘uonezuna)sed yseyy yum pajyeas) sbaj uayoiyd uo eudjoeq pIoe aoe) jo ymoibayy () siqel

128



Combined effect of flash pasteurization, lactic acid buffered system.....

2O %01 + 200 %06 = dVIN 'S
'cHd wayshs 1ayynq p1oe a1se %01 =ggvl Y
‘uotjezimnaised yse|4 =d4 ‘¢
-abejods jo asnesaq paujuwlalap Jou = "pru g
*(50°0 zd) Juasayip Apuesyjubis jou
ale (Yy-e) uwnjoo [estiaa 1o (9-y) mol |ejuozuoy awes ay} us sjduosiadns awes ay) Yyjm sanfep '|
1 T

€8T | quSY'T | 5598°T | oS6°L | gVLTL | 5 9€° L | gGbE | (g8} | G870 | 280 dVW + S8V + dd

PU | YOE | ,C0°E | 58T | 5399°T | VT | 6,907 .’23.9 ogeh'b | oyCE'L : dViA + SGV7]

U P T6Y | g BV | 8LE | V6T | 0T | VS | pg2EY | 857 dVIAl +d4d

f.v.: ﬁ ‘Pu PU L 8TG | J0EY | oBSE | p,9L°T | 559 | ,,98°0 | 4870 SHV1 +dd

ou | ou | pu : . : : : : . o

p p'u. p 2O’ | 4389V | 0LV | o,0L°C | ,GLE | 4gi8T | ¢,S0°E %0} + 20D %06) JVI

U pu Py .v.:L 0308’ | eqGbV | SoPEE 5 pgC6’b | py8EL | 5 CE°L (¢Hd) S8V %01

pu | pu | pu | pu | pu | pu | .egs| . govl|.s0z| g5l (dd)

ﬁ hno a2 og av uonjezinalsed ysei4

‘p'u ‘pu pu ‘pru ‘p'u ‘pu é ‘p'u NUN 19 nmNm.n m<m0ﬁ fuelg
8L | oL | vb | zv | b K » L g g 0

sjuawiieal |
9,5 Je a6el0)s Jo sAep U Je aeaoelsa}aeqolauy Jo N4o Bo |
"D, 18

paso)s sBaj uayaIys uo aeaseuepaeqosspuy jo Ymolb ay) uo Buifieyoed alaydsouny payipon
pue (cHd) (sgv7) walshs Jayng pioe onoe| ‘uonezunalsed ysep yum jusunean jo 3oay3  (g) alqel

129



A. A. Zeitoun and R.Y. Khattab

TO%0) + 200 %06 = dVWN 'S
"gHd waisAs Jayng proe opoe] %01 =SAvV b
‘uoijeziina)sed ysejd =44 °¢
‘abejiods Jo asneosaq pauiuwss}ap Jou = "p'u -2
"(§0°0 2d) Jusiapp Apuesiyubis jou

aJe (Y-) UINjO |eIUIA IO (5-Y) MOJ jBJUOZIIOY dtues ay) Ul s)diosiadns awes ay) yjim sanjep i

a8V T | st T | 3080°T | oplTT | paolb'T | pgET | 12522 | 5q0VT| 65002 ﬂmm.u,_ dVIN + S8V + dd
PU | 40qS2T | ool bT | o0V T | 00glTT | oy VT |1oay€ET] 10T | ;odbT | o BET dVI + S8V
pu PU | qud¥T | VST | ol T | pg€ET | 2pgB8ET | ST | aquPT | 9T dVW +dd
pu pru PU | BV | qE6E | golVE | 2080°€ | jSLT| 86T | q,85T sav1 +dd
‘p'u ‘pru PU | gL T| 8T | oG8 | po9VT | g9 | 28T | o ¥6T | (20 %0L +20D %06) dVI
‘P'U pu Py PU | B SLY | g68'E | o LVE | q962 | PI¥ST | 48E°T (eHd) saV1 %04
‘pu ‘pru ‘pu ‘pu ‘pu PU T8V | 85T | qFE | 89T (dd) uonezunajsed ysei4
‘pu Py pu ‘pu pu pu | pu eod6V | ea€9E | V6T Yueig

11 9l 145 [4? i 6 L S € 0
1 sjuawieal |
L 9,5 Je abrio)s Jo sAep u je sjseal jo N4 Bo

‘2,6 Je pasols sBa) uanoIyd uo sIseah jo ymoub ay) uo Buibeyoed slaydsouwy paljoow
pue (¢Hd) (sav) waeyshAs Jaynq pioe onoe| ‘uonezunased ysel ypm juswieas} Jo Xayg *(9) ajgel

130



Combined effect of flash pasteurization, lactic acid buffered system....

The evaluation of the organoleptic quality of chicken legs treated with
flash pasteurization (FP), lactic acid buffer system pH3 (LABS) and modified
atmosphere packaging (LABS) and stored at 5°C (Table. 7) showed that
colour and odour of chicken legs were enhanced by flash pasteurization (FP).
According to triangle test (at day zero) flash pasteurization showed no
cooking effect on flesh of the chicken legs. Likewise, the treatment with 10%
lactic acid buffer system (LABS) had no influence on the sensory quality
(Zeitoun and Debevere, 1990). The changes in odour followed closely the
changes in bacterial counts. The odour of all treated chicken legs showed
significantly improvement (p<0.05) as compared with untreated sample after
3 and 5 days of storage at 5°C. Untreated chicken was spoiled with persistent
putrid odour after 5 days of storage at 5°C.

The critical spoilage level of log;, CFU/cm?® 7-8 of total viable bacteria
followed by typical off odour on the next day (Van der Marel et a/., 1988;
Zeitoun et al., 1994). All samples at the end of storage periods were below the
critical marginai quality, followed by off odour next day. According to that
limit and sensory quality, samples treated with flash pasteurization (FP); 10%
lactic acid buffer system pH3 (LABS); Modified Atmosphere packaging
(MAP); FP+ LABS; FP+ MAP; LABS+ MAP and FP+ LABS+ MAP have a shelf
life at 5°C of 7,11, 12, 12, 14, 16 and 18 days respectively. This signifies a
prolongation of shelf life at 5§ °C of 2, 6, 7, 7, 9, 11 and 13 days respectively,
as compared with untreated chicken. This could be explained by synergistic
effect between FP and LABS; FP and MAP; MAP and LABS. Decontamination
of poultry legs with flash pasteurization is particularly suitable in
combination with LABS and MAP. Several considerations have led to the use
of lactic acid as a decontamination agent because of the excellent
bactericidal properties (Van der Marel ef al., 1988; Smulders, 2003).The use of
MAP has good intrinsic preservation qualities (Genigeorgis, 1985; Panagiotis
and George, 2002; Bjorn et al., 2006) and prevents cross contamination
during further handiing and storage of the product.

In conclusion, the most marked resuit was noted in the treatment
with flash pasteurization (FP) combined with lactic acid buffer system (LABS)
and MAP (90% CO, + 10% O, ), which prolongs shelf life and Improves safety,
while still ensuring an acceptable organoleptic quality.
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