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ABSTRACT

Food is the major source of energy in our lives as it performs various activities. This study was carried out to
evaluate the effect of some hurdle technology methods and different packaging on the properties of
physicochemical, microbiological and sensorial for treated chicken fillet samples during the storage periods and to
compare them with control samples (without treatment). The samples were soaked in solution contains: glycerol
5%, sodium chloride 6%, propylene glycol 1%, lactic acid 1% and sorbic acid 0.2% for 2 hours and semi-fried using
a traditional fryer at 180 + 5 °C for 4 min before packaged. The samples were packaged by two methods aerobically
packaged and vacuum packaged and then stored under three conditions: Storage at room temperature (25+ 5 °C),
storage at cold temperature (4 + 2 °C) and storage at frozen temperature (-18+ 2 °C). The results showed that using
of some hurdle technology methods retarded the development of rancidity and impeded the growth of
microorganisms in chicken fillet samples at different storage conditions compared to the control samples. In
conclusion, the vacuum packaging showed the best protection towards reducing the values of TVBN, TBA, pH and
frying loss, as well as maintaining good sensory quality properties in tested samples during storage periods

compared to aerobic packaging.
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INTRODUCTION

Food plays a key role in our life, as it is the
major source of energy to perform various
activities. According to mode of action, the food
preservation techniques can be categorized into
three: (A) Slowing down or inhibiting the
chemical deterioration and microbial growth.
(B) Directly involving the bacteria, yeasts,
molds and enzymes. (C) Avoiding re-
contamination of food following and before
processing. Most of the current preservation
techniques employed for preservation of foods
is related to any of these three above mentioned
criteria. Great efforts have been done towards
preventing the use of a single preservation
technique for food preservation to meet the
requirement of consumer. However, when it
comes to food safety and shelf life, one has to
look for some more complex procedure for
preserving the foods, (Gould, 1995 and Pal, et
al. 2014). When the preservation fails, the
consequences range from minor deterioration,
such as colour loss, to food becoming extremely
hazardous (Gould, 1995). In recent years, the
demand for fresh and good quality food
products has led to the emergence of hurdle
technology.

The main objective of hurdle technology is
food preservation (Leistner, 2000), storage of
food products (Pal, et al. 2014) and
enhancement of their shelf life thereby giving
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us good quality products (Pundir and Murtaza,
2015; Singh and Shalini, 2016).

Some of the hurdles such as temperature
(high or low), water activity (aw), preservatives
(nitrite and sorbate), competitive
microorganisms (lactic acid bacteria) and
acidity (pH) have been empirically used for
years to stabilize meat, fish, milk and vegetables
(Leistner, 2000). The basic concept is to apply
combinations of existing and novel
preservation techniques ("hurdles") in order to
eliminate the growth of micro-organisms.
Therefore, the aim of effective food
preservation is to control all forms of quality
deterioration, the overriding priority is always
to minimize the potential for the occurrence and
growth of food spoilage and food poisoning
microorganisms (Gayan et al., 2012).

Many interrelated factors can influence the
shelf life of poultry meat such as environmental
conditions (temperature, humidity, light and
oxygen), water content, indigenous enzymes
and most importantly, —microorganisms.
Consequently, developing and combining
preservation methods to extend shelf life and
increase safety of these products is of great
importance. Thus, traditional preservation
techniques such as vacuum packaging and
modified atmosphere packaging can be
combined with decontaminants, additives
(natural or chemical), natural bio-preservatives
and/or be integrated to emerging technologies
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such as active and intelligent packaging
(Totosaus and Kuri, 2007).

Poultry meat is a very popular food
commodity around the world and its
consumption has increased over the last
decades in many countries. Some of the reasons
for the popularity are the relatively low cost of
production, low fat content and the high
nutritional value of poultry meat. Considering
the fact that poultry belongs to perishable
foods, the main concern of industries is the
shelf-life extension of the poultry products.
Modern trends to achieve this goal include the
application of the hurdle technology concept
(Leistner, 1995).

Fillet (fresh or frozen) is more widely used
in the food industry in comparison with other
parts of chicken, whereas it is more susceptible
to spoiling. Hence, food industry focuses on
finding modern methods and technologies to
increase the shelf life of fillet (Petrou et al., 2012).

Therefore, the present study has been
carried out to evaluate the effect of some hurdle
technology methods and different packaging
on the properties of physicochemical,
microbiological and sensorial for treated
chicken filet samples during the storage periods
and compare them with control samples
(without treatment).

Materials and Methods

Chicken breast meat: Deboned skinned fresh
chicken breast meat (breast fillet) was
purchased from the local market, Nasr City,
Cairo, Egypt and transported to the laboratory
within 30 min. It was held at refrigerator at 4°C
until using.

Other ingredients:

Other ingredients: condiments (Fresh onion
and garlic, 1:1), wheat flour 72%, spices mix,
fresh whole eggs, sunflower oil, leavening
agent, commercial baking powder, fresh onion,
parsley, dill, bread crust, skimmed milk and salt
were obtained from the local market, Nasr City,
Cairo, Egypt

Chemicals:

The chemicals needed for the study were
obtained from Sigma Chemical Company and
El-Nasr Pharmaceutical Chemicals, Cairo

Egypt.

Polyethylene pouches: Food grade pouches
were used in aerobic packaging, and low-
density polyethylene (LDPE) bags pouches
used for vacuum packaging were purchased
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from Makhlouf Sons Company, El-Mosky,
Cairo Egypt.

Experimental Treatments:
Preparation of Chicken Fillet:

Chicken meat fillet prepared as follows:
deboned chicken breast meat was cut manually
into middle pieces. The chicken fillet samples
were formed into characteristic shapes (10x2x5
cm), each weighing 90 — 100 g. The chicken meat
fillets were soaked in solution contains: glycerol
5%, sodium chloride 6%, propylene glycol 1%,
lactic acid 1% and sorbic acid 0.2% for 2 hours,
then frozen at —18 ‘C according to the method
described by Jafari et al. (2017). The frozen
control and treated chicken fillet samples were
pre-dusted with refined wheat flour and
dipped in batter (The batter formulations were
composed of solid and water in a ratio of 3:5).
The solid content of the batter formulations
contained equal amounts of corn and wheat
flour. In addition, 1.0% salt and 0.5% leavening
agent and commercial baking powder were
added to the formulation for 15 s and then
drained for 5 s. Next, the battered fillet was
placed on a layer of bread crumbs for 5 s for
each side. Finally, the battered and breaded
fillet were placed on a sheet of aluminium foil
waiting to be deep-fat semi fried (Dogan et al.,
2005). The breaded chicken fillet were semi-
fried using a traditional fryer at 180 + 5 °C for 4
min then they were drained in a frying basket
from excess oil for 30 s and placed on paper
towel for 1 min to absorb excess oil then it were
cooled at room temperature on aluminium foil
sheet for 20 min before packaging (Rosete-
Hidalgo et al., 2008).

Packaging of chicken fillet samples:

The samples were packaged by two
methods aerobically packaged and vacuum
packaged then storage under three conditions:
Storage at room temperature (255 C’), storage
at cold temperature (4 + 2 C") and storage at
frozen temperature (-18+2 C°).

For vacuum packaging: The samples were
packaged according to the method described by
Bolumar et al. (2011) in polyethylene film and
low density polyethylene (LDPE) bags pouches
by using 2 stage vacuum pump (model 2FY-3P,
Herisau, Schwiez).

For aerobic packaging: The samples were
loosely packaged in film polyethylene pouches:
Food grade pouches were used in aerobic
packaging.
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Cooking of Chicken fillet:

For sensory evaluation and determination of
cooking measurements, control and treated
chicken fillet samples were fried by traditional
fryer at 180 °C for 4 min either at zero time or
after each storage period then they were
drained in a frying basket from excess oil for 30
s and placed on paper towel for 1 min to absorb
excess oil then it were cooled at room
temperature on aluminium foil sheet for 20 min
(Rosete-Hidalgo et al., 2008).

Analytical Methods:

The control and treated chicken fillet
samples were periodically analysed every 3
days during storage at room temperature, every
15 days during storage at cold temperature and
every 30 days during storage at frozen
temperature. Data obtained after analysis were
statistically analyzed.

Determination of Physicochemical properties
for chicken fillet:

Total volatile bases nitrogen:

Total volatile bases nitrogen (TVBN) in the
tested chicken fillet samples was determined
according to the method described by
Mwansyemela (1973).

Thiobarbituric acid:

The thiobarbituric acid (TBA) in the tested
chicken fillet samples was determined by the
distillation method outlined by Tarladgis et al.
(1960).

pH Value:

10 g of minced chicken fillet sample were
blended with 90 ml distilled water and
measured with a standard combined electrode
attached to a digital pH meter (Jenway, 3510 pH
meter, UK) according to the method described
by Vareltzis et al. (1997).

Frying loss (%):

Frying loss (%) of prepared chicken fillet
samples was calculated according to the
method described in AM.SA. (1995), as
follows:

% frying loss = Fresh sample weight — cooking
sample weight x 100 / Fresh sample weight

Determination of color:

Surface color of chicken fillet samples was
measured instrumentally by a Hunter lab
digital colorimeter (TCPIIG system, Beijing
Optical Instrument Co. Ltd., China) using CIE
color parameters L* (light/dark) a* (red/ green)
and b*(yellow/blue) values. The L*a*b*, or CIE
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Lab, color space is an international standard for
color measurements, adopted by the
Commission Internationaled Eclairage (CIE) in
1976 (Mery et al., 2006). Color measurements
were taken from four different positions.

The instrument was calibrated with black
and white standard plates before the analysis.
Each data point was the mean of four
replications. The following calculations were
done to determine the attribute of AE indicates
the degree of overall color change (Viana et al.
2005).

Where AE indicates the degree of overall
color change in comparison to color values of an
ideal control chicken fillet. L* sample, a*sample
and b*sample measure direct from sample and
L*standard, a*standard and b*standard for
standard of instrument. (AL2 + Aa2 + A b*?) it is
a square difference between the measured

- * L] L] - -
AL 'F'.x':ml;u'r - "r'-.'nur;!rrrnl' JAa = Deample —©
Ab = h.\u:rruph' ol standard -

AE = J{ AL? £ Aa™? £ AR ]

value and the standard value.
Microbiological Analysis of Chicken fillet:

The microbiological examinations of chicken
fillet samples included determination counts of
total bacterial, coliform group, psychrophilic
bacteria, mold and yeast, anaerobic bacteria,
staphylococcus aurous and clostridium were
determined according to A.P.H.A. (1976) and
Difco Manual (1984). While, salmonella spp.
was determined according to FAO (1979).

Sensory Evaluation of Cooked Chicken fillet:

Sensory quality attributes of treated chicken
fillet samples were evaluated at zero time and
during different storage periods, and compare
them with control samples (without treatment).
Cooked samples were left to cool at room
temperature for 15 min. before being subjected
to organoleptic evaluation as described by Twig
et al. (1976). The samples were evaluated by
thirty panelists from staff members and
graduate students of Food Science and
Technology =~ Department,  Faculty  of
Agriculture, Al Azhar University. Cairo, Egypt.
The panelists were asked to evaluate color,
odor, taste, tenderness, juiciness, and overall
acceptability. During the panel test, rinse the
panellist’'s mouth by water to remove any traces
of residual food. The scores ranging from 0 - 10
(0 - 3 = very poor, 4 = poor, 5 = fair, 6 - 7 = good
and 8 - 10 = very good).

standard »
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Statistical Analysis:

Data were subjected to Analysis of Variance
(ANOVA). The Least Significant Difference
(LSD) procedure was used to test for difference
between means (significance was defined at
p<0.05) as reported by Snedecor and Cochran
(1994).

RESULTS AND DISCUSSION

Effect of some hurdle technology methods on
physicochemical quality criteria for chicken
fillets during storage:

Total volatile bases nitrogen (TVBN) content:

Total volatile bases nitrogen (TVBN) could
be used as an indication of decomposition
which occurs by bacteria and protein
breakdown during storage (Moawad, 1995).
Total volatile bases nitrogen is a mixture of
many volatile nitrogenous compounds, such as
ammonia and other lower simple mono amines
(El-Akel 1988).

The results from Table (1) showed that
TVBN values of chicken fillet samples treated
by aerobic packaging or vacuum packaging
were lower (P< 0.05) than control sample at
initial storage. The control sample recorded 2.84
mg N2/100g sample, while the samples treated
by aerobic packaging recorded TVBN values
from 2.41 to 2.57 mg/100g and the samples
treated by vacuum packaging recorded values
from 2.21 to 2.54 mg/100g under the same
conditions.

Also, no significant differences were
observed between chicken fillet samples treated
by aerobic packaging and vacuum packaging
under initial storage at room temperature, but
significantly differed (P< 0.05) at cold storage
and frozen storage.

Also from Table (1), it could be observed that
TVBN values of all samples were gradually
increased (P<0.05) during storage periods with
different packaging methods. The different
control samples showed the highest values of
TVBN at the end of each storage period
compared with treated samples. Where, TVBN
content of stored control sample at room
temperature increased from 2.84 to 19.56
mg/100g after 3 days and chicken fillet sample
treated by aerobic packaging increased from
2.57 to 21.15 mg/100g after 12 days, while
treated sample by vacuum packaging increased
from 2.54 to 19.81 mg/100g after 18 days. The
tested hurdle technology methods and vacuum
packaging of chicken fillet samples significantly
reduced the formation of total volatile nitrogen
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as compared to aerobic packaging (Ntzimani et
al., 2010).

Also, the other chicken fillet samples stored
at cold and frozen temperatures were
encountered the same trend. TVBN content in
treated samples by aerobic packaging and
vacuum packaging reached to 22.18 and 19.42
mg/100g, respectively, after 75 and 135 days of
cold storage, and 19.95 and 21.10 mg/100g after
120 and 180 days of frozen storage as shown in
Table (1).

This increase could be mainly attributed to
the effect of microorganisms as well as autolysis
processes (Hashem et al., 1978). Generally, these
results are in agreement with those obtained by
Kacaniova et al. (2019).

Moreover, after 18 day of storage at room
temperature and 150 day of frozen storage, the
samples treated by vacuum packaging were in
the range of permissible level of TVBN as
reported by E.O.S. (2005), which recommends
that TVBN content in frozen samples not exceed
20 mg N2/100g sample. Also, chicken fillet
sample treated by vacuum packaging and
stored at cold temperature was within safe
limits until the end of storage period (19.42
mg/100g). While, control and samples treated
by aerobic packaging at these previous periods
were spoiled as shown in Table (1).

Noteworthy that the samples treated by
aerobic packaging and stored at room and cold
temperature were exceeded the maximum
permissible limits at 12 and 75% storage,
respectively.

Effect of some hurdle technology methods on
thiobarbituric acid (TBA) content for chicken
fillets during storage:

Thiobarbituric acid (TBA) test is used as an
index for measuring oxidative rancidity
(malonaldehyde formation) which takes place
in meat and meat products. TBA test is a
sensitive test for the decomposition products of
highly unsaturated fatty acids which do not
appear in peroxide value determination
(Younathan ef al., 1980 and Melton, 1983).

TBA values of both different control samples
and treated samples as affected by tested hurdle
technology methods and different packaging
with extended storage periods on room
temperature, cold temperature and frozen
temperature for different periods are presented
in Table (2).

From the results of Table 2 it could be
noticed that significant (P < 0.05) differences
were recorded in TBA values among the tested
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samples at initial storage. The control sample
recorded 0.183 mg malonaldehyde/kg sample,
while samples treated by aerobic packaging
recorded values from 0.160 to 0.189 mg/kg, and
the samples treated by vacuum packaging were
ranged 0.165 - 0.198 mg/kg. These results are in
line with those obtained by Alahakoon et al.,
(2014).

Also, at initial storage under the room and
cold temperatures, TBA contents of samples
treated by vacuum packaging were higher
(0.198 and 0.187 mg/Kg, respectively) than
samples treated by aerobic packaging (0.189
and 0.160 mg/Kg) and control sample (0.183
mg/Kg), while the sample treated by vacuum
packaging was lower (0.165 mg/Kg) than
sample treated by vacuum packaging (0.178
mg/Kg) at frozen temperature.

Also, Table (2) indicated that TBA contents
of all tested samples gradually increased (P <
0.05) during storage periods up to the end. The
different control samples showed the highest
contents of TBA at the end of each storage
period compared with treated samples. The
tested hurdle technology methods and vacuum
packaging reduced lipid oxidation for chicken
fillet samples during storage, since TBA values
of aerobic packaged samples were higher than
that of vacuum packaged ones. This increase
could be mainly attributed to the oxidation of
chicken fillets lipids and formation of some
TBA-reactive compounds during the storage
period as reported by Alahakoon et al. (2014).
While, Davies and Board (1998) reported that
the increase in TBA content during frozen
storage could be attributed to the psychrophillic
bacteria producing lipases causing lipolytic
activities of fat as well as increase the level of
free fatty acid. It is worth mentioning that the
increment rates in TBA contents were decreased
with treatment of chicken fillet samples by
vacuum packaging. Generally, these results are
in agreement with those obtained by
Hassanzadeha et al. (2017), who mentioned that
TBA content of meat and chicken samples
increased with increasing of the storage period.

Moreover, after 15 day storage at room
temperature and 150 day of frozen storage,
chicken fillet samples treated by vacuum
packaging were in the range of permissible
level of TBA as reported by E.O.S. (2005), which
recommends that TBA content in frozen
samples not exceed 0.900 mg
malonaldehyde/kg sample. Also, the sample
stored at cold temperature was within safe
limits until the end of storage period (0.870
mg/kg) as shown in Table (2). While, different
control samples and samples treated by aerobic
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packaging at these previous periods were
spoiled.

Effect of some hurdle technology methods on
pH value for chicken fillets during storage:

The pH value is considered an important
factor because of its influence on shelf-life,
color, water holding capacity and texture of
meat and meat products (Clarke et al., 1988).

Data presented in Table (3) showed the
changes in pH values of both control and
treated chicken fillet samples as affected by
tested hurdle technology methods and different
packaging with extended storage periods. From
the Table, it could be noticed that significant
differences (P< 0.05) in pH values between
control sample and the samples treated by
aerobic packaging or vacuum packaging at
initial storage. The control sample recorded pH
5.64, while treated samples recorded pH values
from 4.49 to 4.52.

As noted no significant differences between
the samples treated by aerobic packaging and
vacuum packaging at the same conditions up to
3th day storage at room temperature, 15t day of
cold storage and 60* day of frozen storage.

As shown in Table (3), the treatment of
chicken fillet samples by different packaging
methods resulted in a great reduction (P< 0.05)
of pH values when compared with pH values
of three control samples during storage periods.
It may be because of the acidic effect of
treatment solution which contains lactic acid
and sorbic acid.

On the other hand, pH values continuously
increased (P< 0.05) in all tested samples with
prolongation of different storage periods. The
increment rates in values were decreased with
treatment of chicken fillet samples by vacuum
packaging. Generally, these results are in
agreement with those obtained by Sheshrao
(2005) and Tanuvas (2014).

Also, significant differences (P< 0.05) in pH
values were observed between the samples
treated by aerobic packaging and vacuum
packaging starting from sixth day storage at
room temperature, fifteenth day of cold storage
and sixty day of frozen storage.

It is worth mentioning that pH values of the
samples treated by vacuum packaging, after 18
days storage at room temperature was 7.34,
after 135 days of cold storage was 7.09 and after
180 days of frozen storage was 7.10. While,
control samples and samples treated by aerobic
packaging at these previous periods were
spoiled, as shown in Table (3).
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Finally, it is apparent from previous results
that the treatment of chicken fillets by some
hurdle technology methods retarded the
development of rancidity in the samples at the
different storage conditions compared to the
control samples (without treatment). Also, it
could be observed that the vacuum packaging
showed the best protection towards reducing
the values of TVBN, TBA and pH in chicken
fillet samples during different storage periods
in comparison with aerobic packaging.

Effect of some hurdle technology methods on
frying losses for chicken fillets during storage:

Data presented in Table (4) showed the
changes in frying losses (%) of both control
samples and treated samples as affected by
some hurdle technology methods and different
packaging with extended storage periods. data
indicated that no significant differences in
frying loss values between control sample and
the samples treated by aerobic packaging or
vacuum packaging at initial storage.

The frying loss of control sample was
12.78%, while treated samples recorded values
from 12.77 to 12.81%. On the same context,
noted no significant differences between the
samples treated by aerobic packaging and
vacuum packaging at the same conditions up to
3th day storage at room temperature, 15t day of
cold storage and zero time of frozen storage.

As shown in Table (4), the treatment of
chicken fillet samples by different packaging
methods resulted in considerable increase (P<
0.05) in frying loss values when compared with
values of control samples during storage
periods.

On the other hand, frying loss values
continuously increased (P< 0.05) in all tested
samples with prolongation of different storage
periods. The increment rates in values were
decreased with treatment of the samples by
vacuum packaging (losses % was ranged from
12.90% after 30 days of frozen storage to 14.09%
after 135 days of cold storage). While, the
largest losses were observed in the different
control samples (from 12.97% after 30 days of
frozen storage to 13.45% after 3 days only of
room storage).

Also, significant differences (P< 0.05) in
frying loss values were observed between the
samples treated by aerobic packaging and
vacuum packaging starting from sixth day
storage at room temperature, forty-fifth day of
cold storage and thirty day of frozen storage.

It is worth mentioning that frying loss
values of samples treated by vacuum
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packaging, after 18 days storage at room
temperature was 13.77%, after 135 days of cold
storage was 14.09%; and after 180 days of frozen
storage was 13.56%. While, control samples and
the samples treated by aerobic packaging at
these previous periods were spoiled, as shown
in Table (4).

Effect of some hurdle technology methods on
color for chicken fillets during storage:

Data presented in Table (5) showed the
changes in color of both control samples and
treated chicken fillet samples as affected by
some hurdle technology methods and different
packaging with extended storage periods. From
the Table, it could be noticed no significant
differences in color values between control
sample and samples treated by aerobic
packaging or vacuum packaging at initial
storage. AE value for control was 38.10, while
the treated samples recorded values from 37.82
to 38.10. On the same context, noted no
significant differences between samples treated
by aerobic packaging and vacuum packaging at
the same conditions up to 150 day of cold
storage and 90% day of frozen storage.

Also, from Table (5), it could be observed
that color values of all samples were gradually
increased (P< 0.05) during storage periods
under different packaging conditions. The
different control samples showed the highest
(P< 0.05) values of color at the end of each
storage period compared with treated samples.

Where, color value (AE) of control sample
stored at room temperature increased from
38.10 to 40.92 after 3 days and chicken fillet
sample treated by aerobic packaging increased
from 38.19 to 42.92 after 12 days, while treated
sample by vacuum packaging increased from
37.82 to 41.21 after 18 days. Also, the other
samples stored at cold and frozen temperatures
were encountered the same trend. Color values
in treated samples by aerobic packaging and
vacuum packaging reached to 41.42 and 41.85,
respectively after 75 and 135 days of cold
storage, and 41.02 and 41.16 after 120 and 180
days of frozen storage as shown in Table (5).

It should be noted that there are significant
differences (P< 0.05) between the samples
treated by aerobic packaging and the samples
treated by vacuum packaging from beginning
the 3t day of storage at room temperature, 15t
day of cold storage and 120% day of frozen
storage until the end of storage stages.
Generally, these results are similar with the
results of Malik and Sharma (2011), Alahakoon
et al. (2014) and Tanuvas (2014). They found that
the color values of meat and chicken fillet were
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affected by tested hurdles technology treatment
and vacuum packaging. These values were
increased by increasing storage periods.

Effect of some hurdle technology methods on
microbiological quality criteria for chicken
fillets during storage:

Total bacterial count (TBC):

Total bacterial count of any food product is
significantly correlated directly with the
sanitary conditions of processing, handling and
storage conditions. The microbial activity leads
to certain changes in flavour, color and
accumulation of toxin in meat (Fliss et al., 1991
and Osheba, 2003).

From the results in Table (6), it could be
noticed that total bacterial counts (TBC) of
tested chicken fillet samples were influenced by
tested hurdle technology methods and different
packaging during storage periods at room
temperature, cold temperature and frozen
temperature.

The results showed that TBC of chicken fillet
samples treated by aerobic packaging or
vacuum packaging were lower than control
sample at initial storage. TBC of control sample
was 1.83 log cfu /g, while samples treated by
aerobic packaging recorded TBC from 1.65 to
1.77 log cfu /g and the samples treated by
vacuum packaging recorded TBC from 1.63 to
1.76 log cfu /g under the same conditions.
Generally, these results are in agreement with
those obtained by Haridas (2006) and El daly et
al. (2018), who found that the microbial load in
chicken fillet samples decreased with using
hurdles technology treatment.

On the other hand, TBC linearly increased
with progressing the storage periods for all
tested samples, especially control samples were
different as compared with the other samples.
Moreover, after 9 days storage at room
temperature, 75 day of cold storage and 90 day
of frozen storage, the samples treated by
aerobic packaging were in the range of
permissible level as reported by E.O.S. (2005),
which recommends that the total bacterial in
frozen samples not exceed 4 log cfu /g. Also, the
samples treated by vacuum packaging after 15
day storage at room temperature, 135 day of
cold storage and 150 day of frozen storage were
within permissible counts. While, different
control samples at these previous periods were
spoiled as shown in Table (6). This might be due
to slight increasing for nitrogen compound
(such as amino acid) and produced fatty acids
by hydrolysis of protein and fat during storage,
consequently lead to suitable conditions for
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growth of microorganisms (Wally, 2002).
Generally, these results are consistent with
findings of Kacaniova et al. (2019). They
reported that the hurdles technology treatments
may be an effective strategy to control in many
microorganisms.

Psychrophilic bacterial count:

Many  psychrophilic = bacteria ~ when
presented in large numbers can cause a variety
of off-flavour as well as physical defects in food
(Gilliland et al, 1976). Psychrotrophic
organisms are primarily responsible for
spoilage of poultry, meat and seafood products.
Freezer temperature is sufficient to prevent the
growth of all microorganisms, but some can
grow within the freezer range at an extremely
show rate (Jay, 1986).

The effect of some hurdle technology
methods and different packaging on
psychrophilic bacteria for chicken fillet samples
during  storage periods at different
temperatures were illustrated in Table (7). It is
normal that psychrophilic bacteria are not
present in chicken fillet samples at initial
storage or stored at room temperature for
different periods.

Noteworthy is that hurdles technology
treatment resulted in decrease of psychrophilic
bacteria count in treated samples when
compared with control samples starting from
15t day of cold storage and 30% day of frozen
storage. Psychrophilic bacteria count in the
samples treated by aerobic packaging and
vacuum packaging reached 1.88 and 1.71 log
cfu /g, respectively, after 75 days of cold
storage; 1.89 and 1.77 log cfu /g after 120 days
of frozen storage. While, the control samples on
these previous periods were spoiled. In this
concern, Rathod et al. (2019) investigated that
the hurdles technology treatment may be an
effective strategy to control in many
microorganisms. Generally, these results are in
agreement with those obtained by Abdel daiem
et al. (2014), who found that the microbial load
in chicken meat samples decreased with using
tested hurdles technology.

Regarding the activity of psychrophilic
bacteria during storage, psychrophilic bacteria
count continuously increased in all tested
samples with prolongation of storage periods.
It is worth mentioning that on the end of cold or
frozen storage periods, vacuum packaging was
the most effective in reducing psychrophilic
bacteria count. Psychrophilic bacteria count of
these samples reached after 135 days of cold
storage and 180 days of frozen storage 2.24 and
1.93 log cfu /g, respectively as shown in Table
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(7). While, the control and samples treated by
aerobic packaging on the previous periods were
spoiled.

Generally, at 90t day of cold storage, the
samples treated by vacuum packaging were
within permissible counts as reported by E.O.S.
(2005), which recommends that the
psychrophilic bacteria counts in frozen samples
not exceed 2 log cfu /g. Also, the samples stored
at frozen temperature were within permissible
counts even after the storage period is finished.

Coliform group bacteria count:

From the results in Table (8), it could be
noticed that coliform group bacterial counts of
chicken fillet samples were influenced by tested
hurdles technology treatment and different
packaging methods during storage periods at
room temperature, cold temperature and
frozen temperature.

The Table showed that coliform group
bacterial counts of samples treated by aerobic
packaging or vacuum packaging were lower
than control sample at initial storage. Coliform
group bacterial count of control sample was
1.21 log cfu /g, while samples treated by aerobic
packaging recorded counts from 1.18 to 1.20 log
cfu /g and the samples treated by vacuum
packaging recorded counts from 1.18 to 1.19 log
cfu /g under the same conditions. Generally,
these results are in agreement with those
obtained by El daly et al. (2018), who found the
coliform group bacterial count in tested chicken
fillet samples decreased with using hurdles
technology treatment.

Noteworthy that the tested hurdles
technology treatment resulted in decrease of
coliform group bacterial counts in treated
chicken fillet samples when compared with
control samples starting from 3t day of room
storage, 15t day of cold storage and 30t day of
frozen storage.

Coliform group bacterial counts in the
samples treated by aerobic packaging and
vacuum packaging reached 2.09 and 1.72 log
cfu /g, respectively after 12 days of room
storage, 1.97 and 1.70 log cfu /g after 75 days of
cold storage; and 1.92 and 1.69 log cfu /g after
120 days of frozen storage. While, the control
samples on these previous periods were
spoiled. These results are in agreement with
those obtained by Haridas (2006), who found
that the microbial load in chicken curry samples
decreased with using tested hurdles technology
treatment. In this concern, Gertzou et al. (2017)
and Rathod ef al. (2019) investigated that the
hurdles technology treatments may be an
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effective strategy to control in many
microorganisms. Generally, these results are in
agreement with those obtained by Abdel daiem
et al. (2014), who found that coliform group
bacterial count in chicken meat samples
decreased with using hurdles technology.

On the other hand, coliform group bacteria
counts linearly increased in all tested samples
with prolongation of storage periods. At the
end of storage periods on room temperature,
cold temperature and frozen temperature, the
vacuum packaging method was the most
effective in reducing coliform group bacteria
counts. Hence, coliform group bacteria count
for these samples reached to 2.10 log cfu /g after
18 days of storage on room temperature, 2.09
log cfu /g after 135 days of cold storage and 1.87
log cfu /g after 180 days of frozen storage, as
shown in Table (8). While, the control and
samples treated by aerobic packaged on the
previous periods were spoiled. This might be
due to slight increasing for nitrogen compound
(such as amino acid) and produced fatty acids
by hydrolysis of protein and fat during storage,
consequently lead to suitable conditions for
growth of microorganisms (Wally, 2002).

Generally, after 9 and 15 days of storage at
room temperature, as well as after 75 and 105
days of storage at cold temperature, the chicken
fillet samples treated by aerobic and vacuum
packaging were within permissible counts as
reported by E.O.S. (2005), which recommends
that the coliform group bacteria counts in
frozen samples not exceed 2 log cfu /g. Also, the
treated samples stored at frozen temperature
were within permissible counts even after the
storage periods are finished.

Mold and yeast counts:

The presence of yeasts and molds in food
items may constitute a public health hazards as
they may produce some toxic substance which
are considered harmful to human (Shan ef al.,
2007).

The effect of some hurdle technology
methods and different packaging on mold and
yeast counts for chicken fillet samples during
storage periods at different temperatures was
illustrated in Table (9).

The results showed that the mold and yeast
counts of samples treated by aerobic packaging
or vacuum packaging were lower than control
sample at initial storage. The mold and yeast
counts of control sample was 1.18 log cfu /g,
while samples treated by aerobic packaging
recorded counts from 1.07 to 1.15 log cfu /g, and
the samples treated by vacuum packaging
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recorded counts from 1.07 to 1.14 log cfu /g at
the same storage conditions. Generally, these
results are in agreement with Haridas (2006)
and El daly et al. (2018), who found that the
microbial load in chicken fillet samples
decreased with using tested hurdles technology
treatment.

The tested hurdle technology treatment
resulted in decrease of mold and yeast counts in
treated chicken fillet samples when compared
with control samples starting from 3t day of
room storage, 15% day of cold storage and 30t
day of frozen storage. The mold and yeast
counts in samples treated by aerobic packaging
and vacuum packaging reached to 1.69 and 1.50
log cfu /g, respectively, after 12 days of room
storage, 1.97 and 1.67 log cfu /g after 75 days of
cold storage; 1.89 and 1.78 log cfu /g after 120
days of frozen storage. While, the control
samples on these previous periods were
spoiled. These results are in agreement with
obtained by Haridas (2006), who found the
microbial load in chicken curry samples that
decreased with using hurdles technology
treatments. In this concern, Gertzou et al. (2017)
and Rathod et al. (2019) investigated that the
hurdles technology treatments may be an
effective strategy to control in many
microorganisms. Generally, these results are in
agreement with those obtained by Abdel daiem
et al. (2014), who found that the mold and yeast
counts in chicken meat samples decreased with
using hurdles technology.

On the other hand, mold and yeast counts
linearly increased in all tested samples with
prolongation of storage periods. At the end of
storage periods under room, cold and frozen
temperatures, the vacuum packaging method
was the most effective in reducing mold and
yeast counts. Hence, the counts of these
samples reached to 1.79 log cfu /g after 18 days
of storage on room temperature, 2.04 log cfu /g
after 135 days of cold storage and 1.96 log cfu /g
after 180 days of frozen storage, as shown in
Table (9). While, the control and samples
treated by aerobic packaged on the previous
periods were spoiled.

Generally, all tested samples stored at room,
cold and frozen temperatures were within
permissible counts even after the storage
periods are finished as reported by E.O.S.
(2005), which recommends that the mold and
yeast counts in frozen samples not exceed 2 log
cfu /g. With the exception, the sample treated by
vacuum packaging and stored on cold
temperature for 135 days, as well as the freezing
control sample for 90 days were exceeded the
permissible counts.
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Anaerobic bacteria counts:

From the results in Table (10), it could be
noticed that anaerobic bacteria count of chicken
fillet samples was influenced by tested hurdle
technology treatment and vacuum packaging
method  during storage at different
temperatures.

The Table showed that anaerobic bacteria
counts of samples treated by vacuum
packaging were 1.02, 0.94 and 0.90 log cfu /g at
initial storage on room, cold and frozen
temperatures.

On the other hand, anaerobic bacteria counts
incrementally increased in all tested samples
with prolongation of storage periods. The
samples increased from 1.02 to 2.04 log cfu /g
after 18 days storage at room temperature, from
0.94 to 1.99 log cfu /g after 135 days of cold
storage and from 0.90 to 1.79 log cfu /g and after
180 days of frozen storage, as shown in Table
(10). Generally, all tested samples stored at
room, cold and frozen temperatures were
within permissible counts even after the storage
periods are finished as reported by E.O.S.
(2005), which recommends that the anaerobic
bacteria counts in frozen chicken products not
exceed 2 log cfu /g. With the exception, the
sample stored at room temperature for 18 days
was exceeded the permissible level. Generally,
these results are in agreement with those
obtained by Chouliara et al. (2007) ; Malik and
sharma (2011), they found that the anaerobic
bacteria counts in meat chicken samples
decreased with using tested hurdle technology.

Staphylococcus aureus, Clostridium spp.,

Salmonella and Shigella counts:

The effect of some hurdle technology
methods and different packaging on counts of
Staphylococcus aureus, Clostridium spp.,
Salmonella and Shigella for chicken fillet
samples  during storage at different
temperatures was studied.

It could be noticed that Staphylococcus
aureus, Clostridium spp., Salmonella and
Shigella not detected in all samples either at
zero time or during storage periods at different
temperatures. This might be due to hygienic
processing practices and / or the microbial effect
of hurdles technology (El daly et al., 2018).

Generally, these results agree with those
obtained by Juneja et al. (2005), who recorded
the absence of clostridium spp., S. aureus and
Salmonella spp. in tested chicken meat samples
even after storage. Also, Abd El-Qader (2004)
and Mohamed (2011) found that the chicken
fillet and burger samples treated by volatile oils
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of some spices were free from Salmonella spp. at
any storage period.

Finally, it is apparent from previous results
that using of some hurdle technology methods
impeded the growth of tested microorganisms
in the treated samples. Also, it could be
observed that the vacuum packaging showed
the best activity towards reducing the counts of
these microorganisms in samples during
storage periods in comparison with examined
aerobic packaging.

Effect of some hurdle technology methods on
sensory quality criteria for chicken fillets
during storage:

Sensory evaluation is an important factor in
judging about foodstuffs quality. Also,
consumer is a major factor for selecting a
product and among the main characteristics
related to quality are surface color, odor, taste
and texture of final product (Pereira et al., 2013
and Akesowan, 2015). Sensory evaluation
together with estimation the former physical,
chemical and microbiological criteria have been
used extensively to assess the quality of meat
products.

Based on chemical, physical and
microbiological studies, cooked chicken fillet
samples that exceeded the maximum
permissible levels in microbial load, TVN and
TBA were excluded from the sensory
evaluation.

Therefore, cooked samples treated by tested
hurdle technology were evaluated for sensory
properties and compared with control samples
(without treatment) either at zero time or
during each storage period as shown in Table
(11).

Data show that there were significant
differences (P < 0.05) observed among tested
chicken fillet samples and control sample in
taste, color, odor, juiciness and tenderness at
initial storage. The control sample recorded
judging scores from 9.2 to 9.3 for all tested
organoleptic quality properties, while treated
samples recorded values from 8.0 to 8.7. Also,
the same Table showed that there were no
significant differences occurred between the
samples treated by aerobic packaging and
vacuum packaging in all sensory characteristics
at the same conditions. Moreover, the samples
treated by aerobic packaging showed judging
scores similar to samples treated by vacuum
packaging in taste, color and odor at initial cold
storage (8.1 for both of them).

With regard to the overall acceptability,
Table (11) showed that there were significant
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differences (P < 0.05) observed among treated
samples and control sample in overall
acceptability at initial storage. The control
sample recorded judging score 9.1, while
treated samples recorded values from 8.1 to 8.5.
At the same time, no significant differences
were observed between the samples treated by
aerobic packaging and vacuum packaging
(judging scores 8.1 and 8.3, respectively) in
overall acceptability at initial room storage.
While, judging scores were similar between
these two samples under cold storage (8.2) and
frozen storage (8.5).On the other hand, the
samples treated by different packaging
methods showed higher (P < 0.05) or similar
judging scores in all tested organoleptic quality
properties than control samples during the
storage periods as shown in Table (11). With
exception, at 15t day of cold storage and 30t
day of frozen storage, the control samples
showed higher (P < 0.05) judging scores in all
tested organoleptic quality properties than
treated samples. While, at 3% day of room
storage, the control sample was lowest (P <0.05)
acceptable compared with the other samples.

It is worth noting that there were significant
differences (P <0.05) occurred between samples
treated by aerobic packaging and vacuum
packaging in all tested organoleptic properties
until the end of storage periods. Except for
those samples stored on cold temperature at 15
and 30 days were not differed in taste, color,
odor, juiciness and tenderness. Also, the
samples stored on frozen temperature at 30 and
60 days were not differed in tenderness and
juiciness.

Also from the present results in Table (11),
after 9 days of room storage, 75 days of cold
storage and 120 days of frozen storage, the
tested organoleptic quality properties for
samples treated by vacuum packaging were
higher (P < 0.05) than samples treated by
aerobic packaging.

Regarding to the overall acceptability for
tested samples during storage, observed
significant differences (P < 0.05) between
treated samples and control samples until the
end of storage periods. At the same time, no
significant differences were observed between
the samples treated by aerobic packaging and
vacuum packaging up to 45" day of cold
storage and 60t day of frozen storage. While,
the situation differed in storage at room
temperature, the samples treated by aerobic
packaging differed significantly (P < 0.05) with
samples.
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Generally, data of sensory tests for the
cooked chicken fillet samples agree with
observed in studies of Berwal et al. (2013),
Alahakoon et al. (2014) and Rindhe et al. (2017),
they found that the tested hurdles technology
treatment and vacuum packaging had a high
sensory acceptability for all produced chicken
meat samples.

Finally, it can be concluded that the samples
treated by vacuum packaging exhibited a
desired good sensory quality properties and
better acceptability when compared with
control sample and samples treated by aerobic
packaging even after frozen storage for 5
months. CONCLUSION

It could be concluded that the using of some
hurdle technology methods retarded the
development of rancidity and impeded the
growth of microorganisms in chicken fillet
samples at the different storage conditions
compared to the control samples. Also, it could
be observed that the vacuum packaging
showed the best protection towards reducing
the values of TVBN, TBA and pH, as well as
maintaining good sensory quality properties in
tested samples during storage periods in
comparison with aerobic packaging.
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Table 1. Effect of some hurdles technology on Total volatile bases nitrogen (TVBN) content (mg N2/100g)

of chicken fillet samples storage at different conditions:
Storage at room temperature (25+5 C°) Storage at cold temperature (4 2 C°)  Storage at frozen temperature (-18+2 C°)

Treatment Treatment Treatmen
t
Storage Control AP V.P Storage  Control AP V.P Control AP V.P
(day) (day) Storage
(day)
0 2.8440 2578 25480 0 2.8440 2.418f 2.21¢ 0 2.84Ad 2.488¢ 2.38%
3 19.5642  9.178d  5.74Cy 15 19.14A2  10.13B  4.43C 30 11.54Ac  5.878d 4.32¢F
6 - 17.74  10.31°8f 30 - 13.21Ad  6.218N 60 17.874  9.728¢ 7.88¢¢
9 - 19.93% 15118 45 - 16.17Ac  8.8489 90 21574 15478  12.40%
12 - 21.15% 16.91Bd 60 - 18.43~  11.638f 120 - 19.95%2  16.52B¢
15 - - 17.83¢ 75 - 22187 13.428¢ 150 - - 18.32°
18 - - 19.81° 90 - - 15.474 180 - - 21.10°
- - - - 105 - - 17.95¢ - - - -
- - - - 120 - - 18.57° - - - -
- - - - 135 - - 19.422 - - - -

Mean values in the same row (as a capital letter) or column (as a small letter) with the same letter are not
significantly different (P> 0.05). A.P: aerobic packaged V.P: vacuum packaged.

Table 2. Effect of some hurdles technology on TBA (mg / kg) of chicken fillet samples storage at different
conditions:

Storage at room temperature (255 C°) Storage at cold temperature (4 +2 C°) Storage at frozen temperature (-18+2 C°)
Treatment Treatment Treatment
Control AP V.P Control AP V.P Control AP V.P
Storage Storage Storage
(day) (day) (day)
0 0.1838  (.1898¢ 0.19849 0 0.1837 0.1608F  0.187Ai 0 0.183Ad 0.178~  0.1658
e 9
3 0.9014  0.331Bd 0.281¢f 15 0.956%2  0.291B¢  0.275C 30 0.6544¢ 0.578%  0.352¢f
d
6 - 0.7414¢ 0.4018¢ 30 - 0.581A4  0.3968 60 0.895%  0.7598¢  0.564C¢
h
9 - 0.853% 0.632Bd 45 - 0.747Ac  0.4708 90 1.250%a 0.8028  0.674¢
g b d
12 - 0.99842 0.8638¢ 60 - 0.831%  0.5988f 120 - 0.901~ 0.781B¢
a
15 - - 0.892° 75 - 0.879%%  0.6178¢ 150 - - 0.874°
18 - - 0.9342 90 - - 0.685¢ 180 - - 0.960°
- - - - 105 - - 0.775c - - - -
- - - - 120 - - 0.826° - - - -
- - - - 135 - - 0.8702 - - - -

Mean values in the same row (as a capital letter) or column (as a small letter) with the same letter are not
significantly different (P> 0.05). A.P: aerobic packaged V.P: vacuum packaged

Table 3. Effect some hurdles technology on pH value of chicken fillet samples storage at different conditions:

Storage at room temperature (25+5 C°) Storage at cold temperature (4 +2 C°) Storage at frozen temperature (-18+2 C°)
Treatment Treatment Treatment
Control AP V.P Control AP V.P Control AP V.P
Storage Storage Storage

(day) (day) (day)
0 5.6440 4.51B¢ 44989 0 5.644° 4.518f 4.528i 0 5.64Ad 4.508¢ 45289
3 7.0473 4.988d 4.978f 15 6.8642 4,718 4.6281 30 6.15%¢ 4.8284 4.798f
6 - 5.68A¢ 5.478¢ 30 - 5.47Ad 5.118h 60 6.72A0 5.438¢ 5.36¢¢
9 - 6.434° 6.318d 45 - 6.204¢ 5.4289 90 7.11%a 5.938b 5.68¢d
12 - 7.1272 6.878¢ 60 - 7.0240 5.878f 120 - 6.75% 6.478¢
15 - - 7.13° 75 - 7.40% 6.138¢ 150 - - 6.83°
18 - - 7.342 90 - - 6.51¢ 180 - - 7.10°
- - - - 105 - - 6.74¢ - - - -
- - - - 120 - - 6.90° - - - -
- - - - 135 - - 7.092 - - - -

Mean values in the same row (as a capital letter) or column (as a small letter) with the same letter are not
significantly different (P> 0.05). A.P: aerobic packaged V.P: vacuum packaged
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Table 4. Effect of some hurdles technology on frying loss (%) of chicken fillet samples storage at

different conditions:

Storage at room temperature (255 C°)

Storage at cold temperature (4 +2 C°)

Storage at frozen temperature (-18+2 C°)

Treatment Treatment Treatment
Control AP V.P Control AP V.P Control AP V.P
Storage Storage Storage
(day) (day) (day)

0 12.78% 12,777 12.80A" 0 12.78% 12.80AF  12.81A 0 12.78A 12,804 12.7949
3 13.64%2  12,96B¢  12,94B¢ 15 13.47A2 12968 12938 30 12.97Ac  12.96Ad 12.908f
6 - 13.13A¢  13.088f 30 - 13.13A 13,0940 60 13.21A4  13.18B¢ 13.02¢C
9 - 13.34% 13,228 45 - 13.29Ac  13.2089 90 13.40%2 13,3580 13.18<
12 - 13.68%  13.43Bd 60 - 13.42%  13.388f 120 - 13.494a 13.358¢
15 - - 13.67¢ 75 - 13.6372  13.578¢ 150 - - 13.44P
18 - - 13.77° 90 - - 13.70¢ 180 - - 13.562
- - - - 105 - - 13.85¢ - - - -

- - - - 120 - - 13.97° - - - -

- - - - 135 - - 14.092 - - - -

Mean values in the same row (as a capital letter) or column (as a small letter) with the same letter are not
significantly different (P> 0.05). A.P: aerobic packaged V.P: vacuum packaged

Table 5. Effect of some hurdles technology on color (AE) of chicken fillet samples storage at different

conditions:
Storage at room temperature (25+ 5 C°)Storage at cold temperature (4 +2 C°) Storage at frozen temperature (-18+2 C°)
Treatment Treatment Treatment
Control AP V.P Control AP V.P Control AP V.P
Storage Storage Storage
(day) (day) (day)
0 Ab Ad Bg 0 Ab Ae Aj 0 Ad Ae Ag
38.10 38.19 37.82 38.10 38.08 38.08 38.10 38.03 37.99
3 Aa Bc Cf 15 Aa Bd Bi 30 Ac Bd cf
40.92  39.68 39.55 40.87 3955  39.55 40.40 40.02 39.84
6 Bb Be 30 - Bc Ah 60 Ab Bc Ce
40.78 40.60 40.76  40.82 40.82 40.50 40.14
9 Ba Bd 45 - Ab Bg 90 Aa Bb Cd
40.88 40.78 41.12 40.95 41.13 40.79 40.49
12 Ba Ac 60 - Aa Bf 120 - Aa Bc
40.92 40.85 4142 4113 41.02 40.76
i, ; b R R _ b
15 41.08 » 41.30° 150 41.00
- - R d ;
18 m21° 90 41.44 180 41.16°
- - - - 105 - i - - -
120 4171
) ) ) ) 135 ) ) 4185 ) ) ) )

Mean values in the same row (as a capital letter) or column (as a small letter) with the same letter are not
significantly different (P> 0.05). A.P: aerobic packaged V.P: vacuum packaged

Table 6. Effect of some hurdles technology on total bacterial count (log cfu/g) of chicken fillet samples storage

at different conditions:
Storage at room temperature (255 C°)

Storage at cold temperature (4 +2 C°) Storage at frozen temperature (-18+2 C°)

Treatment Treatment Treatment
Control AP V.P Control AP V.P Control AP V.P
Storage Storage Storage
(day) (day) (day)

0 1.83 1.77 1.76 0 1.83 1.73 1.67 0 1.83 1.65. 1.63
3 4.10 2.15 2.00 15 4,14 211 1.93 30 2.87 2.10 1.98
6 - 2.83 243 30 - 2.74 2.10 60 3.68 2.98 2.45
9 - 341 3.04 45 - 3.21 2.89 90 4.33 3.42 3.01
12 - 4,13 3.48 60 - 3.68 3.02 120 - 412 3.47
15 - - 3.99 75 - 3.98 3.11 150 - - 3.85
18 - - 4.47 90 - - 3.21 180 - - 411

- - - - 105 - - 3.32 - - - -

- - - - 120 - - 341 - - - -

- - - - 135 - - 3.59 - - - -

A.P: aerobic packaged V.P: vacuum packaged
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Table 7. Effect of some hurdles technology on psychrophilic bacteria count (log cfu/g) of chicken fillet
samples storage at different conditions:

Storage at cold temperature (4 +2 C°)

Storage at frozen temperature (-18+ 2 C°)

Treatment Treatment
Control AP V.P Control AP V.P
Storage Storage
(day) (day)

0 1.10 1.08 1.08 0 1.10 1.07 1.08
15 2.16 1.28 1.20 30 1.48 1.30 1.21
30 - 1.43 1.32 60 1.87 157 1.42
45 - 1.65 1.54 90 2.20 1.74 1.63
60 - 1.79 1.63 120 - 1.89 1.77
75 - 1.88 1.71 150 - - 1.85
90 - - 1.84 180 - - 1.93

105 - - 2.00 - - - -

120 - - 2.13 - - - -

135 - - 2.24 - - - -

A.P: aerobic packaged V.P:vacuum packaged

Table 8. Effect some of hurdles technology on coliform group (log cfu/g) of chicken fillet samples

storage at different conditions:

Storage at room temperature (25+5 C°)

Storage at cold temperature (4 £2 C°)

Storage at frozen temperature (-18+2 C°)

Treatment Treatment Treatment
Control AP V.P Control AP V.P Control AP V.P
Storage Storage Storage
(day) (day) (day)

0 1.21 1.20 1.19 0 121 1.18 1.18 0 121 1.19 1.18
3 2.57 141 1.28 15 2.07 1.29 1.24 30 1.49 1.39 1.28
6 - 1.68 1.40 30 - 1.43 1.38 60 1.73 1.58 1.42
9 - 1.89 1.58 45 - 1.68 1.42 90 1.98 1.77 153
12 - 2.09 1.72 60 - 1.81 1.63 120 - 192 1.69
15 - - 1.89 75 - 1.97 1.70 150 - - 1.78
18 - - 2.10 90 - - 1.81 180 - - 1.87

- - - - 105 - - 1.92 - - - -

- - - - 120 - - 2.00 - - - -

- - - - 135 - - 2.09 - - - -

A.P: aerobic packaged V.P:vacuum packaged

Table 9. Effect of some hurdles technology on mold and yeast counts (log cfu/g) of chicken fillet samples

storage at different conditions:

Storage at room temperature (25+5 C°)

Storage at cold temperature (4 =2 C°)

Storage at frozen temperature (-18+2 C°)

Treatment Treatment Treatment
Control AP V.P Control AP V.P Control AP V.P
Storage Storage Storage
(day) (day) (day)

0 1.18 1.10 1.08 0 1.18 1.15 1.14 0 1.18 1.07 1.07
3 212 1.24 1.18 15 2.19 1.29 1.20 30 1.25 1.15 1.14
6 - 1.39 1.26 30 - 1.47 131 60 1.68 1.50 141
9 - 149 1.38 45 - 1.64 1.48 90 212 1.75 1.65
12 - 1.69 1.50 60 - 1.82 1.58 120 - 1.89 1.78
15 - - 1.65 75 - 1.97 1.67 150 - - 1.86
18 - - 1.79 90 - - 1.74 180 - - 1.96

- - - - 105 - - 1.81 - - - -

- - - - 120 - - 1.95 - - - -

- - - 135 - - 2.04 - - - -

A.P: aerobic packaged V.P: vacuum packaged
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Table 10. Effect of some hurdles technology on anaerobic bacteria count (log cfu/g) of chicken fillet samples
storage at different conditions:

Storage at room temperature (255 C°) Storage at cold temperature (4 +2 C°) Storage at frozen temperature
(-18+2 C°)
Treatment Treatment Treatment
V.P V.P V.P
Storage Storage Storage
(day) (day) (day)

0 1.02 0 0.94 0 0.90
3 1.35 15 1.03 30 1.02
6 1.47 30 1.22 60 1.30
9 1.67 45 1.34 90 1.47
12 1.79 60 1.41 120 1.59
15 1.88 75 1.58 150 1.68
18 2.04 90 1.69 180 1.79

- - 105 1.78 - -

- - 120 1.89 - -

- - 135 1.99 - -

V.P: vacuum packaged.
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Table 11. Mean values of sensory characteristics of chicken fillet samples as affected by some hurdles

technology during storage at different conditions:

Ibrahim et al.

Storage at room temperature (25+5 C°)

Storage at cold temperature (4 +2 C°)

Storage at frozen temperature (-18+2 C°)

Treatment Treatment Treatment
Control AP V.P Control AP V.P Control AP V.P
Storage Storage Storage
(day) (day) (day)
Overall acceptability
0 9.17a 8.182 8.382 0 9.1%a 8.282 8.282 0 9.1%a 8.582 8.582
3 5.0¢0 7.280 7.500 15 5.280 7.480 7.580 30 8.2A0 8.3 8.44a
6 - 6.48¢ 6.7A¢ 30 - 7.14¢ 7.25¢ 60 7.5%¢ 7.670 7.7
9 - 5.28d 5.8Ad 45 - 6.7Ad 6.8Ad 90 - 6.78¢ 7.14¢
12 - - 5.4¢ 60 - 5.28¢ 6.3%¢ 120 - 6.28d 6.7Ad
15 - - 5.1f 75 - 4,98f 5.8Af 150 - ) 6.3¢
- - - - 90 - - 5.59 - - -
- - - - 105 - - 5.3 - - - -
Color
0 9.27a 8.282 8.4B2 0 9.2Aa 8.182 8.182 0 9.2Aa 8.682 8.482
3 5.0¢0 7.280 7.670 15 5.280 7.5R0 7.700 30 8.2A0 8.3/ 7.980
6 - 6.38¢ 7.14¢ 30 - 7.3/ 7.5R0 60 7.38¢ 7.58¢ 7.870
9 - 5.48d 6.6Ad 45 - 6.68¢ 7.0¢ 90 - 6.68d 7.2A¢
12 - - 5.9¢ 60 - 5.28d 6.8A¢ 120 - 6.18¢ 6.7Ad
15 - - 5.5 75 - 4.98¢ 5.9Ad 150 - - 6.3¢
- - - - 90 - - 5.6¢ - - - -
- - - 105 - - 5.3f - - -
Juiciness
0 9.3A2 8.3¢2 8.782 0 9.37a 8.282 8.382 0 9.3%a 8.782 8.582
3 5.4Q¢p 7.280 7.8A0 15 5.28b 7.8A0 7.9/0 30 7.980 8.170 8.2A0
6 - 6.48¢ 7.2°¢ 30 - 7.400 7.6°¢ 60 6.1Cc 7.28¢ 7.8%¢
9 - 5.38d 6.4Ad 45 - 6.68¢ 7.0Ad 90 5.1¢d 6.38d 7.4A9
12 - - 5.7¢ 60 - 5.38d 6.5%¢ 120 - 5.28¢ 6.94¢
15 - - 5.3f 75 - 4,98¢ 6.2AF 150 - - 6.3f
- - - - 90 - - 5.79 180 - - 5.7
- - - - 105 - - 5.3 - - - -
Odor
0 9.2A2 8.282 8.482 0 9.2ha 8.182 8.182 0 9.2Aa 8.682 8.482
3 5.0¢p 7.280 7.6R0 15 5.28b 7.580 7.780 30 8.2Ab 8.3/0 7.980
6 - 6.38¢ 7.17¢ 30 - 7.3A0 7.5R0 60 7.38¢ 7.58¢ 7.870
9 - 5.48d 6.6Ad 45 - 6.68¢ 7.0¢ 90 5.4¢d 6.68d 7.2A¢
12 - - 5.9¢ 60 - 5.28d 6.8A¢ 120 - 6.18¢ 6.7Ad
15 - - 5.5 75 - 4,98¢ 5.9Ad 150 - - 6.3¢
- - - - 90 - - 5.6° - - - -
- - - - 105 - - 5.3f - - - -
Taste
0 9.3 8.3B2 8.582 0 9.3ra 8.182 8.182 0 9.3Aa 8.682 8.382
3 5.1¢p 7.080 7.6A0 15 5.1Ab 7.680 7.88b 30 8.1Ab 7.880 8.2Ab
6 - 6.18¢ 6.94¢ 30 - 7.2°¢ 7.5°¢ 60 7.2 7.48¢ 7.67b
9 - 5.268d 5.8Ad 45 - 6.58d 7.1Ad 90 - 6.58d 7.0A¢
12 - - 5.4¢ 60 - 5.28¢ 6.87¢ 120 - 6.18¢ 6.6Ad
15 - - 5.1f 75 - 4.78f 6.1Af 150 - - 6.1¢
- - - - 90 - - 5.69 - - - -
- - - - 105 - - 5.3 - - -
Tenderness
0 9.372 8.3¢2 8.782 0 9.3ra 8.282 8.382 0 9.3Aa 8.782 8.582
3 5.4Q¢p 7.280 7.8A0 15 5.28b 7.8A0 7.9/0 30 7.980 8.1Ab 8.2Ab
6 - 6.48¢ 7.2°¢ 30 - 7.4A0 7.67¢ 60 6.1Cc 7.28¢ 7.8A¢
9 - 5.38d 6.4Ad 45 - 6.68¢ 7.0Ad 90 5.1¢d 6.38d 7.4Ad
12 - - 5.7¢ 60 - 5.38d 6.5%¢ 120 - 5.28¢ 6.94¢
15 - - 5.3f 75 - 4,98¢ 6.2AF 150 - - 6.3f
- - - - 90 - - 5.79 180 - - 5.7f
- - - - 105 - - 5.3" - - - -
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