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Abstract

The effectiveness of some marinating solutions on increasing
the shelf life of beef slices stored at 4°C was investigated. Seven
marinating solutions; constituting of one or more of the following:
soy sauce, lime juice, propionic acid were used. 5.0 % spice
mixture was added to each solution. It constituted of black pepper
+ onion and garlic powder + smoking liquid. The control sample
was not soaked in any solution. Beef slices were soaked in the
marinating solution for 15 min. The ratio of meat: solution was 1:3
(w: v). The results indicated that the marinating solution T3
containing 95.0 % lime juice + 5.0 % spice mixture had the largest
inhibition zone (using the disc assay procedure) towards
FEscherichia coli. Solution T4 constituting of 95.0 % propionic acid +
5.0 % spice mixture had the largest inhibition zone towards
Salmonella typhimurium. In addition, the largest inhibition zone
toward Staphylococcus aureus came from solution T2 constituting
of 95.0 % soy sauce + 5.0 % spice mixture. The latter also
produced the largest antimicrobial activity towards yeasts and
molds present in meat samples. In addition, solution T3 had the
best antimicrobial activity towards total plate count, psychrophiles,
coliform and Staphylococcus aureus counts in meat samples and
TVN and TBA values, but it had a bad water holding capacity
(WHC), cooking loss and cooking yield. In addition, no salmonella
growth was detected in all meat treatments at zero time and
throughout the cold storage period. In conclusion, marinating
solution T7; constituting of 31.67 % lime juice + 31.67 % propionic
acid + 31.66 % soy sauce + 5.0 % spice mixture is the one
recommended to be used commercially. It had a good antimicrobial
activity, TVN, TBA, WHC, plasticity, cooking loss and cooking yield.
In addition, the meat sample soaked in this solution had a shelf life
of 15 days in the refrigerator at 4£1°C. Moreover, its sensory
evaluation was highly superior.

INTRODUCTION
Meat is a highly favorable medium for growth of microorganisms, and it keeps

well for only a short time at refrigeration temperatures. The short shelf- life of meat is
attributed to its perishable nature, sanitation, practices during handling and time and
temperature of storage. In addition, Zheng et al., (2005) reported that, the growth of
microorganisms on meat is one of the main factors that causes discoloration and
spoilage. Especially; in an environment of high relative humidity and insufficient air
exchange, some microorganisms give rise to disagreeable odors and slime formation.
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Furthermore, some microorganisms cause protein & fat degradation, changes in
pigmentation, and in turn reduce shelf- life of meat at refrigeration temperature.
Among meat microbial flora are Escherichia CD/I}Y Staphylococcus aureus, Salmonella
and yeasts & molds (Buchanan and Gibbons, 1975).

In restaurants and hotels, meat is handled in a couple of ways. The first way
is to store meat in the freezer; then, thaw it and refreeze it for several times; which
would destroy its nutritional and quality attributes. The other way of handling meat is
to store it in the refrigerator for two or three days until it is consumed. This allows
microbial growth which leads to either spoilage of meat or to health problems that
might lead to food poisoning. Hence, it is important to apply some treatments to
refrigerated meat in order to inhibit microbial growth; and in the same time, improve
the flavor and other quality attributes of meat. These treatments include dipping meat
samples in different solutions ( Burke and Monhan, 2003 ).

Also, Zheng et al., (2005) injected beef frankfurters with sodium diacetate and
potassium benzoate which improved meat flavor. Along the same line, Sheard and Tali
(2004) injected pork samples with sodium phosphate or sodium bicarbonate which
resulted in raising the pH of pork to 5.75 — 5.97 compared to the pH of 5.45 for the
control. This also increased cooking yield and decreased shear force. Also, sodium
chloride or sodium tripolyphosphate increased cooking yield & Jenderness, and
decreased shear force for beef and pork samples (Pietrasik et al., 2005).

In this study, seven marinating solutions included one or more of the following
components: Soy sauce, natural lime juice, propionic acid and mixture of black
pepper, garlic and onion powder and smoking liquid were suggested to prolong the
shelf- life of beef slices which have been stored under refrigeration condition .These
constituents were used for their preservation or flavor effects. The objectives of this
study were to determine the antibacterial activity of each marinating solution against
Escherichia colj, Staphylococcus aureus and Salmonella typhimurium using the Disc
Assay Procedure, and then evaluate the effect of soaking in different marinating
solutions on the microbiological, chemical, physical and sensory properties of beef
slices.

MATERIALS AND METHODS
Materials
Meat
Fresh lean beef from good grade carcasses was purchased from the private
sector shop irf the local market at Giza, Egypt. It was transferred to the laboratory in
an ice box within 30 min.



OSHEBA, A. S. A. AND NADIA M. ABDEL- BAR 631

Soy sauce

Soy sauce was obtained from Food Technology Research Institute, Soy
Center, Agricultural Research Center, Giza, '.Egypt. It was prepared without the
addition of caramel.
Lime juice

Lime juice was prepared by squeezing fresh lime fruits which were purchased
from local market. Each liter of fresh lime juice was diluted by 2 liter of distilled water.
Propionic acid

Propionic acid (99.0% purity) is a product of Aldrich Chemical Company. It
was obtained from Electrosient Company, Kasr El-Einy street Cairo, Egypt. Prbpionic
acid concentration used in this study was 0.3 mol / liter.
Spices

The chosen spices which were selected to be used in marinating solutions i.e.
black pepper, garlic and onion powder were obtained from local market.
Bacterial strains

Three strains of bacteria representing gram- negative bacteria, Escherichia
col gram — positive bacteria, Staphylococcus aureus; and also the pathogenic
bacteria strain Sa/monella typhimurium were obtained from MIERCEN of the Faculty of
Agriculture Ain shams University. These microorganisms were kept in our laboratory in
the frozen state until used.
Methods
Technological methods
Preparation of marinating solutions

Table (1) shows the composition of marinating solutions. Each marinating
solution was prepared by adding the spice mixture to the solution constituent. Then,
the smoking liquid (obtained from the Unit of specific Nature, Food Technology
Research Institute, Agricultural Research Center, Giza, Egypt) was added to the
mixture followed by continuous stirring until the spices were evenly distributed in the
marinating solution. Then, marinating solutions were stored at 4 °C for 24h before
use.
Preparation of beef slices
The lean beef was boneless and trimmed of excess fat and connective tissue.

Then, the beef was cut into slices weighing 100g with a size of about 10 x 7 x 2 cm.
The beef slices were soaked in each marinating solution for 15 min at room
temperature. The control sample was not soaked in any marinating solution. The ratio
of meat: solution was 1: 3 (w / v). After marination, meat slices were placed in a
strainer for 10 min in order to drain the solution off. Three slices of each treatment
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were placed in polyethylene bags, and they were stored in the refrigerator (4+1°C).
The polyethylene bags were held in single layers to ensure that each bag had similar
exposure to surrounding air and light. Analyses were carried out at zero, 3, 6, 9, 12
and 15 day of refrigerated storage.
Analytical methods
Microbiological methods
Determination of antibacterial activity of different marinating solution
Activation of bacterial strains

Frozen cultures of Staphylococcus aureus, Escherichia col, and Salmonella
typhimurium were taken out of the freezer and kept at room temperature for one hour
in order to get thawed. Two loopfuls of each culture were transferred aseptically into
agar slants of Trypticase Soy, MacConkey and Brilliant Green, respectively. They were
incubated at 379C/ 24hr; then, they were kept in the refrigerator until used. To start
work, cultures were activated by transferring two loopfuls from each agar slant into 9
ml of the broth specific for each microorganism. All inoculated broth media were
incubated at 37°C/ 24hr. 0.1ml of each culture was inoculated into 9 ml of its
respective broth medium and incubated at 370C/ 24hr. The count of each culture was
determined, followed by applying the Paper Disc Plate method.
Paper Disc Plate method

1.0 ml of the above incubated culture ( average bacterial count for all strains
1.0 -7.0 x 106 cfu /ml ) was inoculated into 15 ml of sterile agar (45 ~ 50°C )
specific for each organism. The inoculated agar was poured aseptically into sterile
Petri plates. The agar was allowed to solidify. A sterile filter paper of 2.0 cm diameter
was saturated with 150 ul of each marinating solution for 30 sec, and then it was
placed in the center of each Petri plate containing the inoculated specific agar. The
plates were incubated at 37°C/ 24hr. The diameter of each inhibition zone was
determined in mm.
Microbial load

Total plate count (TPC), Staphylococcus aureus, Coliform group, Salmonellae ,
Psychrophilic and yeast & mold counts of beef slices were determined by using
Nutrient, Trypticase Soy, MacConkey, Brilliant Green, Nutrient and Potato Dextrose
Agar media, respectively according to the procedures described by Difco Manual
(1984). Incubations were carried out at 37°C / 48hr for TPC ; at 37°C / 24hr for
Staphylococcus aureus, Coliform and salmonellae ; at 7°C / 10 day for Psychrophilic
and 25°C / 5 day for yeasts & molds counts.



OSHEBA, A. S. A. AND NADIA M. ABDEL- BAR 633

Chemical analysis
Determination of pH

The pH value was measured by a pH meter (Jenway, 3510, UK) according to
the method of Alken et al., (1962).
Storage stability

Total volatile nitrogen (TVN) was determined using the method published by
Winton and Winton (1958). Thiobarbituric acid value (TBA) was estimated according
to Pearson (1970).
Physical characteristics

Water holding capacity (WHC) and plasticity were measured according to the
filter — press method of Soloviev (1966).

Cooking loss was determined after cooking in an oven at 180°C for 30 min as
follows: -

[(Fresh sample weight — Cooked sample weight) / (Fresh sample weight)] x 100

% Cooking yield was determined as follows:
% Cooking yield = 100 — % Cooking loss.
Organoleptic evaluation

Organoleptic evaluation of cooked beef slices was carried out according to
Watts et al., (1989) by aid of 10 panelists. Judging scale was as follows:

Very good 8-9
Good 6-7
Fair 4-5
Poor 2-3
Very poor 0-1
Statistical analysis

Data of Organoleptic evaluation were subjected to analysis of variance
(ANOVA). Means comparison was performed using Duncan’s test at the 5% level of
probability as reported by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

Antibacterial activity of different marinating solutions.

Data in Table (2) show the antibacterial effect of different marinating solutions
against two gram negative bacterial strains ( Escherichia colj and Salmonella
typhimurium) and one gram positive bacterial strain (Staphylococcus aureus ),
expressed as the diameters of inhibition zones (mm). The results showed that,
marinating solution which prepared with 95.0 % lime juice + 5.0 % spices mixture
(T3) had the largest inhibition zone against £ cofj, followed by T4 ( 95.0% propionic
acid + 5.0 % spices mixture , that was due to the undissociated acid molecules which
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are responsible for preservative effect of organic acids (Francis, 2000). Also, the citrus
bioflavonoid had antimicrobial properties. These compounds have reportedly wide-
range antimicrobial properties effective against a broad range of human pathogenic,
fungi and food spoilage organisms (Fernandez-Lopez et al., 2005).

The smallest inhibition zone (26 mm) was observed for marinating solution T1
which contained 5.0 % spices mixture only. On the contrary, marinating solution no.
T4 (95.0 % Propionic acid + 5.0 % spice mixture) had the largest inhibition zone (32
mm) against Saimonella typhimurium followed by T7. Again, the smallest inhibition
zone (22 mm) was noticed for marinating solution which contained 5.0 % spices
mixture only (T1).

Concerning Staphylococcus aureus, the largest inhibition zone (37 mm) was
recorded for marinating solution T2, followed by T5 and then T7. This indicated that
soy sauce was the strongest antimicrobial substance against Staphylococcus aureus.
Probably, that was due to the lack of soy sauce to the essential amino acid methionine
(Francis, 2000). The latter might be necessary for the respiration of Staphylococcus
aureus, and its lack might have caused death to this microorganism. This is supported
by Buchanan and Gibbons (1975) who reported that endogenous respiration of
Staphylococcus aureus occurs by the utilization of free amino acids within the cell
pool, and that this organism required up to 12 amino acids for aerobic growth. Finally,
The smallest inhibition zone (25 mm) came from marinating solution T1.

Effect of marinating solutions on pH value of beef slices.

Concerning Table (3), it could be seen that the pH of control treatment at zero
time presents the pH of fresh meat. It is clear that, the quality of meat was good,
because its pH was high ( pH = 6.08 ). This pH is far from the iso electric point (IEP)
of meat proteins (pH = 5.5) which enables the meat proteins to bind large number of
water molecules. Treatment T1 came in the second order of pH value (pH = 5.72).
That was probably due to the acidic effect of liquid smoke present in the spice
mixture. In addition, the lowest pH value was recorded for T3 (pH = 4.75), which
was soaked in a natural lime juice solution plus spice mixture. Although, the higher pH
value of the meat is the better (Francis, 2000); the low pH value still could have other
benefits such as an antimicrobial activity and a tenderizing effect (Burke and
Monahan, 2003).

By advancement of cold storage time, the pH values of all treatments were
decreased. Probably, that was due to the drip that took place during storage .The
latter resulted in the loss of small protein molecules, which have a buffering effect. In
addition, the growth of the useful microorganisms (Lactic acid bacteria) lead also to
decreased pH values (Buchanan and Gibbons 1975). Moreover, this decrease of pH
values in all treatments during cold storage may be due to the breakdown of glycogen
to produce lactic acid and consequently decreased pH value.
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Effect of marinating solutions on microbial load of beef slices.

From Table (4) it could be seen that, at zero time the lowest total plate count
(TPC) was recorded for treatment T3 followed by T7. These treatments had low pH
values (4.75 and 4.95, respectively, Table 3) which were responsible for reducing the
microbial growth. On the other hand, the highest TPC came from control sample (©)
followed by T1. They had higher pH values (6.08 and 5.72, respectively) which
allowed more microbial growth. However, all treatments did not reach the rejection
level of TPC (1.0 x 108 cfu /g, Egyptian Standard, 2005). :

With refrigerated storage, TPC values for all treatments were increased, due
to the continuous microbial growth .Treatments T3, T4 and T7 had a shelf life of 15
day. However, treatments T2, T5 and T6 had a shelf life of only 12 day. On the other
hand, treatment T1 and control sample had a shelf life of 9 day.

Concerning coliform bacterial growth, at zero time, it is obvious that
the lowest growth came from treatment T3 followed by T4, then T7; and the highest
count was recorded for control sample followed by T1 then T2. Again, the coliform
growth was dependent on pH values. With refrigerated storage, coliform count was
increased for all treatments; however, the lowest growth was observed for treatment
T3 followed by T7 at the end of cold storage (15 day).

Staphylococcus aureus growth at zero time was the lowest for treatment T3
followed by T4, then T7 and was the highest for control sample followed by T1. Again,
with storage, Staphylococcus aureus was progressively increased as the period of cold
storage increased for all treatments with the lowest growth for treatment T3 followed
by T7 at the end of cold storage (15 day).

The psychrophilic microbial growth, at zero time, was the lowest for treatment
T3 followed by T4, then T7; and was the highest for control sample followed by T1,
then T2. Again, by prolongation of cold storage, all treatments had the psychrophilic
microbial growth increased with the lowest growth for treatment T3 followed by T4
and then T7 at the end of cold storage (15 day).

Concerning Salmonellae growth, no colonies were detected for all treatments
at either zero time or along with cold storage period.

From the data in table (5) it could be noticed that, the highest growth of
yeasts & molds, at zero time was observed for treatment T4, T5 and T7 which had pH
values in the range of 4.95 ~ 5.05 (Table 3). On the contrary, T2, control sample (C),
T1, and T6 which had pH values in the range of 5.22 — 6.08, revealed lower yeast &
mold growth. In addition, treatment T3 also gave low growth and had a pH of 4.75.
From the above, it could be suggested that the natural yeast and mold flora that were
present in meat samples had possibly an optimum pH value of 5.0.
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With refrigerated storage, all treatments had the growth of yeasts & molds
increased with the highest growth at the end of cold storage (15 day) for treatment
T3 followed by T4, then T7. The latter had pH values in the range of 4.47 — 4.50
(Table 3). This contradicts with the above finding that the highest yeast & mold
growth was around pH 5.0. This might indicate the adaptation of the natural yeast &
mold flora to lower pH values

In conclusion of Tables (4 and 5); except for yeast & mold growth at zero
time, treatment T3 followed by T7 gave the lowest count and control sample followed
by T1 gave the highest one for all types of microbial growth. This coincides with
results of table (6) where T7 followed by T3 revealed the lowest TVN value and
control sample C showed the highest one at zero time or along with cold storage
period. Furthermore, treatment T3 followed by T7 also had the lowest count for most
types of microbial growth at the end of cold storage (at 15 day). This coincides with
data of table (6) where treatment T3 had the lowest TBA value at 15 day of cold
storage.

Effect of marinating solutions on storage stability of beef slices.

From Table (6), it could be noticed that, at zero time, treatment T7 had the
lowest total volatile nitrogen (TVN) and control sample C had the highest level. This
was due to the low and high pH values of these treatments, respectively (Table 3). It
is known that TVN value is a result of protein breakdown, due to microbial activity,
which produce basic nitrogenous compounds. Since microbial activity need pH values
close to neutrality, high pH lead to a large amount of protein breakdown, and
consequently to the highest TVN value for control sample. However, all TVN values at
zero time were still far away from the rejection level (20 mg / 100g) as reported by
Egyptian Standard (2005).

During cold storage the total volatile nitrogen in all treatments progressively
increased as the time of cold storage increased. This was due to the microbial

breakdown activity which confirmed by the rapid development in TVN. However, meat
treatments T3, T4, T5, T6 and T had TVN values less than 20 mg / 100g until 12 and

15 ( for T7 only ) days of cold storage. But, treatments T and both control sample C
and Ty had TVN values less than rejection level only until 9 and 6 days respectively.

Concerning TBA values at zero time, they were all very low (TBA: 0.109 —
0.128 mg malonaldhyde / kg).With refrigeration storage, TBA values were
progressively increased as the period of storage increased for all treatments due to
the penetration of oxygen though the polyethylene bags in which treatments samples
were stored . This lead to lipid oxidation by the action of meat enzymes or microbial
activity. At 9 day of cold storage, all treatments had TBA values lower than the
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rejection level (0.9 mg / kg) as reported by Egyptian Standard (2005), except for
control sample C which had a TBA value of 1.379 mg /kg. This shows good
antioxidant effect for all marinating solutions, with treatments T4 and T6 (containing
propionic acid) having the least antioxidant activity. At the end of cold storage (15
day) all treatments reached the rejection level, except treatments T3 and Tg
(containing lime juice) which was due to the strong antioxidant activity of bioactive
compounds (flavonoids, ascorbic acid and citric acid). Ascorbic acid, a well known
natural antioxidant, together with natural flavonoids are also attracting not only due
to their antioxidant properties, but also as anti-carcinogenic and anti-inflammatory
agents because of lipid anti-peroxidation effects (Martin et al., 2002).

Effect of marinating solutions on physical properties of beef slices.

From Table (7), it is clear that, the best water holding capacity score (WHC) at
zero time was for treatment T2 followed by control sample C, then T1. That was due
to the ability of meat protein molecules to bind water. The worst WHC score was
observed for treatment T3 which was soaked in a solution containing 95.0 % lime
juice + 5.0 % spice mixture. This possibly resulted from low pH (Table 3) leading to
decreased ability to bind water. Propionic acid (treatment T4) revealed a close effect
to lime juice which resulted also in a bad WHC probably due to low pH. Concerning
treatments T5, T6 and T7 they had a better WHC due to the effect of soy sauce
proteins which increased the ability to bind water.

With refrigerated storage, WHC deteriorated for all treatments. That
was due to the drip that took place during refrigerated storage. The latter resulted in
some loss of small protein molecules (water soluble) which lead to a worse WHC
scores (Francis, 2000) and possibly decline of pH .Treatments T2 and T6 had the best
WHC scores after 15 day of cold storage respectively; in these samples pH values
were comparatively high.

The best plasticity at zero time was for treatment T3 followed by T7. That
was due to possible swelling and solubilisation of collagen by the effect of either lime
juice alone or both lime juice and propionic acid, respectively. This is supported Burke
and Monahan (2003) who reported that the tenderizing action of acidic marinades is
believed to involve several factors including weakening of structures due to swelling of
the meat, increased proteolysis by cathepsins and increased conversion of collage to
gelatin at low pH during cooking. With advancement of refrigerated storage time, the
plasticity for all treatments progressively deteriorated. That was, again, due to the drip
that took place which lead to the loss of water during refrigerated storage. The best
plasticity score after 15 day of cold storage was recorded for treatment T3.
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Concerning cooking loss and cooking yield, at zero time, it is clear that the best
values were recorded for treatment T2 which coincided with having the best WHC too.
This was due to the presence of soy sauce proteins in addition to meat proteins. Both
of the latter bound water molecules, improved WHC and consequently, enhanced
cooking loss decrease and cooking yield increase. Control sample C came in the
second order of cooking loss and cooking yield followed by T1 which coincided too
with WHC. The worst values were for treatment T3 which also coincided with having
the worst WHC. In addition, treatment T7 had a moderate cooking loss and cooking
yield, and a moderate WHC too.

Effect of marinating solutions on sensory properties of beef slices.

From the data in Table (8), it could be observed that, sensory properties of
beef slices i.e., taste, odor, texture and overall acceptability were significantly affected
by constituents of marinating solutions. Concerning taste and odor, treatment T3, T5
and T7 were the best with no significant differences between them. Hence, lime juice
had the best taste and odor among additives used in the marinating solutions.
Furthermore, treatments T2, T4 and T6 showed nonsignificant differences, and were
worse than the previous treatments. So, the consumer preference for soy sauce and
propionic acid were similar and were less accepted than lime juice.

The texture was the best for treatments T3, T4, T5, T6 and T7 which were
nonsignificantly different from each other. That was probabI;I due to the presence of
lime juice (citric acid) and propionic acid in marinating solutions. This lowered pH
values of meat which helped in swelling of collagen process and produced tender meat
samples. This is supported Burke and Monahan (2003).

Concerning color evaluation, treatment T3 was the best among other
treatments. This was probably due to the antioxidant effect of lime juice which
protected meat color against oxidation. Treatments T2, T4, TS, T7 and T1 showed
nonsignificantly different scores, and came in the second order after T3.Again, this
was possibly due to the antioxidant effect of lime juice. The worst treatment was
control sample C which was probably due to the lack of any antioxidant &ffect because
it was not soaked in any marinating solution.

Treatments T3, T5 and T7 scores were nonsignificantly different and they had
the best overall acceptability which was expected as these samples had already the
best taste, odor, texture and color. This indicated the preference of judges to
treatments samples containing lime juice. In the second order of overall acceptability
came from treatments T2, T4 and T6 (containing soy sauce, propionic acid and
mixture of them respecti\gely) which had nonsignificant differences. Furthermore,
control sample had the lowest overall acceptability.
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CONCLUSION

Marinating solution T7 is the one recommended to be used commercially.
Although T3 had the best antibacterial activity, TVN and TBA values; however, it had a
bad WHC, cooking loss and cooking yield. Hence, the most preferred marinating
solution is that of treatment T7. That is because it had the second order in the
antibacterial activity for most types of microorganisms present in meat samples
(except for yeasts & molds). Furthermore, it also had the second order in reducing the
values of TVN and TBA. Moreover, it showed a moderate WHC, cooking loss and
cooking yield and had the second order in plasticity. In addition, its sensory evaluation
was highly superior.
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Table 1. Formulations of marinating solutions.

Marinating Constituents of marinating solutions ( %)
solution No.
T 95.0 Dis. water + 5.0 spice mix.*
T, 95.0 Soy sauce + 5.0 spice mix.
T3 95.0 Lime juice + 5.0 spice mix.
T4 95.0 Propionic acid + 5.0 spice mix.
T5 50.0 Lime juice + 45.0 soy sauce + 5.0 spice mix.
TG 50.0 Propionic acid + 45.0 soy sauce + 5.0 spice miX.
T, 31.67 Lime juice + 31.67 propionic acid +31.66 soy sauce + 5.0 spice mix.

*s g spice mix. constituted of 1.9 g onion powder + 1.5 g garlic powder + 0.6 g black pepper + 1.0 ml
smoking liquid.

Table 2. Diameters of inhibition zones (mm) of different marinating solutions.

Treatments
T T T3 T4 Ts Ts T,
Microorganisms
E. coli 26 29 55 53 42 38 40
Sal. typhimurium 22 26 28 32 24 27 30
Staph. aureus 25 37 30 27 34 28 32

Table 3. PH values of beef slices soaked in different marinating solutions during

refrigerated Storage.
Treatments
(o T T, T3 A s Te T,
Storage
period ( Days)
Zero-time 6.08 5.72 5.45 4.75 5.02 5.05 522 4.95
3 5.84 5.65 5.43 4.63 4.99 491 5.03 4.83
6 5.70 5.50 5.38 4.60 4.82 4.80 4.89 4.79
9 5.63 5.41 5.29 455 471 4.72 476 4.68
12 -* -* 5.20 450 4.63 4.65 471 4.63
15 -* -* * 447 4.57 4.60 4.62 4.50

*PH value was not measured because meat samples were spoiled.
C: Control.
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Table 4. Bacterial growth in beef slices soaked in different marinating solutions during

refrigerated storage.

Treatments
c T T T T T T Ty

Storage 1 2 3 4 5 6
period

( Days}

Total plate count (cfu/g)

Zerotime | 7g510° 7.20x10°  123x103  3.85x102 6.25x102 7.45x10% 8.95x10% 4.55x102
3 sex10” 235x10%  8.25x103  870x10% 1.79x103 3.85x10% 6.60x10% 9.10x102
6 195¢10° 895x10° 274x10%  273x103 7.15x10% 9.30x10® 1.65x10% 6.55x10°
9 0.60x10° 5.10x10° 1.82x10° 9.35x103 5.25x10% 7.65x10% g75x10%  3.28x10*
12 L * 935x10° 5.25x10% 1.50x10° 5.20x10° 7.95x10° 1.15x10°
15 - * * 470x10°  9.27x10°  1.07x10° 1.13x10% 8.80x10%

Coliform group ( cfu/ g)

Zerotime | gsxiol  gsxaol  7.5x0b  25xa0!  3.50x10l  s.00x10!  5.50x100  4.00x10
3 145¢10% 1.05x20° 9.5x101  4.00x10! 7.50x10! 8.50x10! 9.00x10' 6.00x10!
6 185x10% 170x102  1.15x10%  7.50xt0! 130x102 1.50x102 1.65x10% 9.50x10
9 205x10° 1.90x10> 155x10% 125x107 1.65x10% 1.85x10% 195x10° 1.45x10°
12 * > 210x102  175x102 1.90x10%2 2.20x102 2.35x102 1.85x10°
15 -* * i 215x10%  2.45x10%  2.65x102  2.90x10% _2.30x10%

Staphylococcus aureus ( cfu / G)

zerotime | 1.95¢10% 180x102 1.50x101  075x101 0.80x102 1.05x10% 1.45x10% 0.95x102
3 450010%  4.10x10%  3.05x102  1.10x102 1.55x102 1.85x102 230x10%2 1.60x10%
6 08510 7.95x10° 7.25x10%  2.85x10% 3.50x10% 3.95x102 4.25x10% 3.15x10%
9 135¢10° 1.12x10°  9.05x10% 4.90x10% 535x10% 7.40x102 7.85x102 6.60x102
12 * = 10.03x102 655x102 7.80x10% 8.90x102 9.70x102  8.20x10
15 2 * 2 8.85x102  9.60x10%  1.09x103 1.22x1' 3 9.25x102

Psychrophilic bacteria ( cfi// 9)

Zerotime | 9.25¢10% 6.65x102 5.30x102 0.95x10% 1.15x10%2 3.85x102 3.50x! ® 1.55x10°
3 7.0010° 4.25x10° 1.85x10% 2.25x102 7.20x102 9.35x10% 8.85x  9.75x102
6 3.20x10% 935x10° 675x10% 875x10% 2.53x103 2.11x10° 5.95x10° 4.85x10%
9 ggsxot 7.65x10®  370x10%  485x10% 675x10° 9.65x103 2.27x10%  g.15x10°
12 % - g65x10%  112x10t 295x10% s70x10*  7.25x10%  3.50x10%
15 i * » 7.35x10%  8.15x10% 9.85x10* 1.02x10°  9.25x10*

Salmonella growth

Atzero-

“(’Leﬁigd ND™* ND ND ND ND ND ND ND

storage

*Microbial growth was not determinated because meat samples were spoiled.
** No growth was detected. C: Control.
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Table 5. Yeasts and molds counts (cfu / g) of beef slices soaked in different marinating
solutions during cold storage.

Treatments
T
Stora c L T T3 Ta Tg Ts
period
(Days)
Zerotime | 150l g5yl toxo!  1sxi0!  20xw0'  20xi0'  1sxe!  2.0x0!
3 s0x0t  30x0®  20xt0l  esxio!  soxol  30x10'  25x0'  4sx0!
& 25x0b  45xi0>  35x0%  90x0'  75x0'  esxi0'  soxwe!  soxwol
9 13x10>  65x10°  40x102  125x10% 10sx102  80x10'  7oxi0'  9.5x10
L o o s5x102  1.5x102  12x102  95x10'  soxi0' 135107
2 = * i 19x102  185x10°  125x102  11x10°  1.7x10°

* Yeasts and molds counts were not determinated because meat samples were spoiled.

C: Control.

Table 6. Total volatile nitrogen (TVN) and thiobarbituric acid (TBA) values of beef
slices soaked in different marinating solutions during cold storage.

Treatments
(6] Tl T2 T3 T4 TS TG T7
Storage
period ( Days)
TVN (mg / 100g)
Zero-time 11.90 11.48 11.62 11.06 11.34 11.20 11.20 10.92
3 15.40 14.28 12.60 12.18 14.56 12.88 13.30 11.76
6 18.62 16.80 15.40 14.00 15.82 14.70 15.12 13.72
9 2212 20.72 18.62 16.24 18.48 16.66 17.92 15.82
12 ~* -« 20.72 16.20 19.32 18.76 18.90 17.08
15 = -* =X 20.30 24.64 21.70 23.10 19.60
TBA ( mg malonaldehyde / kg )
Zero-time 0.121 0.119 0.111 0.109 0.129 0.120 0.128 0.109
3 0.579 0.311 0.290 0.180 0.369 0.259 0.329 0.309
6 0.759 0.390 0.350 0.269 0.489 0.320 0.459 0.379
9 1.379 0.589 0.680 0.500 0.790 0.620 0.750 0.560
12 -* -* 0.919 0.690 0.979 0.759 0.969 0.869
15 * * = 0.849 1.209 0.869 1.089 0.979

* TVN and TBA values were not measured because meat samples were spoiled.

C: Control.
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Table 7. Water holding capacity (WHC) and plasticity scores of beef slices soaked in
different marinating solutions during cold storage.

Treatments
c T T, e Ty Ts Te T,
Storage
period ( Days)
WHC (e’ / 0.3g)
Zero-time 275 2.85 230 500 430 3.30 3.00 3.65
3 3.20 3.00 2.80 550  4.60 3.70 335 420
6 3.85 3.60 335 5.90 5.10 4.15 380 465
9 5.30 4.20 3.85 6.50 5.80 4.65 4.40 5.15
12 - * 4.40 7.30 6.30 4.95 4.70 5.80
15 * * * 7.90 6.70 5.60 5.20 6.35
Plasticity (cm? / 0.3g)
Zero-time 1.65 1.80 1.95 2.85 2.25 2.20 2.00 2.50
3 1.50 1.70 1.80 2.70 2.00 2.00 1.95 2.20
6 1.40 1.60 1.70 245 * 1.85 1.90 1.70 1.90
9 1.25 1.40 1.45 230 1.60 1.70 1.50 1.60
12 * - 1.30 2.10 1.45 1.50 1.35 1.40
15 = * * 1.95 1.35 1.40 1.20 1.30
Cooking loss (%)
Zero-time 2241 2320 2083 3320 3190 2752 2590  29.05
Cooking yield (%)
Zero-time 7759 7680 7947 6680 6810 7248 7410 7095

* WHC and plasticity values were not measured because meat samples were spoiled.

C: Control.

Table 8. Sensory evaluation of beef slices soaked in different marinating solutions at

zero time.
Sensory
properties
Taste Odor Texture Color m‘z"pzﬂi'"w
Treatments
Control (C) 6.90° 7.004 6800  6.60d 6.82°
e 7.509 7.60° 7000 780P¢ 7474
T2 g1oPd  gooPc 700  7o00PC 775
L& 8.703P 8.70° 880 8902 8.772
T4 8.00%d 7.90P¢  gs0?  g30P 8.175¢
5 8802  830%°  ge0? 810  “gas?
6 860  gooPc 8207  7.50¢ 8.07%¢
e 8.70%0 8.60° 8.40% 8.20° 8.473P
ESDat00Stevel | 57"  g5g™ ozt oss T oz

Where: Mean values in the same column with the same letter are not significantly different at 0.05 level.

*** High significant.
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