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Abstract

Research has shown that gum arabic from Acacia Senegal var. kerensis can be used in beef rounds,
at a level of 2.5% of the formulated product weight, as a binder and texture modifier. However, the
effect of gum arabic addition on the microbial quality and shelf life of the resulting meat product has
not yet been reported. Thus, the objective of this work was to study the microbial quality of beef
rounds containing 2.5% gum arabic and to study shelf life based on the growth parameters of Total
Viable Counts (TVC) and Lactic Acid Bacteria (LAB). Beef round samples were injected at 30% with
curing brines containing gum arabic and cooked through boiling. The growth kinetics of LAB and
TVC were studied for vacuum packaged sliced beef round samples stored at 7 °C and 15 °C for a
period of 21 days. Baranyi and modified Gompertz models were used to fit the LAB and TVC data
obtained using DMFit. Results of microbial analysis indicated that coliforms, yeasts and molds as well
as pathogenic bacteria; Salmonella, Escherichia coli, and Staphylococcus aureus, were below detection
limit. In addition, TVC and LAB were found to be 1.87 ± 1.09 and 1.25 ± 0.75 Log10 CFU g−1,
respectively. The results of accuracy analysis showed that both the Baranyi and modified Gompertz
models were adequate in representing the bacterial growth in beef rounds injected with curing brines
containing gum arabic. The predicted shelf life was found to be between 84.3 – 88.1 h and 158.0 –
173.1 h at 15 °C and 7 °C, respectively.
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1 Introduction

New product development, involving changes in
formulation or processing method, has the poten-
tial to influence the intrinsic properties of meat
products. The intrinsic properties determine the
survival of bacteria in such foods and the pos-
sibility of spoilage occurring, with the potential
of causing food infections or food intoxications
which are a major challenge in the meat industry

(Simonin, Duranton, & de Lamballerie, 2012).
Meat spoilage is from a smaller fraction of spe-
cific spoilage organisms (SSO), called ephemeral
spoilage organisms (ESO), which require control
measures during processing and eventual stor-
age of the meat product (Nychas, Skandamis,
Tassou, & Koutsoumanis, 2008). Their sur-
vival in turn depends on the intrinsic proper-
ties of the meat. For instance, the normal pH
of meat ranges between 5.5 – 6.0, which is opti-
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mum for most bacterial growth. In addition, vac-
uum packaged Ready To Eat (RTE) meat prod-
ucts have high water activity, low oxygen con-
centration and an acidic environment that make
them highly susceptible to spoilage during stor-
age (Slongo et al., 2009).
Gum arabic, an exudate from Acacia Senegal is
an approved food additive that is acceptable as
a stabilizer and emulsifier in the food industry
(Joint (FAO/WHO, 2005) Expert Committee on
Food Additives). In meat, gum arabic from Aca-
cia Senegal variety Kerensis has been found to be
a suitable binder and extender in beef rounds at a
level of 2.5% of the product formulation (Mwove,
Gogo, Chikamai, Omwamba, & Mahungu, 2016).
However, the effect of its incorporation in beef
rounds on the microbial quality and the shelf life
is yet to be reported. Since its incorporation has
the potential to change the intrinsic properties of
meat, microbial quality and shelf life evaluation
are important.
Cured meats processed as RTE are mostly pop-
ulated by LAB in very low amounts. LAB are
thus regarded as SSO in vacuum packaged cooked
RTE meat products, probably due to their dom-
inance in the total bacterial count (Slongo et
al., 2009; Kreyenschmidt et al., 2010; Li et al.,
2013). When properly cooked, meat products
will have minimal contaminating microorgan-
isms. However, LAB are heat resistant and ubiq-
uitously distributed in the environment (Hong-
pattarakere, Rattanaubon, & Buntin, 2013).
Cooked meats are therefore easily contaminated
from the working environment or equipment sur-
faces during manufacturing processes such as
slicing or packaging (Hamasaki, Ayaki, Fuchu,
Sugiyama, & Morita, 2003; Feng, Sun, Martin,
& Zhang, 2013). A number of LAB species have
been identified as predominant micro-flora con-
taminating cured beef products. Hamasaki et
al. (2003) identified Leuconostoc mesenteroides
subsp. mesenteroides, Lactococcus lactis subsp.
Lactis and Leuconostoc citreum from cooked
meats stored below 10 °C while Samelis and
Georgiadou (2000) identified Lactobacillus sakei
as the dominant species among LAB contami-
nating stored sausages. These LAB being facul-
tative anaerobes are thus very difficult to con-
trol (Perez-Chabela, Lara-Labastida, Rodriguez-
Huezo, & Totosaus, 2013). They grow, result-

ing in spoilage of such vacuum packaged meat
products, at refrigeration temperatures as low
as 4 °C (Hamasaki et al., 2003). Bacterial ac-
tion can further encourage growth of other mi-
cro flora. The organic acids accumulated due
to LAB biochemical metabolism may eventually
stimulate growth of yeasts (Aggelis, Samelis, &
Metaxopoulos, 1998). Since, bacterial action has
been identified as the main cause of spoilage in
meat based vacuum packaged products, there is
a need to determine the microbial quality of such
meat products. In the process of new product de-
velopment when making changes to the product,
accelerated shelf life testing (ASLT) will allow for
a quick estimation of the approximate shelf life
of the product (Fu & Labuza, 1997). Therefore,
understanding the growth parameters of LAB in
cured meat products will facilitate their effective
control as well as the determination of the viable
shelf life of such cured RTE meat products. Such
determinations have been achieved through pre-
dictive mathematical modeling which is an up-
coming alternative to time consuming and expen-
sive traditional microbial enumeration methods
for studying bacterial growth (Mataragas, Skan-
damis, Nychas, & Drosinos, 2007; Slongo et al.,
2009; Li et al., 2013). LAB growth in vacuum
packaged cooked meat products has been used
in many modeling studies to predict the shelf life
of meat products treated by divergent vacuum
packaging conditions (Liu, Yang, & Li, 2006;
Slongo et al., 2009) or stored at diverse temper-
atures (Cayre, Vignolo, & Garro, 2003; Li et al.,
2013). However, there are no reports on the ef-
fect of addition of gum arabic from Acacia Sene-
gal var. kerensis in beef rounds on the microbial
quality and hence the shelf life of the resulting
product. Therefore, the aim of the present work
was to determine the microbial quality of beef
rounds formulated with 2.5% gum arabic as a
binder, and to study the growth parameters of
TVC and LAB in vacuum packaged RTE beef
rounds stored at 7 °C and 15 °C for 21 days us-
ing Baranyi and modified Gompertz models.
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2 Materials and Methods

2.1 Product preparation

Samples were prepared at Castle Meat Prod-
ucts factory, Egerton, Nakuru, Kenya. Sam-
ples weighing 3.5kg obtained from the beef round
were trimmed of excess fat and injected using a
manual injector (Friedr. DICK Hand Brine In-
jector Pump) at 30% injection level with brine
containing 2% sodium chloride, 0.02% sodium
nitrate, 0.5% Sodium tripolyphosphate, 0.0547%
sodium ascorbate and 2.5% gum arabic. After in-
jection the beef rounds were uniformly massaged
by hand for 20 min at intervals of 20 min for 3
hours to evenly distribute the brine. The beef
rounds were kept in a cold room for 18 hours at
4 °C after which they were cooked by boiling in
water set at 85 °C for 4 - 5 hours until an internal
temperature of 75 °C was reached. Temperature
was monitored using a thermometer (TTX 110,
Ebro, Ingolstadt, Germany). Samples were then
allowed to cool under refrigeration to an internal
temperature of 4 °C before slicing.

2.2 Packaging

After preparation, cooking and cooling, beef
rounds were immediately aseptically sliced us-
ing a slicing machine (Tecmal Torino, Italy) and
packed into sterile low-density polyethylene ster-
ile vacuum bags (length 30 cm, width 20 cm),
which were transparent, strong and resistant to
gas exchange. Each package contained approxi-
mately 50 grams of beef round. The vacuum bags
were specifically designed for use with the vac-
uum sealing packaging system (Multivac, Ger-
many).

2.3 Determination of microbial
quality

The microbiological analysis was performed fol-
lowing AOAC Official Methods (AOAC, 2000)
to determine the presence of spoilage and
pathogenic organisms in beef rounds injected
with curing brine containing gum arabic. All
samples were analyzed immediately after packag-
ing. Approximately 25 grams of beef round sam-

ple was drawn aseptically and blended with 225
ml of sterile peptone water for 2 minutes. Serial
decimal dilutions were then made using sterile
peptone diluent. For each dilution, two replicate
plates were prepared. Total viable counts were
determined by pour plating onto Plate Count
Agar (PCA; Oxoid, UK), and incubating at 37
°C for 24 hours. LAB were counted after pour
plating onto de Man, Rogosa and Sharpe (MRS;
Oxoid, UK) agar plates, and incubating at 35 °C
for 3 days in anaerobic atmosphere. Yeast and
mold counts were determined by pour plating
onto potato dextrose agar (PDA; Oxoid, UK),
and incubating at 25 °C for 5 days. Coliforms
were determined by pour plating onto McConkey
agar (Oxoid, UK), and incubating at 35 °C for
24 hours. Staphylococcus aureus was counted
after pour plating onto Baird-parker agar (Ox-
oid, UK), and incubating for 35 - 37°C for 48
hours, while Salmonella was detected by pre-
enrichment on Rappaport Vassiliadis broth, in-
cubation at 35 °C for 18 - 24 hours, followed by
sub culturing onto Xylose-Lysine Deoxycholate
Agar (XLD; Oxoid, UK) plates, and incubation
of plates at 35 °C for 18 – 24 hours. Identification
of bacteria was performed by streaking on agar
plates to obtain pure colonies, followed by gram
staining, catalase and oxidase tests. Results were
expressed as CFU g−1.

2.4 Storage and bacterial
enumeration for shelf life
prediction

After packaging, samples were divided into two
sets, each containing 21 sample packages. One
set was stored under refrigeration at 7 °C and the
other set at 15 °C for up to 21 days. Tempera-
ture was measured using a temperature data log-
ger (K202; Voltcraft, Hirschau). Three replicate
samples from each refrigerator were collected for
analysis on days 0, 1, 3, 7, 12, 15 and 21. Bac-
terial enumeration for LAB and TVC was per-
formed according to (AOAC, 2000) as above. Re-
sults were expressed as CFU g−1, and data were
used for primary predictive modeling using the
Baranyi and modified Gompertz models.
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2.5 Modeling of lactic acid
bacteria and total viable
counts

To determine the keeping quality of RTE beef
rounds, the growth of lactic acid bacteria was
modeled to predict the shelf life of beef rounds of
good quality containing gum arabic. The end of
shelf life was taken as the point when the number
of lactic acid bacteria exceeded 7 log10 CFU g−1

according to Kreyenschmidt et al. (2010). This is
because bacterial growth increases during refrig-
erated storage, possibly causing evident deterio-
ration when the count reaches 7 to 8 log10 CFU
g−1 (Santos et al., 2005; Vermeiren, Devlieghere,
De Graef, & Debevere, 2005). The Baranyi and
modified Gompertz models were used in primary
modelling to fit the TVC and LAB data obtained
using CompBase, DMFit version 3.5 (Institute
of Food Research, Norwich, UK, http://www.
ComBase.cc). The Baranyi model (Baranyi &
Roberts, 1994) is represented by equation 1.

ln(N(t)) = No+µmaxA(t)− ln
(

1 +
eµmaxA(t) − 1

eNmax−No

)
(1)

A(t) = t+
1

µmax
ln

(
eµmaxt + e−µmaxλ + e−µmax(t+λ)

)
(2)

Where ln (N (t)) is the log of cell concentration
at time t (h) (CFU g−1), (No) is the log of ini-
tial cell concentration (CFU g−1), µmax is the
exponential growth rate (log10 (CFU g−1 h−1),
ln (Nmax) is the log of final cell concentration, λ
is the lag time and A(t) is as shown above (equa-
tion 2).
The modified Gompertz model (Gibson &
Roberts, 1989) is represented by equation 3:

ln(N(t)) = No +Nmaxe
−e−µ(t−M)

(3)

Where ln(N(t)) is the logarithm of microbial
counts [log10 (CFU g−1)] at time t (h), No is
the asymptotic log count as time decreases in-
definitely [log10 (CFU g−1)], Nmax is the log
count increment as time increases indefinitely
[log10 (CFU g−1)], µmax is the relative maximum
growth rate at time M [day−1], and M is the time
required to reach the maximum rate of growth
(h).

2.6 Accuracy analysis and model
comparison

The Root Mean Square Error (RMSE) and re-
gression coefficient (R2) were used. The lower the
Mean Squares Error (MSE), the better the ade-
quacy of the model to describe the data (Suther-
land, Bayliss, & Roberts, 1994). A R2 value
equal or close to 1 indicates a good fit.

3 Results and Discussion

3.1 The microbial quality of RTE
beef round

For some samples, microorganisms were below
detectable limits. TVC were found to be 1.87
± 1.09 CFU g−1 while LAB were 1.25 ± 0.75
CFU g−1. Coliforms, yeasts and molds were be-
low detection limit. In addition, pathogenic bac-
teria; Salmonella, Escherichia coli, and Staphy-
lococcus aureus were not detectable in 25 g sam-
ple of the beef rounds. Steele and Stiles (1981)
found that other bacteria, including Microbac-
terium thermosphactum, micrococci and group
D streptococci are of minor importance in sliced
hams. This is because vacuum packaged meat
is mostly affected by psychrotrophic facultative
anaerobic and anaerobic bacteria (Ray & Bhu-
nia, 2007). The levels of LAB were found to be
low and comparable to the TVC. About 67% of
the TVC population was found to be LAB. Vac-
uum packaged RTE meat products have been re-
ported to be highly prone to LAB spoilage due
to their high water activity, low oxygen concen-
tration and acidic environments (Slongo et al.,
2009). Since analysis was performed immediately
after slicing and packaging, most bacteria were
not detectable. Since the counts of Lactic acid
bacteria were comparable to those of TVC, LAB
are confirmed to be the specific spoilage organ-
isms in vacuum packaged RTE beef rounds con-
taining gum arabic (Slongo et al., 2009; Kreyen-
schmidt et al., 2010).
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3.2 Modeling the growth of lactic
acid bacteria and total viable
counts

Lactic acid bacteria

The growth kinetics of Lactic Acid Bacteria
(LAB) obtained from both Baranyi model and
Gompertz model are shown in Table 1. The
changes in LAB population in cured beef rounds
containing gum arabic stored at 7 °C and 15
°C, as predicted by both Baranyi and modi-
fied Gompertz models, are shown in Figures 1
and 2. Initial counts of LAB in cooked in-
jected beef rounds were below 1 log10 CFU g−1.
These were very close to the total viable counts
and reached the upper asymptote of the sigmoid
curve at counts between 107.681– 107.824 CFU g−1

throughout the storage period at both temper-
atures. These values were very close to those
found by Pexara, Metaxopoulos, and Drosinos
(2002). In their research on evaluation of shelf
life of cured, cooked, sliced turkey fillets and
cooked pork sausages stored under vacuum and
modified atmospheres at +4 and +10 °C, they
found that the maximum growth level for LAB
was 108 CFU g−1. This proves that LABs are
the SSO of cured vacuum packaged beef (Slongo
et al., 2009; Kreyenschmidt et al., 2010). This
also agrees with Mataragas, Drosinos, Vaidanis,
and Metaxopoulos (2006). In their study on the
spoilage of cooked cured meat products their re-
sults showed that the SSOs were the LAB and
their maximum population was between 108.3 -
108.9 CFU g−1 which they considered to be the
spoilage level. This is because the combination
of microaerophilic conditions, presence of sodium
chloride and sodium nitrite inhibits growth of
gram negative spoilage microorganisms, but fa-
vors growth of LAB (Hu, Zhou, Xu, Li, & Han,
2009). This explains the high percentage of LAB
in the TVC in the beef round samples.
Different microbial growth parameters were ob-
served at different temperatures and for the dif-
ferent models applied. By comparing the statis-
tical indices (RMSE and R2) of primary models,
differences (of the models) in their ability to de-
scribe the experimental data at 7 °C and 15 °C
were observed. The R2 was used to provide a

scale to evaluate how reliable results could be
predicted using both models. Both Baranyi and
the modified Gompertz models accurately de-
scribed the growth of LAB in cured beef rounds
containing gum arabic at both temperatures ow-
ing to their R2 values above 0.90. Moreover, the
Baranyi model better described the growth data
sets at 15 °C for both LAB, R2= 0.969 and TVC,
R2= 0.966 and at 7 °C for TVC, R2= 0.992. The
modified Gompertz model better fitted the data
for LAB at 7 °C with R2= 0.954. Similar trends
were seen for comparisons based on the RMSE.
The low RMSE values indicate better fit and
higher accuracy of the models (Cayre et al., 2003;
Sant’Ana, Franco, & Schaffner, 2012). Other
studies have indicated that the modified Gom-
pertz model (Mataragas et al., 2006; Kreyen-
schmidt et al., 2010) and the Baranyi model
(Feng, Drummond, & Sun, 2014) can adequately
describe the growth of microorganisms in meat
products.
Growth rates predicted by the Baranyi model
were lower than those predicted by the modified
Gompertz model for both LAB at both temper-
atures. Previous researchers have reported the
possibility of overestimation of the rate of growth
by the Gompertz model (Gibson, Bratchell, &
Roberts, 1988). Moreover, the rate of growth of
LAB were highest at 15 °C as compared to 7 °C.
Increase in temperature from 7 °C to 15 °C al-
most doubled the rate of growth as predicted by
both models. These rates were higher than those
reported by Kreyenschmidt et al. (2010)) who re-
ported the rate of growth of LAB at 7 °C and 15
°C as 0.009 CFU g−1 h−1 and 0.038 CFU g−1

h−1, respectively. This can be explained by the
difference in the samples used as well as the possi-
ble differences in intrinsic properties and contam-
inating bacteria in the meat samples. The type of
packaging used was also different. Whereas this
research utilized vacuum packaging, modified at-
mosphere packaging was used in their research.

Total Viable Counts

The growth kinetics of TVC obtained from
both Baranyi and modified Gompertz models are
shown in Table 1. The changes in TVC popula-
tion in cured beef rounds containing gum ara-
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Table 1: Predicted bacterial growth parameters at 7 °C and 15 °C

Baranyi Model modified Gompertz Model
LAB TVC LAB TVC

Temperature (± 0.2 °C) 15 7 15 7 15 7 15 7

µmax (CFU g−1 h−1) 0.081 0.036 0.073 0.040 0.110 0.058 0.088 0.051
λ (h) - - - - 6.63E-08 1.05E-07 7.48E-08 3.92E-07
N0 (Log10 CFU g10−1) 0.646 0.955 1.116 1.005 0.034 0.170 0.658 0.486
Nmax (Log10 CFU g−1) 7.824 7.811 8.230 7.940 7.787 7.681 8.243 7.992
R2 0.969 0.946 0.966 0.992 0.961 0.954 0.952 0.990
RMSE 0.529 0.717 0.559 0.274 0.595 0.665 0.660 0.307

TVC is Total Viable Counts, LAB is Lactic Acid Bacteria, µmax is maximum growth rate, λ is Lag time,
No is the initial point of the sigmoid curve, Nmax is the upper asymptote of the sigmoid curve, R2 is the
coefficient of determination and RMSE is the Root Mean Squares Error.

Table 2: Predicted shelf life at 7 °C and 15 °C

Temperature Predicted Shelf life (h)
(±0.2 °C) Baranyi Model modified Gompertz Model

LAB 15 84.316 85.973
TVC 15 84.390 88.096
LAB 7 173.063 160.982
TVC 7 157.979 160.622

TVC is Total Viable Counts, LAB is Lactic Acid Bacteria

Figure 1: Changes in LAB population in cured
beef rounds containing gum arabic stored at 7 °C
as predicted by Baranyi and modified Gompertz
models

Figure 2: Changes in LAB population in cured
beef rounds containing gum arabic stored 15 °C
as predicted by Baranyi and modified Gompertz
models
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bic stored at 7 °C and 15 °C as predicted by
both Baranyi and modified Gompertz models are
shown in Figures 3 and 4. The TVC were very
close to the LAB counts and reached the up-
per asymptote of the sigmoid curve at counts
between 107.940 – 108.243 CFU g−1 throughout
the storage period at both temperatures. This
agrees with Kreyenschmidt et al. (2010). In
their research on determination of the shelf life
of sliced cooked hams based on the growth of
lactic acid bacteria, they found that the TVC
attained a plateau within the range 7.9 and 8.7
log10 CFU g−1. Initial counts of TVC in cooked
injected beef rounds were below 1 log10 CFU
g−1 h−1. The predicted asymptotic growth lev-
els for TVC as predicted by the Baranyi model
were lower than those predicted by the modified
Gompertz model at both temperatures. Simi-
larly, as previously noted in the growth of LAB,
the growth rates predicted by Baranyi model
were lower than those predicted by the modi-
fied Gompertz model at both temperatures. This
could be explained by the report of Gibson et
al. (1988) on the possibility of over estimation
of rates of growth by Gompertz model. Nev-
ertheless, both models adequately described the
growth of TVC and LAB as shown by the high R2

values. Other researchers have reported similar
results (Mataragas et al., 2006; Kreyenschmidt
et al., 2010; Feng et al., 2014). Increase in tem-
perature from 7 °C to 15 °C nearly doubled the
rate of growth of microorganisms as predicted in
both models. Furthermore, lag time values pre-
dicted by the modified Gompertz model were al-
most negligible and thus nearly zero as assumed
in the Baranyi model.

Predicted shelf life

Time taken to reach 7 Log10 CFU g−1 h−1

according to Kreyenschmidt et al. (2010) and
Slongo et al. (2009) as estimated by the Baranyi
and modified Gompertz models are shown in Ta-
ble 2. Shelf life taken as the time required to
reach 7 Log10 CFU g−1 h−1 yielded different re-
sults depending on the model applied and the
temperature of prediction. The range of shelf
life values predicted by both models was between
84.3 – 88.1 h and 158.0 – 173.1 h at 15 °C and
7 °C, respectively. These values are lower than

Figure 3: Changes in TVC population in cured
beef rounds containing gum arabic stored at 7 °C
as predicted by Baranyi and modified Gompertz
modelss

Figure 4: Changes in TVC population in cured
beef rounds containing gum arabic stored at 15
°C as predicted by Baranyi and modified Gom-
pertz models
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those reported by Kreyenschmidt et al. (2010)
for hams stored at 7 °C but comparable for those
stored at 15 °C. In their research, they reported
that hams could stay for 302.2 h and 92.5h at
7 °C and 15 °C, respectively. This may be be-
cause of variations in the contaminating bacteria
which might have been different in both studies.
Furthermore, ingredients and processes used for
making cured meat products were not entirely
the same. Whereas their research used modified
atmosphere packaging (80% N2 + 20% CO2),
this research employed vacuum packaging. Ac-
cording to Skandamis and Nychas (2002), modi-
fied atmosphere packaging involving combination
of CO2 and N2 gases preserves meat better than
vacuum packaging.
Predicted shelf life values were higher in the mod-
ified Gompertz model at 15 °C than in Baranyi
model as shown in Table 2. These almost dou-
bled when temperature was changed to 7 °C. This
agrees with the modeled parameters discussed
before in Table 1 in which the rates of growth
almost doubled with the change in temperatures.
Mataragas et al. (2006) had set the safety limit
to 8.3 Log10 CFU g−1 h−1. Based on this in-
formation, all samples would still be fit for con-
sumption even at day 21 as none of the samples
had reached that microbial concentration.
This study gives an initial investigation of micro-
bial quality and shelf life determination limited
to beef rounds injected to 30% containing 2.5%
gum arabic. In addition, the study is limited
to beef rounds stored at 7 °C and 15 °C. There-
fore, further studies are required to estimate shelf
life based on sensory appeal of the product so as
to correctly estimate the keeping quality of beef
rounds. This is because sensory evaluation best
determines the limit of acceptability of a food
product (Mataragas et al., 2007) which may not
always coincide with the limit of bacterial counts
in meat products. A combination of both bac-
teria counts and sensory evaluation methods will
provide a more accurate estimation of shelf life.

4 Conclusions

This study has provided a kinetic model that
was able to predict the growth of microorganisms
during anaerobic storage of beef rounds stored at

7 and 15 °C for 21 days. When fitted the range
of shelf life values obtained in both Baranyi and
modified Gompertz models were between 84.3 –
88.1 h at 15 °C and 158.0 – 173.1 h at 7 °C. Both
Baranyi and the modified Gompertz models ac-
curately described the growth of LAB and TVC
in cured beef rounds containing gum arabic at
both temperatures when using DMFit. These
results are of practical importance in evaluat-
ing the shelf life of vacuum packaged beef rounds
containing gum arabic from Acacia senegal Var.
kerensis.
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