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Abstract
his study assessed the bioprotective efficacy of Lactobacillus
plantarum (8 logl0CFU/mL) against some food poisoning bac-
teria, like  Staphylococcus  aureus (6  loglOCFU/mL)
and Escherichia coli (4 loglOCFU/mL) in fresh raw beef sau-
sage stored at 4°C. Disc diffusion assays revealed dose-dependent inhibi-
tion, with zones of inhibition increasing from 5 mm within concentration
(5 loglOCFU/mL) to 26 mm within (8 loglOCFU/mL) against S. aure-
us and from undetectable to 23 mm against E. coli. In inoculated sausag-
es, L. plantarum markedly reduced pathogen counts, S. aureus from 6.5
to 2.07 log CFU/g and E. coli from 4.32 log CFU/g to undetectable by
day 15 versus increases to log 8.23 and 5.91 CFU/g, respectively, in con-
trols. Physicochemical analyses showed sustained stability in S. aure-
us and E. coli treated samples (by day 6 pH declining to 4.52-4.58,
TBARS 0.46 - 0.37 mg MDA/kg and TVB-N 11.32-11.2 mg/100 g), re-
spectively up to 15 days, compared to spoilage (pH >6.21, TBARS >0. 89
mg MDA/kg, TVB-N >17.5 mg/100 g) and rejection by day 6 in untreat-
ed groups. Sensory scores (color, odor, texture and acceptability) re-
mained acceptable (>5.0) through day 15 of storage in L. plantarum-
treated sausages, versus rapid decline and rejection in controls. These
findings position L. plantarum as an effective "clean label" probiotic for
enhancing meat safety, shelf life and quality.

Introduction

Population growth and an increase in the num-
ber of individuals, combined with a decline in
per capita income, have significantly influ-
enced individual food preferences and led to

the emergence of new food products, particu-
larly diverse meat products. The surge in con-
sumer needs for reliable supplies of diverse,
safe, high-quality foods emphasizes products
with extended shelf life that maintain organo-

Corresponding author: Ghada, A. Abd Elhameed, Food Hygiene Department, Shebin El-Koom Branch, Animal Health
Research Institute (AHRI) Dokki, Nadi El-Seid Street, Dokki P.O., Giza 12618, Egypt. Agriculture Research Center

(ARCQ), Giza, Egypt.

Email address: drdodi_201088@yahoo.com

36


mailto:drdodi_201088@yahoo.com

Animal Health Research Journal Vol. 10, No. 4, December 2025

pp. 36-50

leptic and nutritional properties from manufac-
ture to end-use. Stringent requirements for
safety, quality, and sensory attributes must be
upheld throughout (Saltmarch and Insall,
2013).

Sausages represent one of the most palatable
products that have a broad front of consumers.
However, Sausages are a complex and emulsi-
fied meat-based product that is sensitive to
chemical interactions and microbial degrada-
tion. Meat products are susceptible to contami-
nation by various microorganisms, which can
endanger human safety (Niyonzima et al.,
2015). Pathogenic organisms that have histori-
cally been associated with outbreaks from beef
consumptions include S. aure-
us, Salmonella spp., L. monocytogenes, FE.
coli, C. jejuni, B. cereus, and Y. enterocolitica.
These pathogens are recognized for causing
serious illness in consumers such as Salmonel-
losis, gastrointestinal diarrhea and listeriosis
(Castellano et al., 2008 and Prasad and
Vidyarthi, 2009).

Heat treatment may get rid of pathogens, but
contamination may still occur during produc-
tion and pose risks of foodborne bacteria
(Zeraat Pisheh et al., 2023). Consumer de-
mand to minimize synthetic preservatives has
prompted the meat sector to investigate natural
options derived from plants, animals and bacte-
ria (Hugo and Hugo, 2015 and Novais ef al.,
2022).

Utilization of probiotics like lactic acid bacte-
ria, one of most common beneficial bacteria
that is used in meat industry, increased greatly
and become acceptable by the consumers due
to their benefits (Elsabagh et al., 2021 and
Wang et al., 2022). Those bacteria help in in-
hibiting and minimizing the growth of patho-
genic bacteria through their ability in reducing
pH, preventing toxins, and producing several
inhibitory compounds (Moradi et al., 2020
and Kaveh et al., 2023). Moreover, it signifi-
cantly boosts sausage flavor and texture char-
acteristics and prolongs product shelf life. (Lin
and Pan, 2017).

Lactobacillus plantarum represents one promi-
nent member of LAB family, which possesses
potential employed in commercial fermented
meat products besides the fact that it has a high
antioxidant potential in fermenting sausage

(Ayyash et al., 2019). In modern food biotech-
nology, LAB are key for meat processing and
preservation due to their ability to generate or-
ganic acids, peptides and bacteriocins. These
compounds inhibit harmful pathogens and
spoilage bacteria, boosting food safety, pro-
longing shelf life, elevating sensory character-
istics and supporting health making them ex-
cellent replacements for chemical additives
(Sivamaruthi et al., 2025).

The current study focuses on measuring the
consequence of addition of L. plantarum on the
shelf life, physicochemical and sensory proper-
ities of meat sausage stored in chilling condi-
tion for 15 days.

Material and Method

Bacterial strains

Referenced pathogenic bacterial strains, in-
cluding E. coli (Lot No: 020090, Des: NCTC:
12241 and ATCC: 25922), and S. aureus (Lot
No: 460074, Des: NCTC: 10788 and ATCC:
6538), were obtained from Media Unit, Food
Hygiene Department, Animal Health Research
Institute, Dokki, Giza, Egypt. L. plantarum
recorded with accession number (PP788561) in
gene bank.

Preparation and the lowest potent concen-
tration of the used L. plantarum against
pathogenic strains:

The antibacterial effect of the used L. planta-
rum against the examined pathogenic strains
established by using disc diffusion method pro-
nounced by Topisirovic et al. (2006) and Bou-
lares et al. (2012).

Tested L. plantarum was prepared through cul-
turing on de Man Rogosa sharp (MRS) broth
(TM media, TM 147) and incubated at 37 °C
for 24 h. Then Make four dilutions from the
tested L. plantarum (5 logl0, 6 logl0, 7 logl0,
8 logl0 CFU\ml) then inoculate 50ul from
each dilution into sterile disc and let it to
slightly dry, then place it into Mueller Hinton
agar medium (TM media) inoculated with
pathogenic bacteria (E. coli and S. aureus) with
a count of 4 logl0OCFU mL-1 and 6 logl 0CFU
mL-1 respectively. The produced zone of inhi-
bition was measured to determine the most ef-
fective dilution to be used. According to Detha
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et al. (2018), inhibition zone diameters were
graded as follows: weak (5 mm), moderate (5—
10 mm), strong (10-20 mm), and very strong
(20-30 mm).

Preparation of beef sausage

Local beef meat (2 kg) sourced from a nearby
slaughterhouse served as the base. The sausage
recipe followed Mejri et al. (2017) with modi-
fications—75% (w/w) beef and 25% (w/w) fat
in place of camel meat minced via Panasonic
mincer (Osaka, Japan). Per kg of mince: 10 g
garlic, 4 g sucrose, 25 g salt (NaCl), and 30 g
spice mix.

Prior to the experiment, the meat was exposed
to ultraviolet light (UV) for 15 minutes at a
wavelength of 385 nm in order to reduce back-
ground microflora according to (Morsy et al.,
2018).

Experimental part

Following the division of the produced mixture
into five groups, cultured bacteria adjusted at 6
log10 for S. aureus, 4 logl0 for E. coli and 8
logl0 for L. plantarum were added. The first
group, noted as control, was UV-treated but
not inoculated (control —ve); the second group
was inoculated with S. aureus, the third group
had S. aureus + L. plantarum; the fourth group
was made up of E. coli; and the fifth group
was E. coli + L. plantarum. Following inocula-
tion, samples were allowed to adhere to cells at
room temperature (22°C) for 15 minutes before
being placed into a sterile polyethylene sau-
sage casing using a portable sausage filling
machine. Remaining bacterial populations,
physicochemical characteristics, and sensory
attributes were assessed at the start of the study
and every three days until deterioration. Sam-
ples were stored at 4 + 1°C. Each group under-
went three repetitions of the current experi-
ment in order to collect mean data for statisti-
cal analysis.

Sensory evaluation

Seven skilled panelists from the Food Hygiene
and Control Department of the Animal Health
Research Institute, Shebin Elkom, Egypt con-
ducted a sensory evaluation of prepared sau-
sage (control and inoculation groups) stored at
4°C in refrigerator. The descriptive organolep-
tic assessment criteria (color, odor and texture)
are rated on continuous and numerical scales
from O (the lowest score for each attribute,

very bad) to 9 (the highest score for each at-
tribute, very good) using the triangle test and
the psychological rating system. The scale
points were used according to (ISO 13299:
2016).

Microbiological assay

At each sampling day, samples were opened
and then 10 g from each one of them was asep-
tically transferred into 90 mL of 0.1% buffered
peptone water (BPW, Neogen) and stomached
(model seward 400, circulator) for 1 minute.
Ten-fold serial dilutions were made in BPW
(Neogen) and 1 ml was poured on Eosin meth-
ylene blue (EMB, Himedia) for E. coli (ISO
7251:2005/Amd 1: 2023.) and Baird parker
(Oxoid) for S. aureus (ISO 6888-1: 2003).
Colonies were counted after 24 hours of incu-
bation at 37°C and expressed as logl0 CFU/
gm-1.

Physico-chemical evaluation

PH value: -

In order to measure the pH using a digital pH
meter (Suntex TS-1, Taiwan) with a probe-
type combination electrode (In gold), 10 grams
of beef sausage were homogenized and com-
pletely mixed with 100 milliliters of distilled
water. The electrode was then directly dis-
solved into the mixture at room temperature
according to the method recommended by
AOAC (2002).

Thiobarbituric acid — Reactive substances
(TBARS) measurement:

The TBARS of the beef sausage was deter-
mined according to the method described by
Egyptian Organization for Standardisation
"EOS" 63/9 (2006). The TBA values were
expressed as mg malonaldehyde/kg of sample.

Total volatile basic nitrogen (TVBN):

The TVBN of the beef sausage was determined
by the method described by Egyptian Organi-
zation for Standardisation "EOS" 63/10
(2006).

Statistical analysis

Statistical analysis utilized GraphPad Prism
software; results are shown as mean + SD val-
ues. Inter-group comparisons employed one-
way ANOVA, with significance set at P <
0.05. All assays were run in tripli-
cate (Peacock and Peacock, 2020).
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Results

The results present in table (1) demonstrated
the antimicrobial activity of L. plantarum at
varying concentrations (5 logl0 to 8 logl0
CFU/mL) against S. aureus (inoculum 6 logl0
CFU/mL) and E. coli (inoculum 4 log10 CFU/
mL) via disc diffusion assay. The data reveals
a clear dose-dependent antibacterial effect. For
S. aureus, inhibition zones increase progres-
sively from 5 mm at 5 loglOCFU/mL to 26
mm at 8 loglOCFU/mL, indicating stronger
activity at higher probiotic densities. While E.
coli shows no detectable inhibition (ND) at 5
loglOCFU/mL but escalates to 23 mm at 8
log10CFU/mL.

The results established in table (2) & figure
(1) showed the sensory attributes (color, odor,
texture and overall acceptability) of sausage
stored at 4°C in which their declined rapidly in
control (-ve) and pathogen-inoculated groups
over 15 days, while the groups treated with L.
plantarum preserved quality longer. Where all
untreated samples become spoiled and unac-
ceptable on 6" day of storage, the treated
groups sustained scores above 5 until day 15,
confirming bioprotective benefits of L. planta-
rum in extended shelf-life and consumer ap-
peal.

By examining the effect of L. plantarum with
concentration 8 loglOCFU/mL against the in-
oculated pathogenic strains S. aureus
(inoculum 6 logl0 CFU/gm) and E. coli
(inoculum 4 logl0 CFU/gm) in the examined
sausage results in table (3) showed the pro-
gressive increase in the count of both strains
over the control group within the storage peri-
od where S. aureus increased from (log 6.52 in
day zero to log 8.23 in the day 15™) and E. coli
increased from (log 4.41 in day zero to log
5.91 in the day 15™). While the groups treated
with L. plantarum exhibit marked reduction in
the bacterial counts as S. aureus decreased
from (log 6.5 in day zero to log 2.07 in the day
15™) and for E. coli counts reduced from (log
4.32 in the day zero to undetectable (ND) lev-
els by day 15), with reduction percent reached
by day 15 to 74.85% in S. aureus treated group
and 100% in E. coli treated group highlighting
potent inhibition against these pathogens this
cleared in figure (2&3).

The results in table (4) demonstrated that pH

values in control group and groups inoculated
with pathogenic bacteria were significantly
different (p < 0.05) with those treated with L.
plantarum. At zero day of storage, the pH val-
ues of all groups are similar at approximately
(5.59-5.69). Then, the pH values increased
reached to 6.21+ 0.06, 6.53+= 0.07 and 6.6+
0.04 in control, Staph aureus and E.coli inocu-
lated groups, respectively, while L. Plantarum
treated sausages showed a decrease in its val-
ues as reached to 4.52+ 0.06 and 4.58+ 0.04 in
Staph aureus and E.coli inoculated groups and
treated with L. plantarum. As time progressed,
the pH values of the two L. Plantarum treated
groups slightly fluctuated, but not significantly
(p > 0.05) and reached 5.41+0.03 and 5.38+
0.11 in Staph aureus and E.coli groups treated
with L. plantarum.

The results in table (5) obtained that TBARS
content at 6™ day of storage reached to 0.89+
0.06, 1.01£0.03 and 0.99+0.04 in control,
Staph aureus and E.coli inoculated groups, re-
spectively, but lower TBARS content in L.
plantarum treated groups at the same day of
storage and reached to 0.46+ 0.03 and 0.37+
0.02 in Staph aureus and E.coli treated groups,
respectively. While, results in table (6) cleared
that TVBN values at 6™ day of storage reached
to 17.5+ 0.54, 21.03+ 0.54 and 20.7+ 0.53 in
control, Staph aureus and E.coli inoculated
groups, respectively. Contrasting the lower
TVBN content in groups supplemented with L.
plantarum where it recorded 11.32+ 0.33 and
11.2+ 0.22 for Staph aureus and E.coli, respec-
tively. Evaluation of physico-chemical proper-
ties extended to 6 days of storage in groups
inoculated with pathogenic bacteria. Converse-
ly, L. plantarum-treated groups underwent as-
sessment for 15 days at 4°C refrigerated stor-
age, terminating upon spoilage detection on the
15™ day where the TBARS content reached to
0.80+ 0.07 and 0.77+ 0.05 and TVBN content
reached to 18.4+ 0.46 and 17.8+ 0.51 in Staph
aureus and E.coli groups treated with L.
plantarum.

Discussion

Meat products are primarily populated by spe-
cific spoilage organisms that drive deteriora-
tion and so the explore for an alternative way
to preserve them and elevate their profitability
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increased gradually. The incorporation of safe
probiotic is the most preferable method in or-
der to enhance their possible health impacts
(Cavalheiro et al., 2015). People around the
world are becoming more conscious of the link
between health and nutrition. The need for bio-
logical goods is going to expand rapidly over
the coming years as consumers start using the
terms probiotics and prebiotics (Cosme et al.,
2022).

The results tabulated in table (1) robust the
antimicrobial  effect of L.  plantarum
in inhibiting both S. aureus and E. coli by us-
ing disc diffusion assay. The data revealed a
clear dose-dependent antibacterial effect. For
S. aureus, inhibition zones increase progres-
sively from 5 mm at 5 logl0 CFU/mL to 26
mm at 8 logl0 CFU/mL, indicating stronger
activity at higher probiotic densities. While E.
coli shows no detectable inhibition (ND) at 5
logl0 CFU/mL but escalates to 23 mm at 8
logl0 CFU/mL, suggesting a higher threshold
for efficacy against the Gram-positive patho-
gen than Gram-negative ones. Such results
came in line with the findings mentioned by
Elsabagh et al. (2021), who reported that the
concentration § logl0 CFU/ml had the widest
inhibitory zone against S. aureus and E. coli.
The sensory evaluation detected in table (2) &
figure (1) confirmed the role of L. plantarum
in extending shelf-life and enhancing consum-
er appeal through pathogen inhibition and anti-
oxidant effects. This came in the agreement
with the results mentioned by Slima ez al.
(2017) who assessed the improved quality and
safety of beef sausages kept at 4°C for ten days
using L. plantarum. And in harmony with
Elsabagh et al. (2021) who revealed that L.
plantarum enhanced the sensory attributes,
physic-chemical and shelf life of fermented
chicken sausage. Furthermore, the study by
Telmoudi er al. (2025) showed that the sau-
sage samples treated with the prospective pro-
biotic strain L. plantarum CT28 showed supe-
rior sensory scores compared to the control.
Probiotic strains could be employed as biopro-
tective inoculants to increase the shelf life of
sausage samples. In addition, Yingying et al.
(2022) noted that L. plantarum had a confident
influence on the aroma, color and texture at-
tributes of the sausages. This is elucidating
how LABs have the ability to transform the

meat industry by meeting technology require-
ments and public health issues in a sustainable
and natural manner through continuous multi-
disciplinary research that looks at customer
perception, functionality and safety
(Sivamaruthi et al., 2025).

Based on the results tabulated in table (3), the
addition of L. plantarum at 8 logl0 CFU/mL
effectively inhibited inoculated pathogenic
strains (S. aureus at 6 logl0 CFU/mL and E.
coli at 4 logl0 CFU/mL) in fresh sausage
stored at 4°C. Declining bacterial counts might
arise from Lactobacillus consuming carbohy-
drates for growth, while transforming proteins
and carbohydrates into acids and alcohols
(Yang et al., 2020), converting pH to be acidic
that affect directly inoculated bacteria or as a
result of secretion of various metabolites by L.
plantarum as fatty acids, organic acids, bacteri-
ocins and exopolysaccharides which have anti-
bacterial effects (Oleksy and Klewicka,
2018). This agrees with the results of Yadav
and Pipaliya (2017) and Elsabagh et al.
(2021), who demonstrate the potent antibacte-
rial activity of L. plantarum incorporated in the
fermented chicken sausage. The effect of L.
plantarum was more potent against E. coli than
S. aureus this is mainly approved with the re-
sults of Cavalheiro ef al. (2019), who declared
the effective dimension of the Enterobacteri-
aceae counts in chorizo sausages after incorpo-
ration of L. plantarum. This mainly exploits
the unique outer membrane structure of these
pathogens, that making inhibition more pro-
nounced against Gram-negative bacteria than
against Gram-positive ones (Ahmed and Ab-
dullah, 2025). Probiotics' enzymatic activity
can be a helpful tool for rapidly replicating the
unique flavor of meat products. The sensory
quality of a product may be enhanced by using
carefully selected probiotic bacteria with lipo-
lytic and/or proteolytic activity, which can
generate strong aroma molecules (Rouhi et al.,
2013).

Because probiotics have the ability to quickly
and effectively produce organic acid, determin-
ing the pH is a critical parameter that affects
both product stability and meat quality. It also
has a significant effect on the color, lipid oxi-
dation and sensory quality of meat products
(Holck et al., 2017).

According to table (4), all of the samples have
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identical pH values at zero days of storage,
which range from 5.59 to 5.69. Following this,
the sausages supplemented with L. plantarum
had lower pH values, whereas the groups not
treated with L. plantarum had higher pH val-
ues. L. plantarum decreases the pH levels in
sausage because lactic acid bacteria multiply
and create lactic acid through glycometabolism
(Karabacak and Bozkurt, 2008 and Slima et
al., 2017). This acidification is a straightfor-
ward method of assessing a starter's perfor-
mance. Organic acids are produced during fer-
mentation, lowering pH and inhibiting the
growth of microorganisms (Mataragas et al.,
2015). Additionally, it enhances the flavor by
enhancing the sense of aroma (Bonomo et al.,
2009). As fibrillar proteins to coagulate it need
a lower pH and the end product is more united,
firmer and easier to slice, also rapid and ade-
quate organic acid generation that lowers pH
improve quality of sausage and inhibit patho-
gens and spoilage bacteria (Agiiero et al.,
2020). However, after nine days, the pH may
have increased as a result of either a drop in L.
Plantarum or an increase in the proteolytic ac-
tivity of microorganisms, which produced free
peptides and amino acids that buffer organic
acids (Essid & Hassouna, 2013 and Chen et
al., 2017). Our results correspond with earlier
research that found sausages treated with L.
plantarum had lower pH levels
(Jatupornpipat and Keatikumjorn , 2007;
Ba et al., 2016; Dominguez et al., 2016; Lo-
renzo et al., 2016; Elsabagh et al., 2021;
Huiting et al., 2024; Telmoudi et al., 2025).
Thiobarbituric Acid Reactive Substances
(TBARS), a common marker of rancidity in
meat products, provide significant information
on lipid oxidation (Tornuk et al., 2015). Lipid
oxidation poses health risks and causes quality
deterioration (Grun et al., 2006).

Results in table (5) cleared that TBA increased
over prolonged storage at 4 °C gradually with
significant difference (p < 0.05) between
groups treated with L. plantarum and other
groups not treated with L. plantarum due to the
effect of oxidative action on fatty acids. These
results were agree with those reported by Sun
et al. (2016), who found that the samples treat-
ed with starter cultures had lower TBARS val-
ues than non-inoculated group. The L. planta-
rum had a significant antioxidant effect in cam-

el sausages (Ayyash et al., 2019) and in chick-
en sausages (Elsabagh et al., 2021; Yadav
and Pipaliya, 2017).

TVBN content is formed up of ammonia, hy-
drogen sulfide and other compounds that are
produced when spoilage microorganisms or
endogenous enzymes break down proteins
(Huang et al., 2014). As a result, the TVBN is
typically utilized as an essential indicator of
the microbiological quality and shelf life of
meat-processed goods or the freshness of raw
meats. The outcomes might be caused by the
ability of organic acids (like lactic acid) or bac-
teriocin produced by the inoculated bacteria to
neutralize TVBN content (Yin et al., 2002).
Concerning TVB-N results in table (6) demon-
strated that TVB-N increased during storage at
4°C gradually, with a significant difference (p
< 0.05) between groups treated with L. planta-
rum and those inoculated with pathogenic bac-
teria due to bacterial or enzymatic actions on
protein degradation. With longer storage times,
TVB-N values increased in the pathogenic bac-
teria-inoculated groups but decreased in the L.
plantarum-treated groups because L. planta-
rum preserves lipid oxidation in sausage
(Slima et al., 2017). Nearly results also ob-
tained by Elsabagh et al. (2021) and Huiting
et al. (2024) who recorded that in sausage
treated with L. plantarum, levels of lipid and
protein oxidation were markedly reduced, sig-
nifying pronounced antioxidant activity exert-
ed by LABs.

All pathogenic bacteria-inoculated groups'
physico-chemical characteristics, such as pH,
TBARS, and TVB-N, were evaluated until the
sixth day of storage; however, groups treated
with L. plantarum were assessed until the fif-
teenth day of refrigerated storage (4°C). Our
results demonstrated that L. plantarum treated
samples not only survive till 15 days but also
continued to have extraordinary good physico-
chemical properties.

Conclusion

The incorporation of L. plantarum emerged as
a promising "clean label" bio-protectant, reduc-
ing reliance on synthetic preservatives in re-
spond to increasing interest from consumers
for beef products that are natural and healthy.
This study demonstrates its potent antimicrobi-
al activity against S. aureus and E. coli in fresh
raw beef sausage, evidenced by dose-
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15 days of storage at 4°C. Consequently, L.
plantarum not only extended shelf life and in-
hibited spoilage but also enhanced sensory at-
tributes.

dependent inhibition zones, significant patho-
gen count reductions and sustained physico-
chemical stability including pH decline and
lower TBARS and TVB-N levels throughout

Table (1). Antimicrobial evaluation of L. plantarum using the disc diffusion method against S. aureus and E.

coli
Foodborne patho- Concentration of L. plantarum
gen 51og10 CFU/ ml 6 log 10 CFU/ ml 7 log 10 CFU/ ml 8 log 10 CFU/ ml
S. aureus 5+0.13mm 9+ 0.13mm 15+ 0.21mm 26+0.12mm
E. coli ND 8+ 0.21mm 12+0.3mm 23+0.21mm
Table (2). Effect of L. plantarum on sensory attributes of fresh beef sausage stored at refrigerator tempera-
ture 4°C.
Storage period
Fresh sausage Zero day | 3" day | 6" day [ 9"day | 12™day | 15" day
groups
Color
Control (-ve) 9.3+ 0.22 6.5+ 0.14% 4.2+ 0.06° R R R
C";t“’l (+ve) 9.1= 0.24 5.8£0.19 3.1+ 0.08" R R R
aureus
S.aureus + LP 9.4+ 0.22 8.2+ 0.13° 7.184+ 0.33°¢ 6.7+ 0.34% 5.7+ 0.23% 5.09+0.21°
Control (tve) [ g5, (34 5.9+ 026" 3.6£0.17° R R R
E. coli
E. coli + LP 9.4+ 0.21 8.3+ 0.22° 7.3+ 0.03°¢ 6.8+ 0.13% 5.9+ 0.26* 5.11+£0.15%
Odor
Control (-ve) 9.5+ 0.32 5.5+ 0.24% 3.8+ 0.22% R R R
C";‘"" (ve) [ 951025 5.2+0.19* 3.0+0.22° R R R
aureus
S.aureus + LP 9.6+ 0.14 8.5+ 0.22° 7.1+ 0.13°¢ 6.7£0.14% 5.9+ 0. 16° 5.2+0.11%
Control (tve) | g3, (93 5.3+ 0.25° 3.5+ 0.15% R R R
E. coli
E. coli + LP 9.6+ 0.21 8.6+ 0.18° 7.2+ 0.33°¢ 6.8+ 0.28* 5.9+ 0.24% 5.4+ 0.16%
Texture
Control (-ve) 9.3+ 0.21 5.9+ 0.08° 3.9+0.1° R R R
Control (4ve) 1 91024 | 4.720.17" 3.4+ 025 R R R
aureus
S.aureus + LP 9.4+ 0.22 8.2+ 0.24° 7.5£0.27° 6.51+£0.16° 5.66+ 0.29° 5.02+ 0.23%
Control (V) 1 912037 | 4.9+022" 3.6+ 0,04 R R R
E. coli + LP 9.4+ 0.13 8.2+ 0.23°¢ 7.60.41° 6.49+0.18° 5.71£0.27° 5.07+£0.22°
Overall acceptability
Control (-ve) %30 5.97+0.15° | 3.96+0.13° R R R
Control (+ve) 913+ 52+0.18° | 3.23+0.18" R R R
S.aureus 0.24
S.aureus + LP 9.5+ 0.19 8.3+ 0.19° 7.26+ 0.24° 6.6+ 0.21° 5.7£0.23* 5.1£0.18*
Control (V) 1 95:0.31 | 5.4+024" 3.63% 0.12° R R R
E. coli +LP 9.5+ 0.18 8.4+ 0.21° 7.5+ 0.26° 6. 69+ 0.19% 5.8+£0.25% 5.19£0.18°

Data are presented as (Mean = S.D). S.D: Standard Deviation, R: Rejected depending on sensory evaluation. The mean
values in the same column that have differ superscripts (small letters) differ significantly at p value < 0.05. LP: L.
plantarum.
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Figure (1, A). Effect of L. plantarum on color of
fresh beef sausage stored at refrigerator temperature
40 C
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Figure (1, C). Effect of L. plantarum on texture of
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40C
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Figure (1, B). Effect of L. plantarum on odor of
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Figure (1). Effect of L. plantarum on sensory attributes of fresh beef sausage stored at refrigerator temperature 4° C (A,

B, C and D).
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Figure (2). Reduction % of S. aureus (logl0 CFU/gm) at fresh beef sausage treated by L. plantarum stored at 4°C com-
pared with control (+ve) at the same day of storage.
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Figure (3). Reduction % of E. coli (logl0 CFU/gm) at fresh beef sausage treated by L. plantarum stored at refrigerator
temperature 4° C compared with control (+ve) at the same day of storage.
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Table (4). Effect of L. plantarum on the pH of laboratory manufactured fresh beef sausage stored at refrigera-
tor temperature 4°C.

Storage period
Fresh sausage groups

Zero day 3rd day 6th day 9th day 12th day 15th day

Control (-ve) 5.62+0.04 5.96+ 0.05 6.2140.06° R R R

Control (+ve) b

S aureus 5.63+0.12 6.41+£0.12 6.53£0.07" R R R
S.aureus + LP 5.61+0.04 471+ 0.05° | 4.52+0.06° 4.37+0.08" 4.81+0.15° 5.41+0.03*

Contol (1¥e) 5.69+ 0.03 6.37+0.06" |  6.6£0.04° R R R

. coli

E. coli+LP 5.59+0.13 4.61+0.05° | 4.58+0.04° 4.26+0.12° 4.62+0.07* 5.38+0.11°

Data are presented as (Mean = S.D). S.D: Standard Deviation, R: Rejected depending on sensory evaluation. The mean

values in the same column that have differ superscripts (small letters) differ significantly at p value < 0.05. LP: L.
plantarum.

Table (5). Effect of L. plantarum on the TBARS of laboratory manufactured fresh beef sausage stored at re-
frigerator temperature 4°C.

Storage period
Fresh sausage

groups
Zero day 3rd day 6th day 9th day 12th day 15th day
Control (-ve) 0.04+0.001 | 0.59+0.02° | 0.89+ 0. 06" R R R
C";t"" (tve) 0.05£0.003 | 092+008 | 1.01%0.03" R R R
aureus

S.aureus + LP 0.04+ 0.002 0.25+ 0.02° 0.46+ 0.03° 0.54+0.04" [ 0.67+0.06" [ 0.80+0.07°

Control ¥e) 1 0.04£0.001 |  0.89+0.05° | 0.99+0.04" R R R

E. coli +LP 0.03£ 0. 001 0.23+ 0.002°¢ 0.37+0.02° 0.49+0.08" | 0.61+0.14* | 0.77+0.05%

Data are presented as (Mean = S.D). S.D: Standard Deviation, R: Rejected depending on sensory evaluation. The mean

values in the same column that have differ superscripts (small letters) differ significantly at p value < 0.05. LP: L.
plantarum.
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Table (6). Effect of L. plantarum on the TVB-N of laboratory manufactured fresh beef sausage stored at re-

frigerator temperature 4°C.

Storage period
Fresh sausage
groups
Zero day 3rd day 6th day 9th day 12th day 15th day
Control (-ve) 4.92+0.24 10.91+0.31% 17.54+ 0.54° R R R
Control (ve) | 5.08+0.18 | 16.05£051° | 21.03+0.54° R R R
.aureus
S.aureus + LP 4,96+ 0.26 7.55+0.24° 11.32+0.33¢ 1491+ 0.42% | 16.32+0.23% 18.4+ 0.46°
Control (tve) 514015 | 15.932041° | 20.7+0.53° R R R
E. coli
E. coli + LP 4.93+0.28 6.93+0.23°¢ 11.2+0.22° 14.7+ 0.34% 15.9+ 0.34° 17.8+£0.51°

Data are presented as (Mean + S.D). S.D: Standard Deviation, R: Rejected depending on sensory evaluation. The mean
values in the same column that have differ superscripts (small letters) differ significantly at p value < 0.05. LP: L.

plantarum.
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