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Abstract

This novel study was carried out to evaluate the effect of Moringa oleifera leaf extract and leaf powder on the
shelf life and safety of fresh oriental sausage. Therefore, 30 fresh oriental sausage samples were made and
divided into 3 portions (10 samples of each), one as a control, while the other two portions were prepared with
1% of M. oleifera leaf ethanolic extract and 2.5% M. oleifera leaf powder. The prepared samples were then
stuffed in a natural casing collected from sheep and kept at 4°C to be analyzed for chemical parameters (pH,
TVN, and TBA) and bacteriological evaluation (psychrotrophic and Enterobacteriaceae) at the 1%, 3%, 6™, 9t
and 12" days of storage at 4°C. The addition of different concentrations of M. oleifera significantly (p < 0.05)
decreased the chemical parameters and bacterial indices. This study concluded that the addition of 2.5% M.
oleifera leaf powder to the fresh oriental sausage has a significant impact on its chemical and bacterial quality,
which leads to prolonging the shelf life of the fresh oriental sausage until the 9" day of chilling storage at 4°C.
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INTRODUCTION

Egyptian oriental sausage is a popular meat product due to
its simplicity of manufacturing and reasonable cost. It has a high
nutritional value due to the presence of meat in its composition
as a source of protein; it contains meat product enhancer addi-
tives and a variety of spices (Elsayed and Abdelrahman, 2021).
Oriental sausage may become contaminated by various species
of bacteria; their quantity is influenced by the quality of the raw
material, additives, casing, and hygienic conditions during pro-
duction and handling. At cold temperatures, a number of spoil-
age microorganisms can grow and reproduce, which could even-
tually result in sausage spoilage (Muschiolik, 1991). The shelf life
of meat products is the recommended maximum duration for
which they can be stored while maintaining the specified quality
under expected or stipulated distribution, storage, and display
conditions. Microbial growth, color change, and lipid oxidation
are factors that affect shelf life and, as a result, customer accep-
tance (Gyeszly, 1991; Zhao et al,, 1994). Due to the nutritional,
medical, and industrial benefits of Moringa oleifera leafs “Miracle
tree”, it has become increasingly important in recent years due
to the presence of high quantities of protein, vitamins, minerals,
tocopherols, carotenoids, polyphenols, alkaloids, and flavonoids.
Its leaves have recently been recognized as a natural plant sup-
plement for extending the shelf life of food products. It has the
potential to be employed as a new plant food material in the
future to replace artificial additives and improve food safety. The
main effects of adding Moringa oleifera leafs are to improve food
shelf life due to their antioxidative activity, which prevents the
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growth of pathogenic and spoilage microorganisms (Siddhuraju
and Becker, 2003; Lako et al.,, 2007; Yang et al., 2023). Therefore,
this is a novel study that was carried out to evaluate the effect
of Moringa oleifera leaf extract and leaf powder on the shelf life
and safety of oriental sausage in the 1%, 3%, 6, 9% and 12t days
at 4+1°C through the following items: Evaluation of the effect of
different concentrations of the prepared extracts on chemical pa-
rameters (pH, TBA, and TVN) and their effect on Psychrotrophic
and Enterobacteriaceae counts.

MATERIALS AND METHODS
Preparation of the plant extract

Fresh Moringa oleifera leaves were collected and washed with
distilled water, then dried at room temperature. The dried leaves
were ground by an electrical grinder, sieved through a fine mesh,
and kept in polyethylene bags at 4°C. The fine M. oleifera leaf
powder (MOLP) was divided into two portions; the first portion
was incorporated into the oriental sausage, and the second por-
tion was used for preparing an ethanolic extract according to the
method of Vongsak et al. (2013).

Oriental sausage preparation for the experimental design

Oriental sausage was prepared according to the method de-
scribed by Zaika et al. (1978) and in accordance with Egyptian
standard specifications (EOS, 1972/2005), where it was formulat-
ed with 60% lean meat and 30% fat, 16-18 g of table salt, and a
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1% spice mixture. Meat and fat tissues were cut into small por-
tions and ground to particles of about rice size (2x4 mm), and
then the ingredients were blended to prepare the sausage mix-
ture. A total of 30 sausage samples were made; the first portion
was used as a control (n = 10), while the other portions were
mixed with the prepared concentrations of 1% M. oleifera leaf
ethanolic extract (MOLE) (n = 10) and 2.5% M. oleifera leaf pow-
der (n = 10). The prepared oriental sausage samples were then
stuffed in natural casing collected from sheep and kept at 4°C to
be analyzed for chemical and bacteriological evaluation in the 1<,
3, 6, 9t and 12t days of storage at 4+1°C.

Chemical evaluation: All chemical analysis was carried out ac-
cording to the methods recommended by AOAC (2005).
Determination of pH: It was determined by homogenizing 10 g
of the prepared sample with 90 ml of distilled water at 25°C and
the pH was measuring with a digital pH meter (model 220 Denver
instrument) calibrated at pH buffers (4.00 - 7.00 - 10.00).
Determination of TVN: Ten grams of the prepared sample were
added to a heated flask containing 300 ml distilled water plus
2 g magnesium oxide and an antifoaming agent. In the receiv-
ing flask, 25 ml of boric acid (2%), and a few drops of methyl
red indicator were added. The two flasks (heating and receiving)
were connected to the evaporator, and the water bath was man-
aged. After 25 minutes, distillation was stopped. The content of
the receiving flask was transferred to another flask and titrated
to the end point by the very weak acid 0.1 (H,SO,). The percent-
age of the total volatile nitrogen was determined as follows: TVN
(mg/100 g of prepared sample) = (volume (ml) of H,SO, used for
titration of the distilled - volume (ml) of H,SO4 used in control
sample)x14.

Determination of TBA: 10 g of the prepared sample was mixed
with 50 ml of distillated water in a flask, and then 47.5 ml of dis-
tillated water and 2.5 ml of hydrochloric acid (4 N) were added
to bring the pH to 1.5, with a few glass beads were added. The
flask was heated to collect 50 ml of distillate for 10 minutes from
the time boiling commences. 5 ml of distillate were collected into
tubes with a stopper, and 5 ml of TBA reagent (0.2883 g of 2-
Thiobarbituric acid /100 ml of 90 percent glacial acetic acid) was
added to them , then tubes were closed with stopper, shaked and
then heated in boiling water for 35 min. After that, the tubes were
cooled in water for 10 min and the absorbance was measured
against the blank containing 5 ml distilled water and 5 ml TBA
reagent at wavelength 538 nm using 1 cm cells in spectropho-
tometer (Specord 250, Germany). TBA number= Power of light
absorption x7.8 (results expressed as mg malondialdehyde per
kg of prepared sample).

Bacteriological evaluation

Ten grams of oriental sausage samples homogenate with 225
buffered peptone 1% and serial decimal dilutions were prepared
(APHA, 2002).

Determination of Psychrotrophic count (APHA, 2002)

One ml of each serial dilution was separately inoculated into
duplicate plates of tempered standard plate count agar (44—
46°C) and added to each inoculated plate, then thoroughly and
uniformly mixed until solidification, and then incubated at 7°C
for 10 days. The log,, of the total colony count /g was calculated.

Determination of Enterobacteriaceae count (ISO21528-2, 2004)

1 ml of each previously prepared serial dilution was inoculat-
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ed into sterile duplicate Petri dishes. About 12 to 15 ml of sterile
tempered molten violet red bile glucose agar medium (VRBG)
cooled at 50°C were poured into each inoculated Petri dish, then
thoroughly and uniformly mixed the inoculums and left to so-
lidify. After complete solidification, the inoculated Petri dish was
incubated aerobically at 37+1°C for 2442 h. The suspected pur-
plish-red colonies (sometimes surrounded by a reddish zone of
precipitated bile) were considered typical colonies. The count-
able colonies in the selected duplicate plates of the same dilution
were enumerated to obtain the total Enterobacteriaceae count
per gram.

Statistical analysis

The statistical analysis was performed using (SPSS, 2007). The
data were analyzed for significant differences between control
and treated samples. Data were subjected to a one-way ANOVA
followed by Duncan’s multiple comparisons test. Differences in
means between control and treatment were carried out by using
Duncan’s multiple range (DMRTs) test at the 0.05 level, whereas
any significant differences (P < 0.05).

RESULTS
Effect of 1% MOLE and 2.5% MOLP on pH values

pH values (mean+S.E) of control oriental sausage samples
in the 1%, 3, 6%, 9% and 12 days at 4+1°C were 5.480+0.0054,
5.671+0.0057; 6.271+0.0059, 6.571+0.0057 and 7.471+0.0057,
respectively, while pH values of samples treated with 1% MOLE
were 5.320+0.0059; 5.548+0.0055; 6.148+0.0051, 6.448+0.0055
and 7.348+0.0055, respectively. pH values (mean+S.E) of sam-
ples treated with 2.5% MOLP were 5.260+0.0053, 5.523+0.0053,
6.123+0.0056, 6.423+0.0053 and 7.323+0.0051, respectively (Ta-
ble 1).

Table 1. Statistical analytical results of the effect of addition of M. oleifera™*
concentrations on pH values in oriental sausage samples during storage periods.

Storage M. oleifera Statistical Analysis
Days/4°C  Concentration Min. Max. Mean=S.E.
Control 5.47 5.49 5.480°+0.0054
1 MOLE (1%) 5.31 5.33 5.320*+0.0059
MOLP (2.5%) 5.25 527 5.260°£0.0053
Control 5.66 5.68 5.671+0.0057
3rd MOLE (1%) 5.54 5.56 5.548+0.0055
MOLP (2.5%) 5.52 5.53 5.523£0.0053
Control 6.26 6.28 6.271%£0.0059
6" MOLE (1%) 6.14 6.16 6.148"+0.0051
MOLP (2.5%) 6.12 6.13 6.123+0.0056
Control 6.56 6.58 6.571*£0.0057
9t MOLE (1%) 6.44 6.46 6.448+0.0055
MOLP (2.5%) 6.42 6.43 6.423°+£0.0053
Control 7.46 7.48 7.471 *£0.0057
12t MOLE (1%) 7.34 7.36 7.348 *+£0.0055
MOLP 2.5%) 7.32 7.33 7.323+0.0051

Mean values in the same column that are not followed by the same letter are significantly
different (p< 0.05). **MOLE 1%: Moringa oleifera Leaf Extract. **MOLP 2.5%: Moringa
oleifera Leaf Powder.

Effect of 1% MOLE and 2.5% MOLP on Thiobarbituric acid

TBA (mg-MDA/kg) values (meantS.E) of control orien-
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tal sausage samples in the 1, 39, 6 9% and 12* days at
4+10C were 0.0964+0.0048, 0.4564+0.0049, 0.8164+0.0052,
1.1764+0.0054 and 2.3546+0.0055, respectively. While TBA
values (meanzS.E) of samples treated with 1% MOLE were
0.0951+0.0046, 0.3951+0.0048, 0.6951+0.0049, 0.9951+0.0051,
and 1.6180+0.0046, respectively. TBA values (mean+S.E.) of treat-
ed samples with 2.5% MOLP were 0.0874+0.0041; 0.2885+0.0045;
0.4885+0.0047, 0.7885+0.0048, and 1.1023+0.0032, respectively
(Table 2).

Table 2. Statistical analytical results of the effect of addition of M. oleifera**
concentrations on TBA (mg-MDA/kg) values in oriental sausage samples during
storage periods.

Storage M. oleifera Statistical Analysis
Days /4°C  Concentration Min. Max. Mean+S.E.
Control 0.10 0.10 0.0964°+0.0048
I MOLE (1%) 0.09 0.10 0.0951£0.0046
MOLP (2.5%) 0.08 0.09 0.0874 >0.0041
Control 0.46 0.46 0.4564+£0.0049
3t MOLE (1%) 0.39 0.40 0.3951°+0.0048
MOLP (2.5%) 0.29 0.29 0.2885°+£0.0045
Control 0.82 0.82 0.8164°+0.0052
6" MOLE (1%) 0.69 0.70 0.6951°+£0.0049
MOLP (2.5%) 0.49 0.49 0.4885°+0.0047
Control 1.18 1.18 1.1764+£0.0054
9 MOLE (1%) 0.99 0.10 0.9000°+0.0051
MOLP (2.5%) 0.79 0.79 0.7885°+£0.0048
Control 2.35 2.36 2.3546 *£0.0055
12t MOLE (1%) 1.62 1.62 1.6180 °+£0.0046

MOLP (2.5%) 1.10 1.10 1.1023 °+0.0032
*TBA Level not more than (0.9 mg malondialdehyde/ kg) (EOS, 1972/2005)

Effect of 1% MOLE and 2.5% MOLP on Total Volatile Nitrogen

TVN (mg/100 g) values (meanzS.E) of control oriental sau-
sage samples in the 1 3, 6, 9t and 12 days at 4+10C were
9.20+0.00589, 13.01+0.0059, 16.50+0.00598, 20.20+0.00595 and,
34.00£0.5912 respectively. While TVN values (meanzS.E) of sam-
ples treated with 1% MOLE were 8.60+0.00585, 11.30+0.0058,
13.40+£0.00596, 15.50+£0.00593 and 24.00+0.5970, respectively.
TVN values (meanzS.E) of samples treated with 2.5% MOLP were
7.60+0.00581, 10.20+0.00587, 11.00+0.00591, 12.30+0.0059 and
20.00+£0.5932, respectively (Table 3).

Effect of 1% MOLE and 2.5% MOLP on Total Psychrotrophic count

The mean values+SE of TPC in control oriental sausage sam-
ples in the 1%, 3, 6%, 9* and 12t days at 4+10C were 3.66+0.011,
5.43+0.019, 6.08+0.042, 6.26+0.075, and 7.28+0.027 (log,, CFU/q)
, respectively, while, these counts in samples treated with 1%
MOLE were 3.32+0.024, 5.07+0.046, 5.80+0.080, 5.95+0.028, and
7.17£0.034 (log,, CFU/g), respectively. In addition, these counts
in samples treated with 2.5% MOLP were 2.26+0.139, 3.90+0.159,
4.96+0.139, 5.65+0.090, and 6.99+0.051 (log,, CFU/g), respec-
tively (Table 4).

Effect of 1% MOLE and 2.5% MOLP on Total Enterobacteriaceae
count

The mean value+SE of TEC in control oriental sausage sam-
ples in the 1%, 3, 6%, 9t and 12t days at 4+10C were 2.89+0.064,

Table 3. Statistical analytical results of the effect of addition of M. oleifera**
concentrations on *TVN (mg / 100 gm) values in oriental sausage samples
during storage periods.

Storage M. oleifera Statistical Analysis
Days/4°C  Concentration Min. Max. Mean+S.E.
Control 9.19 9.21 9.20+0.00589
It MOLE (1%) 8.59 8.61 8.60°+0.00585
MOLP (2.5%) 7.59 7.61 7.60°+£0.00581
Control 12.99 13.03 13.01%+0.0059
3r MOLE (1%) 11.29 11.31 11.30°+0.0058
MOLP (2.5%) 10.19 10.21 10.20+0.00587
Control 16.49 16.51 16.50+0.00598
6 MOLE (1%) 13.39 13.41 13.40°+0.00596
MOLP (2.5%) 10.99 11.01 11.00°+0.00591
Control 20.19 20.21 20.20%+£0.00595
9t MOLE (1%) 15.49 15.51 15.50°+£0.00593
MOLP (2.5%) 12.29 12.31 12.30°+0.0059
Control 33 35 34.00°+£0.5912
12t MOLE (1%) 23 25 24.00°+0.5970
MOLP (2.5%) 19 21 20.00°£0.5932

*TVN Level not more than (20 mg/100 g) (EOS, 1972/2005)

Table 4. Statistical analytical results of the effect of addition of M. oleifera**
concentrations on logl0 Psychrotrophic count in oriental sausage samples
during storage periods.

Storage M. oleifera Statistical Analysis
Days /4°C  Concentration Min. Max. Mean=S.E.
Control 3.64 3.68 3.66°£0.011
It MOLE (1%) 3.28 3.36 3.32%40.024
MOLP (2.5%) 2 2.48 2.26°40.139
Control 5.4 5.46 5.4340.019
3rd MOLE (1%) 4.98 5.13 5.07°+0.046
MOLP (2.5%) 3.6 4.15 3.90°+0.159
Control 6 6.15 6.08 %+0.042
6 MOLE (1%) 5.65 5.93 5.80%+0.080
MOLP (2.5%) 4.7 5.18 4.96°+0.139
Control 6.11 6.36 6.26°+0.075
9t MOLE (1%) 5.9 6 5.95%4+0.028
MOLP (2.5%) 5.48 5.78 5.65°£0.090
Control 7.23 7.32 7.28 ++0.027
12t MOLE (1%) 7.11 7.23 7.17°+0.034
MOLP (2.5%) 6.9 7.08 6.99°+0.051

3.39+£0.051, 4.00£0.025, 4.56+0.139, and 5.96+0.005 (log,,
CFU/qg), respectively, while, these counts in samples treated with
1% MOLE were 2.26+0.139, 2.95+0.057, 3.39+0.206, 3.76+0.087,
and 4.95+0.056 (log,, CFU/q), respectively. In addition, these
counts in samples treated with 2.5% MOLP were 2.67+0.107,
3.14£0.036, 3.69+0.051, 4.00£0.046, and 5.36+0.0219 (log,,
CFU/q), respectively (Table 5).

DISCUSSION

Sausage has high levels of moisture, nitrogenous substances,
minerals, growth factors, fermentable carbohydrates (glycogen),
and a favorable pH, which creates an ideal environment for the
growth of food-borne diseases and common meat-spoiling bac-
teria (Aymerich et al., 2008). Meat products such as sausage may
become contaminated with pathogens as a result of poor hy-
giene standards in meat processing operations, posing a major
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Table 5. Statistical analytical results of the effect of addition of M. oleifera**
concentrations on logl0 Total Enterobacteriaceae count in oriental sausage
samples during storage periods.

Storage M. oleifera Statistical Analysis
Days/4°C  concentration Min. Max. Mean+S.E.
Control 2.78 3 2.89 *£0.064
1 MOLE (1%) 2 248 2.26°+0.139
MOLP (2.5%) 2.48 2.85 2.67+0.107
Control 33 3.48 3.39%+0.051
3r MOLE (1%) 2.85 3.04 2.95£0.057
MOLP (2.5%) 3.08 32 3.14°+0.036
Control 3.95 4.04 4.00°+0.025
6 MOLE (1%) 3 3.7 3.39°+0.206
MOLP (2.5%) 3.6 3.78 3.69%+0.051
Control 43 4.78 4.56°+0.139
9 MOLE (1%) 3.6 3.9 3.76°+0.087
MOLP (2.5%) 3.95 4.11 4.00°+0.046
Control 5.95 597 5.96*+0.005
12t MOLE (1%) 4.85 5.04 4.95°£0.056
MOLP (2.5%) 5.32 5.4 5.36°+0.0219

risk to human health (Yang et al.,, 2012).

Meat pH has a significant role in determining its freshness,
flavor, and general quality. The pH value is utilized as an indica-
tor of the keeping quality of products. Whereas the pH level can
have a significant impact on the growth of microorganisms and
the product’s shelf life (Hathout and Aly, 2010).

Treated oriental sausage samples with 1% MOLE and 2.5%
MOLP significantly (p < 0.05) decreased the pH when compared
with control samples throughout the storage period these results
were compatible with research studies on other meat products
(Jayawardana et al., 2015; Elhadi et al,, 2017; Ezzat et al., 2020;
Nisar et al., 2020; Mashau et al., 2021).

It was noticed that the control samples spoiled on the 9th
day of refrigeration storage, while the pH value of the treated
samples remained within the permissible limit 5.6 - 6.4 accord-
ing to ICMSF (1988) until the 9th day of chilling at 4+1°C. This
may be attributable to the antibacterial components included in
MOLE and MOLP having an inhibitory impact, which inhibited the
growth and spread of spoilage microorganisms that utilized basic
nitrogen molecules.

The TBA value is regarded as a chemical indicator of product
deterioration and spoilage through the detection of lipid hydrop-
eroxide, which is produced by the oxidation of unsaturated fatty
acids (Nawar, 1996).

Treated oriental sausage samples with 1% MOLE and 2.5%
MOLP significantly (p < 0.05) decreased the TBA when compared
with control samples until the end of storage period. Nearly sim-
ilar results in other meat products were attained (Jayawardana et
al., 2015; Falowo et al,, 2017; El-Rahman et al,, 2019; Ezzat et al.,
2020; Hamada et al,, 2021; Mashau et al,, 2021). This may be be-
cause M. oleifera concentrations prolong the shelf life of oriental
sausage by retarding rancidity through their antioxidant activity
or by acting as bacteriostatic and bactericidal agents.

Also, the treated oriental sausage samples remained with-
in the permissible limit according to EOS (1972/2005) (0.9 mg
malondialdehyde/kg) until the 9th day of chilling storage be-
cause the leaves of Moringa are great sources of natural anti-
oxidants and safe bioactive substances like phenols. Phenols are
crucial in decreasing fat oxidation, which extends the shelf life of
widely consumed sausage.

Total volatile nitrogen (TVN), also known as organic amines,
accumulates as a result of the breakdown of proteins and other
nitrogen (N)-containing compounds as a result of spoiling mech-
anisms. These toxic substances alter the color and flavor of meat
products significantly, which lowers their acceptability. Meat's
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TVB-N level rises while it is stored, and frequently, its pattern of
accumulation parallels that of other biomarkers of decomposi-
tion such as microbial count and changes in sensory acceptability
(Bekhit et al., 2021).

Treated oriental sausage samples with 1% MOLE and 2.5%
MOLP significantly (p < 0.05) decreased the TVN when compared
with control samples until the end of storage period. These re-
sults were compatible with Ezzat et al. (2020); Nisar et al. (2020)
and Hamada et al. (2021).

The treated oriental sausage samples remained within the
permissible limit according to EOS (1972/2005) (20mg/100g) un-
til the 9th day of chilling storage because M. oleifera is an ideal
candidate for preventing proteolysis through its protease inhib-
itor.

The treated oriental sausage samples with 1% MOLE and
2.5% MOLP significantly (p < 0.05) decreased the Total Psychro-
trophic count (log,, CFU/g) when compared with control samples
until the end of storage period. These results were nearly in other
meat products similar to Jayawardana et al. (2015); Elhadi et al.
(2017); Mashau et al. (2021) and Abdallah et al. (2023). It was
obvious from the results that the Psychrotrophic count of control
samples was higher than the corresponding counts of treated
samples; this may be caused by the antibacterial effect of Mor-
inga leaves due to the presence of a short peptide 4 ('-L-rham-
nosyloxy) benzyl-isothiocyanate in moringa leafs that impedes
microorganism growth by disrupting cell membrane synthesis or
key enzymes.

Treated oriental sausage samples with 1% MOLE and 2.5%
MOLP significantly (p < 0.05) decreased the Enterobacteriaceae
count (log,, CFU/g) when compared with control samples at the
end of the storage period. Nearly similar results in other meat
products were attained by El-Moez et al. (2014) and Abdallah et
al. (2023). It appeared from previous results that Total Enterobac-
teriaceae counts in control samples were higher than those in
treated samples with 1% MOLE and 2.5% MOLP. This result could
be explained by the high content of phenolic compounds in Mo-
ringa leafs, which lead to breakdown of the cell wall, rupturing
of the cytoplasmic membrane, leakage of cellular components,
alteration of fatty acid and phospholipid contents, interference
with the formation of nucleic acids, and destruction of protein
translocation, thus inhibiting Enterobacteriaceae growth.

CONCLUSION

This study concluded that the addition of 2.5% M. oleifera
leaf powder to fresh oriental sausage has a significant impact on
its chemical and bacterial quality. They demonstrate strong anti-
microbial activity, which significantly (p < 0.05) lowers the num-
bers of the tested Psychrotrophic and Enterobacteriaceae count
and improves the chemical quality which leads to prolonging the
shelf-life of the fresh raw oriental sausage until the 9th day of
chilling storage.
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