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Effects of selected oils as natural preservatives on chemical Quality 
and shelf life of beef kofta

Introduction

Kofta is a family of meatball which consists of minced or ground 
meat, usually beef, mixed with spices or onion. However it can be ex-
posed to several ways of contamination through improper preparation, 
bad handling and improper storage which constitute the most direct and 
harmful source of microbiological contamination (Hassan et al., 2015).

Addition of antioxidant-rich ingredients to meat products is intensely 
used to increase their shelf life, maintain positive sensory characteriza-
tion, and inhibit the damage caused by lipid oxidation (Homayounpour 
et al., 2021; Ribeiro et al., 2019).

Chemicals formed from lipid oxidation play a key role in the produc-
tion of the characteristic aromas associated with meat products, which 
are highly valued by consumers; Lipid oxidation is a complicated process 
which occurs in three different manners, each of which involves a series 
of complex reactions: autoxidation, enzymatic-catalyzed oxidation, and 
photo-oxidation. Autoxidation, which is a continuous free radical chain 
reaction, is the predominant process-causing lipid oxidation in meat 
(Domínguez et al., 2019).

The synthetic antioxidants in meat and meat products cause toxic 
effects so, the idea of natural antioxidants has increased (Shah, 2014) and 
using of natural antioxidants in meat products preservation has attracted 
consumer’s attention for their safety and potential health benefits (Islam 
et al., 2017).

Application of the phytochemicals from plants as a natural preser-
vative in food products has become an important issue to replace the 
synthetic ingredients and produce healthier products (Singh et al., 2015).

Moringa oleifera (MO) is the most common species of Moringaceae 
family, it is frequently known as drumstick tree or horse radish tree. It 
possesses nutritional and medicinal importance with some valuable vita-

mins, minerals, and amino acids (Madane et al., 2019). Many studies on 
Moringa oleifera were carried out due to its multiple uses in production of 
foods, drugs and condiments (De Oliveira et al., 2018). 

One of the most important sources for essential oils is Moringa oleif-
era, which is a good source of antioxidants and has many uses, including 
a natural food supplement and preservative because of its great anti-
microbial, bioactive, antioxidant properties and has major potential use 
in functional food formulations that can promote health and nutritional 
benefits (Anwar et al., 2007; Ekpo et al., 2019; Fabiane et al., 2021).

Moringa oleifera can also be used to improve the nutritional value 
of meat products where it contains high concentrations of essential fatty 
acids, amino acids and fiber which found in meat in lower concentrations 
(Falowo et al., 2018). The essential unsaturated fatty acids of Moringa 
oleifera have the ability to control the blood cholesterol level and de-
crease the cardiovascular diseases (Robiansyah et al., 2014).

Laurus nobilis, commonly known as Laurel or Bay, is a plant belongs 
to the Lauraceae family that includes about 2500 species (Hamdan and 
Masoud, 2020) also used broadly to give a distinctive flavor and aroma to 
different foods (Fernández et al., 2019).

Laurus nobilis is an evergreen tree popular to mediterranean region, 
its essential oils are common as valuable spices and flavoring agents in 
food and food industry. Alpha-tocopherol is the main isomer in vegeta-
tive parts of laurel leaf, its leaves contain Flavonoids, Phenolic acids and 
Isoquinoline alkaloids (Hamdan and Masoud, 2020). Many studies have 
proved the prospective capacity of Laurel essential oil as antimicrobial 
agents in addition to their antioxidant properties (Rafiq et al., 2016). Lau-
rus nobilis biological activities are attributed to a broad range of phy-
tochemical, Vitamin E and Isoquinoline alkaloids so, it could be used as 
a powerful antimicrobial and antioxidant agent (Muñiz-Márquez et al., 
2013).
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Preservatives of natural sources have become a seemingly better and safer than artificial preservatives. Since 
these preservatives come from plants, they don’t have negative side effects like artificial preservatives. This 
study investigated the effects of Laurus nobilis, Moringa oleifera and Olive oils at different concentrations on the 
sensory attributes and chemical quality of beef Kofta at 4°C for 10 days cold storage period. Results revealed 
that samples treated with 1% Moringa, 0.5 % Moringa and 1% olive oils maintained the overall acceptability until 
10th days of cold storage while those treated with 1 % laurel, 0.5 % laurel and 0.5 % olive oils got spoiled at 10th 

day. On the other hand, control samples got spoiled at 8th day of cold storage. Samples treated with selected 
oils showed marked decrease in their chemical analysis pH, Thiobarbituric Acid (TBA) and Total Volatile Basic 
Nitrogen (TVB-N). These results indicating that these oils have potent antioxidant effects. Best antibacterial and 
antioxidant results were obtained in samples treated with 1% Moringa oleifera oil followed by those treated with 
1% olive oil then Laurel oil at 0.5% which showed the lowest results with accepted sensory properties. On the 
other hand, Laurel oil 1% is more effective as antibacterial and antioxidant and demonstrated more enhance-
ments of sensory attributes. So, the results suggested that Laurel oil 1%, Moringa oil 1% and Olive oil 1% can be 
applied to beef kofta as natural preservatives.
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Most of fatty acids in olive are monounsaturated, with a predom-
inance of oleic acid (65–85%) (Radzimierska-Ka´zmierczak et al., 2021).

Olive oil is an example of a vegetable oil extracted by olives (Olea 
europaea) that possesses antioxidant activities (Beriain et al., 2011). In 
Egypt, olive oil is one of the most popular products and considered as 
an important component of the Egyptian diet due to its high content of 
monounsaturated fatty acid (MUFA), more than ~ 65% oleic acid ( Cirim-
inna et al., 2016). Olive oil is a main component of the Mediterranean 
diet, is used in medicine, and is a source of lamp fuel. It now has alot of 
applications in the modern cosmetic sector and in nutrition (Nunes et al., 
2016). Polyphenols of olive oil may be associated with some properties, 
including anti-inflammatory, immunomodulatory, antitumor, hypoglyce-
mic, anti-atherogenic , and antiviral properties which are partially contrib-
ute to the antioxidant effect of these products (Rigacci and Stefani, 2016).

Olive leaves attributed to a broad range of polyphenols which have 
biological activities making them beneficial to human health and many 
studies indicate that polyphenols can reduce the risk of a number of 
pathologies, especially those related to aging and oxidative damage 
(cancer, cardiovascular, or neurodegenerative diseases) (Navarro and 
Morales, 2017). Therefore, the current study investigated the effects of 
selected oils on the chemical quality and shelf Life of beef kofta. 

Materials and methods

Samples collection

Fresh boneless beef meat accurately 1.5 kg at chuck area obtained 
from butcher shop on the day of preparation and was directly packed in 
sterile polyethylene bags. Primary ingredients used in this research were 
94% meat, 1.8% common salt, 1.2% onion powder, 1% (garlic powder, 
cumin, black pepper) that were purchased from local market in Benha 
city, Kalyobia governorate, Egypt, while the selected oils Laurus nobilis, 
Moringa oleifera and Olive oils at pure state were purchased from the 
National Research Center, Dokki, Cairo, Egypt. 

Experimental design of beef Kofta (Abustam et al., 2019)

Meat was cut into small pieces and then ground together with com-
mon salt using a food processor. Furthermore, flour, onion, garlic pow-
der, black pepper, and cumin were added then reground to obtain meat 
dough. The homogeneous dough was divided into two groups, the first 
group (200 g) was kept untreated (control), and the second group (treat-
ed group) was divided into 6 subgroups (200 g each) which were mixed 
with Laurus nobilis oil at concentrations of LUO 0.5% and LUO 1%, Mor-
inga oleifera oil at concentrations of MO 0.5% and MO 1%, and Olive oil 
at concentrations of OLO 0.5% and OLO 1%. Meat dough was formed 
into a round shape to get raw meat kofta. Kofta samples were packed in 
polyethylene bag, labeled, and stored at 4°C in triplicate for 10 days to be 
examined periodically every 2 days for sensory and chemical (pH, TBA & 
TVB-N) evaluation at the Animal Health Research Institute-Menofia She-
bin El-Kom branch where the experiment was conducted.

Sensory evaluation (Horwitz, 2020)

The samples were evaluated by staff members in the Animal Health 
Research Institute (Menofia, Shebin El-Kom branch). Each member had to 
assess levels of odour, colour, texture (toughness or juiciness), and ap-
pearance at days 0, 2, 4, 6, 8 and 10 of cold storage. Representative sam-
ples were coded with random numbers and the judges were not informed 
about the experimental approach, samples of the different treatments 
were presented in covered small porcelain dishes to each member in a 
separate area where distracters, noises, and odors were minimized to give 
a score indicating the overall acceptance of each sample (colour, odour, 
texture and appearance).  A nine-point descriptive scale (9 = Excellent, 

8 = Very good, 7 = Very good, 6 = Good, 5 = Medium, S = spoiled) was 
used for the evaluation of the overall acceptability.

Chemical examination

Determination of pH value (Parvin et al., 2020)

 Three grams of sample was homogenized for 30 sec in 27 ml of puri-
fied water. At room temperature, the slurry was set for 5 min. 

Determination of Thiobarbituric acid (TBA “nmol/g”) (Fan et al., 2019) 

Lipid oxidation of raw kofta was assessed by thiobarbituric acid (TBA) 
assay as 5 g of sample and 15-ml TCA containing 0.1 % EDTA were mixed 
for 30 sec before filtering. Three ml TBA were mixed with 3-ml of the 
filtrate and heated in closed tubes for 40 min in a boiling water bath. The 
absorbance of the cooled mixture was measured by UV Spectrophotom-
eter (Unico-UV2000, USA) set at a wavelength of 532 nm.

Estimation of total volatile basic nitrogen (TVBN)”mg” % (ES 63/10, 2006)

Accurately, 10 g of sample were minced in a stomacher for 1-2 min-
utes until homogenization. Then in a distillation flask 2 grams of magne-
sium oxide and 300 ml distilled water were added to the minced sample. 
Distillation was carried out  and 100 ml distillate were received within 30 
min. in a beaker containing 25 ml of  2% boric acid, then titration against 
H2SO4 0.1M until faint pink color.
TVN mg/100g = R× 14
Where R refers to H2SO4 volume that exhausted in titration.

Statistical analyses 

One way ANOVA using Dunnett’s multiple comparisons test with in-
dividual variances  (p < 0.05 ) computed for each comparison  (mean 
value±SD). 

Results

Sensory Evaluation and Overall Acceptance

 Results of overall acceptance of beef kofta samples stored at 4°C re-
vealed that the control samples were completely spoiled after the 6th day 
of cold storage. Addition of 1% LUO maintained the whole acceptability 
of sensory parameters until the 8th day, 1% MOO and 1% OLO maintained 
the acceptability until the 10th day of cold storage (Table 1).

Chemical Examination of beef meat samples 

There are significant differences in pH mean values between vari-
ous treated and untreated samples during cold storage at 4°C. The re-
corded results indicated decreasing pH values at two concentrations (0.5 
and 1%) of treated kofta than control samples during different periods 
of storage. Also, by increasing oils concentrations leads to more lower-
ing in pH values than values of lower concentrations (Table 2). The mean 
values of TBA of control and treated samples at the two concentrations 
showed decreasing in TBA values than control sample especially at the 
6th, 8th and 10th days of storage period and high concentrations of Laurel, 
Moringa and Olive oils showed decreasing in the TBA values than lower 
concentrations (Table 3), while the mean values of TVB-N  estimating the 
degree of meat deterioration during the storage period (10 days) at 4ºC 
as the highest rate of TVB-N values was recorded in control samples and 
the treatments with 1% Moringa, Olive and Laurel oils, respectively, were 
more effective in delaying the rate of TVB-N increase during the subse-
quent cold storage. 
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Discussion

Natural preservatives have emerged as alternatives to synthetic pre-
servatives (Marrone et al., 2021). Natural preservatives have potential 
antioxidant activity and reducing negative health effects, however meat 
and meat products containing synthetic additives are a major concern for 
human health (Yong et al., 2021). Hence the use of natural preservatives 
rather than synthetic became essential to researchers and meat manu-
facturers.

The sensory parameters as odor, color, appearance and texture are 
the first and primary factors for consumer acceptance and marketabili-
ty of meat products, in this research, the sensory evaluation of different 
treated beef kofta samples during cold storage (4°C) was improved and 
extended shelf-life by using Laurus nobilis, Moringa oleifera and Olive oils 
compared to the untreated (control) samples at the 0, 2nd, 4th, 6th, 8th and 
10th days of cold storage period. 

The obtained results in Table 1, showed that the best sensory quality 
was achieved in beef kofta samples that were treated with 1% Moringa 
oleifera oil, followed by those treated with 1% Olive oil as compared to 
control samples, also it was shown from the present study that addition 
of 1% Laurel oil to beef kofta samples caused good improvement in the 

overall acceptance compared to control and the higher concentration 
of Laurel oil (1%)  gave better sensory quality than lower concentration 
(0.5%) and in general the higher concentrations of used oils gave better 
sensory quality than the lower concentrations.  

Also, the obtained results in Table 1, showed that the addition of Lau-
rel oil at concentration of 1 % improved sensory parameters of beef kofta 
and these results are similar to those obtained by Tometri et al. (2020), 
according to their results, Laurel leaf extract can be used to improve the 
sensory parameters of meat without causing undesirable odor. 1% MO 
could extend the shelf life of meat without causing any objectionable 
odor or changes in the sensory quality. These results are the same re-
sults obtained by Rahman et al. (2020). On the other hand, addition of 
1% OLO to beef kofta samples caused good improvement in the overall 
acceptance of them compared to control one, this may be due to the 
delay of bacterial growth and these results came in agreement with those 
recorded by Aminzare et al. (2019). 

As reported in Table 2, Laurus nobilis, Moringa oleifera and Olive oils 
oils usage at concentrations of 0.5 and 1% showed decreasing in pH val-
ues than control samples, also increasing the concentration of oils (1%) 
was more effective than low concentration (0.5%) in decreasing pH val-
ues. It was proved that the addition of 1% LUO to beef kofta samples led 
to a significant reduction in pH value compared to control one because 
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Storage days Control 0.5% LUO 1% LUO 0.5% OLO 1%OLO 0.5%MO 1% MO

Zero day 9 9 9 9 9 9 9

2nd day 6.5 7.5 8 7.5 8 7.5 8.5

4th day 5.5 6 7 7.2 7.5 7.3 7.5

6th day 5 5.5 6 6.3 7 6.5 7

8th day S 5 5.5 5.5 6.4 6 6.5

10th day S S S S 5 5 5.5

Table 1. Sensory evaluation of untreated and treated beef Kofta samples during cold storage at 4°C.

LUO: Laurus nobilis oil; OLO: Olive oil; MO: Moringa oleifera.  Score system: 9: Excellent; 8: Very very good; 7: Very good; 6: Good; 5: Medium; S: spoiled. 

Storage days Control 0.5% LUO 1% LUO 0.5% OL O 1% OLO 0.5% MO 1% MO 

Zero day 5.63±0.02a 5.62±0.02a 5.59±0.01a 5.56±0.02a 5.55±0.04a 5.53±0.02a 5.52±0.03a

2nd day 6.12±0.03 a 5.82±0.02b 5.76±0.02b 5.71±0.02b 5.67±0.03 c 5.64±0.03c 5.61±0.01d

4th day 6.62±0.02a 6.23±0.05 b 6.12±0.03c 6.16±0.02b 6.06±0.02d 6.03±0.01d 5.92±0.02 e

6th day 6.79±0.01a 6.31±0.03b 6.22±0.02c 6.27±0.03b 6.22±0.02c 6.17±0.03c 6.07±0.02d

8th day S 6.55±0.07a 6.37±0.03b 6.42±0.03a 6.32±0.03b 6.32±0.03b 6.21±0.01c

10th day S S S S 6.41±0.01a 6.43±0.02b 6.31±0.01c

Table 2. Mean pH values of untreated and treated beef Kofta samples during cold storage at 4°C (Mean±SE).

Storage days Control 0.5% LUO  1% LU O 0.5% OLO 1% OLO 0.5% MO 1% MO

Zero 0.22±0.01a 0.21±0.01a 0.21±0.02a 0.2±0.02a 0.2±0.04a 0.21±0.02a  0.20±0.03a

2nd 0.72±0.03 a 0.42±0.03b 0.33±0.01c 0.38±0.01b 0.30±0.03 c 0.31±0.03c 0.28±0.01d

4th 0.88±0.02a 0.64±0.01 b 0.56±0.02c 0.59±0.02b 0.52±0.02c 0.53±0.02c 0.33±0.02d

6th 1.01±0.03a 0.83±0.02b 0.76±0.01c 0.79±0.01c 0.68±0.02d 0.70±0.02d 0.45±0.02e

8th  S 0.87±0.02a 0.85±0.02b 0.86±0.02b 0.75±0.03c 0.78±0.02c 0.66±0.01d

10th  S S S S 0.86±0.01a 0.87±0.01a 0.82±0.01b

Table 3. TBA values of untreated and treated beef Kofta samples during cold storage period at 4°C (Mean±SE).

LUO: Laurus nobilis oil; OLO: Olive oil; MO: Moringa oleifera; S: Spoiled. Different small superscripted letter is significantly different at p < 0.05

Storage days Control 0.5%LUO 1% LU O 0.5% OLO 1% OLO 0.5% MO 1% MO 

Zero day 7.6±0.5a 7.3±0.4a 7.2±0.2a 7.3±0.6a 7.1±0.5a 7.2±0.5a  7±0.03a

2nd day 12.3±1.2 a 10.4±0.5b 9.1±0.7c 9.3±0.3c 8.5±0.3d 8.6±0.6d 8.1±0.01d

4th day 18±0.9a 14.3±0.7 b 12.2±0.5c 13.1±0.4c 11.8±0.4d 11.9±0.5d 9.5±0.02e

6th day 20±0.03a 16.1±0.5b 14.3±0.8c 15.4±0.6c 13.2±0.5d 12.5±0.4d 11.2±0.02e

8th day S 18.6±1.1a 17.2±0.6b 17.4±0.7b 15.3±0.3c 16.9±0.4c 15.1±0.01c

10th day S S S S 19.1±0.5a 19.2±0.5a 17.5±0.01b

Table 4.TVB-N values of untreated and treated beef Kofta samples during cold storage period at 4°C (Mean±SE).

LUO: Laurus nobilis oil; OLO: Olive oil; MO: Moringa oleifera; S: Spoiled. Different small superscripted letter is significantly different at p < 0.05

LUO: Laurus nobilis oil; OLO: Olive oil; MO: Moringa oleifera; S: Spoiled. Different small superscripted letter is significantly different at p < 0.05



oil addition could extend sample shelf-life for its polyphenols content 
especially Alpha-Tocopherol, same results were recorded by Youssef et al. 
(2021) who mentioned that pH values decrease over the storage time for 
treated samples with Laurel leaf extract compared to control samples. As 
well as, the obtained results in Table 2 showed that 1% MO demonstrated 
the highest significant (P<0.05) lowering effect on pH values than those 
of control samples, this may be due to an activation effect of this oil as 
antioxidant and these results agreed with Ezzat et al. (2020) who reported 
reduction in pH values of the sausages processed by M. oleifera leaves 
and seeds extracts in comparison with the control. Also, marked reduc-
tion in pH value in beef kofta samples treated with 1% Olive oil indicat-
ing that it is a powerful source of polyphenols has antioxidant properties 
capable of increasing beef kofta shelf-life similar to results obtained by 
Saleh et al. (2020).

TBA (mg malonaldehyde equ/Kg) values is used as an indicator of 
lipid oxidation in meat during storage and when TBA values reach 0.9 the 
rancid flavor is initially detected in meat (ES, 2006). It was monitored by 
measuring TBA nmol/g, results are shown in Table 3, the treated Samples 
had lower TBA values than control sample during cold storage period 
also by increasing concentration of oils (1%), it was more effective than 
low concentration (0.5%) in decreasing TBA values. Lower TBA values 
were recorded in samples treated with 1% LUO indicating that this oil has 
antioxidant activity due to its polyphenolic content particularly Phenolics 
and flavonoids, these results agreed with the results of Akcan et al. (2017), 
who added that addition of 1% MO oil to beef kofta samples led to a sig-
nificant reduction in TBA value compared to control one and these results 
were similar to that obtained by Ibrahim et al. (2017). On the other hand, 
addition of 1% OLO to beef kofta samples led to a significant reduction 
in TBA value compared to control one and these results were similar to 
that obtained by Rubel et al. (2021) who conveyed that Olive leaf extract 
can be used for meat preservation due to its antioxidant effects thanks to 
its phenolic content.

TVBN is an indicator of meat product quality, estimation of it showed 
marked decreasing in the treated samples than control sample during 
storage period. Also, increasing the concentration of oils (1%) was more 
effective than low concentration (0.5%) in decreasing TVBN values (Table 
4). Addition of 1% LUO to beef kofta samples led to a significant reduc-
tion in TVBN value compared to control one and these similar to that 
recorded by Youssef et al. (2021) who mentioned that TVBN values de-
crease over the storage time for treated samples with Laurel leaf extract 
compared to control samples. As well as samples treated with 1% MO to 
beef kofta samples led to a significant reduction in TVBN value compared 
to control one and came in the same line with those recorded by Elhadi et 
al. (2017). Also, according to the results in Table 4, adding 1% Olive oil to 
beef kofta samples led to a significant reduction in TVBN value compared 
to control one and this agrees with Saleh et al. (2020).

Conclusion

The results of this study indicated that 1% Laurel, 1% Moringa and 
1% Olive oils maintain the sensory attributes of beef kofta samples during 
storage at chilling temperature, contain rich sources of safe bioactive and 
natural antioxidants compounds such as phenols. Phenols play an im-
portant role in reducing fat oxidation, inhibiting protein degradation, sig-
nificant decrease in pH, TVN and TBA, increasing fat stability, values and 
the shelf-life of beef kofta, which are a highly consumed product. So, it is 
suggested that addition of these oils (1% Laurel, 1% Moringa and 1% Ol-
ive oils) to meat and its products as natural preservatives could improve 
their quality and serve consumer needs as alternative to synthetic ones.

Conflict of interest

The authors declare that they have no conflict of interest.

References

Abustam, E., Said, M., Yusuf, M., 2019. Organoleptic characteristics of Bali beef meatballs based 
on collagen concentration in UKKMB and time of maturation. Iop Conf. Ser. Earth Env. Sci. 
255, 012005.

Akcan, T., Estévez, M., Serdaroğlu, M., 2017. Antioxidant protection of cooked meatballs during 
frozen storage by whey protein edible films with phytochemicals from Laurus nobilis L. and 
Salvia officinalis. LWT 77, 323-331.

Anwar, F.S., Ashraf, L.M., Gilani, A.H., 2007. Moringa oleifera: A Food Plant with Multi-Purpose Uses. 
Phytother. Res. 21, 17-25.

Aminzare, M., Hashemi, M., Ansarian, E., Bimkar, M., Azar, H., Mehrasbi, M. R., Daneshamooz, S., 
Raeisi, M., Jannat, B., Afshari, A., 2019. Using natural antioxidants in meat and meat products 
as preservatives: a review. Advances in Animal and Veterinary Sciences 7, 417-426.

Beriain, M.J., Gómez, I., Petri, E., Insausti, K., Sarriés, M.V., 2011. The effects of olive oil emulsified 
alginate on the physicochemical, sensory, microbial, and fatty acid profiles of low-salt, inu-
lin-enriched sausages. Meat Sci. 88, 189–197. 

Ciriminna, R., Meneguzzo, F., Fidalgo, A., Ilharco, L.M., Pagliaro, M., 2016. Extraction, benefits and 
valorization of olive polyphenols. European Journal of Lipid Science and Technology 118, 
503–511.

De Oliveira, A.M., Da Silva Férnandes, M., De Abreu Filho, B.A., Gomes, R.G. Bergamasco, R., 2018. 
Inhibition and removal of staphylococcal biofilms using Moringa oleifera Lam. aqueous and 

saline extracts. Journal of Environmental Chemical Engineering 6, 2011-2016.
Domínguez, R., Purriños, L., Pérez-Santaescolástica, C., Pateiro, M., Barba, F.J., Tomasevic, I., Cam-

pagnol, P.C.B., Lorenzo, J.M., 2019. Characterization of Volatile Compounds of Dry-Cured 
Meat Products Using HS-SPME-GC/MS Technique. Food Anal. Methods 12, 1263–1284.

Ekpo, J.S, Udoma, N.U., Sam, I.M., Eyoh, G.D., 2019. Impact of Moringa oleifera Seed extract (MSE) 
on bacterial load and sensory evaluation of raw milk. Int. J. Vet. Sci. Anim. Husband. 4, 45-49.

Elhadi, D.A., Elgasim, E.A., Mohamed- Ahmed, I.A., 2017. Microbial and oxidation characteristics 
of refrigerated chicken patty incorporated with moringa (Moringa oleifera) leaf powder. Cy-
TA-Journal of Food 15, 234-240.

ES (Egyptian Standards 63/10), 2006. Egyptian Organization for Standardization and quality con-
trol. Egyptian Standards for meat products treated with heat.

Ezzat, G.A., Mohamed, M.A., Emara, M.M.T., Yassien, N.A., Mansour, N.K.M., 2020. Effect of Moringa 
oleifera aqueous extracts on the physicochemical characteristics, microbiological quality and 
biogenic amines of semi-dry fermented sausage. International Journal of Veterinary Science 
9, 285-290.

Fabiane, H., Maria- Rosa, T.Z., Paula, G.M., 2021. Moringa oleifera potential as a functional food 
and a natural food additive: a biochemical approach. Health Sciences. An. Acad. Bras. Ciênc. 
93, 2021. 

Falowo, A.B., Mukumboa, F.E., Idamokoroa, C.E.M., Lorenzob, J.M., Afolayanc, A.J., Muchenjea, 
V., 2018. Multi-functional application of Moringa oleifera Lam. in nutrition and animal food 
products: A review. Food Research International 106, 334-318.

Fan, X., Liu, S., Li, H., He, J., Feng, J., Zhang, X., Yan, H., 2019. Effects of Portulaca oleracea L. extract 
on lipid oxidation and color of pork meat during refrigerated storage. Meat Science 147, 
82–90. 

Fernández, N.J., Damiani, N., Podaza, E.A., Martucci, J.F., Fasce, D.,Quiroz, F., Meretta, P.E., Quin-
tana, S., Eguaras, M.J., Gende, L.B., 2019. Laurus nobilis L. Extracts against Paenibacillus larvae: 
Antimicrobial activity, antioxidant capacity, hygienic behavior and colony strength. Saudi 
journal of biological Sciences 26, 906-912.

Hamdan, M. S., Masoud, W. M., 2020.The antibacterial activity of Laurus nobilis leaf extract and 
its potential use as a preservative for fresh lamb meat. African Journal of Microbiology Re-
search, 14, 617-624.

Hassan, M.A., Amin, R.A., El-Salhy, M.S., 2015. Bacteriological and Chemical Evaluation of Meat 
Meals in Some Egyptian Hotels. Benha Veterinary Medical Journal 29, 80-91. 

Homayounpour, P., Sani, M.A., Shariatifar, N., 2021. Application of nanoencapsulated Allium sa-
tivum L. essential oil to increase the shelf life of hamburger at refrigerated temperature with 
analysis of microbial and physical properties. Journal of Food Processing and Preservation 
45, e15907. 

Horwitz, W., 2020. Pearson’s Chemical Analysis of Foods, 8th Edition. Journal of Association of 
Official Analytical Chemists 65, 1037-1037.

Ibrahim, M.A., El-Faham, S., Salama, M.F., Mahmoud, K.F., 2017. Effect of Moringa oleifera leaves 
powder as antioxidant on quality of meat-rice Kofta during frozen storage Curr. Sci. Int. 06 
821–829.

Islam, R.U., Khan, M.A., Islam, S.U., 2017. Plant derivatives as promising materials for process-
ing and packaging of meat-based products–focus on antioxidant and antimicrobial effects.  
Journal of Food Processing and Preservation 41, e12862.

Jayawardana, B.C., Liyanage, R., Lalantha, N., Iddamalgoda, S., Weththasinghe, P., 2015. Antioxi-
dant and antimicrobial activity of drumstick (Moringa oleifera) leaves in herbal chicken sau-
sages. LWT-Food Science and Technology 64, 1204-1208.

Madane, P., Das, A. K., Pateiro, M., Nanda, P. K., Bandyopadhyay, S., Jagtap, P., Barba, F. J., 
Shewalkar, A., Maity, B., Lorenzo, J.M., 2019. Drumstick (Moringa oleifera) flower as an antiox-
idant dietary fibre in chicken meat nuggets. Foods, 8, 307. 

Marrone, R., Smaldone, G., Ambrosio, R.L., Festa, R., Ceruso, M., Chianese, A., 2021. Anastasio A. 
Effect of beetroot (Beta vulgaris) extract on black angus burgers shelf life. Ital. J. Food Saf. 
10, 9031. 

Muñiz-Márquez, D.B., Martínez-Ávila, G.C., Wong-Paz, J.E., Belmares-Cerda, R., Rodríguez-Herrera, 
R., Aguilar, C.N., 2013. Ultrasound-assisted extraction of phenolic compounds from Laurus 
nobilis L. and their antioxidant activity. Ultrasonics sonochemistry 20, 1149-1154.

Navarro, M., Morales, F.J., 2017. Evaluation of an olive leaf extract as a natural source of antiglyca-
tive compounds. Food Res. Int. 92, 56–63. 

Nunes, M.A., Pimentel, F.B., Costa, A.S., Alves, R.C. Oliveira, M.B.P., 2016. Olive by-products for 
functional and food applications: Challenging opportunities to face environmental con-
straints. Innov. Food Sci. Emerg. Technol. 35, 139–148.

Parvin, R., Zahid, M.A., Seo, J.K., Park, J., Ko, J., Yang, H.S., 2020. Influence of reheating methods 
and frozen storage on physicochemical characteristics and warmed-over flavor of nutmeg 
extract-enriched precooked beef meatballs. Antioxidants 9, 670. 

Radzimierska-Ka´zmierczak, M., Smigielski, K., Sikora, M., Nowak, A., Plucinska, A., Kunicka-Sty-
czynska, A., Czarnecka-Chrebelska, K.H., 2021. Olive oil with ozone modified properties and 
its application. Molecules 26, 3074.

Rafiq, R., Hayek, S.A., Anyanwu, U., Hardy, B.I., Giddings, V.L., Ibrahim, S.A., Tahergorabi, R., Kang, 
H.W., 2016. Antibacterial and Antioxidant Activities of Essential Oils from Artemisia herba-al-
ba Asso., Pelargonium capitatum× radens and Laurus nobilis L. Foods 5, 28.

Rahman, M., Alam, M., Monir, M., Rahman, S., 2020. Effect of Moringa oleifera leaf extract and syn-
thetic antioxidant on quality and shelf-life of goat meat nuggets at frozen storage. Effect of 
Moringa oleifera leaf extract and synthetic antioxidant on quality and shelf-life of goat meat 
nuggets at frozen storage. International Journal of Food Research 7, 34-45.

Ribeiro, J. S., Santos, M. J. M. C., Silva, L. K. R., Pereira, L. C. L., Santos, I. A., da Silva- Lannes, S. 
C., da- Silva, M. V., 2019. Natural antioxidants used in meat products: A brief review. Meat 
Science 148, 181–188. 

Rigacci, S., Stefani, M., 2016. Nutraceutical Properties of Olive Oil Polyphenols. An Itinerary from 
Cultured Cells through Animal Models to Humans. Ijms 17, 843. 

Robiansyah, I., Hajar, A.S., Al-kordy, M.A., Ramadan, A., 2014. Current status of economically im-
portant plant Moringa peregrina (Forrsk) fiori in Saudi Arabia: a review. International Journal 
of Theoretical and Applied Sciences 6, 79-86.‏

Rubel, S.A., Yu, Z.N., Murshed, H.M., Islam, S.A., Sultana, D., Rahman, S.M.E., Wang, J., 2021. Addi-
tion of olive (Olea europaea) leaf extract as a source of natural antioxidant in mutton meat-
ball stored at refrigeration temperature. J. Food Sci. Technol. 58, 4002-4010.

Saleh, E., Morshdy, A. E., El-Manakhly, E., Al-Rashed, S. F., Hetta, H., Jeandet, P., Yahia, R., El-Saber 
Batiha, G., Ali, E., 2020. Effects of olive leaf extracts as natural preservative on retailed poultry 
meat quality. Foods 9, 1017.

Singh, T.P., Singh, P., Kumar, P., 2015. Drumstick (Moringa oleifera) as a food additive in livestock 
products. Nutrition and Food Science 45, 423-432.

Shah, M.A., Bosco, S.J.D., Mir, S.A., 2014. Plant extracts as natural antioxidants in meat and meat 
products. Meat Science 98, 21-33.

Tometri, S.S., Ahmady, M., Ariaii, P., Soltani, M.S., 2020. Extraction and encapsulation of Laurus 
nobilis leaf extract with nano-liposome and its effect on oxidative, microbial, bacterial and 
sensory properties of minced beef. Journal of Food Measurement and Characterization 14, 
3333-3344.

Yong, H.I., Kim, T.K., Choi, H.D., Jang, H.W., Jung, S., Choi, Y.S., 2021. Clean label meat technology: 
Pre-converted nitrite as a natural curing. Food Sci. Anim. Resour. 41, 173–184.

Youssef, A. Essraa., Saad, M. Saad., Hassan, M.A., Ibrahim, M. Hemmat., 2021. Assessment of The 
Effects of Selected Plant Extracts on Quality Indices and Shelf Life of Raw Chilled Chicken 
Meat. M.V.Sc. Thesis (Meat Hygiene), Fac. Vet. Med., Benha Univ., Egypt.

R. Sabry et al. /Journal of Advanced Veterinary Research (2024) Volume 14, Issue 3, 501-504

504


