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Introduction

Meat is an essential food because it is tasty, easy to 
be digested and contain high percentage of good 

quality protein, relatively high lipid content for energy. The 
muscle tissue in general is an excellent source of vitamins 
B complex. Meat products are considered as rich source 
of animal derived protein, essential and none essential 
fatty acids, vitamins and minerals. It considered a favorite 
food as it’s easy to buy, fast to cook so it’s the first choice 
for many people to eat. Additionally unique aroma and 
flavour of meat make them highly attractive, especially 
for children (Al-Dughaym, 2010). Mould contamination 

of meat products indicated improper sanitary and 
hygienic conditions during handling, processing and 
storage. Adding of bad or inferior quality of flavoring 
agents may increase the load of contamination of such 
products with mould. Flavourings, such as spices, added 
in formulation of meat products can considerably increase 
the mould contamination of the meat products (Gourama 
and Bullerman, 1995). Enzymatic activities are natural 
processes in the meat after rigor mortis and increase due 
to temperature abuse (Tauro et al., 1986). Essential oils 
(EOs) generally recognized as safe (GRAS) produced 
by the secondary metabolism of herbal plants and spices 
had been used in human consumption as food additives 
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for flavorings, antioxidant and antimicrobial. Moreover, it 
inhibits lipid oxidation in food of animal origin (Zengin and 
Baysal, 2014). Clove is one of the most valuable spices that 
were used for centuries as a food preservative and for many 
medicinal purposes (Cortés-Rojas et al., 2014). Thyme is 
widely consumed worldwide as a flavouring agent in foods. 
Recently, thyme oil possesses sufficient antimicrobial and 
antioxidant activity in some foods to extend the shelf-life 
of meat products (Assiri et al., 2016). It is known that plant 
extracts reduce fungal growth, as it damage cell membrane 
and inhibit the synthesis of protein, lipids and nucleic acids 
(Bayan et al., 2014). Potassium sorbate is one of the most 
effective food preservatives in controlling mould growth 
and it was used as preservative in numerous processed food 
products owing to its system of double bonds (Ferrand et 
al., 2000). The sensory characteristics considered as a main 
topic judging purchasing decision of the food consumer 
(Calkins and Hodgen, 2007).

Hence, present study throws a light on the prevalence of 
mould in raw meat, fresh minced meat, luncheon, beef 
burger and sausage retailed for sale in many districts. The 
ability of the isolated mould genera to produce lipase 
and protease enzymes was also detected. In addition, the 
antifungal effect of clove, thyme, garlic, natural EOs and 
potassium sorbate in the contaminated minced meat and 
the enhancement of shelf life of these meats was evaluated.

Materials and methods

Samples collection 
Two hundred samples of raw meat, fresh minced meat, 
luncheon, beef burger and sausage (40 each) under 
different trade names were randomly collected from 
different supermarkets and butchers in Zagazig city, 
Sharkia Governorate, Egypt. Samples were kept in 
sterile polyethylene bags and preserved in an ice box 
then transferred to the laboratory under complete aseptic 
condition without delay to be examined mycologicaly as 
quickly as possible.

Preparation of samples
Twenty five grams of each sample were aseptically 
homogenized in 225 ml of 0.1% sterile buffered peptone 
water at 2500 rpm for 2 min using a sterile homogenizer 
(APHA, 2001). Such, homogenate represents the dilution 
of 10-1, and then decimal dilutions were done.

Determination of the total mould count 
The total mould count was determined by culturing 
duplicate plates on each of malt extract agar media (MEA) 
(Oxoid), and incubated at 25 °C for five to seven days 
(APHA, 2001). During the incubation time, the plates 
were examined evrey day for the star-shape mold growth. 

Mould colonies were picked up under aseptic conditions 
and subsequently subcultured on MEA slopes and kept for 
further examination. 

Identification of the isolated moulds 
The identification of the mould colonies was carried out by 
careful observation and measurements of the macroscopic 
and microscopic characteristics of colonies which were 
recorded on data sheets (Pitt and Hocking, 2009).

Macroscopical examination
 Observations were made for the consistency of the surface 
growth; the pattern of folding (rugae); the distinctness of 
the colony margin and for the presence of pigment either 
on the surface or the reverse of the colony or diffusing into 
the surrounding medium. Both the surface and back side 
of the colony were examined using a magnifying hand lens.

Microscopical examination 
Briefly, using mycological needles, the part of colony was 
distributed with few drops of lactophenol cotton blue 
stain, then covered with a clean cover slide.The slides were 
examined using low power and high power magnification 
lenses for examination of micromorphological 
characters,concerning the head, vesicle, sterigmata, 
conidiophore and conidia.

Evaluation of lipolytic and proteolytic activity 
of isolated moulds
Lipolytic activity
The mould lipolytic activity for Tween 80 was measured 
according to previously described method (Ullman and 
Blasins, 1974). Presence of opaque zone surrounding the 
colony due to calcium salt crystals formation of the oleic 
acid liberated by the mould enzyme within 7 days at 30 °C.

Proteolytic activity 
Proteolytic activity was tested on casein hydrolysis medium 
as described by (Paterson and Bridge, 1994). This medium 
contains skim milk that gives an opaque final medium. 
Hydrolysis of the casein, which may also be due to acid 
production, results in a clear zone surrounding the fungal 
colony at 30 °C for 7 days.

Sensory evaluation
It was carried out according to (Pearson and Tauber, 
1984). A 9 point hedonic scale (9= Excellent, 8= Very very 
good, 7= Very good, 6= Good, 5=Medium, 4=Fair, 3=Poor, 
2=Very poor, 1=Very very poor) was used for the evaluation 
of the overall acceptability.

Evaluation of clove, thyme and garlic EOs and 
potassium sorbate as antifungals in minced meat
The EOs of clove, thyme and garlic were obtained from 
National Research Center, Dokki, Giza. Potassium sorbate 
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was obtained from Al Gomhoria Company at Zagazig, 
Sharkia Governorate, Egypt.

Preparation of minced meat 
One thousand grams (1000g) fresh minced meat was 
purchased from the butcher’s shop, transferred to the 
laboratory in an ice box. Then, divided into 8 subgroups 
of equal amounts (125 g each) 1st subgroup as control, 
2nd ,3rd,4th,5th,6thand7th subgroups were further mixed 
with an appropriate volume of clove, thyme, garlic EOs 
concentrations (0.5 and1 % v/w), respectively and 8th 
subgroup was further mixed with an appropriate volume of 
0.3% potassium sorbate. All samples were stored at 4 °C. 
Sampling was carried out every 3 days until the end of the 
storage (9 days).

Statistical analysis
Mould counts were transferred into base-10 logarithms 
of CFU/g. Data was analyzed using one-way ANOVA 
procedure of SPSS v.23 (SPSS Inc., Chicago, Illinois, 
USA), after verifying normality using Shapiro-Wilk’s test. 
The Tukey’s multiple comparison tests was used to test for 
significant differences between mean values. Variation in 
the data was expressed as means ±SE, and the alpha level 
for determination of significance was set at 0.05.

Table 1: Mean values of total mould count (log 10 CFU/g) 
of the examined meat and meat product samples.
Samples (n= 
40 per each)

Positive samples Min. Max. Mean ±S.E
No. %

Meat 18 45 1.00 3.30 2.11± .15c

Minced meat 20 50 1.00 4.04 2.21± .20c

Luncheon 25 62.5 1.00 3.70 2.41 ± .14bc

Burger 32 80 2.00 3.70 2.69 ± .09ab

Sausage 33 82.5 2.00 4.30 2.85 ± .12a

a,b,c Different superscripts within each column indicate 
significant differences (P<0.05).

RESULTS

The results illustrated in Table 1 shows that the highest 
mould count was recorded in sausage samples (2.85± 
0.12 CFU/g) and the lowest count was obtained in raw 
meat samples (2.11±0.15 CFU/g). The data obtained 
from (Table 2) declared number and percentage of mould 
genera founded that 10 mould genera could be isolated 
and identified from the examined samples. The identified 
mould genera were; Aspergillus, Penicillium, cladosprium, 
sporotricum, Alternaria, Fusarium, Rhizopus, Mucor, 
Thamnidium, and Curvularia. The most predominant 
mould genera in examining samples were; Aspergillus, 
Penicillium and Cladosporium. However, Aspergillus species 
were the most prevalent species in beef burger, luncheon, 

fresh minced meat, raw meat and sausage samples in 49%, 
47.8% 46%, 42.9%, and 41.7% respectively. Penicillium 
species were recovered in 25.5%, 25%, 23.9%, 20.6% and 
19% from burger, sausage, luncheon, minced meat and 
meat samples, respectively. In addition, 6 Aspergillus species 
were identified from meat and meat product samples. The 
predominant isolated species of Aspergillus were A. niger 
50%, 45.5%, 44.4%, 41.4% and 33.3% from sausages, 
luncheon, meat, minced meat and beef burger respectively 
followed by A. flavus 34.5%, 31.8%, 29.6%, 26.7% and 
22.2% in minced meat, luncheon, beef burger, sausage and 
meat respectively. Only one isolate of A. fumigatus could 
be isolated from luncheon, A. parasiticus from sausage, 
luncheon, A.ochraceus from minced meat, meat and A. 
terreus from luncheon, beef burger, sausage (Table 3). The 
ability of mould isolates for protease and lipase enzymes 
production was assessed.The results declared that protease 
and lipase enzymes were detected among 262 of them, 
216 (82.4%) could produce protease, 233 (88.9%) produce 
lipase as shown in Table 4. Concerning organoleptic 
examination the experiment revealed that colour, odour 
and texture of the control sample changed at 3rd day. The 
sensory properties of treated minced beef samples chilled 
at 4ºC were highly acceptable under different treatments 
(Table 5). High scores from the panel of judges given to 
thyme1% treated minced beef samples while odour of 
clove 1% and garlic1% take fewer scores than thyme 1%. 
Although a panel of judges still gave high scores till 6th day 
and 9th day, but mean values of total A. flavus count in clove 
0.5%, thyme 0.5%, garlic 1%, garlic 0.5% and potassium 
sorbate 0.3% increased gradually but still lesser than 
control at 0 times. The results illustrated in Table 6 showed 
that samples treated by clove 1% and thyme 1% showed a 
decrease in mean values of total A. flavus through 3rd day 
and 6th day until 9th day not detected. Clove 0.5%, thyme 
0.5%, garlic 1%, garlic 0.5% and potassium sorbate 0.3% 
showed decreases in mean values of total A. flavus through 
the 3rd day in which the lowest count recorded, then started 
to increase gradually but still lower than a count of control 
in 0 day which explained that all treated sample enhanced 
than the control which have a higher count in 3rd day and 
give bad scores in organoleptics and decomposed in 6th  day.

Discussion

Mould contamination of meat and meat products may 
occur during slaughtering of the animals, transportation, 
or during processing of meat products by the use of 
contaminated equipments or contaminated additives and 
spices which considered the most important source of 
mould contamination in meat products ( Jay et al., 2005).

In the present study, as shown in Table 1 the results of 
the total mold count of luncheon samples nearly similar to 
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Table 2: Number and percentage of the identified mould genera from examined meat and meat product samples.
Mould genera Sausage Beef burger Luncheon Minced meat Raw meat Total

No % No % No % No % No % No %
Aspergillus 30 41.7 27 49 22 47.8 29 46 18 42.9 126 45.3
Penicillium 18 25 14 25.5 11 23.9 13 20.6 8 19 64 23
Cladosporium 7 9.7 4 7.3 3 6.5 4 6.3 5 11.9 23 8.3
Sporotricum 3 4.2 3 5.5 2 4.3 4 6.3 0 0 12 4.3
Alternania 6 8.3 0 0 0 0 3 4.8 3 7.1 12 4.3
Fusarium 2 2.8 1 1.8 1 2.2 3 4.8 2 4.8 9 3.2
Rhizopus 4 5.7 0 0 0 0 3 4.8 2 4.8 9 3.2
Mucor 0 0 3 5.5 3 6.5 0 0 1 2.4 7 2.5
Thamnidium 2 2.8 3 5.5 4 8.7 3 4.8 2 4.8 14 5
Curvularia 0 0 0 0 0 0 1 1.6 1 2.4 2 0.72
Total 72 100 55 100 46 100 63 100 42 100 278 100

Table 3: Incidence of Aspergillus species in examined meat and meat product samples. 
Aspergillus species Sausage Beef burger luncheon Mincedmeat Meat Total

No % No % No % No % No % No %
A. flavus 8 26.7 8 29.6 7 31.8 10 34.5 4 22.2 37 29.4
A. niger 15 50 9 33.3 10 45.5 12 41.4 8 44.4 54 42.9
A.fumigatus 3 10 3 11.1 1 4.5 2 6.9 2 11.1 11 8.7
A.parasiticus 1 3.3 4 14.8 1 4.5 2 6.9 1 5.6 9 7.1
A.ochraceus 2 6.7 2 7.4 2 9.1 1 3.4 1 5.6 8 6.3
A. terreus 1 3.3 1 3.7 1 4.5 2 6.9 2 11.1 7 5.6
Total 30 100 27 100 22 100 29 100 18 100 126 100
* percentages were calculated in relation to the total number of isolated Aspergillus species of examined samples. 

Table 4: Lipolytic and proteolytic activities of the isolated moulds.
Species No. of tested Lipolytic Proteolytic

Positive *H M W Positive H M W
A. flavus 37 37 37 0 0 30 30 0 0
A. niger 54 49 48 1 0 48 8 38 2
fumigatus 11 8 0 3 5 6 5 1 0
parasiticus 9 0 0 0 0 0 0 0 0
ochraceus 8 5 0 2 3 5 0 0 5
A. terreus 7 3 0 0 3 5 0 0 5
Penicillium sp. 64 64 5 58 1 64 30 4 30
Cladosporium sp. 23 23 0 0 23 18 0 15 3
Sporotricum sp. 12 8 0 0 8 5 0 1 4
Alternania sp. 12 12 0 0 12 12 0 0 12
Fusarium sp. 9 8 0 4 4 7 0 1 6
Rhizopus sp. 9 9 0 2 7 9 0 0 9
Mucor sp. 7 7 0 1 6 7 0 0 7

*High activity (H): more than 11 mm; Moderate (M): 6-10 mm; Weak (W): less than 5 mm.

those obtained by Ouf et al. (2010), Elsayed et al. (2018) and 
Ashraf et al. (2019) while higher prevalence was recorded by 
Ali et al. (2005) and El-Tabiy (2006). The results of sausage 
samples were nearly similar to those obtained by Fatema 

(2016) and Elsayed et al. (2018) and were lower than those 
obtained by Brr et al. (2004). The results of the examined 
minced meat samples are nearly similar to those obtained 
by Saad et al. (2015) and were lower than those obtained 
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nutritional value. Firstly, consumers need higher quality, 
safe, preservative-free, but mildly prepared foods with 
long shelflife. New trends are increasingly directed to 
the possibilities offered by biopreservation (Rasooli, 
2007). Minimizing, delaying and inhibiting spoilage and 
pathogenic organisms are major keys for improving shelf 
life of fresh meat and increasing human safety (Sallam and 
Samejima, 2004). The results illustrated in Table 6 showed 
that samples treated by clove 1% and thyme 1% showed 
decreases in mean values of total A. flavus through 3rd day 
and 6th day until 9th day not detected. Clove 0.5%, thyme 
0.5%, garlic 1%, garlic 0.5% and potassium sorbate 0.3% 
showed decreases in mean values of total A. flavus through 
the 3rd day in which the lowest count recorded, then started 
gradually but still lower than the count of control in 0 day 
which explain all treated sample enhanced than the control 
which have a higher count in 3rd day and give bad scores 
in organoleptics and decomposed in 6th day. Such findings 
may be attributed to the high antioxidant effect of clove 
and thyme EOs, which is related to the scavenger nature of 
its flavonoids and phenolic content as apigenin, naringenin, 
luteolin, thymonin, carvacrol and thymol (Senatore, 
1996). Velluti et al. (2004) and Lopez et al. (2005) proved 
antifungal activity of clove oil against filamentous fungi. 
While many authors Sung et al. (2014), Li et al. (2016), 
El-Sayed et al. (2017) suggested the use of garlic oil due to 
its antifungal efficacy. Hussein et al. (2012) recommended 
the use of Potassium sorbate to improve microbial quality 
of the meat and increase its shelf-life without any adverse 
effect on the quality characteristics of the meat.

Table 6: Antifungal activity of various concentrations of 
essential oils and potassium sorbate against mean count of A. 
flavus in minced meat samples during cold storage at 4±1°C.
Groups 0 day 3 rd day 6th day 9th day
Control 6.12±.07a 7.53±.07a *D D
Clove 1% 6.06±.06a 4.52±.17e 2.83±.43 ND
Clove .5% 6.12±.07a 5.11±.11cd 5.19±.13 5.41 ±.13
Thyme 1% 6.12±.07a 4.89±.03d 3.48±.37 ND
Thyme .5% 6.12±.07a 5.28±.14bc 5.39±.13 5.63±.07
Garlic 1% 6.12±.07a 5.41±.12bc 5.44±.13 5.78±.04
Garlic .5% 6.12±.07a 5.60±.04b 5.64±.04 5.90±.02
Pot.sorbate .3% 6.12±.07a 5.54±.07b 5.57±.06 5.94±.02

a,b,c Different superscripts within each column indicate 
significant differences (P<0.05); *D:Decomposed.

Conclusion

The result of this study revealed improper hygienic measures 
during processing. Therefore, strict hygienic measures 
should be followed during processing. In addition, strong 
legislations should be taken to produce products of high 
keeping qualities.

Acknowledgments

We would like to thank assistance and support provided 
from Food Control Department, Animal Health Research 
Institute, Zagazig branch, Egypt.

Authors Contribution

All authors contributed equally.

Conflict of interest
No one of the authors has any conflict of interest to clarify. 

References

•	Abdel-Sater MA, Al-Sharjabi FA, Elham SA (2017). 
Mycological and enzymatic studies on fresh beef meat sold 
in Taiz city. Yemen Eur. J. Biol. Res. 7(4): 337-347.

•	Adriana M, Monika P, Peter T (2002). The Occurrence of 
Moulds in Fermented Raw Meat Products. Czech J. Food 
Sci., 20: 89-94. https://doi.org/10.17221/3516-CJFS

•	Ahmed KE, Abdel-Sater MA (2003). Mycological quality of 
Laban Rayeb sold in Assiut city. Assiut. Vet. Med. J. 49 (99): 
75-77.

•	Al-Dughaym AM, Altabari GF (2010). Safety and quality 
of some chicken meat products in Al-Ahsa markets-
Saudi Arabia. Saudi J. Biol. Sci. 17(1): 37-42. https://doi.
org/10.1016/j.sjbs.2009.12.006

•	Ali MH, Farghaly MR, Hammad AM (2005). Mycological 
investigations in beef and chicken luncheon. Beni-Suef Vet. 
Med. J. 15(2): 98- 102.

•	APHA (2001). (American Public Health Association) 
Compendium of methods for the microbiological 
examination of foods. 4th Ed. Eds.Downes, F.P. and K. Ito. 
Sheridan Books Inc.,Washington D.C., USA.

•	Ashraf AA, Eman ME, Gamal RH, Fatma IE, Abd El-hady 
MF (2019). Molecular characterisation of lipolytic fungi 
isolated from meat products. J. Am. Sci. 15(4): 8-16.

•	Assiri AMA, Elbanna K, Abulreesh HH, Ramadan MF (2016). 
Bioactive compounds of cold-pressed thyme (Thymus 
vulgaris) oil with antioxidant and antimicrobial properties. J. 
Oleo Sci. 65: 629–640. https://doi.org/10.5650/jos.ess16042

•	Bayan L, Koulivand PH, Gorji A (2014). Garlic: a review of 
potential therapeutic effects. Avicenna J. Phytomedicine, 
4(1): 1-14. PMid: 25050296.

•	Brr AH, Moustafa NY and Edris AM (2004). Incidence of 
moulds and aflatoxin in some meat products. Benha Vet. 
Med. J. 15(2): 65-75.

•	Calkins CR, Hodgen JM (2007). A fresh look at meat 
flavor. Meat Sci., 7(1): 63-80. https://doi.org/10.1016/j.
meatsci.2007.04.016

•	Cortés-Rojas DF, De Souza CRF, Pereira Oliveira W (2014). 
Clove (Syzygium aromaticum): a precious spice. Asian Pac. 
J. Trop. Biomed. 4: 90-96. https://doi.org/10.1016/S2221-
1691(14)60215-X

•	El-Diasty EM, Salem RM (2007). Incidence of lipolytic and 
proteolytic fungi in some milk products and their public 
health significance. J. Appl. Sci. Res. 3(12): 1684-1688.

•	Eleiwa NZ and El-Diasty EM (2014). Antifungal activity of 
dill essential oil (Anethumgraveolens L.) in minced meat. 

https://doi.org/10.17221/3516-CJFS
https://doi.org/10.1016/j.sjbs.2009.12.006
https://doi.org/10.1016/j.sjbs.2009.12.006
https://doi.org/10.5650/jos.ess16042
https://doi.org/10.1016/j.meatsci.2007.04.016
https://doi.org/10.1016/j.meatsci.2007.04.016
https://doi.org/10.1016/S2221-1691(14)60215-X
https://doi.org/10.1016/S2221-1691(14)60215-X


NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

2019 | Volume 7 | Special Issue 2 | Page 85

VRI Phytomed. 2 (1): 6-12. https://doi.org/10.14259/
pm.v2i1.82

•	El-Sayed HS, Chizzola R, Ramadan AA and Edris AE (2017). 
Chemical composition and antimicrobial activity of garlic 
essential oils evaluated in organic solvent, emulsifying, 
and self-microemulsifying water based delivery systems. 
Food Chem. 221: 196-204. https://doi.org/10.1016/j.
foodchem.2016.10.052

•	Elsayed ME, Abdelazeem MA, El-Diasty EM, Abouelmaatti 
RR, Abbas SM (2018). Prevalence of Aspergillus spp and 
Aflatoxins in luncheon, minced meat and sausage. Glob. 
Anim. Sci. J. 6(2):17-23.

•	El-Tabiy AA (2006). Mycological study on some processed 
meat products exposed for sale in markets. Assiut Vet. Med. 
J. 52(110): 121-131.

•	Fatema AHD (2016). Toxigenic fungi and their metabolites in 
some meat products. M.V.Sc. thesis, (Meat Hygiene) Fac. 
Vet. Med., Benha Univ. 

•	Ferrand C, Marc F, Fritsch P, Desiant BG (2000). Genotoxicity 
study of reaction products of sorbic acid. J. Agric. Food. 
Chem., 48(8): 3605-3610. https://doi.org/10.1021/
jf990777f

•	Gourama H and Bullerman LB (1995). Aspergillus flavus and 
Aspergillus parasiticus: Aflatoxigenic fungi of concern in 
foods and seeds: A review. J. Food Protect. 58 (12): 1495-
1404. https://doi.org/10.4315/0362-028X-58.12.1395

•	Hussein AM, El-Ghareeb WR, Lotfy OO (2012). Shelf life 
improvement of camel meat treated with potassium sorbate 
0.3%. J. Am. Sci., 8(4): 507-511

•	Ioannis MPA, Filiousisa G (2007). Mould growth on 
traditional greek sausages and penicillin production by 
Penicillium isolates. Meat Sci., 76(4): 653-657. https://doi.
org/10.1016/j.meatsci.2007.01.018

•	Jay JM, Leossner MJ, Golden DV (2005). Modern food 
microbiology. 7th Ed. Chapter 2, taxonomy, role and 
significance of microorganisms in foods. Springer Sci. pp. 
13- 37. https://doi.org/10.1007/978-94-011-6480-1_2

•	Li WR, Shi QS, Dai HQ, Liang Q, Xie XB, Huang XM (2016). 
Antifungal activity, kinetics and molecular mechanism of 
action of garlic oil against Candida albicans. Sci. Rep. 6: 
22805. https://doi.org/10.1038/srep22805

•	Lopez P, Sanchez C, Batlle R, Nerın C (2005). Solid and 
vapour phase antimicrobial activities of six essential oils: 
susceptibility of selected foodborne bacterial and fungal 
strains. J. Agric. Food Chem., 53: 6939–6946. https://doi.
org/10.1021/jf050709v

•	Miller RK (1994). Sensory methods to evaluate muscle foods. 
Muscle Foods. pp. 333-336. https://doi.org/10.1007/978-
1-4757-5933-4_12

•	Mizakova A, Pipova M Turek P (2002). The occurrence of 
moulds in fermented raw meat products. Czech Food Sci. 
20(3): 89-94. https://doi.org/10.17221/3516-CJFS

•	Mottram D (1994). Meat flavour, in: Understanding Natural 
Flavours, J.R. Piggott, A. Paterson, eds., Blackie Academic 
and Professional, New York, pp. 141-163. https://doi.
org/10.1007/978-1-4615-2143-3_10

•	Ouf JM, Nagwa IMK, Shabana ESE (2010). Incidence of 
proteolytic and lipolytic moulds and yeasts in some ready 
to eat meat products. Assuit Vet. Med. J. 56(126): 132-143.

•	Paterson RRM, Bridge PD (1994). Biochemical techniques for 
filamentous fungi. Int. Mycol. Inst., CAB Int., Surrey: pp. 

21. 
•	Pearson AM, Tauber FW (1984). Processed meats. 2nd AVI 

publishing company, Inc. https://doi.org/10.1007/978-94-
010-9692-8

•	Pitt JI, Hocking AD (2009). Fungi and Food Spoilage, 3rd Ed. 
Published by Blackie academic and professional academic 
press New York, London. https://doi.org/10.1007/978-0-
387-92207-2

•	Rasooli I (2007). Food Preservation - A Bio preservative 
Approach. Food Glob. Sci. Books, 1(2): 111-136.

•	Saad MS, Ramadan MS, Reham AAA, Khalifa EAA (2015). 
The using of essential oils in improving mycological status 
of some meat products. BVMJ. 29(1): 85-96. https://doi.
org/10.21608/bvmj.2015.31797

•	Sallam KI, Samejima K (2004). Microbiological and chemical 
quality of ground beef treated with sodium lactate and 
sodium chloride during refrigerated storage. LWT-Food 
Sci. Technol. 37(8): 865-871. https://doi.org/10.1016/j.
lwt.2004.04.003

•	Seham AI, Amal AS, El-diasty EM (2013). Microbiological 
quality of some meat products in local markets with special 
reference to mycotoxins. Glob. Vet., 10 (5): 577-584. 

•	Senatore F (1996). Influence of harvesting time on yield and 
composition of the essential oil of thyme growing wild in 
Campania South Italy. J. Agric. Food Chem., 44: 1327-1332. 
https://doi.org/10.1021/jf950508z

•	Shaltout FA, El-diasty EM, Mohamed MS (2014). Incidence 
of lipolytic and proteolytic fungi in some chicken meat 
products and their public health significance. 1st Sci. Conf. 
Food Safe. Technol. pp. 79-89.

•	Sperber WH (2009). Introduction to the microbiological 
spoilage of foods and beverages. In Sperber, W.H. and Doyle, 
M.P. (Eds). Compendium of the microbiological spoilage 1 
of foods and beverages, food microbiology and food safety. 
Lactobacillus Strains with Zearalenone and Its C_ Springer 
Sci.+Business Media, LLC. https://doi.org/10.1007/978-1-
4419-0826-1_1

•	Subash G, Periasamy A, Azariah H (2005). Extracellular 
enzymatic activity profiles in fungi isolated from oil-reach 
environments. J. Mycosci. 46(2): 119-126. https://doi.
org/10.1007/S10267-004-0221-9

•	Sung SY, Sin LT, Tee TT, Bee ST, Rahmat AR, Rahman WA 
(2014). Control of bacteria growth on ready-to-eat beef 
loaves by antimicrobial plastic packaging incorporated 
with garlic oil. Food Control. 39(1): 214-221. https://doi.
org/10.1016/j.foodcont.2013.11.020

•	Tauro P, Kapoor KK, Yadav KS(1986). An introduction to 
microbiology. 1st edn. New Age Int. Publ. New Delhi, India.

•	Ullman V, Blasins G (1974). A simple medium for the detection 
of different lipolytic activity of microorganisms. Zentralblatt 
für Bakteriologie, Mikrobiologie and Hygiene. Abt A 299: 
264-267.

•	Velluti A, Sanchis V, Ramos AJ, Marı´n S (2004). Effect of 
essential oils of cinnamon, clove, lemon grass, oregano and 
palmarosa on growth of and fumonisin B1 production by 
Fusarium verticillioides in maize. J. Sci. Food Agric., 84: 
1141–1146. https://doi.org/10.1002/jsfa.1769

•	Zengin H, Baysal A (2014). Antioxidant and Antimicrobial 
Activities of Thyme and Clove Essential Oils and 
Application in Minced Beef. J. Food Proc. Preserv. 94: 1261-
1271. https://doi.org/10.1111/jfpp.12344

https://doi.org/10.14259/pm.v2i1.82
https://doi.org/10.14259/pm.v2i1.82
https://doi.org/10.1016/j.foodchem.2016.10.052
https://doi.org/10.1016/j.foodchem.2016.10.052
https://doi.org/10.1021/jf990777f
https://doi.org/10.1021/jf990777f
https://doi.org/10.4315/0362-028X-58.12.1395
https://doi.org/10.1016/j.meatsci.2007.01.018
https://doi.org/10.1016/j.meatsci.2007.01.018
https://doi.org/10.1007/978-94-011-6480-1_2
https://doi.org/10.1038/srep22805
https://doi.org/10.1021/jf050709v
https://doi.org/10.1021/jf050709v
https://doi.org/10.1007/978-1-4757-5933-4_12
https://doi.org/10.1007/978-1-4757-5933-4_12
https://doi.org/10.17221/3516-CJFS
https://doi.org/10.1007/978-1-4615-2143-3_10
https://doi.org/10.1007/978-1-4615-2143-3_10
https://doi.org/10.1007/978-94-010-9692-8
https://doi.org/10.1007/978-94-010-9692-8
https://doi.org/10.1007/978-0-387-92207-2
https://doi.org/10.1007/978-0-387-92207-2
https://doi.org/10.21608/bvmj.2015.31797
https://doi.org/10.21608/bvmj.2015.31797
https://doi.org/10.1016/j.lwt.2004.04.003
https://doi.org/10.1016/j.lwt.2004.04.003
https://doi.org/10.1021/jf950508z
https://doi.org/10.1007/978-1-4419-0826-1_1
https://doi.org/10.1007/978-1-4419-0826-1_1
https://doi.org/10.1007/S10267-004-0221-9
https://doi.org/10.1007/S10267-004-0221-9
https://doi.org/10.1016/j.foodcont.2013.11.020
https://doi.org/10.1016/j.foodcont.2013.11.020
https://doi.org/10.1002/jsfa.1769
https://doi.org/10.1111/jfpp.12344

