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 Objective: The aim of this study is to examine the antimicrobial activity of garlic oil to extend the shelf life 
of ground mutton stored aerobically at 4 oC for 15 days through its effect on the aerobic plate count and 
Enterobacteriaceae count that contaminate the meat during its preparation.  
Design: Observational controlled study. 
Samples: 7200 g of fresh mutton  
Procedures: meat samples were divided into four equal groups (600 gm each), three, groups were treated 
with different concentrations of garlic oil (250, 360, and 600 mg/kg) and the last group (without any 
addition) as a control. The treated samples were thoroughly mixed with garlic oil by hand (with sterile 
gloves), then the meat of each group was packaged separately in sterile polyethylene bags, marked, and 
stored aerobically in the refrigerator at 4 oC for 15 days and subjected to microbiological analyses and 
sensory evaluation. 
Results: there was a significant decrease in aerobic plate count and Enterobacteriaceae count of treated 
meat samples in comparison with the untreated samples. Additionally, the use of garlic oil at 
concentration of 600 mg/kg meat has higher effect than 250 mg/kg and 360 mg/kg during the period of 
storage. Furthermore, garlic oil also enhanced the sensory characteristics of treated the ground mutton. 
Conclusion and clinical relevance: we suggest that the addition of garlic oil to fresh mutton during cold 
storage is potentially useful in improving its quality and extending its shelf-life.  
Keywords: Mutton; Garlic oil; Shelf life; Sensory attributes. 

1. INTRODUCTION 

Mutton is considered an exceptional source of well-
balanced essential amino acids, good quality animal proteins 
with high biological value and valuable nutrients such as 
minerals, vitamins particularly B complex, iron, selenium, 
zinc and, beneficial fatty acids such as α-linolenic and 
conjugated linoleic acids [1]. It is the richest meat source of 
conjugated linoleic acid (CLA) which has anticarcinogenic, 
antiatherogenic and antidiabetic activities as well as other 
health benefits. Additionally, mutton is also relatively high in 
phosphatidylcholine derivatives, which are suggested to 
prevent most cardiovascular disease [2, 3]. 

Meat is nutrient-dense food that provides favorable 
condition for the growth of most bacteria. The meat itself is 
sterile within the animal’s body. However, it can easily 
become contaminated during slaughter, abattoir practice, 
handling during processing, mincing machine, storage, and 
distribution [4]. In fresh meat and meat products 
microorganisms multiply rapidly, especially at non-
refrigeration temperature. Hence, for prevention of such 
microbial growth and multiplication various methods of 
processing and preservation are required to inactivate or 
inhibit growth of microbes [5]. The addition of compounds 
derived from natural sources such as essential oils derived 
from plants (e.g., garlic, thyme, basil, and sage) to the food 
to be preserved is potentially useful to extend shelf life and 
improve quality of the product [6]. 

Garlic (Allium sativum) is a bulbous herb belongs to 
genus allium which is cultivated and used as food item and 
medicine in different parts of the world. Garlic has been 

suggested to be used as bio preservative of food due to the 
antibacterial action of its extract and essential oil. It has 
prophylactic and therapeutic actions due to its 
antimicrobial, antineoplastic, antioxidant, and immune 
boosting in addition to its antidiabetic and hepatoprotective 
properties  [7 & 8]. 

There are many studies have been carried out on 
mutton but there are no previous studies have been 
published on the preservation and shelf-life extension of this 
kind of meat by addition of garlic oil. Therefore, the 
objective of this study is to examine the antimicrobial 
activity of garlic oil at various concentrations on the shelf life 
of mutton during the cold storage at 4 oC through its effect 
on spoilage bacteria that contaminate the meat during its 
preparation. 

2. MATERIALS AND METHODS 

2.1. Collection of samples 

A total of 2400 g of fresh mutton was purchased from a 
local butchers' shop in Mansoura city, Egypt. Meat samples 
were aseptically packed into a polyethylene bag cooled, in 
icebox, and transferred directly to the laboratory of Food 
Hygiene and Control department, Faculty of Veterinary 
Medicine, Mansoura University, without undue delay, 
wherein the bacteriological examinations and sensory 
evaluation were done. In the laboratory, meat samples were 
ground. Garlic oil (valid for consumption) was purchased 
from a local market in Mansoura city, Egypt. Garlic oil was 
added to the surface of ground meat and distributed by 
hands (with sterile gloves). Then, meat samples were packed 
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individually, in polyethylene bags and kept in refrigeration 
storage at 4 ℃, and examined in the 0, 3, 6, 9, 12, and 15, 
days of storage.  

2.2. Bacteriological analyses 

Ten grams from each meat sample were aseptically 
transferred to a laboratory blender flask (Moulinex, France) 
to be homogenized, for one minute, with 90 ml of 0.1% 
sterile peptone water (Oxoid CM0009) for obtaining an 
original dilution of 1:10. Then, tenfold serial dilutions were 
made by transferring one ml from each of the original 
dilution aseptically to sterile test tubes containing 9 ml of 
sterile peptone water to be diluted in a sequential manner 
up to 10-6 to cover the expected range of contamination 
with aerobic bacteria and Enterobacteriaceae. 

2.2.1. Determination of aerobic plate counts (APCs) [9]. 

A tenth ml from each prepared serial dilution was 
aseptically transferred and evenly spread over a dry surface 
of previously prepared sterile plate count agar (Oxoid 
CM0325). The inoculated plates surface was left to dry for 
15 min before being placed inverted with control plates in 
the incubator at 30 °C for 24 - 48 h. The bacterial colonies in 
the countable plates (having 30–300 colonies) were counted 
and APCs per each g of the examined samples were then 
calculated and recorded. 

2.2.2. Enterobacteriaceae counts (ECs) [10]. 

One ml amounts of the chosen range of prepared 
dilutions were transferred and inoculated into duplicated 
sets of sterile Petri dishes, then about 15 ml of violet red bile 
glucose agar (Oxoid CM0485) melted and allowed to cool to 
45°C was poured to each inoculated Petri dish, then mixed 
well and allowed to solidify. Additional thin layer of the 
same agar was poured above the previous solidified medium 
and plates were left to solidify, then finally incubated 
“inverted” at 30 °C for 24 h. Enumeration of typical colonies 
(red surrounded by precipitation of bile salts in the medium 
and having 0.5 mm or more in diameter) of 
Enterobacteriaceae was done and ECs per each g of the 
examined sample was calculated and recorded. 

2. 3. Sensory evaluation  
Sensory evaluation for the control and treated meat 

samples was carried out on the following day of meat 
preparation. Representative sample from each group were 
taken and made into meatballs then placed separately in a 
clean aluminum foil plate. The plates were blind-coded and 
adequately cooked in an electrical cooking oven at 180 °C 
for 20 min then introduced to 10 panelists from staff 
members of Food Hygiene and Control Department to 
determine the intensity of garlic flavor, tenderness and 
overall acceptability scores of the ground meat [11]. 
Panelists were asked to rinse their mouth between each 
sample. 

2. 4. Statistical analysis 
Meat samples were analyzed on the 0, 3rd, 6th, 9th, 12th, 

and 15th days of cold storage and all measurements were 

carried out in triplicate, then data obtained in this study 
were collected, arranged, summarized, and then statistically 
analyzed using analysis of variance (ANOVA). Significance 
was defined at P< 0.01. 

3. RESULTS AND DISCUSSION 

3.1. Effect of addition of garlic oil at different concentrations 
on aerobic plate counts 

The shelf life of meat and meat products depends 
mainly on the intensity of microbial contaminants that 
multiply rapidly in meat causing food spoilage. For 
preventing such microbial multiplication various methods of 
preservation are required to inhibit microbial growth to 
ensure public health protection and longer shelf lives. APCs 
estimates the total number of viable aerobic bacteria per 
gram or milliliter of meat. It is the most important 
information applied to estimate the quality, spoilage and 
safety of meat and other food [12]. In this study, the values 
of APCs (log10 CFU/g) ranged from 4.66 at zero day to 8.34 at 
15th day in mutton treated with garlic oil at concentration of 
250 mg/kg indicating significant (P <0.01) decrease on APCs, 
from 4.43 log10 CFU/g at zero day to 7.82 log10 CFU/g at 15th 
day in mutton meat treated with garlic oil at concentration 
of 360 mg/kg and from 4.3 at zero day to 7.21 at 15th day in 
mutton meat treated with garlic oil at concentration of 600 
mg/kg. Our findings indicated that garlic oil at different 
concentrations produced a significant reduction in APCs 
when compared with control samples that ranged from 4.98 
log10 CFU/g at zero-day to8.95 log10 CFU/g at 15th (Table 1). 

Table  1. The effect of addition of garlic oil at different 

concentrations on aerobic plate counts. 

Day of 
storage 

Garlic concentrations 

Control 250 
mg/kg 

360 
mg/kg 

600 mg/kg 

0 4.98a 4.66b 4.43bc 4.3c 

3 6.01 a 5.89ab 5.44b 5.03c 
6 6.87 a 6.22ab 5.83b 5.42c 

9 7.12 a 6.92b 6.53bc 6.14c 
12 8.3 a 7.43b 7.17bc 6.87c 
15 8.95 a 8.34ab 7.82ab 7.21b 

a-c=Means with different letters in the same row are significantly 
different at P < 0.01.  

 

Similar findings were mentioned by Yin and Cheng [12] 
who reported that the addition of organosulfur compounds 
derived from garlic to ground beef results in a significant 
reduction in APCs. Additionally, a study performed in Egypt 
revealed that garlic oil at 1.5% produced a major reduction 
of APCs in treated minced beef samples and exhibited longer 
shelf life than the control samples by 6 days [13].  

3.2. Effect of addition of garlic oil at different concentrations 
on Enterobacteriaceae 
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Enterobacteriaceae are the most important indicators 
used to assess the bad hygiene or bad treatment of food. 
The presence of Enterobacteriaceae in a large number may 
be an indication of their multiplication and implying 
multiplication of other pathogens. In the present study, the 
values of ECs (log10 CFU/g) ranged from 3.58 at zero day to 
6.31 at 15th day in mutton meat treated with garlic oil at 
concentration of 250 mg/kg, from 3.48 log10 CFU/g at zero 
day  to 5.84 log10 CFU/g at 15th day in mutton meat treated 
with garlic oil at  concentration of 360 mg/kg and from3.35 
at zero day to  5.07 at 15th day in mutton meat treated with 
garlic oil at concentration of 600 mg/kg .while ECs in control 
samples ranged from 3.55 log10 CFU/g at zero day  to 6.83 
log10 CFU/g at 15th  which indicated that garlic oil delayed 
the growth of Enterobacteriaceae and showed inhibition in 
ECs by the time (Table 2). It is obvious from our results that 
the increase in garlic oil concentration produces an increase 
in its antibacterial effect.  

Table 2.  The effect of addition of garlic oil at different 
concentrations on Enterobacteriaceae counts. 

Day of 
storage 

Garlic concentrations 
Control 250 

mg/kg 
360 
mg/kg 

600 mg/kg 

0 a3.55 a3.58 a3.48 a3.35 
3 a4.38 a4.22 a3.93 a3.65 
6 a4.89 a4.63 a4.45 a4.32 
9 a5.53 ab5.32 ab5.13 b4.65 
12 a6.32 ab6.02 bc5.54 c4.78 
15 a6.83 ab6.31 bc5.84 c5.07 
a-c=Means with different letters in the same row are significantly 
different at P < 0.01 

 
Table 3.  The effect of addition of garlic oil at different 
concentrations on sensory attributes of mutton meatballs. 

Sensory 
attributes 

Garlic concentrations 
Control 250 

mg/kg 
360 
mg/kg 

600 
mg/kg 

Garlic flavor 4.40a 4.93b 5.11bc 5.32c 
Tenderness 6.37a 6.94a 6.52a 6.43a 
Juiciness 6.28a 6.47a 6.34a 6.58a 

Overall 
acceptability 

7.54a 7.69a 7.43a 7.21a 

a-c=Means with different letters in the same row are significantly 
different at P < 0.01.  

 

3.3. Effect of addition of garlic oil at different concentrations 
on sensory attributes of mutton meatballs 

The intensity of garlic oil flavor, tenderness juiciness 
and overall acceptability of untreated and treated mutton 
meat balls are shown in Table (3). By sensory evaluation of 
examined mutton meat, it is shown that the treated samples 
had slightly bland flavor of garlic oil. There is no significant 
difference in the tenderness and juiciness between treated 
samples as all treated samples were more tender and juicier 
than control one. No significant difference was also detected 
in the overall acceptability of the tested samples. Nearly 
similar findings about the effect of garlic oil on the shelf life 

of minced camel meat storing at 4 °C, were reported by 
many researchers worldwide and concluded that the 
addition of garlic oil extensively extended the shelf life and 
improved the sensory quality of meat [14-18]. 

CONCLUSION 

This study concluded that the treatment of mutton with 
garlic oil at different concentration has a great effect in 
reducing aerobic plate counts and Enterobacteriaceae 
counts by observable levels resulted in extension of the shelf 
life of cold stored mutton. Additionally, garlic oil enhanced 
the sensory properties of treated meat. Therefore, it is 
recommended that the addition of garlic oil to ground 
mutton, as a natural additive, could improve its quality and 
extend the shelf life. 
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