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Abstract: 

 The Meat and Food Manufacturing are susceptible to contamination and many other foodborne 

diseases that can arise in food manufacturing areas due to poor personal hygiene and sanitation 

practices, leading to the growing of multiple pathogenic agents. Beef can be a foodborne 

pathogens due to unsanitary conditions during animal slaughter and meat processing. In recent 

decades, scientific strategies have been developed to reduce meat contamination and its effects 

on human health.  

 Forty meat samples were randomly collected from several butcher shops in Diyala province, 

minced, and prepared for the experiment to know the antibacterial activity of Eucalyptus leaves. 

Leaves were collected from the garden of Diyala University, cleaned and ground. Eucalyptus 

leaves extract was prepared against some bacteria isolated from minced meat. The aqueous 

extract of eucalyptus leaves was prepared at different concentrations (100%, 85%, 70%, 55%, 

and 40%) and used as an antibacterial against Gram-positive bacteria (Staphylococcus aureus) 

and Gram-negative bacteria (Klebsiella spp.) investigated the antibacterial activity of Eucalyptus 

leaves extract toward some bacteria isolated from minced meat, Forty meat samples collected 

randomly from Many meat shops Diyala province, water extract ( 100%, 85%, 70%, 55% and 

40%) prepared from Eucalyptus leaves and used as antibacterial activity against gram-positive 

bacteria (Staphylococcus aureus) and gram-negative bacteria (Klebsiella spp.), Eucalyptus leaves 

were collected from the garden of Diyala University, the leaves was cleaned and ground. 25 

grams of Eucalyptus leaves were put in 150 ml deionized water, placed on a hot stirrer plate at 

90°C for 1 hour, and left for 5 hours, then purified using Whatman No. 1 filter paper. Isolated 

bacteria were identified based on colony description, gram stain, coagulase test, and catalase 

test—the antimicrobial activity of the extract against isolates carried out by the good diffusion 

method. 

 Results of this study revealed the prevalence of contamination of meat with Staphylococcus 

aureus spp and Klebsiella spp (65, 52.5) % respectively. Eucalyptus leaves extract displayed 

great activity against Staphylococcus aureus and Klebsiella spp. The highest antibacterial 
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activity was (33, 20 mm) against Staphylococcus aureus and Klebsiella spp. respectively, while 

the lowest activity against these bacteria was (21, 10) mm respectively. 

Key word: Eucalyptus, Klebsiella spp., stap. Aureus 

 Introduction: 

The greatest consumed foods, meat, and 

meat products are vital sources of a range of 

B-complex vitamins, as well as proteins, 

amino acids, and minerals in humans, 

Therefore, the body needs animal protein for 

growth, vitality restoration, and repair of 

body cells (1,2). Because of their biological 

characteristics and chemical content, meats 

are greatly fresh foods providing a better 

source of nutrients for humans growing (3). 

Also, it is found that meat contains a high 

amount of iron, which is one of the 

micronutrients that humans lack (4). 

 

 Local markets in Iraq usually contain 

various kinds of food including meat and 

meat products from several countries 

regardless of whether or not this food is 

valid for consumption by humans (5). The 

inappropriate storage, transport, and retail 

marketing of these food products can 

increase the opportunity of contamination 

with various biological, chemical, and 

physical contaminants, this threat of food 

contamination may lead to serious health 

complications, particularly by the imported 

food (6). 

 

 Meat spoilage can occur due to changes in 

the number of microorganisms on the fresh 

meat surfaces when stored in cold conditions 

due to microbial growth. The range of 

bacterial counts in meat reach about 10
2
-10

5
 

cfu/g, however, approximately 10% can 

initiate growing (7). Escherichia coli 

O157:H7 and Staphylococcus aureus are the 

most common pathogen that contaminates 

meat, while meat may be contaminated with 

E. coli O157:H7 by direct contact with 

sewage or contaminated skin and equipment 

during animal slaughtering. The carcass 

surface may become contaminated with S. 

aureus from numerous sources such as 

equipment, cattle hides, and infected 

workers (8). 

 

 Recently most major problem to public 

health is the increased resistance of 

pathogens to antibiotics because of a 

decrease in the effect of antibiotic treatment 

which increases morbidity and mortality. 

The most important bacteria resistant to the 

antibiotic are gram-positive bacteria, 

including vancomycin-resistant enterococci 

and methicillin-resistant Staphylococcus 

aureus (9). Antibiotic resistance of Gram- 

 

negative bacteria has been reported in 

Escherichia coli, Klebsiella pneumonia, 

actinobacteria, and Pseudomonas 

aeruginosa (10,11). Various antibiotics used 

frequently have become less effective 

against these microorganisms. For these 

reasons, there is a need to find other 

antimicrobic agents to get rid of 

antimicrobial-resistant problems (12).  
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 Staphylococcus aureus is a gram-positive 

bacterium with a spherical shape non-spore-

forming and it is one of the most important 

reasons of staphylococcal food poisoning, a 

type of gastroenteritis (13). These bacteria 

produce staphylococcal enterotoxin which 

causes staphylococcal food poisoning. The 

symptoms of staphylococcal food position 

appear after three to six hours of ingestion, 

including diarrhea, nausea, vomiting, 

abdominal pain, and headache. It also causes 

nonfood poisons such as skin irritation, 

respiratory contagion, mastitis, and wound 

sepsis (14). 

 

Klebsiella spp is a gram-negative 

bacterium, rod-shaped, non-motile, 

facultative anaerobic bacteria, encapsulated, 

lactose fermenting, normally established in 

intestine flora and feces. Infection in  

causes pain, headache, fever, swelling, and 

pus from a wound, causing severe infection 

in the liver, bladder, brain, lung, eye, and 

blood (15, 16).  

 

 Eucalyptus trees grow naturally to heights 

60 to 80m, Eucalyptus contain bioactive 

compounds including flavonoid, carotenoid, 

polyphenols, phytosterol, Phytoestrogen, 

glucosinolates, coenzyme Q, carnitine, 

choline, and taurine (17). Aqueous extracts 

of dried eucalyptus leaves are commonly 

used as an anti-inflammatory, analgesic, 

anti-bacterial, antiseptic, antifungal, 

antiradical activity, antioxidative, 

antiparasitic, anti-rheumatism, anti-urinary 

tract infection and treatment of respirational 

infections symptoms like cold, flu, and sinus 

blocking (17). Besides, it works as an 

antibacterial (17), antifungal (18), analgesic 

and anti-inflammatory effects (19), and anti-

oxidative action (20).  

Materials and Methods: 

 Minced Meat Samples:  

A total of 40 samples of locally minced meat 

were collected randomly from various areas 

in Diyala city, meat samples were saved in 

safe sterilized plastic polyethylene bags and 

transported in ice buckets to the public 

health laboratory for microbiological 

analysis bags and preserved in a protected 

freeze case, thereafter they were transferred 

directly to the public health laboratory under 

hygienic condition then rapidly examined 

without interruption.  

 

 All isolates were identified based on colony 

description, gram stain, and biochemical 

tests. Whole 25 g of meat mixture specimens 

were crushed and weighed under sanitary 

conditions, mixed with 225 mL of sterile 

saline solution in a stomacher bag, and 

homogenized (14). To create decimal 

dilutions, 1.0 mL of the primary suspension, 

(10
−1

) was added to 9 mL of 0.1% peptone 

water, taking into consideration no direct 

contact between the tip of the pipette and the 

diluent, and then mixed cautiously by a 

vortex mixer for 5–10 s (21). When a ten-

fold sequential dilution, 0.1 mL of diluted 

homogenate was spread-plated in duplicates 

 

 

 on mannitol salt agar (MSA) and then 

incubated at 35 °C for 24 h. Typical colonies 

of Staphylococcus spp. were isolated from 

similar morphologies plates and cultivated 

separately on MSA previously smearing in 

Nutrient Agar Slant for further confirmation 

(5). 
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 (12,13) concluded that purification and 

identification colonies were distinguished 

depending on morphological appearance and 

biochemical tests. All strains were negative 

on methyl red tests, indol, urease tests, and 

Voges Proskauer (VP). On the contrary, all 

isolated microbial strains showed positive 

results in both catalase and motility tests. In 

the current study, total testers who seemed 

no ferment colonies on MacConkey agar and 

showed (dark purple at first 10 seconds) in 

the Oxidase test affirm Pseudomonas 

bacteria. 

 According to (22), Coliforms were grown 

on MacConkey through incubation with 

aerobic environments at 37°C for 24 – 48 h. 

Colonies were noticed by colony counter 

(Stuart, UK) and counted (pink colony), 

Colonies were identified using selective 

media EMB (eosin methylene blue agar).  

 

Preparation and Extraction of Eucalyptus 

leaves extract: 

 

 Eucalyptus leaves collected from the garden 

of Diyala University, kept in a plastic page 

container, and transported to the workroom 

(20). The leaves were cleaned by washed 

with tap water and deionized water 

individually. The leaves were left to 

dehydrate at the workroom temperature for a 

week and after drying the leaves were  

 

 

crushed in electrical grinding as in Figure 

(1). After that, 25 grams of leaves of 

Eucalyptus, were placed in a beaker size 500 

ml comprising 150 ml deionized water, 

placed on a hot plate stirrer at 90℃ for one 

hour, and left to rest for 5 hours. The extract 

was purified through No.1 Whatman filter 

paper (20). 

Preparing different concentrations of 

Eucalyptus leaves extract: 

According to (2), the steps are: 

(a) Steam distillation for removing essential 

oil from Eucalyptus leaves then dehydrating 

and grinding the leaves to obtain a 

desiccated leaves powder. 

(b) Powder extraction using the first solvent 

(ethanol aqueous solution at a concentration 

of less than or equal to 30 %). 

(c) Purifying the solvent to get an extraction 

residue. 

(d) Heating the extraction residue between 

20° C. to 100° C. for about 10 minutes to 25 

hours using a second solvent (ethanol 

aqueous solution 50 to 80%).  

(e) Filtering the second solvent to obtain the 

required Eucalyptus extract. 

 

Bacterial Suspensions Preparation for 

Antimicrobial Sensitivity: 

 

 An antimicrobial sensitivity test was 

executed with the isolated bacteria. They 

were a subculture in nutrient media. Firstly, 

after overnight incubation of culture, 

bacterial swabs were taken from 5-6 

colonies, diluted in brain-heart infusion 

broth, and incubated under anaerobic 

conditions. For 1-2 h at 35°C extend the 

concentricity of 1.5 × 108 CFU/ml.  

 

 

The colonies were diluted by adding saline 

water to the last concentration of 1.5 × 106 

CFU/ml. 0. 2 ml was added from 
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standardized suspension to 20 ml of Hinton 

agar at 40 C°. The test was done worked in 3 

replicates and plate incubated 24 hr, 37°C 

aerobically. Inhibition zone diameters were 

measured in mm for evaluation of the 

antibacterial action (23). 

 

 

 
  

Figure (1) preparation of Eucalyptus leaves extract. 
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Results:  

 

Figure (2) displays bacterial spread isolated from minced meat. 

Table (1): Staphylococcus aureus and Klebsiella spp inhibition zone by Eucalyptus leaves 

extract. 

Concentration of 

Eucalyptus leaves 

extract 

Inhibition zone Dimeter against bacteria(mm) 

Staph aureus Klebsiella 

 100 % 33  20  

 85 % 31  17  

 70 % 28   15 

 55 % 24   12 

 40 % 21  10 

 

s.aureus E.coli klebsiella pseudomonus

No.of positive isolates 26 16 21 2

precentage 65 40 52.5 5

26 

16 
21 

2 

65 

40 

52.5 

5 
0
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20
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40
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70

No.of positive isolates precentage
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 Figure (3): Antibacterial effect against Staphylococcus aureus(A) and Klebsiella(B) by 

Eucalyptus leaves extract. 

Discussion: 

 It is known that minced beef meat is an 

excellent medium for microorganism 

growth. Generally, microorganisms derive 

thoroughly across on meat surface and start 

to replicate, unsanitary conditions during 

meat processing as mixing, grinding, 

packaging, storage, and display, 

contaminants may enter meat or meat 

products, resulting in reduced product value 

and the emergence of potentially health 

risks. (24,3,10). Besides, variation in results 

may be due to poor sanitation at the 

processing plant, climate, difference in 

sample sites, quantity of samples, or 

analytical methods used. Also, a high 

bacteria count indicates the short probable 

shelf life of meat and increases the 

probability in bad time meat spoilage (8). 

 (ACMSF) Advisory Committee on the 

Microbiological Safety of Food mentioned 

that cold water meat washes provide no 

perspective for effective microbial load 

reduction (1). The high (TVBC) Total 
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 Viable Bacterial Count values described in 

the current study might be related to varied 

influences, including insufficient 

refrigeration of stewed meat, and poor time 

and/or temperature through cooking or treat 

handling of meat products. Besides, the 

marketing presentation of uncovered meat 

products for sale irregularly at cooling is 

inappropriate for storing, on account of 

mutable and poor electricity supply. The 

inadequacy and fluctuation of electric 

supply have been reported by (7, 25) as well 

as the great factor that contributes to the 

spoilage of meat products spoilage and 

elevated total bacteria count.  

 The microbiological quality of meat related 

to the physiological status of the animals at 

slaughter, sanitary conditions and 

contamination levels of the slaughterhouse, 

instability of temperature, and other storage 

and distribution conditions are important 

factors that determine the microbiological 

quality of meat. (7). In addition, preparation 

and unsanitary conditions when handling 

these products increase the exposed area of 

meat and ultimately distribute pathogens all 

over the product, thus increasing the 

microbial load of the final product (21). 

 Nevertheless, the Misuse of antibiotics, 

prophylactically or therapeutically against 

bacterial infections in livestock and the 

consequential deposit, have been responsible 

for the emergence of bacterial-resistant 

isolates and may be considered key to health 

problems (19). Many microorganisms have 

developed resistance to different antibiotics 

(26, 19). 

 Our result found incidence of S. aureus in 

raw meat was 65% this result was in 

disagreement with many researchers and 

revealed the presence of S. aureus in raw 

meat and meat products from marketing 

stores with a diffusion below 1% in Asia 

(23), up to about 12% in Europe (6). 

 The presence of flavonoids, tannin, 

phytosterol, glycosides, steroids, volatile 

oils, carotenoid, saponin, polyphenols, 

Phytoestrogen, glucosinolates, coenzyme Q, 

carnitine, choline, and taurine in the 

Eucalyptus leaves causes the inhibition of 

this organism (2). The tannin presence in the 

leaves of Eucalyptus has greater 

antimicrobial activity because can bind 

proteins and prevent the protein manufacture 

of pathogens (27). The difference in the 

rates of inhibition of Gram-negative bacteria 

(Klebsiella) and Gram-positive bacteria 

(Staphylococcus aureus) is due to the 

difference in the components of the cell 

wall. 

 As the previous results showed, in this 

study it was found that there is an 

antibacterial effect in the aqueous and 

ethanolic extract of Eucalyptus 

camaldulensis leaves. As well as the 

antibacterial effect of the extracts was 

conditional on the nature of the 

microorganism. Thus, the sensitivity of the 

gram-positive bacterium Staphylococcus 

aureus is more compared to gram-negative 

bacteria E. coli and the inhibitory properties 

of Eucalyptus camaldulensis leaves extracts 

at minimal concentrations. Gram-negative 

bacteria are lower sensitive than gram-

positive bacteria to the Eucalyptus volatile 

oils according to variances in the bacterial 
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 cells composition, this is because there is 

extra mucous- peptide is present in the cell 

wall conformation of Gram-positive 

bacteria, whereas Gram-negative bacteria 

contain a thin layer and greatest of their cell 

structure is lip-polysaccharides and 

lipoprotein. Therefore, Gram-negative 

bacteria are further rigid and renitent (9).  

 The prior studies demonstrate that the 

extract of alcoholic and aqueous 

concentrations has a reserve influence on 

Staphylococcus aureus and Penicillium 

digitatum growth (28). Nevertheless, 

alcoholic and aqueous extracts of 

Eucalyptus grasses have growth inhibition 

properties on E. coli growth in 60 and 80 

mg/ml concentrations, and no antimicrobial 

effect was detected at 20 and 40 

concentrations. 

 Antibacterial effects of five types of 

eucalyptus essential oils were examined by 

(29), the results show that at 5 mg/ml 

concentration of five types of Eucalyptus 

grasses volatile oils have been shown to 

have significant antibacterial effects contra 

gram-negative bacteria, gram-positive 

bacteria, and molds. As well, the alcoholic 

extract was extra effective and had a 

superior preventive effect compared with the 

aqueous extract. This phenomenon may be 

due to the extraction of more active 

substances from eucalyptus trees through 

ethanol extraction. 

 (20) Were pointed out that the antimicrobial 

compounds in the vegetal excerpt interact 

with the phospholipid bilayer membrane, 

affecting bacterial cell membrane 

permeability and releasing intracellular 

constituents. In various types of research, 

the mechanism of cell wall action has been 

in consideration, they have reported that cell 

wall and cell membrane influenced and 

altered their penetrability causes releasing of 

intracellular matters, which can be related to 

poor membrane functions such as nutrient 

uptake or enzyme efficiency and electron 

conveyance.  

Conclusions:  

 We concluded that the high frequency of 

isolation for S.aureus, E. coli, Klebsiella, 

and Pseudomonas spp from minced meat 

indicated that storage and slaughtering 

conditions were not sufficient to ensure 

consumer safety. Also, the antibacterial 

effect of the leaves extract of Eucalyptus 

against Staph aureus is stronger than against 

Klebsiella. More extensive studies of the 

active ingredient of the plant for the accurate 

mode of action will aid the advancement of 

modern drugs.  

Recommendations: 

1. The meat processing must be 

monitored by public health 

authorities (Ministries of Health 

and Agriculture) from the initial 

steps of slaughtering in 

slaughterhouses till marketing and 

consumption by consumers 

2. Further studies are necessary to 

investigate the quality and validity 

of imported meat, particularly meat 

imported from unknown sources 
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 3. Investigate alcoholic extract against 

many Gram-positive and Gram-

negative bacteria 
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