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ABSTRACT. Walnut leaves and cherry stems are rich sources of phenolic 
compounds that have been shown to exhibit antimicrobial properties. The 
objective of this study was to investigate the antibacterial activity of the 
walnut leaf powder and of the extracts from walnut leaves and sweet cherry 
stems added to cooked pork patties during refrigerated storage. The 
microbiological analysis of the samples consisted on the qualitative 
determination of the bacteria developed on selective medium for 
Enterobacteriaceae and on nutrient agar usual medium. The aqueous 
extracts from walnut leaves and sweet cherry stems were evaluated for 
antimicrobial activity against Bacillus isolated from meat samples using the 
disc diffusion method. The results indicated that sensitivity to the extracts 
varied considerably among the micro-organisms but both plant extracts were 
ineffective on bacteria of the genus Bacillus which have developed 
abundantly in all analyzed samples after 15 days of storage under 
refrigeration conditions. 
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INTRODUCTION 
 
Consumers, regulatory agencies and meat industries are becoming 
increasingly concerned about meat safety and quality (Negi 2012) as 
growth of spoilage microorganisms in meat leads to foodborne disease, 
shelf-life reduction and loss of quality (Fernandez-Lopez et al. 2004). To 
avoid or delay microbial growth, besides the traditional methods of meat 
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preservation like heat processing, water activity reduction, low-temperature 
storage, and addition of preservatives, other complementary methods have 
been developed such as vacuum packaging, controlled or modified 
atmosphere packaging, activated and antimicrobial packaging films, non-
thermal treatments, irradiation and so on (Ahn et al. 2007). Synthetic 
antimicrobials have been widely used in the meat industry but the trend is 
to decrease their use because of the growing concern among consumers 
about the chemical additives (Rozman & Jersek 2009). Therefore, new 
interest has been developed in recent years to search preservatives from 
natural sources, especially of plant origin, to control the growth of bacteria, 
especially pathogens, in meat and meat products (Falowo et al. 2014). 
Natural extracts tested in previous studies against microorganisms in meat 
products include those from rosemary (Estevez et al. 2006; Doolaege et al. 
2012), olive leaf (Hayes et al. 2010), black currant (Jia et al. 2012), Ginkgo 
biloba tea leaf (Kobus-Cisowska et al. 2010, 2014), Hypericum perforatum 
L. (Sánchez-Muniz et al. 2012), butterbur leaf (Kim et al. 2013a), grape 
seed (Reddy et al. 2013), brocolli leaf (Kim et al. 2013b), curry and mint 
leaf (Biswas et al. 2012). The antimicrobial activities of these plant 
materials have been attributed to their content of phytochemicals such as 
phenolic compounds, flavonoids, alkaloids, saponins, tannins, carvacrol, 
terpenes and thymol among others (Sharma et al. 2012). Walnut (Juglans 
regia L.) leaves have been widely used in traditional medicine for their 
antidiarrheic, antihelmintic, antiseptic and astringent properties. A few 
studies have approached their antimicrobial, antimutagenic and 
antiproliferative activities (Kaumar et al. 2003). Walnut leaves are abundant 
in phenolic compounds, mainly naphthoquinones and flavonoids, which 
could explain their pharmaceutical effects and their strong antioxidant 
activity (Pereira et al. 2007; Cosmulescu & Trandafir, 2012; Salimi et al. 
2012). The infusions and decoctions prepared from sweet cherry (Prunus 
avium L.) stems are traditionally used as sedatives, diuretics and draining 
(Hooman et al. 2009), being known to promote proper kidney function. The 
anti-inflammatory and diuretic properties were related with their high 
content of phenolic acids and flavonoids (Ademović et al. 2017). Despite 
the well-known pharmaceutical properties and remarkable antioxidant 
activity of walnut leaves and sweet cherry stems, there is no information 
with regard to the inhibitory effects of these plant materials on the microbial 
growth in meat systems. Therefore, the objectives of this research were to 
investigate the potential of using walnut leaf powder and extracts from 
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walnut leaves and sweet cherry stems as natural antimicrobials in cooked 
meat systems. 
 
 
MATERIALS AND METHODS 
 
Vegetable material: preparation of powders and extracts 
Fresh walnut (Juglans regia L.) leaves and sweet cherry (Prunus avium L.) stems 
were collected randomly in the middle of June 2016 from trees growning in the 
experimental orchard of the University of Craiova located at Ramnicu Valcea 
(Romania) research station (45°07'N/24°22'E). The samples were properly cleaned 
and dried in shade. The dried walnut leaves and cherry stems were reduced to a 
fine powder (20 mesh), mixed to obtain homogenous samples and stored in the 
dark at room temperature in high density polyethylene bags for further use. For 
preparation of the extracts, 20 g of dried leaf or stem powder were mixed with 100 
ml boiling distilled water and left for 1 h. The extracts obtained by filtration were 
used in further experiments. 
 
Preparation of pork patties 
Fresh pork meat and back fat were purchased from a local meat processing plant. 
All separable fat and visible connective tissues were removed from meat. Lean 
pork meat and pork back fat were ground through a 3 mm plate and mixed to have 
20% fat level. The mixture was divided to provide four experimental variants: I) C0 - 
Control (meat + 1.5% salt + 5.5% water); II) P1 (meat + 1.5% w/w salt + 5.5% 
walnut leaf extract); III) P2 (meat + 1.5% w/w salt + 5.5% cherry stem extract) IV) 
P3 (meat + 1.5% w/w salt + 5.5% water + 0.5% walnut leaf powder). Solid additives 
were dissolved in water or extract prior to mixing with the meat batter. Immediately 
after adding all ingredients, meat samples were thoroughly mixed and made into 
patties manually (50 g each). The samples were placed in an electric oven 
preheated for 15 minutes at 180°C and allowed to cook for 10 minutes until the 
meat reached 75 ± 1°C in the center. After cooling to room temperature, the patties 
were aerobically packed in polyethylene bags. 
 
Microbiological analysis 
For microbiological analysis, 1 g of sample was sterile weighed and homogenized 
with 9 ml of peptone serum in a stomacher. After homogenization, the samples 
were maintained for 15 minutes at room temperature. The insemination was done 
directly from the sample obtained without making the decimal dilutions. The 
qualitative determination of the germs was pursued without quantification. The 
culture media used were XLD agar selective for Enterobacteriaceae as well as 
nutrient agar as the usual medium. The insemination was done in both cases by 
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spraying at the surface of the environment. The incubation of the plates with 
selective medium for Enterobacteriaceae was done at 37°C for 48 hours, while the 
plates with usual medium were incubated at 30°C for 48 hours. The antimicrobial 
activity of the aqueous extracts added to the patties was tested on the most 
commonly encountered bacteria in the analyzed samples using the disc diffusion 
assay. Briefly, the surface of the nutrient agar culture medium was inseminated by 
flooding the medium with a suspension of Bacillus isolated bacteria from the 
samples of the analyzed patties. Turbidity values of the suspension was in the 
range of 2.0–2.2 nephelometric units. Plates with a diameter of 90 mm were used, 
inoculum being 1 ml of bacterial suspension. After 15 minutes, the excess 
suspension was removed and 3 sterilized dishes, 6 mm in diameter, impregnated 
with walnut leaf aqueous extract, sweet cherry stem aqueous extract and distilled 
water (control) were applied to the surface of the inseminated medium. The placing 
of the discs on the plate was equidistant. The plates thus obtained were 
thermostated at 37°C for 48 hours. Plate reading was done by scoring the inhibition 
area around the inseminated disc, as well as three-way measurement of the 
inhibition zone (positive samples). The analysis was carried out in duplicate. The 
microbiological analysis of the patties samples with plant extracts and of the control 
samples was done immediately after obtaining (C0i, P1i, P2i, P3i) and after 15 
days of storage under refrigeration conditions (C0f, P1f, P2f, P3f). 
 
 

RESULTS AND DISCUSSIONS 
 
The native microflora of the meat consists of Pseudomonas spp., 
Brochotrix thermosfacta, yeasts, lactic bacteria, bacteria of the 
Enterobacteriaceae family. Associated microflora from machinery, staff, 
storage space, etc., contains both Staphylococcus aureus germs and 
sporulated bacteria resistant to physical and chemical agents. The 
processing of meat, mainly by heat treatment, greatly reduces the 
association and the native microflora, but the resistant bacteria from the 
sporulated category can be found in the finished products. Grinding the 
meat by chopping contributes to its enrichment in microorganisms. The 
short-term thermal treatment proved to be ineffective for sporulated 
bacteria of the genus Bacillus which was found in three of the four analyzed 
samples (C0i, P2i, and P3i). On the agar selective media for 
Enterobacteraiaceae, no colonies were developed in the thermostatic 
interval, as a result, the samples were free from pathogenic bacteria of this 
family. Instead, many colonies have developed on nutrient agar, with 
varying degrees of uniformity from one sample to another. 
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Microbiological analysis of the patties immediately after production 
In the control samples, after only 24 hours of thermostation on the nutrient 
agar medium, grayish white colonies with rhizoid margin and slightly 
gelatinous consistency were observed (Figure 1). The degree of uniformity 
of colonies was very high, indicating that it is a single species of bacteria 
that has developed in this usual medium. At the microscope, the Gram-
stained smears highlighted sporulated Gram (+) bacilli, with terminal seam, 
which slightly exceeds the diameter of the vegetative cell (Figure 2). Based 
on cultural, morphological and biochemical tests, the isolate was classified 
as Bacillus cereus var. mycoides. The lowest load of microorganisms was 
found in the P1i sample. Two types of colonies were developed on the 
nutrient agar medium, some of them white, with full margin, glossy surface, 
 

  
C0i                                                   P1i 

  
P2i                                             P3i 

 

Figure 1. Colonies developed on the usual medium from samples immediately after 
production (C0i, P1i, P2i, P3i). 
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Figure 2. Bacillus cereus isolated from sample C0i. 
 

 
 

Figure 3. Lactobacillus spp. isolated from sample P1i. 
 
 

and creamy consistency (Figure 1). At the examination on the microscope, 
small Gram (+) bacilli belonging to lactic bacteria (Lactobacillus) naturally 
present in the microflora of meat (Figure 3) were highlighted. Although not 
sporulated, these can withstand temperatures up to 60°C, with 
development limits between 2 and 53°C. Acidophiles, a little proteolytic and 
slightly lipolytic, Lactobacillus species are found in meat, milk and dairy 
products, but also on machinery and working surfaces in the food industry, 
from where they can pass into processed products. None of the species of 
the genus is pathogenic.  

A small number of colonies showed yellow color, full margin, glossy 
surface, creamy consistency. At the microscope, Gram (+) cocci were  
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Figure 4. Staphylococcus spp. isolated from sample P1i. 
 
 

highlighted, characteristically placed in the form of clusters, typical of the 
Staphylococcus genus (Figure 4). The presence of these pathogens in food 
is an indicator of food safety. A potent colonial growth with a high degree of 
uniformity of the colonies was found in the P2i sample (Figure 1). The 
developed colonies were white-creamy, with a slightly creased surface and 
corrugated margins. At the microscope, Gram (+) bacilli have been 
observed with rounded ends, large, typically joined in sporulated chains. 
The subterminal spores were oval and easily deformed the vegetative cells. 
Based on morphological, cultural and biochemical tests, the colonial isolate 
was classified as Bacillus cereus. The P3i sample showed less intense 
colonial growth. In this case, two types of colonies developed (Figure 1). 
The predominant translucent colonies with a tendency for white-gray 
extension were developed. These were generated by unsporulated, small 
Gram (+) bacilli, typical of the Brochothrix thermosphacta genus that is part 
of the native microflora of the meat. A small number of colonies were small 
in size, opaque, white-cream colored. At the microscope, small Gram (+) 
sporulated bacilli were observed with rounded, spherical ends. This kind of 
grouping, correlated with the Gram character, cultural aspects and 
biochemical tests, can placed the isolate in the genus Bacillus spp. 
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Microbiological analysis of patties after storage  
for 15 days in refrigerated state 
After 15 days of storage in refrigeration conditions, there is a great deal of 
uniformity between samples, meaning that the colonies have grown 
abundantly throughout (Figure 5). At the microscopic examination, Bacillus 
genotypes Gram (+) spores were observed. This can be explained by the 
high resistance of these spores at the refrigeration temperature. 
 

  
C0f                                                   P1f 

   
P2f                                                 P3f 

 

Figure 5. Colonies developed on the usual medium from samples after storage for 
15 days in refrigerated state (M0f, P1f, P2f, P3f). 

 
 

The unsporulated bacteria initially isolated from the analyzed 
samples either did not withstand refrigeration temperature or they were 
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inhibited by Bacillus. It should be noted that in the sample with addition of 
walnut leaf extract, although germs belonging to the Bacillus genus were 
not isolated, spores which germinated under refrigeration conditions were 
present, the resulting vegetative cells abundantly multiplying. Regarding the 
susceptibility of bacteria of the genus Bacillus to the action of the aqueous 
extracts of walnut leaves and cherry stems, it was found that they did not 
inhibit the studied bacteria, some of them growing even on the impregnated 
disc. Instead, colonies were found to be weaker. 
 
 
CONCLUSIONS 
 
The addition of aqueous extracts of walnut leaves or cherry stems and 
walnut leaf powder to the cooked pork patties had no bacteriostatic effect 
on the local microflora. In the control samples, abundant germs of the 
genus Bacillus have developed while in the samples with addition of walnut 
leaf extract, these were inhibited by the added extract, the lactic bacteria 
present in the native microflora have developed and Staphylococcus have 
developed very poorly. In the samples with addition of cherry stem extract, 
there was a proliferation of germs of the genus Bacillus, while in the 
samples with addition of walnut leaf powder there were developed germs 
present in the native microflora such as Brochothrix thermosphacta, but 
also Bacillus spp. Plant extracts added to the pork patties had no effect on 
bacteria of the genus Bacillus, which inhibited the rest of the native 
microflora, thus becoming dominant, so that it developed abundantly in all 
analyzed samples after 15 days of storage under refrigeration conditions. 
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