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Abstract 

Two extract from the walnut tree bark (Juglans regia) were investigated for antimicrobial activities against seven 
human pathogens such as: Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 25923, salmonella suis 
ATCC 13076, Pseudomonas aeruginosa ATCC 27583, Escherichia coli ATCC 25922 and Shigella sonnei 
ATCC 11060 and one was human pathogenic fungus: Candida albicans ATCC 10231. In this study, methanol 
was used as an extraction solvent, and bioactivity screening was done by agar well diffusion method. The bark 
extract in both samples showed strong activities against almost all the pathogenic microorganisms. Furthermore, 
the purified crude extract of the two samples has been analyzed using gas chromatography-mass spectrometry 
(GC-MS). Results indicated that the main component in the crude extract for bark sample 1 (MHO) was 
cyclobutanol (91.7%) and for bark sample 2 (MHC) was 1, 3-dioxolane, 2, 4, 5-trimethyl (92.9%). In both 
extracts cyclobutanol was present in high percentage (91.7%). Further, 
4h-pyran-4-one,2,3-dihydro-3,-dihydroxy-6-methyl; 1,3-dioxolane-4-methanol,2,2-dimethyl; 
1,6,3,4-dianhydro-2-deoxy-beta-d-lyxo-hexopyranose; cyclopropyl carbinol; 2-heptanamine,5-methyl-; 
pyrimidine-2,4(1h,3h)-dione,5-amino-6-nitroso; alanine; butanenitrile,2,3-dioxo-,dioxime,o,o-diacetyl; 
(r)-(-)-2-amino-1-propanol and benzaldehyde,4-ethoxy were present in both bark extracts as 80-89%. Moreover, 
ethanamine,2-propoxy; 2-isopropoxyethylamine; (r)-(-)-2,2-dimethyl-1,3-dioxolane-4-methanol; 3,4-furandiol, 
tetrahydro-,cis; glycerin; eicosanoic acid; pentadecanoic acid; 1-octadecanamin,n-methyl and 
(s)-(+)-1-cyclohexylethylamine appeared in bark sample 1 as 80-91%, while the compounds 
1,3-dioxolane,2,4,5-trimethyl; 11-tridecen-1-ol; hexadecanal; 4-tridecene,(z); 2-undecene,(e); 4-tetradecene,(z); 
acetic acid, trifluoro-, decyl ester; 2-hydroxy-3,5-dimethylcyclopent-2-en-1-one and d-glycero-d-tallo-heptose 
were present in bark sample 2 as 80-92%. 

Keywords: antibacterial activity, human pathogenic bacteria and yeast, agar well diffusion method, metabolites, 
methanol extraction, Juglans regia, GC-MS analysis 

1. Introduction 

Over the past few decades, there has been much interest in natural products as sources of new antimicrobial 
agents. Different extracts from traditional medicinal plants have been tested. Many reports show the effect of 
traditional herbs against microorganisms. As a result, plants have become one of the bases of modern medicine 
(Evans et al., 2002). The increased resistance to currently available antibiotics and the problems presented by 
antimicrobial agents added in food and public's pressure on the food industry to avoid chemical preservatives are 
the main factors justifying the search and development of new antimicrobial agents, especially those of natural 
origin (Rauha et al., 2000; Proestos et al., 2005). 

Persian walnut (Juglans regia) tree (Figure 1) is found almost everywhere throughout the world such as Japan, 
China, Pakistan, Southern Asia, India, Turkey, South Eastern Europe, Carpathian Mountains of Poland, Eastern 
and Southern parts of the United States, Mexico, Central America, Colombia and Argentina (McGranahan et al., 
1998; McGranahan & Leslie, 1990). This species is naturally distributed from East Turkey through North of Iran, 
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Afghanistan, Pakistan, mountains of Nepal and central Asia (McGranahan et al., 1998). Afghanistan (Figure 2), 
with its various eco-geographical regions, is one of the major centers for the Persian walnut diversity. Native 
walnut populations are widely present in Afghanistan and are found as scattered individuals or groups of several 
trees in the borders of agricultural lands, orchards or by the rivers, usually close to human settlements 
(Fernandez-lopez et al., 2003).  

 

 

 

Figure 1. a. Persian walnut tree (Juglans regia); b. Fruit with green nuts; c. Dry barks 

 

 
Figure 2. Afghanistan map showing the sampling region Jalalabad (red arrow) (MHO) 
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The nuts are very popular and are largely consumed as a part of the diet. Nevertheless, not only seeds are used 
but also shells, bark, green husks and leaves in the cosmetic and pharmaceutical industries (Oliveira et al., 2008). 
Several studies suggest that regular consumption of walnut may have useful effects against oxidative stress 
mediated diseases such as cardiovascular diseases and cancer. Antiradical and antibacterial activities have also 
been recently described for different J. regia cultivars (Almeida et al., 2008). Recently, the chemical 
composition, antioxidant potential and antimicrobial activity have been studied in six walnuts (J. regia.) cultivars 
(cv. Franquette, Lara, Marbot, Mayette, Mellanaise and Parisienne) produced in Portugal (Pereira et al., 2007). 

In Afghanistan, more than half of the population is using J. regia bark chewing sticks as an oral hygiene material. 
Antifungal, antibacterial and antioxidant activities of this plant have also been described (Isanga et al., 2007; 
Miraliakbari & Shahidi, 2008; Amaral et al., 2003). The health benefits of walnuts are usually attributed to their 
chemical composition. Walnuts are good source of essential fatty acids and tocopherols (Amaral et al., 2005). In 
case of Saudi Arabia many women used (J. regia) for cleaning teeth, it was thought to make teeth look whiter 
and shiny. The women also used it as a dye for coloring lips, which would get red-brown coloration, but this 
habit has become less common in the new generation (Abu Taha & Al-wadaan, 2011). 

In addition, walnuts have other components that may be beneficial for health including plant protein, dietary 
fiber, melatonin (Reiter et al., 2005), plant sterols (Amaral et al., 2005), folate, tannins and polyphenols (Li et al., 
2006). Walnuts possess a high content of α-tocopherol, a vitamin E family compound, which has antioxidant 
activity, mainly in the prevention of lipid oxidation process (Koksak et al., 2006). Plant-derived products with 
phenolics and polyphenolic components.can also be used as antimicrobial agents. Despite the wide use of walnut, 
the plant has not received much attention and has not been intensively studied. Therefore, the present work is 
aimed to screen the antimicrobial activities and compounds of two different origins of the bark extracts and to 
highlight their potential and ability of producing several compounds of industrial importance. 

2. Materials and Methods 

2.1 Sample Collection 

The bark samples were collected from two different origins; one from Jalalabad area in Afghanistan as natural 
source (sample 1 code used as MHO) (Figure 2). The other sample as commercial source from a local store in 
Riyadh, Saudi Arabia (the sample 2 code used as MHC (Figure 3). 

 

 

Figure 3. The map of Saudi Arabia showing the sample 1 (code MHC) collection region Riyadh (red arrow) 
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2.2 Sample Preparation and Compounds Extraction 

For the extraction, two crushed and semi-powdered samples (500 g) were soaked into 1000 ml methanol (purity 
99.5%) in two separate conical flasks. All the flasks were capped tightly with aluminum foil and tape (Schott, 
Duran, 2000 ml). The mixtures were allowed to soak for one week at room temperature (about 30°C) for proper 
extraction of the samples. The extract was filtered using filter paper and dried for three days at 50°C in a drier 
until all the solvent was evaporated in a glass beaker. The antimicrobial activities of the two extracts were 
evaluated using agar well diffusion assay against seven human pathogenic microorganisms. 

2.3 Microorganisms Used in the Study 

Human pathogenic microorganisms used in this study were obtained from the Laboratory of Microbiology 
located in the Department of Botany and Microbiology, Faculty of Science, King Saud University, Saudi Arabia. 
The microorganisms tested in the study as follows: Gram-positive bacteria: B. subtilis ATCC 6633 and S. aureus 
ATCC 25923; Gram-negative bacteria: S. suis ATCC 13076, P. aeruginosa ATCC 27583; E. coli ATCC 25922; 
S. sonnei ATCC 11060 and one human pathogenic fungus: C. albicans ATCC 10231. Methanol and sterile water 
were used as positive and negative control, respectively.  

2.4 Preparation of Microorganisms and Antimicrobial Activity Assay  

The pathogens were cultured by transferring a loop full of the microorganisms into tubes containing 9 ml of 
Nutrient broth and incubated at 37°C for 24 h. The overnight cultures were used for the antimicrobial activities 
of the extracts investigated in this study. In addition, Mueller Hinton (MH) agar was prepared and poured into 
Petri dishes and allowed to cool down and a loop full of each microorganism was inoculated on the surface of a 
separate MH agar plate. The antimicrobial activity was determined by the agar-well diffusion method (Table 1). 
Subsequently agar wells were formed on the surface of the agar using sterile plastic straw (6 mm in diameter), 
then 0.1 ml of each extract was pipetted into the wells. The plates were then incubated at 37°C for 24 h. After 
this period, it was possible to observe zones of inhibition around the agar wells (Figure 4) demonstrating the 
effects of the bark’s extracts. The diameters of the zones were measured using 1 mm ruler. The difference in the 
size of inhibition zone between the two samples is shown in the diagram in (Figure 5). 

 

Table 1. The antibacterial activity of crude extract from the two different J. regia barks 

 Pathogenic microorganism 

 Gram positive bacteria Gram negative bacteria Yeast 

Extract 
Code 

S. suis 

ATCC 

13076 

 

P. 
aeruginosa 

ATCC 

27583 

E. coli 

ATCC 

2592 

 

S. 
sonnei 

ATCC 

11060 

B. subtilis 

ATCC 

6633 

 

S. aureus 

ATCC 

13076 

 

C. albicans

ATCC 
10231 

MHO 20 mm 
(++) 

20 mm (++) 13 mm 
(++) 

28 mm 
(+++) 

15 mm (++) 30 mm 
(+++) 

25 mm 
(+++) 

MHC 17 mm 
(++) 

25 mm 
(+++) 

15 mm 
(++) 

28 mm 
(+++) 

16 mm (++) 25 mm 
(+++) 

25 mm 
(+++) 
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Figure 4. Screening by agar well diffusion method showing the inhibition zone caused by the antagonistic ability 
of the two extracts (MHO and MHC) bioactive compound against: a. S. suis, b. P. aeruginosa, c. E. coli, d. S. 

sonnei, e. B. subtilis, f. S. aureus and g. C.albicans 
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Figure 5. Diagram comparing the antimicrobial activity from the two extracts against seven human pathogens 

 

2.5 Gas Chromatography (GC)-Mass Spectroscopy (MS) Analysis 

Gas chromatography-mass spectroscopy (GC-MS) analysis of crude extract was performed to identify the 
antimicrobial compound in the extract. Interpretation was conducted using the database of National Institute 
Standard and Technology (NIST) having more than 62,000 patterns. The spectrum of the unknown compounds 
was compared with the spectrum of the known compounds stored in the NIST library. The compounds name, 
molecular weight and structure of the compounds of the test materials were obtained. The identification of the 
compounds was done by injecting 1.0 μl of sample into a RT X-5 column (30 X 0.32 nm) of GC-MS model 
(Perkin Elmer, Clarus 500, USA) and helium (3 ml/min) was used as a carrier gas. The following temperature 
gradient program was used (75°C for 2 min followed by an increase from 75 to 175°C at a rate of 50°C per min 
and finally 7 min at 175°C). The m/z peaks representing mass to charge ratio characteristics of the antimicrobial 
fractions were compared with those in the mass spectrum library of the corresponding organic compounds 
(Pandey et al., 2010). The chemical compounds of the extracts were analyzed in the central laboratory of King 
Saud University, Riyadh, Saudi Arabia. Identification of the chemical constituents of extracts were performed 
using Perkin Elmer (Clarus 500, USA) gas chromatography coupled with (Clarus 500, USA) mass spectro-meter 
(MS). Identification of the constituents was based on comparison of the retention times with those of authentic 
samples, comparing their linear retention indices relative to the series of n-hydrocarbons, and on computer 
matching against commercial (NIST 98 and ADAMS) and homemade library mass spectra built up from pure 
substances and components of known oils and MS literature data as previously reported by Hajlaoui et al. (2009). 
Moreover, the molecular weights of all the identified substances were confirmed by GC-MS, using MeOH as CI 
ionizing. 

3. Results and Discussion  

3.1 Antagonistic Activity of the Extracts against Pathogenic Microbes  

The two J. regia tree bark extracts were screened and compared for their potential as a source of antibiotics 
active against human pathogenic microbes. The formation of inhibition zone around the agar well against 
pathogenic strains was indicative of the presence of some antimicrobial compound of each extract. Both extracts 
were tested for their ability to produce inhibitory substances against seven test microorganisms. The test 
microorganisms included two Gram positive bacteria: S. aureus ATCC 25923 and B. subtilis ATCC 6633 

S.suis P.aeruginosa E.coli S.sonnei B.subtilis S.aureus C.albican
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(Gislene et al., 2000), four Gram negative bacteria: E. coli ATCC 25922 (Ali-Shtayah et al., 1999), P. 
aeruginosa ATCC 27853 (Emira et al., 2011), S. suis ATCC 13076 and S. sonnei ATCC 11060 and one yeast 
which was C. albicans ATCC 10231 (Upadhyay et al., 2010; Ahmad et al., 1973). In our study, (Table 1 & 
Figure 5), both extracts were shown to have a very strong antimicrobial activity against the test organisms with a 
little variation. Both extracts contained antibacterial substances against Gram negative and Gram positive 
bacteria used in the test. Three of the pathogenic microorganisms were inhibited greatly by both extracts which 
were S. sonnei ATCC 11060; S. aureus ATCC 13076 and C. albicans ATCC 10231. Both extracts showed 
moderate activity against S. suis ATCC 13076; P. aeruginosa ATCC 27583; E. coli ATCC 2592 and B. subtilis 
ATCC 6633. The extract of MHO appeared to affect S. suis ATCC 13076 and S. aureus ATCC 25923 greater 
than the effect from the extract of MHC. The extract of MHC effects P. aeruginosa ATCC 27853 much greater 
then MHO which is shown clearly in Table 1 and Figure 4. The inhibition zone of sample MHO against S. suis 
ATCC 13076 was 20 mm and against S. aureus ATCC 25923 30 mm while from the sample MHC, the zone 
againt S. suis was 17 mm and from S. aureus was 25 mm. Further, in this study, the inhibition zone against P. 
aeruginosa ATCC 27853 of the sample MHO extract was 20 mm while for MHC it was 25 mm. Methanol and 
sterile water were used as positive and negative control, respectively.  

3.2 Chemical Compositions Comparison in Both Extracts 

The tentative chemical compositions of two crude extracts were analyzed using GC-MS (Figures 6 & 7). The 
percentages of major components of the extracts are given in Table 2 and 3, which demonstrated an interesting 
concoction of compounds with significant antimicrobial activity. According to the results from the GC-MS 
(Tables 2 & 3), it is clear that some compounds were present in both extracts which were: cyclobutanol (91.7%) 
(Alaaddin et al., 2001); cyclopropyl carbinol (84.5%) (Lumir et al., 2008); alanine (80.9%) (Li et al., 2012); 
(r)-(-)-2-amino-1-propanol (80.5%); 4h-pyran-4-one,2,3-dihydro-3,-dihydroxy-6-methyl (92.5%) reported as an 
odor compound (Preininger et al., 2009) and based on previous studies, several important biological activities of 
this compound were observed by several researchers such as anti-mutagenic activity agent against arylamine and 
2-acetoxyacetylaminofluorene (2AAAF)-induced DNA damage in Chinese hamster ovary cells, (Berhow et al., 
2000), anti-alpha-glucosidase activity in patients with diabetes mellitus, (Quan et al., 2003), reactive oxygen 
scavenging activity agent (Takara et al., 2007) and also anti-tumour activity (Ban et al., 2007); 
1,3-dioxolane-4-methanol,2,2-dimethyl (88.6%) reported as antimicrobial agent (Daniela et al., 2009) ; 
pyrimidine-2,4(1h,3h)-dione,5-amino-6-nitroso (82.6%); butanenitrile,2,3dioxo,dioxime,o,o-diacetyl (805%); 
1,6,3,4-dianhydro-2-deoxy-beta-d-lyxo-hexopyranose (81.3%); 2-heptanamine,5-methyl (82.1%) and 
benzaldehyde, 4-ethoxy (80.2%) (Table 2) in which some of them were reported to be antimicrobial agents 
(Ahmedzade et al., 2003).  

Other compounds appeared separately in each of the two extracts. The following compounds were found in the 
extract MHO but not in MHC: ethanamine,2-propoxy (91.2%); 2-isopropoxyethylamine (91%); 
(r)-(-)-2,2-dimethyl-1,3-dioxolane-4-methanol (87.5%); glycerin (82.7%); 3,4-furandiol, tetrahydro-,cis (85.8%); 
1-octadecanamin,n-methyl (80.9%); (s)-(+)-1-cyclohexylethylamine (80%); eicosanoic acid (81.2%) and 
pentadecanoic acid (81%). In case of the extract MHC, the compound in the following list were present: 
2-hydroxy-3,5-dimethylcyclopent-2-en-1-one (85.8%); 2-undecene,(e) (89.1%); acetic acid, trifluoro-, decyl 
ester (86.6%); 4-tridecene,(z) (89.3%), 4-tetradecene,(z) (88.5%), d-glycero-d-tallo-heptose (80.9%); 
11-tridecen-1-ol (89.3), hexadecanal (89.3%) and 1,3-dioxolane,2,4,5-trimethyl (92.9%), which some were 
identified as antimicrobial agents. In our GC-MS data (Tables 2 & 3), it is visible that the main compound with 
the highest percentage for MHO was cyclobutanol (91.7%), while for MHC it was 1,3-dioxolane,2,4,5-trimethyl 
(92.9%). From our data it was found that the cyclobutanol (91.7%) was present in both extract in high percentage 
and was reported as antimicrobial compound (Ahmedzade et al., 2003; Anastasia et al., 2008; Alaaddin et al., 
2001).  

Although in both extracts several compounds varied which could be because of the two different origins, nature 
of the climate, soil’s pH, the temperature and the nutrition sources. In this preliminary research our findings 
showed the similarities of bioactivity against several human pathogenic bacteria. Later based on GC-MS analysis 
we have concluded that in our two bark extracts there were similarities and dissimilarities in the percentages of 
several compounds. We have also concluded that these findings will support the search for further novel 
compounds in plant extracts that could be responsible for the inhibition of the growth of human pathogenic 
microbes. 
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Figure 6. Mass spectrum of J. regia methanolic extract for cyclobutanol which appeared to have the highest 

percentage in both sample MHO and MHC 

 

 

Figure 7. Mass spectrum of J. regia methanolic extract for 1,3-dioxolane,2,4,5- trimethyl which appeared to be 
the highest percentage present in the bark sample 2 collected from Saudi Arabia (MHC)  

 

Table 2. GC-MS analysis for the methanolic bark extract of J. regia for similar compounds found in MHO and 
MHC 

Compound name Percentage of compound 
in whole extract 

cyclobutanol 91.7% 

4h-pyran-4-one,2,3-dihydro-3,-dihydroxy-6-methyl 89.8% 

1,3-dioxolane-4-methanol,2,2-dimethyl 88.6% 

1,6,3,4-dianhydro-2-deoxy-beta-d-lyxo-hexopyranose 87.5% 

Cycloprop yl carbinol 84.5% 

2-heptanamine,5-methyl- 82.1% 

pyrimidine-2,4(1h,3h)-dione,5-amino-6-nitroso 81.5% 

alanine 80.9% 

butanenitrile,2,3-dioxo-,dioxime,o,o-diacetyl 80.7% 

(r)-(-)-2-amino-1-propanol 80.5% 

benzaldehyde,4-ethoxy 80.3% 

 

Cyclobutanol 

1,3-dioxolane, 2,4,5- trimethyl 
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Table 3. GC-MS analysis for the methanolic bark extract of J. regia for dissimilar compounds found in MHO 
and MHC 

MHO MHC 

Compound name 

 

Percentage 
of 
compound 
in whole 
extract 

Compound name 

 

Percentage 
of 
compound 
in whole 
extract 

ethanamine,2-propoxy 91.2% 1,3-dioxolane,2,4,5-trimethyl 92.9% 

2-isopropoxyethylamine 91% 11-tridecen-1-ol 89.3% 

(r)-(-)-2,2-dimethyl-1,3-dioxolane 
-4-methanol 

87.5% hexadecanal 89.3% 

3,4-furandiol, tetrahydro-,cis 85.8% 4-tridecene,(z) 89.3% 

glycerin 82.7% 2-undecene,(e) 89.1% 

eicosanoic acid 81.2% 4-tetradecene,(z) 88.5% 

pentadecanoic acid 81% acetic acid, trifluoro-, decyl ester 86.6% 

1-octadecanamin,n-methyl 80.9% 2-hydroxy-3,5-dimethylcyclopent 
-2-en-1-one 

85% 

(s)-(+)-1-cyclohexylethylamine 80% d-glycero-d-tallo-heptose 80.9% 

 

4. Conclusion 

The bark extract in both samples showed strong activities against almost all the human pathogenic 
microorganisms. Furthermore, the GC-MS results of the purified crude extract indicated that the main 
component in the crude extract for bark sample 1 (MHO) was cyclobutanol (91.7%) and for bark sample 2 
(MHC) was 1, 3-dioxolane, 2, 4, 5-trimethyl (92.9%). In both extracts cyclobutanol was present in high 
percentage (91.7%). Further, 4h-pyran-4-one,2,3-dihydro-3,-dihydroxy-6-methyl; 
1,3-dioxolane-4-methanol,2,2-dimethyl; 1,6,3,4-dianhydro-2-deoxy-beta-d-lyxo-hexopyranose; cyclopropyl 
carbinol; 2-heptanamine,5-methyl-; pyrimidine-2,4(1h,3h)-dione,5-amino-6-nitroso; alanine; 
butanenitrile,2,3-dioxo-,dioxime,o,o-diacetyl; (r)-(-)-2-amino-1-propanol and benzaldehyde,4-ethoxy were 
present in both bark extracts as 80-89%. Therefore, further study on the step by step chemical purification of the 
crude bark extract will improve our preliminary findings as antibacterial activities for two walnut barks sample 
collected from Saudi Arabia and Afghanistan.  
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