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Background: The antimicrobial effects of the extracts of different kinds of plants have 
been demonstrated in several studies. However, no study has been conducted so far on the 
synergistic effects of two herbal extracts on their germicidal effects. In this study, in 
addition to antibacterial effects of the aqueous, methanol or ethanol extracts of Tribulus 
terrestris and bitter almond on some bacteria, the synergistic effects of the extracts of 
these two plants were also evaluated. 
Materials and Methods: In this experimental study, water, methanol and ethanol extracts 
of seeds were screened against some bacterial strains. Seeds were extracted by percolation 
method. Aliquots of the extracts at variable concentrations were then incubated with 
different bacterial strains, and the antimicrobial activities of the extracts from seeds were 
determined by MIC. Three antibiotics were used as reference compounds for antibacterial 
activities. Seeds extract inhibited significantly the growth of the tested bacterial strains. 
Results: The greatest synergistic effect of T. terrestris and bitter almond extracts is 
detected in methanol and aqueous extracts. Among the bacterial strains tested, 
Staphylococcus aureus was most susceptibility. 
Conclusion: The results showed the highest antibacterial effect in the combination of 
methanol extract of T. terrestris and the aqueous extract of the bitter almond. 
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         Introduction 

n the past decade interest on the topic of antimicrobial 
plant extracts has been growing. Use of herbal 
medicines in Asia represents a long history of human 

interactions with the environment. Plants used for 
traditional medicine contain a wide range of substances 
that can be used to treat chronic as well as infectious 
diseases [1]. The medicinal value of plants lies in some 
chemical substances that produce a definite physiological 
action on the human body. The most important of these 
bioactive compounds of plants are alkaloids, flavonoids, 
tannins and phenolic compounds [1, 2]. 

As the center of global health policy and monitoring, in 
1978, World Health Organization pointed out in the 
Almaty Declaration for the first time that a majority of 
human society still believe in herbal remedies and use 
them to maintain their public health [1]. For centuries, 
herbal medicines were the only available source to treat 
most diseases. In this era, despite the impressive 
development of chemical medicine, herbal drugs are still 
being used in large-scale so that in some countries this 
medicine are an integral part of the drug treatment system 
and have a more thriving market compared to chemical 
drugs [2]. Antibiotic resistance is one of the biggest 
public health problems in the world. Antibiotic resistance 
is not a new problem. Some resistant strains were 
appeared a short time after the discovery of antibiotics 
over 50 years ago. Penicillin and other antibiotics which 
initially were considered as a miracle drug were later 

faced with the problem of resistant strains [3]. Hence, 
nowadays extensive studies are conducted on the new 
drugs with relatively high microbial effects. Study and 
use of medicinal plants which were primarily used to treat 
infections can introduce new sources of antibiotics by 
itself. T. terrestris and bitter almond are two such plants 
which were used in traditional medicine for treating many 
infections and there are many papers on these factors and 
their effects available at present [4]. T. terrestris is an 
herbal medicine that is used in traditional medicine for 
treating genitourinary tract infection especially gonorrhea, 
rejection of kidney stones, rheumatic pain reliever, 
reducing blood pressure and stimulating the liver. Bitter 
and sweet almond oils which are used locally as 
emollients and healers in cases such as itching in measles, 
scarlet fever, and eczema in children, have antibacterial 
and anti-parasitic effects [5].  

Screening of medicinal plants for antimicrobial activities 
and phytochemicals is important for finding potential new 
compounds for therapeutic use. This paper reports the 
results of a survey that was done based on folk uses by 
traditional practitioners in Iran for antimicrobial activity. 
Thus, this research project, in addition to their 
antimicrobial potential, attempts to study the synergistic 
effects of the extracts of these two drugs on some 
pathogenic organisms as well. 
 
Materials and Methods 

I 
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Bacterial strains and culture conditions: In this 
experimental study, bacteria examined include: 
Escherichia coli PTCC 1533, Pseudomonas aeroginosa 
PTCC 1310, Staphylococcus aureus PTCC 1113 and 
Salmonella typhi PTCC 1609. These bacteria have been 
provided from the Iran microbial collections of Iranian 
Research Organization for Science and Technology 
(IROST) in lyophilized form. The bacterial samples were 
cultured according to standard procedures. Since the 
number of inoculated bacteria is one of the most 
important variables that affect the outcome of the study, 
the density of the inoculated microbial suspension has to 
be standard.  

Preparation of plant extracts: Firstly T. terrestris 
fruits and bitter almonds were collected from the Arak 
villages, Iran in January 2013. Then, they were chopped 
into small pieces and were weighed and used after being 
dried. Four grams of T. terrestris powder and 4 g of bitter 
almond powder were separately poured into 3 distinct 
beaker and a solvents (methanol 80%; ethanol and water) 
were added. The soggy plants were transferred into 
distinct percolators after 2 h. When solvents (methanol 
80%; ethanol and water) were added, the percolator 
valves opened so that the flow rate was 4-6 drops/min. 
Getting assured of the completion of percolation 
(approximately 72 h later) the extract was concentrated 
using rotary evaporator with 90 rotation and 45ºC. Then, 
it was put in the oven with 40ºC so that the extract was 
completely dry. Five hundred milligrams of the prepared 
dry extract was dissolved in 1 mL (5%) of DMSO 
(Dimethyl sulfoxide, Sigma, USA) solvent (concentration 
500 mg/mL) and was stored in -20ºC [4]. 

Evaluation of the antimicrobial activity of the 
extracts by MIC method: To determine the MIC 
(minimum inhibitory concentration) from the dilution of 
500 mg/mL, the dilutions of T. terrestris and bitter 
almond extracts were prepared separately. Equal amounts 
of 500 mg/mL extracts were mixed to study the 
synergistic effect of T. terrestris and bitter almond. Then 
the next dilutions were prepared in serial order. The 

bacterial suspension (106 bacteria/ mL) was then added to 
each tube.  

All inoculated media were placed in 37ºC temperature 
for 24 h. After this time all the tubes were examined for 
turbidity. The first tube observed free of turbidity, i.e. 
absence of bacterial growth was selected as the MIC. To 
compare the bactericidal effect of the extracts, the 
bactericidal effects of some antibiotics on the above-
mentioned bacteria was used. These antibiotics include: 
ciprofloxacin, gentamicin and chloramphenicol (Mast, 
England). MIC was measured by Micro Dilution Broth 
method according to NCCLS standards. 

 
Results 

 
The methanol extract of T. terrestris had the lowest MIC 

(62.5 mg/mL) in regard with S. aureus, which was 
significantly, lower than the MIC of aqueous and ethanol 
extract (125 mg/mL). In the case of S. typhi, the ethanol 
extract of T. terrestris was the most effective 
antimicrobial. Aqueous and ethanol extracts of bitter 
almond, had the greatest effect on P. aeruginosa. Both    
T. terrestris and bitter almond had a synergistic effect in 
alcoholic and aqueous extracts. The results of the effect of 
antibiotics on bacteria are shown in table 2. 

As can be seen from the results in table 1, the methanol 
extract of T. terrestris is the most effective antimicrobial 
among the ethanol, aqueous and methanol extracts. The 
antimicrobial effect of methanol extract of T. terrestris is 
not only detectable against Gram-negative bacteria, but 
also a similar effect can be seen for Gram-positive 
bacteria. Among the bitter almond extracts, the aqueous 
and ethanol extracts had similar antibacterial effects. This 
effect can be seen especially on P. aeruginosa. But the 
antibacterial effect of methanol extract of bitter almond is 
lower than the previous two extracts. The synergistic 
effect was seen particularly in alcoholic extract of            
T. terrestris and aqueous extract of bitter almond. The 
anti-bacterial process of the combined extracts was also 
detected specially for S. aureus and S. typhi. 

 
Table 1. MIC of extracts against different bacterial strains 
 

 
Table 2. MIC of bacteria to antibiotics 
 
Antibiotics (mg/mL) S. aureus P. aeruginosa S. typhi E. coli 
Ciprofloxacin 16 32 8 8 
Gentamicin 8 8 8 8 
Chloramphenicol 64 >512 64 512 

 
 

Extract S. aureus P. aeruginosa S. typhi E. coli 
Aqueous extract of T. terrestris Over 125 125 125 125 
Ethanolic extract of T. terrestris 125 62.5 31.25 62.5 
Methanolic extract of T. terrestris 62.5 62.5 62.5 62.5 
Aqueous extract of bitter almond 125 31.25 62.5 125 
Ethanolic extract of bitter almond 125 31.25 62.5 125 
Methanolic extract of bitter almond 125 62.5 62.5 125 
Aqueous extract of T. terrestris + Aqueous extract of bitter almond 62.5 > 62.5 62.5 62.5 
Ethanolic extract of T. terrestris+ Ethanolic extract of bitter almond 62.5 31.25 31.25 31.25 
Methanolic extract of T. terrestris+ Methanolic extract of bitter almond 62.5 31.25 31.25 62.5 
Methanolic extract of T. terrestris+ Ethanolic extract of T. terrestris  62.5 31.25 31.25 62.5 
Methanolic extract of T. terrestris+ Aqueous extract of bitter almond 15.625 31.25 15.625 31.25 
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Discussion 
 
In this study, the water and methanol extracts from         

T. terrestris and bitter almond extracts exhibited 
significant inhibitory effect on bacterial growth. 
Microorganisms play an important role in human 
diseases. High death rate caused by these factors has 
always made people to think about ways of dealing with 
microorganisms. Chemicals extracted from plants, as 
antimicrobial compounds, are considered as a 
replacement for synthetic drugs because they have fewer 
side effects. The importance of studying medicinal plants 
have been recognized in Iran as well [6]. Several factors 
affect antibacterial activity of a plant. Factors such as the 
amount of plant extract, the method of extraction, and the 
type of solvent used the type of medium and the material 
and the concentration of the extract can affect the 
antimicrobial effects of the plant [7, 8]. Another factor 
that may affect the antimicrobial effects of the extract of a 
plant is the extraction method and the solvent used [4]. 
Extracts which are obtained with different methods and 
using different solvents from the same plant can indicate 
different antimicrobial effects on particular forms of 
microorganisms. Different concentrations of the extract 
also affect its antimicrobial activity. Previous studies [9, 
10] showed that the antimicrobial effects of the plant have 
altered by changing the concentration of the extract. The 
media used in the antimicrobial tests also has a great 
influence on the antimicrobial properties of the extracts. 
Also, usage of the different organs of a plant affects the 
antimicrobial effect of the extract. Kudi et al. [11] has 
well shown the different antimicrobial effects of bark and 
leaves of some plants.  

Lechtenberg and Nahrstedt discovered the structure of 
the HCN-liberating compound in bitter almonds [12]. 
Because the compound was isolated from Prunus 
amygdalus (synonym Prunus dulcis), it was named 
amygdalin. Amygdalin has subsequently been found 
widespread in seeds of other members of the Rosaceae 
like in apples (Malus spp.), peaches (Prunus persica), 
apricots (Prunus armeniaca), black cherries (Prunus 
serotina) and plums (Prunus spp.) [13, 14]. The 
diglycoside amygdalin was the first member to be isolated 
of a new class of natural products now known as 
cyanogenic glucosides. Cyanogenic glycosides are present 
in more than 2,500 different plant species, including many 
important crop plants [15]. Upon disruption of plant tissue 
containing cyanogenic glycosides, these are typically 
hydrolyzed by β-glucosidases with concomitant release of 
Glc, an aldehyde or ketone and HCN. This two-
component system, of which each of the separate 

components is chemically inert, provides plants with an 
immediate chemical defense against attacking herbivores 
and pathogens [16]. In addition to their possible defense 
function, accumulation of cyanogenic glucosides in 
certain angiosperm seeds may provide a storage deposit of 
reduced nitrogen and sugar for the developing seedlings 
[17]. 

The results of this study are in agreement with the study 
of Al-Bakri et al. [18], they reported the antibacterial 
activity of bitter apricot extract against several bacterial 
strains. They supposed that the antibacterial activities 
might be brought by amygdalin, alkaloids, flavonoids, 
tannins and phenolic compounds. 

As the Yemeni T. terrestris had no detectable anti-
bacterial activity against any of the reference bacteria [19] 
and all parts (fruits, stems plus leaves and roots) of 
Turkish T. terrestris showed activity against all reference 
bacteria [20], but only fruit and leaf of Indian T. terrestris 
were active against exclusively E. coli and S. aureus [21], 
it can be argued that antibacterial activity of Iranian T. 
terrestris against the reference bacteria is similar to 
Turkish T. terrestris [22]. 

The antimicrobial effects of the extracts of different 
plant have been demonstrated in several studies. 
However, no study has been conducted so far on the 
synergistic activity of two herbal extracts on their 
germicidal effects. In this study, in addition to 
antibacterial effects of the aqueous, methanolic or 
ethanolic extracts of T. terrestris and bitter almond on 
some bacteria, the synergistic effects of the extracts of 
these two plants were also evaluated. The main limitation 
of this study is to obtain dry extracts were prepared. 
Among the T. terrestris extracts, the methanol extract has 
the most antimicrobial effect. The methanol extract with 
an MIC equal to 62.5 mg/mL affect the Gram-negative 
and Gram-positive bacteria and prevents them from 
growth and reproduction.  

All three extracts of the bitter almond had almost the 
same effect on the tested bacteria. However, the aqueous 
and ethanol extracts had a lower MIC in case of P. 
aeruginosa. It can be derived from the results of this 
study that basically the alcoholic extracts of T. terrestris 
have a greater bactericide effect compared to its aqueous 
extract; however the alcoholic extracts of the bitter 
almond, particularly the ethanolic extract have almost the 
same effect as the alcoholic extract of T. Terrestris. A 
comparison between the bactericide effect of the aqueous 
and alcoholic extracts of bitter almond leads to similar 
results. In the synergistic study of the two plants’ extracts, 
the highest antibacterial effect achieved by the 
combination of methanol extract of T. terrestris and 
aqueous extract of bitter almond. In addition, having a 
relatively good effect on the Gram-negative bacteria, this 
combination shows highly effective on Gram-positive 
bacteria. So that the synergistic effect increases the MIC 
value up to about 10 folds compared to each extract alone. 
The greatest antibacterial effect of T. terrestris extracts is 
detected in its methanolic extract. The greatest effect of 
the bitter almond extracts on the bacteria belongs to its 
aqueous and ethanol extracts. The greatest synergistic 
effect of T. terrestris and bitter almond extracts is 
detected in methanol and aqueous extracts. Finally, it is 
suggested to further the antimicrobial effect of the plant 
extract the active ingredients are determined. 
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