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Introduction

Firouzeh Rouzian* and Simon Gould

Background: Halitosis is the unusual bad odor of mouth which is mainly caused by bacteria in the oral cavity which produces volatile 
sulfur compounds (VSCs). The main origin of these bacteria is on a tongue. Halitosis causes serious problems for health and social re-
lation of patients. The aim of this study was to the evaluation of some selected natural products in the treatment of halitosis through 
inhibition of enzymes responsible for VSCs production.

Results: However L-cysteine desulfhydrase assay with bacterial lysate did not show significant changes in absorbance of samples 
especially control tube, assay of the enzyme using whole bacteria indicated remarkable differences between control and treatments. 
Accordingly, control tube showed the highest amount of absorbance (0.183) compared to samples containing natural products. Natu-
ral products decreased the absorbance in a relatively similar range. The most effective natural product with enzyme inhibitory effect 
was identified to be trigonelline with the absorbance of 0.103. Zinc derivatives including zinc citrate (0.12), zinc chloride (0.11), and 
zinc acetate (0.12), gallic acid (0.11), caffeine (0.12), and nicotine amide (0.11) indicated similar activities.
Conclusion: Natural products have an inhibitory effect on one of the main enzymes contributing in halitosis named L-cysteine de-
sulfhydrase. Although trigonelline showed the strongest inhibitory activity other natural products also inhibited the enzyme signifi-
cantly. This study has introduced natural products as a promising source in the treatment of halitosis.

VSCs: Volatile Sulfur Compounds; PCR: Polymerase Chain Reaction; LPS: Lipopolysaccharide; BHA: Brain Heart Infusion Agar; BHI: 
Brain Heart Infusion; NA: Nutrient Agar; PBS: Phosphate Buffer Solution; OD: Optical Density; CFU: Colony Forming Unit 

Halitosis is defined as the unpleasant odor of mouth that can be originated from oral or non-oral source [1,2]. This issue causes serious 
social problems for people in society. The unusual bad odor of mouth that may be caused by some drinks (coffee, orange juice…) and foods 
(garlic, onions…) is different from halitosis. A number of bacteria are responsible for oral malodor such as Treponema denticola, Porphy-
romonas gingivalis, and Bacteroides forsythus that should be basically recognized and treated. Oral malodor occurs principally by volatile 
sulfur compounds (VSCs) such as hydrogen sulfide, methyl mercaptan, dimethyl sulphide, butyric acid, putrescine, ammonia, amines, and 
cadaverine [3-5] that are the products of protein degradation by microbial community. 

Materials and Methods: Samples were collected through scrapping the back of tongue of individuals and cultured on BHI medium. 
Number of bacteria in samples was calculated using serial dilution method along with optical density determination. Cell lysis of 
bacteria was obtained and used as enzyme source. Effect of natural products including chlorhexidine, zinc citrate, zinc acetate, zinc 
chloride, caffeine, gallic acid, nicotinic acid and trigonelline was assessed on L-cysteine desulfhydrase
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The Role of Natural Products in Oral Health

Malodor mostly comes from the mouth as this part of the body is responsible for approximately 85% of bad breath [5,14]. People with 
restrict mouth hygiene and good teeth arrangement, the major reason of malodor is probably to be the dorsal area of a tongue [4]. Ac-
cess to this part to study the microbial community is possible using a plastic spoon or tongue blade. In most cases, a mucoid discharge is 
collected from the back of the tongue that its origin has not been determined but it is thought this discharge comes from the back of the 
nose [4]. 

The origin of halitosis 

Oral cavity 

The main source of VSC’s producing bacteria is on the tongue [6]. The back of the tongue and periodontal region have been known as 
the important places for the formation of volatile compounds (Figure 1) [7]. Additionally, mouth malodor may have a non-oral origin, it 
has been indicated that some disorders such as upper respiratory disease are responsible for the bad odour of mouth or gastrointestinal 
disorders [8,9]. National Institute of Dental Research reports that 65 million Americans endure from malodor [10-12]. 

Figure 1: Schematic illustration of the oral cavity. Back of the tongue is an important part of oral cavity in halitosis [13].

The texture and anatomy of the tongue also are related directly to the accumulation amount of coating. Generally, grooved tongues 
have more risk for providing an appropriate environment for bacterial growth than smoother tongues. Accordingly, the amount of coating 
on the tongue and number of bacteria are related to each other [4]. In addition, with decreasing of a number of anaerobic bacteria in this 
area, the bad odor decreases. Studies have been shown that periodontal diseases increase the mouth malodor [15,16]. The most impor-
tant bacteria responsible for mouth malodor was found to be Treponema denticola, Porphyromonas gingivalis and Bacteroides forsythus 
[17,18].

Other sites of halitosis generation 

In addition to mouth, bad breath also comes from non-oral parts of the body. Among these, a nasal area is important to study and bad 
odor can be detected from nose strongly. This problem may be related to nasal infection or mucous thickness and secretion amount. The 
bad odor comes from nose called Rhino halitosis that usually detected by a cheesy smell that is different from other types of bad odors [4]. 
Generally, bacteria use the nasal mucus as a food source so increasing the nasal secretion is related to the bacterial community. Bacteria 
use the mucus and produce sulfur compounds that are responsible for bad odor. Cysteine and methionine are widely used by anaerobic 
bacteria resulted from mucus proteins degradation. 
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Several studies have been shown that the major reason of malodor is bacteria, notably; various types of Gram negative bacteria are in-
volved in this issue [4]. The most important genera of bad odor producing bacteria include Eikenella corrodens, Fusobacterium nucleatum, 
Bacteroides loescheii. Treponema denticola, Porphyromonas gingivalis and Centipeda periodontii [19]. Bacterial species living in the mouth 
of human are very diverse as about 100 different species of bacteria are present in this place [4]. Accordingly, any area of the mouth that 
bacteria can colonize and grow there can be considered as a source of malodor. Dentures are one the important source of oral bad odor 
especially if it has been kept in mouth overnight. Food impaction sites also can be other cause of malodor [20]. Notably, saliva has an im-
portant role in mouth malodor, interestingly, there is a reverse correlation between salivary flow and mouth bad breath [21]. At night, the 
salivary amount decreases because of fasting and lack of water intake that result in increasing of mouth malodor intensity. On the other 
hand, chewing raises saliva flow that can clean the mouth cavity and decrease malodor [22]. Conversely, two clinical investigations did 
not show the reasonable relation between saliva and bad odor intensity [23,24]. Streptococcus salivarius was the most prevalent bacteria 
detected in individuals with fresh breath. Only 16.6% of people with mouth malodor have this bacterium in their mouth [24]. 

Diagnosis of halitosis 

Halitosis may be detected by different methods such as measurement of volatile sulfide compounds, bacterial enzymes responsible for 
the production of malodor compounds, salivary test, chemical sensors, and study the organoleptic intensity [4]. Among them, the quanti-
tating organoleptic intensity has been introduced as the gold standard for diagnosis of malodor. The organoleptic test is a simple and old 
method that includes smelling the nose and mouth [25]. 

Bacteriological studies 

For studying the causative agents of malodor a combination of nasal endoscopy, laryngoscopy and sample culture directly is required. 
Collecting of specimens from the tongue and other oral areas and studying the biofilm and scraped samples reveal the bacterial species 
responsible for VSCs production. Among the bacterial isolates from tongue, Prevotella melaninogenica, Porphyromonas gingivalis, Fuso-
bacterium nucleatum and Actinobacillus actinomycetemcomitans are the most prevalent bacteria. Treponema denticola, Porphyromonas 
gingivalis and Bacterioides forsythus are the most important odor producing bacteria isolated from teeth. Detection of bacteria by tradi-
tional culture method usually has some limitations such as this method is time-consuming and has an inherent tendency to the isolation 
of microaerophilic and anaerobic bacteria. Molecular techniques such as polymerase chain reaction (PCR) have gained more attentions to 
the identification of VSCs producing microorganisms recently. PCR methods are sensitive, reliable and accurate. A large number of sam-
ples are analyzed simultaneously even with the low amounts of DNA. Additionally, real-time PCR has been supplied quantitative analysis 
of oral malodor-producing bacteria as by this method five common VSCs producing bacteria has been identified called Porphyromonas 
gingivalis, Fusobacterium nucleatum, Prevotella intermedia, Tannerella forsythia and Treponema denticola [27,28].

Bacteriology 

The other way for detection of halitosis is the measurement of VSCs using gas chromatography. Gas chromatography is very reliable 
and sensitive method, although it is expensive and not economic for all experimental sections. Recently, portable devices in this area have 
been introduced [26]. Measurement of VSCs using portable devices that monitor the electrochemical reaction has been developed that 
is equivalent to the sulfur compounds levels [26]. Among them, the Halimeter® is a well-known device for detecting and measurement of 
VSCs. This method has some limitations. For instance, it is not able to measure the sulphide compounds level accurately. Additionally, its 
sensitivity for all sulphide compounds is not similar as it is sensitive hydrogen sulfide more than methyl mercaptan [26].

Effect of VSCs in periodontal disease

There is a direct relation between the periodontitis with the halitosis [29]. Hydrogen sulfide and methyl mercaptan are the most 
important volatile sulfide compounds in halitosis. Lipopolysaccharide (LPS) of bacteria induces inflammation in gingiva but it is not suf-
ficient alone for gingivitis. Studies have been shown the presence of VSCs facilitate the passing of bacterial LPS to gingival tissue [30]. 

The Role of Natural Products in Oral Health
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Natural products

Treatment methods 

The effective way to eliminate oral malodor is hygiene performances; one good example of dental hygiene practices is using dental 
floss. There is a direct relation between using dental floss and fresh breath. In addition, toothpicks can be effective in cleaning dental pores 
and sites that have the role in odor production. Another way to decreasing of bad odor is the mechanical removal of biofilm by disrupting 
using tongue scrapers, chewing gum, and brushing. This action leads to decreasing the VSCs production in the mouth. Applying tongue 
brushing should be performed regularly to reduce the bacterial community in the oral cavity. Cleaning the back of tongue can be effective 
in patients with the gag reflex. Increasing mouth hydration also has a significant role in reducing malodor [20]. 

On the other hand, there are patients with applying oral hygiene that suffer from halitosis [4]. In such cases, rinsing with mouthwash 
solutions is effective to the reduction of malodor. Notably, mouthwash solutions contain chemical ingredients such as alcohol that have 
side effects (such as taste disturbance) of soft tissues of the mouth including gums. Usually, using mouthwashes at night before sleeping 
has the greater effect because bacterial activity increases at this time [5]. 

Moreover, using antibacterial chemicals such as triclosan, sodium fluoride, zinc chloride, chlorine dioxide, and chlorhexidine (causes 
discoloration of teeth) is effective to reduce the bacterial number in the mouth. These medicines act as antibacterial agent and decrease 
the bacteria on the tongue so leads to the reduction of VSCs production. An antibacterial agent should have some criteria such as without 
effect of over growing of pathogenic bacteria, without a negative effect on the soft tissue of mouth (lips), and reduction of malodor accord-
ing to the Rosenberg intensity scale which is a standard of organoleptic scale that extensively used in breath research [4]. 

Natural products have been applied for treatment of oral diseases, using plants extracts in medicine field dates back to near 5000 
years ago [31]. Natural products have a wide range of diverse chemical structures which has been interested in drug discovery. Among the 
origins of the natural products, plants are considered as a rich source for drug discovery. 

Piper betle leaves have been used mostly in Asia for reducing halitosis through reduction of methyl mercaptan and hydrogen sulfide, 
the presence of allyl pyrocatechol in this plant has a major role in decreasing malodor [32]. Green tea has been used widely for treatment 
of oral diseases, Curcuma zedoaria and Camellia sinensis are two types of green tea that have been tested as the mouthwash to reduce 
the bad odor of halitosis [33]. Garlic extract also has been used against oral bacteria to treat mouth malodor. Accordingly, garlic extract 
showed an antibacterial effect against Streptococcus mutans, Streptococcus sanguis, Streptococcus salivarius, Pseudomonas aeruginosa 
and Lactobacillus spp [34]. 

The aim of this study is to find the ability of natural products including chlorhexidine, zinc citrate, zinc chloride, zinc acetate, gallic acid, 
caffeine, nicotinic acid and trigonelline to inhibit the bacterial enzymes (involved in volatile sulphuric compounds) with focusing on the 
reduction of VSCs through the enzyme activity. 

Aims and Hypothesis

The hypothesis is similar to the aim but it is just that the natural products will inhibit the production of the VSCs and the whole project 
is to test that.

Twenty volunteers including ten females and ten men were subjected to the tongue scraping. The information of individuals was re-
corded completely. All of the subjects did not have any specific disease. The sterile Whatman Omni swabs (Sigma-Aldrich) were used to 
scraping the back of the tongue. All samples were put in preservation media containing 4% w/v BHI, 0.4% w/v peptone, 0.002% w/v DL-
dithiothreitol, 10% w/v glycerol, and 0.00012% w/v haemin. The scrapers were pooled and mixed using a vortex to transfer all bacteria 
to the broth. Thereafter, 1 ml of this broth was transferred to cryo vials and preserved at -20°C for 18h and then transferred to and -80°C. 
Samples were taken out the -80°C freezer and mixed with 10 ml preservation media broth and use immediately.

Materials and Methods
Tongue scrapings

The Role of Natural Products in Oral Health
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Preparation of cell extracts (crude enzyme extracts)

Cell lysis was performed using Cell lytic B (Sigma-Aldrich) according to the manufacturer instruction. Briefly, bacterial isolates were 
inoculated in 10 ml BHI broth medium and incubated in the shaker incubator (180 rpm) at 37°C for 24h. Then, 1.5 ml of the bacterial cul-
ture was adjusted to an OD of 0.8 - 1.0 at 620 nm, was added to the micro tube and centrifuged at 1400g for 10 minutes. The supernatant 
was removed and the cell was resuspended in 0.4 ml of Cell lytic B. The solution was vortexed for 15 minutes and put in the shaker at 100 
rpm, at room temperature for 15 minutes to ensure full extraction of the soluble proteins. Thereafter, the cell lysate was centrifuged at 
4500 rpm for 10 minutes to pellet any insoluble material. The soluble protein fraction was removed from the cell debris. In order to ensure 
about the complete lysis of bacteria, 10 µl of bacterial lysate was cultured on nutrient agar and incubated at 37°C for 18h.

Preparation of media

Culture media including Brain Heart Infusion (BHI) broth, Brain Heart Infusion agar (BHA) and nutrient agar (NA) were prepared ac-
cording to the manufacturer instruction.

Optimization of L-methionine γ -lyase assay

The assay of the enzyme was conducted with some modifications (to develop the assay):

Preparation of samples 

The samples were cultured on BHI agar using swab from stocks and plates were incubated for 24h at 37°C. After incubation, the colo-
nies (2 - 3 colonies) were transferred to 10 ml BHI broth medium and incubated for 24 h at 37°C. Thereafter, 1 ml of medium containing 
bacteria were transferred to an Eppendorf vial (1.5 ml) and centrifuged for 10 minutes at 1400g. The supernatant was discarded and the 
pellet resuspended in phosphate buffer solution (PBS) and vortexed for 2 minutes. One ml of sample was added to the cuvette and the 
absorbance of the sample was recorded using a spectrophotometer at 620 nm. PBS was used as a blank. 

Serial dilution preparation and optical density measurement

Series dilution was prepared by adding twenty microliters of the sample to 180 microliters of PBS in micro-tube and vortexed (10-1). 
Then 20 µl of suspension transferred to the second tube to making 10-2 dilution. The procedure was extended to achieve the solution with 
10-8 concentration. Thereafter, 10 microliter of each dilution was cultured on nutrient agar medium and spread through a sterile swab. 
The plates were incubated for 18hr at 37°C. The colony forming unit (CFU) was calculated according to the below equitation:

Colony forming unit (CFU)=
Number of colonies × dilution factor

Amount of sample on plate

To optimization of correlation between a number of colonies and absorbance, dilution of samples was repeated three times and finally, 
two dilutions were selected for determination of colony forming unit.

L-methionine γ-lyase assay

To access the L-methionine γ -lyase activity, 0.4 ml of 0.5M potassium phosphate buffer at pH 8, 0.5 ml of 0.1 M L-methionine, 0.2 ml 
0.1 mM pyridoxal 5’-phosphate, and cell lysate in a final volume of 2.0 ml were mixed. Water was used instead of cell lysate as blank. The 
mixture was incubated for 10 min at 37°C. Thereafter, 250 µl of 50% trichloroacetic acid was added as the terminator of reaction. The 
mixture was centrifuged at 4500 rpm for 20 minutes and 1ml of the supernatant was mixed with 2 ml of the acetate buffer and 0.8 ml of 
3-methyl-2-benzothiazolone hydrazone hydrochloride. The solution was incubated for 30 minutes at 50°C and then the absorbance was 
recorded at 320 nm [35]. 

1) 1 ml of bacterial lysate was mixed with 100 µl of lysozyme, then the process was followed according to the mentioned above. 

2) 2 ml of bacterial lysate and 100 µl of lysozyme were mixed and placed in a shaker for 30 minutes. After adding of chlorhexidine (CHX) 
and incubation, the test tubes were centrifuged for 20 minutes. 

3) In this case, 500 µl of bacterial lysate and product control were added to test tubes and incubated for 15 minutes. Thereafter, CHX was 
added and centrifuged at 4500 rpm for 10 minutes. In the other set of experiments, pH of potassium phosphate buffer and sodium 
acetate was checked to be 8 and 5 respectively. The solution of potassium dihydrogen phosphate (KH2PO4) and dipotassium hydrogen 

The Role of Natural Products in Oral Health
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phosphate (K2HPO4) was used for adjusting the pH of potassium phosphate buffer. In addition, acetic acid was used for reaching to the 
pH5 in sodium acetate. (but with these modifications to develop the assay we could not change the tubes colour to yellow which shows 
that alpha ketobutyrate reacts with acetate buffer and 3 methyl-2-benzothiozolone).

L-cysteine desulfhydrase assay

L-cysteine desulfhydrase activity was assessed by formation of methylene blue in reaction. 0.2 ml of Tris-HCl (pH 7.5), 0.2 ml of 2.5 
mM dithioerythritol, 0.2 ml of 10 µM pyridoxal-5ʹ-phosphate, lysed bacteria solution and 1% cysteine were mixed and incubated for 15 
minutes at 37°C. In order to terminate the reaction, 0.1 ml of 20 mM Nʹ, Nʹ-dimethyl-p-phenylenediamine dihydrochloride dissolved in 7.2 
N hydrochloric acid (HCl) and 0.1 ml of 30 mM ferric chloride (FeCl3) dissolved in 1.2N HCl was added. The mixture was incubated for 30 
min at room temperature and formation of methylene blue was detected spectrophotometrically at 670 nm and the graph was made using 
a molar extinction coefficient of 28.5 × 106 (Fukamachi., et al. 2002).

Natural products

Natural products including chlorhexidine, zinc citrate, zinc acetate, zinc chloride, caffeine, gallic acid, nicotinic acid and trigonelline 
were obtained from Sigma-Aldrich and dissolved in deionized water before using.

Effect of natural products on L-cysteine desulfhydrase activity

To assess the effect of selective natural products on the activity of the enzyme, 200 µl each of Tris-HCl (pH 7.5), 2.5 mM dithioeryth-
ritol, and 1% cysteine were added to the tube (5 ml capacity). Moreover, 200 µl of lysed bacteria solution was added to test tubes. Tube 
1 without bacterial lysate and tube 2 without natural products considered as controls. Natural products including chlorhexidine, zinc 
citrate, zinc acetate, zinc chloride, caffeine, gallic acid, nicotinic acid and trigonelline were added to other tubes at concentrations of 0.25, 
0.5, and 1 % and incubated for 15 minutes at 37°C. Solution of 20 mM Nʹ,Nʹ-dimethyl-p-phenylenediamine dihydrochloride dissolved in 
7.2M HCl and 0.1 ml of 30 mM FeCl3 dissolved in 1.2M HCl was used as stop solution. The tubes were incubated for 30 minutes at room 
temperature and formation of methylene blue was detected spectrophotometrically at 670 nm. Replications of experiments were typically 
conducted to verify the results. 

Optimization of L-cysteine desulfhydrase activity

In order to optimization of L-cysteine desulfhydrase activity and figuring out of Vmax of the enzyme, the assay was performed at higher 
concentrations of cysteine as substrate and different incubation times (to check the control and rate of reaction). Bacteria were inoculated 
into BHI broth and incubated for 24h at 37°C. Lysis of bacteria was performed according to the method mentioned in section 2.6. To detec-
tion of enzyme activity, 200 µl of Tris-HCl (pH 7.5), 2.5 mM dithioerythritol, and 200µl of lysed bacteria solution were mixed in all tubes. 
Two concentrations of 2% and 4% of L-cysteine were added to tube 1 and 2 respectively to assess the effect of substrate concentration 
on enzyme activity. Moreover, L-cysteine at the concentration of 1% was added to tubes 3 to 7 and incubated at 37°C for different times 
including 15, 25, 35, 45, and 55 minutes. Thereafter, 0.1 ml of 20 mM Nʹ, Nʹ-dimethyl-p-phenylenediamine dihydrochloride dissolved in 
7.2 M HCl and 0.1 ml of 30 mM FeCl3 dissolved in 1.2M HCl was added to all tubes as Terminator and absorbance was recorded at 670 nm. 
In the second attempt, the activity of the enzyme was assessed by applying the more concentrations of cysteine. The assay was conducted 
as mentioned above but L-cysteine was used at concentrations of 1, 10 and 20%. Moreover, 3 tubes were considered without bacterial 
lysate at the same concentrations of cysteine (to check if the enzyme present in cell lysis solution). 

In another experimental set, enzyme activity was assayed by using of filtration of bacterial suspension and lysed bacteria. First, bacte-
ria were cultured in BHI broth for 24h at 37°C. Whole bacteria and lysed bacteria were filtered using Millipore filter 0.45 µm. In addition, 
cysteine was used at concentrations of 1, 10, and 20%. Tube 1, 2, and 3 contained 1, 10, and 20% of cysteine respectively without bacteria, 
tube 4, 5, and 6 contained 1, 10, and 20% of cysteine with filtered whole bacteria and tube 9 and 10 contained 10% cysteine with filtered 
lysed bacteria and without bacteria as control respectively. 

Bacteria were cultured in BHI broth for 24h at 37°C. Then the bacterial suspension was centrifuged for 10 minutes at 4500 rpm and 
the supernatant was discarded. The pellet was dissolved in phosphate buffer solution and mixed through a vortex. Thereafter, optical den-
sity (OD) was measured to adjust on the value of 0.6. L-cysteine desulfhydrase activity was assayed using 1% cysteine and 5% of natural 
products including zinc citrate, zinc acetate, zinc chloride, caffeine, gallic acid, nicotinic acid and trigonelline. Suspension of whole bacteria 
was added to the tubes and absorbance was recorded as mentioned above. 

Effect of natural products on enzyme activity of whole bacteria

The Role of Natural Products in Oral Health
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The effect of natural products on L-cysteine desulfhydrase activity is shown in figure 3. Accordingly, the control which contained no 
natural products did not show remarkable enzyme activity. Among the natural products, gallic acid and chlorhexidine showed the most 
absorbance values. Other natural products indicated no change in absorbance compared to control. 

In order to the determination of viable bacteria in samples, colony forming unit (CFU/ml) was measured by plating and optical density. 
Serial dilution is as the sample (three times to provide the best correlation between absorbance and number of colonies). Figure 2 shows 
the CFU/mL versus optical density curve shows the CFU/mL versus optical density curve. As shown, there is a relatively linear correlation 
(R2 = 0.913) between optical measurement and colony forming units. It has been determined that OD620 of 1 is equivalent to 2.39 × 108 
CFU/mL.

Results
Colony forming unit determination 

Figure 2: There is a linear correlation between OD and colony forming units. The error bars show the error of the absorbance reading.

Effect of natural products on L-cysteine desulfhydrase activity

L-cysteine desulfhydrase activity at different incubation times has been shown in figure 4. The results show that the time of incubation 
has no remarkable effect on absorbance. Therefore, the activity of the enzyme was not remarkable even after 55 minutes of incubation 
with lysed bacteria as a source of enzyme. 

Optimization of L-cysteine desulfhydrase activity

The Role of Natural Products in Oral Health
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Figure 3: Effect of natural products at three different concentrations of 0.25, 0.5, and 1% on the activity of L-cysteine desulfhydrase 
 in presence of lysed bacteria as a source of enzyme, the error bars show the error of absorbance reading.

Figure 4: In addition to studying the effect of time on enzyme activity, we investigated the role of cysteine concentrations as well. As 
shown in figure, there is no difference in absorbance between samples with different concentrations of cysteine. 

The Role of Natural Products in Oral Health
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Figure 5: 1) 1% cysteine with lysed bacteria 2) 10% cysteine with lysed bacteria 3) 20% cysteine with lysed bacteria 4) 1% 
 cysteine without bacteria 5) 10% cysteine without bacteria 6) 20% cysteine without bacteria.

The results of enzyme assay in presence of whole bacteria have been shown in figure 6. Clearly, the enzyme used the substrate ef-
ficiently in presence of whole bacteria and the sample containing cysteine 10% showed the highest absorbance (OD 670 nm= 0.668). 
Samples 1 and 3 which contained 1% and 20 % cysteine respectively showed relatively similar absorbance. In addition, the tubes without 
bacteria (sample 4, 5, and 6) used as controls and showed very low absorbance according to our hypothesis. 

Enzyme activity with whole bacteria 

As shown in figure 7, enzyme assay with filtered whole bacteria (samples 4, 5, and 6) did not show high absorbance compared to 
samples with no bacteria (samples 1, 2, and 3). We also examined the concentration of cysteine that was not contributing to enzyme activ-
ity. Moreover, filtered lysed bacteria (sample 7) showed low absorbance and revealed the filtration of lysed bacteria was not appropriate 
to approach. 

Enzyme activity assay using filtered bacteria

Inhibitory effect of natural products on the activity of L-cysteine desulfhydrase has been shown in figure 8. As shown, control tube 
showed the highest amount of absorbance (0.183 ± 0.024) at 670 nm compared to treatments. Natural products decreased the absor-
bance in a relatively similar range. The most effective natural product with inhibitory activity was identified to be trigonelline with the 
absorbance of 0.103 ± 0.011. Zinc derivatives including zinc citrate, zinc chloride, and zinc acetate indicated similar activities. 

Effect of natural products on enzyme activity of whole bacteria

The Role of Natural Products in Oral Health
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Figure 6: 1) 1% cysteine with whole bacteria 2) 10% cysteine with whole bacteria 3) 20% cysteine with whole bacteria 4) 
1% cysteine without bacteria 5) 10% cysteine without bacteria 6) 20% cysteine without bacteria.

Figure 7: 1) 1% cysteine without bacteria 2) 10% cysteine without bacteria 3) 20% cysteine without bacteria 4) 1% cysteine with 
filtered whole bacteria 5) 10% cysteine with filtered whole bacteria 6) 20% cysteine with filtered whole bacteria 7) %10 cysteine with 

filtered lysed bacteria 8) %10 cysteine with no bacteria.

The Role of Natural Products in Oral Health
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Figure 8:  Control tube showed highest absorbance and natural products decreased the absorbance reading. 
 (The error bars show error in absorbance reading).

The bad odor of oral cavity is mainly produced by microbial community in a mouth. Volatile sulfide compounds are the most important 
reason of malodor that is produced by bacteria in the mouth [36]. The most common treatment methods of halitosis include mechanical 
reduction and chemotherapy such as using toothpaste and mouth washes [37]. In this study, the efficacy of natural products in reducing 
the activity of enzymes responsible for malodor production. Zinc citrate, zinc acetate, zinc chloride, caffeine, chlorhexidine, gallic acid, 
nicotinic acid, and trigonelline were selected as natural substances to inhibit the activity of L-cysteine desulfhydrase and L-methionine γ 
-lyase. Chlorhexidine and zinc compounds are used extensively in mouthwashes, as recently a mouthwash containing chlorhexidine and 
zinc lactate has been introduced to the market to the treatment of halitosis (Halita®, Dentaid SL, Spain) [38]. Gallic acid is a phenolic 
compound which is found in tea leaves and other plants, the antibacterial activity of this compound has been studied on oral bacteria 
especially the formation of Streptococcus mutans biofilms [39]. Caffeine is mainly found in tea leaves, beans, coffee, guarana, and nuts 
[40]. Gov and colleagues [41] showed that coffee has the inhibitory effect on microbial volatile sulfur compound production as the results 
indicated that 2% coffee reduced VSCs production and malodor levels by 85%. Trigonelline is an alkaloid compound that is produced by 
plants and has therapeutic potential especially for diabetes [42]. Trigonelline also is found in coffee and has shown inhibitory activity 
against bacteria such as Serratia marcescens and Enterobacter cloaca [43].

Discussion 

The Role of Natural Products in Oral Health
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Lysis of bacteria was performed using Cell lytic B. Lysis process was confirmed by the cultivation of bacterial lysate on the nutrient agar 
plate. If bacteria have been lysed completely, no colonies would be observed on nutrient agar. In this step, some colonies of bacteria were 
observed after 24h incubation that showed the lysis procedure was not completely done so the lysis step was carried out for the second 
time. It is possible that the concentration of lysis solution and bacterial masses was not in a proper ratio. For complete lysis, lysozyme was 
added to the lysis solution of the kit. Thereafter, lysis process was approved by the cultivation of cell lysate on nutrient agar.

Two enzymes, L-methionine γ -lyase and L-cysteine desulfhydrase, were selected for investigation of inhibitory activity of natural 
products. L-methionine γ-lyase converts L-methionine to methane thiol, 2-Ketobutyrate, and ammonia (NH3). Thereafter, 2-Ketobutyrate 
reacts with 3-Methyl-2-Benzothiazolinone Hydrazone (MBTH) and forms azine derivative. The first attempt to calculate the activity of the 
enzyme was not successful (the yellow colour in the tubes was not shown) therefore the procedure was optimized through changing some 
steps. In this step, it is assumed that bacteria did not lyse properly or enzyme did not extract or was inactive. For instance, lysozyme was 
added to bacterial lysate or time of incubation was changed and samples were incubated for more times to ensure the complete lysis of 
cells. Moreover, we used different times of centrifugation to study the effect of several parameters in the enzyme assay. In addition, the pH 
of potassium phosphate buffer and sodium acetate was monitored to be 8 and 5 respectively. The results of L-methionine γ -lyase assay 
were not reasonable because we did not observe more absorbance in control. The tube which contained bacterial lysate and substrate 
expected to have the highest absorbance compared to treatments but the results did not show this hypothesis. Changing the various fac-
tors did not show promising outputs. It is assumed that enzyme concentration in the bacterial lysate was too low that was not detected 
by this method. The second enzyme, L-cysteine desulfhydrase, was assayed in a bacterial lysate. Effect of natural products was assessed 
on L-cysteine desulfhydrase activity. The results showed no differences between absorbance of control tube which contained bacterial 
lysate and substrate so optimization of enzyme assay was carried out through changing the time of incubation, cysteine concentration, 
and bacterial lysate volume. These changings were carried out because the absorbance of control tube (without natural products) was 
low. Therefore, we decided to study the effect of some variations such as time, substrate concentration and volume of bacterial lysate to 
optimize the absorbance of samples. Chlorhexidine, zinc citrate, and gallic acid increased absorbance which was against our hypothesis 
(They could have reacted with the substrate, something in assay or colour density of products). Control tube which contained no natural 
products did not show different absorbance compared to other samples. 

To optimization of the assay, different concentrations of cysteine including 1, 2, 4, 10 and 20% were used (to check if the enzyme 
present in cell lysis solution). In addition, incubation times increased to 55 minutes. In tubes containing high concentrations of cysteine, 
it was expected the absorbance to be high due to the bacterial enzyme would be reacting with cysteine but we did not observe high absor-
bance and absorbance was similar to the tubes without bacterial lysate. This observation shows that bacterial lysate has not provided the 
proper source of enzyme because the absorbance of sample contained bacterial lysate and substrate showed low absorbance even when 
we increased the cysteine concentration and bacterial lysate volume. In another set of experiments we used whole filtered bacteria and 
recorded the absorbance of samples but the tubes containing whole filtered bacteria did not show desirable results. As similar above, the 
absorbance of samples was low and it did not show the difference in absorbance compared to tube contained no bacterial lysate. It can 
be explained that bacterial enzyme might stick to the cell membrane and has not been extracted properly or during centrifugation it has 
been accumulated in the bottom of a micro tube. Variation of pH of buffers also can affect the enzyme extraction efficiency. In addition, it 
is possible that target protein has been degraded during lysis procedure. Because protein extraction is a very sensitive procedure and is 
affected by various factors such as pH of buffers, temperature, and lysis solution components. Notably, expression of proteins in bacteria 
is affected by various parameters so it can be assumed that expression level of the enzyme might be too low. Consequently, we used whole 
bacteria instead of bacterial lysate. A control tube containing whole bacteria showed OD 670 nm = 0.183 compared to bacterial lysate 
which revealed that lysate suspension did not have the adequate amount of enzyme. Natural products also showed inhibitory activity 
against L-cysteine desulfhydrase activity. As described in the results section, trigonelline showed the most activity OD 670 nm = 0.103 
compared to other natural products and other compounds indicated similar inhibitory activity. 

In several studies the effect of chlorhexidine in the reduction of VSC levels and organoleptic score have been shown [23,38,44,45]. De 
Boever and Loesche showed rinsing of mouth with 0.12% chlorhexidine decreased mouth malodor and VSCs level (73.3%) significantly 
[45]. Effect of chlorhexidine on oral bacteria has been investigated by Winkel., et al [38]. They studied the effect of a mouth rinse contain-
ing chlorhexidine (0.05%) and zinc-lactate (0.14%) as the main ingredients in the treatment of halitosis. Treatment with mouthwash 
indicated a significant reduction in organoleptic score from 2.8 to 1.5 indicating the effective way to controlling of malodor [38]. This 
stronger effect compared to chlorhexidine could be explained by synergetic interactions between chlorhexidine and Zn+2. Our results also 
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Warranty Statement

This is a student project. Therefore, neither the student nor Kingston University makes any warranty, express or implied, as to the ac-
curacy of the data or conclusion of the work performed in the project and will not be held responsible for any consequences arising out of 
any inaccuracies or omissions therein.

Conclusions

Most studies on controlling of oral malodor focus on inhibition of bacteria which are VSCs producers. This is the first time that inhibi-
tory effect of natural products on enzyme responsible in halitosis has been studied. As we shown, natural products can affect this par-
ticular enzyme, other studies have shown this inhibition to anti-microbial level but nobody is looking specifically for this setup [48-50].

I would like to express my sincere gratitude to my supervisor Dr. Simon Gould for the continuous support of my thesis. Without his 
guidance and persistent help, this dissertation would not have been possible. I would also like to thank my family and Kelly (the PhD 
student) for their counsel and support.
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have confirmed the efficacy of zinc in the treatment of halitosis. We showed that zinc citrate, zinc chloride, and zinc acetate inhibited the 
L-cysteine desulfhydrase enzyme. Reduction of an organoleptic score by using the mouthwash containing zinc can be concluded by inhib-
iting the VSCs producing enzymes such as L-cysteine desulfhydrase. 

Green tea is one of the most prominent natural substances to control of a number of microorganisms in the oral cavity. Lodhia., et al. 
showed the effect of green tea on reducing of VSCs such as CH3SH and H2S which are contributing in malodor. Their findings indicated that 
green tea reduced VSCs level in mouth air. This inhibitory effect was stronger on CH3SH than H2S [46]. Zeng., et al. reported that green tea 
extract was able to reduce the odorant sulphurs. Correspondingly, some malodor treatment products such as chewing gum and mouth 
washes and sprays contain tea polyphenols [47]. 

To conclude, natural products are a rich source in the treatment of human diseases and our findings confirmed that these compounds 
have the positive role in oral health. In the current study, we have introduced trigonelline, caffeine, zinc derivatives and nicotine amide as 
the promising agents for inhibiting of L-cysteine desulfhydrase enzyme. The more studies need to discover the mechanisms of action of 
these compounds.

Acknowledgement

1. Bornstein MM., et al. “Prevalence of halitosis in the population of the city of Bern, Switzerland”. European Journal of Oral Sciences 
117.3 (2009): 261-267.

2. Tonzetich J and Ng S. “Reduction of malodor by oral cleansing procedures”. Oral Surgery, Oral Medicine, Oral Pathology 42.2 (1976): 
172-181.

3. Amano A., et al. “Monitoring ammonia to assess halitosis”. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontol-
ogy 94.6 (2002): 692-696.

4. Krespi YP., et al. “The relationship between oral malodor and volatile sulfur compound–producing bacteria”. Otolaryngology-Head 
and Neck Surgery 135.5 (2006): 671-676.

5. Tonzetich J. “Production and origin of oral malodor: a review of mechanisms and methods of analysis”. Journal of Periodontology 48.1 
(1977): 13-20.

6. Porter S and Scully C. “Oral malodour (halitosis)”. BMJ: British Medical Journal 333.7569 (2006): 632-635.

7. Yaegaki K and Sanada K. “Volatile sulfur compounds in mouth air from clinically healthy subjects and patients with periodontal dis-
ease”. Journal of Periodontal Research 27 (1992): 233-238.

8. Hoshi K., et al. “Gastrointestinal diseases and halitosis: association of gastric Helicobacter pylori infection”. International Dental Jour-
nal 52.3 (2002): 207-211.

The Role of Natural Products in Oral Health

https://www.ncbi.nlm.nih.gov/pubmed/19583753
https://www.ncbi.nlm.nih.gov/pubmed/19583753
https://www.ncbi.nlm.nih.gov/pubmed/1066599
https://www.ncbi.nlm.nih.gov/pubmed/1066599
https://www.ncbi.nlm.nih.gov/pubmed/12464892
https://www.ncbi.nlm.nih.gov/pubmed/12464892
https://www.ncbi.nlm.nih.gov/pubmed/17071291
https://www.ncbi.nlm.nih.gov/pubmed/17071291
https://www.ncbi.nlm.nih.gov/pubmed/264535
https://www.ncbi.nlm.nih.gov/pubmed/264535
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1570844/
https://www.ncbi.nlm.nih.gov/pubmed/1640345
https://www.ncbi.nlm.nih.gov/pubmed/1640345
https://www.ncbi.nlm.nih.gov/pubmed/12090454
https://www.ncbi.nlm.nih.gov/pubmed/12090454


730

Citation: Firouzeh Rouzian and Simon Gould. “The Role of Natural Products in Oral Health”. EC Microbiology 14.11 (2018): 717-731.

9. Reiss M and Reiss G. “Bad breath--etiological, diagnostic and therapeutic problems”. Wiener medizinische Wochenschrift 150.5 (1999): 
98-100.

10. Akaji EA., et al. “Halitosis: a review of the literature on its prevalence, impact, and control”. Oral Health and Preventive Dentistry 12.4 
(2014): 297-304.

11. Loesche WJ and Kazor C. “Microbiology and treatment of halitosis”. Periodontology 2000 28.1 (2002): 256-279.

12. Rösing CK and Loesche W. “Halitosis: an overview of epidemiology, etiology and clinical management”. Brazilian Oral Research 25.5 
(2011): 466-471.

13. Christopoulos A., et al. “Mouth anatomy. Drugs, diseases and procedures”. Medscape (2015). 

14. Rosenberg M and Doyle R. “Bad breath-research perspectives”. Journal of Dental Research 74.5 (1995): 1240-1240.

15. Figueiredo LC., et al. “The relationship of oral malodor in patients with or without periodontal disease”. Journal of Periodontology 
73.11 (2002): 1338-1342.

16. Morita M and Wang H-L. “Relationship between sulcular sulfide level and oral malodor in subjects with periodontal disease”. Journal 
of Periodontology 72.1 (2001): 79-84.

17. Allaker RP., et al. “Topographic distribution of bacteria associated with oral malodour on the tongue”. Archives of Oral Biology 53.1 
(2008): S8-S12.

18. Kozlovsky A., et al. “Correlation between the BANA test and oral malodor parameters”. Journal of Dental Research 73.5 (1994): 1036-
1042.

19. Persson S., et al. “The capacity of subgingival microbiotas to produce volatile sulfur compounds in human serum”. Molecular Oral 
Microbiology 4.3 (1989): 169-172.

20. Rosenberg M. “Bad breath, diagnosis and treatment”. University of Toronto Dental Journal 3 (1989): 7-11.

21. Tonzetich J. “Oral malodour: an indicator of health status and oral cleanliness”. International Dental Journal 28.3 (1978): 309-319.

22. Rosenberg M and McCulloch CA. “Measurement of oral malodor: current methods and future prospects”. Journal of Periodontology 
63.9 (1992): 776-782.

23. Rosenberg M., et al. “Reproducibility and sensitivity of oral malodor measurements with a portable sulphide monitor”. Journal of 
Dental Research 70.11 (1991): 1436-1440.

24. Bosy A., et al. “Relationship of oral malodor to periodontitis: evidence of independence in discrete subpopulations”. Journal of Peri-
odontology 65.1 (1994): 37-46.

25. Yaegaki K and Coil JM. “Examination, classification, and treatment of halitosis clinical perspectives”. Journal Canadian Dental Associa-
tion 66.5 (2000): 257-261.

26. Van den Broek AM., et al. “A review of the current literature on aetiology and measurement methods of halitosis”. Journal of Dentistry 
35.8 (2007): 627-635.

27. Fouad AF., et al. “PCR-based identification of bacteria associated with endodontic infections”. Journal of Clinical Microbiology 40.9 
(2002): 3223-3231.

28. Kato H., et al. “Quantitative detection of volatile sulfur compound-producing microorganisms in oral specimens using real-time PCR”. 
Oral Diseases 11.S1 (2005): 67-71.

29. Alzoman H. “Periodontal disease and halitosis”. Saudi Dental Journal 20.1 (2008): 3-9.

30. Ratcliff PA and Johnson PW. “The relationship between oral malodor, gingivitis, and periodontitis. A review”. Journal of Periodontology 
70.5 (1999): 485-489.

The Role of Natural Products in Oral Health

https://www.ncbi.nlm.nih.gov/pubmed/10838713
https://www.ncbi.nlm.nih.gov/pubmed/10838713
https://www.ncbi.nlm.nih.gov/pubmed/25525639
https://www.ncbi.nlm.nih.gov/pubmed/25525639
https://www.ncbi.nlm.nih.gov/pubmed/12013345
https://www.ncbi.nlm.nih.gov/pubmed/22031062
https://www.ncbi.nlm.nih.gov/pubmed/22031062
http://emedicine.medscape.com/article/1899122-overview
http://journals.sagepub.com/doi/abs/10.1177/00220345950740051501
https://www.ncbi.nlm.nih.gov/pubmed/12479639
https://www.ncbi.nlm.nih.gov/pubmed/12479639
https://www.ncbi.nlm.nih.gov/pubmed/11210077
https://www.ncbi.nlm.nih.gov/pubmed/11210077
https://www.ncbi.nlm.nih.gov/pubmed/18460402
https://www.ncbi.nlm.nih.gov/pubmed/18460402
https://www.ncbi.nlm.nih.gov/pubmed/8006229
https://www.ncbi.nlm.nih.gov/pubmed/8006229
https://www.ncbi.nlm.nih.gov/pubmed/2639302
https://www.ncbi.nlm.nih.gov/pubmed/2639302
https://www.ncbi.nlm.nih.gov/pubmed/279515
https://www.ncbi.nlm.nih.gov/pubmed/1474479
https://www.ncbi.nlm.nih.gov/pubmed/1474479
https://www.ncbi.nlm.nih.gov/pubmed/1960254
https://www.ncbi.nlm.nih.gov/pubmed/1960254
https://www.ncbi.nlm.nih.gov/pubmed/8133414
https://www.ncbi.nlm.nih.gov/pubmed/8133414
https://www.ncbi.nlm.nih.gov/pubmed/10833869
https://www.ncbi.nlm.nih.gov/pubmed/10833869
https://www.ncbi.nlm.nih.gov/pubmed/17555859
https://www.ncbi.nlm.nih.gov/pubmed/17555859
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130810/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130810/
https://www.ncbi.nlm.nih.gov/pubmed/15752104
https://www.ncbi.nlm.nih.gov/pubmed/15752104
https://inis.iaea.org/search/search.aspx?orig_q=RN:41094329
https://www.ncbi.nlm.nih.gov/pubmed/10368052
https://www.ncbi.nlm.nih.gov/pubmed/10368052


731

Citation: Firouzeh Rouzian and Simon Gould. “The Role of Natural Products in Oral Health”. EC Microbiology 14.11 (2018): 717-731.

Volume 14 Issue 11 November 2018
©All rights reserved by Firouzeh Rouzian and Simon Gould.

31. Palombo EA. “Traditional medicinal plant extracts and natural products with activity against oral bacteria: potential application in 
the prevention and treatment of oral diseases”. Evidence-Based Complementary and Alternative Medicine (2011): 680354.

32. Ramji N., et al. “Phenolic antibacterials from Piper betle in the prevention of halitosis”. Journal of Ethnopharmacology 83.1-2 (2002): 
149-152.

33. Farina VH., et al. “Effects of the medicinal plants Curcuma zedoaria and Camellia sinensis on halitosis control”. Brazilian Oral Research 
26.6 (2012): 523-529.

34. Houshmand B., et al. “Antibacterial effect of different concentrations of garlic (Allium sativum) extract on dental plaque bacteria”. 
Indian Journal of Dental Research 24.1 (2013): 71-75.

35. Esaki N and Soda K. “l-Methionine γ-lyase from Pseudomonas putida and Aeromonas”. Methods in Enzymology 143 (1987): 459-465.

36. Armstrong BL., et al. “Halitosis: a review of current literature”. American Dental Hygienists Association 84.2 (2010): 65-74.

37. Van Den Broek A., et al. “A review of the current literature on management of halitosis”. Oral Diseases 14.1 (2008): 30-39.

38. Winkel E., et al. “Clinical effects of a new mouthrinse containing chlorhexidine, cetylpyridinium chloride and zinc-lactate on oral 
halitosis”. Journal of Clinical Periodontology 30.4 (2003): 300-306.

39. Kang M-S., et al. “Inhibitory effect of methyl gallate and gallic acid on oral bacteria”. The Journal of Microbiology 46.6 (2008): 744-750.

40. Durrant KL. “Known and hidden sources of caffeine in drug, food, and natural products”. Journal of the American Pharmaceutical As-
sociation 42.4 (2002): 625-637.

41. Gov Y., et al. “In vitro effect of coffee on oral malodor-related parameters”. Journal of Breath Research 4.2 (2010): 026004.

42. Zhou J., et al. “Trigonelline: a plant alkaloid with therapeutic potential for diabetes and central nervous system disease”. Current Me-
dicinal Chemistry 19.21 (2012): 3523-3531.

43. Almeida AAP., et al. “Antibacterial activity of coffee extracts and selected coffee chemical compounds against enterobacteria”. Journal 
of Agricultural and Food Chemistry 54.23 (2006): 8738-8743.

44. Quirynen M., et al. “The efficacy of amine fluoride/stannous fluoride in the suppression of morning breath odour”. Journal of Clinical 
Periodontology 29.10 (2002): 944-954.

45. Rosenberg M., et al. “Day-long reduction of oral malodor by a two-phase oil: water mouthrinse as compared to chlorhexidine and 
placebo rinses”. Journal of Periodontology 63.1 (1992): 39-43.

46. Lodhia P., et al. “Effect of green tea on volatile sulfur compounds in mouth air”. Journal of Nutritional Science and Vitaminology 54.1 
(2008): 89-94.

47. Zeng Q., et al. “The effect of green tea extract on the removal of sulfur-containing oral malodor volatiles in vitro and its potential ap-
plication in chewing gum”. Journal of Breath Research 4.3 (2010): 036005.

48. Antonio A., et al. “Inhibitory properties of Coffea canephora extract against oral bacteria and its effect on demineralisation of decidu-
ous teeth”. Archives of Oral Biology 56.6 (2011): 556-564.

49. Cogo K., et al. “In vitro evaluation of the effect of nicotine, cotinine, and caffeine on oral microorganisms”. Canadian Journal of Micro-
biology 54.96 (2008): 501-508.

50. Cseke LJ., et al. “Natural products from plants”. CRC press (2016).

The Role of Natural Products in Oral Health

https://www.hindawi.com/journals/ecam/2011/680354/
https://www.hindawi.com/journals/ecam/2011/680354/
https://www.ncbi.nlm.nih.gov/pubmed/12413722
https://www.ncbi.nlm.nih.gov/pubmed/12413722
https://www.ncbi.nlm.nih.gov/pubmed/23019084
https://www.ncbi.nlm.nih.gov/pubmed/23019084
https://www.ncbi.nlm.nih.gov/pubmed/23852236
https://www.ncbi.nlm.nih.gov/pubmed/23852236
https://www.ncbi.nlm.nih.gov/pubmed/3657560
https://www.ncbi.nlm.nih.gov/pubmed/20359417
https://www.ncbi.nlm.nih.gov/pubmed/18173446
https://www.ncbi.nlm.nih.gov/pubmed/12694427
https://www.ncbi.nlm.nih.gov/pubmed/12694427
https://www.ncbi.nlm.nih.gov/pubmed/19107406
https://www.ncbi.nlm.nih.gov/pubmed/12150361
https://www.ncbi.nlm.nih.gov/pubmed/12150361
https://www.ncbi.nlm.nih.gov/pubmed/21383472
https://www.ncbi.nlm.nih.gov/pubmed/22680628
https://www.ncbi.nlm.nih.gov/pubmed/22680628
https://www.ncbi.nlm.nih.gov/pubmed/17090115
https://www.ncbi.nlm.nih.gov/pubmed/17090115
https://www.ncbi.nlm.nih.gov/pubmed/12445227
https://www.ncbi.nlm.nih.gov/pubmed/12445227
https://www.ncbi.nlm.nih.gov/pubmed/1552460
https://www.ncbi.nlm.nih.gov/pubmed/1552460
https://www.ncbi.nlm.nih.gov/pubmed/18388413
https://www.ncbi.nlm.nih.gov/pubmed/18388413
https://www.ncbi.nlm.nih.gov/pubmed/21383482
https://www.ncbi.nlm.nih.gov/pubmed/21383482
https://www.ncbi.nlm.nih.gov/pubmed/21185010
https://www.ncbi.nlm.nih.gov/pubmed/21185010
https://www.ncbi.nlm.nih.gov/pubmed/18535638
https://www.ncbi.nlm.nih.gov/pubmed/18535638
https://www.crcpress.com/Natural-Products-from-Plants-Second-Edition/Cseke-Kirakosyan-Kaufman-Warber-Duke-Brielmann/p/book/9780849329760

	_GoBack
	_GoBack

