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Abstract 

Background: Saliva is a readily accessible biofluid that is important for the overall quality of life, func-

tionally essential in the chewing, swallowing, tasting, regulation mouth flora and prevention of caries. The aim of 

this study is to assess the global metabolomic profile of saliva in healthy Malaysian adults. Methods: As a first 

step to determining and understanding the metabolomic profile of saliva in healthy Malaysian adults, we have 

collected saliva samples of 50 adults and measured the salivary metabolite to establish a profiling metabolite 

data, Human Metabolome Database (HMDB). Metabolites concentrations of saliva in healthy subjects were 

measured by using 1H NMR spectroscopy. Results: The results showed there was no significant inter-individual 

variations of the key metabolites observed among the healthy Malaysian adults and there was no significant 

variation of the metabolites between female and male subjects. Conclusion: The metabolomic profile of saliva in 

healthy Malaysian adults could be used to establish the metabolomic database and used as a comparison for 

future study of the saliva of specific diseases. 

Introduction 

Metabolomics provide an analysis of changing 

metabolite levels in biological samples [1]. 

Metabolomics have been applied to a number 

of important areas, which include the discovery 

of biomarkers as well as mechanistic studies 

aimed at discovering metabolites or metabolic 

pathways that regulate cellular and physiologi-

cal processes [1]. For example, metabolomics 

has been applied to clinical conditions such as 

Crohn’s Disease, Cancer, Genetic inborn errors  

of metabolism and cardiovascular studies [2-3]. 

“Genomics and proteomics tell you what might 

happen, but metabolomics tells you what actu-

ally did happen.” Said Bill Lasley,University of 

California, Davis. Metabolomics is more sensi-

tive than genomics and proteomics as the 

metabolome measured is the final downstream 

product of transcription and translation, thus 

closest to the phenotype. The most important, 

saliva can be the sample for metabolomics 

study and has advantages over other biofluids 

such as blood and urine. Saliva collection is 

non-invasive and relatively fast compare to oth-

er biofluids collection [4-5].  

*Correspondence to: Yoshinobu Shoji, Faculty of Dentis-

try, University  Technology MARA Sg. Buloh Campus,

Jalan Hospital, 47000 Sungai Buloh, Malaysia.

E-mail: shoji@salam.uitm.edu.my

Tel: +603-61266620, Faks: +603-61266103

40 

DOI: https://doi.org/10.24191/cos.v2i0.17525



Compend. Oral Sci:vol2(1);2015;40 -46 

Saliva is readily accessible complex biological  

fluid that is produced in, and secreted from the 

salivary glands. It consists of 99 % water with 

electrolytes, mucus, proteins, and small molec-

ular weight metabolites making up the rest of 

the components [6-8]. Unbiased global metabo-

lomic has rapidly enhanced disease characteri-

zation and biomarker discovery.  Metabolites 

within a broad range of pathways contributed to 

the differentiation of healthy from diseased indi-

viduals, as well as between disease pheno-

types. Some salivary metabolites have been 

successfully identifies using 
1
H Nuclear Mag-

netic Resonance (
1
H NMR) [9], but to date 

chemometrics has not been applied to saliva 

metabolite datasets to find potential markers for 

disease [10]. Metabolite profiling of saliva re-

mains largely under-explored despite demon-

strated potential for biomarker detection in other 

biofluids such as urine and blood [11-13]. 

 There is no metabolic database of healthy 

adult available in Malaysia. The aim of this 

study is to establish the metabolomics profile 

database of healthy Malaysian adults. With the 

database, we hope future researches can be 

done to identify new biomarker for early diagno-

sis of diseases with more specific to the Malay-

sia population.   

Materials and Methods 

Participants 

50 healthy individuals (30 female and 20 male), 

aged 12 to 64 (median age of 38 years) , were 

recruited in this study. Informed consents were 

obtained from patients according to the IMU 

RCEC guideline. A total of 5 ml of saliva collect-

ed for analysis and immediately kept in the -80 

degree freezer. The subjects have been 

screened by measuring the blood pressure,  

glucose level, Body Mass Index, questionnaire 

regarding to health condition, diet habit and 

medication. The screening process was carried 

out to ensure the healthy subjects were collect-

ed.  

Saliva samples preparation 

For acquisition of salivary NMR data, the frozen 

harvested saliva will be thawed, and spun at 

3000 rpm to remove particulate matter. All sali-

va samples were prepared with addition of deu-

terated phosphate buffer for biofluid pH stabili-

zation (pH 7.4). Additionally, sodium 3-

trimethylsilyl- (2,2,3,3-
2
H4) -1-propionate (TSP)

was added to serve as an internal standard and 

the deuterated solvent served as a field fre-

quency lock. for the NMR spectrometer. Sodi-

um azide was added as preservative.  

1
H NMR metabolomic profiling 

All samples was analysed using a Bruker 

Avance III NMR spectrometer operating at 500 

MHz 
1
H observation frequency using standard 1 

dimensional acquisition parameters at UiTM 

Malaysia. All resulting NMR spectra were phase

- and baseline-corrected. The data were Fourier

transformed, and spectra were referenced to 

the TSP signal at 0 ppm. The results were then 

referenced using Bruker Topspin (version 3.1, 

Bruker, Fallanden, Switzerland) software. 

Multivariate data analysis 

Characterisation of spectral modulations by ap-

plication of multivariate statistical data analysis 

was used to reduce complexity of these data 

and to facilitate visualisation of inherent pat-

terns within the data. Data was normalised and 

scaled prior to multivariate analysis. The multi-

variate statistical analysis such as principal  
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components analysis (PCA) were applied. The 

key metabolites were further validated statisti-

cally through permutations methods (with 

10000 resampling) to ensure reliability and re-

producibility of the results.  

Results 

A sample 
1
H NMR spectrum of unstimulated 

saliva from healthy Malaysian adults with sever-

al resonances identified is shown in Figure 1 

and 2. Resonance assignments were made 

using Bruker Topspin software. All results were 

phased and baselined corrected. We have iden-

tified a small number of key metabolites that 

were present as part of the human saliva 

metabolome of healthy Malaysian adults. The  

metabolites found were Proprionate, Acetate, 

Alanine, Lactic acid, Tyrosine, Phenylalanine 

and Formate as shown in Table 1. Spectra de-

rived from saliva of healthy Malaysian adults 

were dominated by Acetate and Propionate as 

shown in Table 1. 

There is no significant inter-individual variations 

of the key metabolites were observed among 

the healthy Malaysian adults. To determine dif-

ferences between male and female saliva, 20 

healthy female subjects and 5 healthy male 

subjects were recruited. PCA scores plot of  
1
H 

NMR spectra derived from saliva of healthy fe-

male and male control showed there was no 

significant variation of the metabolites between 

female and male, as shown in Figure 3.  

Figure 1: Median 1H NMR spectra derived from saliva of healthy controls (aliphatic region). 
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Figure 2: Median 1H NMR spectra derived from saliva of 25 samples (aromatic region) 

Compound 1H chemical shift (ppm) 

Propionate 1.04, 2.18 

Acetate 1.92 

Alanine 1.47 

Lactic acid 1.32 

Tyrosine 6.89, 7.18 

Phenylalanine 7.32, 7.37,  7.42 

Formate 8.45 

Table 1: 1H NMR assignments for Human Saliva at 500MHz 
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Discussion 

In the present study, the use of human saliva 

samples for NMR-based metabolomics was 

evaluated. High-resolution 
1
H NMR spectra was 

obtained, and the major signals were clearly 

assigned consistent with earlier studies. Tech-

nical advances in NMR spectroscopy, it is now 

possible to identify and quantify hundreds of 

metabolites from many different types of biolog-

ical samples in relatively short orders [9]. How-

ever, the procedure from sample collection to 

analysis is sensitive. Cellular debris from both 

human and bacterial sources may contribute 

various metabolites, and products of bacterial 

metabolism may also be present. Steroids, 

some other hormones, and many drugs and 

antibodies can diffuse from serum into saliva 

[13]. Filtration of saliva samples using centri-

fuge provides an effective method of removing 

both proteins and particulate matter from saliva 

samples. Analysis of the sample will be easier 

when the protein is removed from the sample 

[13]. It also depends on the method of collec-

tion, food components may be directly observed 

during targeted profiling of saliva [14]. For ex-

ample, caffeine can be solutes already dis-

solved in the food, and rapidly dissolve into the 

saliva. All of these factors provide the important 

information for consideration when collecting 

saliva sample. The result only showed of 25 

samples out of the total of 50 samples collect-

ed, 20 females and 5 males. This smaller sam-

ple set might be potentially affecting the result.  

The reason for reduced sample set was mainly 

due to the inhomogeneities in its field of the 

samples, outliers with weird peak that may be 

due to sugar, food or underlying systemic dis-

ease. Some studies indicated that there are 

age-associated alterations in certain aspects of 

salivary gland function [15].  In this study, the  

samples recruited were from age range from 19 

to 64. Studies enclosing a larger number of 

subjects and specific age group are needed to 

minimize the potential confounders.  

The samples collected in this study were only 

from around the Klang valley area. Samples 

from other states should be covered in order to 

establish a database that can represent the 

healthy adults in Malaysia. There are few un-

known peaks needed to be further investigated. 

Some metabolites in the saliva that were previ-

ously identified in other studies such as Butyr-

ate, Choline, Ethanol, Glycine, Histidine and 

Pyruvate were not found in this study. This 

might be due to the small sample size and thus 

inadequate of some metabolite concentration to 

be quantified. In cases where quantitation was 

not reliable for a particular compound, concen-

trations were either not used (for generation of 

a model using multivariate statistics), or report-

ed as being less than 1 µM. It is known that 

gender has an influence over urinary metabolite 

concentrations [11, 12]. To determine differ-

ences in salivary composition due to gender, 20 

females and 5 males was obtained and ana-

lysed using  
1
H NMR spectroscopy coupled with 

targeted profiling. Figure 3 revealed no signifi-

cant variation between male and female saliva 

metabolites. As compare to the study of  

Takeda et al. [9], the male subjects has higher 

in concentration of nearly all to metabolites 

compared to female subjects, included acetate, 

formate, glycine, lactate, methanol, propionate, 

propylene, glycol, pyruvate, succinate, and tau-

rine. The sample size was obviously imbalance, 

as 20 female samples versus 5 males samples 

only. Thus, a larger sample set is needed for 

further validation and future clinical application.  
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Figure 3: PCA scores plot of 1H NMR spectra derived from saliva of healthy controls. (Labelled accord-

ing to gender, coloured according to age groups). Comparison of male and female saliva.  

Conclusion 

We can readily apply the metabolic profile to 

identify the key metabolites in saliva by using 
1
H NMR, following sample preparation and fil-

tration to remove interfering protein and particu-

late matter to ease the analysis procedures. 

The median of the 25 samples show the peaks 

and key metabolites were identified, therefore  

these metabolomic profiles of saliva is potential 

for the future study of adults with the disease.  
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