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Abstract 
Objectives: The aim of this study was to evaluate the relationship between the physicochemical 
properties of saliva, such as buffering capacity, in caries-free and caries-active children. 
Material and Method: Eighty children aged 12–14 years were included in this study. They were 
divided into two groups: a caries-free and a caries-active group, with 40 children in each group. 
Material for biochemical testing of saliva – a sample was taken from all subjects at different time 
intervals: 5, 30 and 60 minutes after the daily meal. The examined parameters were followed in the 
same examinees in a sample of saliva taken in the morning before consuming any food or imple-
mentation of oral hygiene: they represent basic information compared with the results of the 
examination. The concentration of salivary bicarbonates was determined by the enzyme method of 
continuous measurement.  
Results: Salivary concentration of bicarbonates, measured fasting in the morning (basic values) in 
the caries-free group, ranging in limits from 6.60 to 9.70 mmol/l, and significantly lower values in 
the caries-active group (from 1.00 to 3.80 mmol/l). The same was the case with the concentration of 
salivary bicarbonates in different time intervals after taking the meal – 5, 30 and 60 minutes in the 
examined groups. By increasing the time interval after taking a meal, the concentration of salivary 
bicarbonates continuously and significantly declined compared to its baseline concentration. The 
largest decrease of concentration of bicarbonate in terms of its basic value in both examined groups 
(caries-free and caries-active) took place during the 60 minutes after having the meal. 
Conclusion: Salivary bicarbonates to maintaining the acidobasic balance of saliva, and thus affects 
the incidence of caries. The positive effect of salivary bicarbonates was confirmed by the values 
found in this study: the caries-free group presented a higher concentration of bicarbonate than the 
basic values.  
The value of bicarbonate in saliva in adolescents can serve as a parameter for determining the risk of 
caries, and this, in turn, can be used in the planning and implementation of appropriate caries-
preventive measures.  
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Introduction  
Saliva is a complex mixture of fluids pro-

duced by the salivary glands and the gingival 
crevice, as well as bacteria, leukocytes and 

exfoliated epithelial cells. [7, 14] Its compo-
sition varies according to the flow, nature and 
duration of stimuli, plasma composition and 
the time of day when it is collected. Water 
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(99%) is the main component of saliva, and the 
remaining 1% is of inorganic and organic com-
ponents. The inorganic elements that play the 
most important role in the osmolarity of saliva 
are sodium, potassium, chloride and bicarbo-
nate. The main organic elements are Salivary 
amylase, proteins (lysozyme, lactoferrin, secre-
tory immunoglobulins, peroxidase and aggluti-
nins), peroxidase complex (peroxidase and my-
eloperoxidase) and agglutinin. They have anti-
microbial functions, they inhibit calcium and 
phosphate precipitation, have bactericidal or 
bacteriostatic effects, and segregate bacteria, 
which facilitates their removal. Bicarbonate in 
saliva is the main buffer against acid, but it is 
only really effective at high salivary flow rates 
because its concentration increases markedly 
with the flow rate. [1, 15] 
 

Buffering capacity of saliva 
Salivary buffering capacity is important 

in maintaining the pH level in saliva and pla-
que. The buffer capacity of unstimulated and 
stimulated whole saliva involves three major 
buffer systems. [2] The most important buffe-
ring system in saliva is the carbonic acid/bi-
carbonate system. The dynamics of this system 
are complicated by the fact that it involves the 
gas carbon dioxide dissolved in the saliva. The 
complete simplified equilibrium is as follows: 

 
−+ +⎯→←⎯→←+ 33222 HCOHCOHOHCO  

 
The increased carbonic acid concentra-

tion will cause more carbon dioxide to escape 
from the saliva. The saliva bicarbonate incre-
ases the pH and buffer capacity of saliva, espe-
cially during stimulation. The second buffering 
system is the phosphate system, which contri-
butes to some extent to the buffer capacity at 
low flow rate. The mechanism for the buffering 
action of inorganic phosphate is due to the abi-
lity of the secondary phosphate ion, HPO4²¯, to 
bind a hydrogen ion and form H2PO4¯ – ion. 
The third buffering system is the protein sys-
tem. In the low range of pH the buffering capa-
city of saliva is due to the macromolecules 
(proteins) containing H-binding sites. 

The bicarbonate concentration is strongly 
dependent on secretion rate. Since bicarbonate 
is the chief determinant of the buffer capacity, 

there is an interrelationship between pH, 
secretion rate and salivary buffering capacity. 
Various methods have been used to measure 
the salivary buffer capacity, including titration 
under oil, titration while open to air and 
titration with CO2. Values obtained for buffer 
capacity in different studies are not compa-
rable. However, final pH under 3.5 for unstimu-
lated saliva and 4.0 for stimulated saliva are 
considered low. [21] From a practical point of 
view, the Dentobuff method has been deve-
loped to assess the buffering capacity in dental 
practice. Based on the colour change of the 
indicator paper, the buffering capacity is asses-
sed in comparison with a colour chart. The Den-
tobuff method of assessing the salivary buf-
fering capacities has been shown to be valid.  

The aim of this study was to evaluate the 
relationship between the physicochemical pro-
perties of saliva, such as buffering capacity, in 
caries-free and caries-active children. 

 
Material and Method 
Eighty children aged 12–14 years were 

included in this study. They were divided into 
two groups; a caries-free and a caries-active 
group, with 40 children in each group.  
 

Salivary analysis 
Concentration of salivary bicarbonates 

was measured by using the enzymatic colouri-
metric method. Material for biochemical testing 
of saliva – a sample was taken from all exa-
minees at different time intervals: 5, 30 and 60 
minutes from the (daily) meal. The examined 
parameters were followed in the same exami-
nees in a sample of saliva taken in the morning 
before consuming any food or implementation 
of oral hygiene: they represent the basic infor-
mation compared with the results of the exa-
mination. 

For the collection of non-stimulated sali-
va, the patient was seated comfortably. The 
samples were taken in sterile calibrated bottles 
(specially intended for this purpose). The col-
lection volume was about 5 ml. The saliva was 
centrifuged for 30 minutes and the supernatant 
part was analysed. HCO3¯ concentration was 
determined by the enzymatic colourimetric me-
thod using a commercial kit from GmbH Dia-
gnostic. For the enzymatic test phosphorenolpy-
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ruvate carboxylase (PEPC) and a stable NADH 
analogue were used [20], utilizing the principle: 

 
−+− +⎯⎯⎯⎯ →⎯+

+

423

2

POHteOxaloacetaHCOlpyruvatePhosphoeno MgPEPC  

CofactorMalateredCofactorteOxaloaceta MDH +⎯⎯ →⎯+ .
−+ +⎯→←⎯→←+ 33222 HCOHCOHOHCO  

 
The reduced cofactor concentration was 

measured at 405 or 415 nm and it was pro-
portional to the concentration of total carbon 
dioxide in the sample. The results are presented 
as mean, standard deviation values. Student's t-
test was used to compare the mean values bet-
ween the caries-free and caries-active groups. 
A p-value of 0.05 or less was considered to be 
statistically significant. 
 

Results 
The value of basic salivary bicarbonates 

ranged from 6.60 to 9.70 or, on average, from 
7.93 in the caries-free children, and from 1.00 
to 3.80 or, on average, 2.48 in the caries-active 
children (Table 1 and Graph 1). 

 
Table 1 
 

Basic values of concentration 
of salivary bicarbonates (mmol/l) 

 

t = 25.298; df = 58; p < 0.01 
 

 
Graph 1 – Basic values of concentration  

ofsalivary bicarbonates (mmol/l) 
 

Table 2 and Graph 2 present values of 
Salivary bicarbonates in both groups of exami-
nees 5 minutes after daily meal. The average 
value of salivary bicarbonates in the caries-free 

group of respondents was 6.70, with minimum 
values of 3.80, and maximum values of 9.10, 
while the average value of bicarbonates in 
saliva in the caries-active group was 4.55, with 
minimum values of 2.70, and maximum values 
of 5.90. There was a highly significant dif-
ference (p < 0.01) between the two groups. 
 
Table 2 

 
Values of salivary bicarbonates 

5 min after consuming meal (mmol/l) 
 

Group x  SD SE min max 
I 6.70 1.3402 0.2447 3.80 9.10 
II 4.55 0.9409 0.1718 2.70 5.90 

t = 5.267; df = 58; p < 0.01 
 

 
Graph 2 – Values of salivary bicarbonates  

5 min after consuming meal (mmol/l) 
 

Table 3 and Graph 3 show the values of 
the concentration of bicarbonates in saliva taken 
30 minutes after the daily meal. The value of 
salivary bicarbonates ranged from 3.20 to 7.90 
or, on average, from 5.90 in the caries-free 
group and from 1.50 to 5.25 or on average of 
3.68 in the caries-active group. An evident 
significant difference (p < 0.01) was found 
between the two groups. 

 
Table 3 

 
Values of salivary bicarbonates 

30 min after consuming meal (mmol/l) 
 

Group x  SD SE min max 
I 5.90 1.1996 0.2190 3.20 7.90 
II 3.68 1.0539 0.1924 1.50 5.25 

t = 7.546; df = 58; p < 0.01 
 

Group x  SD SE min max 
I 7.93 0.8700 0.1588 6.60 9.70 
II 2.48 0.7993 0.1459 1.00 3.80 
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Graph 3 – Values of salivary bicarbonates 

30 min after consuming meal (mmol/l) 
 

Table 4 and Graph 4 give the values of 
Salivary bicarbonates in the respondents 60 
minutes after the daily meal. The average value 
of salivary bicarbonates in the caries-free group 
was 4.85, with minimum values of 2.55 and 
maximum of 6.60, while the average value of 
bicarbonates in saliva in the caries-active group 
was 3.05, with minimum values of 1.10, and 
maximum values of 4.50. The value of salivary 
bicarbonates at this time interval showed a 
highly significant difference (p < 0.01). 
 
Table 4  

 
Values of salivary bicarbonates 

60 min after consuming meal (mmol/l) 
 

Group x  SD SE min max 
I 4.75 0.9580 0.1798 2.55 6.60 
II 3.05 1.0206 0.1863 1.10 4.50 

t = 6,926; df = 58; p < 0.01 
 

 
Graph 4 – Values of salivary bicarbonates 

60 min after consuming meal (mmol/l) 

Table 5 presents the values of salivary 
bicarbonates in all the time periods of the 
examination – 5, 30 and 60 minutes after the 
daily meal. The significance of the differences 
in the values of salivary bicarbonates between 
the two groups is also shown. The reduction in 
the value of salivary bicarbonates can be deter-
mined in both groups at all time intervals, com-
pared to the basic value. Differences in average 
values of salivary bicarbonates in terms of its 
basic value in the caries – free group were: 
1.17 (5 minutes after daily meal), 1.99 (30 mi-
nutes after daily meal) and 3.09 (60 minutes 
after daily meal). Differences in average values 
of salivary bicarbonates in terms of its basic 
value in the caries-active group were: 2.18 (5 
minutes after daily meal), 1.26 (30 minutes after 
daily meal) and 0.60 (60 minutes after daily 
meal). 
 
Table 5 

 
Values of salivary bicarbonates at all time periods 

of examination – 5, 30 and 60 minutes after daily meal 
 

Group  
Basic 
values 

 
5 min 

 
30 min 

 
60 min 

I x  7.94 6.76 5.94 4.85 

 d  1.17** 1.99** 3.09** 

II x  2.48 4.65 3,74 3.08 

 d  -2.18** -1.26** -0.60** 

* p < 0.05, ** p < 0.01 
 

Graph 5 gives the differences in average 
values of bicarbonates in saliva at certain inter-
vals: 5, 30 and 60 minutes, compared to the 
basic value. The difference was greatest at the 
time interval of 60 minutes after the meal. 
 

 
Graph 5 – Differences in average values of bicarbonates 

in saliva at intervals of 5, 30 and 60 min compared  
to basic value 
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Discussion 
Saliva is the most important biological 

factor in the etiology of the occurrence of ca-
ries, reducing and removing the erosion sub-
stances from the mouth. [3, 5, 8] Among the 
numerous properties of saliva (buffer capacity, 
the contents of calcium, phosphate, mucin, 
etc.), it can be considered that for the occur-
rence of dental caries, the most significant are 
the volume of secretion of unstimulated saliva 
and buffer capacity. [4, 6] A small amount of 
released, unstimulated saliva has a lower pH 
value and a lower buffer capacity, or less abi-
lity to reduce, remove and neutralize acidic 
food products. [10, 12, 13]  

In the healthy state, the pH of resting 
saliva is maintained in a narrow range between 
6.7 and 7.4. The bicarbonate (HCO3-) buffer 
system is the major buffer system present in 
saliva. As in the peripheral blood, the combi-
nation of sodium bicarbonate, carbonic acid, 
and gaseous carbon dioxide is an effective means 
of removing protons (hydrogen ions) from the 
system. When considering the dynamics of this 
buffer system, it should be remembered that 
saliva has a higher level of dissolved carbon 
dioxide than normal room air (5% vs. less than 
1%), and is present in saliva both as bicarbonate 
( −+ +⎯→←⎯→←+ 33222 HCOHCOHOHCO ) as 
well as dissolved CO2 gas. The concentration 
of bicarbonate ion in resting saliva is appro-
ximately 1 mmol/L, and this increases to over 
50 mmol/L on stimulation. As the concentra-
tion of bicarbonate ion increases, so does the 
pH and buffer capacity of the saliva. This is a 
key point in interpreting salivary diagnostic 
tests. [9] Because of diurnal variations in re-
sting flow rate, there are corresponding varia-
tions in levels of bicarbonate and thus in the 
pH and buffer capacity. The resting pH will be 
lowest during sleep and immediately upon 
waking, and then increases during the waking 
hours. As bicarbonate levels in the saliva incre-
ase, this will not only increase salivary pH and 
buffer capacity, and facilitate remineralization, 
but will also exert ecological effects on the oral 
flora. Specifically, higher salivary pH will sup-
press the tendency for aciduric (acid tolerate) 
microorganisms to grow, particularly carioge-
nic mutans streptococci and Candida albicans. 
[16, 18] 

The availability of carbohydrates and 
nitrogen substrates in food which are a consti-
tuent of saliva, the speed of salivary secretion, 
its buffer capacity, the presence of calcium and 
phosphate, together with plaque microorga-
nisms, affect the metabolic activity of plaque 
on its pH value and ultimately on its tendency 
to demineralyse the hard dental tissue. [11, 17, 
19] The buffer capacity of saliva has an impor-
tant and direct impact on the establishment of 
normal acid of saliva. The role of buffer main-
tanance of acid-base balance or oral homeosta-
sis, is one of the most important natural pro-
tective functions of saliva. 

Salivary concentration of bicarbonates, 
measured fasting in the morning (basic values) 
in the caries-free group, ranged in limits from 
6.60 to 9.70 mmol/l, and its values were signi-
ficantly lower in the caries-active group (from 
1.00 to 3.80 mmol/l). The same refers to the 
concentration of salivary bicarbonates at dif-
ferent time intervals after taking the meal – 5, 
30 and 60 minutes in the examined groups. By 
increasing the time interval after taking the meal, 
the concentration of salivary bicarbonates con-
tinuously and significantly declined compared 
to its baseline concentration. The largest de-
creease of concentration of bicarbonates in 
terms of its basic value in all examined groups 
(caries-free and caries-active) took place during 
the 60 minutes after having the meal. 

These results confirm the notion that 
salivary bicarbonate participates in neutralizing 
the acids in saliva, keeping the pH value to a 
certain level. This finding is yet another con-
firmation of the direct role of salivary bicar-
bonates in maintaining the acid-base balance, 
which is important for oral equilibrium.  
 

Conclusion 
Saliva with its constituents plays an im-

portant role in maintaining oral and especially 
dental health.  

The bicarbonate contributes in maintaining 
the acid-base balance of saliva, and thus affects 
the incidence of caries. The positive effect of 
salivary bicarbonates was confirmed by the 
values found in this study: the caries-free group 
presented with a higher concentration of bicarbo-
nate than the basic values.  
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The value of bicarbonate in saliva in ado-
lescents can serve as a parameter for determi-
ning the risk of caries, and this, in turn, can be 
used in the planning and implementation of 
appropriate caries-preventive measures. 
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Cel: Celta na ovoj nau~en trud be{e da 
go determinirame odnosot pome|u fizi~ko-
hemiskite svojstva na plunkata, odnosno 
puferskiot kapacitet na zdravi i karies 
aktivni deca.  

Materijal i metod: Vo ispituvaweto 
bea vklu~eni 80 ispitanici od dvata pola, 
na vozrast pome|u 12 i 14 godini koi bea po-
deleni vo dve grupi: deca so zdravi zabi i 
grupa na karies akrivni deca. Sekoja grupa 
so~inuva{e po 40 deca. Za biohemiskite ispi-
tuvawa materijal ‡ primerok na plunka – 
be{e zemen od site ispitanici vo razli~ni 
vremenski intervali: po 5, 30 i 60 minuti od 
glavniot (dneven) obrok. Ispituvanite para-
metri se prosledeni kaj istite ispitanici i 
vo primerok na plunka zemen nautro, pred 
konsumiraweto na bilo kakva hrana ili 
sproveduvawe na oralna higiena (toa bea 
bazi~ni vrednosti vo odnos na koi se spo-
reduvaa rezultatite od ispituvaweto). Kon-
centracijata na salivarnite bikarbonati e 
odreduvana so enzimski metod na kontinui-
rano merewe.  

Rezultati: Koncentracijata na sali-
varnite bikarbonati, izmerena nautro na 
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gladno (bazi~ni vrednosti) kaj karies zdra-
vite ispitanici se dvi`i vo granici od 6,60 
do 9,70 mmol/l, a signifikantno se poniski 
vrednostite kaj karies aktivnite ispitanici 
(od 1,00 do 3,80 mmol/l). Ista e i koncentra-
cijata na salivarnite bikarbonati vo raz-
li~nite vremenski intervali po zemaweto 
na obrokot ‡ 5, 30 i 60 minuti kaj dvete ispi-
tuvani grupi. So zgolemuvawe na vremen-
skiot interval po zemaweto na obrokot, kon-
tinuirano i signifikantno opa|a koncentra-
cijata na salivarnite bikarbonati, vo odnos 
na nejzinata bazi~na koncentracija. Najgole-
mo namaluvawe na koncentracijata na bikar-
bonatite, vo odnos na nejzinata bazi~na vred-
nost kaj dvete ispituvani grupi (so zdravi 
zabi i karies aktivni), se slu~uva za vreme 
od 60 minuti po zemaweto na obrokot.  

 

Zaklu~oci: Salivarnite bikarbonati 
zemaat u~estvo vo odr`uvaweto na acidobaz-
nata ramnote`a na plunkata, a preku toa, i 
na pojavata na kariesot. Pozitivniot efekt 
na salivarnite bikarbonati go potvrduvaat 
i dobienite vrednosti vo ova istra`uvawe: 
kaj ispitanicite so zdravi zabi e prisutna 
povisoka koncentracija na bikarbonatite 
sporedeno so nejzinata bazi~na vrednost. 
Rezultatite od ova istra`uvawe, odnosno 
vrednostite na bikarbonatite vo plunkata 
kaj pacientite od detskata vozrast mo`e da 
poslu`at kako parametri za utvrduvawe na 
rizikot od karies, a ova, pak, da poslu`i 
pri planiraweto i sproveduvaweto na sood-
vetni karies ‡ preventivni merki. 
 
Klu~ni zborovi: plunka, salivarni bikarbonati, 
zaben karies. 
 

 


