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A b s t r a c t: Objectives: The aim of this study was to determine the values of 
salivary urea in subjects with different caries activity. 
  Material and method: The planned trials were conducted in 80 children of both 
sexes, aged 16 years, with different caries activity. Based on the condition of teeth, the 
DMFT-index, respondents were divided into two groups: the first group consisted of 40 
examinees with a low to very low index of caries (0–3), the second group consisted of 
40 examinees with a high index of caries (> 10). Material for biochemical testing of the 
saliva sample was taken from all subjects at different time intervals: 5, 30 and 60 minu-
tes 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 imple-
mentation of oral hygiene: they represent basic information compared with the results of 
the examination. The concentration of urea in saliva was determined by the enzyme 
method of continuous measurement. This method is based on the principle of hydrolysis 
of urea, using the enzyme urease. 

Results: Salivary concentration of urea, measured fasting in the morning (basic 
values) in examinees with a low caries index, ranging in limits from 5.50 to 9.10 
mmol/l, and significantly lower values in examines with a high DMFT-index (from 3.40 
to 5.50 mmol/l). The same was done with the concentration of salivary urea at different 
time intervals after taking the meal – 5, 30 and 60 minutes in the examinees with a dif-
ferent DMFT-index. With the increasing time interval after taking a meal, the concen-
tration of salivary urea continuously and significantly declines compared to its baseline 
concentration. The largest decrease of concentration of urea in terms of its basic value 
in all examinees with a different DMFT-index (with low and high) took place during the 
60 minutes after having the meal. 
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Conclusion: Saliva with its constituents plays an important role in maintaining 
oral, and exspecially dental health. Urea contributes in maintaining the acidobasic balance 
of saliva, and thus affects the incidence of caries. The positive effect of urea was confir-
med by the values found in this study: the respondents with a lower DMFT-index pre-
sent a higher concentration of urea than in the basic values, and in the values of stimu-
lated (through the meal) saliva, followed in all intervals.  
 
Key words: saliva, salivary urea, dental caries. 
 
 

Introduction 
  

Saliva is a biological environment, important for the physiology of the 
mouth. It achieves its mechanical functions of cleaning and protection through 
various physical and biochemical mechanisms. For keeping the electrochemical 
reaction in oral homeostasis, except the bicarbonate, phosphate and protein buf-
fer, other compounds or enzymes participate, having a buffer role. This group 
includes urea, salivary amylases and fluorides as prophylactic buffers. 

The importance of salivary urea was acknowledged early in dental 
literature [11, 12]. The pH-raising effect of intraoral urea application was first 
described by Stefan [22]. This author found that in both in vivo and in vitro urea 
could raise plaque pH up to pH 9 and that the addition of 40–50% urea to car-
bonhydrates largely overcame the pH-lowering effect for up to 24 h. 

The value of salivary urea ranges from 2 to 6 mmol/l. Urea has a dual 
effect: it inhibits the metabolism and multiplication of bacteria in the saliva on 
the one hand, and on the other hand it indirectly affects neutralizing the acids in 
the oral environment, thus participating in maintaining the salivary acidobasic 
balance, which it actually owes to its buffer capacity [1, 8]. Urea entering the 
mouth is hydrolyzed to carbon dioxide and ammonia by bacterial ureases. 
Ammonia production from arginine and urea metabolism has been identified as 
a mechanism by which oral bacteria: (1) are protected against acid neutralizing, 
(2) maintain a relatively neutral environmental pH that may suppress the emer-
gence of cariogenic microflora and (3) derive bioenergetic advantages, inclu-
ding increasing pH and, for arginine specifically, synthesizing adenosine tripho-
sphate [9, 10, 17, 18]. 

For neutraliseas acids, urea can be used as a constituent of chewing gums. 
The effect of sugar-free chewing gums containing various amounts of urea on 
the pH recovery in dental plaque was reaserched by Imfeld [13]. After rinsing 
the mouth with 10 or 50% (w/v) sucrose solution, the respondents chewed the 
gum with different content of urea (10, 20, 30 mg) for 10 minutes. Increased value 
of salivary or plaque pH was found in the first minutes of chewing, and the 
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effect of urea continued and lasted over ten minutes. The higher concentrations 
of urea in chewing gum resulted in a faster levelling of the pH. Thus, the 
highest values of pH in the examined groups were observed in cases where they 
were treated with chewing gum containing 30 mg urea. With the use of such 
chewing gum the salivary pH value does not fall below the level which is risky 
for the occurrence of dental caries, and there is a positive effect of chewing on 
the salivary flow that also affects neutralizing the acids in saliva or plaque [3]. 

Urea, which is present in blood and saliva, is an organic substance syn-
thesized from amino acids and carbon dioxide. Some oral microbes hydrolyze 
salivary and dietary urea via the enzyme urease to produce ammonia and carbon 
dioxide, which results in an increase in plaque pH [5, 7]. A mathematical model 
of the influence of salivary urea on dental plaque was constructed to demon-
strate the effect it can have on unstimulated saliva. Data from study 52 indicated 
that urea present in unstimulated saliva has a significant effect on plaque pH by 
elevating and counteracting the fall of plaque pH in the fasting state [4].  

The correlation of higher salivary urea concentrations and low salivary 
caries activity was registered in patients with chronic renal disease. These pati-
ents, who have elevated salivary urea concentration, have a reduced incidence 
of dental caries [24].  

The purpose of this study was to determine the values of salivary urea 
in examinees with different caries activity. 
 
 

Material and method 
 

The planned trials were conducted in 80 children of both sexes, aged 16 
years, with different caries activity. They had good general health and were not 
included in a fluoride prophylactic programme. Based on the state of teeth, the 
DMFT-index, examinees were divided into two groups: 

– the first group consisted of 40 examines, with a low to very low index 
of caries (0–3), 

– the second group consisted of 40 examines, with a high index of 
caries (> 10). 

The following tests were made: 
– clinical trials, 
– biochemical tests on saliva. 
The clinical examination of participants was carried out: determination 

of the DMFT-index. Material for biochemical testing the saliva sample was 
taken from all examinees at different time intervals: 5, 30 and 60 minutes after 
the (daily) meal. The examined parameters were followed in the same exami-
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nees in a sample of saliva taken in the morning before consuming any food or 
implementation of oral hygiene: they represent basic information compared with 
the results of the examination. 

The concentration of urea in saliva was determined by the enzyme 
method of continuous measurement. The method is based on the principle of 
hydrolysis of urea, using the enzyme urease. Ammonia is obtained, which reacts 
with the acid α-oxoglutarate and NADH2 (the catalytic effect of GLDH-gluta-
mat dehidrogenaza), which occurs in glutamic acid and NAD. The fall of 
absorption due to oxidation of reduced NAD is proportional to the presence of 
ammonia liberated from urea [25]: 

 
3242 )(22 CONHOHUrea Ureaza⎯⎯ →⎯+  

 
 
The concentration of urea was measured at a temperature of 370C, 

wavelength 340 nm and is expressed in mmol/L. 
The results obtained from previously performed tests were analysed 

using statistical parameters: mean ( x ), Standard deviation (SD), Standard error 
(SE), Student t-test. 
 
 

Results 
  

The value of basic salivary urea ranges from 5.50 to 9.10 or, on ave-
rage, from 7.32 in the first group and from 3.40 to 5.50 or, on average, 4.65 in 
the second group of examinees (Table 1 and Graph 1).  
 
Table 1 
 

Basic values of concentration of salivary urea (mmol/l) 
 
 
 
 
 
 
 
                                                                          
 
                        t = 12.305; df = 58; p < 0.01 

group x  SD SE min max 
I 7.32 1.0339 0.1888 5.50 9.10 
II 4.65 0.5800 0.1059 3.40 5.50 
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Graph 1 – Basic values of concentration  

of salivary urea (mmol/l) 
 

 Table 2 and Graph 2 are review values of salivary urea in both groups of 
examinees 5 minutes after the daily meal. The average value of salivary urea in the 
first group of respondents was 5.71, with minimum values of 3.90 and maximum 
values of 7.50, while in the second group of examinees the average value of urea in 
saliva was 4.67, with minimum values of 4.20 and maximum values of 5.20. A 
highly significant difference (p < 0.01) was found between both groups.  

 
Table 2  

 
Values of salivary urea at5 min period  

after consuming meal (mmol/l)  
 
 
 
 
 
 
 
 
 

           t = 5.267; df = 58; p < 0.01 
 

group x  SD SE min max 
I 5.71 1.0298 0.1880 3.90 7.50 
II 4.67 0.3415 6.236E-02 4.20 5.20 
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Graph 2 – Values of salivary urea in 5 min period  

after consuming meal (mmol/l) 
 

 Table 3 and Graph 3 show the values of the concentration of urea in 
saliva taken 30 minutes after the daily meal. The value of salivary urea ranges 
from 3.20 to 6.50 or, on average, from 2.15 in examinees with a low caries 
index and from 3.60 to 4.80, or an average of 4.02, in the examinees with a high 
index of caries. the noticeable difference is highly significant (p < 0.01) 
between the two groups. 
  
Table 3 

 
Values of salivary urea at 30 min period  

after consuming meal (mmol/l)  
  

  
 
  
  
 
 
 

                t = 6.203; df = 58; p < 0.01 
 

group x  SD SE min max 
I 5.21 0.901 0.1789 3.20 6.50 
II 4.02 0.3788 6.916E-02 3.60 4.80 
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Graph 3 – Values of salivary urea  

at 30 min period after consuming meal (mmol/l)  
 
 Table 4 and Graph 4 review the values of salivary urea in the respon-
dents 60 minutes after the daily meal. The average value of salivary urea in the 
first group of examinees, who had a low index of caries, is 4.58, with minimum 
values of 3.20 and maximum of 6.10, while the second group of examinees, 
who had a high caries index, the mean value of urea in saliva was 3.54, with 
minimum values of 3.30 and maximum values of 3.90. the value of salivary 
urea in this time-interval shows a highly significant difference, p < 0.01. 

 
Table 4  

 
 Values of salivary urea  

at 60 min period after consuming meal (mmol/l)  
 

 
 
 
 
 
 
 

 

           t = 5.685; df = 58; p < 0.01 
  

group x  SD SE min max 
I 4.58 0.9849 0.1798 3.20 6.10 
II 3.54 0.2008 3.667E-02 3.30 3.90 
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Graph 4 – Values of salivary urea 

 at 60 min period after consuming meal (mmol/l)  
 
  Table 5 shows the values of salivary urea in all time periods of exami-
nation – 5, 30 and 60 minutes after the daily meal, and also shows the significance 
of the differences in the value of salivary urea between the two groups. The redu-
ction in the value of salivary urea can be determined in both groups at all time 
intervals, compared to the basic value. Differences in average values of salivary 
urea in terms of its basic value in the first examined group were: 1.60 (5 minutes 
after daily meal), 2.11 (30 minutes after daily meal) and 2.74 (60 minutes after daily 
meal). Differences in average values of salivary urea in terms of its basic value in 
the second examined group are: 1.67 E-02 (5 minutes after daily meal), 0,64 (30 
minutes after daily meal) and 1.12 (60 minutes after daily meal ) (Graph 5). 

 
Table 5  

Values of salivary urea in all time periods 
of examination – 5, 30 and 60 minutes after daily meal 

 group  

basic 
values 5 min 30 min 60 min 

I x  7.32 5.71 5.21 4.58 
 d  1.60** 2.11** 2.74** 

II x  4.65 4.67 4.02 3.54 
 d  1.67E-02* 0.64** 1.12** 

       * p < 0.05; ** p < 0.01 
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Graph 5 – Values of salivary urea at 5, 30 and 60 

minutes after consuming meal 
 
 Graph 6 gives the differences in average values of urea in saliva at cer-
tain intervals: 5, 30 and 60 minutes, compared to the basic value. The difference 
is greatest in the time interval of 60 minutes after the meal.  

 
Graph 6 – Differences in average values of urea in saliva 

at certain intervals of 5, 30 and  60 min compared to the basic value 
 

 
Discussion 

 
 Saliva is the most important biological factor in the etiology of the 
occurrence of caries, reducing and removing erosion substances from the mouth. 
Among the numerous properties of saliva (buffer capacity, the contents of 
calcium, phosphate, mucin, etc..), it can be considered that the most significant 



298 Zabokova Bilbilova E, et al. 

Contributions, Sec. Biol. Med. Sci., XXXIII/1 (2012), 289–302 

in the occurrence of dental caries are the volume of secretion of unstimulated 
saliva and the buffer capcity. A small amount of released, unstimulated saliva 
has a lower pH value and a lower buffer capacity, or less ability to reduce, 
remove and neutralize acidic food products [2, 16, 19, 23, 26]. In the oral 
cavity, as an initial part of the digestive system, the substances are imported 
through food and affect the concentration level of hydrogen ions (pH) in saliva. 
Thanks to a salivary buffer system, this level is maintaned within certain narrow 
limits (from 6.8 to 7.2) [15]. 
 The availability of carbohydrates and nitrogen substrates in food which 
are constituents of saliva, the speed of salivary secretion, its buffer capacity, the 
presence of calcium and phosphate, together with plaque microorganisms, affect 
the metabolic activity of plaque on the pH value and, ultimately, its tendency to 
demineralise the hard dental tissue [6, 14].  

The buffer capacity of saliva has a direct and important impact on the 
time-interval required for the establishment of normal acid of the saliva. The 
role of buffer maintenance of acido-basis balance, or oral homeostasis, is one of 
the most important natural protective functions of saliva.  

Urea is a part of the buffer system in saliva, which participates in neutra-
lizing the acids in the oral environment. The different concentrations of urea, 
determined in this work in groups with different DMFT-indexes, point to its 
role in the occurrence of caries. Differences in the concentration of urea refer to 
the basic values and to the values of salivary stimulation (the act of mastication 
and effect of food). 

Salivary concentration of urea measured fasting in the morning (basic 
values) in examinees with a low caries index, ranged in limits from 5.50 to 9.10 
mmol/l, and had significantly lower values in examinees with a high DMFT-
index (from 3.40 to 5.50 mmol/l). The concentration of salivary urea at different 
time intervals after taking the meal – 5, 30 and 60 minutes in the subjects with 
different DMFT-indexes is the same in terms of theconcentration. By increasing 
the time-interval after taking a meal, the concentration of salivary urea conti-
nuously and significantly declines relative to its baseline concentration. the lar-
gest decrease of concentration of urea in terms of its basic value in all exa-
minees with different DMFT-indexes (low and high) takes place during the 60 
minutes after taking a meal. 

This result confirms the notion that salivary urea participates in neutra-
lizing the acids in saliva, keeping the pH value to a certain level. This finding is 
yet another confirmation of the (direct) role of salivary urea in maintaining the 
acidobasic balance, which is important for oral equilibrium.  

The findings on the concentration of salivary urea obtained in this study 
are in accordance with the findings of researchers in this field – Singer, Imfeld 
[13, 20]. However, the results in terms of time-interval may be compared only 
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with those of Singer, whose research relates to a period of 5, 10 and 20 minutes 
after taking a meal; the final results of the author lead to the same conclusion, 
that salivary urea has an important role as a buffer on the occurrence of caries, 
i.e on dental health [21]. 

An interesting finding is that of Imfeld [13], who compared the action 
of urea and sodium bicarbonate after rinsing the mouth with a solution of them, 
finding that the effect of synthetic urea is greater and more lasting than that of 
sodium bicarbonate: during rinsing with a solution of sodium bicarbonate, 
higher pH values were observed, but values of the plaque pH began to decline 
shortly after spitting, which was not the case with the urea. This finding the 
author explains by the direct, rapid penetration of urea into the plaque, and the 
slow disappearance of the same; it is considered that this characteristic of urea 
is not due to its diffuse power, but to its antibacterial effect.  

 
 

Conclusion 
 

The saliva with its constituents plays an important role in maintaining 
oral and especially dental health.  

The urea contributes to maintaining the acidobasic balance of saliva, 
and thus affects the incidence of caries. The positive effect of urea was confir-
med by the values found in this study: the respondents with a lower DMET-
index presented a higher concentration of urea than in the basic, and in the 
values stimulated (through the meal) saliva, followed at all intervals.  

Regulating salivary acidity, urea performs the role of a buffer, reducing 
the possibility of the occurrence of dental caries. The value of urea in saliva in 
adolescence 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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Ре з име 

 
NIVOTO NA SALIVARNATA UREA VO KORELACIJA  

SO ZABNIOT KARIES 
 

@abokova Bilbilova E., Sotirovska Ivkovska A., Ambarkova V. 
 

Klinika za detska i preventivna stomatologija, Stomatolo{ki 
fakultet, Univerzitet „Sv. Kiril i Metodij“, Skopje, R. Makedonija 

 
 

 A p s t r a k t: Cel: Celta na ovoj nau~en trud be{e da gi determi-
nirame vrednostite na salivarnata urea kaj ispitanici so razli~en stepen 
na karies aktivitet.  
 Materijal i metod: Vo ispituvaweto bea vklu~eni 80 ispitanici 
od dvata pola, na 16-godi{na vozrast koi vrz osnova na sostojbata na zabite, 
odnosno KEP-indeksot bea podeleni vo dve grupi. Prvata grupa ja so~inu-
vaa 40 ispitanici so mnogu nizok do nizok indeks na karies (0–3), a vtorata 
grupa ja so~inuvaa 40 ispitanici so visok indeks na karies (> 10). Za biohe-
miskite ispituvawa 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 parametri se prosledeni kaj istite 
ispitanici i vo primerok na plunka zemen nautro, pred konsumiraweto na 
bilo kakva hrana ili sproveduvawe na oralna higiena (bazi~ni vrednosti 
vo odnos na koi se sporeduvaa rezultatite od ispituvaweto). Koncentra-
cиjata na salivarnata urea e odreduvana so enzimski metod na kontinuirano 
merewe, zasnovan na principot na hidrolиza na ureata so enzimot ureaza. 

Rezultati: Koncentracijata na salivarnata urea, izmerena nautro 
na gladno (bazi~ni vrednosti) kaj ispitanicite so nizok indeks na karies, 
se dvi`i vo granici od 5,50 do 9,10 mmol/l, a signifikantno se poniski vred-
nostite kaj ispitanicite so visok karies – indeks (od 3,40 do 5,50 mmol/l). 
Ista e i koncentracijata na salivarnata urea vo razli~nite vremenski 
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intervali po zemaweto na obrokot – 5, 30 i 60 minuti kaj ispitanicite so 
razli~en KEP-indeks. So zgolemuvawe na vremenskiot interval po zema-
weto na obrokot, kontinuirano i signifikantno opa|a koncentracijata na 
salivarnata urea, vo odnos na nejzinata bazi~na koncentracija. Najgolemo 
namaluvawe na koncentracijata na ureata, vo odnos na nejzinata bazi~na 
vrednost kaj site ispitanici so razli~en KEP-indeks (so nizok i visok), se 
slu~uva za vreme od 60 minuti po zemaweto na obrokot.  

Zaklu~oci: Plunkata so svoite konstituenti ima va`na uloga vo 
odr`uvaweto na oralnoto, i posebno – dentalnoto zdravje. Ureata ima pri-
dones vo odr`uvaweto na acidobaznata ramnote`a na plunkata, a preku toa, 
i na pojavata na kariesot. Pozitivniot efekt na ureata go potvrduvaat i 
vrednostite konstatirani vo ova istra`uvawe: kaj ispitanicite so ponizok 
KEP-indeks e prisutna povisoka koncentracija na urea, kako na bazi~nite 
taka i na vrednostite vo stimuliranata (preku obrok) plunka, vo site 
prosledeni vremenski intervali.  
 
Klu~ni zborovi : plunka, salivarna urea, zaben karies. 
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