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ABSTRACT 

Biotène
®
 products have been developed with the intention of preventing tooth decay, plaque 

accumulation and oral infections in individuals with xerostomia (dry mouth). Not much is 

known about the effect of Biotène
®
 chewing gums. Biotène

®
 chewing gum contains host 

proteins. Due to these contents the manufacturer claims that Biotène
®
 chewing gum is an 

“enzyme gum” that “boosts and strengthens the mouths natural defences”. The aim of this 

study was to investigate the effect of Biotène
®
 chewing gum on saliva flow rates, saliva 

buffering capacity, plaque index, as well as salivary Streptococcus mutans and Lactobacilli 

counts, in healthy subjects with hyposalivation.  

One hundred and nine subjects with an age range of 18 to 23 years were screened for 

hyposalivation. Hyposalivation is a reduced salivary flow rate in a subject based on 

examination of the subject. Thirteen healthy subjects, who initially presented with 

hyposalivation, were included in the study. A baseline laboratory analysis of saliva was 

performed. Saliva was collected at rest and with masticatory stimulation, and measured. 

Resting saliva is saliva produced without any stimulation and can be obtained by allowing the 

subject to passively drool into a sputum jar. Stimulated saliva is produced as a result of 

stimulation of the salivary glands and may be obtained by allowing subject to chew inert 

rubber tubing while expectorating into a sputum jar. Buffering capacity was performed on 

both the saliva samples. Plaque index and DMFT was measured. Bacterial counts such as S. 

mutans and Lactobacilli counts were performed on the stimulated saliva.  

Subjects were given rubber tubing, xylitol chewing gum or Biotène
®
 chewing gum to use for 

2 weeks. A rubber tubing phase was introduced into the study to eliminate the effect of 

masticatory stimulation, which any chewing gum can provide. A xylitol-containing chewing 

gum (xylitol) phase was also introduced into the study in order to eliminate the effect of 

xylitol, as Biotène
®
 chewing gum contains xylitol.  



5 
 

A second laboratory analysis of saliva was performed. After a two weeks wash out period the 

second test product was given and the same procedure was repeated with the third product. 

The results showed that two weeks use of Biotène
®
 chewing gum had no significant effect on 

the resting and stimulated saliva flows. It did not increase the buffering capacity of either the 

resting or stimulated saliva samples. Although it did not reduce the plaque index and S. 

mutans counts, it significantly reduced the Lactobacilli counts.  Xylitol chewing gum, which 

was used as a control to eliminate the xylitol effect from the Biotène
®
 chewing gum, 

significantly increased the stimulated saliva, reduced the plaque index and the salivary 

Lactobacilli count. Biotène
®
 chewing gum which contains host proteins has no beneficial 

effects regarding saliva flow rate or against dental plaque and therefore against dental caries. 
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PREFACE 

 

Many studies have investigated the effects of Biotène
®
 products on hyposalivation. However 

not much is known about the effect of Biotène
®
 chewing gums alone. Thus the purpose of 

this study was to investigate the effect of Biotène
® 

chewing gum, which contains host 

proteins, on certain salivary parameters. The results of this study will establish whether 

Biotène
®
 chewing gum improves certain salivary parameters which are responsible for the 

development of dental caries in hyposalivators.  
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1        INTRODUCTION AND LITERATURE REVIEW   

1.1   INTRODUCTION 

Saliva has many important functions in the oral cavity. Lack of saliva results in xerostomia 

(dry mouth) which may become extremely debilitating for patients as it leads to difficulties in 

speech, swallowing and taste. Lack of saliva may result in increased susceptibility to dental 

caries as saliva has many functions which prevent dental caries. These include its mechanical 

washing action, buffering capacity and antimicrobial functions. Xerostomia may be a result 

of certain medications, systemic conditions, cancer therapy to the head and neck regions, or 

dehydration. But xerostomia or hyposalivation may also affect normal, healthy individuals.
1, 2

  

 Salivary stimulants and salivary substitutes are commonly used for the treatment of 

xerostomia. Chewing gum offers masticatory as well as gustatory stimulation of the salivary 

glands. Biotène
®
 products have been developed with the intention of supplementing the 

natural saliva with enzymes and proteins. This chewing gum contains lactoperoxidase and 

glucose oxidase as well as natural sugar alcohols, including xylitol according to the 

manufacturers packaging.  No studies have focused specifically on Biotène
®
 chewing gum. 

This study was undertaken in order to investigate the effect of Biotène
®
 chewing gum on 

saliva flow rate, buffering capacity of saliva, plaque index and salivary levels of 

Streptococcus mutans and Lactobacilli, in healthy subjects with hyposalivation. 
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1.2   LITERATURE REVIEW 

1.2.1 Saliva 

Saliva is primarily composed of water, proteins and electrolytes.
3 

It plays an important role in 

lubrication of the oral cavity, speech, swallowing and taste. Saliva contains mucin, which 

aids in the production of the food bolus, as well as lingual lipase and amylase which initiates 

the breakdown of fats and carbohydrates respectively. The mechanical washing action of 

saliva is important in removing food debris and unattached oral microorganisms. Saliva has a 

high buffering capacity which neutralises acids produced by bacteria on tooth surfaces. It is 

supersaturated with phosphate and calcium ions that aid in the remineralisation of teeth, as 

well as potassium bicarbonate which aids in the creation of a neutral pH. In addition it has 

advanced antimicrobial functions as it contains immunoglobulin A, histatins, lysozyme, 

lactoperoxidase, lactoferrin, agglutinins and defensins.  Lysozymes hydrolyse the bacterial 

cell wall polysaccharides, which results in lysis of the cell. The lactoperoxidase system 

protects mucosal cells from the toxicity of hydrogen peroxide which is produced by oral 

bacteria.
4 

Lactoferrin is an iron-binding glycoprotein which exhibits bacteriostatic and 

bactericidal activity against oral bacteria.
5
  

Dental caries is an irreversible, infectious disease of the teeth which is characterised by 

demineralisation of the inorganic portion and destruction of the organic portion of the tooth 

which eventually leads to cavity formation.
6
 It is a multifactorial disease which is dependent 

on a susceptible host, a host with a diet that is rich in fermentable carbohydrates, the presence 

of cariogenic bacteria and extended periods of time in which plaque is in contact with tooth 

surfaces. Risk factors for dental caries include poor oral hygiene, high levels of cariogenic 

bacteria, low fluoride levels in the water, low saliva flow rates and frequent exposure to 

fermentable carbohydrates. 
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Dental plaque is a colonisation of endogenous microorganisms on the tooth surface that 

causes tooth dissolution.
7
 Endogenous micro-organisms which are capable of adhering to the 

salivary pellicle which has formed on the tooth surface, adhere to the tooth surface via the 

pellicle and also aid in the subsequent aggregation of other micro-organisms that were not 

capable of initial aggregation. Micro-organisms found in dental plaque include Streptococci, 

Staphylococcus, Actinomyces, Veillonella, Propionibact, Prevotella, Neisseria, Lactobacilli, 

Fusobact and Rothia. 

S. mutans bind to the tooth pellicle via adhesins. The S. mutans then secrete glucosyl 

transferases which aid in the accumulation of more S. mutans. S. mutans are one of the initial 

colonisers of the tooth pellicle but they initially only comprise 1% of the colonising 

population.
8
 S. mutans then metabolises fermentable carbohydrates and releases lactic acid 

which causes enamel demineralisation. Furthermore, this acidic environment causes aciduric 

organisms such as S. mutans and Lactobacilli to flourish. S. mutans are implicated in dental 

caries as S. mutans are aciduric and acidogenic, they rapidly metabolise sugar and there is a 

correlation between salivary counts of S. mutans and the prevelance of caries. Lactobacilli are 

implicated in dental caries as they are also aciduric and acidogenic, they are high in numbers 

in most carious lesions, their numbers in plaque and saliva increase with an increase in caries 

activity and they produce lactic acid below a pH of 5.0. 

The oral fluids buffer the plaque on the tooth within 30-60 minutes with phosphates and 

bicarbonates. This results in remineralisation of the tooth enamel. However if there are 

repeated fluctuations in the pH and if the acid production outweighs the buffering effect of 

the saliva, the aciduric micro-organisms are allowed to multiply, produce even more acid and 

cause sufficient tooth demineralisation that will result in a dental cavity. Thus saliva is 

important in prevention of dental caries as a decrease in saliva allows cariogenic 

microorganisms to flourish.  
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A decrease in saliva may also result in difficulties with speaking, chewing, swallowing and 

tasting. Furthermore patients with hyposalivation may present with increased risk of dental 

caries 
9
, oral candidiasis

10
, periodontal disease and poor retention of dentures.

11
 

1.2.2 Xerostomia 

Xerostomia can be defined as “a subjective sensation of a dry mouth that is frequently, but 

not always, associated with salivary gland hypofunction”.
12 

Symptoms of xerostomia start 

when there is a decrease of 45% in normal salivary flow.
13 

A patient is considered to have 

reduced salivary flow if the unstimulated salivary flow is <0.1 ml/min measured for 5 to 15 

minutes or if the chewing-stimulated salivary flow is < 0.7 ml/min measured for 5 minutes.
14 

 

1.2.2.1 Xerostomia and gender 

Several studies have shown that xerostomia is more commonly found amongst females.            

A study conducted by Nederfors et al (1997) using a questionnaire on 4200 randomly 

selected individuals aged 20-80 years, found a prevalence of xerostomia in 21.3% of men and 

27.3% of women.
15 

Billings et al (1996) administered an oral health questionnaire and oral 

examination on 710 American adults with ages ranging from 19-88 years. Eighteen percent of 

males and 24% of females from this sample suffered from xerostomia.
16 

Similarly a study in 

Sweden also showed 15% of men and 22% of women had an unstimulated saliva flow below 

0.1ml/min.
2
  

1.2.2.2 Xerostomia and medication 

Xerostomia may be caused most frequently by dehydration, certain medications, diseases of 

the salivary glands, anxiety and radiation therapy to the head and neck. Ionising radiation can 

cause atrophy of the secretory components of both major and minor salivary glands resulting 

in xerostomia.
17 
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There are certain drugs that may be commonly associated with xerostomia. These drugs 

include bronchodilators, antiparkinsonian drugs, tricyclic antidepressants, antipsychotics, 

decongestants, antihistamines, mydriatic eye drops, antihypertensives, drugs for urinary 

incontinence, drugs for irritable bowel and diverticular diseases, cytotoxics, antiepileptics and 

diuretics.
18, 19 

People on xerogenic drugs produce significantly lower unstimulated and 

stimulated salivary flow rates than individuals not taking these drugs.
2 

Many studies have 

shown that the incidence of xerostomia may be directly proportionate to the amount of these 

drugs used by the patient.
20, 21 

 

The level of radiation that is required to destroy malignant cells ranges from 40-70 Gy, yet 

salivary gland tissue may be permanently damaged when exposed to radiation dosages which 

are greater than 30 Gy.
22 

Addington-Hall and McCarthy (1995) found that xerostomia was 

present in 30% of patients dying from cancer.
23 

Davies (2000) reported the prevalence of 

xerostomia as more than 30% in a mixed group of cancer patients and 77% in cancer patients 

admitted to a hospice.
24 

In a subsequent study they reported that in patients receiving 

chemotherapy for advanced cancer, the degree of xerostomia was proportionate to the 

number of chemotherapeutic agents used.
20     

 

1.2.2.3 Xerostomia and systemic illnesses 

There are several systemic disorders which are also associated with salivary gland 

hypofunction. These disorders include Sjögrenʹs syndrome, diabetes mellitus, sarcoidosis, 

human immunodeficiency virus, primary biliary cirrhosis, systemic lupus erythematosus, 

rheumatoid arthritis, depression, and cystic fibrosis. 
25 

Up to 42% of patients with rheumatoid 

arthritis suffer with xerostomia
26 

and patients with type I diabetes also have symptoms of dry 

mouth.
27 

Furthermore up to 43% of diabetic patients complained of dry mouth.
28 
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Sjögrenʹs syndrome is a chronic, inflammatory autoimmune disorder that is characterised by 

a lymphocytic infiltration of the salivary and lacrimal glands most commonly. This results in 

xerostomia and xerophthalmia. There are two forms of the disease, primary Sjögrenʹs 

syndrome and secondary Sjögren’s syndrome. In primary Sjögrenʹs syndrome the xerostomia 

and keratoconjunctivitis sicca occur as an isolated clinical entity whereas in secondary 

Sjögrenʹs syndrome, the xerostomia and keratoconjunctivitis sicca occur together with 

another autoimmune disease. The estimated prevalence of Sjögrenʹs syndrome in the 

population is 0.6%, with the highest prevalence in the fourth or fifth decade of life. 
25 

Sjögrenʹs syndrome predominantly occurs in women over the fourth decade.
29 

 

1.2.3 Treatment of Xerostomia 

Due to the diminished saliva output, patients who suffer from xerostomia are at higher risk 

for dental caries and other oral infections. Thus they should be advised of a good oral hygiene 

regimen and the importance of regular dental visits. These patients should be advised to take 

frequent sips of water and to avoid caffeine and alcohol in order to prevent dehydration.  

A humidifier may also be used at night, when the xerostomia tends to worsen. Treatments for 

xerostomia may be divided into saliva substitutes and saliva stimulants. 

1.2.3.1 Salivary substitutes  

The most widely used saliva substitute is water, but milk also provides properties suitable for 

a salivary substitute. Milk provides excellent lubrication, and contains calcium and phosphate 

which aids in the buffering of acids as well as the remineralisation of teeth.
30 

Saliva substitute 

most commonly refers to artificial saliva. Artificial saliva may contain 

carboxymethylcellulose (CMC), glycerate polymer gel base, natural mucins or a 

mucopolysaccharide and may be presented as a rinse, gel or spray.  



20 
 

Artificial salivas may provide excellent relief of dry mouth but artificial saliva is not tolerated 

by patients and does not last
19 

and therefore, patients prefer saliva stimulants to saliva 

substitutes.
31 

 

1.2.3.2 Saliva stimulants 

Various saliva stimulants are presently available for the treatment of xerostomia. These 

include sugar free chewing gums, organic acids and parasympathatomimetics. Organic acids 

such as malic acid, ascorbic acid and citric acid will increase salivation but these acids also 

result in demineralisation of teeth. Therefore long-term use is not recommended for the 

treatment of xerostomia. Parasympathatomimetics are used in severe cases of xerostomia in 

order to increase saliva production. Pilocarpine is a nonspecific, muscarinic agonist which 

results in the parasympathetic stimulation of the exocrine glands in order to increase serous 

secretions.  

Pilocarpine is most commonly used in patients with Sjögrenʹs syndrome as well as patients 

that have received radiation therapy, in order to increase saliva flow. Nyárády et al (2006) 

conducted a prospective randomised study in order to assess the effectiveness of orally 

administered pilocarpine (Salagen
®
) during and after radiotherapy to the head and neck.

32 

This study found that patients who received 5mg of pilocarpine orally three times a day, from 

the beginning of radiotherapy as well as patients who only commenced this treatment 6 

weeks after start of radiotherapy, showed a significant increase in saliva production and 

decrease in symptoms related to xerostomia.  Similarly Zimmerman et al (1997) also found 

that pilocarpine administered during radiation therapy increased saliva production and 

decreased the symptoms of xerostomia.
33 

 

However Gornitsky et al (2004) found no significant increase in saliva production in patients 

treated with pilocarpine during radiation therapy as compared to a control group.
34 

http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Ny%C3%A1r%C3%A1dy%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16619571
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Furthermore, although pilocarpine may increase saliva flow, it is also associated with many 

parasympathetic side-effects such as gastro-intestinal disturbances, excessive sweating, 

increased pancreatic secretion, rhinitis, urinary disturbances, vasodilation and headaches. 

These side-effects have been shown to decrease patient compliance.
35 

Due to its 

parasympathetic effects, pilocarpine is contraindicated in patients with uncontrolled asthma, 

gastric ulcers, narrow-angle glaucoma, hypertension and patients on β-blockers. 

Cevimeline (Evoxac
®
) is another drug that is used to treat xerostomia in patients with 

Sjögrenʹs syndrome. Cevimeline, unlike pilocarpine, has specific affinity for receptor types 

that are not present in respiratory or cardiac tissue. Amifostine (intravenous), which is a thiol 

drug, is also used for the treatment of moderate to severe xerostomia in patients undergoing 

postoperative radiation treatment for head and neck cancer. Although Amifostine has the 

potential to reduce xerostomia during and post radiation treatment, a significant proportion of 

patients continue to experience xerostomia.
36

Although these parasympathatomimetic drugs 

may stimulate saliva flow and decrease the symptoms of xerostomia, their effects are not long 

lasting.  

1.2.3.3 Acupuncture 

Acupuncture involves the insertion of tiny needles at specific points, with the intent to 

prevent or cure diseases and symptoms.
37 

Braga et al  (2011) have shown that patients who 

received acupuncture treatments before and during the entire period of radiation therapy for 

head and neck cancer showed significant increase in saliva flow rates and decrease in 

xerostomia- related symptoms compared with patients in the control group, who did not 

receive acupuncture treatment.
38 

Furthermore, the effects of acupuncture on the secretion of 

saliva can be maintained for up to 6 months and with additional therapy, this improvement on 

saliva secretion may be maintained for up to 3 years.
39, 40
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1.2.4 Mouthrinses, Gels and Chewing gums  

Salivary glands can be stimulated by mechanical and gustatory stimuli, to increase the 

secretory capacity, for which gums and sucking tablets have been developed. They may 

contain antimicrobial compounds or enzymes and mouth wetting agents. Citric acid and 

vitamin C are also added into sucking tablets, which stimulates saliva flow.
4 
Decreased 

mastication results in an increased atrophy of the salivary glands.
41 

Therefore the salivary 

glands must be stimulated by masticatory or gustatory stimuli in order to prevent atrophy and 

to maintain saliva flow. 

 Sugar free chewing gum provides both masticatory and gustatory stimuli. Risheim and 

Arneberg (1993) found, in a study conducted on rheumatic patients, that sugar free chewing 

gum increases saliva flow by stimulating taste receptors.
42 

Abelson et al (1989) found that 

85% of saliva flow is related to gustatory stimulation and 15% is related to masticatory 

stimulation.
43 

Therefore flavoured chewing gums stimulate saliva flow to a greater degree 

than unflavoured chewing gums.
44 

Davies (2000) conducted a prospective randomised study 

on patients with advanced cancer. It was concluded that although both artificial saliva and 

chewing gum relieved xerostomia in these patients, more patients preferred chewing gum to 

artificial saliva.
24 

 

Xylitol is a natural sugar alcohol that is frequently added to chewing gums. S. mutans are 

unable to utilise xylitol resulting in less acid production and thus a decrease in plaque 

acidogenicity.
45 

Furthermore xylitol also affects the adhesiveness of S. mutans to tooth 

surfaces.
46 

It has been found that 6g/day of xylitol is required to affect the oral ecology.
47 

Similarly, Autio (2002) and Caglar et al (2007) have shown the levels of S. mutans to 

decrease in response to xylitol-containing chewing gum.
48, 49 

However, Twetman and 

Stecksén-Blicks (2003) found that although chewing xylitol containing gum decreased the 
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lactic acid concentration in supragingival plaque by 22%, in caries active children, as 

compared to chewing a control gum, the levels of S. mutans remained unaffected by both 

chewing gums.
 
This could be due to the high counts of S. mutans due to the carious lesions.

50 
 

1.3 Biotène® products  

Biotène
®
 products including chewing gum, toothpaste, gel, spray and mouthrinse are 

available in South Africa through GlaxoSmithKline. These products contain three primary 

enzymes, glucose oxidase, lactoperoxidase, and lysozyme which can replenish the salivary 

antibacterial properties. They also contain fluoride, calcium and xylitol. These products are 

claimed to fight cavities, periodontal disease and oral infections caused by dry mouth, 

according to the manufacturers packaging.  

The anti-microbial protein, lactoperoxidase, present in the Biotène
® 

has been well researched. 

Lactoperoxidase system generated hypothiocyanite ions (OSCN
-
) and hypothiocyanous acid 

(HOSCN) are inhibitory against a number of oral bacteria including mutans Streptococci.
51 

In 

vitro studies with Biotène
®
 dry mouth oral rinse have shown an antibacterial effect against S. 

mutans and Lactobacilli but not against C. albicans.
4 

A study conducted in elderly, 

institutionalised individuals with xerostomia with Biotène
®
 mouthwash, Biotène

®
 

Oralbalance gel and Biotène
®
 toothpaste also showed no effect on C. albicans counts as well 

as on dry mouth sensation.
52 

However, some studies have shown that Biotène
®
 has no effect 

on oral bacteria. Lenander-Lumikari et al (1993) as well as Kirstilä et al (1994) found that 

Biotène
®
 toothpaste did not induce antibacterial effects against total streptococci, S. mutans, 

Lactobacilli or the total anaerobic flora.
51, 53  

 

In addition, Kirstilä et al (1994) also found that plaque pH, acidogenicity and lactic acid 

production were unaffected by a 2 week daily use of Biotène
®
.
53 

In a subsequent study 

Kirstilä et al  (1996) showed that a 4 week Biotène
® 

toothpaste and Biotène
®
 mouthwash 
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regimen on 20 patients who suffered from chronic dry mouth symptoms resulted in a 

significant increase in the concentration of salivary hypothiocyanite and relieved dry mouth 

symptoms in xerostomic patients but once again there were no significant changes in the 

salivary microflora.
54 

Even in young individuals with a high caries activity, use of Biotène
®
 

mouthrinse has shown no effect on the S. mutans counts.
55

  

Although the above mentioned studies have shown that Biotène® has no effect on S. mutans 

counts, other studies have found Biotène® products to have many beneficial effects in the 

treatment of xerostomia.
56, 57, 58, 59, 60 

Nagy et al (2007) conducted a randomised, double-blind, 

placebo-controlled clinical study on Biotène
®
 products among 37 patients who had developed 

pronounced oral mucositis and xerostomia following radiation therapy. The results showed 

that there was a significant reduction in the counts of disease associated commensal oral 

aerobic and anaerobic bacteria. Furthermore there was a reduction in the counts of 

opportunistic candida species that are associated with radiation therapy. Most patients in the 

Biotène
®
 group showed a 50-100% improvement in whole resting saliva.

56 
Similarly, in the 

oral cavities of children, a significant reduction in S. mutans and Lactobacilli counts were 

found when they used Biotène
® 

toothpaste. Furthermore the test group showed a significant 

increase in the levels of thiocyanate ions (OSCN
-
) during the experimental as well as the 

washout periods, compared to the control group.
59 

 

 The hypothiocyanite ion is an important antimicrobial agent which is generated by the 

peroxidase system. OSCN
-
 has been shown to inhibit acid production by dental plaque

 61
, 

glucose uptake by cariogenic bacteria 
62  

and also inhibit the initial phases of dental caries.
63 

In a double-blind crossover study of the Biotène
®
 Oralbalance gel dry-mouth system and the 

BioXtra dry-mouth system in patients with post-radiotherapy xerostomia it was found that 

both systems were effective in alleviating symptoms of xerostomia. Both systems contain the 

hypothiocyanite ion. 
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 The BioXtra system was superior in the alleviation of certain symptoms when compared to 

the Biotène
®
 Oralbalance system. Furthermore, patients preferred the BioXtra system. 

Possible reasons for this could be because the viscosity of the BioXtra gel was 23 Pa.s which 

resulted in a longer retention time as compared to the Biotène
®
 Oralbalance gel which has a 

dynamic viscosity of 16.8 Pa.s.
57 

The BioXtra gel is formulated with minimal sweetening 

which may be better tolerated by patients and BioXtra also contains more peptides and 

immunoglobulins than Biotène
®
 Oralbalance. 

1.3.1 Biotène® chewing gums  

The Biotène
®
 range also includes Biotène

®
 chewing gum which can be used during the 

course of the day in order to provide relief of oral dryness, reduction of odour-causing 

bacteria as well as stimulate saliva flow according to the manufacturer. Biotène
®
 chewing 

gum contains Maltitol , Sorbitol , Gum Base , BHT , Xylitol , Artificial flavour , Titanium 

Dioxide , Lecithin , Resinous Glaze , Acesulfame K , Potassium Thiocyanate , 

Lactoperoxidase , Glucose Oxidase , Bees Wax and Carnauba Wax according to the 

manufacturers packaging. 

Biotène
®
 chewing gum in combination with other Biotène

®
 products has been used to 

alleviate oral discomfort due to xerostomia. Improvement in oral discomfort and intraoral 

dryness following a two month treatment with the Biotène
®
 system, composed of toothpaste, 

mouthwash and chewing gum, as well as Oralbalance gel have been reported in xerostomic 

patients receiving radiation therapy for head and neck cancer.
64 

However, the authors did not 

evaluate the effect on the oral microflora.  

Hyposalivation may occur in normal healthy individuals.
1, 2 

The effect of hyposalivation may 

not be drastic and the patient may experience subtle long term discomfort and changes. In this 

case simple measures can provide comfort in their daily life and prevent long term changes. 
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Ultimately, the only Biotène
®
 product that has not been subjected to extensive research is the 

chewing gum. Chewing gum might be more beneficial regarding saliva flow rate, acid 

clearance, accumulation of plaque and reduction of cariogenic bacteria as chewing gum 

stimulates saliva flow by offering mechanical stimulation of the salivary glands. In addition it 

is also convenient to chew gums during the course of the day without requiring water or a 

sink facility rather than using a mouthrinse or a gel. 
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1.4   AIM 

This study investigated the effect of Biotène
®
 chewing gum on the saliva flow rate, buffering 

capacity of saliva, plaque index and salivary levels of Streptococcus mutans and 

Lactobacillus in healthy subjects with hyposalivation. 

1.5   OBJECTIVES 

 To establish prevalence of hyposalivators in young adults 

 To study the effect of Biotène
® 

chewing gum on the saliva production by 

hyposalivators 

 To examine the effect of Biotène
®
 chewing gum on the buffering capacity and 

plaque index   

 To investigate the effect of Biotène
®
 chewing gum on the salivary counts of 

Streptococcus mutans and Lactobacilli. 
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2   MATERIALS AND METHODS 

2.1 Study population 

Students enrolled for the Bachelor of Dental Sciences at The University of The 

Witwatersrand were approached. Ethical clearance from The Human Research Ethics 

Committee was obtained. (Appendix A) The study was explained to all students and those 

that agreed to take part signed the consent form (Appendix B). One hundred and nine dental 

students aged between 18 and 23 years were screened for their resting saliva secretion. 

Resting saliva secretion was obtained by asking students to sit quietly, without talking, and to 

collect saliva into a sterile sputum jar for 5 minutes. The jars were then taken to the lab and 

the saliva volume in each jar was measured using a graduated pipette and recorded. Students 

with a resting saliva flow rate of less than 0.3ml/min were considered having hyposalivation 

and included in the study. Hyposalivation in young, healthy individuals is rare as seen from 

the small sample size obtained thus a resting saliva flow rate below 0.3 ml/min, instead of 

below 0.1 ml/min, was used as a selection criteria as this enabled a larger sample size. The 

design of the study is included in appendix C (page 61). 

 

2.2 Baseline analysis 

At baseline tests, resting and stimulated saliva samples were collected which were also used 

to measure buffering capacity of saliva. Stimulated saliva was also used to measure bacterial 

counts such as S. mutans and Lactobacilli. In addition, an oral examination was performed to 

determine decayed, missing, filled teeth index (DMFT) and plaque index (PI). 

2.2.1 Collection of saliva 

Each student was given a number in order to maintain confidentiality. A baseline resting 

saliva flow rate and stimulated saliva flow rate was taken for each subject. Resting saliva 

flow rate was obtained by allowing subjects to sit quietly without talking and expectorate 
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saliva into a sterile sputum jar for 5 minutes. The volume of saliva was measured using a 

graduated pipette and recorded. The volume of saliva was then divided by 5 in order to obtain 

saliva flow rate/min and was recorded as the resting saliva flow rate before the use of the test 

products which were either xylitol chewing gum or Biotène
®
 chewing gum or the use of the 

saliva stimulant which was the inert rubber tubing.  

The stimulated saliva flow rate was obtained by asking subjects to chew a sterile piece of 

rubber tubing while continuously collecting saliva into a sterile sputum jar for 5 minutes. The 

volume of saliva was then divided by 5 in order to obtain saliva flow rate/min and was noted 

as the stimulated saliva flow rate before the use of the test products or the saliva stimulant. 

One ml of stimulated saliva was also taken to conduct the buffering capacity test (section 

2.2.2). The stimulated saliva was plated onto culture media for S. mutans and Lactobacilli 

counts (section 2.2.4).  

2.2.2 Buffering capacity of saliva 

One ml of each of the resting and stimulated saliva sample was transferred into sterile tubes 

Three ml of 0.005mol/L hydrochloric acid was then added into both the tubes. The two 

sample tubes were then closed, shaken and left open in order to allow carbon dioxide to 

escape. After 10 minutes the pH of the resting and stimulated saliva samples were measured 

using a pH meter.
65 

 

2.2.3 Oral examination and determination of “Decayed, missing, filled teeth” index 

 A Decayed, Missing, Filled, Teeth index (DMFT) was completed on each subject. A DMFT 

score was calculated for each subject in order to ensure that the subjects were similar 

regarding teeth affected by dental caries. This allowed a form of standardisation as the oral 

physiology of each individual is different.  
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The DMFT index was calculated in the following way: 

1. The number of teeth with existing dental decay was counted. 

2. The number of missing teeth was counted. (excluding third molars) 

3. The number of teeth with fillings was counted. This included teeth that had 

composite fillings, amalgam fillings, crowns or veneers. 

4. The total number of decayed, missing and filled teeth was then divided by the total 

number of teeth, in order to obtain a DMFT ratio for each subject. 

5. The ratio was then multiplied by 100 in order to determine the percentage of teeth 

that were affected by dental caries.  

An O’Leary plaque index was then completed on each subject in order to record plaque on 

tooth surfaces.
66 

Disclosing solution was first applied to all supragingival tooth surfaces using 

a large cotton pellet. Each subject was then asked to rinse his/her mouth in order to remove 

excess disclosing solution. Each tooth surface, except for the occlusal surface was examined 

for the presence of stained deposits at the dentogingival junction. If there was a stained 

deposit present on a tooth surface, it was recorded on the appropriate box in the plaque index 

form. The plaque index was then calculated by dividing the number of tooth surfaces with 

stained deposits by the total number of tooth surfaces scored. This number was then 

multiplied by 100 in order to obtain a percentage. 

2.2.4 S. mutans and Lactobacillus counts 

Two Mutans Bacitracin Agar (MBA) plates were used for each subject to obtain S. mutans 

counts. Tenfold dilution (1:10) was prepared from the stimulated saliva by adding 0.1 ml into 

0.9 ml phosphate buffered saline (PBS)  which was further diluted by adding 0.1 ml of 1:10 

dilution into 0.9 ml (1:100).  
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One hundred microlitres of each dilution was transferred on each of the MBA plates and 

evenly spread onto the surface using a sterile glass rod. Agar plates were incubated at 37
ᵒ
C 

for 48 hours under CO2.  

Two Rogosa Agar (RA) plates were used for each subject to obtain Lactobacillus counts. One 

hundred microlitres of stimulated saliva was transferred on to the RA plate surface 

(concentration) and spread with a sterile glass rod.  In addition 0.1 ml was transferred into a 

0.9 ml PBS solution (1:10 dilution) from which 0.1 ml was spread on a second RA plate. 

Agar plates were incubated at 37
ᵒ
C for 48 hours under CO2. After incubation, the number of 

S. mutans colonies on the MBA plates (dark blue, rough colonies) and the number of 

Lactobacilli colonies on the RA plates (creamy white colonies) were counted. The number of 

S. mutans and Lactobacilli present in the saliva were calculated by multiplying the number of 

colonies on the plates by the dilution factor of the plate and 10 because only 0.1 ml was 

tested. The counts were expressed per ml of saliva.  

2.3 Saliva stimulant or test products 

Biotène
®
 chewing gum, xylitol containing chewing gum (Stimorol

®
)
 
and an inert rubber 

tubing was used in this study. Biotène
®
 chewing gum also contains xylitol, therefore xylitol 

gums were included to eliminate the effect of xylitol from the Biotène
®
 chewing gum. 

Rubber tubing was used as a control to eliminate the chewing effect from each of the 

products. Following the baseline saliva analysis (section 2.2) the subjects were firstly given 

xylitol chewing gum and instructed to chew one piece of chewing gum for 10 min after meals 

or approximately every 2 hours. A total of 5 pieces of gum were chewed each day for 2 

weeks and the endpoint saliva analysis was then repeated (same as baseline analysis 

described in section 2.2) at the end of the 2-week period. After a wash off period (rest) of two 

weeks, the study was repeated with a repeat baseline saliva analysis. Instead of xylitol 

chewing gum, the subjects were asked to chew sterile pieces of inert rubber tubing. 
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 The chewing instructions were the same as for the xylitol chewing gum. The end point saliva 

analysis was done after 2 weeks, in the same way as described in section 2.2. After a wash off 

period (rest) of two weeks, the study was repeated with a repeat baseline saliva analysis. 

Instead of the sterile pieces of inert rubber tubing, the subjects were now asked to chew 

Biotène
®
 chewing gum. The chewing instructions were the same as for the xylitol chewing 

gum. The end point saliva analysis was done after 2 weeks.  

2.4 End point saliva analysis 

Following 2 weeks of xylitol chewing gum, rubber tubing, or Biotène
®

 chewing gum usage, 

an end point saliva analysis was conducted, same as described in the section 2.2 baseline 

analyses. Subjects were asked to bring back empty packaging of xylitol chewing gum, rubber 

tubing or Biotène
®
 chewing gum to ensure that all products were finished and to ensure the 

subject compliance.  

2.5 Ethical considerations 

The study protocol was approved by the Human Research Ethics Committee of the 

University of the Witwatersrand. Informed verbal consent was sought from participants. The 

following information was given to ensure that participants have information needed to make 

an informed choice; a complete description of the aims of the study, potential risks and 

benefits. 

2.6 Statistical analysis 

The STATA program was used to analyse the data. A two-tailed Wilcoxon signed-rank test 

was performed to establish if there was a difference between before and after values within a 

specific treatment option such as use of Xylitol chewing gum, Biotène
®
 chewing gum and 

inert rubber tubing. The chosen significance levels of the tests i.e the p-value was 0.05. 
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A two-tailed Kruskal-Wallis equality-of-populations test was performed to establish if there 

was a difference between the three treatment modalities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 
 

3   RESULTS 

3.1 Hyposalivation 

One hundred and nine healthy subjects, 41(37.6%) male and 68(62.4%) females, were 

screened for hyposalivation. Only 18 subjects were found to have less than or equal to 0.3 

ml/min resting saliva and therefore they were considered hyposalivating subjects and 

included in the study. Of these 18 students only 13 agreed to participate in this study. In this 

small group of students that were screened, the prevalence of hyposalivation was 16.5%. 

(TABLE 1) 
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TABLE 1: Saliva production by subjects screened for hyposalivation 

SUBJECT 
NUMBER 

GENDER SALIVA 
FLOW 

(ml/min) 

 SUBJECT 
NUMBER 

GENDER SALIVA FLOW 
(ml/min) 

1 F 0.6 63 M 0.4 

2 F 0.4 64 F 0.3 

3 M 0.65 65 M 1.0 

4 F 0.65 66 M 0.5 

5 F 0.3 67 F 1.6 

6 F 0.65 68 F 0.4 

7 F 0.6 69 M 0.4 

8 F 0.47 70 M 0.5 

9 F 0.25 71 M 0.3 

10 F 0.9 72 F 0.4 

11 F 0.3 73 F 0.7 

12 M 0.9 74 F 0.2 

13 M 0.4 75 F 0.24 

14 F 0.4 76 F 0.24 

15 F 0.57 77 M 0.5 

16 M 0.6 78 M 0.6 

17 M 0.9 79 F 0.4 

18 F 1.4 80 M 0.5 

19 M 0.9 81 M 0.5 

20 F 1.0 82 M 0.5 

21 M 1.2 83 F 0.46 

22 M 1.5 84 F 0.5 

23 F 0.65 85 F 0.3 

24 M 1.5 86 F 0.46 

25 F 1.6 87 F 0.6 

26 F 0.35 88 F 0.6 

27 M 0.3 89 M 0.46 

28 F 0.8 90 F 0.5 

29 F 0.45 91 M 0.5 

30 F 0.45 92 M 0.6 

31 M 0.35 93 M 0.6 

32 M 0.7 94 F 0.24 

33 M 1.2 95 M 0.6 

34 M 1.0 96 F 0.5 

35 M 0.35 97 M 0.5 

36 F 0.45 98 F 0.4 

37 F 0.03 99 F 0.16 

38 F 0.65 100 F 0.6 

39 F 1.4 101 F 0.26 

40 M 0.53 102 F 0.4 

41 F 0.54 103 F 0.44 

42 F 1.5 104 M 0.46 

43 M 0.5 105 M 1.0 

44 M 0.1 106 F 0.4 

45 F 1.2 107 F 0.5 

46 F 2.8 108 F 0.5 

47 F 0.1 109 F 0.48 

48 M 1.5  Hyposalivating 

females=22% 

Hyposalivating     

males=7.3% 

hyposalivating 

subjects=16.5% 

 

49 M 1.1 

50 F 0.34 

51 F 0.1 

52 F 1.0 

53 F 1.14 

54 F 0.32  

 

 

55 F 1.1 

56 F 0.9 

57 F 0.8 

58 F 0.8 

59 M 0.4 

60 F 0.46 

61 M 0.5 

62 F 1.1 

F= Females Students with saliva flow less than or equals to 0.3 ml/min. 

M=Male 
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 3.2 Saliva flow 

Table 2 and figures 1 and 2 shows the resting and stimulated saliva flow rates of the 

hyposalivating subjects. Flow rate is expressed as millilitres of saliva per minute. The resting 

saliva sample was obtained while the subjects sat quietly while spitting into a sputum jar. The 

stimulated saliva sample was obtained while the subjects chewed a piece of inert rubber 

tubing while spitting into a sputum jar. Values were recorded before each treatment modality 

was started and also after 2 weeks use of each treatment modality and the control (rubber 

tubing, xylitol chewing gum or Biotène
®
 chewing gum).  

The mean resting saliva flow rates increased slightly after use of all three of the treatment 

modalities, with the greatest increase recorded after treatment with the xylitol chewing gum 

(Table 2, Figure 1). However none of the increases in the resting saliva flow rates among the 

three treatment modalities were considered statistically significant as none of the p-values 

were <0.05. It was seen that the mean stimulated saliva flow rate decreased after treatment 

with the rubber tubing. But this was not statistically significant.   

The mean stimulated saliva flow rates increased following the use of both xylitol chewing 

gum and Biotène
®
 chewing gum (Table 2, Figure 2). However, only the increase in the 

stimulated saliva flow rate after the xylitol chewing gum was considered statistically 

significant (p=0.05). The mean stimulated saliva flow rate decreased after treatment with the 

rubber tubing. 
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TABLE 2: Resting saliva flow and stimulated saliva flow of hyposalivating subjects before and after the use of rubber tubing (control), 

xylitol chewing gum and Biotène
®
 chewing gum. 

Subjects Resting saliva flow (ml/min) Stimulated saliva flow (ml/min)  

 Rubber tubing xylitol chewing gum Biotène® chewing 
gum 

Rubber tubing xylitol chewing gum Biotène® chewing gum 
 

 Before After Before After Before After Before After Before After Before After 

1 1.0 0.9 0.55 0.3 0.8 1.0 1.94 1.14 1.32 0.8 1.66 2.0 

2 0.6 0.9 0.2 1.3 0.7 1.12 1.6 1.54 1.82 2.14 1.28 1.7 

3 0.4 0.34 0.55 0.3 0.3 0.4 0.84 0.62 0.77 0.9 0.74 0.7 

4 0.3 0.3 0.3 0.7 1.1 0.8 1.24 1.14 0.74 1.0 1.5 1.4 

5 0.5 0.9 0.4 0.3 0.46 0.4 1.04 0.94 0.64 0.54 0.68 0.74 

6 0.6 0.4 0.4 0.4 0.42 0.3 0.84 0.84 0.44 0.84 1.1 0.62 

7 0.64 0.64 0.4 0.5 0.7 0.62 0.82 0.74 0.64 0.84 0.34 0.88 

8 0.4 0.4 0.4 0.9 0.5 0.42 0.56 0.7 0.64 0.94 0.3 0.68 

9 0.8 1.1 0.5 0.8 0.82 1.4 0.9 1.4 0.8 1.2 1.22 1.74 

10 0.2 0.24 0.3 0.1 0.1 0.2 0.58 0.3 0.4 0.4 0.38 0.3 

11 0.76 0.72 0.5 1.3 0.6 0.8 0.82 0.9 0.84 1.4 0.64 1.38 

12 0.14 0.38 0.1 0.1 0.1 0.22 0.32 0.7 0.26 0.56 0.4 0.42 

13 0.7 0.74 0.4 0.54 0.7 0.5 1.0 0.9 0.84 0.7 0.86 0.68 

Mean 0.54 0.61 0.38 0.58 0.56 0.63 0.96 0.91 0.78 0.94 0.85 1.02 

SD 0.24 0.28 0.13 0.4 0.29 0.37 0.43 0.33 0.4 0.45 0.46 0.55 

P value 0.3067 0.1714 0.3449 0.4625 0.0589 0.1961 
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Figure 1: Effect of the rubber tubing, xylitol chewing gum and Biotène
®
 chewing 

gum on the resting saliva flow of subjects with hyposalivation. 

 

 

Figure 2: Effect of the rubber tubing, xylitol chewing gum and Biotène
®
 chewing 

gum on the stimulated saliva flow of subjects with hyposalivation. 
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3.3 Buffering capacity 

Table 3 shows the resting buffering capacity of the saliva and the stimulated buffering 

capacity of the saliva in the thirteen subjects. The resting buffering capacity was obtained 

from the resting saliva sample in each subject whereas the stimulated buffering capacity was 

obtained from the stimulated saliva sample in each subject. Both resting and stimulated 

buffering capacities were recorded for each subject before and after each treatment modality. 

The mean resting buffering capacity was shown to increase after treatment with rubber tubing 

but decrease after treatment with xylitol chewing gum and also Biotène
®
 chewing gum 

(Figure 3). However, none of these changes were statistically significant as the p-values were 

> 0.05.  

The mean stimulated buffering capacity of the saliva was again shown to increase after 

treatment with rubber tubing but decrease after treatment with xylitol chewing gum and 

Biotène
®
 chewing gum (Figure 4). None of these changes were said to be statistically 

significant as none of the p-values were < 0.05.  
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TABLE 3: Buffering capacity of resting and stimulated saliva in subjects with hyposalivation before and after the use of rubber tubing 

(control), xylitol chewing gum and Biotène
®
 chewing gum.  

Subjects Buffering capacity of resting saliva (pH) Buffering capacity of stimulated saliva (pH)  

 Rubber tubing xylitol chewing gum Biotène® chewing 
gum 

Rubber tubing xylitol chewing gum Biotène® chewing gum 
 

 Before After Before After Before After Before After Before After Before After 

1 4.08 3.67 3.26 3.94 3.62 4.91 5.81 4.94 4.82 4.75 5.59 6.15 

2 3.85 4.21 3.94 3.23 3.85 4.01 3.90 4.91 4.20 3.31 4.00 4.48 

3 4.16 4.14 3.60 3.36 4.52 3.55 3.60 4.70 3.10 3.35 4.85 4.65 

4 5.62 5.09 3.34 3.43 4.44 5.75 4.92 6.02 3.58 3.66 5.15 6.00 

5 2.96 2.71 2.94 2.86 5.35 4.03 3.15 3.09 3.48 3.11 5.83 4.91 

6 3.81 3.52 2.94 3.18 3.42 2.93 3.41 3.83 2.97 3.35 4.32 3.12 

7 4.26 3.92 3.63 3.31 5.28 4.91 5.24 4.33 3.63 4.45 5.81 5.80 

8 2.94 5.24 2.88 3.44 4.79 3.91 3.04 3.99 2.83 3.10 4.58 3.26 

9 3.64 5.24 5.45 4.92 5.58 4.82 3.59 5.27 4.88 5.24 5.75 4.76 

10 3.69 3.74 2.83 3.04 3.14 3.00 3.45 3.54 2.81 2.69 3.36 2.85 

11 4.77 4.66 4.65 4.47 4.86 3.99 4.55 4.33 4.87 4.03 4.57 4.20 

12 4.33 4.25 4.27 3.80 3.62 4.63 4.77 4.62 3.84 4.93 4.42 4.64 

13 4.64 3.93 3.75 4.19 3.75 4.52 5.05 3.67 4.53 3.37 3.96 4.31 

Mean 4.06 4.18 3.65 3.63 4.32 4.23 4.19 4.40 3.81 3.80 4.78 4.54 

SD 0.72 0.74 0.78 0.6 0.81 0.80 0.90 0.79 0.78 0.80 0.80 1.05 

P value 0.4631 0.8339 0.7532 0.3822 0.9721 0.2787 



41 
 

 

Figure 3:   Effect of the rubber tubing, xylitol chewing gum and Biotène
®
 chewing 

gum on the buffering capacity of resting saliva in subjects with 

hyposalivation. 

 

 

 

Figure 4:   Effect of the rubber tubing, xylitol chewing gum and Biotène
®
 chewing 

gum on the buffering capacity of stimulated saliva in subjects with 

hyposalivation. 

 

 

 

3

3.5

4

4.5

5

Before After Before After Before After

Rubber tubing xylitol chewing gum Biotene chewing gum

Buffering capacity of resting saliva  

M
e

an
 b

u
ff

e
ri

n
g 

ca
p

ac
it

y 
(p

H
) 

3

3.5

4

4.5

5

Before After Before After Before After

Rubber tubing xylitol chewing gum Biotene chewing gum

Buffering capacity of stimulated saliva   

M
e

an
 b

u
ff

e
ri

n
g 

ca
p

ac
it

y 
(p

H
) 



42 
 

 0 

3.4 DMFT and Plaque index 

Table 4 shows the plaque indices of the study subjects. A plaque index was recorded before 

and after use of each treatment modality. The plaque index was expressed as a percentage. 

The mean plaque index decreased after treatment with the rubber tubing and the xylitol 

chewing gum but remained unchanged after treatment with the Biotène
®
 chewing gum. 

However, only the plaque index decrease following xylitol chewing gum treatment was 

considered statistically significant with a p-value of 0.0019 (Table 4 and Figure 5). 

Table 5 shows the total number of teeth present in each of the subjects as well as their DMFT 

scores.  The DMFT scores were used to ensure that the subjects were standardised and that 

they did not have too many teeth that were affected by dental caries. The DMFT ratio 

describes how much of each subject’s dentition has been affected by dental caries. The 

DMFT percentage provides the percent of decayed, missing and filled teeth present in each 

subject.  The DMFT ratio ranged from 0 to 0.32. Therefore the DMFT ranged from zero teeth 

being affected by dental caries to 32% of teeth being affected by dental caries. There was a 

mean DMFT ratio of 0.08 with a mean DMFT percentage of 8.1%. Therefore there was a 

mean of 8.1% of teeth that were affected by dental caries.   
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TABLE 4: Plaque index in subjects before and after the use of rubber tubing (control), 

xylitol chewing gum and Biotène
®
 chewing gum. 

 

 

Figure 5:   Effect of the rubber tubing, xylitol chewing gum and Biotène
®
 chewing 

gum on the plaque index of subjects with hyposalivation. 
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Subjects Plaque Index (%) 

 Rubber tubing xylitol chewing 
gum 

Biotène® chewing 
gum 

 Before After Before After Before After    

1 66.9 75.8 70.5 46.4 53.5 53.5 

2 25 46 74.2 49.2 41.4 31.25 

3 66.6 30.8 88.3 33.3 30 43.3 

4 57.1 66.9 78.5 56.2 26.7 31.2 

5 53.5 58 84.8 66.9 44.6 18.75 

6 19.7 8.3 67.7 50 8.3 10.4 

7 52.6 44.6 83.9 84.8 45.5 53.5 

8 55 25 73.9 30 23.9 21.8 

9 23 44.2 73 14 38.4 37.5 

10 26.6 29.1 66.6 29 34 46.6 

11 33 30.3 100 21.4 10.7 12.5 

12 28.5 22.3 59.8 44.6 31 32.1 

13 62.5 16.9 92.8 66 17.8 15.1 

Mean 43.8 38.3 78 45.5 31.2 31.3 

SD 18.0 19.9 11.4 20.0 13.7 15.0 

P value 0.5067 0.0019 0.6245 
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TABLE 5: DMFT results of hyposalivating subjects. (n=13) 

SUBJECT NUMBER TOTAL NUMBER 

OF TEETH 

PRESENT 

DMFT RATIO DMFT 

PERCENTAGE 

(%) 

1 28 0 0 

2 28 0.32 32 

3 28 0 0 

4 28 0.04 4 

5 28 0.04 4 

6 24 0.04 4 

7 28 0 0 

8 28 0.21 21 

9 26 0.12 12 

10 28 0.07 7 

11 24 0.17 17 

12 28 0 0 

13 28 0.04 4 

MEAN 27.2 

 

0.08 

 

8.1 

 

SD 1.5 

 

0.1 

 

9.8 
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3.5 S. mutans and Lactobacilli counts 

Table 6 and Figure 6 show the quantity of S. mutans and Lactobacilli present in the saliva of 

the thirteen subjects. These values were expressed as colony forming units per millilitre of 

saliva and were obtained before and after each treatment modality for each subject. The mean 

S. mutans counts decreased following treatment with rubber tubing and xylitol chewing gum. 

The decrease in S. mutans count was only statistically significant following rubber tubing 

treatment (p=0.0015). The mean S. mutans count following treatment with Biotène
®
 chewing 

gum was shown to increase but this was not statistically significant.  

The mean Lactobacilli count increased following treatment with rubber tubing but this was 

not statistically significant. The mean Lactobacilli count was shown to decrease following 

treatments of xylitol chewing gum and Biotène
®
 chewing gum. These decreases in 

Lactobacilli counts were considered statistically significant (p<0.05). (Table 6, Figure 7) 
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TABLE 6: S. mutans and Lactobacilli counts in hyposalivating subjects before and after the use of rubber tubing (control), xylitol 

chewing gum and Biotène
®
 chewing gum. 

TNTC-too numerous to count or number          OVERGROWTH- plate had overgrowth of gram –ve organisms obscuring S. mutans 

 

 

Subjects S. mutans count (CFU/ml) Lactobacilli count (CFU/ml)  

 Rubber tubing xylitol chewing gum Biotène® chewing 
gum 

Rubber tubing xylitol chewing gum Biotène® chewing gum 
 

 Before After Before After Before After Before After Before After Before After 

1 1.5×105 6.2×104 5.1×104 5.0×105 4.2×104 5.0×104 0 0 1.3×102 0 0 1.5×102 

2 Overgrowth 9.5×103 1.1×105 5.6×105 1.5×105 5.8×105 0 0 0 0 0 0 

3 1.5×105 7.1×105 3.5×105 1.9×106 2.2×105 1.9×105 5.0×101 0 1.6×102 4.5×102 3.0×101 0 

4 2.3×105 3.8×104 3.6×105 9.2×104 9.0×103 1.4×105 1.4×104 3.2×103 1.3×104 1.5×104 5.2×103 4.2×103 

5 6.5×104 1.6×104 3.1×106 1.5×105 2.3×104 2.3×103 0 1.0×101 0 0 4.0×101 1.0×101 

6 8.5×103 2.1×106 6.6×105 4.1×105 4.7×105 2.0×105 0 1.5×105 2.5×104 2.8×103 1.1×103 3.5×102 

7 1.5×105 1.2×105 2.5×105 2.4×105 4.2×105 4.2×105 0 1.0×101 1.6×102 0 1.0×101 2.7×102 

8 7.1×104 8.6×103 2.8×104 3.0×103 9.3×103 1.6×104 0 0 0 0 0 0 

9 7.4×104 8.6×104 2.3×104 4.5×104 2.4×104 2.3×105 1.8×102 1.4×103 1.6×103 9.3×102 7.0×101 9.5×102 

10 1.4×105 5.3×105 1.9×106 5.1×105 8.1×105 2.2×106 6.2×104 1.0×104 2.8×104 TNTC 9.8×104 TNTC 

11 1.5×106 5.7×105 1.1×106 2.6×105 4.3×105 2.6×104 9.5×103 7.7×103 5.3×103 8.2×102 1.3×104 9.6×103 

12 2.1×105 7.4×105 8.4×105 3.0×105 2.7×105 2.1×105 5.0×101 9.5×103 1.5×102 2.6×102 1.4×103 8.5×101 

13 2.4×106 4.8×105 1.7×105 3.3×105 4.8×105 2.1×105 1.8×103 3.6×103 4.3×103 1.9×103 1.4×104 2.2×103 

Mean 7.7×105 5.9×105 9.0×105 4.8×105 2.4×105 5.8×105 1.7×104 4.1×104 9.8×103 4.4×103 2.7×104 2.8×103 

SD 152500 117000 348000 300000 220500 198250 50 1425 160 445 70 265 

P value 0.0015 0.3824 1.0000 0.6981 0.0057 0.0058 
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Figure 6:   Effect of the rubber tubing, xylitol chewing gum and Biotène
®
 chewing 

gum on the S. mutans counts of subjects with hyposalivation. 

 

 

 

Figure 7:   Effect of the rubber tubing, xylitol chewing gum and Biotène
®
 chewing 

gum on the Lactobacilli counts of subjects with hyposalivation. 
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3.6 Summary results of test parameters after the use of test products. 

Table 7 shows a comparison of each treatment modality within each different parameter. The 

p-values for each parameter have been noted as well as the difference in the mean before and 

after values which are represented as a percentage.  

The changes in resting saliva flow were not statistically significant with all treatment 

modalities (p>0.05). The changes in stimulated saliva flow following use of rubber tubing 

and Biotène
®
 were not statistically significant (p>0.05) but was statistically significant 

(p=0.05) following the use of xylitol chewing gum. The changes in resting and stimulated 

buffering capacity following use of all three products were not statistically significant 

(p>0.05). The changes noted in the plaque index following the uses of rubber tubing and 

Biotène
®
 chewing gum were not statistically significant (p>0.05), however the change in 

plaque index following the use of xylitol chewing gum was statistically significant (p<0.01). 

The change in S. mutans count was statistically significant (p<0.05) following the use of 

rubber tubing but not significant (p>0.05) following use of xylitol chewing gum or Biotène
®
 

chewing gum. The change in Lactobacilli count was not statistically significant (p>0.05) 

following use of rubber tubing but was statistically significant (p<0.05) following use of 

xylitol chewing gum and Biotène
®
 chewing gum. 
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Table 7: Summary results of test parameters after the use of test products. 

Tests % Increase (+) or (-) decrease (p value) 

 Rubber tubing xylitol chewing gum Biotène® chewing 
gum 

 Before and After 
compared 

Before and 
After compared 

Before and 
After compared 

Resting saliva flow +13.0 (0.3) +52.6 (0.17) +12.5 (0.34) 

Stimulated saliva flow -5.2 (0.46) +20.5 (0.05) +20.0 (0.19) 

Buffering capacity of saliva at rest +3.0 (0.46) -0.5 (0.83) -2.1 (0.75) 

Buffering capacity of saliva after 

stimulation 

+5.0 (0.38) -0.3 (0.97) -5.0 (0.27) 

Plaque index -5.5 (0.5) -32.5 (<0.01) +0.1 (0.62) 

S. mutans counts -23.4 (<0.01) -46.7 (0.38) +141.7 (1.0) 

Lactobacilli counts +141.2 (0.7) -55.1 (<0.01) -89.6 (<0.01) 

 

Saliva flow and buffering capacity should increase. Plaque index and bacterial counts should 

decrease. 
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4   DISCUSSION 

4.1 Saliva production by subjects screened for hyposalivation 

109 subjects were screened for hyposalivation. We found that 16.5% of these subjects were 

hyposalivators with a resting saliva flow rate that was less than or equal to 0.3ml/min. Our 

results are thus in agreement with Yamamoto et al (2011) who found that hyposalivation does 

occur in healthy, young individuals.
1 
 

Our results also showed that 7.3% of males and 22% of females were hyposalivators (resting 

saliva flow rate less than or equal to 0.3ml/min). Thus our study showed that hyposalivation 

was much more prevalent amongst females than men, which is in agreement with other 

studies.
2, 16

 It is rare for hyposalivation to be present amongst young, healthy individuals. A 

possible explanation for the presence of hyposalivation amongst this group of subjects may 

be due to stress. 

4.2 Resting and stimulated saliva flow rates 

Saliva is important for the maintenance of good oral health as it provides immunological 

protection, aids in the production of the food bolus, provides lubrication and also provides an 

ion reservoir which contributes to the remineralisation of teeth. Furthermore a constant flow 

of saliva is required to eliminate bacteria, plaque and food debris. Saliva can be collected at 

rest or with stimulations. Resting saliva flow rate can be defined as the flow of saliva which 

occurs in the absence of any physiological or oral stimulation whereas the stimulated saliva 

flow rate is defined as the flow of saliva which occurs in the presence of oral or physiological 

stimulation. 

Our results showed that there were increases in resting saliva flow rates following the use of 

rubber tubing (13%), xylitol containing chewing gum (52.6%) and Biotène
®
 chewing gum 

(12.5%).  This suggests that if the salivary glands are constantly stimulated due to 
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masticatory stimulation, which was provided by all three test products, there will be an 

increase in saliva flow rate. The greatest increase in resting saliva flow rate was noted 

following the use of xylitol containing chewing gum (52.6%), which suggests that xylitol 

provides better gustatory stimulation compared to the inert control or enzyme containing 

Biotène
®
. Although all the test products increased the resting saliva flow, there was no 

statistical significance in any of the groups. 

Various saliva substitutes and stimulants have been developed in order to alleviate the 

debilitating effects of dry mouth. Chewing gums have proven to be a popular treatment 

alternative amongst hyposalivators and offer masticatory stimulation as well as gustatory 

stimulation.
24 

However if the hyposalivation has occurred due to damage to the salivary 

glands, this regime may not provide benefit. These products can provide benefit if the 

hyposalivation has occurred due to other reasons such as use of medication or due to 

dehydration. 

In our results there were increases in stimulated saliva flow rates following use of xylitol 

chewing gum (20.5%) as well as following the use of Biotène
® 

chewing gum (20%). The 

increase following use of xylitol chewing gum was statistically significant with a p-value of 

0.05. These results are not unexpected as chewing gums have been shown to offer gustatory 

stimulation of the salivary glands.
24 

However, a decrease of 5.2% was noted in the stimulated 

saliva flow rate following use of the rubber tubing which cannot be explained. 

The xylitol chewing gum was shown to be most effective in increasing both resting and 

stimulated saliva flow rates. A possible explanation for this may be that xylitol chewing gum 

offers a better taste than rubber tubing or Biotène
® 

chewing gum. Sugar free chewing gum 

increases saliva flow by stimulating taste receptors.
42 
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Furthermore, Dawes and Kubleniec (2004) found that a twofold increase in saliva flow rate 

occurs when the sweeteners and flavour is at a maximum and this increase is then maintained 

for as long as the gum continues to be chewed.
67 

Thus xylitol chewing gum produced the best 

result in increasing resting and stimulated saliva flow rates possibly due to a more acceptable 

gustatory stimulus.     

4.3 Buffering capacity of resting and stimulated saliva 

The buffering capacity of saliva is very important in the maintenance of a normal salivary pH 

of about 6.6 in resting saliva and 7.4 for stimulated saliva.
68 

The mechanism of buffering 

capacity is dependent on the concentration of bicarbonate ions present in the saliva. Due to 

repeated acid exposure in the oral cavity, there is an increase in hydrogen ions which results 

in a decrease in the pH of saliva. Demineralisation of enamel occurs after the pH of saliva 

drops below 5.5. Carbonic anhydrase is an enzyme which catalyses the reaction between the 

free hydrogen ions and the bicarbonate ions, which are present in the saliva, resulting in the 

production of carbon dioxide gas and water, which is in turn expelled from the oral cavity. 

Therefore if there are more bicarbonate ions present in the saliva, more free hydrogen ions 

will be bound and the pH of saliva will return to normal faster resulting in less damage to the 

enamel. The buffering capacity of saliva has been shown to have a positive correlation with 

salivary flow rate 
69

, thus any factor that decreases saliva flow rate will also decrease its 

buffering capacity.
70 

 

Our results showed a positive correlation between saliva flow rate and buffering capacity 

following the use of rubber tubing. They however failed to show a positive correlation 

between saliva flow rate and buffering capacity for xylitol chewing gum and Biotène
®
 

chewing gum which is contrary to previous findings.
71  
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Fenoll-Palomares et al (2004) found, in an observational prospective study on 159 volunteers, 

that there was a positive correlation between saliva flow rate and bicarbonate concentration.
71 

 

4.4 Plaque index and DMFT score 

A plaque index is calculated in order to measure the state of oral hygiene of an individual, as 

it is able to assess the level of plaque accumulation on tooth surfaces. The plaque index is 

often used by dental practitioners for dental education purposes and also to monitor oral 

hygiene progress of patients. The O’Leary plaque index is commonly used and was also used 

in our study.
66 

 

Our results showed a decrease in plaque index to have occurred after use of rubber tubing 

(5.5%) and xylitol chewing gum (32.5%). The decrease in plaque index following the use of 

xylitol chewing gum was statistically significant (p=0.0019). Xylitol chewing gum has been 

shown to significantly decrease the plaque index in children.
72, 73

 Increased saliva flow often 

eliminates bacteria, plaque and food debris. Thus from our results it can also be seen that 

there is a positive correlation between saliva flow and a decreased plaque index, as xylitol 

chewing gum was shown to be most effective in increasing saliva flow ( by 53%) as well as 

decreasing plaque index by 32.5%. 

Biotène
®
 chewing gum had no effect on the plaque index which shows that although this gum 

had antimicrobial enzymes, it did not reduce the amount of plaque. Biotène
® 

chewing gum 

also contains xylitol. One possible explanation for this could be that the levels of xylitol in 

the Biotène
®
 chewing gum may not be as high as that in the xylitol chewing gum.  

The DMFT ratios are an indication of how many teeth in the subjects mouths have been 

affected by dental caries. A higher DMFT score would indicate that more teeth in the 

subject’s mouth had been affected by dental caries. 
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 Plaque contains large amounts of cariogenic bacteria such as S. mutans. Thus it follows that 

if there is a high plaque index, there will be more cariogenic bacteria in contact with tooth 

surfaces for a longer period of time, which may result in cavity formation and thus a higher 

DMFT score. The DMFT ratio was taken in order to standardise the subjects. The mean 

DMFT ratio was very good at a value of 0.1 which indicates that the subjects had relatively 

few teeth that were affected by dental caries. 

4.5 Salivary S. mutans and Lactobacilli counts  

Streptococcus mutans is a gram-positive, facultatively anaerobic bacteria that is found in the 

oral cavity and that has been shown to contribute to dental caries. S. mutans is an early 

coloniser of the tooth surface which grows and metabolises carbohydrate, thus allowing other 

organisms to colonise the tooth surface and eventually form dental plaque.  In addition, S. 

mutans metabolises sucrose to form lactic acid which results in demineralisation of enamel. 

Many treatments, such as Biotène
®
, have been developed in order to decrease S. mutans, thus 

decreasing their deleterious effect on mineralised structures in the oral cavity.   

Our results showed that there was a decrease in the S. mutans count following the use of 

rubber tubing (23.4% based on mean) and xylitol chewing gum (46.7% based on mean). But 

only the decrease in S. mutans count following rubber tubing use was statistically significant 

(p=0.0015). These results suggest that chewing on anything that provides masticatory 

stimulation might be sufficient to decrease the S. mutans counts. The effect of xylitol on the 

S. mutans count is controversial. Autio (2002) showed that xylitol decreases salivary S. 

mutans counts.
48 

However, Twetman and Stecksén-Blicks (2003) found that xylitol did not 

decrease salivary S. mutans counts but this result may have been due to the low quantity of 

xylitol that was used per day.
50 

Twetman and Stecksén-Blicks
 
(2003) only administered 

5g/day of xylitol, but 6g/day of xylitol is required to affect the oral ecology.
47  
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Thus the quantity of xylitol in the chewing gum is also an important factor in reduction of S. 

mutans. There was possibly a larger quantity of xylitol in the xylitol gum than the Biotène
®
 

chewing gum. This could have been the reason why a reduction in the S. mutans count was 

recorded following the use of xylitol gum but not following the use of Biotène
®

 chewing 

gum. 

The exact amount of xylitol present in both xylitol chewing gum and Biotène
®
 chewing gum 

is, unfortunately, unknown as the manufacturers do not make this information available. Our 

results also showed increase in S. mutans count due to Biotène
®
 chewing gum by 141.7% 

(not statistically significant) which is contrary to what has been expected of this chewing 

gum. Biotène
®
 chewing gum contains glucose oxidase and lactoperoxidase which inhibit      

S. mutans. Thus the S. mutans count should have decreased. 

 Lactoperoxidase has been shown to inhibit a number of oral bacteria including S. mutans
51

, 

yet Biotène
®
 chewing gum in our study resulted in an increase in S. mutans count. In lab 

conditions Biotène
®
 was shown to be superior to Zendium toothpaste, which is another 

product that has been designed with the same purpose as Biotène® and that also contains 

lactoperoxidase , in inhibiting the growth of S. mutans and Lactobacilli
74

, yet in vivo studies 

showed that Biotène
®
 toothpaste, containing the peroxidase system components, did not show 

any antibacterial effects against total streptococci, S. mutans, Lactobacilli or the total 

anaerobic flora.
51, 53

 Kocak et al (2009) also found that Biotène
®
 mouth rinse which contained 

glucose oxidase, Lactoperoxidase, and Lysozyme had no effects on salivary S. mutans 

levels.
55

All these previous studies usually focused on Biotène
®
 toothpaste, gel,  mouth rinse, 

or a combination of toothpaste, mouth rinse, gel and chewing gum, with none of the studies 

exclusively utilising Biotène
®
 chewing gum. 
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Lactobacilli are gram positive, facultatively anaerobic bacteria that are found in the oral 

cavity and have been implicated in the progression of dental caries. Lactobacilli produce 

lactic acid from sugars. This lactic acid causes demineralisation of dental enamel. Treatments 

have also been developed to decrease Lactobacilli counts, thus preventing excessive lactic 

acid production and the subsequent demineralisation of dental enamel.    

In our study Lactobacilli counts were shown to increase following rubber tubing use 

(141.2%). There were decreases in Lactobacilli counts following use of xylitol chewing gum 

and Biotène
®
 chewing gum by 55.1% and 89.6% respectively. Both decreases were 

statistically significant with p-values <0.01. This suggests that xylitol which is present in both 

the products has antibacterial effects against Lactobacilli. In addition, Biotène
®
 has additional 

antibacterial effects against Lactobacilli because the reduction was greater by 34.5% 

compared to the xylitol gum. 

Caglar et al (2007) found that there was no significant decrease in salivary Lactobacilli 

counts following use of 6g/day of xylitol chewing gum for a period of 3 weeks.
49 

However 

our results show a decrease in Lactobacilli count of 55.1% following use of xylitol chewing 

gum which possibly contains a large quantity of xylitol. This decrease is in agreement with 

findings by Mäkinen et al (2008) who found that the levels of salivary Lactobacilli were 

significantly decreased following the use of xylitol containing chewing gums.
75

Although the 

2 weeks use of Biotène
®
 toothpaste which contained a lactoperoxidase system, showed no 

notable changes in the Lactobacilli counts
53

, our results showed a decrease in counts which is 

in agreement with Jyoti et al (2009) who found that salivary Lactobacilli counts were 

significantly reduced following use of lactoperoxidase containing Biotène
®

 toothpaste.
59 
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4.6 Summary results of test parameters after the use of test products. 

There were no statistically significant changes in resting saliva flow rate following rubber 

tubing, xylitol chewing gum or Biotène
®
 chewing gum. The small increases in resting saliva 

flow following the use of rubber tubing, xylitol and Biotène
®
 chewing gum could be simply 

attributed to a masticatory stimulus as the increases were very similar. Therefore the Biotène
®
 

chewing gum did not result in any greater benefit in terms of resting saliva flow as compared 

to any inert masticatory stimulus. 

 Stimulated saliva flow was not significantly affected by rubber tubing or by Biotène
®
 

chewing gum but was significantly affected by xylitol chewing gum (p=0.05). Again xylitol 

chewing gum has been shown to offer the greatest increase in stimulated saliva flow, when 

compared to rubber tubing or Biotène
®

 chewing gum. 

There was no effect on the buffering capacity by either chewing or the stimulants such as 

xylitol or enzymes which is surprising because stimulated saliva usually contains 7 times 

more bicarbonate compared to the resting saliva.
76

  

Xylitol significantly decreased the plaque index (by 32.5%) which can be explained by the 

increase in the saliva flow by 53%. A constant flow of saliva eliminates bacteria, plaque and 

food debris which reduces plaque development.  Rubber tubing resulted in a decrease in 

plaque index (5.5%) as rubber tubing offered masticatory stimuli thus increased saliva flow 

slightly (13%) which in turn decreased retention of plaque on tooth surfaces. Xylitol chewing 

gum also offered a masticatory stimulus but in addition contained xylitol, which has been 

shown to significantly decrease plaque index in children.
72, 73 

Thus xylitol chewing gum was 

shown to be the most effective in decreasing plaque index. However Biotène
® 

chewing gum 

has not been proven to affect plaque index.    
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Rubber tubing resulted in a 23.4% decrease in S. mutans count which was statistically 

significant (p=0.0015). This could have been due to some missing data due to overgrowth of 

gram negative organisms in this group. This occurs in cases where the individual was 

carrying gram negative bacilli (gut flora) in their saliva. This situation would have occurred if 

the individual had extremely poor oral hygiene or was immunocompromised. Even if xylitol 

chewing gum resulted in a 46.7% decrease in S. mutans count it was not significant because 

the results varied tremendously with a high standard deviation. In addition, a larger sample 

size is required to achieve a meaningful result.  

Biotène
®
 chewing gum should have resulted in the greatest decrease in S. mutans count as it 

provides a masticatory stimulus, xylitol as well as host proteins but instead it resulted in a 

great increase in S. mutans count. It is possible that the quantity of xylitol is not substantial 

enough to affect the S. mutans counts. Also it may be possible that one of the components in 

the Biotène
®
 chewing gum renderes the host proteins ineffective. Another possibility is a 

poor, cariogenic diet which may have been adopted by the subjects during the use of 

Biotène
®
 chewing gum.  

Rubber tubing which offered only masticatory stimulation increased Lactobacilli counts 

(141.2%) which were possibly due to dietary influences in the subjects during the rubber 

tubing phase of the study. The decrease in Lactobacilli count following the use of xylitol 

chewing gum may be attributed to xylitol which has been shown to decrease salivary 

Lactobacilli.
75

 Biotène
®
 was shown to be more effective than xylitol chewing gum in 

reducing Lactobacilli counts. This was possibly due to the presence of host proteins in the 

Biotène
®
 chewing gum. Thus the only parameter where Biotène

®
 chewing gum was shown to 

be effective in was in Lactobacilli count reduction.  
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5   CONCLUSION 

The prevalence of hyposalivation among the study population was 16.5%. Chewing gum 

containing natural host proteins, Biotène
®
, did not increase resting and stimulated saliva 

significantly in hyposalivating subjects. Biotène
®
 had no effect on the buffering capacity of 

resting and stimulated saliva. In addition, Biotène
®

 did not reduce the plaque index and 

salivary Streptococcus mutans counts. However, it reduced the salivary Lactobacilli counts 

significantly. Xylitol chewing gum which was used as a second control to eliminate the effect 

of xylitol from the Biotène
®
 showed significant increase in the stimulated saliva, reduced 

plaque index and salivary Lactobacilli. These results have shown that host protein containing 

chewing gum, Biotène
®
 has no additional benefits. However, chewing gums containing a 

substantial amount of xylitol (offering more than 6g/day) are beneficial in the prevention of 

dental plaque and hence dental caries. Xylitol containing chewing gums together with other 

oral hygiene products may provide additional benefits.   
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6   LIMITATIONS 

 The greatest limitation to this study was the small sample size. When the sample size 

is small, the statistical tests may have inadequate power to detect a particular effect. 

Our study population required healthy, young (18-23yrs old) individuals who had 

reduced saliva flow rates. However, after screening 109 students, only 18 met the 

criteria because although hyposalivation is present among young individuals, it is 

rare. Of these 18, only 13 agreed to participate in the study. 

 Another limitation was subject compliance. Although we asked students to bring back 

empty boxes of the treatment modalities, compliance was not guaranteed. 

Furthermore the diet of the students may have been very different in each phase of the 

study such as being more cariogenic during stressful periods such as exams.  Thus this 

lack of a standardised diet during all treatment modalities may have resulted in some 

inaccuracies. 
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7   APPENDICES 

APPENDIX A- Ethics clearance certificate granted by the Committee for Research on 

Human Subjects (Medical) 
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APPENDIX B- Consent form for subjects 

For verbal consent 

Good Day, 

How are you? 

I am Dr Thanusha Pillay a postgraduate student at University of The Witwatersrand.  In order 

to fulfil my M Sc dent degree requirements, I am conducting a research project on Biotène® 

chewing gum and dental caries susceptibility. Dental caries or tooth decay is a  major 

problem worldwide including South Africa. Secretion of saliva in our mouth protects us from 

caries. Some people have low saliva flow in their mouth which makes them vulnerable to 

caries. Many oral hygiene products are commercially available which improves saliva flow 

and oral health. Biotène® chewing gum is one of the products that can be used to improve 

saliva flow.  I would like to study the effect of Biotène® chewing gum on the production of 

saliva and oral health status. 

 

In order to do my study, I would like to measure your plaque index where you will rinse your 

mouth with a colour solution given to you which will stain plaque on your tooth and I will 

count the stained areas. This solution is perfectly safe to use and dentists use it on their 

patients regularly. You will be asked to collect saliva for 10 minutes at resting, 10 minutes 

while chewing rubber tubing given to you and 10 minutes while putting drops of diluted citric 

acid which is lemon juice on your tongue. You will be given toothpaste and a tooth brush to 

use while participating in this study. You will be asked to chew 5 pieces of Biotène® 

chewing gum a day for two weeks which will be given to you. After two weeks the plaque 

index and saliva test will be repeated. These tests will take 40 minutes of your time at the 

beginning and at the end of the study participation. I know as a student your time is precious, 

we can do these tests at your convenience such as lunch time or after hours. The samples will 

be processed in the laboratory. 

 

These tests will cause no harm to you. Whether you decide on participating or not, is entirely 

up to you.  Your decision will not affect you in any way.  If you agree to participate, you may 

withdraw from the study at any time without affecting you in any way.  If you wish, I will 

disclose the results to you and if required advise you on corrective measures. We all will 

benefit from the knowledge achieved from this study. 
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Your sample will be given a number and will be processed under a number. Your name will 

not appear anywhere on the results or on any publications. This study has been through 

University ethics committee. Should you have any problems please contact Prof P. Cleaton-

Jones at 011 717-1234  

Patient’s name:      Investigator’s name: 

Date:        Date: 

Signature:         Signature: 

         Tel. No: 082 705 8992 
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APPENDIX C- Flow diagram showing study design 

Subjects were screened for the saliva flow (109) 
 

Hyposalivating subjects were selected (13) 
 
 

 

 

 

 

Baseline tests (Before) 
Flow - Resting saliva  
Flow - Stimulated saliva  
Buffering capacity - resting saliva 
Buffering capacity - stimulated saliva 
S. mutans & Lactobacilli count 
Plaque index 
 

Baseline tests (Before) 
Flow - Resting saliva  
Flow - Stimulated saliva  
Buffering capacity - resting saliva 
Buffering capacity - stimulated saliva 
S. mutans & Lactobacilli count 
Plaque index 
 

Baseline tests (Before) 
Flow - Resting saliva  
Flow - Stimulated saliva  
Buffering capacity - resting saliva 
Buffering capacity - stimulated saliva 
S. mutans & Lactobacilli count 
Plaque index 
 

Repeat tests (After) 
Flow - Resting saliva  
Flow - Stimulated saliva  
Buffering capacity - resting saliva 
Buffering capacity - stimulated saliva 
S. mutans & Lactobacilli count 
Plaque index 
 

Repeat tests (After) 
Flow - Resting saliva  
Flow - Stimulated saliva  
Buffering capacity - resting saliva 
Buffering capacity - stimulated saliva 
S. mutans & Lactobacilli count 
Plaque index 
 

Repeat tests (After) 
Flow - Resting saliva  
Flow - Stimulated saliva  
Buffering capacity - resting saliva 
Buffering capacity - stimulated saliva 
S. mutans & Lactobacilli count 
Plaque index 
 

Subjects were given 

Xylitol gum for 2 

weeks 

Subjects were given 

rubber tubing for 2 

weeks 

Subjects were given  

Biotène® gum for 2 

weeks 

Subjects recovered from 

the effect of Xylitol gum 

for 2 weeks 

Subjects recovered from 

the effect of rubber 

tubing for 2 weeks 



65 
 

8   REFERENCES 

1. Yamamoto K, Matsusue Y, Kamatsu Y, Kurihara M, Nakagawa Y, Kirita T. Association of 

candy weight loss rate with whole saliva flow rate. Oral Surg Oral Med Oral Pathol Oral 

Radiol Endod 2011;112:e10-e14. 

2. Bergdahl M. Salivary flow and oral complaints in adult dental patients. Community Dent 

Oral Epidemiol 2000;28:59-66. 

3. International Dental Federation. Working Group 10 of the Commission on Oral Health, 

Research and Epidemiology (CORE). Saliva: its role in health and disease. Int Dent J 

1992;42(4 supplement 2):287-304. 

4. Guneri P, Alpoz E, Epstein JB, Cankaya H, Ates M. In vitro antimicrobial effects of 

commercially available mouth-wetting agents. Spec Care Dentist 201;3:123-128. 

5. Orsi N. The antimicrobial activity of lactoferrin: current status and perspectives. Biometals 

2004;17:189-196. 

6. Smith DJ, Taubman MA. Experimental immunization of rats with a Streptococcus mutans 

59 kDa glucan binding protein protects against dental caries. Infect Immun 1996;64:3069-73. 

7. Suddick RP, Harris NO. Historical Perspectives of Oral Biology: a series. Crit Rev Oral 

Biol Med 1990;1:135-151.   

8.  Featherstone JD. The Continuum of Dental Caries Evidence for a Dynamic disease 

Process. J Dent Res 2004;83:C39–42.   

9. Locker D. Subjective reports of oral dryness in an older adult population. Community Dent 

Oral Epidemiol 1993;21:165-168. 



66 
 

10. Samaranayake LP. Oral candidosis: an old disease in new guises. Dent Update 

1990;17:36-38. 

11. Niedermeier WH, Kramer R. Salivary secretion and denture retention. J Prosthet Dent 

1992;67:211-216. 

12. Neville BW, Damm DD, Allen CM, Bouquot JE. Oral and maxillofacial pathology. 2nd 

ed. Philadelphia: W.B. Saunders; 2002:398-404. 

13. Ghezzi EM, Lange LA, Ship JA. Determination of variation of stimulated salivary flow 

rates. J Dent Res 2000;79:1874-1878. 

14. Navazesh M, Christensen C, Brightman V. Clinical criteria for the diagnosis of salivary 

gland hypofunction. J Dent Res 1992;71:1363-9. 

15. Nederfors T, Isaksson R, Mörnstad H, Dahlöf C. Prevalence of perceived symptoms of 

dry mouth in an adult Swedish population: relation to age, sex and pharmacotherapy.  

Community Dent Oral Epidemiol 1997;25:211-216. 

16. Billings RJ, Proskin HM, Moss ME. Xerostomia and associated factors in a community 

dwelling adult population. Community Dent Oral Epidemiol 1996;24:312-316. 

17. Cooper JS, Fu K, Marks J, Silverman S. Late effects of radiation in the head and neck 

region. Int J Radiat Oncol Biol Phys 1995;31:1141-64. 

18. Visvanathan V, Nix P. Managing the patient presenting with xerostomia: a review. Int J 

Clin Pract 2010;64:404-407. 

19. Turner MD, Ship JA. Dry mouth and its effects on the oral health of elderly people. J Am 

Dent Assoc 2007;138(suppl):15S-20S. 

http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Samaranayake%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=2198174
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed/2198174
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed/1629451
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Nederfors%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9192149
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Isaksson%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9192149
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=M%C3%B6rnstad%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9192149
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Dahl%C3%B6f%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9192149


67 
 

20. Davies AN, Broadley K, Beighton D. Xerostomia in patients with advanced cancer. J 

Pain Symptom Manage 2001;22:820–825. 

21. Villa A, Abati S. Risk factors and symptoms associated with xerostomia: a cross-sectional 

study. Aust Dent J 2011;56:290–295. 

22. Wynn RL, Meiller TF. Artificial saliva products and drugs to treat xerostomia. Gen Dent 

2000;48:630-636. 

23. Addington-Hall J, McCarthy M. Dying from cancer: results of a national population-

based investigation. Palliat Med 1995;9:295-305. 

24. Davies AN. A comparison of artificial saliva and chewing gum in the management of 

xerostomia in patients with advanced cancer. Palliat Med 2000;14:197–203. 

25. von Bültzingslöwen I, Sollecito TP, Fox PC, Daniels T, Jonsson R, Lockhart PB et al. 

Salivary dysfunction associated with systemic diseases: systematic review and clinical 

management recommendations. Oral Surg Oral Med Oral Pathol Oral Radiol Endod  

2007;103 Suppl:S57.e1-15.                 

26. Russell S, Reisine S. Investigation of xerostomia in patients with rheumatoid arthritis. J 

Am Dent Assoc 1998;129:733-739. 

27. Moore PA, Guggenheimer J, Etzel KR, Weyant RJ, Orchard T. Type 1 diabetes mellitus, 

xerostomia, and salivary flow rates. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 

2001;92:281-91. 

28. Sreebny LM, Yu A, Green A, Valdini A. Xerostomia in diabetes mellitus. Diabetes Care 

1992;15:900-904. 

http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=von%20B%C3%BCltzingsl%C3%B6wen%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17379156
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Sollecito%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=17379156
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Fox%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=17379156
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Daniels%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17379156


68 
 

29. Moutsopoulos HM. Sjögren’s syndrome. In: Braunwald E, Fauci AS, Kasper DL, Hauser 

SL, Longo DL, Jameson JL, eds. Harrison’s principles of internal medicine. 15th ed. New 

York: McGraw-Hill 2001:1947-1949. 

30. Herod EL. The use of milk as a saliva substitute. J Public Health Dent 1994;54:184-189. 

31. Bjornstrom M, Axéll T, Birkhed D. Comparison between saliva stimulants and saliva 

substitutes in patients with symptoms related to dry mouth. A multi-centre study. Swed Dent 

J 1990;14:153–161. 

32. Nyárády Z, Németh A, Bán A, Mukics A, Nyárády J, Ember I et al. A randomized study 

to assess the effectiveness of orally administered pilocarpine during and after radiotherapy of 

head and neck cancer. Anticancer Res 2006;26(2B):1557-1562. 

33. Zimmerman RP, Mark RJ, Tran LM, Julliard GF. Concomitant pilocarpine during head 

and neck irradiation is associated with decreased post treatment xerostomia. Int J Radiat 

Oncol Biol Phys 1997;37:571-575. 

34. Gornitsky M, Shenouda G, Sultanem K, Katz H, Hier M, Black M et al. Double-blind 

randomized, placebo-controlled study of pilocarpine to salvage salivary gland function during 

radiotherapy of patients with head and neck cancer. Oral Surg Oral Med Oral Pathol Oral 

Radiol Endod  2004;98:45-52. 

35. Davies AN, Shorthose K. Parasympathomimetic drugs for the treatment of salivary gland 

dysfunction due to radiotherapy. Cochrane Database Syst Rev 2007;(3):CD003782. 

36. Jellema AP, Slotman BJ, Muller MJ, Leemans CR, Smeele LE, Hoekman K et al. 

Radiotherapy alone, versus radiotherapy with amifostine 3 times weekly, versus radiotherapy 

with amifostine 5 times weekly: A prospective randomized study in squamous cell head and 

neck cancer. Cancer 2006;107:544–553. 

http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Ny%C3%A1r%C3%A1dy%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16619571
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=N%C3%A9meth%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16619571
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=B%C3%A1n%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16619571
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Mukics%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16619571
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed/16619571


69 
 

37. World Health Organization. Acupuncture: review and analysis of reports on controlled 

clinical trials. Genova: WHO;2002.87 p. 

38. Braga FPF, Lemos Junior CA, Alves FA, Migliari DA. Acupuncture for the prevention of 

radiation-induced xerostomia in patients with head and neck cancer. Braz Oral Res 

2011;25:180-185. 

39. Blom M, Lundeberg T. Long-term follow-up of patients treated with acupuncture for 

xerostomia and the influence of additional treatment. Oral Dis 2000;6:15–24. 

40. Braga FP, Sugaya NN, Hirota SK, Weinfeld I, Magalhães MH, Migliari DA et al. The 

effect of acupuncture on salivary flow rates in patients with radiation-induced xerostomia. 

Minerva Stomatol. 2008;57:343–348. 

41. Atkinson JC, Wu AJ. Salivary gland dysfunction: causes, symptoms and treatment. J Am 

Dent Assoc 1994;125:409-416. 

42. Risheim H, Arneberg P. Salivary stimulation by chewing gum and lozenges in rheumatic 

patients with xerostomia. Scand J Dent Res 1993;101:40–43. 

43. Abelson DC, Barton J, Mandel ID. Effect of sorbitol sweetened breath mints on salivary 

flow and plaque pH in xerostomic subjects. J Clin Dent 1989;1:102–105. 

44. Yankell SL, Emling RC. Clinical effects on plaque pH, pCa, and swallowing rates from 

chewing a flavored or unflavored chewing gum. J Clin Dent 1988;1:51–53. 

45. Trahan L. Xylitol: a review of its action on mutans streptococci and dental plaque- its 

clinical significance. Int Dent J 1995:45(suppl 1):77-92. 



70 
 

46. Trahan L, Söderiing E, Dréan MF, Chevrier MC, Isokangas R. Effect of xylitol 

consumption on the plaque-saliva distribution of mutans streptococci and the occurrence and 

long-term survival of xylitol-resistant strains, J Dent Res 1992;71:1785-1791. 

47. Milgrom P, Ly KA, Roberts MC, Rothen M, Mueller G, Yamaguchi DK et al. Mutans 

streptococci dose response to xylitol chewing gum. J Dent Res 2006;85:177-181. 

48. Autio JT. Effect of xylitol chewing gum on salivary streptococcus mutans in preschool 

children. ASDC J Dent Child 2002 Jan-Apr;69:81-86, 13.   

49. Caglar E, Kavaloglu SC, Kuscu OO, Sandalli N, Holgerson PL, Twetman S et al. Effect 

of chewing gums containing xylitol or probiotic bacteria on salivary mutans streptococci and 

lactobacilli. Clin Oral Investig 2007;11:425-429. 

50. Twetman S, Stecksén-Blicks C. Effect of xylitol-containing chewing gums on lactic acid 

production in dental  plaque from caries active pre-school children. Oral Health Prev Dent. 

2003;1:195-199. 

51. Lenander-Lumikari M, Tenovuo J, Mikola H. Effects of a lactoperoxidase system-

containing toothpaste on levels of hypothiocyanite and bacteria in saliva. Caries Res 

1993;27:285-91. 

52. Gil-Montoya JA, Guardia-López I, González-Moles MA. Evaluation of the clinical 

efficacy of a mouthwash and oral gel containing the antimicrobial proteins lactoperoxidase, 

lysozyme and lactoferrin in elderly patients with dry mouth- a pilot study. Gerodontology 

2008;25:3-9. 

53. Kirstilä V, Lenander-Lumikari M, Tenovuo J. Effects of a lactoperoxidase- system-

containing toothpaste on dental plaque and whole saliva in vivo. Acta Odontol Scand 

1994;52:346-353. 



71 
 

 

54. Kirstilä V, Lenander-Lumikari M, Söderling E, Tenovuo J. Effects of oral hygiene 

products containing lactoperoxidase, lysozyme, and lactoferrin on the composition of whole 

saliva and on subjective oral symptoms in patients with xerostomia. Acta Odontol Scand 

1996;54:391-397. 

55. Kocak MM, Ozcan S, Kocak S, Topuz O, Erten H. Comparison of the efficacy of three 

different mouthrinse solutions in decreasing the level of streptococcus mutans in saliva. Eur J 

Dent 2009;3:57-61.     

56. Nagy K, Urban E, Fazekas O, Thurzo L, Nagy E. Controlled study of lactoperoxidase gel 

on oral flora and saliva in irradiated patients with oral cancer. J Craniofac Surg 

2007;18:1157-1164. 

57. Shahdad SA, Taylor C, Barclay SC, Steen IN, Preshaw P.M. Double-blind, crossover 

study of Biotène Oralbalance and BioXtra systems as salivary substitutes in patients with 

postradiotherapy xerostomia. Eur J Cancer Care (Engl) 2005;14:319-326. 

58. Aliko A, Alushi A, Tafaj A, Isufi R. Evaluation of the clinical efficacy of Biotène Oral 

Balance in patients with secondary Sjögren's syndrome: a pilot study. Rheumatol Int 

2012;32:2877-2881. 

59. Jyoti S, Shashikiran ND, Reddy VV. Effect of lactoperoxidase system containing 

toothpaste on cariogenic bacteria in children with elderly childhood caries. J Clin Pediatr 

Dent 2009;33:299-303. 

60. Epstein JB, Emerton S, Stevenson-Moore P. A double-blind crossover trial of Oral 

Balance gel and Biotène® toothpaste versus placebo in patients with xerostomia following 

radiation therapy. Oral Oncol 1999;35:132-137. 



72 
 

61. Tenovuo J, Mansson-Rahemtulla B, Pruitt KM, Arnold R. Inhibition of dental plaque acid 

production by the salivary lactoperoxidase antimicrobial system. Infect Immun 1981;34:208-

214. 

62. Germaine GR, Tellefson LM. Glucose uptake by Streptococcus mutans, Streptococcus 

mitis, and Actinomyces viscosus in the presence of human saliva. Infect Immun 

1982;38:1060-7. 

63. Tenovuo J, Jentsch H, Soukka T, Karhuvaara L. Antimicrobial factors of saliva in relation 

to dental caries and salivary levels of mutans streptococci. J Biol Buccale 1992;20:85-90. 

64. Warde P, Kroll B, O’Sullivan B, Aslanidis J, Tew-George E, Waldron J et al. A phase II 

study of Biotène
®
 in the treatment of postradiation xerostomia in patients with head and neck 

cancer. Support Care Cancer 2000;8:203-208. 

65. Kidd EAM, Joyston-Bechal S. Essentials of dental caries: The disease and its 

management. Wright, Bristol 1987. Page 17 

66. O’Leary TJ, Drake RB, Naylor JE. The plaque control record. J Periodontol 1972;43:38. 

67. Dawes C, Kubleniec K. The effects of prolonged gum chewing on salivary flow rate and 

composition. Arch Oral Biol 2004;49:665-669. 

68. Bardow A, Madsen J, Nauntofte B. The bicarbonate concentration in human saliva does 

not exceed the plasma level under normal physiological conditions. Clin Oral Investig 

2000;4:245-253. 

69. Heintze U, Birkhed D, Björn H. Secretion rate and buffer effect of resting and stimulated 

whole saliva as a function of age and sex. Swed Dent J 1983;7:227-238. 



73 
 

70. Wikner S, Söder PO. Factors associated with salivary buffering capacity in young adults 

in Stockholm, Sweden. Scand J Dent Res 1994;102:50-53. 

71. Fenoll-Palomares C, Muñoz Montagud JV, Sanchiz V, Herreros B, Hernández V, 

Mínguez M, Benages A et al. Unstimulated salivary flow rate, pH and buffer capacity of 

saliva in healthy volunteers. Rev Esp Enferm Dig 2004;96:773-83. 

72. Mäkinen KK, Isotupa KP, Mäkinen PL, Söderling E. Six-month polyol chewing-gum 

programme in kindergarten-age children: a feasibility study focusing on mutans streptococci 

and dental plaque. Int Dent J 2005;55:81-88. 

73. Hanno AG, Alamoudi NM, Almushayt AS. Effect of xylitol on dental caries and salivary 

Streptococcus mutans levels among a group of mother-child pairs. J Clin Pediatr Dent 

2011;36:25-30. 

74. Tenovuo J, Lumikari M, Soukka T. Salivary lysozyme, lactoferrin and peroxidases: 

antibacterial effects on cariogenic bacteria and clinical applications in preventive dentistry. 

Proc Finn Dent Soc 1991;87:197-208. 

75. Mäkinen KK, Alanen P, Isokangas P, Isotupa K. Thirty-nine-month xylitol chewing-gum 

programme in initially 8-year-old school children: a feasibility study focusing on mutans 

streptococci and lactobacilli. Int Dent J 2008;58:41-50. 

76. Marsh P. and Martin MV. Oral Microbiology. 4
th

 Edition. Wright, Edinburgh, London, 

New York, Oxford. Page 10 

 

 

 

 

 

http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=M%C3%A4kinen%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=15880962
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Isotupa%20KP%5BAuthor%5D&cauthor=true&cauthor_uid=15880962
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=M%C3%A4kinen%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=15880962
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=S%C3%B6derling%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15880962
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Hanno%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=22900440
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Alamoudi%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=22900440
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Almushayt%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=22900440
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed/22900440
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=M%C3%A4kinen%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=18350853
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Alanen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18350853
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Isokangas%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18350853
http://0-www.ncbi.nlm.nih.gov.innopac.wits.ac.za/pubmed?term=Isotupa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18350853


74 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



75 
 

 

 

 



76 
 

 



77 
 

 


