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Milk, yoghurts and dental caries 

 

Abstract 

Milk is an important part of the human diet; after weaning cow’s milk (bovine milk) predominates 

and this chapter considers the effect of bovine milk on dental caries.  Yoghurt is a milk product and is 

also considered.  Several published reviews have concluded that milk is of very low cariogenicity and 

may have some caries protective potential.  For example, WHO reviewed the strength of the 

evidence in 2003 and concluded that a ‘decreased risk’ of dental caries from milk was ‘possible’.  The 

evidence comes from several types of study: epidemiological studies (interventional and 

observational), animal experiments, plaque pH studies, and in vivo and in vitro enamel and dentine 

slab experiments.  More recent observational epidemiological studies have adjusted for potential 

confounders and have reported that milk consumption is associated with lower caries experience or 

incidence.  Other types of study generally support this conclusion.  Reasons for these favourable 

caries-related properties include the lower acidogenicity of lactose compared with other dietary 

sugars and the protective effects of calcium, phosphate, proteins and fats.  There is less research 

concerning yoghurts but it is likely that the cariogenic potential of plain yoghurt is similar to milk.  

The addition of sucrose to milk increases caries risk.        
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Milk is an important part of the human diet: for infants, it is the only source of essential nutrients. Its 

importance declines after weaning, so that the average consumption for all adolescents 11-18 years, 

in the UK from 2008 – 2012, was 141g of milk per day; males consuming 172g and females 109g [1]. 

Worldwide, using data from the Food and Agriculture Organisation, dairy production and supply 

(total and per capita) have increased since 1980 [2].  Consumption in China has tripled since 1982.  In 

most countries, cow’s (or ‘bovine’) milk is the most common milk consumed, and there is little 

information on dental properties of milk other than bovine.  Human milk will not be considered in 

this review, but this has been considered elsewhere [3].  

 

Some of the earliest investigations regarding milk and dental caries were carried out by Sprawson  

[4-8], who concluded that milk improved oral health.  Mellanby and Coumoulos [9] attributed an 

improvement in children’s teeth in London between 1929 and 1944 to improved diet, notably the 

introduction of cheap milk in 1934.  In 1958, the Research Committee of the Canadian Dental 

Association [10] reviewed the evidence that milk consumption was associated with a reduction in 

caries incidence.  Since then, much research, both clinical and non-clinical, has been published and, 

almost uniformly, milk is not seen as a cause of dental caries.  The Department of Health, COMA [11] 

report on dietary sugars and human disease concluded that: “Although lactose alone is moderately 

cariogenic, milk also contains factors which protect against dental caries, so that milk without added 

sugars may be considered to be virtually non-cariogenic” (report section 6.7).  In a review of diet, 

nutrition and chronic diseases, the World Health Organisation [12] classified evidence linking diet to 

several diseases including dental caries: the strength of the evidence for a ‘decreased risk’ of dental 

caries from milk was classified as ‘possible’.  Other reviews of the relation between milk 

consumption and oral health have been published in the USA [13-16], UK [17] and Sweden [18] and 

these comment on the favourable role of milk in the control of oral disease. Milk is considered a 

suitable vehicle for substances beneficial to oral health, principally fluoride [19] probiotics [20-22] 

and possibly vitamin D [15].  

 

Review of evidence – milk and dental caries. 

 

Eighty per cent of carbohydrate in milk is lactose.  Various other components of milk have been 

considered to be protective against dental caries, namely the minerals, casein and other proteins 

and lipids.  Cow's milk contains about 4.8g lactose per 100g milk.  This amount could be sufficient to 

classify milk as cariogenic, but there is much evidence that lactose is the least cariogenic of the 

common dietary sugars [3]. In addition, the high concentrations of calcium and phosphorus in milk 

will help to prevent dissolution of enamel and other components, principally casein, are likely to be 

protective as well. Thus, it is possible that milk could be caries-promoting (due to the lactose 

content), caries-preventing, or somewhere between these two.  This review considers these aspects. 

 

Milk and dental caries – epidemiological studies. 

 

There appears to have been just one intervention study and about 23 observational studies into the 

relationship between milk consumption and dental caries.  While the majority of studies identify 

bovine milk as such, in a few studies ‘dairy products’ are listed: these studies have been included 

where it is clear that the majority of the ‘dairy products’ was bovine milk.  As elsewhere in this 

review, formula milks are not included or considered. 
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The one intervention study was conducted a long time ago – in 1929 – and involved 319 4-16-year-

old children, living with their parents in New York, USA [23].  The three intervention groups received 

supplements of milk, fresh fruit and vitamin D, and caries development over 13 months was 

compared with that of a control group.  To quote the author: “With the cooperation of the parents 

and the supplementation of the diets with milk and fruit, we have proved that an adjustment of the 

diets and the arrest of caries are possible even under the poorest conditions.”  “Our good diets 

which contained a minimum of two or three pieces of fruit daily gave similar results to the diets 

which contained 1 quart [~ 1.14 litres] of milk without the additional fruit.” 

 

Two large-scale observational studies were conducted many years ago – one in the UK by Read and 

Knowles [24] and the other in New Zealand by Hewat [25].  The UK study involved 2,894 6-13-year-

old children, while the New Zealand study involved over 2,000 children aged 7-16 years.  In both 

studies, no relationship was found between milk consumption and caries experience, although a 

positive relation was recorded between consumption of sweets (sugar confectionery) and caries 

experience in the UK study.  Read and Knowles [24] stated that “The value of milk in preventing 

caries does not appear to be supported.”  Lacto-vegetarian children in Australia were reported by 

Gillman and Lennon [26] to have lower caries experience than other children although, in their 

Finnish study, Linkosalo and Markkanen [27] reported no difference in caries experience. 

 

In observational studies of diet and disease, the potential for confounding factors to influence 

relationships between diet and disease is substantial and should be taken into account in study 

design and data analysis.  There have been four observational studies where the analyses of 

relationships between milk consumption and dental caries experience or increment were not 

controlled for possible confounding factors.  Of these studies, Rugg-Gunn et al. [28] recorded a 

positive, but not statistically significant, relation between consumption of cow's milk and dental 

caries increment: the difference between the daily milk consumption in the high caries children 

(269ml) and the caries-free children (242ml) was small.  Mattos-Graner et al. [29] reported that, in 

young Brazilian children, milk in bottles was not associated with dental caries unless sugar, or sugar 

and cereal, was added to the milk when the relationship became positive.  Zita et al. [30] reported a 

weak negative correlation (-0.08) between milk intake and caries experience, in contrast to a positive 

correlation of 0.77 between meal sugar intake and caries experience, while Potgieter et al.  [31] 

reported “a marked and consistent drop in DMF [caries] rate with increase in the number of cups of 

milk consumed”, in 864 10-16-year-old children in Connecticut, USA. 

 

Greater computing power has allowed routine use of multivariate statistical analyses where the 

relationships between diet, namely milk consumption, and caries experience can be controlled for 

effects of possible confounding variables.  Sixteen such studies have been published.  In 15 of the 16 

studies, milk consumption was associated with lower caries experience, although the results were 

not always clear-cut [32 – 46].  In the sixteenth study [47] “milk had a neutral association with 

caries” in their study of 642 pre-school children in Iowa, USA.  In the study of Serra Majem et al. [32], 

893 5-14-year-old Spanish children were examined: while skimmed milk had a “protective effect”, 

the effect of whole milk was neutral.  Petridou et al. in 1996 [33] reported that milk and dairy 

products were negatively associated with dental caries in 380 Greek adolescents aged 12-17 years.  

Petti et al. [34] reported an inverse relation between milk and caries that was strongest in children 
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with the highest frequency of sucrose consumption in 890 6-11-year-old Italian children who, on 

average, drank about 209ml of milk per day.  Levy et al. [35] examined the relationship between 

caries experience of children in Iowa, USA, at age 5 years with diet during the previous years: higher 

milk consumption at 24-36 months was related to reduced risk of caries at 5 years.  In a follow-up 

study of the same children (n=377) with mean age of 5 years, Chankanka et al [46] reported that 

greater milk consumption at meals was protective.  Sohn et al [36] analysed data from the US 

NHANES III study (1988-1994) which involved nearly 6,000 children aged 2-10 years: “children with a 

high milk consumption pattern had a tendency toward lowest caries experience”.  The study of 

Kolker et al. [37] of 436 3-6-year-old children in Detroit, USA, revealed that increase in milk 

consumption was associated with lower caries experience.  Levine et al. [38] related diet of 317 

children in the UK at ages 7-11 years and at 11-14 years with caries experience at 11-14 years: 

moderate consumption of ‘dairy products’ was associated with less caries, although higher as well as 

lower frequency of consumption tended to be associated with greater caries experience.  Llena and 

Forner [39] examined 369 6-10-year-old Spanish children: “in general, more frequent consumption 

of sugary foods was associated with a rise in the caries indices, while the children who consumed 

non-sugared milk and dairy products more often suffered lower caries rates”.  Lim et al. [40] 

analysed data from the Detroit Dental Health Project: 369 children aged 3 years or over were 

examined in 2002-3 and 2004-5.  The authors concluded: “Children who consumed more soft drinks, 

relative to milk and 100% fruit juice, as they grew older were at a greater risk of developing dental 

caries.” Johansson et al. [41] studied 1,206 1-5-year-old children in Boston, USA: caries prevalence 

was considerably lower (6%) in children who consumed milk with snacks compared with children 

who consumed a sugared drink with snacks (29%).  In a study of 442 Australian Aboriginal young 

adults, Jamieson et al [42] reported that more frequent milk consumption was associated with lower 

caries experience.  In 16 Inuit communities in northern Canada, Pacey et al. [43] found that higher 

frequency of milk consumption was protective against dental caries in children.  In a study of 935 

young Saudi Arabian women, Musaiger et al. [44], milk consumption was observed to protect against 

dental caries.  Lempert et al. [45] found that milk consumption was associated with lower caries 

experience and 3-year caries incidence in young Danish children.  A number of studies have reported 

that consumption of milk in children to be inversely related to consumption of added sugar drinks 

[48 - 50]. 

 

One study by Papas et al [51] has examined the relationship between consumption of ‘dairy 

products’ and root caries experience.  This study involved 141 adults aged 47-83 years living in 

Boston, USA: while there was a strong relation between consumption of ‘dairy products’ and root 

caries, only cheese consumption was significantly associated with lower occurrence of root caries.   

 

In summary, while there is an absence of controlled clinical trials, on balance the results of the above 

epidemiological studies strongly suggest that milk consumption is associated with lower experience 

of dental caries.  This is especially so for the more recent studies which have examined their data 

using multivariate analysis.  In 15 out of these 16 studies, higher milk (or dairy) consumption was 

associated with lower caries experience.  The one study to examine root caries also recorded lower 

caries experience with higher consumption of dairy products, although the major effect in this study 

would appear to be from consumption of cheese.  

 

Milk and dental caries – animal experiments. 
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Evidence from animal experiments not only indicates that cow's milk is non-cariogenic, but also 

strongly suggests an anti-cariogenic effect. The extensive studies of Schweigert et al. [52], Shaw [53] 

Dreizen et al. [54] and Stephan [55] labelled milk as non-cariogenic. Early indications that milk was 

not only non-cariogenic but anti-cariogenic [56, 57] were followed up by Reynolds and Johnson [58]. 

They found that supplementation of a cariogenic diet with cow's milk reduced substantially dental 

caries incidence and, importantly, that this was not due to reduced consumption of the cariogenic 

diet.  In a review, Bowen and Pearson [59] came to the same conclusion.  The study of Shaw et al. 

[57] also showed that the caries protective effect of milk was a post-eruptive effect (an intra-oral 

effect on erupted teeth) and not a pre-eruptive effect (an effect during tooth development).  The 

caries-preventive effect of milk, in comparison with water, has also been reported by König [60], 

Bánóczy et al. [61] Stösser et al. [62] and Ghasempour et al [63].  A severe test of the cariogenic or 

cariostatic properties of milk was developed by Bowen et al. [64], using desalivated rats which are 

therefore much more caries-susceptible. In these experiments, the rats given milk or lactose-

reduced milk remained essentially caries-free, while those given sucrose or lactose in water 

developed caries.  Using the same model a few years later, Bowen et al. [65] found a similar result 

regarding the very low caries potential of milk.  The authors concluded “that [cow's] milk does not 

promote caries, even in the highly caries-conducive environment engendered”, and “that milk or 

lactose-reduced milk can be used safely by hyposalivatory patients as a saliva substitute”.  In a study 

in Brazil, Peres et al. [66], also using desalivated rats, “concluded that cow’s milk was not 

cariogenic”.  Bowen and Lawrence [67] compared the cariogenicity of cow’s milk, human milk, Cola 

and honey in desalivated rats, once again concluding “that cow milk is essentially noncariogenic.”   

 

 Caution is always needed when extrapolating the findings of animal experiments to the human 

situation, and this may be important when dietary phosphate is thought to play a caries-preventive 

role [3, 68] as is the case with milk.  Although some caution is advisable, the results of the above 

numerous animal experiments give considerable weight to the evidence that bovine milk is non-

cariogenic and may be anti-cariogenic. 

 

Milk and dental caries – plaque pH experiments. 

 

Several studies have shown that the fall in plaque pH after drinking milk is negligible [69–75]. In the 

studies of Rugg-Gunn et al. [73], 14 volunteers rinsed their mouths with cow's milk, human milk, 

lactose solution, or sucrose solution. Sucrose solution caused substantial falls in plaque pH, while the 

milks depressed plaque pH only slightly.  An exception is the report by Birkhed [75] which showed 

that dental plaque microflora may adapt to lactose in milk leading to a greater ability to ferment this 

lactose following frequent milk consumption.  In their experiment, 10 subjects rinsed six times a day 

for four weeks with low-fat milk: the fall in plaque pH with milk consumption was substantially 

greater at the end of the four weeks compared with measurements before the four weeks of rinsing.  

The authors speculate that adaption may have been less if the milk had been full-fat due to the 

protective effect of the higher casein content in full-fat milk.  Naval et al. [76] demonstrated that 

milk consumed after a sugary food reduced the fall in plaque pH. 

 

While plaque pH studies are a useful guide to the fermentability of sugars in foods, such experiments 

do not consider the presence and effect of substances in foods which may protect against dental 
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caries, such as, for example, calcium, phosphate and casein in milk.  

 

Milk and dental caries – in vitro and in vivo studies. 

 

Artificial caries-like lesions can be induced in small slabs of enamel by exposing their surface to acid 

buffers or by covering the slab with a biofilm which is then challenged with a variety of substrates.  

This method has been used both in the laboratory (in vitro), and in the mouth (in vivo) where they 

are held by a purpose-built intra-oral appliance, to examine the ability of foods to demineralise or 

remineralise tooth enamel.  The early experiments of Weiss and Bibby [77] examined the in vitro 

effect of bovine milk (raw, pasteurised, whole or skimmed) and found that all the milks “reduced the 

solubility of enamel.”  Subsequently, Bibby et al. [78], using an artificial mouth test system (Orofax), 

found that the inclusion of milk solids reduced the cariogenicity of sugar-containing foods, while 

similar results were obtained by Thomson et al. [79] using an enamel slab intra-oral device.  The 

same team reported that flavoured milk, containing 5% sucrose, caused considerably less 

demineralisation compared with an apple-based fruit juice [80] and bovine milk caused little 

demineralisation, much less than human milk [81].   Jensen et al. [82], using a similar system which 

held slabs of enamel or dentine in the mouth of volunteers, showed that milk (with three levels of 

fat content) was not cariogenic for enamel or dentine; Gedalia et al. [83] reported that milk 

remineralised enamel previously softened by Cola, and Walker et al. [84,85] reported that milk 

remineralised previously demineralised enamel slabs in vivo.   

 

In addition to the plaque pH studies mentioned in the previous section, Jenkins and Ferguson [69] 

conducted in vitro comparisons of 4 % lactose solutions and cow's milk. They concluded that, within 

the limits of their experiments, their results “gave no grounds for suggesting that milk has a local 

effect on the teeth which would favour caries”, and suggested that the negligible fall in plaque pH 

was partly due to milk's high buffering power, and the low level of dissolution of test enamel was 

due to the protective action of milk's high levels of calcium and phosphate.  Rugg-Gunn et al. [73] 

also reported that both cow's milk and human milk protected enamel from dissolution in in vitro 

experiments, compared with sucrose or lactose, but that human milk was less protective than cow's 

milk, as would be expected from their different calcium and phosphorus content.   

 

Eight further in vitro studies have investigated the caries inducing or caries preventive effect of milk.  

McDougall [86] showed that (a) demineralisation of enamel in an acid buffer was reduced by 

intermittent exposure to milk, and (b) that milk aided the remineralisation of demineralised enamel.  

Mor and Rodda [87] reported that milk remineralised artificially-induced lesions in enamel slabs.  

Arnold et al. [88] showed that milk inhibited enamel demineralisation compared with saline or a 

remineralising solution, and Ivancakova et al. [89] and Arnold et al [90] reported that milk reduced 

the rate of root caries progression.  Ongtenco et al [91] reported that milk reduced demineralization 

of enamel slabs compared with deionised water.   

 

Not all in vitro studies have suggested that milk resists demineralisation or encourages 

remineralisation.  Prabhakar et al. [92] incubated enamel slabs with human or bovine milk in vitro 

and concluded that plain bovine milk was relatively cariogenic in the absence of saliva.  Likewise, 

Muñoz-Sandoval et al. [93] and Giacaman and Muñoz-Sandoval [94] report that bovine milk caused 

demineralisation of enamel and dentine slabs and concluded that “Whole milk… may be less 
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cariogenic than sucrose but not anticariogenic.” and “Bovine milk should not be considered caries-

safe, mainly for root dentin.”   They also reported that skimmed and semi-skimmed milks are 

associated with more demineralisation that whole milk.  These differences may be explained by 

differences in experimental methods.  While the studies discussed in the previous paragraph used 

cell-free demineralisation, the three studies discussed in this paragraph used active biofilms, for 

example, of Streptococcus mutans, which might result in a greater challenge. 

 

Although there is not total agreement in conclusions, both in vitro and in vivo enamel slab 

experiments suggest that bovine milk has little ability to cause demineralisation and, indeed, is 

capable of remineralising previously demineralised enamel.  

 

The actions of the constituents of milk. 

 

The principal constituents of bovine milk, other than carbohydrate (4.8%), are fat (up to 3.8%), 

protein (3%), calcium (118mg/100g) and phosphorus (96mg/100g), with some small variation.  It has 

been mentioned previously that lactose is the least cariogenic dietary sugar.  When Thomson et al. 

[81] increased the concentration of lactose in bovine milk from 5% to 7% (the level in human milk) 

no increase in the already low cariogenic potential was observed.   

 

Oral clearance is influenced by the ingredients of foods as well as by salivary flow, action of the 

tongue, cheeks and lips, and by other factors. One ingredient which accelerates oral clearance is fat   

[95 - 98]. This is probably due to a physical action of holding all the particles together.  

 

 Proteins are adsorbed well onto enamel surfaces.  Weiss and Bibby [77] investigated the ability of 

milk to reduce demineralisation in an in vitro enamel slab experiment.  They found that milk 

components adhered to the enamel surface and that these could not be removed by washing with 

water.  The protective effect was, however, removed by a protein solvent, and restored by 

application of casein alone.  Muhler [99] showed that the protective effect, which he surmised was 

organic, was removed by heat-treating the milk powder prior to feeding to the experimental 

animals: this would de-nature proteins.  Pearce and Bibby [100] tested 11 proteins and found that 

casein and globulins were adsorbed in greatest amounts, and albumins the least.  

 

Casein is a phosphoprotein and represents about 87% of all proteins present in milk: it is considered 

to be one of the main ingredients responsible for the caries-protective action of milk. Decreases in 

the development of dental caries in rats have followed increases in the casein content of their diet 

[101-104].  The reasons for the caries preventive effect of caseins have been studied [105-108].  

Casein appears to prevent adherence of salivary components and bacteria to enamel and pellicle, 

and to reduce the activity of glucosyltransferase, thus reducing glucan formation and plaque 

adherence.  In a series of rat caries experiments, Guggenheim et al. [109] demonstrated the marked 

caries preventive effect of ‘milk micellar casein’ when incorporated into a cariogenic diet.  Large 

reductions in the proportion of S. sobrinus were observed leading the authors to conclude that the 

micellar casein interfered with the adhesion of some plaque bacteria.  Research into the favourable 

properties of casein, particularly its ability to concentrate calcium and phosphate in plaque, has led 

to the development of a compound known as CPP-ACP [110-112].    
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Harper et al. [68] questioned whether casein was the most caries-protective constituent in milk, 

following experiments in rats which tested the caries-reducing potential of three mineral-rich milk 

concentrates with various levels of whey protein, calcium, and phosphorus, but negligible levels of 

casein. The results suggested that considerable protection could be afforded by calcium and 

phosphate compounds in the absence of casein.  In another animal experiment, Beighton et al. [113] 

concluded that the increased cariogenic potential of freeze-dried milk compared with whole milk 

could be due to lower calcium and phosphate concentrations in their freeze-dried milk.  While the 

caries protective effect of phosphates in the diets of rats needs to be interpreted with care [3, 68] 

the results agree with other in vitro studies which demonstrate the favourable role of the high 

concentrations of calcium and phosphorus in milk [69, 73].  Using the in vivo enamel slab model, 

Thomson et al. [81] reported that when the calcium and phosphorus concentrations in human milk 

(~ 22mg/100g and 10mg/100g, respectively) were raised to the concentrations found in bovine milk 

(~114mg/100g and 96mg/100g, respectively) demineralisation of enamel was reduced by 70%.  In 

agreement with these findings, Bowen and Lawrence [67] stated: “It seems, therefore, that the 

difference in the cariogenicity of the milk resides for the most part in the mineral content.  Clearly, 

other factors such as casein content cannot be discounted.”   Support for the protective role of the 

mineral content of milk came from the studies of Grenby et al. [114] which showed, in in vitro 

experiments, that the “removal of lactose, fat, casein and other proteins had little influence on the 

protective effect of the milk fractions.  Besides calcium and phosphorus, milk contains other more 

powerful protective factors against demineralisation, which they identified as proteose-peptone 

fractions 3 and 5.” [114]. The in vitro studies of Shetty et al [115] suggested that both whey protein 

and casein were protective: casein more so in human milk and whey protein more so in bovine milk.  

The protective role of other components of milk has received some attention.  Oho and workers 

reported that lactoferrin reduced binding of Streptococcus mutans to other cells [116] and to saliva-

coated hydroxyapatite beads [117], while Aimutis [111] discusses possible roles of lysozyme and 

lactoperoxidase, present in milk, in reducing cariogenic oral microflora. 

 

The non-cariogenic and protective properties of bovine milk would appear to be due to several 

factors.  First, the lactose content is low and of limited cariogenic potential; second, the high calcium 

and phosphate content resists demineralisation and aids remineralisation of enamel and dentine; 

third, casein reduces demineralisation of tooth tissue and, finally, other components of milk may 

reduce the ability of plaque microflora to adhere to enamel and produce acids. 

 

Yoghurts. 

 

Fermentation of milk leads to production of lactic acid and the resulting fall in pH inhibits growth of 

many pathogenic organisms.  One of the most important of these fermented foods is yoghurt which 

has been traditionally fermented with Lactobacillus bulgaricus.  The lactose content reduces 

substantially during fermentation although some galactose remains: other constituents are 

unchanged [118].  A high proportion of commercial yoghurts contain added sugars and flavouring, 

complicating interpretation of research into cariogenicity. 

 

Two observational epidemiological studies have been identified.  Marshall et al. [47] compared the 

diets of children in Iowa, USA, between the ages to 1 and 5 years with caries experience at about 5-6 

years.  While milk consumption had a neutral relation with caries, “high intakes of non-milk dairy 
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foods were associated with an increased extent of caries.”  However, they continue: “Yoghurt and 

dairy desserts are made with added sugar (e.g., sucrose and/or high-fructose corn syrup) which is a 

substrate for oral bacteria.”  The second study was by Tanaka et al. [119] who compared the diets of 

2058 3-year-old Japanese children with their caries experience.  They reported: “compared with 

yogurt consumption in the lowest tertile, its intake at the highest level was significantly associated 

with a lower prevalence of caries, showing a clear dose-response relationship.”  There is no record of 

these products being sweetened.  An in vivo enamel slab study by Jensen et al. [82] found that 

consumption of sweetened (strawberry) yogurt increased demineralisation of enamel and dentine 

compared with milk.  However, the sugars content of this (sweetened) product was not given.  In an 

in vitro enamel slab experiment, Ferrazzano et al. [120] reported that yogurt with enhanced levels of 

naturally-occurring casein phosphopeptides inhibited demineralisation and promoted 

remineralisation of dental enamel. 

 

Information on the dental effects of yoghurt is limited.  As long as sugars are not added, there is no 

reason for suspecting that the effects of yoghurt would differ from that of milk.   

     

Addition of sucrose and cocoa to milk. 

 

In some countries, it is common to flavour milk, especially milk for children, with sugar and other 

flavourings.  In most countries, the sugar added is sucrose and the most common other flavouring is 

cocoa.  It is reasonable to assume that adding sucrose to milk will increase cariogenicity, but at what 

concentration will the added sucrose overcome the caries-protective properties of plain milk, is an 

interesting question.  The question is complicated by the knowledge that cocoa itself has caries-

protective properties [3, 121]. 

 

The effect of adding sucrose to cow’s milk has been investigated in a variety of studies.  In an 

uncontrolled, observational epidemiological survey, Mattos-Graner et al. [29] recorded that children 

who had drunk milk with added sugar had higher caries experience than children who had drunk 

milk with no added sugar.  Dunning and Hodge [122] reported results of a two-year clinical trial in 

American children and young adults.  Caries increment was slightly higher (of borderline statistical 

significance) in children drinking milk with 6% sugar added, compared with children drinking plain 

milk.  In a case-control study of rampant (extensive) caries in young Chinese children, Ye et al. [123] 

reported that, after multivariate analyses, bottle feeding with sugar-containing bovine milk was 

associated with rampant caries.   

 

Shaw et al. [57] conducted animal experiments on milk-based products including ‘chocolate drink’ 

and ‘chocolate milk’.  There was a “general trend” for chocolate drink and chocolate milk to be less 

protective than plain milk.  The authors did not give the sugars content of these products, but 

comment, “one would tend to suspect the reason for these differences to be the increased 

carbohydrate content of the preparations containing chocolate rather than chocolate itself.”  Also, 

using the rat caries model, Bowen and Pearson [59] studied the effect of adding 10% sucrose or 10% 

fructose to milk.  There was little difference in cariogenicity between these two sugars and both 

were more cariogenic than milk alone but less cariogenic than 10% sucrose in water.  A further 

aspect of this experiment showed that 4% lactose in water was of very low cariogenicity.  In a second 

series of experiments, these authors found that caries development was similar in groups of animals 
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receiving 2%, 5% or 10% sucrose in milk.  This caries development was greater than that recorded for 

rats receiving milk alone and less than that recorded for rats receiving 10% sucrose in water.  From 

these results, they concluded “that lactose has little capacity to promote caries”; “It is clear that the 

addition of as little as 2% sucrose to milk enhances the caries activity of milk even though the milk-

sucrose solutions are significantly less cariogenic than the water-sucrose solutions” and “the practice 

of adding any sugar to milk should be discouraged.”  More recently, Al-Jobair and Khounganian [124] 

reported rat caries studies which showed that flavoured milks (chocolate, strawberry or banana) 

containing 5-6% added sucrose, were more cariogenic than plain milk but less cariogenic than 10% 

sucrose in water. 

 

A small and statistically non-significant increase in enamel softening was recorded by Thomson et al. 

[79] when 5% sucrose was added to cow’s milk, in an intra-oral enamel slab experiment.  However, 

softening was much greater when the enamel was exposed to 5% sucrose in water.  Two plaque pH 

studies have indicated that the addition of 5% and 10% sucrose to cow’s milk increased 

acidogenicity, but this increase was less than when sucrose was added to water [73,125].   In an in 

vitro enamel slab experiment, Bibby et al. [78] reported that “commercial chocolate milk was much 

more destructive” than whole milk.  The chocolate milk contained 6% added sugars (75% corn syrup, 

25% sucrose).  In another, more recent, in vitro study, Prabhakar et al. [92] compared the cariogenic 

potential of various milks.  They commented that: “It is a common household practice to add sugar 

to bovine milk to make it more palatable for infants [in India]”.  They concluded that “it was clearly 

evident that supplementation with an external carbohydrate source (sucrose) enhanced the 

cariogenic potential of milk.”  This is supported by the in vitro enamel slab and dentine slab 

experiments of Giacaman and Munoz-Sandoval [94] who reported that the addition of 10% sucrose 

increased the cariogenic potential markedly. 

 

Two studies have compared the effect on caries development of cocoa with any other flavouring.  

Using the rat caries model, Al-Jobair and Khounganian [124] suggested that chocolate-flavoured milk 

was less cariogenic than strawberry or banana-flavoured milks.  In the intra-oral enamel slab 

experiment of Thomson et al. [79] mentioned above, there was a hint that milk flavoured with cocoa 

caused less enamel softening than milk flavoured with strawberry.  In all these studies, milks 

contained about 5% sucrose. 

 

Thus, it is probable that adding sugar to milk increases risk of caries development: this evidence 

comes from several types of study – human, animal and laboratory.  The concentration of added 

sugar at which caries development might begin is uncertain but may be as low as 2%.  There is too 

little information on the effect of cocoa flavouring to draw conclusions.      

 

Conclusion 

 

Bovine milk can be considered non-cariogenic; its anti-cariogenic role is possible.  Evidence from 

several types of study contributes to these conclusions.  While early epidemiological evidence is 

equivocal, more recent observational studies which have used multivariate analyses have strongly 

favoured milk being associated with lower caries experience.  Information from animal experiments 

shows clearly milk’s non-cariogenicity as well as the caries-protective role of milk – some caution in 

interpreting this latter finding in animal experiments is needed.  In vivo and in vitro demineralisation 
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and remineralisation (enamel slab) experiments also tend to indicate the low cariogenic potential of 

milk and its caries-protective role.  These actions would appear to be due to (a) lactose being the 

least cariogenic of dietary sugars, (b) the protective role of casein and possibly fats, and (c) the 

protective role of calcium and phosphorus.  There would appear to be no reason why yoghurt should 

be any different from milk with regard to dental effects.  The favourable dental profile of milk and 

yoghurt is likely to be compromised by the addition of sucrose. 

 

Compiled by Professor Andrew Rugg-Gunn and Margaret Woodward June 2017 
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