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Bovine milk is one of the most consumed food products by hu- 
mans. Hence, milk’s cariogenicity results are relevant and, yet, 
unclear. Whole bovine milk has been typically considered as 
healthy and caries-protective. In fact, epidemiologic studies have 
stated that bovine milk consumption by children is associated  
with lower caries experience.1,2 This protective effect would 
come from anticariogenic properties of the fluid. Thus, many 
components in bovine milk have been reported to have anti- 
caries properties, including calcium and phosphates,3 fats,4 
vitamins, iron, fluoride, iodide, and some enzymes.5,6 Likewise, 
the milk proteins casein and albumin have been reported to  
have an antibacterial effect.7,8 Furthermore, these proteins lead  
to an increase in calcium and phosphate within the oral bio- 
film.9 Besides casein, lactoferrin, lysozymes, and antibodies  
present in milk have an antibacterial effect against Streptococcus 
mutans.10

Despite the putative anticariogenic effect derived from  
some of the milk’s components, bovine milk contains the disac-
charide lactose. A potentially cariogenic effect of milk, due to its 
lactose content, has been reported.5,11 Results from the reported 
evidence are conflicting, nevertheless. While a potential role in 
caries onset has been shown for milk and lactose,12 other stu- 
dies have indicated that lactose is less cariogenic than sucrose.6

In that regard, our group recently reported an in vitro study 
showing that bovine milk does not possess an anticaries effect,  
as it had cariogenicity levels comparable to those from lactose 
alone.13 Yet, when compared with sucrose, whole bovine milk 
had reduced cariogenicity in biofilms formed on both enamel  
and dentin.13

Given the complexity of milk’s composition, it is possible  
to speculate that variations in some of its components could  
affect its cariogenicity. There are several bovine milk types com- 
mercially available, including whole, skim, semi-skim, lactose- 
free, and sugar-containing milk. In spite of the large variety of 
existing milk types, little scientific evidence is available about  
the caries effect of each type or how changes in milk’s composi- 
tion affect cariogenicity. It is reasonable to think that a lactose- 
free or reduced lactose formulation could be less cariogenic 
than whole milk, as the latter contains all the sugars from milk. 
Moreover, variations in the level of fat could also affect milk’s 
cariogenicity, as an anticaries effect has been attributed to fat  
and fatty acids.14,15 Likewise, an antibacterial effect has been 
attributed to fatty acids,16,17 but the effect of fat at different 
concentrations in milk is mostly unknown.

The purpose of this study, therefore, was to compare the 
cariogenicity of different commercially available bovine milks  
in an artificial caries model and assess their effect on a biofilm  
of Streptococcus mutans. Since these products are highly con- 
sumed by the population, especially children, the results of  
this investigation may be of high interest to the dental profes- 
sion as well as the public.

Methods
Experimental design. Biofilms of Streptococcus mutans UA159 
were grown on bovine slabs of enamel for five days and on  
bovine slabs of dentin for four days, following a validated pro- 
tocol.18 Initial Knoop surface microhardness (SH) was assessed,  
and the slabs were randomly assigned to one of the treatment  
groups of commercial bovine milk: skim (Colún, La Unión,  
Chile); semi-skim (Colún); lactose-free whole (Loncoleche, 
Santiago, Chile); whole (Colún); and whole with 10 percent  
sucrose added (Colún). Total fat content for the different milk  
types was: skim 0.05 percent; semi-skim 1.5 percent; lactose- 
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free whole and whole 3.0 percent; and 10 percent sucrose-added 
whole 3.1 percent. A group with 10 percent sucrose only and 
another with 0.9 percent sodium chloride (NaCl) were used as 
positive and negative caries controls, respectively. To simulate a 
usual ingestion pattern of milk in children, treatments were ap- 
plied three times per day (at 8:30 a.m., 12:30 p.m., and  
4:30 p.m.) for five minutes on each occasion, washed with 0.9 
percent NaCl, and relocated to a medium-containing well. Cul- 
ture medium was changed twice a day, before the first treat- 
ment (at 8 p.m.) and after the last treatment (at 5 p.m.)

After the experimental phase, biofilms were separated from  
the slabs and analyzed for viable bacteria, dry weight (biomass), 
soluble proteins, and extra and intracellular polysaccharide  
production. SH on the slabs was determined again and com- 
pared with the initial assessment to obtain surface microhard- 
ness loss as percentage (%SHL). Acidogenicity from the biofilm 
was assessed by pH measurements of the culture medium twice  
per day. The entire experiment was performed twice, with each  
condition in triplicate.

Slabs preparation. Bovine incisors were stored and disin- 
fected with sodium hypochlorite. Enamel and dentin slabs  
(4 x 7 x 1 mm) were obtained with diamond disks, a low-speed 
handpiece, and Soflex polishing disks (3M, St. Paul, Minn.,  
USA). Initial SH was determined by three Knoop indentations 
100 µm apart from each other (402 MVD, Wolpert Wilson 
Instruments, Norwood, Mass., USA) at 50 g for five seconds.  
To maintain similar initial SH across the slabs, only those  
with SH 361.56±11.17 kg/mm2 (n=21) for enamel and 58.04± 
6.24 kg/mm2 (n=21) for dentin were included in the study.  
Slabs were sterilized with ethylene oxide,19 covered with ultra- 
filtered (0.22 µm) pooled human saliva, and treated for  
30 minutes to allow the formation of an acquired pellicle  
on the enamel for bacterial initial adherence.20 Slabs were  
suspended into the wells of a 24-well plate by means of  
orthodontic wire.

S mutans biofilms and treatments. Colonies of S mu- 
tans UA159 from frozen stocks were reactivated, transferred 
to BHI broth (Merck, Darmstadt, Germany) supplemented 
with one percent glucose, and incubated at 37 degrees Cel- 
sius and 10 percent carbon dioxide. Culture optical density 
(OD) was adjusted at 0.8 (600 nm) after 18 hours of incu- 
bation. An aliquot of 100 ml was transferred to 50 mL of one  
percent sucrose supplemented homogenized BHI broth, and  
two mL of the inoculated medium was transferred to each 
well of a 24-well plate (Corning Costar, Lowell, Mass.,  
USA). Saliva-coated enamel and dentin slabs20 were placed 
in the wells to form the biofilms at 37 degrees Celsius and 
10 percent CO2 for eight hours. After the initial biofilm 
formation, slabs were transferred to wells containing 0.1 mM  
glucose (basal concentration in saliva) until completion of  
24 hours of growth, after which time the aforementioned 
treatments were applied.

Acidogenicity of the biofilms exposed to different  
milk types. To assess acidogenicity, medium pH was mea- 
sured inside each well through a microelectrode (HI 1083B, 
Hanna Instruments, Woonsocket, R.I., USA) coupled to a  
portable digital pH-meter (HI 9126-02, Hanna instruments). 
Measurements were carried out twice per day before the 
first and the last medium change, in triplicate and for the  
entire duration of the experiment.

Enamel and dentin demineralization. The duration 
of the experimental phase was five days for enamel and four  
days for dentin. Dentin has a lower mineral content than  

enamel, making it more prone to acid dissolution. For that  
reason, the length of the experiment was shortened by 24 hours 
for dentin. A longer exposure time for dentin would make  
micro-hardness assessment impossible. Slabs/biofilms were  
washed three times with 0.9 percent NaCl and transferred to  
1.5 mL Eppendorf tubes containing one mL 0.9 percent NaCl.  
Slabs were vortexed for 30 seconds to separate biofilms from  
the dental substrate. The resulting biofilm suspension was kept 
for further biofilm analysis. Final SH of the slabs was mea- 
sured to estimate demineralization produced throughout the  
experimental period. Loss of SH has been extensively used as  
a reliable methodology to evaluate demineralization.21 A new  
set of three SH readings, taken after the experiment, was ob- 
tained by three indentations separated by 100 µm from each  
other and from the initial measurements. Mean values from  
the initial and final SH were used to obtain the %SHL, cal- 
culated as:

           (initial SH - final SH) x 100 ÷ initial SH

Biofilm analysis and characterization. Biofilm suspen-
sion obtained by separation from the slabs was assessed for the  
following characteristics: 

1. Biomass (dry weight): A 200 µL aliquot of the suspen- 
sion was transferred to a preweighed 1.5 mL tube.  
Each suspension was incubated with 100 percent  
ethanol at -20 degrees Celsius for 15 minutes, centri- 
fuged (10 minutes at 5,000 g and 4 degrees Celsius),  
and the resulting pellet was washed with 500 µL of 

Figure 1. Medium pH of biofilms formed on (a) enamel and (b) dentin, according to treat- 
ment and time of biofilm formation. Medium pH was measured directly in the culture  
medium twice per day after 24 hours of biofilm growth, at indicated time points. Each point  
in the plot represents the mean (±SD) pH of two independent experiments in triplicate  
wells. Different letters represent statistically significant differences among treatments (P<.05).
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75 percent ethanol. After a second centrifugation, the  
pellet was dried for 24 hours in a desiccator. Dry  
weight was calculated by subtracting the final to the  
initial weight of the empty tube and expressed as mg  
per mL of biofilm. Dry weight is used as an estimate  
of the biofilm biomass content.20 

2. Bacterial counts: Serial dilutions of the biofilm suspen- 
sion in 0.09 percent NaCl (v/v) were drop-plated on 
brain heart infusion agar plates (BHI; Merck, Darm- 
stadt, Germany)22 in duplicate and incubated anaer- 
obically for 24 hours at 37 degrees Celsius; colonies 
were counted from the dilution that allowed better  
visualization of isolated colonies. Counting was cor- 
rected by the dilution factor and expressed as CFU/mg  
of biofilm dry weight.23

3. Total soluble proteins contained in the biofilm. A 50 µL 
aliquot of the biofilm suspension was treated with two  
M sodium hydroxide (NaOH) and incubated at 100 
degrees Celsius for 15 minutes. The suspension was 
centrifuged (10,000 g for 10 minutes at four degrees 
Celsius), and the supernatant was used to obtain sol- 
uble proteins according to Bradford’s method.24

4. Intra- and extracellular polysaccharides. Three differ- 
ent types of polysaccharides produced by the biofilm of 
S mutans were evaluated: soluble (SEPS) and insoluble 
(IEPS) extracellular and intracellular (IPS) polysac- 
charides, as previously described.23 In brief: 200 µL of 
the biofilm suspension was centrifuged (10 kg for five 
minutes at four degrees Celsius) to obtain SEPS from 
the supernatant. For IEPS, the pellet obtained from 

the previous step was treated with 200 µL of one M 
NaOH, homogenized, centrifuged, and stored to ex- 
tract the polysaccharides from the supernatant.25 Final- 
ly, the pellet from the previous step containing the IPS 
was incubated with 200 µl 1M NaOH for 15 minutes  
at 100 degrees Celsius and centrifuged (10 kg for five 
minutes at four degrees Celsius). Supernatant was used  
to measure the concentration of IPS. The three super- 
natants from each extraction step were separately  
treated with three volumes of cold 100 percent etha- 
nol and incubated for 30 minutes at minus 20 degrees  
Celsius. Samples were immediately centrifuged, and  
the resulting pellet was washed with cold 70 percent  
ethanol and centrifuged again (10 kg for five minutes at  
four degrees Celsius). The resulting pellet of each  
fraction was resuspended in 1M NaOH, and total car- 
bohydrate concentration was estimated by the sulfuric 
phenol method.26 Results were normalized by biofilm 
dry weight and expressed as percentage of polysac- 
charides by mg of biofilm biomass. 

Statistical analysis. After verifying normal distribution of  
the data by Kolmogorov-Smirnov test, mean values for each 
dependent variable were compared using the analysis of vari- 
ance test and a post-hoc contrast for each pair of variables  
(Bonferroni correction). SPSS 15.0 software (SPSS Inc, Chi- 
cago, Ill., USA) was used to analyze the data with a confidence  
level of 95 percent.

Results
When acidogenicity of the biofilm formed on both dental sub- 

strates was assessed by medium pH measurements, all the  
milk types induced a pH drop below 5.5 up to 56 hours. At  
80 hours, however, only whole milk kept the pH above 5.5  
(P<.05), but at 104 hours, whole and lactose-free showed  
pH values above 5.5 (P<.05). As expected, sucrose (caries-
control) showed low pH at all time points, and 0.9 percent  
NaCl (caries-negative control) did not induce a pH drop 
throughout the experiments (Figure 1a-b).

Enamel and dentin demineralization was higher (P<.05) 
when S mutans biofilms were treated with sucrose control  
or whole milk with sucrose added (Figure 2a-b). Conver- 
sely, the lowest demineralization (P<.05) was observed on  
biofilm/slabs treated with whole and whole lactose-free milk. 
Interestingly, skim and semi-skim milk showed a similar 
demineralization pattern (P>.05), with skim milk inducing 
similar demineralization as 10 percent sucrose (P>.05).

Biofilms formed on enamel and dentin were recovered  
from the slabs to analyze their properties, which are depicted 
in Tables 1 and 2, respectively. Whole and whole lactose- 
free milk induced lower biofilm biomass and IEPS than the  
rest of the treatments in enamel and dentin. Both skim and  
semi-skim milk exposure to the biofilms induced similar  
amounts of biomass and IEPS as the sucrose caries-positive  
control, without any differences between them (P>.05). Re- 
garding IPS, only whole and whole lactose-free milk showed 
significantly lower values than the rest of the treatment  
groups. When milk was supplemented with 10 percent su- 
crose, biomass, IEPS and IPS formation were similar to those 
induced by sucrose alone. For the other biofilm properties—
SEPS, viable micro-organisms, and proteins—no differences 
were detected in either dental substrate (P>.05).

Figure 2. (a) Enamel demineralization and (b) dentin demineralization. Bars depict per- 
centage of surface Knoop microhardness loss (%SHL), according to the various treat- 
ments, as indicated (n=6). Error bars show standard deviation. Different letters represent  
statistically significant differences among treatments (P<.05).
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Discussion
The results of this study clearly indicated that whole milk and 
lactose-free whole milk induced lower demineralization than  
the rest of the commercially available milk types. Conversely, 
skim and semi-skim milk provoked similar demineralization 
as the sucrose control. In terms of acidogenicity (Figure 1)  
and demineralization induced in enamel or dentin (Figure 2), 
whole and lactose-free whole milk showed lower values than  
the rest of the milk types. Since there are several types of bo- 
vine milk available from which the population can choose, we  
decided to explore their cariogenicity using an artificial caries 
model. These results are in line with our previous study show- 
ing lower demineralization of whole milk13 than the sucrose  
control. In those previous studies, we also showed that 4.5 per- 
cent lactose, the disaccharide concentration found in whole  
milk, was as capable of demineralizing as whole milk, suggest- 
ing that milk was not anticariogenic, as had been suggested.11,27

If lactose is mildly cariogenic, as we showed before, it is 
plausible to think that a lactose-free product may be less cario-
genic, based on the absence of the milk sugar, lactose. Our re- 
sults, however, indicated that whole lactose-free milk induced 
similar levels of tissue demineralization as whole milk (Figure  
2a-b). Lactose-free milk is produced by addition of lactase,  
an enzyme that hydrolyzes lactose from milk. Once cleaved,  
lactose gives rise to the monosaccharides glucose and galactose.  
Thus, it still contains sugars that are fermentable by S mutans.  
Consistent with previous evidence from experiments conduc- 
ted in rats,6 whole milk reduced in lactose retained the mild 
cariogenic potential of whole milk.

Although not cariogenic per se, bovine milk seems to be  
less cariogenic than sucrose.7,13,28,29 It has been argued that this  
lower cariogenicity of milk derives from its peptides, mainly 
casein.10 All bovine milk types tested here, however, contained 
approximately the same amount of protein. Yet, significant 
differences in their demineralizing potential and their effect on 
the S mutans biofilm were found among them. Nonetheless, 
commercially available milk types vary in their fat content.  
While whole milk contains 3.1 percent, skim and semi-skim  
milk contain 0.05 percent and 1.5 percent, respectively. The 
hypothesis behind these studies is that fat content in milk is 
important to decrease milk’s cariogenicity.

Among the few studies available, it has been stated that  
fatty acids decrease the cariogenicity of sugars.15 Likewise, in a 
recent investigation conducted by our laboratory,17 we observed 
that free fatty acids exposed to a S mutans biofilm immedi-
ately after sucrose exposure decreased the cariogenicity of a  

caries model, similar to the one used here. Several potential 
mechanisms for the putative anticaries activity of fatty acids  
have been proposed. Fatty acids could act by inhibiting bac- 
terial growth or directly killing the micro-organisms.30 Yet, the 
exact molecular mechanism by which fatty acids act to inhibit  
bacterial pathogenicity is still uncertain.

Detergent properties due to fatty acids’ amphipathic struc- 
ture is a potential explanation for their activity. Once fatty acids 
make contact with the surface of bacteria, pores are created that  
can solubilize the cell membrane. This disrupts its structural 
integrity and interferes with the electron transport chain, which, 
in turn, interferes with oxidative phosphorylation.31,32 Other 
mechanisms may also be responsible for the anticaries effect of  
fatty acids, including bacterial lysis, enzymatic inhibition, im- 
pairment of nutrient uptake, and toxicity by generation of  
byproducts.30

In our previous study,17 we reported a dose-dependency  
for the effect of the fatty acids against cariogenicity of S  
mutans. Interestingly, a modest and dose-dependent mild effect  
on S mutans killing was observed, mainly for monounsaturated  
oleic acid. Milk fat contains many types of fatty acids. Approxi- 
mately 70 percent of the fatty acids in milk are saturated, 25  
percent are monounsaturated, and approximately three percent 
are polyunsaturated.33 Although fatty acids have an antibacte-
rial effect,30 fat content in milk is relatively low, at 4.2 percent;  
hence, it was reasonable to observe no differences among the  
milks tested here regarding bacterial counts (Tables 1 and 2).  
This finding was consistent with previous results from experi- 
mental animals.6

Despite the lack of effect on bacterial killing, biofilms formed 
in the presence of the various milk types evidenced differences  
in other properties of the consortium. When biomass was as- 
sessed by dry weight, whole and whole lactose-free milk showed 
lower biomass than the other milk types (Tables 1 and 2).  
Biofilm comprises mainly bacterial cells and insoluble polysac-
charides that form a protective scaffold for bacteria. Since IEPS 
were also lower in whole and whole lactose-free milks (Tables 1  
and 2), it is reasonable to think that the effect on biomass re- 
duction was due to an effect on polysaccharide production  
rather than on bacterial killing. Consistent with our initial  
hypothesis, milk types containing a higher fat content (whole 
and whole lactose-free milk) were the least acidogenic (Figure  
1), induced lower tissue demineralization (Figure 2), and re- 
sulted in less cariogenic biofilms (Tables 1 and 2) than the  
other milk types. In light of our results, we think that the role  
of milk’s proteins may be negligible and the most relevant  

Table 1.    PROPERTIES OF STREPTOCOCCUS MUTANS BIOFILMS FORMED ON ENAMEL BY TREATMENT (MEAN±(SD), n=6)*

Dependent variables Sucrose 10% Skim milk Semi-skim 
milk

Whole lactose- 
free milk

Whole milk Whole +  
10% sucrose

0.9% NaCl

Biomass (mg) 2.09±0.40a 1.92±0.60ab 1.75±0.40ab 1.25±0.30bc 1.09±0.40c 2.17±0.40a 0.50±0.10d

Soluble proteins (µg/mg of biomass) 49.10±7.80a 48.70±5.40a 40.10±8.30a 38.81±6.30a 37.40±8.70a 44.60±5.70a 23.76± 8.50b

Viable bacteria, CFU/mg of biomass 3.30E+10 
9.00E+09a

3.50E+10 
2.00E+10a

3.30E+10 
1.00E+10a

2.50E+10 
6.00E+09a

2.50E+10
±2.00E+10ab

3.10E+10 
9.00E+09ab

8.50E+09 
4.00E+09b

SEPS (%/mg of biomass) 1.73±0.20a 1.41±0.50a 1.26±0.60a 1.15±0.50a 1.84±1.00a 2.25±0.40a 0.60±0.10a

IEPS (%/mg of biomass) 7.05±0.80a 6.42±1.20ab 5.24±1.70ab 4.29±1.20bc 3.74±1.20c 7.00±1.20a 1.35±0.50d

IPS (%/mg of biomass) 5.34±1.40a 3.90±0.40a 3.20±1.20a 2.97±0.80a 2.61±0.90a 4.59±1.50a 0.81±0.60b

* Different letters represent statistically significant differences among treatments (P<.05).
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caries-modulating agent may be its fatty acid content. Indeed,  
those milk types with lower fat content—skim and semi-skim  
milk—showed demineralization values similar to 10 percent  
sucrose, the caries-positive control (Figure 2).

Enamel and dentin demineralization varies greatly when 
different milk types were exposed to the biofilms of S mutans 
(Figure 2). From the observation of the results, whole milk  
(whole and whole lactose-free) induced lower demineralization 
than skim and semi-skim milk. Although enamel demineral- 
ization was approximately half the demineralization observed  
for dentin (Figure 2), the pattern of %SHL for all milk types  
used was similar for both dental substrates. Since dentin is less 
mineralized than enamel, dentin showed higher microhardness 
values than enamel. Therefore, if both substrates were exposed 
to the biofilm for the same amount of time, excessive dentin 
microhardness would make measurements impossible. For that 
reason, biofilm was allowed to grow four days on dentin and  
five days on enamel.18

It is important to highlight that, even though the experi- 
mental phase for dentin slabs was shortened one day, %SHL  
was almost twice as high as that produced in enamel. This  
finding may be of relevance to people with exposed root sur- 
faces who are more prone to root caries. The latter is of parti- 
cular relevance for older adults, a growing concern in dentistry.

A very important observation was that, despite containing 
all the fat, sweetened whole milk with 10 percent sucrose be- 
haves similarly to the caries-positive control. Lower in vitro 
cariogenicity of whole milk, as reported here, is abolished by  
the addition of sucrose to whole milk, which confirms evidence 
from experiments in rats.6 Commercially flavored and sweet- 
ened milk typically contains 10 percent sucrose in its compo- 
sition. Adding sugar to milk is a fairly common practice among 
children.

These results should alert clinicians and educators of the  
need to reinforce education to parents in this regard. Further- 
more, bovine milk has been suggested as a caries-safe food,  
suitable to be used as replacement in case of hyposalivation.11 
From our results, however, we think that this is not an appro- 
priate recommendation, and it should be carefully conveyed.

On the other hand, consumption of skim milk is becom- 
ing popular. Higher consumption of these products is based 
on concerns about gaining weight or due to cardiovascular dis- 
eases.34 Recent evidence suggests that consumption of nonfat  
milk and dairy products is associated with higher rates of coro- 
nary heart disease and that milk fat may be beneficial, contrary  
to what was previously thought.35 This recent evidence, in  

addition to the relatively low fat content of whole milk and  
its lower cariogenicity, suggests that the recommendation of  
avoiding whole milk consumption, particularly in children,  
should be revised. From our data, it appears clear that whole  
milk, with all its fat content, may be significantly less cario- 
genic than sucrose.

We acknowledge the fact that this is an in vitro study and,  
thus, implications of these results are preliminary. Yet, we used 
a relevant biological caries model to emulate the response of  
the oral biofilm to the exposure to different types of milk. We 
think, therefore, that these data should be contextualized as  
proof of principle on the cariogenicity of commercial bovine 
milks. Clinical trials should provide more definitive conclusions  
on this matter. 

Conclusions
Based on this study’s results, the following conclusions can be  
made:

1. Whole milk, despite all its fat, may be less cariogenic  
than sucrose but not anticariogenic. 

2. Adding sugar makes whole milk as cariogenic as a  
sucrose solution. 

3. Lower cariogenicity of whole milk is gradually reduced 
as fat content is removed from the commercial pro- 
ducts. 

4. Limited cariogenicity may be due to fatty acids con- 
tained in its composition, acting in a dose-dependent 
manner; further research appears necessary, however,  
to translate these findings into practice. 
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