
Original Paper

Caries Res 2019;53:76–83

Cariogenicity of a Milk-Based Drink Used 
as a Dietary Supplement for Older Adults 
Using a Root Caries Experimental Model

Ramiro J. Castro 

a    Rodrigo A. Giacaman 

a    Rodrigo A. Arthur 

b    Marisa Maltz 

b    
a

 Cariology Unit, Department of Oral Rehabilitation and Interdisciplinary Excellence Research Program on Healthy 
Aging (PIEI-ES), University of Talca, Talca, Chile; b Preventive and Community Dentistry Department, Dental School, 
Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, Brazil

Received: December 19, 2017
Accepted after revision: April 24, 2018
Published online: June 26, 2018

Rodrigo A. Giacaman, DDS, PhD
Cariology Unit, University of Talca 
Escuela de Odontología, 2 Norte 685
Talca, 3460000 (Chile)
E-Mail giacaman @ utalca.cl

© 2018 S. Karger AG, Basel

E-Mail karger@karger.com
www.karger.com/cre

DOI: 10.1159/000489569

Keywords
Milk · Sucrose · Dentin · Demineralization ·  
Streptococcus mutans

Abstract
The aim of this study was to evaluate the cariogenicity of a 
milk-based drink intended for older adults that was used as 
part of a governmental initiative in Chile to improve their 
nutritional conditions. This drink contains a high concentra-
tion of sugars, which can contribute to root caries develop-
ment. To test this hypothesis, an experimental biofilm/caries 
model was used. Dentin slabs were used to grow biofilms of 
Streptococcus mutans UA159. Slabs/biofilms were exposed 
3× per day to bovine milk with different fat content, the milk-
based drink, and the milk-based drink supplemented with 
10 g of sucrose added per serving. Slabs exposed to 10% su-
crose or 0.9% NaCl were used as positive and negative con-
trols, respectively. Biofilms were analyzed for bacterial 
counts and acidogenicity. Dentin demineralization was esti-

mated by the loss of surface microhardness and integrated 
mineral loss. Results were compared by analysis of variance 
and Tukey’s test. The milk-based drink showed higher acido-
genicity than milk with its entire (whole) or reduced total fat 
content (skim). The milk-based drink supplemented with 
 sucrose had similar acidogenicity as the 10% sucrose posi-
tive control (p = 0.506). Whole milk exposure elicited lower 
bacterial counts than the positive control, the milk-based 
drink, and the milk-based drink supplemented with sucrose 
(p = 0.002; 0.006 and 0.014 respectively). Although skim milk 
induced higher demineralization than whole milk, both milk 
types produced lower demineralization than the milk-based 
drink. Regarding integrated mineral loss, demineralization 
induced by the milk-based drink and the milk-based drink 
supplemented with sucrose was similar to that induced by 
the positive control and skim milk (p > 0.05). Sugar-contain-
ing milk-based drinks used as dietary supplements for older 
adults may be highly cariogenic and could represent a po-
tential risk for root caries. © 2018 S. Karger AG, Basel
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Introduction

The world is rapidly aging [Beard et al., 2016]. The oral 
health condition of the older population is typically poor 
and, in most cases, severely affected by dental caries [Liu 
et al., 2013; Mariño and Giacaman, 2014]. Caries alters 
oral function, interfering with the masticatory process, 
which may compromise the nutritional condition [Cas-
trejón-Pérez and Borges-Yáñez, 2014]. Caries-induced 
tooth damage is the main causative factor for tooth loss 
in the elderly [Sugihara et al., 2010]. Besides the oral con-
sequences of caries, the disease also negatively influences 
the quality of life [León et al., 2014]. 

On the other hand, malnutrition is often found in the 
elderly [Guerrero-García et al., 2016; Volkert, 2013]. Di-
etary patterns of older adults usually contain low amounts 
of macro and micronutrients (calcium, iodine, vitamin 
B2, zinc, phosphorus, and vitamin B12) [Rakıcıoğlu et al., 
2015] and it is high in carbohydrates [Boirie et al., 2014]. 
Dietary imbalances in older adults may determine sev-
eral systemic conditions, including, frailty [Boulos et al., 
2016], sarcopenia [Relph, 2016], dependency [Yildiz et 
al., 2015], dementia [Naseer et al., 2016], sleep disorders 
[Yildiz et al., 2015], increased risk of falls [Masumoto et 
al., 2015], mortality [Tsai et al., 2016] and higher rates of 
hospitalization [Geurden et al., 2015]. As a way to coun-
teract this problem, a range of dietary supplements in-
cluding milk-based drinks fortified with different nutri-
ents are commercially available. In Chile, a governmental 
program to improve the nutritional condition of elderly 
Chileans has been in place for several years [Dangour et 
al., 2005]. This program consists of a nutritionally en-
riched milk-based drink that is currently delivered 
monthly to more than 400,000 people, free of cost. The 
dairy product is composed by 10% lipids, 18% proteins, 
28% lactose, 8% sucrose, vitamins and minerals. Accord-
ing to the users, the dairy product has high acceptability 
and is usually consumed twice per day [Masi and Atalah, 
2008]. 

Regular milk consumption is associated with low car-
ies experience [Petridou et al., 1996], probably due to the 
claimed anti-cariogenic properties of their components 
[Bowen and Pearson, 1993; Harper et al., 1987; Slomiany 
et al., 1986] and the antimicrobial activity of proteins, 
such as casein, albumin, lactoferrin and lysozyme [Jo-
hansson and Lif Holgerson, 2011]. Nonetheless, whole 
milk supplemented with sugars, like in the milk-based 
drink for elders in Chile, has the potential of inducing 
root caries at a level similar than a pure sucrose solution 
 [Giacaman, 2014]. On the other hand, some unsaturat-

ed  fatty acids have been reported to be anticariogenic 
 [Giacaman et al., 2014]. Milk’s fat seems to be important 
in reducing the cariogenic potential elicited by lactose. 
Indeed, milk reduced in fat content (skim milk with 
0.05% fat) induces higher cariogenicity in vitro than milk 
containing all the fat (whole milk with 3.1% fat) [Giaca-
man, 2014]. Despite its sugars content, the milk-based 
drink for older adults distributed in Chile might present 
low cariogenic potential due to its high amount of fat 
(10%). Dental caries has been currently defined as a sug-
ars-caused disease [Sheiham and James, 2015] and since 
the product contains a high amount of sucrose, it is plau-
sible to speculate that the protective effect from fat may 
be overcome. In this context, the aim of this investigation 
was to determine the cariogenicity of the Chilean milk-
based drink intended for older adults on root dentin car-
ies development due to its high concentration of sugars.

Materials and Methods

Experimental Design
A previously validated experimental caries model with bio-

films of Streptococcus mutans was used in this study [Ccahuana-
Vasquez and Cury, 2010] with modifications [Giacaman et al., 
2013]. This model allows the study of the effect of different sub-
stances on the biofilm and on dental demineralization. All the 
experiments were conducted in the Cariology Laboratory of the 
University of Talca. Biofilms of Streptococcus mutans UA159 (S. 
mutans) were grown on the surface of bovine root dentin slabs 
for 5 days. The initial Knoop surface microhardness (SHi) of the 
slabs was assessed. Slabs were randomly assigned to one of the 
following treatments: Skim milk (Colún, La Unión, Chile; 0.05% 
fat, 4.5% total carbohydrates, 4.5% lactose), whole milk (Colún, 
La Unión, Chile; 3.1% fat, 4.6% total carbohydrates, 4.6% lac-
tose), milk-based drink “Bebida Láctea Años Dorados” (Calo, 
Osorno, Chile; 1.25% fat, 7.5% total carbohydrates, 1% sucrose 
and 2.5% lactose) and milk-based drink supplemented with su-
crose to simulate the actual consumption, according to studies of 
our group (10 g of sucrose added per serving; 6% of final sucrose 
concentration) [Castro, Unpublished data]. A group with 10% 
sucrose and another with 0.9% sodium chloride (NaCl) were used 
as positive and negative caries controls, respectively. Treatments 
were applied 3× per day for 5 min each. Biofilms were washed 
with 0.9% NaCl and relocated to a medium-containing well. Cul-
ture medium was changed twice per day, before the first treat-
ment (8 am) and after the last treatment (5 pm). After the ex-
perimental phase, biofilms were separated from the slabs and 
analyzed for viable bacteria counts. Acidogenic potential from 
the biofilms was determined by pH measurements of the culture 
medium after 8, 24, 32, 56, and 80 h after the initial biofilm for-
mation and the resulting area above the curve (AAC) formed was 
quantified [Hassan et al., 2015]. Final SH (SHf) on the slabs was 
determined and compared with the SHi to obtain the percentage 
of surface microhardness loss (%SHL). Slabs were prepared to 
measure cross-sectional microhardness and determine the per-
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centage of mineral loss in each lesion [Featherstone et al., 1983]. 
The entire experiment was performed 3 times, with each condi-
tion in triplicate (n = 9).

Dentin Specimen Preparation
Bovine incisors were disinfected with a 5% NaOCl solution and 

stored in 0.9 % NaCl (w/v) until use for up to 30 days [Ccahuana-
Vasquez and Cury, 2010]. Dentin slabs (6 × 4 × 1 mm) were pre-
pared from bovine roots using diamond disks, a low-speed hand-
piece and polishing disks (Soflex, 3M, St. Paul, MN, USA). Pulpal 
surface of each root was roughly flattened, while the outer dentin 
was flattened and finely polished with disks (Soflex, 3M). SHi was 
determined using a Knoop microhardness indenter (402 MVD, 
Wolpert Wilson Instruments, USA) by placing 3 indentations in 
the center of each slab, 100 µm apart from each other at 10 g for 
5 s. Slabs were selected based on their SHi, including only those of 
45.5 ± 1.48 kg/mm2 (n = 54). Slabs were randomly assigned to the 
treatments and suspended into wells of a 24-well culture plate, 
through a specially designed device made of stainless steel wire 
[Ccahuana-Vasquez and Cury, 2010] and sterilized with ethylene 
oxide [Thomas et al., 2007]. 

In vitro Biofilm Model – Salivary Pellicle Coating
Stimulated whole saliva was collected from 2 healthy volunteers 

(37 and 28 years old) by chewing paraffin strips for 5 min (Parafilm 
M; American Can Co., Neenah, WI, USA). Donors were not using 
antimicrobials, mouthwashes or any other medication known to 
affect salivary composition and flow at least 3 months before and 
during the experiments. To preserve protein integrity, whole saliva 
collected was mixed with absorption buffer (1: 1) 0.1 M (50 mM 
KCl, 1 mM KPO4, 1 mM CaCl2–2H2O, 0–1 mM MgCl2–6H2O), 
containing phenylmethylsulfonyl fluoride 1: 100 (v/v) as prote-
ase  inhibitor. Previously sterilized specimens/wires were trans-
ferred  to a well of a new plate, covered with 2 mL of ultrafiltered 
(0.22 µm) pooled human saliva and agitated (60 rpm) for 30 min 
at 37  ° C. Saliva coating of the slabs allows the formation of an ac-
quired pellicle-like structure on the dentin slabs, suitable for S. mu-
tans initial adherence [Koo et al., 2003]. 

Inoculum Preparation and Biofilm Formation
Frozen stocks of S. mutans UA159 were reactivated on Brain 

Heart Infusion medium supplemented with 1% glucose (Merck, 
Darmstadt, Germany) at 37  ° C and 10% CO2 for 18 h until reaching 
an optical density (OD800) of 0.8. One hundred µL of microbial 
 culture was mixed with 50 mL of 1% sucrose-supplemented soy-
trypticase medium without dextrose (Becton, Dickinson and Co, 
Sparks, MD, USA). An aliquot of 200 µL of the bacterial cultures 
with the medium was transferred to each well with the saliva-coat-
ed slab and grown for 8 h at 37  ° C and 10% CO2 to create an initial 
adhered biofilm. Slabs were transferred to another plate containing 
2 mL of soy-trypticase medium without dextrose, supplemented 
with 0.1 mM glucose and 0.02 ppm F, for additional 16 h at 37  ° C 
and 10% CO2 until the completion of 24 h. After 24 h of biofilm 
growth, dentin slabs were exposed to the different treatments as 
previously described in the “experimental design” section.

Treatments
After 24 h of biofilm growth, dentin slabs were exposed to the 

different treatments 3 times per day (at 8: 30 am, 12: 30 pm, and 4: 

30 pm) for 5 min: 10% sucrose solution; 0.9% NaCl solution; milk-

based drink; milk-based drink supplemented with sucrose; whole 
milk and skim milk. After each treatment, biofilms were washed 
3× in 0.9% NaCl, and relocated to a medium-containing well. Cul-
ture medium was changed twice per day before the first (at 8 am) 
and after the last treatment (at 5 pm).

Biofilm Acidogenicity
To verify acid production by the biofilms in response to the 

tested treatments, culture medium pH was measured inside each 
well by an electrode (HI 1083B, Hanna instruments, Rumania) 
previously calibrated with pH 4.0 and pH 7.0 standards and cou-
pled to a pH-meter (HI 9126–02, Hanna instruments, Rumania). 
Measurements of the spent medium were carried out once per day, 
after 8, 24, 32, 56, and 80 h of initial biofilm formation during 
5 days. The AAC was calculated considering pH 6.87 as the cut-off 
point, based on the highest pH value obtained by the negative con-
trol with 0.9% NaCl. This cut-off point allows evaluating pH dy-
namics in the other groups. 

Viable Microorganisms Analysis
After 5 days of biofilm growth, slabs were washed 3 times with 

0.9% NaCl and placed in sterile tubes containing 1 mL of 0.9% 
NaCl. Slabs were vigorously vortexed for 30 s to detach biofilms 
from the slabs. This suspension was serially diluted in 0.9% NaCl 
(v/v) and plated on Brain Heart Infusion agar plates by the drop-
technique (20 µL). After 24 h incubation at 37  ° C and 10% CO2, 
viable colonies were counted under a stereomicroscope (SMZ161, 
Motic, BC, Canada). Results were expressed as colony-forming 
units CFU/mL.

Dentin Demineralization
The SHf of the dentin slabs was measured to estimate deminer-

alization induced during the 5 days of the experiment. Measure-
ments were obtained by a row of 3 sequential indentations placed 
in the center of each slab, 100 µm apart from each other, and 100 
µm to the right from the initial indentations. Demineralization was 
estimated using the %SHL, which was calculated as: (mean SHi – 
mean SHf) × 100/SHi.

Cross-Sectional Microhardness Analysis
Once %SHL was registered, slabs were longitudinally sectioned 

through their center producing 2 halves. One of them was embed-
ded in acrylic resin, leaving the outer polished surface exposed. 
Slabs were indented in the left fourth, in the middle and in the right 
fourth of the exposed surface by a row of 12 indentations in each 
one of them, at 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 
and 300 µm from the outer surface of the slabs at 10 g for 5 s [Feath-
erstone et al., 1983]. The integrated mineral loss (ΔZ; vol % min × 
μm) was determined for each slab using a previously reported for-
mula [Featherstone et al., 1983], which considered the average val-
ue of the 3 indentations at each depth and then using all 12 values. 

Statistical Analysis
Bacterial counts were expressed at log10. To determine whether 

the data had parametric distribution, the Kolmogorov-Smirnov 
test was performed. Mean values obtained from acidogenicity, 
dentin demineralization and counts of viable microorganisms 
were compared by analysis of variance followed by a Tukey post 
hoc test using SPSS 15.0 statistical software. Differences were con-
sidered significant if p < 0.05.
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Results

The milk-based drink (Fig. 1b) showed lower acidoge-
nicity than a 10% sucrose solution (Fig. 1a). When the 
dairy product was supplemented with sucrose (final con-
centration of 6%), a similar acidogenicity to 10% sucrose 
was observed. The milk-based drink showed higher AAC 
than whole (Fig. 1d) and skim milk (Fig. 1e). Among all 
experimental groups, whole milk showed the lowest ac-
idogenic potential. Regarding viable microorganisms 
(CFU log10/mL), whole milk showed lower counts (p = 
0.02) compared to the 10% sucrose solution (9.16 ± 
1.08E–02), milk-based drink (9.1 ± 5.97E–02; p = 0.06) 
and milk-based drink supplemented with sucrose (9.12 ± 
2.54E–02; p = 0.014), while no significant differences 

were found among these products (p > 0.05). Skim milk 
(9.07 ± 4.07E–02), however, presented values similar to 
all the dairy products. As expected, the lowest counts 
were found in the presence of 0.9% NaCl (Fig. 2).

The milk-based drink and the milk-based drink sup-
plemented with sucrose induced lower demineralization 
than the 10% sucrose solution (Fig. 3), but the deminer-
alization induced by the milk-based drink supplemented 
with sucrose was higher than that found in dentine slabs 
exposed to the dairy product, without sucrose (p = 0.0001). 
Skim milk induced higher demineralization in compari-
son with whole milk, but both milk types induced demin-
eralization statistically lower than milk-based drink test 
groups (p < 0.05). 
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Fig. 1. Acidogenicity elicited from the S. mutans biofilms formed 
on dentin in response to different treatments: (a) sucrose 10%, (b) 
milk-based drink, (c) milk-based drink + sucrose 6%, (d) whole 
milk, (e) skim milk and (f) NaCl 0.9%. Plot shows mean pH regis-

tered in the spent culture medium and mean ± SD values for area 
above curve (AAC) in each experimental condition. Different let-
ters represent significant differences among treatments by Tukey 
test (p < 0.05).
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Regarding integrated mineral loss (ΔZ), demineraliza-
tion induced by the milk-based drink was within the range 
of that induced by the 10% sucrose solution (p = 1.00) and 
skim milk (p = 0.75). The milk-based drink supplemented 
with sucrose was statistically higher in ΔZ than that in-
duced by whole milk, skim milk and the negative control, 
but it was not different compared with the milk-based 
drink and the 10% sucrose solution. The lowest values of 
ΔZ were found for the negative control group (Table 1).

Discussion

The present study shows that the milk-based drink 
used for Chilean elderly and the same product with su-
crose added to a concentration of 6% has slightly lower 
cariogenic potential than a 10% sucrose solution, but 
clearly a higher cariogenic potential than milk, either 
whole or skim. Data of %SHL followed a similar pattern 
than biofilm acidogenicity (Fig.  1, 3). There was more 
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Fig. 2. Viable microorganisms from S. mutans biofilms. Bacterial 
cells retrieved from each treatment-exposed biofilm were counted 
and expressed as CFU log10/mL. Bars show mean counting ob-

tained from 3 independent experiments, each in triplicate. Error 
bars indicate SD. Letters a–c represent significant differences 
among treatments by Tukey test (p < 0.05).

Fig. 3. Dentine demineralization induced by different treat-
ments. Demineralization was assessed by surface hardness loss 
(%SHL) induced by treatments after 5 days. Bars represent mean 

%SHL of the slabs. Error bars indicate SD. Letters a–f represent 
significant differences among treatments by Tukey test (p  < 
0.05).
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pronounced lesion formation in root dentin when ex-
posed to skim milk (0.05% fat) as comparison to whole 
milk (3% fat). These results are consistent with previous 
findings from our group [Giacaman and Muñoz-Sando-
val, 2014]. When whole milk was supplemented with su-
crose (3% fat and 10% sucrose), however, a similar cario-
genic potential than the control 10% sucrose solution was 
elicited. The latter suggests that milk’s fat content is not 
capable of hampering the cariogenic potential of the 
whole milk when sugars are added. The milk-based drink 
for older adults evaluated in this study (1.25% fat, 7.5% 
total carbohydrates, 1% sucrose and 2.5% lactose) showed 
slightly lower cariogenic potential than the sucrose solu-
tion used as the control with a 10% concentration, even 
when the product was supplemented with sucrose (6% 
final concentration). As expected, demineralization of the 
sugars-added milk-based drink was higher than the same 
product without sugars supplementation. Altogether, 
these findings suggest that the fat concentration of milk 
and the milk-based drink might counteract, at least in 
part, the cariogenicity induced by sucrose confirming our 
previous findings. Thus, when fat is removed from milk, 
as it is the case in skim milk, protection is lost and thus, 
cariogenicity increases. There might be a threshold in 
which fat’s protective effect is overcome by the intrinsic 
cariogenicity of sucrose. The exact point where this oc-
curs is yet to be determined. The milk-based drink tested 
is manufactured with milk of a relatively low-fat content 
(semi-skim). In addition, the milk-based drink has a par-
tial content of lactose and sucrose added (2.5% lactose 
and 1% sucrose), resulting in a product that has a consid-
erably high cariogenic potential on root dentin. 

There is some evidence supporting that fatty acid-con-
taining diets may have an anti-caries effect [Kabara et al., 
1972]. Possible explanations for this effect derive from the 

fact that fatty acids are not metabolized by the dental bio-
film bacteria to produce acids [Schuster et al., 1980]. In 
addition, these molecules have antimicrobial activity, in-
hibiting nutrient transportation through the bacterial cell 
membrane and preventing cell adhesion [Williams et al., 
1982]. 

Dietary proteins, such as those found in dairy prod-
ucts, may also play an important role as anti-caries sub-
stances. Proteins may serve as a source of carbon for 
bacteria of the dental biofilm [Chappelle and Luck, 
1957]. Protein catabolism releases urea as a by-product 
in saliva. Urea is converted into ammonia, which acts as 
a buffering system controlling pH of the dental biofilm 
[Burne and Marquis, 2000]. Although the tested milk-
based drink has a slightly lower protein concentration 
(2.25%) than whole milk (3.15%), we hypothesized that 
the combined effect of proteins and the fatty acids may 
be synergic to counteract, in part, its cariogenic poten-
tial. When the bacterial cell counts were considered, 
only mild differences could be detected. Despite the 
content of putative antibacterial molecules in the milk-
based drink from milk, such as casein, albumin, lactofer-
rin and lysozyme [Johansson and Lif Holgerson, 2011], 
biofilm cell viability seemed uncompromised. It is likely 
that the effect in caries of these molecules is not antibac-
terial, but rather bacteriostatic [Bowen and Pearson, 
1993]. Yet, it is important to mention that whole milk 
exposure to the biofilm resulted in the lowest counts of 
cells, potentially exhibiting an antibacterial effect. This 
mild killing effect is consistent with our previous studies 
and others [Giacaman et al., 2016; Huang et al., 2011] 
showing that a higher fatty acid concentration may be 
antibacterial.

Demineralization of the dental substrate was evaluated 
by %SHL using microhardness as a proxy. Loss of surface 
hardness has been extensively used as a reliable method-
ology to evaluate demineralization [Zero, 1995]. Al-
though the cross-sectional microhardness analysis is a 
validated technique used to analyze mechanical proper-
ties and mineral content of carious lesions, it has been 
reported that ΔZ does not respond linearly to increased 
sucrose concentrations [Aires et al., 2006]. Moreover, 
previous data showed a considerable degree of variability 
and lack of sensitivity on outcomes obtained by this 
method [Buchalla et al., 2008]. In this study, we did not 
find statistical differences in ΔZ scores. Whole milk, how-
ever, showed lower values, confirming the abovemen-
tioned protective effect of milk’s fat. It might be possible 
that this technique is not sensitive enough to detect small 
differences in small lesions. 

Table 1. Integrated mineral loss (∆Z; mean ± SD) of dentin in re-
sponse to different treatments

Treatments ∆Z (vol % min × µm)

10% sucrose 740.9±137.2a, b

Milk-based drink 728.1±26.9a, b

Milk-based drink + sucrose 897.7±49.2a

Whole milk 499.7±94.5c

Skim milk 549.8±32.2b, c

0.9% NaCl 287.8±70.7d

Superscript letters a–d represent significant differences among 
treatments by Tukey test (p < 0.05).
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Despite that it is likely that milk-based drink users 
have other sources of fluoride exposure, such as water or 
some foods, we have decided not to incorporate fluorides 
in to the cariogenicity model. The reason is that the vali-
dated models have not included fluoride, but also based 
on our studies and clinical experience showing a low use 
of fluoridated products among older adults. Yet, further 
experimental studies should be designed incorporating 
this variable, key in the outcome in many cases. We ac-
knowledge the limitations implied in this study, for ex-
ample, the single-species approach, the lack of fluoride 
and saliva and other factors associated with root caries. 
Yet, this research was conceived as a “proof-of-principle,” 
over which further studies, closer to the clinical reality, 
must follow.

Replacing whole milk for skim milk has become a pop-
ular choice among many people. This practice has been 
considered healthier than consuming whole milk. It has 
been demonstrated that regular consumption of whole 
milk in adults and older people is positively associated 
with health outcomes, nonetheless neverthe. For exam-
ple, the use of whole milk has been associated with diabe-
tes control [Yakoob et al., 2016], normal body weight 
[Vanderhout et al., 2016], reduced risk of ischemic stroke 
[Elwood et al., 2005], lower risk of coronary disease 
[Steinmetz et al., 1994] and protection against some types 
of cancer [Prentice, 2014]. In addition, it has been stated 
that regularly consuming whole milk induces a rapid and 
prolonged sensation of satiety, unlike the consumption of 
skim milk. Due to the lower fat content, skim milk would 
lead to increased intake of high carbohydrate foodstuff or 
sugars, to get the same feeling of satiety [Dougkas et al., 
2011]. In an era of an aging population with people re-
taining more teeth until an older age, usually with ex-
posed root surfaces [Mariño and Giacaman, 2014], these 
results are worrisome. A higher root caries risk in older 
adults has been reported [Saunders and Meyerowitz, 
2005]. Moreover, older adults tend to add sucrose (2 tea-
spoons) to the milk-based drink (unpublished data). 
Hence, these results may be helpful to raise awareness 
within the dental community of the potential risk of con-
suming this type of product in people with exposed root 
surfaces. Furthermore, consumption of dietary supple-
ments intended for older adults, similar to the milk-based 
drink used in Chile, is becoming popular. An aggressive 
advertising campaign has been promoting the consump-
tion of fortified or specific nutrient-enriched dairy prod-
ucts, with similar or even higher sucrose concentration 
than the milk-based drink tested here. In this scenario, 
education to consumers is crucial for preventing root car-

ies. Users and prescribing physicians must be aware of the 
dental risks implicit in consuming dietary supplements 
with sugars added. More than restricting consumption, 
users should be careful to avoid frequent consump-
tion  and pay attention to dental hygiene after its con-
sumption. Simple preventive measures could include 
rinsing with water right after consumption and tooth 
brushing before  bedtime.

In conclusion, the tested milk-based drink used as a 
dietary supplement for older adults in Chile shows a po-
tential risk for root caries, higher than whole milk. These 
findings stress the importance of testing the cariogenic 
potential of the dietary supplements available to the el-
derly population. 
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