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Abstract

Milk is considered as a good source of Calsium. Comparison studies of tooth demineralization
after soaking with milk from human and infant formula feeding in Indonesia are rare, s0 wc compare
the effect of soaking tooth with milk frem human and formula to deminaralization of enamecl.
Demineralization of enamel is influenced by pH, buffering capacity, fluoride, calsium and phosphorus
contents. The aim of this study was to determine the level of tooth demineralization after soaked with
human milk and infant formula Feeding. This was an experimental laboratory study with post-test
design only with control group design. Then samples were soaked in artificial saliva pH 7, human milk
and infant formula milk for 24 hours. The depth of microporosity that occurs in each sample observed
using Scanning Electron Microscope (SEM). The infant formula feeding result the highest level of
tooth demineralization followed by human milk and artificial saliva. There is a significant difference
in level of tooth demineralization after soaked in human milk dan infant formula feeding. Human milk
has a Ienger pH stability than infant formula feeding, so it is slower to cause enamel solubility than
infant formula feeding. In human milk also containing a right amount of protein and non sucrose that
can cause enamel solubilty. Level of teeth demineralization was highest from infant tormula feeding
followed by human milk and artificial saliva.

Keywords : tooth demineralization, human milk, infant formula milk, artificial saliva

Introduction

Human milk is uniquely suited to the human infant, both in its nutritional composition
and in the non-nutritive bioactive factors that promote survival and healthy development [1].
Breast milk contains over 200 nutritional, as well as functional, components. The fundamental
composition of breast milk inchudes, protein, salt, and sugar, which are all contained in a fat
suspension. In addition to those nutrients breast milk also provides the infant with immune
factors, growth and hormone factors, and enzymes [2]. The milk produced during the first
month following parturition by mothers delivering between 28-36 weeks gestation contained
significantly higher concentration of nitrogen and lower concentration of lactose than milk
produced by mothers delivering at term [3]. Human ‘milk is a complex matrix with a general
composition of 87% water. 3.8% fat, 1.0% protein, and 7% lactose [4]. In contrast to protein
and fat, lactose content is fairly constant in mature milk (after 21 days postpartum). The stable
concentration of lactose is important in maintaining a constant osmotic pressure in human
milk. Lactose also aids the absorption of minerals and calcium. In human milk, many
carbohydrate-based bioactive compounds, such oligosaccharides, are attached to lactose [5].
Human milk, in contrast to formula, contains breast-specific Lactobacilli and substances.
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mcluding human casein and scerctory IgA. which inhibit the growth and adhesion of
carlogenic bacteria, particularly oral Streptococci [6].

Infant formula is intended as an effective substitute for infant feeding and is formulated
to mimic the nutritional composition of breast milk for normal infant growth and development
(7.8]. Cow milk or soymilk are most commonly uscd as the base, with supplemental
mgredients added to better approximate the composition to human breast milk and to attain
health benefits, including iron, nucleotides and compositions of fat blends. The fatty acids of
arachidonic acid (AA) and docosahexenoic acid (DHA) are added. Probiotics and compounds,
produced by genetic engincering, are either added or currently being considered for addition
to formula. The most common infant formulas consumed by infants arec made from modified
cow’s milk with added carbohydrate (usually lactose), vegetable oils, and vitamins and
minerals. Casein is the predominant protein in cow’s milk [9]. Both human milk and infant
formula important to stimulate the bone and teeth modelling, especially to help the strength of
dentine and enamel.

Dental Enamel consists of densely packed mineral crystal mainly hydroxyapatite (HA)
and it can become demineralized due to exposurc to plague acids. Besides HA, dental enamel
consists another minerals such as Ca, Na, Cl, Zn and P. Tooth enamel can undergo a process
called demineralisation if the pH of the mouth falls to lower than normal levels [10].
Demineralization of the enamel is damaged hydroxy apatite tooth enamel which is the main
component of enamel due to chemical processes [11]. Its occurs through a diffusion process,
1e the process of moving molecules or ions dissolved in water to or from the enamel to saliva
because there are differences in the concentration of acidic water on the surface of the tooth
cnamel [12]. In the development of dental caries, the relationship between demineralization
and remineralization is influenced by the presence of saliva, which facilitates the
iransportation of ions, oral bacteria, and fermentable carbohydrates to the exposed surfaces of
teeth [13]. Sucrose has the highest cariogenity, followed by sorbitol and lactose. Lactose in
milk can be synthesized into lactic acid with an acidity degree (pH) of 5.5. If foods and
beverages containing lactose are consumed too often, the oral cavity will be in acidic
conditions, which eventually leads to demineralization of the tooth cnamel [14].

The relationship between breastfeeding both human milk or infant formula and tooth

emineralization has been systematically and narratively reviewed with conflicting results
between studies. There is controversy about what constitutes the best form of infant feeding to
prevent enamel demineralization and promote optimal dental health. Consequently no
definitive optimal breastfeeding practices have been determined to specifically address the
risk of enamel demineralization that can lead dental caries. The aim of this study is to
determine the level of tooth demineralization after soaked with human milk and infant
formula Feeding.

Research Methods

Type of research was an experimental laboratory with post test only control group
design. The research performed on Desember 201¢ Januari 2017 in Bioscience
Laboratorium at Dental Hospital of Jember University.

Samples were three piece of first upper premolar with healthy surfaces and no visible
defects, from each tooth, four fragments containing a superficial enamel layer and a subjacent
dentine portion were obtained by cutting with a water-cooled carborundum disk mounted on a
low speed handpiece. Two bucco-lingual, combined with two mesio-distal incisions
containing occlusal surface enamel were discarded. resulting in a total of 12 dental fragments.
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The fragments were covered with a 20mm wide strip of adhesive tape (Scotch, 3M, Sumar’e,
SP, Brazil) containing an orifice ranging from 2.5 to 3.5mm in diameter. according to the
width of the enamel surface to allow the exposure of a controlled area to the demineralization
solution.

Two experimental protocols were designed. In the first protocol, applied to four
fragments teeth, first quadrant (labeled A) was used as a control, which is soaking in artificial
saliva. Second quadrants (labeled as B) was soaked with human milk at consentration pH 5.5
for 24 hours and changed every 8 hours. The last quadrant (C) was soaked with infant formula
milk (Frisian baby, Frisian Flag, Indonesia) at consentration pH 5,5 for 24 hours and changed
every 8§ hours.

- After the demineralization period, the tapes were removed and the fragments were
washed with de-ionized water, dried at room temperature and observed with the scanning
clectrone microscope (SEM, Hitachi TM3030Plus, Japan) examination according to the usual
protocols. The samples were examined with a Hitachi TM3030Plus Scanning Microscope
(Fhtachs Ltd. Tokyo, Japan), at 30 KV acceleration voltage and magnifications of 600x. The
images - three for cach quadrant of cach tooth — were captured with a TM3030Plus (Hitachi
Ltd., Tokyo, Japan). The images, viewed on a monitor, were evaluated by three examiners (I
IT) and scored as follows: (1) smooth, normal enamel; (2) fissures on the enamel surface; (3)
images of mildly increased porosity; (4) images of exposed enamel prisms and dissolution
type [-I11.

Each examiner scored all the three images of the quadrants of each tooth; the mean
score (the mean of the three images scored by each examiner) was included into Tables 1 and
2. In the first experiment, for the calculation of the statistical significance of changes in the
enamel surface of samples A, B and C the final mean of scores for all three teeth was used.
The statistic analysis was performed using paired samples 7-test (signiticance at p<0.05).

Results

Typical SEM aspects of the dental enamel surface of teeth used in these experiments are
presented in Figures 1-3. Figure 1 depicts unsoaked enamel. The surface is not completely
smooth, however the aprismatic surface layer is uniform, but there 1s no pores and superficial
trregularities, such as grooves on the control samples. the mean scores for the control
quadrants is 0.00+40,00 (Table 1). For quadrant B, the mean scores is 13.7311,70 and the
difference between the studied group and the control group was statistically significant
(p=0.00). For the quadrants C the mean of scores is 20,25+4,99 and the difference between
the studicd group and the control group was statistically significant (p=0.00).

Table 1. The scores of SEM images for tooth demineralization for cach group

) . . Quadrant B (Human Quadrant C {Infant
i ﬂf S ) 2 t . - -

Group / Samples Control (um) Milk) (um) Bormila i) )
| T 12.14 E 2422
2 0,00 15.26 352
3 0,00 2.3% 16.35
4 0,00 15.14. 2489

mean (pm) + Standard 4 44,6 09 13.73+1.70 20.25+4.99

Deviation
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Morphological changes were observed in some of the samples treated with human milk,
for 24 hours soaking, consisting in areas of depressions which seem sometimes deeper,
generating a more variable aspect of the enamel surface (Figures 2 and 3). This aspect
suggests an increase in the enamel porosity, as compared to the control samples. However,
arcas of depression were observed deeper in the samples treated with infant formula milk, for
24 hours soaking, as compared to the control samples and quadrant B.

_Table 2. Statistically Difference between Groups

mean () +

Group Standard Control Quadrant B Quadrant C
Deviation
Comtrol  0,00:000  NA  0000* —  0004%
Quadrant B 13. 7384770 0.001* N/A 0.049*
Quadrant C 20.25+4,99 0,004* 0.049* N/A

The statistical significance of the difference of means compared between quadrant B
and C group was high (p=0.049, respectively) (table 2). In this study, the pattern of
demineralization followed either a version in which the central part of the prism was
involved, or an irregular meshwork.

enamel enamel enamel

Tt [

Tig 1. The SEM Fig 2. The SEM Fig 3. The SEM
Micrograph of enamel Micregraph of enamel Micrograph of enamel
surface of a control tooth surface of a tooth sample surface of a tooth sample
sample (quadrant A) soaked with human milk soaked with infant
for 24 hours (quadrant B) formula for 24 hours
Discussion

Demineralization is the process of removing minerals ions from HA crystals of hard
tissues, for example, enamel, dentin, cementum, and bone. Demineralization is a reversible
process; hence, the partially demineralized HA erystals in teeth can grow to their original size
if they are exposed to oral environments that favor remineralization [12]. Similar to bone,
teeth are composites comprised of the phosphate-based mineral HA in the enamel, collagen in
the dentine, and living tissucs. However, it is the anatomical arrangement and location of
tecth that sets them apart from bones. Exposed to food, drink, and the microbiota of the
mouth, tecth have developed a high resistance to localized demineralization unmatched by
other mineralized tissues. This resistance is chiefly due to the enamel layer that covers the
crown of the teeth,

Chemical demineralization of tecth is caused by acidic attack through two primary
means: dietary acid consumed through food or drink and microbial attack from bacteria
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present in the mouth. During an acidic attack, or a typical demineralization regime, chemical
dissolution of both the organic and inorganic matrix components takes place. This 1s brought
about by the water content of enamel and dentine, which facilitate acid diffusion in and
mineral content out of tooth [14].

One of the best methods to study the enamel surface is SEM. There are conflicting
reports regarding the effects of human milk and infant formula containing lactose on the
cnamel. Some authors reported morphological changes of the enamel surface after soaking of
human teeth to both human milk or infant formula, such as focal areas of shallow erosion, loss
of the prismatic layer, pitting, and exposure of the enamel prisms; moreover, it was suggested
that after a prolonged exposure to increased concentration pH 5.5 of both human milk and
infant formula such changes could be the cause of abrasion or cusp fractures, mainly in
restored, weakened teeth [12].

In the present study, the SEM micrograph of Control Group (Quadrant A) showed that
there is no enamel surface change. In this case, saliva 1s considered one of the most important
biological factors in dictating the intraoral neutralizing etfects of acid exposure. in addition to
its cleansing and antibacterial action [16], saliva acts as a constant source for calctum and
phosphate that helps in maintaining supersaturation with respect to tooth minerals, thercfore
inhibiting tooth demineralization during pertods of low pH, and they promote tooth
remineralization when the pH returns to neutral state. Furthermore, when saliva secretion is
stimulated, a rapid rise in pH to above neutrality occurs. Due to its high solubility of calcium
phosphate in salivary proteins (eight to ten times higher than calcium phosphate in tooth), it
serves as a sacrificial mineral that dissolves preferentially before tooth mineral, 1, reducing
demineralization. It also acts as a source of calcium and phosphate 1ons that are required for
remineralization of decalcified tooth [12].

In this case, treated tooth using human milk with consentration pH 5.5 for 24 hours
showed an irregular porosity on the enamel surfaces, and also showed a statistically significan
than control group. An assessment of the composition of human milk is important to
understand the reduced butfer capacity in comparison to bovine milk. Human milk has
significantly less phosphate (15 mg/ dL), especially inorganic phosphate (5 mg/dL), when
compared to bovine milk (100 mg/dL total phosphate, 75 mg/dL inorganic phosphate).
Human milk also has less protein with approximately one-fifth the amount of amino acids
when compared to bovine milk [14]. Human milk containing carbohydrate and sugar
(lactose). This component can dissolve become lactic acid. This acid will reduce the pH of
saliva.

Sample quadrant C showed the deeper and shallower porosity of tooth enamel. In this
case, infant formula containing of a higher carbohydrate and sugar (lactose and sucrose} than
human milk. The composition of lactose between 6,8 — 23 ¢/100 ccal and sucrose between 0

7g/ 100 ccal. In this study, we use infant formula with 6.8g lactose and 0,5g sucrose.
Sucrose is the higher cariogenic ingredient, followed by sorbitol and lactose. Sucrose and
lactose will dissolve in to glucose and lactic acid. This structure of acid can influence the pH
saliva, to he critical condition that can lead a demineralization of enamel. The condition
occurs when the pH of the solution surrounding the enamel surface is lower than 5.5,
(generally ranging from 2.3 to 3.6 pH) and the concentration of the acid that does not
dissociate higher on the surface enamel, rather than in the enamel [13]. The sucrose control
solution did dissolve calcium and phosphate from the powdered enamel, whereas the water
control did not.

Human milk showed a shorter porosity on enamel surface than infant human milk. In
this case, some authors reported that S.muians may not be able to use lactose, the sugar found
in breast milk, as readily as sucrose, found in food or artificial milk, and some breast-milk
antibodies may help impede bacterial growth [14]. Phosphate and protein present within
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- an milk is capable of buffering the free hydrogen ions associated with these organic acids

= thereby maintaining the pH near neutral when unchallenged by other acid sources.
cver, when additional acid is present, the buffering capacity is exceeded.

On the other hand, these irregularities are difficult to be considered as secondary effects

< treatment. When the cnamel surfaces were examined in the control groups, sometimes

- shallow depressions and superficial irregularities are observed. but this situation was

= wied by other authors, as well. On the surface of normal, sound teeth, circumferentially

ontal lines. known as perikimata, may be found across the face of the crown: on the other

= lamellae or cracks are not unusual. Electron microscopy observations showed that the

wace of the enamel varies with age [15].

wnclusion
Human milk can not lead a tooth demineralization, adding sugar ingredient such as
se will stimulate a rapid demineralization on enamel surfaces.
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