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Objectives: To estimate Calcium and Phosphorus withdrawal from hydroxyapatite in the presence of bovine
milk and human milk from which the following protective fractions namely Casein, Whey protein, Lactose
and Milk fat have been individually removed and to compare the above protective fractions in human and
bovine milk. Method: Human milk obtained from lactating mothers in the labor ward of Kshema hospital
was subjected to immediate analysis. Bovine milk was obtained from a local dairy. Equal quantities of
human milk and bovine milk (1ml) were separately subjected to the systematic removal of the four milk frac-
tions. As each fraction was removed, the remaining milk samples were subjected to testing. Powdered
hydroxyapatite from human dental enamel was subjected to demineralization with the addition of the milk
sample under test for 20 minutes. This mixture was then centrifuged. Aliquots of the supernatant were taken
for calcium and Phosphorus analysis using photospectrometry. Ten demineralization tests were similarly
carried out for every milk fraction for both human and bovine milk separately. Equal samples of whole
bovine milk and whole human milk were also subjected to similar testing. Results: The calcium and phos-
phorus dissolution values were higher when the individual fractions were eliminated from both human
milk/enamel samples and bovine milk/enamel samples as compared to the values obtained from whole
human milk/whole bovine milk /enamel samples. Further, higher calcium and phosphorus dissolution val-
ues were observed when the fractions were individually and separately removed from the whole human
milk/enamel samples as compared to the corresponding values obtained when these fractions were removed
from bovine milk/enamel samples. Conclusion: The evaluated milk fraction in bovine milk namely casein,
whey protein, lactose and milk fat were individually more caries protective when compared to the corre-

sponding fractions in human milk.
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INTRODUCTION
ilk is one of the natural products consumed by every
Mhuman being. It is a complex colloidal mixture of

proteins, fats, lactose, minerals and many other
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constituents, some in suspension while some in solution.’

Milk and milk products contain a variety of agents that
can suppress caries progression and some which can exert
active caries preventive effects. The major advantages of
any protective agents found in milk or milk products are that
it would be perceived as a natural product, also milk is rec-
ommended on account of its nutritional properties chiefly as
a source of calcium and protein.'

Bovine milk is generally regarded as being protective
against caries, mainly due to the high calcium and phospho-
rus, but also because of buffering activity of the milk pro-
tein.” Human milk contains 1-1.5% protein compared with
approximately 3.3% in bovine milk. However qualitative
differences exist in the fats of human milk and cow’s milk
which could also principally of the triglycerides olein,
palmitin and stearin but human milk contains twice as much
of the absorbable olein.’

Most published research on the anticariogenic properties
of milk proteins concentrate on the whole casein, its
hydrolysates such as casein phosphopeptides or some pro-
teose peptone fractions. Whey proteins have also been stud-
ied for their role as functional ingredients as well as for their
anticariogenic properties. It is possible that whey proteins as
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a whole or after hydrolysis, could exhibit some cariostatic
effects that might find applications in food and other formu-
lations. It has also been suggested that milk fat could also
prevent dental caries, either through a physical or a microbi-
ological mechanism.*

In the present day scenario, in most of the developing
nations, it is observed that there is an increasing usage of
bovine milk for infants and young children as working
women constitute a substantial part of the work force. At the
same time the prevalence of Early Childhood caries is
increasing.’

Since there is a paucity of data regarding the comparison
of caries protective agents in bovine milk and human milk,
the caries protective agents namely casein, whey protein,
lactose and milk fat in bovine milk and human milk were
evaluated and compared.

MATERIALS AND METHOD

Human milk was collected after informed consent was
obtained from lactating mothers admitted in the labour ward
of Kshema hospital and subjected to immediate analysis.
Bovine milk was collected from a local dairy and was used
immediately. The milk in the dairies had been obtained from
the native/local cows.

Equal quantities of collected human milk and bovine
milk (Iml) were separately subjected to the systematic
removal of four milk components, namely Casein, Whey
proteins, Lactose and Milk fat respectively and was sub-
jected to testing.

Fresh samples of human and bovine milk (Iml) were
taken and subjected to fractionation procedures.'

Removal of casein

Casein was initially removed by the coagulation method.
Milk (1ml) was diluted with equal volume of water. 10%
Hydrochloric acid was added dropwise until coagulation
was achieved. After centrifugation at 1500g for 5 minutes,
the supernatant was separated and the Casein precipitate was
separated.

Removal of major whey proteins

The major whey proteins, which are readily heat dena-
tured were insolubilized and removed from the supernatant
by the procedure described in the previous section, then sub-
jected to boiling for 5 minutes, allowing it to cool, and
decanting the supernatant from the precipitate.

Removal of lactose

Lactose was precipitated from the supernatant by the
addition of 10 ml acetone. After standing for 5 minutes, the
mixture was centrifuged at 1500g for 5 minutes. The clear
liquid fraction was then evaporated under reduced pressure.

Separation of milk fat

Milk was centrifuged at 2000g for 5 minutes, providing a
surface layer of fat and fat associated materials and a clear
aqueous lower layer.
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Demineralization of hydroxyapatite and estimation of cal-
cium and Phosphorus withdrawal

* 0.010g powdered hydroxyapatite from human dental
enamel was subjected to the action of 10ml 0.2 M
acetic acid at pH 4.2 with the addition of the milk sam-
ple under test for 20 minutes with shaking at 22°C. This
mixture was then centrifuged at 2000g for 10 minutes.
Aliquots of the supernatant were taken for calcium and
phosphorus analysis which was done using photospec-
tometry.'

» Ten successive demineralization tests were similarly
carried out for every milk fraction for both human &
bovine milk separately.

* Equal samples of whole bovine milk and whole human
milk were also subjected to similar tests.

Results were subjected to statistically analysis using
students ‘t” unpaired test.

FRACTIONATION PROCEDURES FOR BOVINE MILK AND HUMAN MILK
HUMAN MILK/BOVINE MILK

Milk (1ml) Milk (1ml) Milk (1ml) Milk (1ml)
10% HCI Denatured with Centrifugation Denaturation
10% HCI 2000g for 10% HCI
Addition 5min
Centrifugation at
Centrifugation 1500 for 5min, Surface layer Supernatant
at 1500g for supernatant isolated
5min
| 10ml Acetone
Precipitate Boiled for Fat
5 min
Centrifugation
15009 for 5 min
Casein Cool
Evaporation of clear
liquid fraction
Decant supernatant
from precipitate
Whey protein Lactose
RESULTS

When the mean values of calcium and phosphorus dissolu-
tion from whole bovine milk—enamel samples (31.64mg/dl
& 20.52mg/dl) and whole human milk—enamel samples
(34.25mg/dl & 23.04mg/dl) following demineralization pro-
cedure were compared, no significant differences were
found (Table 1).

It was found that mean values of calcium and phosphorus
dissolution were higher when casein was removed from
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whole bovine milk-enamel samples (31.22mg/dl &
22.80mg/dl) and whole human milk-enamel samples
(34.25mg/dl & 25.24mg/dl) when compared to the corre-
sponding values obtained from whole bovine milk-enamel
samples and whole human milk-enamel samples respec-
tively which were statistically very highly significant (Table
1 and 2). Higher mean values of calcium and phosphorus
dissolution were observed when whey protein, lactose and
milk fat were individually and separately eliminated from
whole bovine milk enamel samples (33.56mg/dl,
22.62mg/dl for whey protein, 35.23mg/dl, 23.70mg/dl for
lactose and 33.89mg/dl, 23.33mg/dl for milk fat) when com-
pared to the corresponding values obtained from whole
bovine milk enamel samples following demineralization
procedure (31.64mg/dl & 20.52mg/dl).

Similarly, significant differences in mean values of
Calcium and Phosphorus dissolution were found when whey
protein, lactose and milk fat were separately eliminated from
whole human milk enamel samples (36.45mg/dl &
27.15mg/dl for whey protein, 36.90mg/dl & 25.64mg/dl for
lactose and 39.05mg/dl & 32.31mg/dl for milk fat) as com-
pared to the corresponding values obtained from whole
human milk enamel samples (31.22mg/dl & 23.04mg/dl)
(Table II). It was observed that the mean values of calcium
and phosphorus dissolution were higher when casein was
removed from the human milk—enamel samples
(35.75mg/dl& 25.24mg/dl) when compared to the values
obtained when casein was removed from bovine milk-
enamel samples (34.25mg/dI& 22.80mg/dl) which was sta-
tistically very highly significant (Table 3).

Higher mean calcium and phosphorus dissolution values
were also observed when the other fractions, whey protein,
lactose and milk fat were individually and separately
removed from human milk- enamel samples as compared to
the values obtained when these fractions were removed from
bovine milk-enamel samples (36.45mg/d1>33.56mg/dl &
27.15mg/d1>22.62mg/dl for whey protein, 36.90mg/dI>
35.23mg/dl & 25.64mg/d1>23.70mg/dl for lactose and

39.05mg/dl> 33.89mg/dl & 32.31mg/d1>22.33mg/dl for
milk fat) Table 3.

DISCUSSSION
Milk is an excellent protein food that provides essential
amino acids and organic nitrogen for humans and animals of
all ages.! Milk also contains factors that have protective
properties such as calcium, phosphate, casein and lipids.
Research suggests that the benefits of milk and related prod-
ucts can be traced to several principal factors: reminerliza-
tion of the tooth, prevention of bacterial attachment to the
tooth and inhibition of bacterial biofilm formation ability.®
Several recent studies from the United States and Europe
have all associated milk or dairy product consumption with
lower caries experience when combined with a normal rou-

Table 2. Comparison of Calcium and Phosphorus dissolution from
whole human milk-enamel samples before and after with-
drawal of the various milk fractions.

Milk Calcium Phosphorus P-value

samples Mean S.tdl Mean S.tdl

(mg/dl) deviation | (mg/dl) deviation

Whole human milk 31.22 1.36 23.04 1.20
Whole human milk - Casein | 35.75 2.41 25.24 1.64 <0005
Whole human milk 31.22 1.36 23.04 1.20 <0005

Whole human milk - 36.45 2.08 27.15 1.76

Whey protein

Whole human milk 31.22 1.36 23.04 1.20 <0005

Whole human milk - Lactose | 36.90 1.89 25.64 1.43

Whole human milk 31.22 1.36 23.04 1.20
<.0005

Whole human milk - Milk fat | 39.05 1.77 32.31 2.87

Table 3. Comparison of Calcium and Phosphorus dissolution
between bovine milk-enamel and human milk-enamel sam-
ples before and after fractionation procedures.

Milk Calcium Phosphorus P-value
Table 1. Comparison of Calcium and Phosphorus dissolution from samples Mean S.tdl Mean S.tdl
whole bovine milk-enamel samples before and after with- _ (mg/dl) deviation | (mg/dl) deviation
drawal of the various milk fractions. Whole bovine milk 31.64 490 | 2052 39 0.79
Milk Calcium Phosphorus | P-value Whole human milk 3122 136 | 23.04 1.4 073
samples Mean Std Mean Std '
P (mg/dl) deviation | (mg/dl) deviation Whole bovine milk - Casein | 34.25 2.45 22.80 1.25
Whole bovine milk 3164 49 | 2052 394 <.0005
0005 Whole human milk -Casein 35.75 2.60 25.24 1.6
. . . <.
Whole bovine milk - Casein | 34.25 2.3 2280  2.64 Whole bovine milk= 3356 515 560 2,08
Whole bovine milk 3164 49 | 2052 894 | Whey protein
' , <.0005
Whole bovine milk - 3356 41 | 2262 247 Whole human milk- 3645 258 | 2715 240
Whey protein Whey protein
Whole bovine milk 31.64 49 | 2052 394 | 5505 | |Whole bovine milk - Lactose | 3523 310 | 2370  1.84
— <.0005
Whole bovine milk - Lactose | 3523 48 | 2370 3.04 Whole bovine milk - Lactose | 36.90 329 | 2564  2.14
<.0005 <.0005
Whole bovine milk - Mik fat | 33.89 ~ 3.84 | 2233  3.20 Whole bovine milk - Milk fat | 3905 379 | 3231 287
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tine of oral hygiene.® Earlier studies of the milk fractions
responsible for reduction of caries focused on casein phos-
phopeptides, but it was possible that other constituents of
milk could also play a part.'

The results of present study have suggested that the caries
protective actions of whole human milk were comparable to
whole bovine milk (Table 3).These findings are at variance
from the results obtained by Rugg Gunn ef a/ who had con-
ducted enamel dissolution experiments with bovine milk,
human milk, lactose and sucrose solution. They observed
increased amount of calcium dissolved in the human
milk/enamel incubates demonstrating a decreased level of
protection against enamel dissolution, as compared with
bovine milk.” However the comparable caries protective
actions of human milk and bovine milk in our study could be
attributed to the fact that human milk samples were collected
from new mothers and caries protective action could have
been higher in milk obtained from such mothers.

One of the main findings of our study was that the
removal of casein, whey protein, lactose and milk fat from
both bovine and human milk resulted in an increased dem-
ineralization of hydroxyapatite which was statistically very
highly significant (Table 1 and 2). This demonstrated the
protective effect of the above factors. Reynolds et al found
that the synthetic octopeptide calcium phosphate complex
significantly reduced caries activity, confirming that this cal-
cium phosphate stabilizing portion of the casein phospho-
peptides is associated with anticariogenicity. The proposed
mechanism of anticariogenicity for CPP-CP complexes is
that they substantially increased the level of calcium phos-
phate in plaque, depressing enamel demineralization and
enhancing remineralisation.’

The results of our study have revealed that casein exhib-
ited a greater protective effect than whey protein in human
milk while in bovine milk we observed greater protective
effect exhibited by whey protein. E A Warner et al compared
the anticariogenic effects of casein and whey protein frac-
tions in vitro using a model system based on hydroxyapatite.
The results of their study showed that although whey protein
was less effective than CPP, they exhibited some protective
effects and were therefore potentially useful anticariogenic
agents.’ Reynolds E C and Del Rio A have suggested that
whey protein exert a topical anticariogenic effect by acting
as a buffer.”

In our study, milk fat exhibited significant protective
effect on hydroxyapatite dissolution in both bovine and
human milk. It has been suggested that milk fat could also
prevent dental caries, either through a physical or a microbi-
ological mechanism; the former minimizes the adherence of
the food to the tooth surface, while the latter involves the
bacteriostatic properties of medium chain fatty acids.’

The data from the present study showed that all the four
milk fractions namely casein, whey protein, lactose and milk
fat in bovine milk had individually and separately a signifi-
cantly greater protective effect on hydroxyapatite dissolu-
tion as compared to the respective fractions in human milk.

Our findings reveal that many fractions of bovine milk
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are more caries protective than their corresponding fractions
in human milk. However this might suggest that bovine milk
is superior to human milk.

Though our study concludes that bovine milk had higher
caries protective properties in terms of these four protective
factors, the immune factors present in human milk also may
play a significant role in the caries protective mechanism.
Human milk contains bacterial and viral antibodies, includ-
ing relatively high concentration of secretory IgA antibod-
ies, all of which play a vital role in the general and oral
defense mechanism.’

Lysozyme is an effective antibacterial enzyme isolated
from milk, tears and saliva. Human milk is a better source
of lysozyme (2.5mg/100ml) than bovine milk
(0.025mg/100ml).* Hence the benefits of breast feeding far
outweigh any harmful effects which may very occasionally
be observed. Simple preventive measures such as careful
tooth cleaning from an early age and administering fluoride
drops where the water supply has less than 0.7 ppm of fluo-
ride should do much to prevent the onset and development
of early childhood caries resulting either from breast milk or
bovine milk.

CONCLUSIONS

1. Caries protective potential of whole bovine and whole
human milk are comparable.

2. The four milk fractions in bovine and human milk
namely casein, whey protein, lactose and milk fat indi-
vidually exhibited significant inhibitory action on
hydroxyapatite demineralization.

3. The evaluated milk fractions namely casein, whey pro-
tein, lactose and milk fat were individually more caries
protective in bovine milk when compared to the corre-
sponding fractions in human milk

4. The order of potential caries protective action of the
above fractions in human milk were in the following
order: casein> whey protein> lactose> milk fat while in
bovine milk: whey protein/milk fat > casein> lactose
respectively.
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