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Abstract

Introduction Milk is a good source of bioavailable calcium

compared with other foods. Recent in vitro and in vivo

studies have shown that milk whey protein, especially its

basic protein fraction (milk basic protein, MBP), contains

several components capable of promoting bone formation

and inhibiting bone resorption. The objective of this

study was to examine the effects of MBP on bone mineral

density (BMD) and bone metabolism of healthy young

women.

Methods Eighty-four healthy young women were ran-

domly assigned to three groups: control group, whole milk

group or MBP group treated with milk containing 40 mg

MBP for 8 months. The bone mineral density of total body,

the lumbar vertebrae L2–L4 and the left forearm of each

subject were measured by dual-energy X-ray absorptiom-

etry (DEXA) at 0 and 8 months of treatment. Serum

indexes of bone metabolism were measured at 0, 3, 6 and

8 months. Eighty-one subjects who completed the study in

accordance with the protocol were included in the analysis.

Results Total BMD in all groups significantly increased

compared with baseline values. However, no significant

difference on the mean rate of gain of total BMD was

observed among the MBP group (2.19%), the whole milk

group (2.63%) and the control group (1.61%). Serum cross-

linked N-teleopeptides of type-I collagen (NTx) in MBP

group at 8 months and in whole milk group at 6 months

were significantly decreased from baseline. There were no

significant differences between whole milk group and MBP

group; however, after combining the milk groups, NTx had

significantly decreased from baseline. No significant

increase was observed in serum bone-specific alkaline

phosphatase (BAP) in both whole milk group and MBP

group.

Conclusion No significant effect of MBP on bone mineral

density and bone metabolism was observed, but milk

supplementation was effective in suppressing bone

resorption.
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Introduction

Osteoporosis is a disease characterized by low bone mass

and structural deterioration of bone tissue, leading to bone

fragility and an increased susceptibility to fractures [18]. If

for such reasons as estrogen deficiency in menopause, low
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calcium intake, or lack of exercise, bone resorption may

exceed bone formation, and this imbalance would increase

the risk of osteoporosis. Optimal management of osteopo-

rosis consists of maximizing peak bone mass in early

adulthood and preventing rapid bone loss occurring after

menopause for women [8]. However, it is thought to be

difficult to completely prevent rapid bone loss by meno-

pause or aging, so building strong bones by maximizing the

peak bone mass before the age of 30, can be an effective

way against osteoporosis. Bone is in a continuously

remodeling process through repeating cycles of destruction

and rebuilding [9]. However, the bone turnover rate is

relatively slow. Therefore, nutrition becomes very impor-

tant for maximizing peak bone mass. Some nutrients, such

as calcium and magnesium, are components of bone.

Several dietary factors such as vitamin D, vitamin K [4],

casein phosphopeptides [10], and isoflavones [6], which

may affect bone metabolism, have been widely noticed.

Comparing with other food, milk is a good source of

bioavailable calcium. Recent studies have demonstrated

that milk whey protein plays a functional role in bone

remodeling [11, 12]. In these studies, the active compo-

nents responsible for the promotion of bone formation and

the suppression of bone resorption were found to be in its

basic protein fraction (milk basic protein, MBP). Studies in

rats showed that milk whey protein and fractionated whey

protein enhanced femoral bone strength in young ovariec-

tomized rats [13, 14], and MBP prevented bone loss in

aged ovariectomized rats, used as a model of osteoporosis

[15].

In human studies, MBP was reported to suppress bone

resorption and increase BMD [2, 3, 16, 17, 19]. However,

the effect of MBP on bone formation remains unclear.

Most studies [2, 3, 17, 19] did not find a clear effect of

MBP on bone formation whereas Uenishi [19] reported that

serum osteocalcin concentration was significantly higher

after 40 mg MBP supplementation per day for 6 months.

Further studies are needed to determine the effect of MBP

on bone formation. Therefore, the present study was

designed to examine whether MBP had positive effect on

BMD and biochemical markers of bone metabolism in

healthy young women.

Subjects and methods

Subjects

Eighty-four healthy young female students [mean age

(±SD), 19.6 ± 0.6 years] from Peking University Health

Science Center were recruited. Written informed consent

was obtained from each subject. The ethical committee of

Peking University Health Science Center approved this

protocol. All subjects had a moderate level of physical

activity. Exclusion criteria included endocrine disease,

metabolic disease, osteoporosis and other known medica-

tions that affect bone metabolism. Those who had bone

fracture history or could not drink the milk consecutively

for 8 months were also excluded.

Study design and supplements

In this 8-month placebo-controlled trial, 84 women were

randomly assigned to 1 of 3 groups: control group, whole

milk group, or MBP group to respectively consume noth-

ing, a carton of 250 ml whole milk, or a carton of 250 ml

whole milk added with 40 mg MBP, with stratification

based on their body weight, height, body mass index and

BMD.

Both kinds of milk were prepared by MengNiu Milk

Products Corporation (Inner Mongolia, China). MBP

extracted from skimmed milk was prepared by Aoe’s

method [2]. Skimmed milk was loaded onto a column that

had been packed with 500 g of cation exchange resin,

sulfonated chitopearl (Fuji-bouseke, Tokyo, Japan). The

column was washed with deionized water, and the bound

proteins were eluted with 1 M sodium chloride. All eluted

fractions were collected. MBP was obtained by freeze-

drying after dialysis of the eluted fraction in a cellulose

membrane tube (Sanko Junyaku Co., Ltd, Tokyo, Japan).

Protein concentration of the MBP was 98%. The yield of

MBP from skimmed milk showed that approximately

800 ml of milk is equivalent to 40 mg MBP. Women in

whole milk group and in MBP group were instructed to

drink a carton (250 ml) of milk prepared daily in a fixed

clean room. They were advised to maintain their usual diets

and to avoid taking supplemental minerals and vitamins

throughout the 8-month study. The study was conducted

from Autumn (October) to Summer (June). Blood mea-

surements were performed for each subject. At baseline

and at the 8-month evaluation, total BMD, lumbar (L2–L4)

BMD and left forearm (1/10 portion from the distal end of

the radius and ulna, Dist R?U 1/10) BMD were also

measured. During the study period, values for the nutrients

gained by FFQ were completed at 4 and 8 months. Vol-

unteers were asked to record the amounts or portion sizes

of food and meals. The nutrient content of their diet was

quantified using a computer program based on the Standard

Tables of China Food Composition [7].

Status of subjects and compliance

During the 8-month study period, women in whole milk

group and in MBP group were asked to drink the milk on

the spot at 7:00–8:00 am or 20:00–21:00 pm. Two women

in whole milk group and one woman in MBP group
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dropped out because they did not drink the milk provided

for several days. No bloating, diarrhea or allergies were

reported in all groups. We conducted a per protocol anal-

ysis of the 81 subjects who completed the study according

to the protocol; this was not an intention to treat analysis.

Analytic methods

Bone mineral density (BMD) of total body, lumbar

(L2–L4) and dist R?U at 1/10 portion were measured by

dual-energy X-ray absorptiometry using a DXA scanner

(Norland model XR36, Norland. Corp., Fort Atkinson,

WI). The coefficient of variation for the measurements of

the phantom was less than 1.0%. A phantom consisting of

bone ash embedded in a 12-cm block was scanned every-

day as a control; the BMD of the phantom remained

unchanged throughout the study.

Overnight fasting venous blood specimens (4.0 ml)

were obtained from all the subjects by certified laboratory

technicians at 0, 3, 6 and 8 months. Aliquots of samples

were frozen at -70�C until analysis. Serum bone-specific

alkaline phosphatase (BAP) was measured by an enzyme-

linked immunosorbent assay (MetraTM BAP, Quidel Corp.,

San Diego, USA). Serum cross-linked N-teleopeptides of

type-I collagen (NTx) were measured by an enzyme-linked

immunosorbent assay (Osteomark NTx, Wampole Labo-

ratories, Princeton, NJ, USA). The intra-assay variability

ranged from 5.0 to 8.0%. All members of the study team

successfully completed a training programme on the aims

of the study and the specific methods used. The biochem-

ical markers of bone metabolism were analyzed by

laboratories according to the criteria of Peking University.

Statistical analysis

Dunnett’s t test was used to compare the difference in all of

the parameters between the test groups and control, and

Bonferroni’s t test was used to compare the difference with

the adjacent group with the better MBP supplementation.

Comparisons of the values of the bone density at 0 and

8 months in each group were made with the paired samples

t test. Repeated measures analysis was used to compare the

difference of indexes of bone metabolism at each period in

each group. Univariate correlation was used to analyze the

relationship among the variables. All the analyses

were conducted with SPSS 10.0 for Windows (SPSS Inc.,

Chicago, IL, USA).

Results

Baseline characteristics of subjects

The baseline clinical characteristics of the subjects are

shown in Table 1. Overall, there was no significant dif-

ference of age, weight, height, body mass index and total

BMD among the three groups.

Bone mineral density

The initial mean values for total BMD, lumbar BMD and

dist R?U 1/10BMD were similar among the three groups

(Table 2). Comparing with initial values, the mean values

of total BMD were significantly increased in control group

(P = 0.015), whole milk group (P = 0.000) and MBP

group (P = 0.005). The effect of MBP on total BMD was

estimated as the percentage of gain of BMD after 8 months

of treatment. As shown in Fig. 1, the mean rate of gain of

total BMD in the MBP group (2.19%), the whole milk

group (2.63%) and the control group (1.61%) had no sig-

nificant difference. There is no significant difference for

lumbar BMD and dist R?U 1/10 BMD among the three

groups at the same period or comparing with the initial

values in each group.

Biochemistry

The biochemical indexes of bone metabolism in the three

groups are listed in Fig. 2. The mean values of serum BAP

and NTx in each group were similar at baseline. NTx

in whole milk group at 6 months (P = 0.048) and in

MBP group at 8 months (P = 0.040) were significantly

Table 1 Baseline clinical characteristics of healthy young women in the three groups (mean ± SD)

No. of subjects Age

(years)

Weight

(kg)

Height

(cm)

Body mass

indexa
Total BMD

(g/cm2)

Control group 24 19.6 ± 0.6 53.4 ± 8.3 160.9 ± 5.9 20.5 ± 2.2 0.907 ± 0.076

Whole milk group 28 19.6 ± 0.5 51.2 ± 4.0 160.2 ± 5.7 20.0 ± 1.5 0.896 ± 0.064

MBP group 29 19.7 ± 0.6 54.1 ± 5.7 161.7 ± 5.6 20.7 ± 1.7 0.930 ± 0.060

Total 81 19.6 ± 0.6 52.9 ± 6.2 161.0 ± 5.7 20.4 ± 1.8 0.911 ± 0.067

a The weight in kilograms divided by the square of the height in meters

Values are mean values and standard deviations. There were no significant differences between the three groups

Eur J Nutr (2009) 48:301–306 303

123



decreased from baseline values, whereas serum NTx

remained stable from baseline in control group. Then

repeated measure analysis revealed that the mean values of

NTx in MBP group at 3 months (P = 0.002) and 8 months

(P = 0.017) were significantly lower than that of the

control group during the same period. However, there was

no difference in change of NTx between whole milk group

and MBP group. In addition, BAP have no significant

differences in inner-group and inter-group. Therefore, after

combining the two milk groups, the results were shown in

Table 4. NTx in combined milk group were significantly

decreased at 3, 6 and 8 months from baseline, and NTx at

3 months in combined milk group was significantly lower

than that of the control group. BAP still had no difference

between the two groups.

Dietary minerals and vitamins

The mean dietary intakes of energy, protein, calcium,

phosphorus, magnesium, vitamin D, K and C are shown in

Table 3. There were wide individual differences in the

dietary intakes. No significant difference was observed

in energy, protein, phosphorus, magnesium, vitamin D,

vitamin K or vitamin C among the three groups by

Bonferroni’s test, except that the means of calcium in

whole milk group at 4 and 8 months were significantly

higher than those in control group. Correlation coefficients

between the gain of BMD and intake of minerals and

vitamins were also calculated. There was no significant

correlation between the gain of BMD and intake of any

dietary minerals or vitamins in the all three groups.

Discussion

This study investigated the effect of MBP on bone mineral

density in healthy young female university students [mean

age (±SD), 19.6 ± 0.6 years]. MBP is extracted from

fresh skimmed milk, and 40 mg of MBP was added into

whole milk. Our study provided evidence of the effect of

MBP added into milk on BMD and bone metabolism in

healthy young women.

In this study, comparing with the baseline values, total

BMD increased significantly after 8 months supplementation,

Table 2 The total BMD, lumbar L2–L4 BMD and radial BMD at 1/10 portion from the distal end of the radius and ulna of healthy young

women during supplementation periods (g/cm2, mean ± SD)

No. Total BMD L2–L4 BMD Dist R?U 1/10 BMD

Initial 8 months Initial 8 months Initial 8 months

Control group 24 0.909 ± 0.081 0.923 ± 0.079a 1.039 ± 0.127 1.038 ± 0.122 0.356 ± 0.047 0.365 ± 0.072

Whole milk group 28 0.889 ± 0.050 0.913 ± 0.053b 0.992 ± 0.071 0.995 ± 0.068 0.342 ± 0.038 0.341 ± 0.036

MBP group 29 0.927 ± 0.063 0.946 ± 0.064b 1.039 ± 0.115 1.041 ± 0.118 0.347 ± 0.045 0.351 ± 0.041

a Total BMD was significantly increased from initial values in the same group (P \ 0.05)
b Total BMD was significantly increased comparing with initial values in the same group (P \ 0.01). However, there were no significant

differences between the adjacent groups within the same period by Bonferroni’s t test

Table 3 Dietary intake of minerals and vitamins related to bone metabolism in healthy young women during study periods (mean ± SD)

Control group Whole milk group MBP group

4 months 8 months 4 months 8 months 4 months 8 months

Energy (kcal/day) 1,661 ± 233 1,493 ± 228 1,657 ± 355 1,529 ± 279 1,585 ± 324 1,442 ± 295

Protein (g/day) 69 ± 14 73 ± 10 78 ± 9 79 ± 12 69 ± 10 74 ± 11

Calcium (mg/day) 328 ± 89 312 ± 97 550 ± 91a 487 ± 47a 529 ± 78a 462 ± 63a

Phosphorus (mg/day) 864 ± 192 721 ± 140 948 ± 239 825 ± 143 882 ± 182 784 ± 167

Magnesium (mg/day) 308 ± 63 260 ± 54 304 ± 93 273 ± 60 283 ± 67 250 ± 69

Vitamin D (IU/day) 125 ± 16 130 ± 23 128 ± 43 151 ± 68 121 ± 85 149 ± 74

Vitamin K (lg/day) 169 ± 92 169 ± 95 201 ± 111 153 ± 80 184 ± 103 134 ± 155

Vitamin C (mg/day) 68 ± 21 70 ± 23 75 ± 26 64 ± 17 68 ± 31 60 ± 25

a Serum calcium in whole milk group and MBP group were significantly higher than that of the control group within the same period (P \ 0.01).

There were no significant differences between MBP group and the whole milk group in all of the parameters of dietary minerals and vitamins
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while lumbar BMD and dist R?U 1/10 BMD had no signifi-

cant difference. However, there was no significant difference

among the three groups in the gain of total BMD, indicating

that no significant effect of MBP on BMD in all parts

was observed. In the present study, the mean rate of gain of

total BMD in control group is 1.61%, while in the MBP group

is 2.19%. Thus, it is possible that the natural growth rate of

bone mass has stronger effect on the BMD than MBP

supplementation in healthy young women. In the present

study, we added 40 mg MBP into 250 ml of milk which differ

from 50 ml of beverage containing 40 mg MBP in other

studies. Since 800 ml of milk is equivalent to 40 mg MBP [2],

250 ml milk contains about 12.5 mg MBP. Therefore, the

dose of MBP in MBP group is 52.5 mg while in whole milk

group is 12.5 mg. However, the mean rate of gain of total

BMD in whole milk group is 2.63%, while in the MBP group it

is 2.19%. The reason why the mean rate of the gain of total

BMD in whole milk group was faster than that in the MBP

group remains unclear. In the present study, no significant

correlation between the gain of BMD and dietary intake of

any minerals or vitamins was detected, and dietary intake

was similar between whole milk group and MBP group.

Thus the gain of BMD was comparative and can reflect the

effects of MBP.

Biochemical parameters in serum are used clinically to

assess the rate of bone formation and resorption. In the

present study, there was no significant difference among the

three groups in serum BAP concentrations, a bone formation

marker. Serum NTx, a bone resorption marker, was lower at

3 and 8 months in MBP group compared to the control

group; however, there was no difference in change between

whole milk group and MBP group. Thus, after combining

the two milk groups, NTx in combined milk group was

significantly decreased. These results indicated that milk

supplementation was effective in suppressing bone resorp-

tion, consistent with Adolphi’s study [1]. In short, although

we did not find the significant effect of MBP on NTx, we

observed an effect of milk on NTx. It is reported that NTx is

more sensitive than deoxypyridinoline to MBP supplemen-

tation [5]. Also, we could not find a clear effect of MBP on

bone formation judging from the data on bone-specific

alkaline phosphatase. These results are consistent with the

study of Aoe [2, 3]. It is possible that MBP has no strong

effect on either bone resorption or bone formation, since the

longitudinal effect on bone markers in women who con-

sumed MBP were not different from those in the control

group. Long-term investigations on the effects of MBP on

BMD are required to clarify the discrepant findings between

our study and those of Aoe et al.

One limitation needed to be considered is the natural

growth rate of bone mass. As mentioned above, all the

subjects are young women, so their bone mineral density

is still increasing until attaining their peak bone mass by

Fig. 1 BMD gain of total body in healthy young women among the

three groups after 8 months. Error bars represent SE (separately 0.62,

0.49 and 0.71). There were no significant differences comparing with

the adjacent group with the better MBP supplementation

Fig 2 The biochemical indexes of bone metabolism (serum BAP and

serum NTx concentration) in healthy young women for 8 months.

Asterisks indicate the significant differences comparing with initial

values in the same group (P \ 0.05). There is no difference in change

of BAP and NTx between whole milk group and MBP group
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their 30s. Thus, the natural growth rate of bone mass will

influence the gain of BMD by MBP supplementation, and

may have stronger effect on BMD than MBP supplemen-

tation in healthy young women.

In conclusion, we report that no significant effect of MBP

on bone density and bone metabolism is observed, but milk

is effective in suppressing bone resorption. As mentioned

above, the effects of MBP on bone mineral density and on

bone metabolism are needed to confirm. Further long-term

and large-scale studies in different countries are needed to

investigate the effects of MBP supplementation on the bone

health and peak bone mass of young adult women.
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