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Abstract – At present, researchers all over the world focus on the methods to prevent and cure
osteoporosis. Many reports have shown that bovine milk and its basic proteins, and bovine
colostrums (BC) and their extracts have positive effects on bone growth of human beings or
experimental rats, such as increasing bone mineral density (BMD) and promoting calcium
absorption. However, to our best knowledge, the effects of acid proteins from BC (BCAP) on bone
properties have not been reported, and the effect on the potential hazard on blood lipids of rats has
not been reported. This study investigated the effect of BCAP on bone loss in aged ovariectomized
(OVX) rats and the hemobiochemistry parameters (HP) in serum. Forty-eight female SpragueDawley rats of clean grade were ovariectomized and another 12 rats received a sham operation. The
OVX rats were randomly separated into four groups, i.e. OVX control, OVX low dose (0.04 g·d−1),
OVX medium dose (0.20 g·d−1), and OVX high dose (0.40 g·d−1). BCAP were applied in rat diet for
12 weeks and the rats were gavaged once a day. The effects of BCAP on HP, calcium content (CC),
and BMD of femur were determined using biochemical analysis, atomic absorption spectrophotometry, and dual-energy X-ray absorptiometry. Results showed that BCAP could increase the femur
weight/length. CC of femurs in rats with BCAP were signiﬁcantly higher than those of shamoperated group and model control group. BCAP increased the BMD of femur. However, BCAP at a
low dosage exhibited higher activity than that at a medium or high dosage. BCAP had no particular
effects on the HP of rats. It is concluded that BCAP at dose < 0.04 g·d−1 can prevent osteoporosis
caused by bone loss due to estrogen reduction in OVX rats, and BCAP (0.04–0.40 g·d−1) has no
potential hazard on blood lipids of rats under present experimental condition.
bovine colostrum / acid protein / bone property / hemobiochemistry / ovariectomized rat
摘要 – 牛初乳酸性蛋白对大鼠骨质流失及血清生化指标影响研究○ 目前，许多研究者正致
力于预防和治疗骨质疏松的研究○ 研究表明，牛乳、牛乳碱性蛋白、牛初乳及牛初乳提取
物均可以促进人或实验动物的骨骼生长，如增加骨密度和促进钙吸收等○ 然而，牛初乳酸
性蛋白组分 (BCAP) 对于骨骼生长的影响还未见报导，对血脂水平的影响也未见报导○ 本
文研究了 BCAP 对去势大鼠骨质流失及血清生化指标的影响○ 60 只 SD 大鼠随机分为 5
组，其中 48 只大鼠进行了卵巢切除手术 (OVX)，另外 12 只大鼠进行了假手术○ 卵巢切除
大鼠随机分为四组，分别为 OVX-对照组、OVX-低剂量组 (0.04 g·d−1)、OVX-中剂量组
(0.20 g·d−1) 和 OVX-高剂量组 (0.40 g·d−1)，喂食 BCAP 的各组大鼠连续灌胃 12 周，每天
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灌胃一次○ 分别采用生化分析方法、原子吸收光谱法和双能 X-射线法测定了大鼠的血清生
化指标、骨钙含量和骨密度等○ 结果表明: 喂食 BCAP 各组大鼠的[股骨重/股骨长]较模型
对照组显著增加，骨钙含量和骨密度显著高于假手术组和模型对照组; 低剂量组效果明显优
于中剂量组和高剂量组○ 而且，各组大鼠的血清生化指标未见显著差异○ 因此得出结论 : 在
低剂量 ( ≤ 0.04 g·d−1) 条件下，BCAP 具有预防去势大鼠因雌激素下降造成的骨质流失的功
效; 在本实验条件下，喂食 BCAP (0.04~0.40 g·d−1) 不会造成大鼠的血脂升高○
牛初乳 / 酸性蛋白 / 骨骼特性 / 血清生化指标 / 卵巢切除大鼠
Résumé – Effets de la protéine acide du colostrum bovin sur la perte osseuse et les indices
hémobiochimiques chez le rat. La recherche de méthodes de prévention et de traitement de
l’ostéoporose fait actuellement l’objet d’études partout dans le monde. De nombreuses publications
ont montré que le lait de vache et ses protéines basiques, le colostrum bovin et ses extraits, ont un
effet positif sur la croissance osseuse de l’Homme ou des rats, en accroissant la densité minérale
osseuse et en favorisant l’absorption du calcium. Cependant, à notre connaissance, les effets des
protéines acides du colostrum bovin (PACB) sur les propriétés des os n’ont jamais été rapportés, pas
plus que l’effet sur le risque potentiel sur les lipides du sang chez le rat. Cette étude a porté sur
l’effet des PACB sur la perte osseuse chez des rattes âgées ovariectomisées (OVX) et sur les
paramètres hémobiochimiques du sérum. Des rattes Sprague-Dawley en bon état ont été soit
ovariectomisées (48), soit opérées ﬁctivement (12). Les rattes OVX ont été séparées aléatoirement
en 4 groupes : OVX contrôle, OVX faible dose (0,04 g·j−1), OVX dose moyenne (0,20 g·j−1) et
OVX dose élevée (0,40 g·j−1). Les PACB ont été introduites dans leur régime alimentaire pendant
12 semaines sous forme de gavage une fois par jour. Les effets des PACB sur les paramètres
hémobiochimiques, teneur en calcium et densité minérale osseuse du fémur ont été déterminés par
analyse biochimique, spectrophotométrie d’absorption atomique et absorptiométrie biénergique à
rayons X. Les résultats ont montré que les PACB pouvaient augmenter le rapport poids/longueur du
fémur. Les teneurs en calcium des fémurs de rattes avec PACB étaient signiﬁcativement plus
élevées que celles du groupe opéré ﬁctivement et du groupe de contrôle. Les PACB augmentaient la
densité minérale osseuse du fémur. Cependant, les PACB à faible dose avaient une activité supérieure à celle des doses moyennes et élevées. Les PACB n’avaient pas d’effet particulier sur les
paramètres hémobiochimiques des rattes. On en conclut que les PACB à doses inférieures à
0,04 g·j−1 peuvent prévenir l’ostéoporose provoquée par la perte osseuse due à la réduction des
œstrogènes chez les rattes ovariectomisées, et que des doses de PACB de 0,04 à 0,40 g·j−1 ne
présentent pas de risque pour les lipides du sang des rattes dans ces conditions expérimentales.
colostrum bovin / protéine acide / propriété osseuse / hémobiochimie / ratte ovariectomisée

1. INTRODUCTION
Osteoporosis is presently one of the most
critical global health disorders associated
with advancing age, especially among postmenopausal women. Menopause results in
elevated bone turnover, an imbalance
between bone formation and bone resorption, and decreased bone mineral density
(BMD). Osteoporosis is mainly caused by
the decline of BMD both in human beings
and in experimental animals [14, 16, 34,
37]. Bioactive factors from milk may affect

bone metabolism directly as milk has a
functional role in the growth of newborn
animals. In this respect, any factor leading
to a reduction in the rapid menopausal bone
loss can impose the perceived risk of osteoporosis in older women. Osteoprotegerin is
a member of the tumor necrosis factor
superfamily and inhibits osteoclast activity
and regulates the immune system. Previous
studies have indicated that osteoprotegerin
may contribute to the antiresorptive activity
of bovine colostrums (BC) and milk on
bone [43]. Milk basic protein (MBP) is
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a group of bioactive proteins from bovine
whey [27, 39, 40]. Some research results
suggest that MBP suppresses the osteoclast-mediated bone resorption, increases
the BMD, and prevents bone loss caused
by ovariectomy (OVX) [26, 30, 40]. MBP
dose-dependently suppressed the number
of pits formed by these osteoclasts, and thus
suppressed bone resorption [26, 27, 40, 45].
Moreover, MBP has been evaluated for its
use as an ingredient in food and concluded
to be safe for its intended use [20].
A comparison between acidic and basic
protein fractions from whey or milk for
reduction of bone loss in OVX rats was carried out by Kruger et al. [22]. It was reported
that whey acidic protein fractions (WAF)
protected against bone loss due to OVX in
the mature female rats. Their results of
BMD of the spine and femur indicated that
the acidic protein fractions reduced bone loss
due to OVX and maintained bone density
above OVX levels. According to the biomechanical data analysis, they also reported that
the acid proteins from milk and whey had
similar positive effects on bone stiffness,
and hence resistance against breaking [22].
Inﬂuences of bovine colostrums extract
(BCE) on osteoblast proliferation and bone
growth of fetal rats have been determined
by Yao et al. [47]. Their results showed that
the promotion activity of BCE on bone
development was more remarkable than that
of calcium. Compared with regular bovine
milk, BC not only contain abundant protein
but also enrich bioactive components that
can produce many physiological functions,
such as immune regulation activity, antimicrobial activity, muscular/skeletal repair,
and bone growth and development enhancement [7, 17, 19, 23]. Studies have shown
that colostrums are the only natural source
of two major growth factors, namely (1)
transforming growth factors alpha and beta
and (2) insulin-like growth factors 1 and 2
(IGF-1 and IGF-2). These growth factors
have signiﬁcant characteristics for repairing
muscle and cartilage [41].
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The products made from colostrums
have been marketed for their health beneﬁts
for many years and are generally regarded
as safe. Although colostrums are known to
contain a large number of biologically
active molecules, the effect on hemobiochemistry parameters (HP) has not been
investigated when colostrums were used
for diet over extended periods of time.
Since BC has more advantages on biological characteristics than mature bovine
milk, its bioactivity on bone growth and
characteristics has been a major interest in
research. There have been many studies
on the health functions of proteins from
BC. However, the direct or indirect effects
of BC on the properties of bone have not
been extensively investigated. The effect
of acid proteins from BC (BCAP) on the
blood biochemistry parameters of rats has
not been reported, which was necessarily
determined based on the higher concentration of colostrums’ nutrients and components. The aim of this study was to
investigate the effects of BCAP on the prevention of bone loss in aged OVX rats and
HP of rats.
2. MATERIALS AND METHODS
2.1. Preparation of BCAP
BCAP for this study was obtained from
fresh BC (the milk produced for the ﬁrst
24 h in lactation), milking from local farms.
After refrigerated rapidly, the milk was stored
at 4 °C and processed within 12 h. The
colostrum was defatted by centrifugation
(15 000× g, 20 min, 4 °C), sterilized by
0.22 μm ceramic membrane ﬁltration (GEA
Filtration, Global Engineering Alliance,
Bochum, Germany) (30 °C, 6 bar), concentrated by ultraﬁltration membrane with a
molecular weight cut-off of 5000 kg·mol−1
(15 °C); some rennet was then added to the
solution according to the enzyme’s activity,
and the precipitated casein was removed
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Table I. Dietary composition (g·kg−1).
Group
Sodium caseinate
BCAP
Cystine
Glycine
Methionine
Glutamine
Cellulose
Vitamin mix**
Mineral mix**
Corn oil
CaCO3
Starch
Total

Control (A/B)

C1

C2

C3

150
0
2.7
3.3
1.5
7
50
50
50
50
12.5
623
1000

148
0.04 g·d−1*
2.7
3.3
1.5
7
50
50
50
50
12.5
623
1000

140
0.20 g·d−1*
2.7
3.3
1.5
7
50
50
50
50
12.5
623
1000

130
0.40 g·d−1*
2.7
3.3
1.5
7
50
50
50
50
12.5
623
1000

*

So as to make the fair diet for each group, the gavaged dosage of BCAP and the content of sodium
caseinate in groups C1, C2, and C3 was equal to the content of sodium caseinate in groups A and B
almost. The mean food intake over the trial was 20 g·d−1 per animal.
**
Formulated by Crop and Food Research, New Zealand, according to the National Research Council
(1995) nutrient requirements for laboratory animals (AIN 93M). A, sham operation; B, OVX model
control; C1, OVX rats gavaged with BCAP of 0.04 g·d−1; C2, OVX rats gavaged with BCAP of
0.20 g·d−1; and C3, OVX rats gavaged with BCAP of 0.40 g·d−1.

by centrifugation (15 000× g, 20 min, 10 °C).
The sequential whey was concentrated by
ultraﬁltration membrane with a molecular
weight cut-off of 1000 kg·mol−1 (15 °C)
and loaded onto a column that had been
packed with anion exchange resin, DEAE52
cellulose (GE Healthcare, Uppsala, Sweden).
The column was sufﬁciently washed with
deionized water (pH 6.9) and the bound protein was eluted with 1 mol·L−1 NaCl solution
(pH 6.9), the pH was adjusted using hydrochloric acid (0.1 mol·L−1). BCAP was then
obtained by lyophilization and stored at
−20 °C, after dialysis of the eluted fraction
in a cellulose membrane tube (Millipore,
Billerica, Massachusetts, USA).
2.2. Animals and diets
Sixty female Sprague-Dawley rats (BW
195 ± 15 g) were supplied by the Experimental Animals Center of Harbin Medical
University in China. Guidelines for the Care
and Use of Animals were followed and

approved by the Ethical Committee of
Harbin Medical University. Forty-eight of
the rats were OVX and the other 12 received
a sham operation (A). The animals were fed a
modiﬁed AIN-76 diet [1, 2] (control diet in
Tab. I) for a 3-week recovery period after
the operation. Afterward, the OVX rats were
randomly separated into four groups, i.e.
OVX-control group (B), OVX-0.04 g·d−1
BCAP (C1), OVX-0.20 g·d−1 BCAP (C2),
and OVX-0.40 g·d−1 BCAP (C3). The dose
of the fraction was selected according to published studies on the MBP [40] and WAF
[21]. Animals had access ad libitum to deionized water. Animals in different groups were
fed a casein-based semi-synthetic diet for
12 weeks, as given in Table I. The sham
and the OVX-control groups received the
base diet, and the rats in groups C1, C2,
and C3 were gavaged with BCAP according
to the modiﬁed diet composition once a day.
The daily intake of the animals was measured, and their intake was adjusted weekly
according to the sham group’s body weight
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in order to prevent excessive body weight
gain in the OVX groups. The experimental
method was guided by a previous report
[26]. Ten rats in each group were used for data
measurement. The experiment was performed according to the Guidelines for the
Care and Use of Animals and was approved
by the Ethical Committee of Harbin Medical
University, according to national legislation.
2.3. Assay of blood biochemistry
parameters in OVX rats
At the end of experiment, the serums
from killed rats in all groups were separated.
Seven kinds of hemobiochemistry indexes
in serum of each group, such as total protein
(TP), total cholesterol (TCH), glucose
(GLU), high density lipoprotein-cholesterol
(HDL-C), low density lipoprotein-cholesterol (LDL-C), triglyceride (TG), and albumin (Alb), were determined using Auto
Biochemical Analysis Instrument (Hitachi
7170A, Tokyo, Honshu, Japan). The experimental method was guided by a previous
report [26].
2.4. Length and weight of femur
investigation
The bone wet weight was obtained using
an analytical balance (FA1004N, MoreChina, Shanghai, China), and the bone
length by a vernier caliper (Mitutoyo China,
Tianjin, China).
2.5. BMD and calcium content
determination
The left femur was divided into three aliquots (proximal end, middle segment, and
distal end) with a bone saw (Yongkang
Tiange Electric Ltd., Guangzhou, China)
in order to examine the difference in the
effect on the various segments. BMD of
the three aliquots of femur was measured
with dual-energy X-ray absorptiometry,
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using a Dichroma Scan DCS-600A (Aloka,
Tokyo, Japan) with beam energies of 22 and
53 keV adapted for measuring small animals. The scanning speed was 10 mm·s−1.
The stability of the measurement was controlled by scanning a phantom for calibration, each time the machine was turned on.
After each weight was measured, all
right femurs were dried at 105 °C in an
oven. The calcium content (CC) of each
femur was then determined using atomic
absorption spectrophotometry (PerkinElmer
AAnalyst 100, Waltham, Massachusetts,
USA) employing a hollow cathode lamp
at 422.7 nm and a slit width of 0.7 nm, after
wet digestion (HNO3:HClO4, 4:1; v/v) and
addition of 2% (w/v) lanthanum as La2O3.
The working standard solutions were prepared with CaCl2.
2.6. Identiﬁcations of proteins
in BCAP
The lyophilized BCAP was dissolved
in 0.2 mol·L−1 phosphate-buffered solution
(PBS) (pH 6.9). Fractions of BCAP were
isolated consecutively by Sephadex G-100
column (1.5 × 35 cm) (GE Healthcare,
Uppsala, Sweden) and Econo-pac Q prepacked column (0.59 × 3.6 cm) (Bio-RAD
Co., Beijing, P. R. China). Size exclusion
chromatography was run with a buffer
mobile phase (0.2 mol·L−1 PBS, pH 6.9)
at a ﬂow rate of 0.5 mL·min−1. According
to the purity requirement, the fraction from
Sephadex G-100 was puriﬁed further by
Econo-pac Q. Anion exchange chromatography was performed using 1.0 mol·L−1
NaCl 0.2 mol·L−1 PBS (pH 6.9) buffer as
a mobile phase with a 0.1–1.0 mol·L−1
NaCl linear salt gradient at a ﬂow rate of
0.8 mL·min−1. The whole chromatography
was performed at 4 °C with column efﬂuent
monitored at 280 nm. The eluted fraction
was concentrated by ultraﬁltration after
which it was dialyzed exhaustively against
ultra-pure water. Each puriﬁed protein fraction was identiﬁed by N-terminal amino
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acid sequence analysis technique at the
National Center of Biomedical Analysis of
China.
2.7. Statistical analysis
A total of 60 rats (12 per group) were
used in the trial and 10 rats selected randomly from each group were used for
statistical analysis. Differences among the
groups were determined by one-way analysis of variance. All statistical calculations
were performed using the SPSS (Statistical
Product and Service Solutions) 11.0
package software (SPSS Inc., Chicago,
Illinois, USA). Signiﬁcance was assigned
at P < 0.05. Values and graphs are expressed
and shown as mean values with standard
deviation (SD).

3. RESULTS
3.1. Assay of HP in normal
and OVX rats
TP, TCH, GLU, HDL-C, LDL-C, TG,
and Alb in serum were determined using
Auto Biochemical Analysis Instrument. As
shown in Table II, TCH in group B was signiﬁcantly higher than that in groups A, C1,
C2, and C3 (P < 0.05). GLU in groups B
and C1 was higher than that in group A
(P < 0.05). GLU in groups C2 and C3 were
not signiﬁcantly different from that in
groups A, B, and C1 (P > 0.05). TG in
groups C1 and C3 was not signiﬁcantly different from that in groups A, B, and C2,
although TG in group C2 was lower than
that in group B (P < 0.05). As for HDL-C,
LDL-C, TP, and Alb, each HP in all groups
has no distinct difference, respectively
(P > 0.05).
In the mass, BCAP has no positive or
passive effects on blood biochemistry
parameters of rats, which indicated that
BCAP can be added to food as a functional

additive without negative activity on serum
of normal and OVX rats.
3.2. Effect of BCAP on femur weight
of rats
The values of weight/length (W/L) of
group B, left and right femurs, were significantly lower than those of group A
(P < 0.05) (Tab. III). The values of W/L
(both left and right) in groups C1, C2, and
C3 were all higher than those of groups A
and B. Meanwhile, the values among
groups C1, C2, and C3 had no obvious difference (P > 0.05), which indicated that
BCAP has positive effect on femur of rats.
Therefore, it is possible that BCAP has a
positive effect on the growth of femur in
rats, but not in a dose-dependent manner.
There are many well-known factors
affecting W/L, such as the average area of
cross-section, the CC of marrow, and the
density of marrow. Hence, W/L is not an
effective index of BMD, even though it
can be an indirect reﬂection of BMD. The
lower values of W/L of group B compared
with those of group A could be caused by
a lower BMD and (or) a higher length.
Based on the above results, W/L cannot
reﬂect the change in bone density of rats
directly. It may be used as an indirect indicator of the BCAP effect on bone growth.
Therefore, BMD determination becomes
necessary to reﬂect the situation of bone
loss in OVX rats.
3.3. Effect of BCAP on CC of femur
of rats
Figure 1 shows that the CC in femur of
rats in group B was lower than that of
group A (P < 0.05), indicating a successful
ovariectomizing operation. CC of groups C1,
C2, and C3 was higher than those of
groups B and A (P < 0.05). This suggests
that BCAP had an afﬁrmative effect on
the calcium metabolism of femur in rats,
which can alleviate or suppress the CC

Indexes
TCH (mmol·L−1)
GLU (mmol·L−1)
TG (mmol·L−1)
HDL-C (mmol·L−1)
LDL-C (mmol·L−1)
TP (g·L−1)
Alb (g·L−1)

A
2.1286
5.65
0.4202
1.1938
0.5873
63.29
30.96

±
±
±
±
±
±
±

B
0.1309a
0.65b
0.0371a
0.1091a
0.0935a
5.05a
2.86a

2.5339
4.78
0.5420
1.2572
0.5321
64.36
31.36

±
±
±
±
±
±
±

C1
0.2286b
0.50a
0.0497b
0.0997a
0.0898a
4.39a
2.61a

2.1558
4.68
0.5043
1.1783
0.5908
63.71
32.44

±
±
±
±
±
±
±

0.1653a
0.49a
0.0385ab
0.1125a
0.0721a
5.06a
2.26a

C2
2.3940
4.96
0.4619
1.1813
0.5987
65.59
30.68

±
±
±
±
±
±
±

0.2287a
0.45ab
0.0367a
0.1043a
0.0949a
4.89a
2.66a

C3
2.3760
5.44
0.4924
1.2474
0.5791
63.90
31.78

±
±
±
±
±
±
±

0.2722a
0.55ab
0.0252ab
0.1207a
0.0744a
3.17a
2.48a

Note: A, sham operation; B, OVX model control; C1, OVX rats gavaged with BCAP of 0.04 g·d−1; C2, OVX rats gavaged with BCAP of 0.20 g·d−1; C3,
OVX rats gavaged with BCAP of 0.40 g·d−1. Values followed by different single letters in the same column are signiﬁcantly different (P < 0.05).
a, b
Values are not signiﬁcantly different with value followed by letter a or b in the same row (P > 0.05).
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Table II. Results (mean ± SD, n = 10) of hemobiochemical index determination.
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Table III. Results (mean ± SD, n = 10) of femur W/L.
Left femur W/L (g·cm−1)

Group
A
B
C1
C2
C3

0.2252
0.2173
0.2357
0.2309
0.2312

±
±
±
±
±

Right femur W/L (g·cm−1)

0.0113b
0.0101a
0.0152c
0.0128c
0.0071c

0.2243
0.2156
0.2347
0.2306
0.2302

±
±
±
±
±

0.0103b
0.0100a
0.0127c
0.0175c
0.0093c

Calcium content (mg.100 g−1 sample)

Note: A, sham operation; B, OVX model control; C1, OVX rats gavaged with BCAP of 0.04 g·d−1; C2,
OVX rats gavaged with BCAP of 0.20 g·d−1; C3, OVX rats gavaged with BCAP of 0.40 g·d−1. Values
followed by different letters in the same column are signiﬁcantly different (P < 0.05).

14
right femur
d
c

13

c

b
a

12

11
A

B

C1

C2

C3

Group

Figure 1. CC of femur (mean ± SD, n = 10). The CC of each right femur was determined using
atomic absorption spectrophotometry method. A, sham operation; B, OVX model control; C1,
OVX rats diet with BCAP of 0.04 g·d−1; C2, OVX rats diet with BCAP of 0.20 g·d−1; C3, OVX
rats diet with BCAP of 0.40 g·d−1. Values followed by different letters are signiﬁcantly different
(P < 0.05).

declining that had resulted from the OVX;
i.e. BCAP had curative effects on osteoporosis in aged rats. However, it was interestingly observed that CC of the group diet
with low dose (C1, 0.04 g·d−1) was
signiﬁcantly different (P < 0.05) from the
and
C3
groups
C2
(0.20 g·d−1)
−1
(0.40 g·d ), but C2 and C3 did not differ
signiﬁcantly (P > 0.05). Furthermore, it
presents the trend that C1 > C2 > C3, in
the reverse sequence of dosages. Based on
the results above, at the present dose tested,

the diet dosage of 0.04 g·d−1 was more suitable for CC of femur in OVX rats.
3.4. Effect of BCAP on BMD of rats
The results of BMD determination are
shown in Figure 2. BMD of proximal end,
middle segment, and distal end in group B
was all lower than those of group A significantly, which indicated bone loss due to the
estrogen declining in OVX rats. This
observation is consistent with the results
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0.36

A

B

C1

C2

C3
d

BMD (g.cm−2)

0.32

c

b

0.28

c c

d
b
d c

c

c

b
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Figure 2. Effect on BMD (mean ± SD, n = 10). BMD was measured using dual-energy X-ray
absorptiometry. Proximal, proximal end; middle, middle segment; distal, distal end. A, sham
operation; B, OVX model control; C1, OVX rats diet with BCAP of 0.04 g·d−1; C2, OVX rats diet
with BCAP of 0.20 g·d−1; C3, OVX rats diet with BCAP of 0.40 g·d−1. Values followed by
different single letters are signiﬁcantly different (P < 0.05).

of the CC assay above and further conﬁrms
that the establishment of animal model was
successful.
BMD of groups C1, C2, and C3 was
higher than that of groups A and B signiﬁcantly. C1 was the highest among the ﬁve
groups and markedly higher than C2 and
C3. However, the effects of C2 and C3 were
similar, which may be caused by the dual
effects of BCAP on both osteoblasts and
osteoclasts. Moreover, the three doses of
BCAP exhibited stronger activity on BMD
of distal end of bone, which was also
reported by an other research [26]. Therefore, it seemed that BCAP inhibited the
bone loss due to the estrogen declining in
OVX rats and had positive effects on
BMD. Diet with a lower dosage exhibited
a stronger activity.
3.5. Composition of BCAP
After loading the BCAP sample onto a
Sephadex G-100 column, the elution proﬁle
showed three major fractions. Based on
the purity requirement, one of the three

fractions was collected and subjected to
Econo-pac Q column, with a typical elution
proﬁle revealing three major fractions.
Under the conditions used in this study,
ﬁve isolated fractions existed after the
above procedures. The proteins in four
among ﬁve fractions were puriﬁed to homogeneity based on the BCAP preparation and
subsequent separation by size exclusion
chromatography and anion exchange chromatography. According to the N-terminal
amino acid sequence analysis results, lactoferrin (LF), osteopontin (OPN), IGF-2, and
epidermal growth factor (EGF) were identiﬁed to the dominant proteins in BCAP.
Moreover, the other fraction was a mixture
dominated by peptides with low molecular
weight (< 10 kg·mol−1) [9].
4. DISCUSSION
When a rat is ovariectomized, some
subsequent symptoms emerge, including
declining estrogen levels, increasing body
weight, uterus atrophy, and osteoporosis,
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which are typical characteristics of menopausal females [6, 35]. The model of
OVX female rats has been widely adopted
as a representative model of osteoporosis
for menopausal females or as a model of
bone loss associated with the menopause
[4, 33, 44, 46].
Based on the results of W/L, there could
be many effective factors to indicate the
density of femur directly, such as weight,
length, marrow content, marrow density,
and the average area of cross-section of
femur. With precise measurement of bone
volume unavailable, W/L could not be the
valid evidence of BMD. W/L was merely
an indirect clue of the effects on bone
growth as suggested by previous research
[26].
This study revealed that BCAP with
0.04 g·d−1 signiﬁcantly increased CC and
BMD of the proximal end, the middle segment, and the distal end of femur in OVX
rats. This positive effect was true for the distal end. It is known that the distal end of
femur consists of cancellous bone enriched
in trabecular bone and the diaphysis of bone
mainly consists of cortical bone. The density of cortical bone changes slower than
that of cancellous bone with the development of femur and could not be observed
during a short period [24, 31, 38, 42].
Therefore, during the 12-week experimental
period in this study, the changes in BMD of
the distal end of femur in the groups of rats
treated with different doses of BCAP were
more signiﬁcant compared with the changes
in the proximal end and middle segment.
In the study by Yao et al. [47], the proliferation of neonatal rat calvaria osteoblastic
cells in the medium which were treated with
BCE took place. The growth rates were all
stimulated in dose dependence at the range
of 0.002–20 mg·mL−1, but the activity of
BCE would be inhibited if the dose
exceeded continuously [47]. There are
many kinds of growth factors in BC, such
as EGF, IGF-1, and IGF-2. These growth
factors are capable of promoting the miosis

of osteoblasts from juvenile cells, inducing
the synthesis of collagen and matrix protein
by osteoblasts, and consequently promoting
the formation of bone matrix, calcifying the
bone, and increasing BMD. Francis [12]
and Francis et al. [13] reported that there
are many acid stable proteins with low
molecular weight in colostrums, such as
IGF-1 and IGF-2 and other growth factors.
These proteins have positive effects on protein synthesis of L6 myoblasts responsible
for the proliferation and differentiation of
rat osteoblasts.
The effect of basic proteins from whey
of bovine milk on BMD of OVX rats had
been investigated by Lu et al. [26] MBP
was reported to exhibit positive activities
on BMD of OVX rats at an optimum
dosage of 0.01 g·(kg·bw)−1. In this study,
BCAP with all dosages had positive effects
on BMD of OVX rats. BMD of group C2
(BCAP-0.20 g·d−1) and group C3 (BCAP0.40 g·d−1) did not differ signiﬁcantly and
was lower than that of group C1 (BCAP0.04 g·d−1), which indicated that BCAP
(0.04–0.40 g·d−1) exhibited activity on
BMD not in dose-dependent manner. The
dose-dependent manner may exist only in
dosages < 0.04 g·d−1. The low dosages
tested had better effect on BMD than medium and high dosages. This ﬁnding is consistent with the previous reports and is
believed to be caused mainly by a result
of two kinds of factors. First, growth factors
exert a passive feedback effect when the
dosage is excessively high. Second, the
growth factors in BC regularly exist in pairs,
as some growth factors have stimulatory
effects on osteoblasts and other growth factors on osteoclasts. The twin growth factors
induce opposing activities and limit each
other’s activity, and there is a dynamic balance between their effects in the course of
metabolism [10, 15, 18, 25, 28, 29, 32].
Based on the relationship of the dosages
tested and their effects on bone growth,
there exists great potential to optimize the
dosage level in future experiments.
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Four kinds of dominant proteins in
BCAP, LF, OPN, EGF, and IGF-2 were
identiﬁed by us. LF has an alkaline pI value
(8.0–8.6) and appears in BCAP, which can
probably account for protein-protein interactions. It has been demonstrated that LF
can electrostatically associate with OPN
and bind to OPN immobilized on a column
[3, 11]. In addition, a group of peptides with
low molecular weight (< 10 kg·mol−1) were
found in BCAP; the authors presumed that
these peptides are growth factors, such as
IGF-1 or other functional peptides, immigrating with other proteins in BCAP in
anion exchange chromatography. Many
studies on the direct or indirect effects of
these functional proteins on osteoporosis
have been reported [5, 8, 11, 26, 29, 36,
37]. They are closely associated with development and maintenance of bone, stimulation of the growth of osteoblasts and
inhibition of osteoclasts, and prevention
and treatment of osteoporosis.
The nutrition and safety of functional
additives of food have attracted more attention, and BC and BCAP did not make an
exception. The nutritional and physiological
safety of BC was evaluated by Davis et al.
[7]. Results showed that rats exhibited no
biochemical, physical, or histopathological
abnormalities after being fed for 90 days
with a chow supplemented with up to
10% colostrums.
It is well known that blood biochemistry
parameter is a valid reﬂection of the permeability of organic cells and the metabolism
function of organ. Results in this study have
shown that all dosages of BCAP (0.04–
0.40 g·d−1) have no obvious effects on the
blood biochemistry parameters, and there
was no signiﬁcant difference among the
parameters of groups C1, C2, and C3. The
results indicate that BCAP have no potential
hazard on blood lipids under present experimental condition. Further studies in human
beings are required to conﬁrm the long-term
safety of colostrums consumption.
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