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Chapter I 

introduction 

Skeletal development starts at early stage of embryo and its activity continues 

throughout life. The longitudinal growth of long bo111c almoM stopped after puberty. The 

mature bone, however, i~ not inactive tissue. Bone wc.ts continuously destroyed and formed. 

The bone metabolism is affccteu by various factors, e.g., age. mechanical stress unu 

nutritional status. lt is needless to say that skeleton plays a role to support whole body and its 

components, and to induce exercise with skeletal musde. The fragile bone reuuces physical 

activities of animals. The bone growth itself is important in animal production because 

skcletul growth is a dominant factor to decide body ma~.s and physical constitution. 

Bone has another physiologically important function to maintain calcium 

homeostasis. Therefore, bone metabolism is closely related to calcium status. Some of 

nutritional factors influence bone metabolism via the changes in calcium metabolism. Milk 

and milk products arc known to be an excellent calcium M>urce. The reasons exist in high 

availability of calcium as well as high content of the mineral. The absorbability of calcium 

from food sources is largely determined by other food components (Heaney et al. 1900). In 

this case, other milk components may contribute to high availability of milk calcium. 

In this thesis, the nutritional regulation of bone metabolism was studied through 

investigating the dietary effects of casein, major milk protein, on calcium bioavailability and 

bone status in rats and chicks. 



2.1 Bone Metabolism 

2.1.1 Growth of Long Bone 

2.1.1.1 Longitudinal Growth 

Chapter~ 

Literature Revie~ 

A long bone i~ anatomically divided into two parts, the end~ of the bone, 

epiphysis and the center, diaphysis. The ends of diaphysis where it joins the epiphysis arc 

especially termed metaphysis. In a growing animal, the epiphysis is separated from the 

diaphysis by a cartilage tissue, growth plate. The longitudinal extension of long bone is 

induced by the process of endochondral ossification in the growth plate. The growth plate 

consists of layers of carti lage containing different stages of chondrocyte which arc well

classified as resting zone, proliferating zone, maturing zone and calcifying zone. Some 

cells of resting zone proliferate and form into columns. These cells secrete cartilaginous 

matrix into maturation. The cells hypertrophy and the newly formed cartilage b calcified. 

And then, the calcified cartilage is invaded by blood vessels and resorbed by 

mul ti nucleated cells, chondroclasts. In the space of resorbed cartilage, bone is formed by 

ostcoblasts. These events continuously occur in the growth plate, leading to longitudinal 

cxtcntion of long bones. 

2.1.1.2 Lateral Growth 

Lateral growth of long bone is achieved by intramembranous ossification. The 

outside surface of long bone is covered with a membrane, periosteum. Osteoblasts. which 

arc derived from the periosteum, additionally formed new bone on the ~urfacc of existing 

bone. Although the long bone lateral grows by thiis event, the appropriate thicknc~~ of 
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cortical hone is maintained by bone resorption of osteoclasis on the endosteal surface. 

2.1.2 Bone Remodeling 

The bone, which IS formed by the endochondral ossification or the 

intramembranous ossification, is sequentially remodded. The surface 01 inside of bone is 

partially resorbed by osteoclasts. The loss of resorbed bone is normally refilled with new 

bone formed by osteoblasts. This bone remodeling OC(~urs overall bone throughout the l ife. 

2.2 Calcium M etabolism 

2.2.1 Calcium Dynamics 

Ingested calcium is taken in from the intestine in monogastric animals and birds. 

Intestinal calcium absorption is taken place by two processes. One is an active, saturable 

transport which occurs by energy-dependent mechanism by transccllulur route. The other is 

an passive, non-saturable transport that occurs by simple diffusion or solvent drag 

mechanism by paraccl lular route. The former is limit,cd in the proximal intestine, especially 

duodenum, while the Iutter appears throughout the intestine (Bronner et al. 1986). The 

passive transport is usually predominant in calcium absorption in animals fed adequate 

calcium. In the cases of low calcium intake and growing, however, the active transport is 

facilitated by vitamin D. 

The absorbed calcium from the intestine enters an exchangeable calcium pool. i. 

c., serum calcium. Serum constantly exchanges calcium with tissues, especially wi th a 

skeletal tissue. More than 99% of calcium in an animal body exists in the skeletal tissue. A 

part of serum calcium is excreted into feces with undigested calcium through the 

gastrointestinal tract and into urine through the kidney. In addition, some serum culcium is 

also mobilized into fetuses in pregnant mammals, into milk in lactating mammals and into 

3 



eggs in laying binh. 

~-~-~ Calcium Homeostasis and Bone 

Calcium ion is necessary to maintain phy~,iological cell function. Therefore, the 

concentration of extracellular calcium of normal animals and birds is constantly controlled 

within a narrow range by calcium regulating hormones, i.e., parathyroid hormone (PTH), 

calcitonin and I ,25-dihydroxychorecalcifcrol (active vitamin 0 3, 1,~5-(0 11).!03). When the 

concentration of serum calcium is beyond an appropriate value, thyroid gland secretes 

calcitonin into blood. Calcitonin directly acts osteoclasis and suppresses the activity of the 

cells and thus decrease the calcium flux from bone to serum to reduce serum calcium. When 

the concentration of serum cnlcium falls, parathyroid! grand secretes PTH. The mechanism 

of its action to raise serum calcium is multiple and complex. Parathyroid hormone acts 

osteoblasts and "itimulates calcium release by osteoclastic bone resorption via regulatory 

system of ostcoblasts. Parath) roid hormone also acts kidney and directly increase renal 

tubular reabsorption of calcium. Furthermore, the hormone increases the acti\'ity of !a

hydroxylase in kidney and stimulates the production of I .~5-(0 il).P3 . The increment of 

serum 1 ,25-(0H).P3 enhances intestinal calcium absurption and renal tubular reabsorption 

of calcium by facilitating the active calcium transport. In bone, the induct ion of osteoclast is 

also stimulated by I .~5-(0 1 1) .!03 • 

2.3 Dietary Casein in Bone and Mineral Metabolism 

Milk and milk products arc known to be an excellent source of calcium. The 

reasons exist in high availability of calcium as well as high content of the mineral 

(Buchowski 1989). M ilk contains almost al! nutrients, i.e., protein, carbohydrate, lipid, 

vitamins and minerals, as it is an only dietary so~rcc of newborns. In addition, some already-
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known physiologically active proteins or pcptidcs and stcroius exist in milk. For example, a 

considerable amount of pmathyroid hormone-related protein, which has similar effects to 

parathyroiu hormone, in bovine and human milk may play a role of regulation of calcium 

metabolism in sucklings (Barlct and Oa\'icco 1990, J.. .. aw ct al. L 990, Otsubo ct al. 1990, 

Ratcliffe ct al. 1990). On the other hand, the macro nutrients in milk-o,pccific forms arc 

thought to act functionally on calcium metabolism. L..<1ctnsc, 11111jor carbohydrate in milk. is 

well-known to stimulate intestinal calcium absorption (Dupuis & Fournier 1963, Lcngemann 

1959). Casein, one of the components of milk protein, is also specified and commonly found 

in mammalian milk. The content of casein is about HO% of cow's milk protein and about 35% 

of human's. Bovine casein consists of four portion., a,,-, a,.!-, f3- and K-caseins. Many 

functional pcptidcs have been found in the hydrolysate of bovine casein (Schlimmc & Meisel 

1995, Totsuka and Kaminogawa 1992), as shown in Table 2-1. It is suggcstcu that casein 

supplies physiological regulator bcsiucs nutrient. 

2.3.1 Casein Phosphopeptiucs 

2.3.1.1 Structure anu Calcium-binding Property 

Some casein phosphopeptidcs (CPP) result from proteinase-digestion of whole 

casein (Table 2-1). The primary structures of main CPP fragments from in vitro trypsin

digested f3-casein (Dumas et al. 1971, Manson and Annan L 97 L) and a~1 -cascin (Mercier 

ct al. 1971) arc as follows: 

f3-cascin phosphopcptidc 

H.!N-Arg-Giu-Lcu-Giu-Lcu-Asn-Va1-Pro-Giy-Giu-llc-Val-Giu

ScrP-Lcu-SerP-ScrP-SerP-Glu-Giu-Ser-llc:-Thr-Agr-OH 

a~1 -cascin phosphopcptidc 
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II2N-A~p-IIe-G ly-SerP-G lu-SerP-Thr-Giu-Asp-G lu-Aia-Met -G lu

Asp-lle-Lys-G lu-Met -G lu-SerP-lle-SerP-SerP-SerP-G lu-G I u-IIe

Vai-Pro-Asn-SerP-Vai-G ln-GI u-Lys-OH 

The !)-casein phosphopeptide and the a,1-casein phosphopeptide contain four 

and seven phosphorylated serine residues, respectively. The structure of the three 

consecutive phosphoserine residues followed by the two consecutive glutamic acid 

residues is common to both CPP. 

Manson and Annan ( 1971) predicted that the consecutive phosphoserine 

residues of ~-casein could have some biological significances. Baumy et al. (1989) 

showed the calcium-binding property of each of four phosphoserine residues of CPP (1-

25) from ~-casein using 31 P NMR. 

2.3.1.2 Calcium Solubilization 

Reeves & Latour (1958) at first clarified a physicochemical property of CPP. 

They prepared crude phosphopeptides from pancreatic casein hydrolysate and 

demonstrated that these peptides sequestered calcium phosphate in the buffered solution 

with pll 7 to 10.5. A similar in vitro effect of inhibiting the formation of insoluble 

calcium phosphate was thereafter confirmed in cwde CPP from bovine whole casein 

hydrolyzed by trypsin (Berrocal 1989) and purified CPP from bo\'ine whole (Gerber and 

Jost 1986) and bovine ~-casein hydrolysate (Sato et al 1986, 1991 ). It was noted that this 

solubilizing property was induced by the binding of calcium ion to phosphorylated 

residues of CPP because CPP lost the property of calcium binding and solubilizing by the 

dephosphorylation of CPP (Berrocal 1989, Gerber and Jost 198(>). furthermore, when rats 

ingested purified CPP from whole casein, the stimulation of calcium solubility was found 
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in the luminal contents of rat small intestine (Nagasawa ct al. 1991, llirayama et al. 19Y2, 

Lee ct al. 1992). This suggestion was supported by the finding that a part of ingested CPP 

remained with phosphorylated structure in the intestine (Kasai et al. 1995, Hirayama et al. 

1992). 

2.3.1.3 Calcium Absorption and Utilization 

Mykkiinen & Wasserman (1980) studied the effect of CPP on intestinal 

calcium absorption by using the in vitro techniqUte of everted gut sac and the in situ 

technique of ligated duodenal loop of chicks. They showed thut the intestinal transport of 

calcium was increased by the supplementation of CPP fraction of whole casein 

hydrolysate both in the in vitro and the in situ studies. They additionally ~uggested that 

vitamin-0-independent mechanism of calcium transport was enhanced by CPP from the 

results of positive effect of CPP in the intestine of rachitic chicks as well as normal chicks. 

Sato et al. (1986) also observed that the supplementation of purified CPP from ~-casein, 

compared to pcptides from soy protein, increased calcium absorption in the ligated ileal 

loop and calcium uptake by femur in in situ studies of rat. Since the stimulated calcium 

transport by CPP was accompanied by an increase of calcium solubility in the lumen, they 

concluded that CPP enhances calcium absorption from the ~mall intestine by increasing 

the concentration of soluble calcium, resulting in the increment of skeletal calcium 

deposition. Thereafter, Li et al. (1989) confirmed the indirect effect of CPP on the 

intestinal calcium absorption through denying the direct effect estimated by the alteration 

of electrical parameter and the mucosal-to-serosal and serosal-to-mucosal flux of calcium 

in the rat ileal tissue. They suggested that the physiological role of CPP b only the 

inhibition of the precipitation of phosphate-calcium salts, based on additional finding of 

inefficient absorption of calcium bound to CPP. The increase in the calcium solubility and 
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calcium ab~orption in the po~tprandially-ligated ileal loop wa!- observed in the rat~ orally 

supplemented with CPP (Kitt~ et al 1992, Yuan & Kills 1991). 

Although the ~imulativc effects of CPP on calcium ~olubilit) and intestinal 

calcium ab~orption have been con~tantly obsen·ed in the in vitro and in situ ::-.Ludic~, the in 

vivo effect of CPP on intestinal calcium absorption or calcium utilization i~ not clear. In 

the early works, the efficiency of CPP in bone calcification or ~kcletal calcium uptake was 

reported. Mcllandcr ( 1950) observed that dicta ry supplementation of CPP-calcium 

complex to rachitic chi ldren promoted bone calcification without administration of 

vitamin D. Patrick & Bacon (1957) also reported thiat orally supplied calcium as CPP salt 

was more efficiently deposited in rat femur than calcium as inorganic salts with or 

without supplementation of vitamin D. They fa1iled, however, to ob~erve such the 

stimulatory effect of CPP in chick. 

Recently, ~ome report!- ~howed ncgati\·c effects of CPP on intestinal calcium 

absorption and bone mineralization. Pointillart aud Gucguen ( 1989) reported that the 

dietary supplementation of CPP did not influence apparent ab~orption and retention of 

calcium and bone parameters in growing pigs fed adequate calcium. Scholz-Ahrens et al. 

(1990) reported that the feeding of crude CPP did not increase apparent absorption and 

retention of calcium in vitamin-0-deficient weaning rats fed adequate calcium. 

Brommage et al. (1991) showed that fractional calcium absorption of digestive twct was 

not altered by partial replacing whey protein with CPP a~ protein source in adult female 

rats. Yuan & Kitts (1991) reported that the supplementation of CPP to diet containing 

adequate calcium and isolated soy protein as protein source did not influence apparent 

calcium absorption and bone calcium content in growing rats, in spite of increasing 

luminal calcium solubility anu fractional calcium absorption in the ligated ileal loop. 

On the other hand, the other recent reports supported the early findings. Lee et 

8 



al. (1992) con\istently demonstrated the effect of dietary CPP on calcium utilization in the 

balance studies using weaning rats fed mildly low calcium diets containing i~olated soy 

protein as protein source. They observed that the 0.123% to 3.5% supplementation of 

purified CPP from whole casein improved apparent absorption and retention of calcium 

accompanied by a rise in soluble calcium contents of the small intestine. Simultaneously. 

the bone weight and calcium content increased in rats fed the diets containing CPP at 

1.75% to 3.5%. M atsui et al. (1994) observed higher calcium content and lower tartrate

resistant acid phosphatase activity in ectopic bone induced by decalcified bone matrix 

implantation in rats fed <1 low-calcium diet supplemented with 0.5% semi-purified CPP 

from whole casein than in rats fed a low-calcium diet without CPP. Although they did not 

directly estimate intestinal calcium absorption, they suggested that dietary CPP depressed 

bone resorption by increasing the amount of available calcium, with resulting prevention 

of bone calcium loss. Heaney et al. reported that the supplementation of semi-purified 

CPP from whole casein enhanced fractional absorption of co-ingested calcium in 

postmenoposal women with lower basal absorptive performance but not in those with 

higher performance. Tsuchita et al. (1993) observed that dietary supplementation of 

purified CPP from B-casein stimulated the improvement in apparent absorpt ion 

immediately after ovariectomized young rats with calcium deficiency were fed on diets 

containing calcium at 0.5%. but not 0.3% or 0.1 %. The facilitative effect of any dietary 

contents of CPP. however, was observed during 7 to 9 days or 26 to 2H day~ of the 

feeding period. Goto et al. (1995) investigated the- effect of dietary supplementation of 

semi-purified CPP from whole e<.tsein, at high dose of 10% as major source of calcium 

and phosphorus, on the balance of calcium, phosphorus and magnesium in growing male 

and female rats. They observed an increase in apparent absorption and retention of 

calcium in male rats. This supplementation of CPP also increased apparent absorption and 
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retention of pho~phorus and apparent absorption of mugne:,ium and decreased unnar) 

phosphoru~ excretion in both male and female mts. Other studies (T~uchita et al. 1995, 

1996) also ~howed a decrea~e in urinary phosphorus excretion owing to an increa~e in 

renal tubular reab~orption rate of phosphorus, in male growing and aged ovariectomized 

rats fed similar diets containing large amount of ('PJ>. In these studies, the 

supplementation of CPP significantly increased bone weight and hone mineral dcn!->ity of 

femur and humerus in growing rats and bone mineral density of femur in ovariectomized 

rats without significant changes in calcium metabolism. These studies suggested that 

dietary CPP could influence bone status through some mechanisms except for calcium 

utilization, including phosphorus metabolism. The stimulatory effect of CPP on bone 

mineralization was also suggested in birds. Kusuhara et al. ( 1992) reported that dietary 

supplementation of crude CPP from whole casein Mimulatcd the calcification of 

hypertrophic chondrocyte zone of epiphyseal growth plate in grov. ing broilers. 

Although the reasons wh) the results ohtaineu f10m previous in vivo !'>tudies 

was often inconsistent have not been fully resolved, the effect of ingested CPP was 

thought to be multiple and dependent on expe1rimental conditions including doses, 

puri f ication and chemical structure of supplcmenteu CPP, the composition of diets, sex, 

age and nutritional stutus of served animals, and the method or procedure of evuluation. 

2.3.1.4 In Vivo Formation of CPP and Calcium Ab.sorption 

Casein phosphopeptides arc formed by gastrointcstinul digestion in \.1\·o as 

well as by enzymatic hyurolysis in vitro. Nuito et al. ( 1972) ob1aineu a fraction containing 

a large amount of pho!->phopeptidcs from the small intc~tinal contents of rats fed casein 

diets. This fraction showed high calcium-binding activity. Therefore, they suggc~ted a 

physiological significance of phosphopeptide formation during the digestion of casein in 
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the intestinal tract in calcium absorption. Naito and Suzuki (1974) confirmed the 

formation of CPP in the contents of small intestine of rats fed diets containing f3-casein. 

Lee et al. (1979) observed higher contents of soluble calcium in the lower, but not upper, 

small intestine of rat-; fed a casein diet than those fed a egg albumin diet. They confirmed 

the fonnation of macrophosphopeptides in the small intestinal lumen of rats fed a 20% 

cnsein diet and then demonstrated the higher solubility of calcium and phosphorus in the 

contents of distal small intestine in rats fed a diet containing casein as a sole source of 

protein than in those fed diets containing egg albumin, isolated soy protein or amino acid 

mixture instead of casein (Lee et al. 1980). Furthermore, they investigated the effect of 

the intestinal calcium absorption in rats fed casein using in situ techniques (Lee et al. 

1983). The rats fed a diet containing 20% casein showed higher fractional absorption of 

orally supplemented calcium in ligated segments of distal small intestine, accompanied by 

higher solubility of luminal calcium. than those fed a diet containing an equivalent amino 

acid mixture. The transport of calcium directly injected into the ligated segments to the 

portal vein was abo higher in rats fed the casein diet. Nagasawa et at. (1991) observed 

higher fractional and apparent absorption of calcitUm in ligated ileal loops with higher 

content of inorganic phosphate in rats fed casein than in those fed whey protein or isolated 

soy protein. Sato et at. (1983) observed that the simulative effect of casein on luminal 

calcium solubilization and intestinal calcium absorption was lost by the 

dephosphorylation of casein and thus concluded that the specie effect of dietary casein on 

the enhancement of calcium absorption is essentially due to the phosphates in CPP which 

arc formed during luminal proteolysis of casein molecule~. The~e ~tudies indicated that 

ingested casein can form CPP during intestinal digestion and contribute inte~tinal calcium 

absorption by inhibiting the formation of insoluble calcium-phosphate complex in the 

distal small intestine. The in vivo formation of CPP was proved in minipigs as well as in 
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rat~ (Mci~cl & 1-ri!-.tcr 19HH, 19H9). 

Ncvcrthclc~~. the effects of dietary casein on intestinal absorption or balance 

of calcium have not been clarified in vivo. Bmmmagc ct al. (1991) reported that 

increasing the level of dietary casein from 9% to 27% slightly increased fractional 

calcium absorption in adult female rats fed a loiN-calcium diet. Scholz-Ahrens ct al. 

(1990) reported that there were no significant d iffcrences between casein and whey 

protein as dietary protein in femoral weight and calcium content in weaning minipigs fed 

low calcium diets and in apparent absorption and retention of calcium in vitamin-0 -

deficicnt weaning rats fed adequate calcium. 

2.3.2 Other Pcptides 

It is generally known that ostcoblasts and chondrocytcs arc derived from the 

same progenitor cells as fibroblasts , and osteoclasis arc derived from the same progenitor 

cells as macrophages. Peptidcs, which stimulated the DNA synthesis of BALB/c3T3 cells, 

fibroblastic cells derived from mouse in vitro, were f•Jund in tryptic hydrolysatcs of human 

(Azumn ct al. 19H9) and bovine (Nagaunc ct al. 1989) P-cascin. The pcptidcs which 

increased the number of phagocytotic macrophage iin vitro were also founded in tryptic 

hydrolysatcs of human (Parker et al. 1989) andbovinc: P-cascin (Bcrthou ct al. 1989). These 

pcptidcs may directly inllucncc the activity of bone cells, if they arc absorbed structurally 

intact through the gastrointestinc. 
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Table 2-l. Functional peptitles derived from bovine casein. 

Bioactivity and nomenclature Origin 

Opioid-agonistic peptitles 

f3-casomorph in-4 -am ide ( morph iccpti n) f3( 60-63) 

P-casomorphin-5 f3(60-M) 

f3-casomorphin-7 

f3-casomorphin-11 f3(60-70) 

exorphin (a-casomorphin) 

Opioid-antagonist ic peptidcs 

casoxin 6 K(3J-38) 

Reference 

Chang ct al. L 9X I, 19X5 

llcnschen et al. 1979 

I3rantl ct al. 1979, 
llenschcn et al. 1979 

Meisel & Frister 1986 

Loukas et a!. L 983, 
Zioudrou et al. 1979 

Yoshikawa et al. 1986 

casoxin A K(35-41)/(35-42) Chiba et al. J 989 

casoxin B K(57-60) Chiba et al. L 989 

casoxin C K(25-34) Chiba et al. L 989 

Immunostimulating peptide 

as.-casein fragment Migliore-Samour & Jollcs 1988 

f3-casein fragment f3(63-68) M igl iore-Samour & Jollcs 1988 

P-casein fragment f3(191-193) I3erthou et al. 1987 

Angiotensin [-converting enzyme-inhibitory pcptides 

casokinin (CEI 5) Maruyama et al. 1985 

casokinin (CEI12) Maruyama & Suzuki 1985 

casokinin (CEic.tct~) Maruyama et <tl. L 987 

casokinin (CEio7) f3(177-183) Maruyama et al. 1985 

(Continued) 
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(Continued, Table :2-1) 

Cell-growth-stimulating peptides 

(casokinin (CEin7)) 

Mineral-binding peptides 

a-casein phosphopcptidc 

13-casein phosphopeptide 

Antithrombotic peptides 

casoplatelin 

Calmodulin-binding peptitles 

13(177-183) 

a ,1(43-79) 

0.81(43-58) 

a.81(59-79) 

a.~.(66-74) 

a.d46-70) 

13(1-25) 

13(1-28) 

K(106-116) 

a.d 164-179) 

a.dl83-206) 

a.dl83-207) 

Nagaune et al. 1989 

Lee ct al. 1983 

Gerber & Jost 1986 

Gerber & Jost 1986 

Meisel and Frister 1988, 1989 

Gerber & Jost 1986 

Lee at al. 1983 

Gerber & Jost 1986 

Fiat et al. 1989 

Kizawa et al. 1995 

Kizawa et al. 1995 

Kizawa et al. 1995 



Chapter 3 

Effect of a lligh Casein Diet on Bone and Mineral Metabolism in Rats 

INTROD UCfiON 

Although high protein diets ha,·c been well eMablished to induce an increase in 

urinary calcium in in Jats (Uell et al. 1975, Funaba et al. l9H9, Whiting & Draper 19HO, 19H I) 

as well as in men (Allen ct al. 1979a, l979b, Schuelle c::.t al. 19HO, Sherman 1920), the effect 

on calcium absorption is less clear. Some reports showed that calcium absorption was 

stimulated by high protein diets (Engstrom and DeLuca 1963, Walker and Linkswilcr 1972), 

while others did not (Allen et al. L 979b, Kim and Linkswilcr 1979, I lowe and l3cccher 1981). 

The discrepancy on calcium absorption is thought to be caused by the differences of used 

protein sources, animal age and feeding duration. 

On the other hand, magnesium metabolism has been less in,·cstigatcd than calcium 

metabolism in animals under high protein intake. Although it was reported in early times that 

high protein intake enhanced magnesium absorption in human (McCance et al. 1942), the 

effect of high protein intake on magnesium absorption has not been confirmed (Kitano ct al. 

1987). In addition, high protein feeding often induces an increase of urinary magnesium 

excretion in human (McCance ct al. 1942), rats (Stcrck ct al. 1992, Verbeck et al. 1993, 

Zhang & Beyncn 1992) and cattle (Wang & Beede 1990). 

When a casein diet is ingested. CPP arc formed in the lumen of distal small intestine 

(Lee ct al. 19HO). These peptidcs ha,·c abilities to bind calcium and other cations. Lee ct al. 

(1980 and 19H3) suggested from an in situ study that the formed CPP inhibited formation and 

precipitation of insoluble calcium salts and stimulated calcium absorption. However, the in 

vivo effect of ingested casein on intestinal caicium absorption is controversial. 

This study was conducted to examine the effect of long-tcnn feeding of a high 
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casein diet on calcium ami magnesium metabolism and hone integrity in rats. 

MATERIALS & METilODS 

Sixty-two weaning male Wistar rats, aged 28 days, were used. Animals were houseu 

individually in hanging stainless steel cages under controlled conditions with constant 

temperature (24-26vC) anu a 12 hour light : 12 hour darkness cycle. All rats were fed a 

control diet containing 20% casein (Table 3-1) for 7 days. Then. the animals were divided 

into two dietary groups and fed either the control diet or a high casein diet containing 40% 

casein. Both the control diet and the high casein diet containeu 15.4 MJ/kg mctalmlizable 

energy, 0.61% calcium, 0.56% phosphorus, 0.05 % magnesium, which satisfied the 

requirements for growing rats (National Research Council 1978). The diets and water were 

given freely. 

Each dietary group was further divit.led into four groups, and intake and excretion of 

calcium, phosphorus and magnesium in feces and urim; were measured individually for 120 

hours on either day l-5, 21-25, 61- 65 or 161-165. Furthermore, on either day 20, 40, 80 or 

180, 7 to 8 animals of each group were killed under pe~ntobarbital sodium anesthesia, and the 

samples of plasma and right tibias were collected. 

Feed and fecal samples were digested by nitric acid and perchlonic acid. Calcium, 

phosphorus and magnesium in urine and in the digested samples were measured. Plasma was 

deproteinized by I 0% trichloroacetic acid and its calcium, phosphorus and magnesium 

concentrations were measured. After tibias were free of adherent tissue, they were dried <Jt 

135°C for 2. hours and then ashed at 60011C for 2.4 hours. The ash was dissoh·ed in 1 mol/1 

hydrochloric acid, and calcium and magnesium concent1·ations of the solution were measured. 

Calcium and magnesium were analyzed by momic absorption spectrophotometry. Phosphorus 

was analyzed by the method of Gomori (1942). 
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Apparent intestinal absorption of e<Jch mineral wm, calculated as the intake m1nus 

the fecal excretion. The retention was calculated as the apparent absorption minus the urinury 

excretion. Urinary excretion, apparent absorption and retention of each mineral were 

expressed as the percentage of intake. 

Data were analyzed by two-way AN OVA usmg the G LM procedure of the 

Statistical Analysis System program (SAS Institute Inc.) to test the effect of diet, time and 

diet x time interaction. When the diet x time interactions were significant, means of all eight 

groups were compared by Fisher's least significant difference test. When the effects of time, 

but not the diet x time interactions, were significant, least square means of each time group 

were compared by Fisher's least significant diffcrcn•cc test. Significant le\'cls of all the 

statistical tests were set at p<0.05. 

RESULTS 

Feed intake and the intakes of calcium, phosphorus and magnesiUm m the high 

casein group were not significantly different from those in the control group in each period of 

balance tests. Body weight was similar between the two dietary groups throughout the 

experiment (Figure 3-1 ). 

Urinary calcium excretion was significantly higher in the high casein group than in 

the control group (Table 3-2). Apparent absorption and retention of calcium were also 

significantly higher in the high casein group than in the control group, and the absorption and 

retention in both groups was noteworthily lower in the latter two periods than in the former 

two periods. 

Apparent absorption and retention of phosphorus were significantly higher, but 

urinary phosphorus excretion was significantly lower in the high casein group than in the 

control group (Table 3-3). While urinary phosphorus excretion gradually increased in both 
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groups during the experiment, apparent absorption and retention decreased. 

Urinary magnesium excretion was higher in wts fed the high casein diet than in rats 

fed the control diet (Table 3-4). Urinary magnesium excretion similarly changed in both 

dietary groups, i.e .. the urinary excretion decreased from day l-5 to day ~ l-~5 and then 

gradually increased. Apparent magnesium absorption was significant!) higher in the high 

casein group than in the control group. Apparent absorption and retention of magnesium 

continued to decrease throughout the experiment m both dietary groups. However, the 

reduction of apparent absorption and retention of magnesium was more remarkable in the 

control group than in the high casein group in the latter two collection periods. As a resu l t, 

the difference of magnesium absorption between the two dietary groups was significant on 

day 61-65 and day 161-165, but not on day 1-5 and day 21-25. Although magnesium 

retention was gradually decree:tsed in both dietary groups, it v. as significantly higher in the 

high casein group than in the control group on day 161-165, but not the other periods. Rats 

fed the high casein diet kept a positive retention even in the last period although the negative 

retention was observed in rats fed the control diet. 

There was no significant difference in plasma concentrations of ca lcium, inorganic 

phosphorus and magnesium between the two dietary groups (Table 3-5). Plasma calcium and 

inorganic phosphorus concentrations gradually decreased during the experiment in both 

groups. On the other hand, plasma magnesium concentration did not change during the 

experiment. 

Tibial dry weight and specific gravity were significantly higher in the high casein 

group than in the control group (Table 3-6). The wet weight also tended to be higher (p<O.lO) 

in the high casein group. These parameters of tibia significantly increased with age in both 

the dietary groups. 

T ibial calcium content in the high casein grouiP was not signi ficantly different from 
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that of the control g10up. The magnesium content was ~ignificantly higher in the high casein 

group than in the control group. The calcium content continued to increase significantly 

throughout the experiment. The magnesium content significantly increased up to day 80 and 

then reached the plateau. 

DISCUSSION 

The high casein diet significantly increased urinary excretion, apparent absorption 

and retention of calcium. The increase in urinary calcium excretion has been demonstrated in 

rats fed high protein diets composed by not only casein but also other protein sources (Calvo 

et al. 1982, Whiting & Draper 1980, Zang & Beyncn 1992). This protein-induced calciuria is 

thought to be caused by a reduction of renal reabsorption of calcium (Whiting & Draper 

1980) besides an increase in glomerular filtration rate (Allen et al. 1979a, Schuetteet al. 19~0). 

The increased calcium excretion in urine affected less calcium retention bec<Jusc urine was a 

quite minor rout of calcium excretion. Therefore, the increment of apparent calcium 

absorption resulted in increasing calcium retention in the high casein group. 

High casein intake did not increase calcium absorption in some previous balance 

studies (Allen & II all 1978, Graves & Wolinsky 19~0, Shenol ikar & Rao 1968, Zhang & 

Beynen 1992). llowe & Beecher (1981) observed that a high casein diet increased apparent 

calcium absorption in weaning rats only at week 2, 5 and 6 during 7 weeks of balunce study. 

Verbeck et al. (1993) also observed an increase inapparent calcium absorption in 3-week-old 

rats fed a high casein diet for 2 weeks, but not in 7-wcck-old rats fed a similar high casein 

diet for 2 or 3 weeks. These findings may indicate that the stimulatory effect of high casein 

intake on calcium absorption is temporary. All these results, however, were obtained from 

relatively short-term studies. In this study, the stimulatory effect of the high casein diet on 

apparent e<tlcium absorption seemed to be weaker on d<tl)' 21-25 than on day 1-5 although the 
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statistics did not prove ~uch the fact. The increment of <11pparent calcium absotption, however. 

was su~pcndcd in the later periods in the high casein group. 

On the other hand, no increase in calcium ab~.orption has been observed in balance 

tests of rats fed a high protein diet produced by other protein sources (Funaba et al. 1989, 

Stcrck et al. 1992, Zhang & Bcyncn 1992). Therefore, the increased apparent calcium 

absorption by high casein intake is thought to be due to the used protein source. When rats 

ingest a casein diet, CPP arc formed in the lumen of distal small intestine (Lee ct al. 1980). 

The pcptides arc known to stimulate intestinal calcium absorption by inhibiting the fonnation 

of insoluble calcium salts with phosphate. Verbeck et al. ( 1993) showed that the increment of 

apparent absorption was accompanied by an increas•c in the amount of soluble luminal 

calcium in ileum in rats fed a high casein diet. The increase in apparent calcium absorption by 

high casein intake may be explained by the stimulatory effect of CPP on intestinal atlcium 

absorption. 

The high casein diet increased phosphorus retention by both increasing the apparent 

absorption and decreasing the urinary excretion. Although the effect of high protein intake 

itself on phosphorus absorption has not been clear, an increase in apparent phosphorus 

absorption has been often observed in rats fed high casein diet (Graves & Wolinsky 1980, 

Howe & Beecher 1981, Verbeck ct al. 1993, Zhang & Bcyncn 1992). The increase in 

apparent phosphorus absorption may be also due to such the action of CPP because CPP 

stimulates phosphorus solubility by the same manner as calcium. Otherwise, the increased 

apparent absorption of phosphorus may be derived from the difference in absorbability 

between inoganic and organic phosphorus as Howe & Beecher ( 1981) suggested. Casein 

includes much phosphorus as called "phosphoprotein". Although both the experimental diets 

contained same amount of phosphorus, its origin was 4uitc different. The increment of 

apparent absorption and urinary cxcreation of phosphorus might be partly due to a decrease in 
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the endogenous loss because the increased bone mass enhanced the demand of the mineral. 

The high casein diet increased apparent absorption and urinary excretion of 

magnesium. The intensity of the effect on the urinary excretion was almost constant through 

the experiment, while that on the apparent absorption was modulated by the feeding duration. 

That is, the stimulatory effect of high casein diet on the apparent absorption was less clear 

before day 21-25 and thereafter, was growing with the extension of feeding period. In result, 

the rate of an decrease in apparent magnesium absorption with time was more moderate in the 

high casein group than in the control group. The high casein diet suppressed the reduction of 

apparent magnesium absorption in aged rats. Magnesium retention was not changed by the 

high casein diet in early period, while the high casein diet increased the retention in the late 

period. 

Zhang & Beynen (1992) obsen·ed an increase in apparent magnesium absorption in 

rats fed a high casein diet, but not in rats fed a high soybean protein diet or a high cod meal 

diet. The efficiency of magnesium absorption is knnwn to be largely dependent on the 

solubility of luminal magnesium (Brink et at. 1992, Hardwick et al. 1991 ). It was reported 

that a high casein diet increased magnesium solubility in ileal lumen (Verbeck et al. 1993) 

Goto et at. (1995) reported that dietary CPP stimulated apparent magnesium absorption in 

growing rats. The high casein diet might increase the solubility of magnesium through the 

action of CPP and improve magnesium absorption, in particular, in aged rats whose intestinal 

function is on the decline. 

The increment of urinary magnesium excretion has been demonstrated in rats fed 

high casein diets (Petito & Evans, 1984, Verbeck et al. L993, Whiting & Draper 1980, Zhang 

& Beynen 1992) as well as other high protein diets (Calvo et al. 1982, Sterck et at. 1992, 

Whiting & Draper 1980, Zhang & Beynen 1992). Although the mechanisms of increased 

magnesium loss in urine by high protein intake is m>t known, the increa~e in apparent 
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magnesium ab~orption may pa1 tly cau~e the increase in minary magnesium e:\cretion in this 

study. An increase in glomerular filtration rate induced by high protein ingestion may be 

involved as in the case of calcium. 

Calcium anll phosphorus arc major inorganic components of bone. Next to these 

minerals, magnesium is an important mineral in bone. The high casein llict increased tibial 

dry weight and specific gravity. Such the increment of bone mass was thought to be caused 

by the improvell retention of calcium, phosphorus and magnesium. Bone also plays as a 

storage of these minerals in the body. Therefore, the increase in bone mass and bone 

magnesium content strongly suggested that high casein intake increase bioa\'ailability of 

calcium, phosphorus and magne~ium in rat~. 

SUMMARY 

The chronic effects of high casein intake on calcium, phosphorus and magnesium 

balance were investigated in growing rats. Male Wiswr rats, aged 2H days, were fed a control 

diet (20% casein) for 7 days. And then, the animals were divided into two dietary groups and 

fed either the controllliet or a high casein diet (40% casein). Uoth the two experimental diets 

contained 0.61% calcium, 0.56% phosphorm; and 0.015% magnesium, which satisfied the 

requirements for growing rats. Balance tests were performed dlll ing day 1-5, 21-25, 61-(l5 

and 161-165 of the experiment, and serum and tibias were collected on day 20, 40,80 or 180. 

There was no significant difference in feed intake and body weight gain throughout the 

experiment. The high casein diet significantly increased calcium retention by stimulating the 

apparent absorption. irrespecti\'cly of the test periolls. Phosphorus retention was also 

continually increased by the high casein diet through an increase in the apparent absorption 

besides a decrease in the urinary excretion. The high casein diet did not significantly 

influence magnesium retention in the early three periods. In the last periods, howe\·er, the diet 
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significantly increa~et! magnesium retention by improving the apparent absorption. Plasma 

concentrations of the~e minerals were not significantly influenced by the dietary treatment. 

The chronic intake of high casein diet significantly increa<.,ed tibial dry weight, ~pecific 

gravity and magne~ium content. These results ~uggcsted that a long-term feeding of a high 

casein diet increases apparent absorption and retention of calcium, phosphorus and 

magnesium in rats. 
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Table 3-l. Compo~itton of e>.perinwntal diet~ 

Ingredients, g/kg 

Casein 

Corn starch 

Sucrose 

Cellulose powder 

Corn oil 

Vitamin mixture 1 

Mineral mixture2 

KH2P04 

K3C6H50,·112() 

Control 

200 

300 

290 

80 

60 

20 

32.84 

17.16 

0 

lligh casein 

400 

200 

190 

HO 

60 

20 

32.84 

10.59 

6.57 

10nc gram of vitamin mixture contained 466IU of vitamin A, 2331U of vitamin D 3, 12mg of 

vitamin E acetate, 0.06mg of vitamin K 3, 0.59mg of vitamin 13 1 IICI, 0.59mg of vitamin 8 4, 0.29mg 

of vitamin 8 6 HCI, 2~tg of vitamin 8 1:, 5.HHmg of vitamin C, l()~tg of D-biotin, 20~tg of folic acid, 

2.35mg of Ca-pantothenate. 2.94mg of nicotinic acid, 11.76mg of inositol. 

zsupplying(mg/kg diet): CaiiP04·21lzO. 215; NaCI, 12,530; ferric citrate, 311.5; 

MgS()o~·7H2(), 4,990; ZnCI 2, 10; MnS04 ·4H20, 60.5; CuSOo~·5H20, 78; Kl, 0.25; CaC03, 

14,645; (NH 4 ) 11Mo,():4-4H2(), 1.25. 
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Table 3-2. Effect of a high ca~ein diet on calcium balance 

Urinary excretion Absorption 

Day Control High cal.ein Control lliglh casein 

g/IOOg calcium intake 

1-5 0.42±0.06(~)"11 0.%10.12{~) 49.0.t 1.5{~)" 59.6 I 2.1 (~) 

21-25 0.39±0.07(7( 0.451.0.06(7) 43.7±2.5(7)11 44.3·± 1.4(7) 

61-65 0.34±0.05(8)11(0.61 ±0.09(8) 18.8±2.5(8)c 23.J.-t 1.9(~) 

161-165 0.47±0.05(8)" 1.07±0.24(8) 13.3±5.1(8)( 21.9± 1.~(8) 

Diet 

Time 

Diet xTime 

...... 

** 

NS 

Statistical signi1ficance 

** 

** 

NS 

Retention 

Control High casein 

4~.6± 1.4(8)" 5~.7 :!.-2.1 (~) 

43.3±2.4(7)11 43.~+ 1.4(7} 

18.5±2.5(8/ 22.7+ 1.9(8) 

12.H±5.2(8)( 20.9+ I .8(8) 

** 

** 

NS 

Values arc means±SEM(n). Statistical significance of two-way ANOV A: **, p<O.O I; NS, not 

significant (p>0.05). Different capital letters indicate significant differences among least s4uare means 

of each time (p<0.05). 

Table 3-3. Effect of a high casein diet on phosphorus balance 

Day 

l-5 

21-25 

61-65 

161-165 

Diet 

T ime 

Urinary excretion 

Control High casein 

29.7±0.9(8)c 29.1 .t l.O(~) 

29.1±0.7(7)c 23.4±0. 7(7) 

36.5±1.3(8)n 34.0 t 1.3(8} 

41.1 ±3.5(8)" 36.910.7(8) 

** 

Diet xTime NS 

Absorption Retention 

Control lligh ca~cin Control lligh cct:-.cin 

g/ I OOg phosphor us intake 

76.7±0.8(8)" 80.8~1.0(8) 47.1± 1.2(8)" 51.71 1.4(8) 

67.4±1.7(7)11 65.7-!0.8(7) 38.3±2.1(7)11 42.311.3(7) 

55.3± 1.9(8)( 59.!H 1.3(~) 18.9±1.1(8)r 25.lP 1.~(8) 

4K0±2.9(~)0 53.5+ 1.3{8) 6.9±6.1(8)1) 16.6+ 1.4(8) 

Statist ie<t I :-.ign i fica nee 

* ** 

** ** 

NS NS 

Values arc means±SEM(n). Statistical significance of two-way ANOV A: *, p<0.05; **, p<lUl 1; NS, 

not significant (p>0.05). Different capital letters indie<tte significant differences among ka\1 s4uare 

means of each time (p<0.05). 
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Table 3-4. Effect of a high casein diet on magnesium balance 

Day 

1-5 

21-25 

61-65 

161-165 

Diet 

Time 

Urinary excretion 

Control High casein 

12.1 + 1.9(H)< 23.H± 1.1 (H) 

7.9±2.0(7)0 3.H±l.H(7) 

21.3±3.0(H)11 2H.2± 1. 9(H) 

30.9±2.3(H)" 35.0±3.4(8) 

** 

** 

Diet xTimc NS 

Absorption 

Control High casein 

g/lOOg magnesium intake 

6l.l±l.H(H)" 67.2±1.3(H)• 

48.7±2.2(7)oc 50.7±1.9(7)" 

35.9±2.7(8)d 45.9:t2.7C8Y"' 

19.1±5.5(8t 4UH2.1(8)u.J 

Statistical signilficancc 

** 

** 

** 

Retention 

Control High casein 

49.0 t3.0(H)' 43.4±2.0(H)"" 

40.7±3.4(7)oib 36.9±2.7(7}" 

14.6±2.5(8)u.l 17 .8± 1.8(8t 

- II .8i6.4(H)c 6.8±2.5(8)d 

NS 

** 

** 

Values arc mcans±SEM(n). Statistical significar.cc of two-way ANOY A: **, p<O.O 1; NS, not 

significant (p>0.05). Different capital and small letters indicate significant differences among least 

square means of each time group and means of individual group, rc!>pcctivcly (p<0.05). 
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Table 3-5. Effect of a high casein diet on mineral concentrations of plasma 

Day 

20 

40 

80 

180 

Diet 

Time 

Calcium Inorganic phosphorus 

Control High casein Control High casein 

mg/100 ml 

10.20+0.22(7)"10.11 ±0.16(6) 9.19.t0.60(7)" 9.0l:t0.31(6) 

9.93±0.1 0(6)AU9.96i 0.10(7) 

9.87±0.07(6)"11 9.92±0.09(8) 

9.72±0.15(4)11 9.62±0.12(4) 

NS 

* 

7.62±0.37(6)11 7.66:t0.13(7) 

7 .19±0.56(6)11 7.22:t0.29(8) 

4.56±0.44(4)c 5.37J0.48(4) 

Statistical significance 

NS 

** 

Diet xTimc NS NS 

Magnc!:>ium 

Control High casein 

1.89±0.1.)(7) 1.79±0.04(6) 

1.84±0.05(6) 1.83±0.06(7) 

2.08±0.18(6) 1.66±0.08(8) 

1.56.HW4( 4) 1.66±0.03( 4) 

NS 

NS 

NS 

Values arc means±SEM(n). Statistical significance of two-way ANOV A: *, p<0.05; ..., , p<O.O I; NS, 

not significant (p>0.05). Different capital letters indicate significant differences among least syuare 

means of each time (p<0.05). 
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Table 3-6. Effect of a high ca~cin diet on tibial weight and specific gravity 

Day 

20 

40 

80 

180 

Diet 

Time 

Diet xTime 

Wet weight 

Control lligh ca-,cin 

mg 

301 I II{(>)' JOO IJ(4) 

42H I 11(7}11 437114(7) 

634!17(7( 673±29(H) 

709 :t l9(H)" 771±23(8) 

NS 

NS 

Dry weight 

Control lligh casein 

mg 

212.17((>)" 21·117(•1) 

325J..10(7)11 32<)_19(7) 

46 7±9(7)c 491 ±20(H) 

533±15(8)11 579±17(H) 

Statistical significance 

* 

** 

NS 

Specific gravity 

Control High c.rsein 

g/cm' 

J.l.) !.0.0 I((>)" 1.17 UJ.IJ2( 4) 

1.4210.0 I (7)11 1.43 I 0.0 I (7) 

1..:)0+0.01(7( 1.51±0.01(8) 

1.58±0.0 I (8)" 1 .62±0.0 I (8) 

** 

NS 

Values arc means±SEM(n). Statistical significance of two-way ANOVA: *, p<0.05; '"*, p<O.O I; NS, 

not significant (p>0.05). Different capital letters indicate ~ignifi<.:ant difference:. among lca'>t square 

means of each time (p<!Ul5). 

Table 3-7. Effect of a high casein diet on tibial contents of calcium and magnesium 

Day 

20 

40 

80 

180 

Diet 

Time 

Diet x Time 

Caldum 

Control High casein 

mg 

60±3(6)" 58±4(4) 

96±2(7)11 101 ±3(7) 

120±4(7)( 127±6(8) 

12715(8)" 134±6(8) 

Magnesium 

Control II igh casein 

mg 

1.1 H±0.06(6 )" 1. 19±0.09( 4) 

1.53 ±0.05(7) 11 1.57 t().()6(7) 

2.23±0.06(7)( 2.52 ~. 0.13(8) 

2.08+0.08(8)< 2.4Ki0.11 (H) 

Statistical '>ignificance 

NS ... 
•• 

NS NS 

Values arc mcans±SEM(n). Statistical significance of two-way ANOV A: **, p<O.O 1; NS, not 

significant (p>0.05). Different capital and small letters indi•.:ate signific<ult differences among least 

square means of each time (p<0.05). 
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Chapter 4 

Effect of Dietary Peptides from Casein Hydroly~ate on Bone Growth in Rats 

INTRODUCTION 

Milk pro\·ides all nutrients which is necessary for newborn growth. Recently, many 

functional peptides have been found in milk protein hydrolysates (Schlimme & Meisel 1995, 

Totsuka & Kaminogawa 1992). It is suggested that milk proteins play a role as physiological 

regulators as well as nutrient sources providing nitrogen and amino acids. Casein 

phosphopcptidcs (CPP) derived from trypsin-digested bovine cx.~ 1 - and P-cascin arc known to 

stimulate intestinal calcium absorption (Naito 1986). These pcptidcs arc, therefore, thought to 

contribute to high a\·ailability of milk calcium. It i~ not clear, however, whether CPP 

influences bone which has 99% of body calcium. Although the trypsin-hydrolysates of casein 

contains other known or unknown peptides, their effects on bone growth have not been 

investigated. This study was conducted to in\·estigatc the effect of casein pcptidcs on bone 

growth in rats. 

MATERI ALS AND METHODS 

Peptide products tested in this study were whole hydrolysate (CPP-1) and its 

component fractions (CPP-lll; BP-I; BP-ll) of trypsin-digested whole casein (figure 4-1). A 

whole hydrolysate of trypsin-digested whole casein (CPP-1) was di\·ided into three fractions, 

a phosphopeptides-rich fraction (CPP-lll) and the other two fractions (BP-I and BP- I 1). Their 

preparation was according to the method of production of commercially available semi

purified CPP (Meiji CPP-11 1". Meiji Seika Kaisha, Ltd., Tokyo, Japan). The chemical 

properties of the four peptide products arc shown in Table 4-1. Forty eight male Wistar-strain 

rats aged 6 week were divided into six groups. One group was killed on that day and the liver, 
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kidneys, -.plcen and tibias of each rat were taken. All the animals of other group-. were 

individually housed in stainless steel cages in a room with controlled temperature (24°C) and 

lighting (12-hour light/12-hour darkness). The fi\·e dietary groups were assigned to a control 

diet or either of four peptide diets containing CPP-1, CPP-111, BP-I and BP-11 (Table 4-2), and 

fed each diet and water ad libitum fur 30 days. These diets satisfied the nutritional 

requirements of calcium, phosphorus and magnesium. Body weight was measured e\'ery 10 

days and the amount of ingested feed was recorded during the last 5 days of the experiment. 

At the end of the feeding trial, the animals of the five groups were killed and their organs 

were dissected out. 

The livers, kidneys and spleens were weighted immediately after the collection. The 

right tibias were analyzed fur physical parameters, i. c., length, diaphyseal diameter, wet 

weight, \'Olumc and specific gravity. The volume and the specific gravity was determined on 

an Archimedcan theorem. The dry weight of right tibias were then measured after drying at 

l35°C for two hours. After the tibias were ashcd at 600°C fur 24 hours, thicr crude ash 

contents were determined. 

After the feed samples digested by nitric acid and pcrchloric acid and tibial ash were 

dissolved in hydrochloric acid, the concentrations of calcium and magnesium in the solution 

were analyzed by atomic absorption spectrophotometry and phosphorus concentrations were 

determined by the method of Gomori ( 1942). 

The left tibias were fixed in 10 % formalin, decalcified with EOTA, dehydrated 

through sequential changes of 70% to 100% ethanol, and embedded in paraffin. The 5~un 

section of longitudinal direction were stained with hematoxylin and eosin, and then 

histologically measured the width of epiphyseal growth plate and the content of trabecular 

bone. 

The significant differences between means of each group were detcnnined by 
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Student's t-test. The level of signific<.~nce wa~ preset at p<0.05. 

RESULTS 

Feed intake was slightly, but significantly, lower in the CPP-l group than the control 

group (Table 4-3). Initial and final body weight, and dairy gain of body weight during the 

experiment were not significantly different between the control group and each of the peptide 

groups. Spleen weight was significant!) lower in the CPP-l group than in the control and 

CPP-lii group (Table 4-4). The weights of liver and kidney were similar in ull the dietary 

groups. 

The CPP-11 1 group ~howed significantly higher tibial length than the control group 

(Table 4-5). The length of the other peptide groups was not significantly different from that 

of the control group. The width and the wet weight were not significantly different among the 

dietary groups. Only the BP-I group in the peptide groups showed significantly higher tibial 

volume than the control group. The specific gravity of the CPP-1, BP-I and BP-ll groups, but 

not CPP-111 group, was significant lower than that of the control group. 

Tibial dry weight was significantly higher in only the BP-I group than in the control 

group (Table 4-6). There was no significant difference in total con tent of tibial crude ash 

among the dietary groups, while the concentration based on tibial dry weight was 

signi ficantly lower in the CPP-1 and BP-I groups than in the control and CPP-11 1 groups. 

Furthermore, the CPP-1 group showed significantly lower concentration of phosphorus than 

the other dietary groups. The BP-I group also showed lower concentrations of calcium and 

magnesium than the control and CPP-111 groups. 

Total width of epiphyseal growth plate of tibia, the width of resting and 

proliferating zone and the width of mature and calcifying zone were not significantly 

different between the control group and each of the peptide groups (Table 4-7). The ratio of 
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trabecular bone volume in mctaph)seal cavity of tibia was significantly lower in the BP-11 

group than in the other dietary groups. 

OISSCUSSION 

Casein phosphopeptidcs arc thought to ~timu late intestinal culcium absorption by 

preventing the formation of insoluble precipitaion of calcium and phosphate. It was reported 

that the feeding of CPP increased apparent calcium absorption and femoral weight and 

calcium content in rats fed insufficient calcium (Lee ct al. 1992). On the other hand, the 

supplementat ion of CPP to diets containing adequate calcium often failed to increase 

intestinal calcium absorption in rats (I3rommagc et al. 1991, Scholz-Ahrens et al. 1990, Yuan 

& Kitts, 1991). Lee et al. (1992) suggested that C'PP contribute less to intestinal calcium 

absorption in animals ingesting an adequate amoun of calcium. In the present study, dietary 

CPP as CPP-111 and CPP-1 did not increase tibial weight and calcium concentration in rats fed 

adequate calcium. The absence of effect may be due to no increase in calcium absorption. 

The supplementation of CPP-111, however, increased tibial length. Kusuhara et al. 

(1992) showed that the feeding of CPP-1 to broilers stimulated the calcification of and 

shortened the width of hypertrophy zone. Neither CPP-1 nor CPP-lll , however, influenced the 

width of epiphyseal growth plate in this study. Matsui et al. (1994) observed increments in 

alkaline phosphatase activity and calcium contents of ectopic bone induced through 

endochondral ossification by decalcified bone matrix implantation and suggested an 

possibility that CPP or its fragments directly act on hone. In this study, CPP or trace peptides 

in CPP-111 fraction might influence bone formation after cartilage calcification in epiphyseal 

growth plate by unknown mechanism of action, except an increment in calcium 

bioavailability. 

The supplementation of CPP-1, BP-I and BP-11 similarly decreased tibial specific 
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gravity. The mcchani\ms of action on bone, however, seem to be different among CPP-1, BP

I and BP-Il. Dietary BP-l increased tibial volume and dry weight, and decreased the 

concentrations of a-;h. calcium and magnesium. Therefore, the decrease in specific gravity in 

the BP-I group could be due to the greater growth of \'Olume and relative!) mild growth of 

wet weight. The lower concentration of <.~sh or minerals also could be due lO the greater 

growth of dry weight and relatively mild mineralization. Mineral utilization might possibly be 

suppressed by BP-I. There is a pm.sibility from these data that dietary BP-I stimulates bone 

mass growth followed by less mineralization. 

Dietary BP-ll decreased trabecular bone volume of tibia although it did not 

influence tibial whole weight and mineral concentrations. The lower specific gravity of the 

BP-11 group could be responsible for the suppression of the tmbecular bone volume. It is 

difficult to understand the mcchanil->m of action of BP-ll only on trabecular bone. lL has been 

generally thought that a reduction of available calcium induces a decrease in trabecular bone 

more quickly rather than cortical bone. It will be rel<~ted to the difference in the rate of 

osteoclastic bone rel-.orption to maintain calcium homeostasis. Because osteoclasis more easily 

approach trabecular bone owing to its larger surface than cortical bone. The decrease in 

trabecular bone volume might indicate the stimulation of bone resorption in the BP-11 group. 

The decrease in specific gravity in the CPP-1 group could be partly explained by the 

effects of BP-l or BP-Il. While, neither an increase in tibial volume nor a decrease in 

trabecular bone volume were observed in the CPP-1 group. Although both CPP-1 and BP-I 

decreased tibial concentration of crude ash. the decrease in crude ash was associated with an 

decrease in phosphorus conccntmtion, but not C<llciurn <md magnesium concentration, in the 

CPP-1 group. The lower feed intake might affect tibial specific gravity in the CPP-1 group. 

The suppression of feed intake may be due to the actions of casomorphins in CPP-1. 

Casomorphins arc opioid pcptides deri\·cd from bo\·inc P-ca~cin and directly ~upprc~s 
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inteMinal motility. Digesta retention, which is induced by this effect, could result in a 

decrease in feed intake. This speculation may be supported by the report of Putman et al. 

(1996). They observed that the gastric infusion of opioid antagonists blocked the suppressive 

effect of the oral supplemention with casein on feed intake. These effects of CPP-1 on bone 

and feed intake were not fully followed by the effects of its fractions, suggesting that several 

functional peptides of CPP-1 acts synergistically or has interactions each other. 

SUMMARY 

This study was conducted to in\·estigate the effect of dietary peptiues derived casein 

on bone growth in rats. A whole hydrolysate of trypsin-digested whole casein (CPP-1) was 

divided into three fractions, a phosphopeptides-rich fraction (CPP-111) and the other two 

fract ions (BP-I and BP-Il). Five groups of 6-week-old male rats were feu a control diet 

(casein-peptide-free) or either of diets containing CPP-1, CPP-111, BP-I and BP-11 for 30 days. 

All the diets satisfied the recommended level of calcium, phosphorus and magnesium. The 

CPP-I group showed significantly lower specific gra\·ity of tibia and the concentrations of 

crude ash and phosphorus than the control group. The decrement of tibial specific gravity was 

also observed in the BP-L and BP-11 group. The decrement of crude ash concentration was 

observed in the BP-L group. Neither of three groups fed peptide fractions showed the lower 

phosphorus concentration of tibia. In audition, only the CPP-111 group showed significantly 

greater longitudinal growth of tibia. The BP-I group showed significantly higher tibial 

volume and dry weight and lower concentrations of calcium and magnesium. The BP-11 

group showed lower trabecular bone volume in the tibial cavity, without changes in 

mineralization. Consequently, the findings in CPP-1 feeding did not fully agree with those in 

either feeding of its component fractions. These results suggested that several peptiues 

derived from casein hydrolysates influence bone growth by themselves or synergistically in 
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rats. 
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Figure 4-l. Preparation of casein peptide products 

Table 4-1. Properties of casein pep! ide products 

CPP-1 CPP-1 11 BP-I 

Dry matter (%) 95.5 94.7 97.9 

Crude protein (Iff) 79.9 75.7 ~6.1 

Calcium(%) 0 4.8 () 

Phosphorus (%) 0.7 2.7 0.5 

CPP (%) (12-15) 88.4 5.1 

Calcium solubilizability (mg Ca/0.2mg) 0.097 0.108 0.026 
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93.4 

70.~ 
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Table 4-4. Effects of dietarv peptides from casein hvdrolysate on org;m weight in rats 

Beginning Control CPP-1 CPP-111 BP-I BP-11 

Liver weight (g) 7.2±0.5 15.3±1.2 14.7±0.3 I S. L~ 1.-t 14.7 ... 1.3 14J\±U i 

Kidney weight (g) 1.46 i 0.09 2.50±0.19 2.44 t O. I ~ 2 73. 0.35 2 )2-+0.2t\ 2.-t7 •0.2X 

Spleen weight (g) 0.50+0.06 0. 70±0.09. 0.59::0.03to o.r>5 · o.o2· o.7o ±o.t7~ o.o2::t"O.o9ab 

Values arc mcans+SD. Values of dietary groups in a row \\ ith different '>Uper-,criph arc 

significantly different (p<0.05). 

Table 4-5. Effects of dietary pcptides from casein hydrol ysate on physical parameters of right 

tihia in rats 

Length (mm) 

Width (mm) 

Wet weight (mg) 

Volume (mm~) 

Beginning Control CPP-1 CPP-111 BP-I BP-11 

27.12-+ 0.47 35.25±0.32b35.50i.0.54'035.6H±0.31 13:>.77+ 1.02"035.33+0.HW" 

2.24-+ 0.10 3.03±0.09 3.09±0.21 3.02 + 0.26 3.03 +. 0.1 (> 3.0X+O. I 6 

239±12 

IH7± 10 

462± 12 457±30 450+3H 470q5 450 t-23 

329±6" 330-+ 23.ob 321 !27..h 342± 11 • 329± 1X.t> 

Specific gravity (g/cm ~) 1.2H±0.02 1.41 ±O.o2• 1.39+0.021
"' 1 AO:tO.o2•b 1.3Kt 0.0 1" 1.37±!Ul2" 

Values arc mcans+SD. Values of dietary groups in a n>w with different superscript'> arc 

significantly different (p<0.05). 

Table 4-6. Effects of dietary pcptidcs from casein hydrolysate on dry weight and ash content 

of tibia in rats 

Beginning Control CPP-1 CPP-11 1 BP-I BP-11 

Dry weight (mg) 109+5 252±8" 253±20"h 248.± 21 ''11 264 I 64 254± 1l"b 

Crude ash (mg) 6Hr3 165±5 161 ± 13 1621 15 16913 164±H 

Crude ash (mg/g DW) 622±5 655±33 639±4" 653 19' 641 ±Ht- 646± 13"b 

Ca (mg/g DW) 224 +6 236±330 231 ±51
"' 23X ~ y' 230 1 3~ 231 ±71

''' 

P (mg/g DW) 110±4 112±1 a 109±2t' 112+ 1' 112±23 112±23 

Mg (mg/g DW) 4.10±0.12 4.52±o.or 4.41 ±0.11"'' 4.54 10.09 ' 4.34 ! 0.18" 4.40±0.12ab 

Values arc mcnns:!.SD. Values of dietary groups in a row with different super~cripts arc 

significantly different (pd).(l5). 
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Table 4-7. Effects of dietary pcptidcs from casein hydrolysate on growth plate thickness and 

trabecular bone volume of tibial proximal metaphysis in rats 

Growth plate 

Resting and proliferating zone (mm) 

Maturing and calcifying zone (mm) 

Total (mm) 

Trabecular hone volume (1/r ) 

Control CPP-1 CPP-111 BP-I BP-11 

0.25±0.06ab 0.22±0.00 -h 0.22:!.0.021 0.25 ! 0.05"" 0.24±0.02" 

0.15±0.05-.t> 0.13±0.0 I ~. 0.12 10.0 I ~. 0.16+0.04 • 0.12±0.03t-

0.40±0.1 0 0.35±0.0 I 0.34 ±().()4 0.40±0.07 0.36±0.04 

28.1±2.3" 27.3±2.W 27.5.13.1• 27.4 .! 3.1• 23.9±2.0" 

Values arc mcan~lSO. Values of dietary groups in a row with different ~upcrscripts arc 

significantly different (p<ll.05). 



Chapter 5 

Effect of Dietary Casein Phosphopcptidcs on Bone Growth in Weaning Rats 

lNTRODUCf!ON 

Milk is superior to other feeds in calcium availability. Therefore, sudden ~witch 

from milk to solid diets may induce transient calcium deficiency at weaning of suckling 

animals. It was reported that carl) weaning suppressed hone growth accompanied by the 

restriction of calcium absorption in carves (funaba ct al. l99C>). Casein phosphopcptidcs 

(CPP) derived from trypsin-digested bovine a,1- and P-ca-.cin arc known to stimulate 

intestinal calcium absorption. These pcptidcs arc therefore thought to contribute to high 

availability of milk calcium. This 1-.tudy was conducted to investigate the effect of dietary 

CPP on postwcaning bone growth in rats. 

MATERIALS AND METHODS 

Sixteen male Wistar-strain rats were forcibly weaned at 3 weeks old and 

individually moved in stainless steel cages in a room with controlled temperature (24°C) and 

lighting (12-hour light/ 12-hour darkness). These animals were divided into two groups and 

fed a control diet or a CPP diet containing commercially available semi-purified CPP (Meiji 

CPP-ll l\ Meiji Scika Kaisha, Ltd., Tokyo, Japan) at 3% (Table 5-l). Each diet contained 

0.66-0.68% calcium and 0.61-0.62% phosphorus. The diets and water were given ad libitum. 

After three weeks of feeding trial, all the rats were killed by blood collection from abdominal 

artery under pentobarbital sodium anesthesia. And then. the livcr1-., kidneys, spleens and tibias 

of each rat were dissected out. Body weight was measured every 7 days and the amount of 

ingested feed was recorded during the last 5 days in the experiment. 

The livers, kidneys and spleens were weighted immediately after the collection. 
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l3lood was heparinized and centrifuged at 2500 rpm at 4°C for 15 minutes, and ~crum wa~ 

~eparatcd within one hour after the blood collection. The right tibias were analyzed for 

physical parameter~. i. c., length, diaphyseal diameter. wet weight, volume and specific 

gravity. The volume and the ~pecific grm·ity \A.a~ determined on an 1\rchimedcan theorem. 

The dry weight of right tibias were then mea~ured after drying at IJ5°C for two hoUJ~. After 

the tibias were ashed at 600°C for 24 hours, crude a!->h contents in them were determined. 

After the feed samples were digested by nitric acid and perchloric acid and di~!->olved 

111 hydrochloric acid, calcium concentration was analyzed by atomic absorption 

~pectrophotomctry and phosphoru~ concentration was detennined by the method of Gomori 

(1942). Serum concentration~ of parathyroid hormone (PTII) were mca!'>ured by 

immunoradiometric assay detecting N-tcrminal regions using a commercial kit (Rat PTH. 

immunoradiomctric assay kit, Nichols Institute Diagnostic~, USA). Serum calcitonin 

concentrations were measured by radioimmunoassay u~ing a commercial kit (Calcitonin RIA 

" Mitsubishi'', Mitsubishi Petrochemical Co., Tokyo, Japan). 

The significance of difference between the control and the CPP groups was 

dctennincd by Student's t-tcst. 

RESULTS 

Feed intake, initial and final body weight and dairy gain of body weight during the 

experiment were not significant ly different (p>0.05) between the control group and the CPP 

group (Table 5-2). The weights of liver, kidney and ~plccn in the CPP group were similar to 

those in the control group (Table 5-3). 

Serum concentrations of PTII and calcitonin in the CPP group were not significantly 

different from those in the control group (Table 5-4). 

Tibial phy!-.ical parameter!'>, i. c., length. width. wet weight, \'Olume and o.;pecific 



gravity, were not significant!~ influenced by the diet\ (Table 5-5). The dry weight and the 

content of crude ash, however, were significantly higher (p<O.Ol) in the CPP group than in 

the control group. The concentration of crude a'ih in tibial dry ti\~ue was not significant!) 

different between the two groups. 

DISSCUSSlON 

Casein phosphopeptides have calcium-binding capacity due to its phosphorylated 

serine residues (13aumy et al. 1989) and make soluble complex with calcium. It has been 

suggested that CPP increase the solubility of calcium by inhibiting the formation of in~oluble 

calcium salt in di~tal small intestine and stimulate intestinal calcium absorption by the passive 

transport in in situ study of rats (Kitts et al. 1992, Sato et al. 1986). 

Dietary CPP, however, failed to increase intestinal calcium absorption in rats fed an 

adequate amount of calcium in previous studies (Brommage et al. 1991, Scholz-Ahrens et al. 

1990, Yuan & Kitts 1991). The supplementation of CPP to a diet containing an adequate 

amount of calcium did not influence tibial weight and the content of crude ash and calcium in 

6-week-old rats (Sec Chapter 4). When the amount of dietary calcium satisfies the needs of 

amimal, an increase in soluble lum inal e<llcium hy CPP will contribute little net calcium 

absorption. 

ln the present study, dietary supplementation of CPP increased tibial dry weight and 

ash content in weaning rats although the experimental diets contained the recommended 

amount of calcium. Calcium may be mainly ab~orbed by a passive transport in ~uckling 

animals because the availability of milk calcium is quite high. On the other hand, young 

animals fed normal solid diets with lower calcium avai lability than milk must absorbed much 

calcium by an active calcium transport. It is thought that inte~tinal calcium absorption is 

reduced 111 weaning animab until I hey adapt the solid diet. The reduction of calcium 
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ab~orption rna~ greatly affect bone because bl,ne growth needs much calcium. Funaba ct al. 

( 1996) reported that restriction of apparent .absorption and retention of calcium was 

accompanied by the suppression of hone growth at early weaning of cah·es. In this study, 

ingested CPP cou ld increase bone dry weight and ash content at weaning by improving 

intestinal calcium absorption by passive transport until the active transport developed to adapt 

the solid diets. Perhap\ the adaptation of intestine w;1-. completed at the end of c~pcriment 

because PT H concentration of serum in the control group wt~s moderate. Therefore, the 

hormona l lc\'cls couldn't explain the resul ts in tibia. 

SUMMARY 

Although CPP arc known to stimulating intestinal calcium absorption, effects of the 

pcptides on bone status has not been clarified. This Mudy was conducted to investigate the 

effects of CPP on bone growth in weaning rats. After 16 male rats were weaned at 3 weeks 

old, they were divided into 2 groups and fed a control diet or a CPP diet for 3 weeks. The two 

diets contained similar amounts of calcium and phosphorus, which satisfied the recommended 

levels. These dietary treatments did not influenced body weight gain and the weights of liver, 

kidney and spleen. The CPP diet significantly increased tibia l dry weight and ash content. 

These results suggested that dietary supplementation of CPP beneficially influenced bone 

growth in weaning rats, probably through improvement of C<llcium utilization at weaning. 



Table 5-1. Composition of diet~(%) 

Control 

Ingredients 

CPP- lll 0 

Isolated soybean protein 20.0 

Sucrose 4Sl.35 

DL-Methionine 0.5 

Com starch 15 

Cellulose 5 

Corn oil 5 

Mineral mixture' 3.5 

Vitamin mixture~ 

Choline chloride 0.1 

CaHP04 ·2H.!O 0.45 

CaCO 0.10 

Chemical composition3 

Calcium 0.6X 

Phosphorus 0.62 

1AIN-76 mineral mixture (American Institute of Nutrition 1977) 

:!AlN-76 vitamin mixture (American Institute of Nutrition 1977) 
3 Author's anal ysi~ 

CPP 

3.0 

17.0 

49.90 

0.5 

15 

5 

5 

3.5 

1 

0.1 
() 

0 

0.66 

0.61 

Table 5-2. Effects of casein phosphopeptides (CPP) on feed intake, body weight, body weight 

gain and organ weight in weaning rats 

Feed intake (g/day) 

Initial body weight (g) 

Final body weight (g) 

I3ody weight gain (g/day) 

Values arc mcans+SO. 

Control 

19.8± 1.8 

67± 11 

223±16 

7.4±0.6 

·15 

CPP 

18.8±2.4 

67±6 

220±22 

7.1 ±0 .8 



Table 5-3. Effects of ca~c in pho~phopcptidcs (CPP) on wet weight of liver, kidney and -;plccn 

in weaning rats 

Liver (g) 

Kidney (g) 

Spleen (g) 

Values arc mcans±SD. 

Control 

l3.2±0.7 

1.98±0.22 

0.68±0.08 

CPP 

12.1 +2.1 

1.93:! 0.23 

0.66±0.14 

Table 5-4. Effects of casein phosphopcptidcs (CPP) on serum concentrations of P n I and 

calcitonin in vvcaning rats 

PTil (pg/m I) 

Calcitonin (pg/ml) 

Values arc mcans±S D. 

Contro l 

29. 1±12.9 

30.2±7.7 

CPP 

43.21: 19.5 

28.9+7.4 

Table 5-5. Effects of casein phosphopcptidcs (CPP) on parameters of right tibia in weaning 

rats 

Control CPP 

Length (mm) 30.38±0.87 29.98HJ.43 

Width (mm) 2.42±0.16 2.45±0.08 

Wet weight (mg) 310±16 31-H34 

Volume (mm3
) 243± 16 248±21 

Specific gravity (g/cm 3
) 1.28±0.04 1.27-t 0.05 

Dry weight (mg) 139±8 150151'* 

Crude ash (mg) 90±5 981 3** 

Crude ash (mg/g OW) 647±8 653 18 

Values arc mcans±SD. **:Significantly different from control group (p<O.OI). 
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Chapter 6 

Effects of Dietary Casein Phosphopeptitles on Mineral Metabolism in Rats Feu an lnatlequate 

Amount of Calcium 

INTRODUCfiON 

Milk and milk products have been reported to be excellent sources of calcium due to 

a large amount of available calcium. The high calcium availability of milk ha\C been 

attributed to lactose (Sato et al. 19H3, Shortt & Flynn 1991, Yuan & Kitts 1991) and casein 

phosphopcptides (CPP) (Lee et al. l9HO, Nagasawa ct al. 1991, Naito ct al. 1972). The 

phosphopcptides arc produced by enzymatic digestion of ca<;cin in vitro or during the 

digestion of casein in the small intestine (Mcllander 1950, Naito et al. 1972, Naito & Suzuki 

1974). The pcptidcs include some pho~phoserinc residues and have capacity to hind to 

bivalent metal ions (Blakclmrough et al. 19H3, Brule ct al. 19H2, Dickson & Perkins L 97l, 

Harzcr & Kauer 1982, L6nncrdal et al. L9H5). Therefore, CPP can pre\·ent the precipitation of 

insoluble calcium-phosphate precipitates in the digestive tract by forming soluble complex 

with calcium (Li et al. 19H9). It has been reported that CPP improve calcium absorption in 

vitro (MykkUnen & Wasserman 19HO) and in situ (Kitts ct al. 1992, Mykk~incn & Wasserman 

19HO, Sato ct al. 1986). Lee et al. (1992) reported that CPP increased apparent absorption of 

calcium and its retention in rats. llowever. the effects of CPP ha\'c not been clear on calcium 

absorption in vi\·o studies (Brommage et al. 1991, Kitts ct al. 1992, Lee ct al. 1992, 

Pointillart & Gucgucn 19H9, Scholz-Ahrens ct al. 1990). The present study ascertained the 

effects of CPP on calcium availability in rats. Additionally, CPP ha\·e a possibility to impro\'e 

absorption of other minerals. This study was also investigated the effect of CPP on ab~orption 

of phosphorus, magnesium and zinc in rats. 
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MATERIALS A~D METHODS 

A commercial CPP product (Meiji CPP-111-.., Meiji Seika Kaisha, Ltd., Tokyo, 

Japan) was used in this study. It was produced by semi-purification of tryptic hydrolysate of 

whole bovine casein (sec Fig. 4-l ). Four experimental diets supplemented with CPP at 0, O.l. 

0.3 and 0.5 %were prepared according to the formulations shown in Table 6-1. All the diets 

commonly included isolated soybean protein as protein source and contained almost same 

amount of calcium, phosphorus, magnesium and .line. The concentrations of calcium and zinc 

were slightly below the recommended levels for growing rats (National Research Council 

1978) and the ratio of calcium and phosphorus was about l to 2. 

Twelve eight female Wi!-.tar rats aged 6 week were individually housed in stainless 

steel metabolic cages in a room with controlled temperature (22°C), relative humidity (60%) 

and lighting (12-hour light/12-hour darkness). The animals were randomly allotted to 4 

dietary groups of 7 animals each and freely given the experimental diets and distilled water 

for 28 days. From 3 days after the initiation of feeding trial, feed intake was recorded daily, 

and feces and urine were collected for 5 days. All the animals were exsanguinated under 

pentobarbital anesthesia at the end of the feeding trial and then the right femurs were 

collected. 

Diet!'>, feces and femurs were digested by nitric acid and perchloric acid and 

dissolved in 0.1 mol/1 hydrochloric acid for mineral analysis. The concentmtions of calcium, 

magnesium and zinc in the solutions and diluted urine were measured with an atomic 

absorption spectrophotometry. The phosphorus concentration was determined by the method 

of Gomori (1942). 

Apparent mineral abso1ption was calculated as intake minus fecal excretion and was 

expressed as the percentage of intake. Mineral retention was calculated as intake minus fecal 

and urine excretion, and expressed as the percentage of intake. 



Mean~ of each CPP group were compared with tho~c of the control (CPP-frcc) 

group by Fisher's least significant difference test. The level of significance was set at p<0.05. 

RESULTS 

The supplementation of CPP did not significantly influence feed intake and body 

weight gain (Table 6-2). Apparent absorption and retention of calcium were significantly 

(p<0.05) higher in the 0.3% CPP group than in the control group (Table 6-3). Apparent 

absorption and retention of calcium in the 0.5% CPP group tended to be higher than the 

control group (p<O.lO). Furthermore, the 0.5% CPP group showed significantly higher 

apparent absorption (p<0J)5) and retention (p<O.Ol) of phosphoru~ than the control group. 

Magnesium retention was significantly higher in the 0.3% CPP group (p<O.Ol) and the 0.5% 

group (p<0.05) than in the control group. There were no significant differences, howc,·er. in 

apparent absorption and urinary excretion of magnesium between the control group and either 

of the CPP groups. Apparent absorption and retention of zinc were significantly (p<0.05) 

higher in the 0.3% and 0.5% CPP groups than in the control group. 

Calcium concentration in femur was significantly (p<0.05) higher in the 0.3% CPP 

group than in the control group (Table 6-4). There was a tendency (p<O.lO) tlwt femoral 

calcium concentration in the 0.5% CPP group also was higher than that in the control group. 

Femoral dry weight and crude ash content and the concentrations of phosphoru!>, magnesium 

and zinc did not differ between the control gn>Llp and either CPP group. 

DISCUSSION 

Dietary supplementation of CPP at 0.3% and more increased apparent absorption 

and retention of calcium and femoral calcium concentration in rats fed 0.4% calcium diets. 

These results arc in agreement with those of Lee et al. (1992). They reported that CPP 



~upplemented from 0. I 25% to 3.Y''o in 3.5% calcium diet~ increa~ed apparent ab~orption and 

retention. On the other hand, there were some reports that CPP did not influence on calcium 

absorption in animals fed sufficient amounts of calcium (Brommagc et al. 1991, Pointillart & 

Gucgcn 1989, Scholz-Ahrens et al. 1990, Yuan & Kitts L 99 L). Because dietary calcium 

concentration in the present study was HO% of the recommendation of National Research 

Council (1978), it was thought that the amount of calc ium ingested by the rats was slightly 

below the requirement. Under such the condition, CPP could efficiently improve calcium 

absorption owing to its inhibitory effect on calcium precipitation. When an amount of dietary 

calcium fills the need. CPP could not facilitate calcium absorption any more. l3ccau:-.e CPP 

can't directly influence the intestine (Li et al. 19t\9) and animals will not absorb excess 

calcium through the regulation of calcium absorption. 

The supplementation of 0.5% CPP increased apparent absorption and retention of 

phosphorus. There have been a few reports which the effects of CPP on phosphorus 

availability arc studied. Pointillart and Gucguen ( 19H9) reported that a diet containing 5% of 

CPP increased phosphorus absorption, but not pho'>phorus retention in pigs. Tsuchita et al. 

(I 995) and Go to ct al. ( 1995) reported that diet containing <) to I 0 % of CPP increased 

femoral phosphorus in rats but did not affect phosphorus absorption. However, dietary 

phosphorus used by Pointillart and Gueguen (L 989), Tsuchita ct al. (1995), and Goto et al. 

( L 995) in their studies were originated from CPP not from the inorganic salts. The results of 

the present study suggested that CPP might improve absorption of inorganic phosphorus 

directly. On the other hand. Gill et al. (1959) described that calcium and phosphorus 

interfered the absorption of the other mineral each other by forming insoluble calcium 

phosphate. Casein phosphopeptides may increase phosphorus absorption indirectly because 

CPP inhibit the precipitation of calcium phosphate (Mellander 1963. Reeves & Latour 1958). 

Phosphors absorption might be improved through the increase of calcium absorption in the 
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0.5% CPP group. I hlwc\·cr, phosphoru~ ah~orption in the O.Yo CPP g10up did not inc1ca-.c 

irrespective of the increase of calcium absorption. The reason of this is not clear. 

The supplementations of 0.3% and 0.5% CPP increased magnesium retention. The 

change in apparent ab~orption and urinary excretion of magnesium was not clear enough to 

explain the increment of the retention. The increment of magnesium retention might be a 

result of a decrease in endogenous excretion of magnesium owing to an increase in body 

requi rement accompanied by the increment of calcium and phosphorus retention. Because 

magnesium is one of components of bone ash beside calcium and phosphorus. 

Rats fed the control diet and the 0.1% CPP diet showed poor availability of zinc. 

Dietary zinc content was less than the content recommended by National Research Council. 

Furthermore, soybean products have an adverse effect on zinc availability due to a large 

amount of phytic acid (Forbes et al. 1979. Lei et al. 1993, Lo et al. 1981). The substance in 

isolated soybean protein may have inhibited zinc availability in the control and 0.1 % CPP 

groups. Apparent absorption and retention of zinc were increased by the supplementation of 

0.3% and 0.5% CPP. Casein phosphopeptides have serine phosphate residues, which bind 

avidly to not only calcium but also other divalent metal ions (Biakebmough et al. 19~3. Brule 

et al. 1982, Dickson and Perkins 1971, Harzer and Kauer 19~2, Lonnerdal et al. 1985). 

Dietary CPP, therefore, may have impro\·ed zinc availability by forming soluble complex 

with zinc. Platt et al. (1987) suggested that milk had a protective effect on the precipitation of 

zinc induced by phytate. Zinc in soybean protein was reported to be less available to chicken 

(O'Dell et al. 196(l), pigs (Oberleas et al. 1962), and rats (Forbes & Yohe 1960) than that in 

casein. Higher zinc availability of casein may be not only due to phytatc-free, but al~o to the 

existence of CPP. Therefore, CPP may be important in increasing the availability of zinc in 

animals fed diets containing phytate. 

51 



SUMMARY 

Effects of casein phosphopeptides (CPP) on mineral availability were examined in 

rats. Animals were fed a control (C'PP-free) diet 01 either of diets containing 0.1 %. 0.3% and 

0.5% CPP. All diets contained the same amounts of calcium (4 glkg), phosphorus (K g/kg). 

magnesium (0.6 glkg) and zinc ( 10 mg!kg). Apparent absorption and retention of calcium 

were significantly (p<(J.05) higher in rats fed the 0.3% CPP diet than rats fed the conttOI diet. 

In addition, the 0.3% CPP diet significantly increased femoral calcium concentration 

compared to the control diet. Rats fed the 0.5% CPP diet had a tendency (p<O.lO) to increase 

apparent absorption, retention and femoral content of calcium compared with rat'> fed the 

control diet. Furthermore, the 0.5% CPP tliet significantly increased apparent absorption anJ 

retention of phosphorus. Rats fed the 0.3% and 0.5% CPP diets showed significantly higher 

apparent absorption and retention of zinc compared with rats fed the control diet. These two 

CPP diets also increased magnesium retention. These results suggest that CPP improved 

availability of not only calcium but also phosphorus, magnesium and zinc. 
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Table 6-1. Compo~ition of experimental diet~ 

() 

Ingredient, g!kg 

Isolated soybean protein 200 

Casein phosphopeptides 0 

Starch 

Corn oil 

Cellulose 

Vitamin mixture• 

Mineral mixture~ 

Trace clements mixture3 

Choline chloride 

CaC03 

KH2P0 4 

Chemical anulysis 

Calcium, g!kg 

Phosphorus, g/kg 

Magnesium, g!kg 

Zinc, mg!kg 

646.34 

50 

5 

20 

40 

2 

5.96 

29.7 

3.7 

7.~ 

0.59 

10.2 

Dietary CPP level,% 

0.1 

646.56 

50 

5 

20 

40 

3.7 

~.1 

0.57 

10.4 

0.3 

19~ 

3 

646.09 

50 

5 

20 

40 

2 

1 

5.61 

29.3 

4.0 

7.3 

0.62 

11.0 

0.5 

196 

5 

646.52 

50 

5 

20 

40 
..., 

1 

5.3~ 

29.1 

4.0 

8.9 

0.60 

10.5 

10 ne gram of vitamin mixture contains 46(>[U of vitamin A, 233IU of vitamin 0 3 , 12mg 

of vitamin E acetate, 0.06mg of vitamin K3• 0.59mg of vitamin 8 1 HCI, 0.59mg of vitamin B~, 

0.29mg of vitamin B~> I ICI, 2J1g of \'i tamin B1z, 5.88mg of vitamin C, lOJ.1g of 0 -biotin, 20J.1g 

of folic acid, 2.35mg of Ca-pantothenate, 2.94mg of nicotinic acid, 11.76mg of inositol. 

2Supplying(g!kg diet): CaHP04 , 5.43; NaCI, 10; MgS04 ·711:0. 4. 

3Supplying(g!kg diet): FeS0.1• 71 1 ~0, 112; CuS0.~'5 1 1 .!0, 40; MnS04 -41110, 28; 

ZnS0 4·7ll 20, 30; Ca(l03)3, 0.28; CoS04·7H.:P, 0.1. 
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Table 6-2. Effects of ca-;ein phosphopeptides (CPP) on feed intake and body weight in rats 

fed an inadequate amount of calcium 1 

Dietary CPP level, % 

() 0. L 0.3 0.5 

Feed intake, gld 15.7±0.7 15.2 ± 0.4 15.0 ± 0.7 15.6 ± 0.4 

Initial body weight, g 191 ± 4 190 ± 3 190 ±3 189 ± 4 

Final body weight, g 243 ±6 '237 ± 7 '240 ± () '243 ± 5 

Body weight gain, g 51.5 ± 4.3 46.6 ± 4.6 50.3 ± 3.5 54.3 ± 5.0 

'Values arc means± SEM. 



Table 6-3. Effect~ of casein phosphopeptides (CPP) on mineral balances tn rats fed an 

inadequate amount of calcium1 

Dietary CPP level,% 

0 0.1 0.3 0.5 

Calcium 

Intake, mg/d 58.1 ± 2.5 56.2 ± 1.5 60.0 ± 3.0 62.5 ± 1.6 

Fecal excretion, mg/d 30.6 ± 1.5 29.9 ± 1.7 27.5 ± 1.7 29.0 ± 1.3 

Urinary excretion, mg/d 0.17 ± 0.01 0.20 ± 0.01 ' 0.17 ± 0.01 0.17 ± 0.0 I 

Apparent absorption, % 49.0 ± 2.3 4~.9 ± 0.9 54.2 ± 1.7' 53.5 ± 1.~ 

Retention, % 4K7 ±2.3 48.5 ± 0.9 53.9 ± 1.6' 53.2 ± 1.~ 

Phosphorus 

Intake, mg/d 122 ± 5 123 ± 3 110±5 139 ± .f 

Fecal excretion, mg/d 20.6 ± 1.1 19.0 ± 1.7 1~.1±1.1 19.1 ± 0.5 

Urinary excretion, mg/d 105 ± 6 103±3 96 ±4 100±4 

Apparent ab~orption, % ~3.7 ± 1.0 ~5.2 ± 0.9 83.4 ± 0.~ ~6.2 ± 0.-t. 

Retention, % 0.4() ± 2.18 5.39 ± 1.70 -4. 13 ± I. 71 12.6±1.1 .. 

Magnesium 

Intake, mg/d 9.26 ± 0.41 ~.65 ± 0.23 9.30 ± 0.46 9.37 ± 0.25 

Fecal excretion, mg/d 5.04 ± 0.30 4.72 ± 0.37 4.31 ± 0.27 4.61 ± 0.21 

Urinary excretion, mg/d 3.03 ± 0.10 2.94 ± 0.13 2.73 ± 0.08 2.77 ± 0.17 

Apparent absorption,% 47.7 ±2.0 47.0 .t 2.2 53.7:!. 1.7 50.~± 2.1 

Retention, % 15.4±2.1 L3.J ± 0.9 2-t.3 ± 0.~ .. 21.2±2.1' 

Zinc 

Intake, Jlg/d 162 ± 7 158 ± 4 165 ± 8 164 ± 4 

Fcc~tl excretion, ~tg/d 187 ± 15 179 ± 16 148 ± s· 151 ± 9' 

Urinary excretion, ~tg/d 48 ±3 54± 3 42±2 43 ±4 

Apparent absorption, % -14.2 ± 12.0 -8.4 ± 6.5 9.5 ± 5.2· 8.2 ± 3.6· 

Retention, % -48.8 ± 15.3 -41.2 ± 7.6 -16.3 ± 6.5 · -16.4 ± 4.2· 

1Yalues arc means ± SEM. Means with asterisks arc significantly different f1 Olll the 

control (CPP-frce) group(*: P<0.05, '~' .. : P<0.01). 
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Table 6-4. Effect~ of casein phosphopcptidcs (CPP) on dry weight, crude ash weight and 

mineral contents of femur in rats fed an inadequate amount of calcium 1 

Dietary CPP level , % 

() 0.1 0.3 0.5 

Dry weight, mg 424 ± 11 414 ± 5 418 ± 9 406 ±5 

Crude ash, mg 251 ± 8 235 ±7 249 ± 5 247 ± 6 

Calcium, mg/g dry tissue 202 ± 3 204 ± 2 212 ± 3. 208 ±2 

Phosphorus, mg/g dry tissue 110 ± 2 111 + I 113 ± 2 112 ± 1 

Magnesium, mg/g dry tissue 4.38 ± 0.12 4.31 ± 0.1 () 4.41 ± 0.09 4.39 ± 0.07 

Zinc, ~gig dry tissue 172 ± 7 177 ± 8 169 ± 5 158 ± 5 

1Yalucs arc means ± SEM. Means with asterisks arc significantly different fmm the 

control (CPP-frcc) group (P<0.05). 
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Chapter 7 

Effect of Dietary Casein Phosphopcptidcs on Metabolism of Ectopic Bone Inducctl by 

Decalcified Bone Matrix in Rats 

INTRODUCflON 

Casein phosphopcptidcs (CPP) arc tlcrivctl from trypsin-digested bovine a, 1- and ~

casein. Ingested CPP increase luminal calcium solubility in the distal small intestine by 

inhibiting the formation of insoluble calcium salts due to their calcium-binding capacity. In a 

series of this study, it was found that CPP incrcasetl apparent calcium absorption anti lcmorcll 

calcium contents in rats fed an inatlequate amount of calcium. The weight of femur itself, 

however, was not significantly influenced by CPP although bone is highly calcified tissue. 

The lack of significant change in skeletal integrity may be explained by relative stability of 

bone. 

This study was designed to evaluate the effect of dietary CPP on the ectopic bone 

formation induced by the demineralized bone matrix in growing rats. In addition, whether the 

form of supplemented CPP influences their effects was examined. 

MATERIALS AND METHODS 

Demineralized bone matrix powder was prepared by the method of Huggins ct al. 

(1970) The diaphysis of long bones of Wistar-strain rats were cleaned of the bone marrow 

and the adherent soft tissue. The bones were washed with water and then crushed and sieved 

to obtain particles of 200-400 ~un. The powder was demineralizctl by 0.5 mol/liter IICI for 3 

hours, and then washed in distilled water for 2 hours. The demineralized bone powder was 

subsequently defatted with ethyl ether. 

Two kinds of CPP products with different forms, calcium-bound (CaCPP) and 
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calcium-free (Ct-free CJ>P), were prepared from a tr) ptic dige~t of bovine whole casein by an 

ethanol precipitation method (Tsuchita et al., 1993). The calcium-free pmduct additionally 

received the treatment of calcium removal (Tsuchita et al., 199(>). The calcium concentration 

of CaCPP and Ca-free CPP were 70 mg/g and trace, respccti\·ely. 

Twenty-one male Wistar-strain rats being about 300 g body weight were 

individually housed in stainless steel cages. These animals were divided into 3 groups and fed 

a control diet or either of two CPP diets containing CaCPP or Ca-free CPP at 0.5% (Table 7-

l). Each diet contained 0.26-0.27% calcium and 0.50-0.53% phosphorus. The dietary level of 

calcium was under the recommended level of 0.5% for growing rats. The diets and water 

were given ad libitum. One week alter the initiation of feeding trial, each animal was 

subcutaneously implanted with gelatin e<tpsules (No. 5, Eli Lilly. Indianapolis. USA) 

containing approximately 30 mg of the demineralized bone matrix powder under diethyl ether 

anesthesia. 

Fourteen day afler the implantation, all the rats were killed by blood collection from 

abdominal artery. And then, implants were dissected out from each animal. Blood was 

heparinized and centrifuged at 2500 rpm at 4°C for 15 minutes, and serum was separateu. 

Two implants in each rat were free of adherent tissue for measuring calcium content and 

enzyme activities. For measuring enLyme activities, one cleaned implant in each rat was 

homogenized in 0.15 mol/liter NaCI containing 3 mmol/litcr NaHCOJ at 4°C by Ultra 

disperser (Ymnato Scientific Co. Tokyo, Japan) with 32G generator. The homogenate~ were 

centrifuged for 30 minutes at 4500 x gat 4°C and the activities of alkaline (E.C 3.1.3.1) and 

tartrate-resistant acid (EC 3.1.3.2) phosphatase, and protein concentration in the supetnatants 

were determined. Protein concentration was measured by the method of Lowry et al. (1951). 

The activity of the enzymes was detennined by the amount of p-nitrophenol production from 

p-nitrophenylphosphate and 100 mmol/liter sodium carbonate buffer (pll 9.8). The solution 



for the assay of tartrate-resistant acid phosphatase activity (TR-ACP) wa!> 6.7 mmoltliter 

disodium p-nitrophenylphosphate, 50 mmol/liter sodium citrate buffer (pH 4.9) with 20 

mmol/liter sodium tartrate. The other cleaned implant from each rat was ashed by nitric and 

perchloric acids and calcium content in the solution was measured by an atomic absorption 

spectrophotometry. 

After feed samples were digested by nitric acid and perchloric acid and dissolved in 

hydrochloric acid and serum was deproteinized by 10% trichloroacetic acid, calcium 

concentration of these solutions was analyzed by atomic absorption spectrophotometry and 

phosphorus concentration was determined by the method of Gomori ( 1942). 

The significance of difference among the dietary groups was determined by 

Student's t-test (p<0.05). 

RESULTS 

Initial and final body weights of rats were similar among the three dietary groups 

(Table 7-2). Serum concentrations of calcium and inorganic phosphorus were also not 

significantly innuenced by the dietary treatments (Table 7-3). 

Calcium content of implants was significantly higher in both the CPP groups than in 

the control group (Table 4). The TR-ACP activity was significantly lower in the CaCPP 

group, but not in the Ca-free group, than in the control group. The activity of implants in the 

CaCPP group was also significantly lower than in the Ca-free CPP group. Although ALP 

activity in implants in either of the CPP groups was m>t s ignificantly different from that in the 

control group, the activity was significantly lower in the CaCPP group than in the Ca-free 

CPP group. 

DISSCUSSlON 
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Both the CaCPP and Ca-free CPP diet~ similarly increased calcium content of 

implants compared to the control diet. The enzyme activities in implants, however, were 

significantly different between the two CPP g10ups. The two kinds of CPP product\ ..,cemed 

to increase calcium content in impl<lllt~ by different mechanisms of action. 

The CaCPP diet significant!) reduced TR-ACP activity in implants, and did not 

innucncc the ALP activity. These results in CaCPP arc in agreement with the report of Matsui 

et at. (1994). They showed that calcium-bound CPP ~upplcmentation increased calcium 

content and decreased in TR-ACP activity in implants incubated for 21 days. As their 

suggestion. the increase in e<llcium content of implants could be partly due to a supprc..,sion of 

bone resorption, because TR-ACP activity is known to be related to bone resorption. A low 

calcium diet gcncrully increases bone resorption. And Matsui ct at. (1994) also observed 

higher TR-ACP activity in 14-day-implants in rats fed a low calcium diet than in rats fed a 

normal calcium diet. Perhaps, the suppression of TR-ACP activity in the Ca-CPP group may 

be explained by an improvement of calcium utili .. wtion, which is derived from the simulative 

effect of CPP on intestinal calcium absorption. 

On the other hand, Ca-free CPP abo increased calcium content of implants although 

the TR-ACP activity as well as the ALP activity were not significantly different between the 

Ca-free group and the control group. Both the two enLyme activities, however, were 

significantly higher in the Ca-frcc group than in the CaCPP group. Therefore, Ca-f1ec CPP 

might increase the calcium content of implamts by increasing the ALP activity instead of 

decreasing the TR-ACP activity. Because ALP is known to be related to bone calcification. 

There is no firm evidence, howe\·er, that CPP incrca~e ALP acti\ ity in skeletal tissue. 

However. the increase in calcium contelll might not be related to the enzyme 

activities in the Ca-free CPP group. It could be speculated that CPP stimulated calcification 

by increasing the amount of a\'ailablc calcium for hone through an increase in intc~tinal 
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calcium ab~orption or another way~. If it is po~tulated that CPP or ih fragments arc absorbed 

f10m the intestine with <t C<tlcium-binding property, this possibi li ty could be supported by the 

finding from an in vitro study that the supplementation of CPP to medium stimulated 

calcification of cultured embryonic rat bone. 

SUMMARY 

Although CPP arc known to stimulate inte~tinal calcium absorption, effects of the 

peptides on bone status have not been clarified. This study was conducted to investigate the 

effects of CPP on ectopic bone formation induced by demineralized bone matrix in growing 

rat~. In general preparations of CPP. the peptide~ bind much calcium in the proce~s of 

isolation from hydrolyzed casein. The influence of the calcium-bound form of CPP on its 

action was additionally examined in this study. Twenty-one male growing rats were di\·ided 

into 3 groups and fed a control diet without CPP or one of two CPP diets containing calcium

bound CPP (CaCPP) or calcium-free CPP (Ca-free CPP). These diets similarly contained 

0.26 % calcium and 0.52% phosphoru~. The dietary concentration of calcium was under the 

recommended level of 0.6% for growing rats. One week after the initiation of feeding for the 

experimental diets, demineralized bone matrix powder was subcutaneously implanted in all 

the animals. The~e implants were hal\'ested 2 weeks after the implantation ami c\·aluatcd 

calcium content, alkaline phosphatase (ALP) activity being a marker for bone calcification 

and tartrate-resistant acid phosphatase (TR-ACP) activity being a marker for bone resorption. 

These dietary treatments did not influenced body weight gain. Both the CaCPP am.l Ca-frce 

CPP diets similarly increased calcium content of implant~ compared to the control diet. The 

CaCPP diet, bul not the Ca-free diet, significantly reduced TR-ACP activity in implants. 

There were no significant differences in the ALP acti\'ily between the control group and the 

CaCPP group or the Ca-free CPP group. Each enzyme activity in implants, howe\·cr, wa~ 
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significantly different between the two CPP groups. These results suggested that dietary CPP 

with or without bound Ca stimulate bone calcification in growing rats fed insufficient calcium. 

There seems to be different mechanisms in the action of the two forms of CPP. 
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Table 7-1. Compo..,ition of diets(%) 

Control Ca-CPP Ca-free CPP 

Ingredients 

Calcium-bound CPP () 0.5 () 

Calcium-free CPP 0 () 0.5 

Isolated soybean protein 20.0 19.61 19.5o(> 

Corn starch 66.003 ()6.146 6(>.t)o2 

Corn oil 5 5 5 

Cellulose 0.5 0.5 0.5 

Vitamin mixture• .., .., .., 

Macro mineral mixture:! 4 4 4 

Micro mineral mixture3 0.2 0.2 0.2 

CaC03 0.374 0.285 0.374 

KH,PO 1.823 1.759 t.75o 

Chemical composition.~ 

Calcium 0.26 0.27 0.27 

Phosphorus 0.52 0.53 0.50 

Crude protein 19.() lK7 18.5 

•containing the following per gram: vitamin A, 500 IU; vitamin 03• 100 IU; <.11-a-tocopheryl 

acetate, 5 mg: vitamin K 3, 5.2 mg; vitamin B1·IICI, 1.2 mg; vitamin £32, 4 mg; v itamin B1,· 11CI, 

0.8 mg; vitamin 8 1:!. 0.5 ~tg; vitamin C, 30 mg; <.!-biotin, :20 ~tg; folic acid, 200 ~g; calcium 

pantothenate, 5 mg; p-aminobenzoic acid, 5 mg; nicotic <JCid, 6 mg: inositol, 6 mg: choline 

chloride, 200 mg. 

~Containing the following per gram: NaCI, 250 mg; MgS0 4 ·7H20, 100 mg; CaHP04 , 135.7 

mg. 
3Containing the foll{>wing per gram: FeSO.j·7H:!O, 112 mg; CuS04 ·511!0, 40 mg; 

MnS04·4H:O, 28 mg: ZnS04·711:!0 , 30 mg: Ca(l0 3) 3• 0.2o mg; CoS04·711~0, 0.1 mg. 
4Author's analysis. 
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Table 7-2. Effect., of dictarv ca..,ein piH>..,phopcptides (C'PP) on bodv weight gain in rat.. 

Control Ca-CPP Ca-frec CPP 

302±16 

JMH22 

305±16 

365+ 17 

Initial body weight (g) 

Final body weight (g) 
~==================~----,=======--

Values arc mean..,+SD. 

303± 11 

3X2+20 

Table 7-3. Effects of dietary casein phosphopcptides (CPP) on serum concentration of 

calcium nnd inorganic phosphorus in rats 

Calcium (mg/100 ml) 

lnorgnnic phosphorus (mg/100 ml) 

Values arc means I SO. 

Control 

9.03-!:.0.41 

5.13±0.37 

Ca-CPP 

9.1 X±0.39 

4.94±0.54 

Ca-frcc CPP 

9.33±0.13 

5.17±0.59 

Table 7-4. Effects of dietary casein phosphopcptides (CPP) on calcium content and enzyme 

activities of implants in rats 

Control Ca-CPP Ca-frcc CPP 

Calcium (mg/g ,~· et tis..,ue) (d)±2.0" l9.5±(J.6a 16)~±9.7. 

TR-ACP (units/mg protein) 2.02±0.18J l.50±0.l7" l.86:tO.OW 

ALP (units/mg protein) X.15± 1.17•t> 7.19± 1.301> 9.33:!. 1.0(>'' 

Values arc mcansi SD. One unit of enzyme activity was defined as l ~lmol of p-nitrophenol 

production for 30 minuets at 37°C. Values of dietary groups in a row with different 

..,upcr..,cripts arc significantly different (p<0.05). 



Chapter o 

Effects of Dietary Casein Phosphopeptides and Calcium Levels on Eggshell Quality and Bone 

Status in Laying liens 

INTRODUCTION 

Laying hens need much calcium to produce eggshell. Eggshell calcium is derived 

from feed and bone. A shortage of dietary calcium not ••mly lowers eggshell quality but also 

accelerates a decrease in skeletal calcium. While, excess calcium in a diet is also harmful to 

egg production (Gutowska & Parkhurst 1942). Therefore, it is important to increase calcium 

availability as well as to feed an adequate amount of calcium. 

Milk is known to have much available calcium. One of the reasons for the high 

e<tlcium availability of milk is accounted by casein, which is major protein of cow's milk. Lee 

ct al. (1979, 1980, 1983) and Naito et al. (1972) reported that ingested casein produced 

phosphopcptidcs with high affinity for calcium in a small! intestine and thus increased calcium 

solubility, resulting in contributing to an intestinal calcium absorption in rats. We also 

reporlcd that an elevation of casein level in a diet increased apparent calcium absorption in 

rats (Ashida ct al. 1994). Casein phosphopcptides (CPP) arc also produced in vitro by trypsin 

digestion of bovine casein. The pcptides have been shown to prevent the precipitation of 

calcium in rat small intestine (Hirayama et al. 1992b, Lee ct al. 1992). Lee ct al. ( 1992) 

reported that dietary supplementation of CPP improved apparent calcium absorption in rats. 

The stimulatory effect of CPP on intestinal absorption of calcium has been demonstrated in 

chicks (Mykk~inen & W<1sserman 1980). 

In the present study, it was investigated whether dietary CPP was useful for eggshell 

quality and bone status of laying hen">. 
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MATERIALS Af\0 METHODS 

We used commercially available CPP (Meiji CPP-IIl\ Meiji Seika Kaisha, Ltd .. 

Saitama), which derived from the tryptic hyJrolysate of whole bovine casein (llirayama ct al. 

1992a), in this stud). Feeding trial was performeJ in the farm of Shiga Prefectural Junior 

College, Kusatsu-shi, from May I 0 to June 2H in 199.3. Sixty White Leghorn laying hens 

which were in the eighth month after the first laying were individually housed in stainless

steel cages in a room without controlling ambient temperature and lightning. Feeds and water 

were given ad libitum. They were divided into two groups and preliminarily fed diets 

containing 3.4% 01 1.5% calcium without CPP (Table H··l) for one week. Then. at Week 0 of 

the experiment. each group was lu1ther dh iJeJ into th1ee groups ami fed each of the 3.4';(. 

and 1.5% calcium Jiets supplied with 0, 0.5 or 1.0% CPP for six weeks. Each group was fed 

from the common feeder during this period. After feed samples were digested by nitric acid 

and perchloric acid, calcium and phosphorus contents '"''ere analyzed by atomic absorption 

spectrophotometry (AA-782, Nippon Jarrell-Ash, Kyoto) and by the method of Gomori 

( 1942), respectively. 

The amount of ingested feed per group, and the: number and the weight of laid eggs 

per hen were recorded during the experiment, anJ the egg product ion and feed con\·ersion 

were calculated. Eggs were collected from only hens laying at Week 0. 3 and 6. and the 

physical parameters of eggshell, i.e., breaking strength., dry weight, thickness and specific 

gravity, were measured. The breaking strength was measured by the analyzer of eggshell 

breaking strength (Eggshell intensity teMer. Fujihira Kogyo, Tokyo). The specific gravity was 

determined on an Archimedean theorem. 

Blood was collected with heparinized tubes from the wing vein in the mo1ning at 

Week 0, 3 and 6. Immediately after the collection of blood, the ionized calcium concentration 

of whole blood was determined by a calcium ion analyzer (Sera-252, lloriba Ltd., Kyoto). 
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Randomly-selected five hens fed each diet were killed by decapitation at the end of 

the experiment. Their tibiae were dissected and adher.ing tissues were removed. After the 

tibiae were dried at I 35°C for two hour-;, dry weight and specific gravity were measured. The 

specific gr<t\'it) of tibia was determined h) the same methotJ as that of eggshell. After the 

tibiae were ashetJ at (>00°C for 24 hours, ash content wa!'l measured. 

Data were analyzed by two-way ANOVA using the General Linear Model 

procedure of SAS® (SAS Institute 19~5) after the discard of outlying observations by the 

method of Smirnoff-Grubbs (Grubbs 1950). The overall effects of dietary levels of calcium 

and CPP and their interaction were tested. When the interaction was significant, significant 

differences among the means of each group were determined by Duncan's new multiple range 

test (Duncan 1955). A significant level of all the statistical tests were set at p<0.05. 

RESULTS 

The dietary levels of calcium and CPP did not :;ystemically affect egg production of 

laying hens (Table 8-2). The egg production was, however, significantly lower in hens fed the 

0.5% CPP diet in the 1.5% calcium group than in the other hens. Feed intake was similar in 

hens fed each of the experimental diets. lienee the hens fed the 0.5% CPP diet in the 1.5% 

calcium group showed relatively higher feed con\·ersion than the other hens. 

The blood concentration of ionized calcium was significantly decreased by the 

reduction of dietary calcium throughout the experiment (Table 8-3). The dietary le\·ets of 

CPP did not affect the ionized calcium concer.tration irrc:spective of dietary calcium level <tl 

Week 3 and 6. 

The reduction of dietary calcium level significantly decreased the breaking strength, 

the dry weight, the thickness and the specific gra\'ity of eggshell almost throughout the 

experiment (Table 8-4). The effect of CPP supplementation on the specific gravity differed 
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with the dietary calcium levels at Week 6 as shown by the significant interaction between the 

effects of calcium and CPP levels. While the specific gravity was significantly higher in hens 

fed both the O.Y<> and 1.0% CPP diets than in those fed the CPP-free diet in the 1.5% calcium 

group, there was no significant difference among the dietary levels of CPP in the 3.4% 

calcium group. The supplementation of CPP did not affect the specific gravity at Week 3 and 

the breaking strength, the dry weight and the thickness at Week 3 and 6. irrespective of 

dietary calcium le\·cls. 

The reduction of dietary calcium level also decreased the dry weight, the ash content 

and the specific gravity of tibia at the end of the experiment (Table 8-5). The significant 

interaction between the effects of dietary calcium and CP'P levels showed that dietary calcium 

level affected the action of dietary CPP on the ash content and the speci fic gravity. The ash 

content was significantly higher in hens fed the 0.5% CF'P diet than in hens fed the CPP-free 

diet in the 3.4% calcium group. The specific gravity was also significantly higher in hens fed 

the 0.5% and l.O% CPP diets than in hens fed the CPP-free diet in the normal calcium group. 

Nevertheless, the tibial ash content and specific gravity of hens fed the diets supplied with 

CPP were not different from those of hens fed the CPP-free diet in the normal calcium gn>up. 

The supplementation of CPP did not significantly affect the tibial dry weight of hens fed 

either normal calcium diets or low calcium diets. 

DISSCUSSION 

Bone is an important tissue for calcium store and the regulation of extracellular 

calcium concentration. Laying fowls need considerable calcium for forming eggshell. Since 

the amount of dietary calcium absorbed from the digestive tract is not enough to form 

eggshell, eggshell is supplied with calcium from bone. During eggshell calcification, bone 

resorption is activated and skeletal allcium is mobilized. Farmer et al. (19H6) indicated that 
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eggshell weight linearly or quadraticall) decreased as dietary calcium level was lowered from 

3.75 % to O.OH % and the contribution of bone calcium to eggshell formation quadraticall) 

increased. Bolden & Jensen ( l9H5) reported that a lm.v calcium diet retluced egg-breaking 

strength and tibial bone ash. The present study showed that the 1.5 %calcium diet decrea:-.ed 

eggshell quality and the concentration of blood ioni.led calcium with the reduction of bone 

dry weight. ash content and specific gravity. The lost of hone mass would rc:-.ult from 

stimulated bone resorption to mobilize calcium for eggshell formation and the maintenance of 

calcium homeostasis in hens fed the low calcium diet. 

Dietary CPP recovered the specific gravity of 'eggshell reduced by the low calcium 

diet after six weeks. The absence of significant effect in the other parameters of egg:-.hell may 

be caused by their great individual variations per group. The increment of the specific gra\'ity 

might be partly due to the unaccountable decrease in egg production in hens fed the 0.5% 

CPP diet in the low calcium group. The specific gravity ·was higher in hens feu the 1.0% CPP 

diet than in those fed the CPP-free diet, although egg production was similar. The 

improvement of eggshell quality could be caused by an increase in the a\'ailability of dietary 

calcium because CPP has been reported to enhance intestinal calcium absorption (Lee et al. 

1992, Sato et al. 19H6). 

Tibial characteristics were not affected by the supplementation of CPP in hens fed 

the low calcium diet. Although CPP supplementation to the low calcium diet improved 

eggshell quality as mentioned above, the improvement ·was not complete. Eggshell calcium 

would be still highly dependent on skeletal calcium in hens fed the low calcium diet with CPP. 

Therefore, it was thought that the amount of a\'ailable calcium increased by CPP 

supplementation was not be enough much to suppress bone resorption in hens fed the low 

calcium diet. 

The supplementation of CPP affected bone but not eggshell in hens fed the normal 
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calcium diet. The dietary level of 3.4% calcium, which satisfies the recommendation for 

calcium requirement of laying hens (National Research Council, 1994), was seemed to be 

enough high to form eggshell. Therefore, more calcium might not be necessary for eggshell 

production. Eggshell calcification would not be stimulated furthermore even if calcium 

ab">orption had been increased b) CPI'. It was reported that dietary CPP improved bone 

weight and calcium content in rats fed a low ca lcium diet (ll irabayashi et al. I tJlJ3, Lee ct al. 

1992). In addition, Matsui et al. (19lJ4) showed that the CPP supplementation suppressed 

bone resorption in decalcified bone matrix implanted in rats fed a low calcium diet. A 

reduction of bone resorption is thought to increase bone mass and calcium content of hens fed 

the normal calcium diet containing CPP. Dietary CPP could suppress the mobilization of 

skeletal calcium through its stimulatory effect on intestinal calcium absorption. While, there 

is another possibility independent of calcium absorption. Kusuhara et al. (1992) demonstrated 

that dietary CPP stimulated the calcification of epiphyse<lll cartilage in growing broilers fed an 

enough amount of calcium. Matsui et al. (1994) obse.rved that feeding of CPP increased 

alkaline phosphatase activity, which is involved in skeletal calcification, in the ectopic bone 

formation induced by bone matrix implantation in rats. Furthermore, CPP added in culture 

medium stimulated calcification of in vitro cultured embryonic tat bone (Berber & Jost 19B6). 

The improvement of bone status in hens fed CPP might be explained by the stimulatory effect 

of CPP on bone calcification. Bone calcium content usually decreases even in laying hens fed 

a normal diet as they continue to produce eggs. The shortage of skeletal calcium results in a 

reduction of eggshell quality and egg production. Accordingly, the effects of dietary CPP arc 

expected to appear in eggshell quality through the improvement of bone status in hen~ fed an 

enough amount of calcium when the experiment is prolonged. 

The dietary CPP affected bone or eggshell without any change in the levels of blood 

ionized calcium. Becau~c the blood conccntr<Jtion of ionized calcium wa~ st rictly controlled 
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by the hormones to maintain e<tlcium homeostasis, the effect of CPP on calcium metabolism 

was too mild to change the ionized calcium levels in blood. The improvement of calcium 

utilization by CPP, however, might affect eggshell and hone through an increase in calcium

ligand complex in blood 01 changes in calcium-regttlating hotnwncs. 

In conclusion, thi.., study ~uggc~ted that dictar) CPP \\'as useful in impto\ ing 

eggshell quality ;md bone status in laying hens and the ef fects of CPP cou ld differed with the 

amount of calcium intake. 

SUMMARY 

T his study was conducted to evaluate the effects of dietary casein phosphopcptides 

(CPP) on eggshell quality and bone status in laying hens fed low or normal calcium diets. 

Sixty laying hens were fed 1.5% or 3.-V'!n calcium diets ·without CPP supplementation for one 

week. Then they were fed 3.4% or 1.5% calcium diets containing CPP at 0%, 0.5% or 1.0% 

for six weeks. In hens fed the 3.4% calcium diet, the supplementat ion with 0.5% or 1.0% 

CPP significantly (p<0.05) increased tibial ash content and speci fic gravity. However, CPP 

supplementation did not affect eggshell quality in these hen<,. The reduction of dietary 

calcium to 1.5% decreased the breaking strength, the dry weight, the thickness and the 

specific gravity of eggshell. Tibial weight , ash content and specific gr;wity were also reduced 

by feed ing the low calcium diet. Although CPP supphcmentation did not affect the tibial 

parameters in hens fed the 1.5% calcium diet, 0.5% and l.O~r CPP supplied to the 1.5% 

calcium diet significantly increased the eggshell specific gravity . These results suggested that 

dietary CPP could increase bone mass and ash content of laying hens fed a normal calcium 

diet and improve eggshell quality of those fed a low calcium diet. 
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Table 8-1. Composition of experimental diets 

3.4% Calcium 

Ingredients, % O% CPP1 0.5% CPP 1.0% CPP 
cpp• 0 0.5 1.0 
Com 56.4 56.4 56.4 
Soybean meal 20.0 20.0 20.0 
Fish meal 5.0 5.0 5.0 
Alfalfa meal 4.0 4.0 4.0 
Soybean oil 1.5 1.5 1.5 
Cellulose 0 0 0 
CaC0

3 
7.3 7.3 7.3 

NaCI 0.4 0.4 0.4 
CaHP04 1.1 1.1 1.1 
Premixturc, 0.3 0.3 0.3 
Com starch 4.0 3.5 3.0 

Chemical composition 
ME3

, Meal/kg 2.80 2,RO 2.80 
Crude protein', % 18.5 18.9 19.3 
Calcium-~, % 3.47 3.44 3.72 
Phosphorus.~. % 0.61 0.62 0.66 

1CPP=cascin phosphopeptide~ (~ciji CPP-111 ' , Meiji Seika Kaisha. LTD., Tokyo). 

0% CPP 

0 
56.4 
20.0 
5.0 
4.0 
1.5 
4.9 
2.4 
0.4 

1.1 

0.3 
4.0 

2.80 
18.5 
1.69 
0.62 

1.5% Calcium 

0.5% CPP 

0.5 
56.4 
20.0 
5.0 
4.0 
1.5 
4.9 
2.4 
0.4 
1.1 
0.3 
3.5 

2.80 
18.9 
1.64 
0.64 

1.0% CPP 

1.0 
56.4 
20.0 
5.0 
4.0 
1.5 
4.9 
2.4 
0.4 
1.1 
0.3 
3.0 

') Q(\ 
-· \_I V 

19.3 
1.64 
0.65 

:!Provide the following per kg diet: Cu, 15 mg; Zn, 120 mg; Mn, 120 mg: I, 0.9 mg: vitamin A (retinyl acetate), 12,000 IU; \ itamin 0 3, 4,800 
IU; \·iramin E (dl-a.-tocopheryl acetate), 9 IU; vitamin B~, 9 mg; vitamin 8 1; , 6 ~lg; d-pantothcnic acid, 6 mg; niacin, 30 mg; folic acid, 0.15 mg; 
choline, 210 mg: vitamin K (menadione sodium bisulfite), 12 mg. 

3Calculatcd analysis . 
.!Author'i· analysis. 
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Table 8-2. Effects of dietary casein phosphopeptides (CPP) and calcium le,·els on egg production. feed intake and feed conversion in laying hens 

Dietary calcium, % 3.4 1.5 Probabilities' 

D ietary CPP,% 

Egg production~, % 

Feed intake\ ~'d 

Feed convcrsion3
, 

g:g 

0 

75.7!3.13 

(10) 

118 

2.30 

0.5 1.0 

79.1:t2.23 76.4±3.63 

( 10) (10) 

120 116 

2.29 2.31 

0 0.5 1.0 Ca CPP CaxCPP 

77.6±3.93 6-LO:t3.3b 77.7±~.1 3 0.160 0.209 0.026 

(10) (8) (8) 

11~ 117 117 

2.29 2.78 ') ') -
-·-.) 

'Significance probabilities of effects based on ANOV A: Ca=dietar~ calcium levels; CPP=dietary CPP levels; Ca "'CPP=interaction between 
the effects of dietary CPP and calcium le,·els. 

"Values arc mcans:tSEM(n). Values in the same row w ith different supcr-;cript letters arc significantly different (p<0.05). 
3Data were not indi,·idually estimated. Therefore, ANOV A was not applied. 
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Table 8-3. Effects of dietary casein phosphopeptidcs (CPP) and calcium levels on blood ionized calcium concentrations in laying hens 1 

Dietary calcium,% 3.4 1.5 Probabilities~ 

Dietary CPP,% 

Blood ionized calcium 
concentrations, 

mmoi/L 
Week 0 

Week 3 

Week 6 

0 0.5 1.0 0 0.5 1.0 

1.54±0.02 - - 1.42±0.02 

0~ 0~ 
1.50±0.04 1.44!:0.02 1.45±0.02 1.34!:0.03 1.39±0.05 1.35±0.03 

(1 0) (1 0) (1 0) (1 0) (1 0) (9) 
1.49±0.04 1.47!:0.04 1.42±0.03 1.32±0.03 1.36!:0.03 1.27±0.03 

run____ __ oo) cto) oo) ____ c1_Q) oo) 

Ca CPP CaxCPP 

<0.001 

<0.00 1 0.802 0.222 

<0.00 1 0.066 0.678 

1Values arc mcans±SEM(n). Values in the same row with different superscript letters arc significantly different (p<0.05). 
2Significancc probabilities of effects based on ANOVA: Ca=dictary calcium levels: CPP=dictary CPP levels; CaxCPP=interaction between 

the effects of dietary CPP and calcium lcveb. 
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Table 8-4. Effects of dietary casein phosphopeptides (CPP) and calcium levels on breaking strength, df) weight, thickness. specific gravit) of 
eggshell in laying hens 1 

Dietary calcium, % 3.4 1.5 Probabilities~ 

Dietary CPP,% 0 0.5 1.0 0 0.5 1.0 Ca CPP CaxCPP 

Breaking strength, 
kg/cm2 

WeekO 3.12±0.12 - - 2.87±0.10 - - 0.115 

(28) (30) 
Week 3 2.83±0.20 3.25±0.28 3.06±0.10 2.51±0.18 2.5-h0.17 2.80±0.16 0.011 0.346 0.514 

(10) (1 0) ( 1 0) (9) (6) (9) 
Week 6 2.92±0.20 3.10:t0.20 2.67±0.15 2.23±0.16 2.70±0.19 2.5l:t0.10 0.005 0.128 0.288 

(9) (S) (9) (8) (6) (7) 
Dry weight, 
g/lOOg egg weight 

Week 0 8.18:t0.05 - - 7.49±0.13 - - <0.001 
(28) (30) 

Week 3 8.13±0.23 8.30:t0.3J S.39:t0.17 7.31:t0.16 7.58!:0.15 7 .63:t0.19 <0.001 0.385 0.978 
(10) (10) (I 0) (9) (6) (9) 

Week 6 8.23±0.1(> 8.4l:t0.16 8.59±0.17 7.21:t0.16 7.60:t0.22 7.66:t0.19 <0.001 0.068 0.846 
(10) (9) ( 1 0) (8) (7) (7) 

Thickness, Jlm 
Week 0 356±5 - - 324±5 - - <0.001 

(28) (30) 
Week 3 344±8 352:tl3 356±7 336±6 345:t6 347:t12 0.311 0.422 0.995 

(10) (10) (1 0) (9) (6) (9) 
Week 6 359±8 344:t8 367±10 329±3 322:t11 331±9 <0.001 0.189 0.730 

(10) (9) (1 0) (8) (7) (7) 
(Continued) 
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(Continued, Table 4) 
Specific gravity, 
g/cm3 

Week 0 

Week 3 

Week 6 

2.42±0.02 - - 2.33±0.02 0.003 
(28) (30) 

2.31±0.01 2.30±0.02 2.32±0.02 2.02±0.02 2.06±0.02 2.11±0.0-l <0.001 
(10) ( 10) (10) (9) (6) (9) 

2.12±0.0 1 a 2.1 0±0.()1 3 2.13±0.023 2.()1 ±0.0 1 b 2.11±0.02' 2.11 ±0.023 0.003 
(1 0) (9) (1 0) (R) (7) (7) 

1Valucs arc mcans±SEM(n). Values in the same row with different superscript letters arc significantly different (p<0.05). 

0.095 0.233 

0.003 0.001 

2Significance probabilities of effects based on ANOVA: Ca=dietary calcium levels; CPP=dietary CPP le\·els; CaxCPP=interaction between 
the effects of dietary CPP and calcium levels. 
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Table 8-5. Effects of dietary casein phosphopeptides (CPP) and calcium levels on dry weight, ash content and specific gra\·ity of tibia in Ia) ing 
hens 1 

Dietary calcium, % 

Dietary CPP,% 

Dry weight, g 

Ash content, 

mg!g dry weight 

0 

5A5±0.31 

(5) 

50l±llb 

(5) 

3.4 

0.5 1.0 

6.36±0.22 5.37±0.42 
(4) (5) 

587±191 529±343b 

(4) (5) 

1.5 Probabilities2 

0 0.5 1.0 Ca CPP CaxCPP 

3.94±0.15 4.10±0.18 4.50±0.28 <0.001 0.252 0.088 

(3) (5) (4) 

526± 16311 490±7b 494±13b 0.044 0.34 7 0.028 

(3) (5) (4) 

Speci fie gravity, 0. 96±0.0211 1.11±0.04 3 1.09±0.04 a 0 . 79:t0.04c 0.81 :tO.OOc 0. 77:tl>.02c <0.00 1 0.038 0.046 
g/cm3 

__ (~) (4) (5) (3) (5) (4) 
1Values arc mean~:tSEM(n). Value~ in the same row with different superscript letters arc significantly different (p<0.05). 
:!Significance probabilities of effects based on ANOY A: Ca=dietary calcium le\·cls; CPP=dietary CPP levels; CaxCPP=intcraction between 

the effect'\ of dietary CPP and calcium levels. 
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Chapter 9 

General Di~cussion and Conclusion 

The effects of dietary casein on mineral metabolism and bone status in rats and hen~ 

were ~tudied in a series of thi~ study. 

The effect of dietary casein level on mineral utilization was inveMigated in balance 

study and bone analysi~ during 180-day-feeding trial of a high casein diet in gtowing rats. 

The high casein diet increased calcium retention by stimulating the apparent absorption 

throughout the experiment. Phosphorus retention was also continually increased by the high 

casein diet through an increase in the apparent absorption besides a decrease in the urinary 

excretion. The high casein diet did not significantly innucncc magnesium retention in the 

early period. In the late period, howe\·er, the diet significantly increased magnesium retention 

by improving the apparent absorption. The chronic intake of high casein diet increased tibial 

dry weight, specific gravity and magnesium content. These results suggest that a long-term 

feeding of a high casein diet increases the utilization of calcium, phosphorus and magnesium 

and bone mass in rats. 

Many functional pcptidcs have been found in casein hydrolysates. Casein 

phosphopcptides (CPP) derived from tr) psin-digestcd bovine a, 1- and P-cascin arc known to 

stimulate intestinal calcium absorption. The effect of dietary peptides det ived from casein on 

bone growth was investigated in rats. A whole hydrolys<~te of trypsin-digested whole casein 

was divided into three fractions, and the other two fractions. These peptide fractions were 

supplemented into diets containing the recommended le\·cl of calcium. phosphorus and 

magnesium. Six-week-old male rats were fed these diets for 30 days. Only phosphopeptides

rich fraction showed significantly greater longitudinal lsrowth of tibia. The other peptide 

fractions or a whole hydrolysate adversely affected the tibial integrity or mineral contents. 



Therefore, it i~ \ugge~ted that ca~ein hydroly~atcs invol \'e ~cvcral functional peptide~ related 

to bone metabolism and they alone or synergistically inOuence bone growth in rats. 

The effects of CPP on bone growth was investigated in weuning rats. Three-week

old rats were fed a CPP diet containing adequate calcium. The dietary treatments did not 

influence body weight gain and liver. kidney and ~plcen v. eight. The CPP diet significantly 

increased tibial dry weight and ash content. It was suggested that dietary supplementation of 

CPP beneficially influences bone growth in weaning rats. 

The effects of CPP on mineral availability were examined 111 rats fed insufficient 

calcium. Dietary CPP improved apparent intestinal absorption, retention anu femoral content 

of calcium. The peptides also increased apparent absorp1tion and retention of phosphorus and 

zinc. These results suggested that CPP increase the a\·ailability of calcium, phosphorus and 

zinc by improving intestinal absorption of these minerals. 

The effects of CPP on bone metabolism were i111vestigated using a short-term in vivo 

bone model. The supplementation of CPP to the low calcium diet increaseu calcium content 

of ectopic bone induced by demineralized bone matrix implantation. These results suggesteu 

that dietary CPP stimulate bone calcification in grov. ing rats feu insufficient calcium. 

The effects of dietary CPP on eggshell quality and bone status were evaluated 111 

laying hens feu low or normal calcium uiets. Dietary CPP significantly increaseu tibial ash 

content and specific gravity in hens fed normal calcium diets. llowever, CPP supplementation 

did not affect eggshell quality in these hens. The reduction of dietary calcium to L.5% 

decreased the breaking strength, the dry weight, the thickness and the specific gra\·ity of 

eggshell. Tibial weight, ash content and specific gra\'ity were also reduced by feeding the low 

calcium diet. The supplementation of CPP did nut affect the tibial parameters but 

significantly increased the eggshell specific gravity in hens feu the low calcium diets. These 

re~ults suggested that dietary CPP could increase hone mass and at.h content of laying hens 

79 



fed a normal calcium diet and impro\·e eggshell quality of those fed a low calcium diet. 

ln conclusion, the action of high casein intake to bone status and calcium and 

phosphorus metabolism wa" thought to he partly explained by th;1t of CPP. Dicta1y \PP 

appear to act on bone especially in cases of calcium shortage. i. c., under the situation of low 

calcium intake and weaning in rats, and laying egg in hens. 
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