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Calcium Absorption Acceleration Effect on Phosphorylated and Non-
phosphorylated Peptides from Hoki (Johnius Belengeri) Frame
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In order to utilize protein hydrolysate produced from hoki (Johnms beIengen) frame among many different fish processing wastes,
hoki frame peptlde? P) and phosphorylated hoki frame peptide (PHFP) were prepared, and their calcium absorption accelerating
effects were investigated in comparison to control and casein phosphopeptide (CPP). In in vitro experiment, HFP and PHFP inhibited
calcium phosphate formation as high as 1. 5-fold and 2.5-fold, respectlvely, comparing to control. In addition, the inhibition rate of
calcium phosphate precipitation as increasing concentrations of HFP and PHFP was risen and was similar to that of CPP at 2.0
mg/né of PHFP concentration. In in vivo experiment using the rats, the groups fed HFP and PHFP indicated significantly increased
calcium content in the femur. In particular, the calcium content in the small intestine of the rat fed PHFP was higher than that
of control group by approximately 60%.
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717 2% Hol e U ZEEFF £Z A casein phospho-
peptide (CPP)7} 7} tlEHo|c}, 0|9} 2o} UA3td HElo|=
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FrHe AL FJAUE (Naito, 1986). 018 & w7t EolA B
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7FeR & AAER Fob

M B2 FHY RAEEC FANMTERAA oHF 7
7 5% AYY ¥ 2AHT glon, o E&IfHE AT
Fo] AP gle FAot 71 dEHA FANITAIEZE
75 A4, o5, oW 2 WP & & 5 Atk A2 49
7154 AEaRA Agen e 4HF AL F=2 J€ -7

oW 23 ¥ hydroxyapatite 1Z 2 |8 (Lee et al, 1997; Kim
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B 39 S48 9% duARsf it #% A7 (Simpson
et al., 1990; Haard 1992; Haard and Simpson, 1994; Kim et al,,
199 & H23d o8 714 5% $¥& 717 E4 (Ragnar
et al, 1991; Myrnes and Johansen, 1994)E0] 3% o} o] 45
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£ e °1%‘191 B A, ofF 5 FAFEZ A of
Fo2 ALHI 9t e (hoki, Johnius belengerd)® FAHEQ
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et al, 1999a), & 7154 & HAE 5Hoz Jid 7eEHEY
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sodium trimetaphosphate (STMP) 9} 28Ul o] o]E 9 EEE
o224 A4 polyethylene glycol (PEG)-2 Sigma Chemical Co.
ZRYH FYIAAL In vivo 48N, EFHE Aedgay 4
ARl A Fstg o, 484 old AMgE dF DA (jsola-
ted soy protein, ISP)2 PP500E (Ralston Purina International
Co), $4F ALL vYAER, 344 7I§E TUHREHY A
& 28-St g EHET 714 EFEE Odental BB
I¥(F) (BF) AIN-76 T o] wetdl ELES ZFa& 29
AL FAA EFES AHEEST 2 9 A3 ALE AFES
SFAEE ol &3 qth

QIEY frame HEIO|=S =& Y QIMS

e frame FEO)EE Kim et al (1997)9] Wioz 3£
22 FEF FY €YY QuFENELE o]&e T
frame ©HAE 7HFEPAA don, olg FAHTL FX
(ultrafiltration system)E ©]43te] #£x3 10 kDa ©]3t £¥9|
Hepol=ghg Rop U2 ¥ 9H frame HEIE  (hoki
frame peptide; HFP) ¢l AR 2 ALE- ). & A4t HEfo]
Z= Jeon et al. (1999b) 9] Wlel wat 10 kDa ©]3t 29 3
Elo|EE A F FHARSS A48t FEke] = (phos-
phorylated hoki frame peptide; PHFP) 8 A& 2 AH&-3l5ich.

ZeEs £8ene £3

HFP¢ 11 Q143182 PHFPO W3t in vitrodl M8 Za5&+
ZAEFE A 2 AEY FEd3d e} AESFILSH, Naito
(1986)9] WHE ol &3t Aid# F4 F LNy A
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o] 37CHA 0~1242 B WA OE olE g4EdY
(1,500X g, Smin) tA 2™, &EX 59 fel8 ZEEEE ICP
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Y& Naito (1986) % Yamamoto et al. (1994)9) ¥d& o7t
Ay 2489t & 0~2mynl A FEE 2AF A EY
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Table 1. Composition of experimental diets (%)

Ingredients Control HFP PHFP
ISP! 20 10 10
HFP? - 10 5
PHFP’ - - 5
Starch 6738 67.8 67.8
Com oil 5 5 5
Fiber 0.5 0.5 0.5
Min. Mix.* 35 35 3.5
Vit. Mix. 1 1 1
Cholin chloride 02 0.2 0.2
PEG #4000° 2 2 2

'Isolated soy protein

HFP : Hoki frame peptide

*PHFP : Phosphorylated hoki frame peptide
‘Mineral mixture (AIN-76)

Vitamin mixture (AIN-76)

‘Polyethylene glycol (MW 4,000)



Azt g ouiQatst etelest AW Za FHo MXE 9% 715

st QA ES A48 Az wlEdA Ao (Heaney et al,
1991; Kitts and Yuan, 1992). 222 o]9 e AHAFH4w8&
WA e Bd0 Bady, opneitt B HEP)EEE o
AEE o]HT BEAL 7INT gle Ao g HAFH §7] w&d
(Adibi and Soleimanpour, 1974; Hegarty et al. , 1982; Galibois
and Savoie, 1987), ¥ T4 WH frame BWE 7tFEINE
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AYE 53 g3+ HAEHE HESY e, A 71 g
¢ THEIS SAAA CPpy vl mIFA T

Fig. 19 A|7te) A3 & 24 ¥4 2R5HE 2u3A
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Aete e, e ErEA424 4 9483 cppe i
SAT BAYC AEY FY ZETFO 22 mME AT
B3ty ERFE 28T AS F 08mMEZA TAHAG
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10~20mg/mle FxoA o 70~75%2 el PHFP:
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Fig. 1. The effects of hoki frame hydrolysate (HFP), phospho-
rylated hoki frame hydrolysate (PHFP) and casein
phosphopeptide (CPP) on calcium absorption as a fu-
nction of incubation time for forming calcium phos-
phate.

BANE A4 2 F4U1A ovxite kel AA o 30%E
AAE 7] oz Badd. Ay} PHFPE <024 #4718
7HA A4tsleh ol#) HFPY EHET} oF 20~30% F7HEIAL,
A2 20mynld FEANE 100%E BA o9 2 AN,
AB7A 28d 43 FEFSF EAAT CPP7L H4T 2424
L HAA L, o] F7IF FAEZEY du A fd eEF &4
A Aol 7he¥ Roz 7ddd.

In vivo A8l0] &3 Z&&+ {TsH

HFP 2 PHFPY AW Z4F4 2AEHE &A1) 939
3F7 248 29N 83 (SDA, male) & o] &3t A%
t}.
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Fig. 2. The effects of HFP, PHFP and CPP on calcium abso-
rption as a function of concentration.

Table 2. The amount of wet weight, length, ash and Ca con-
tent in the femur of rats fed HFP and PHFP, respe-

ctively
Wet weight'  Length® Ash Ca Ca %(Cy
(® (mm)  (mg®  (mg) AshX100)

1092004 282104 1604175 642£23% 401+07°
HFP 1231009 279102 1645+27 708+16® 431107
PHFP 1244002 283402 1660%£32 T732%31° 40107

Values are mean * SE of 8 rats per group
'Total weight of left and right femur

‘Mean length of left and right femur

’NS : Not significantly different

“Superscripts with different alphabets in columns are significantly
different (p<0.05)

Control
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o} 10% WHE FABoZ A veh Qa3 @ vk Hel
ol=of AA7 EHS W ZEFTFL S e FYEe By
o o] HEele]=E9 A4trs} ojn|iit Avle] Bolgle YA
o 2% ZEol2Ee] L Aoz U3 HA YA, &
ZolA Zol F4H7] Wi Aoz gdA AT (Naito, 1986;
FEpEREL, 1993).

25 JNERFE Loty 93t &FNEE9 a4 2
& 43S Z3 2 (Table 3), HFP AT PHFP 43T
oAl Ztzt ok 15u) & 2582 e dEZTEY dadete] §
gHOE 8¢ ¥ 4 AN Y, B84 g 2L HFP
AT BETF) F9Foz 7% 943, PHFP HI7FL
HzZEG &7 ekt seels AHFN BE&A Dol
B AL 23U ZEE THT Qe Yoyt LAF¢ o
71 WZo)H, 98 frame PEf|=E0] o FA T o

ROZ FZ&44,
AA L2%fd) Y8 ZF T FE4LF) IANFE= HEL
HFP A#T S & 26% 2 23T A9 Ao|7} g1ty PHFP
A S %2 2Tl v 0% o4 Hold &3 71
&S eI 28y oj3d 2Ry Jlesse AYSEY
AEAAE 2 Aol wet 2e o)y}t el £ 9] o
Boll, 23R M9 LFolsd 2 HA&d tdtd PEG (MW 4,
000)E ol &3t ZA3AT (Lee et al, 1983). 2 ZF} Table 39l
A¢l ol PEGY e tlZFd 83 WEl frame HWElolT oA
FoHoR gt o] el AW e FFe g 240 7t
4 Z $F & (%)S B dz2PdA 20% Axdd y)3)
HFPTIME 10% AEE ¥gtey, Heole 432 98 430
Zgo 7483 ade #EA) g9tk 28y PHFPE A3 A7)
TAME 8% 2 Jeht 230 ZEy sMeste) 4%E nd £
s B E, 230 EA3e F 2% U144 Ca + B84
Ca)ol d& 7+44 T+ u]&S #FF 23 PHFPE 43A1
TEol 2T 3l o 60% FE AsEe Aoz veh} ¢t
3td Helolee AW a9 7138 APY FHLLE ¢ 5
A3 (Lee et al, 1980 ; 1983).

YA E 717 49 599 19 ZF HAFY =F wyeg
£X3% 235 Table 40 JeERITH AT Alolg) Zg 43 F

o 4
2 o [ (1
» fo &

Table 3. The amount of polyethylene glycol*, soluble and in-
v soluble Ca in the small intestine contents of rats fed
HFP and PHFP, respectively
Soluble  Insoluble  Soluble PEG  Soluble Ca
Calmg Calmg Ca(%) (mg) (%)?
Control 16310147 469+ 031> 2587+ 146° 3535+ 437° 2055 £ 353
FP 2412026° 6871071° 2618+ 1.81° 6345+ 278" 1518+ 146°
PFP 398 1012° 588+ 042 40.58 +256° 61.82 £ 7.58° 2820 + 420°
Values are mean = SE of 8§ rats per group
'(Soluble Ca/total Ca in intestinal content)X100
E(%uble Ca/PEG in the small intestinal content)/(Ca/PEG in diet)]
*Superscripts with different alphabets in columns are significantly diffe-
rent (p<005)
* Polyethylene glycol (PEG) : MW 4000

ASF - RER AT 99 oS

Table 4. The amount of the daily caldum intake and urinary cal-
cum excretion of rats fed HFP and PHFP, respectively

Ca intake Urinary Ca excretion
(mg/day) (mg/day)
Control 976+ 74! 073 016>
HFP 1153195 186 £ 024
PHFP 197 +115 112+ 023°

Values are mean £ SE of 8 rats per group

'NS : Not significantly different

*Superscripts with different alphabets in columns are significantly diffe-
rent (p<0.05) :

< frofoge AolE HolA ¥koy HFP ¥ PHFPEC] ozt
=A AHE Aoz vehgth 23y =% 2+ wAdFE PHFP
AAHTAA HIZ F9HQ Aol Holx] gAY q2FRT %
50% A= Attt At HFP AT dEERY 158 o4
¥ Z2E eyt xFe] iR 24§ JuHE ¢
Fe A9 Uz AUz F5E ey P FUEE 249
vl A zko] Z718t) (Kerstetter and Allen, 1989; Schaafsma, 1997). 2
HE2 Uy fde Heel=ge Ao F5d e fae ¢
F At

e o

TS ERAA BAEZZ UF BAHI Qe U frame @
BAZRE 35E Pelo|=Y o84S FAY FHoz Ty
frame @A f HAeto|=g} o] AT HEfoj=o) 7
AT FJEAHE ZH9 AAYY AANEE o4F i vito
433 g5 29 3§ )8 in vivo 4HOE BESAY WA
in vitro 28N 259 AAFAY ALY @l g 3o
79 ZFFEE VY frame FEFO|= (HFP) 9} Q431420 siEo]
= (PHFP)E #71& 2% dzzRt 47 of 15w} L 254 &
Aoz vetgton slgel=d] Hrbexd wE dHojHE HFP
€ %%t 10mg/mle o 7HE&31&0] 70% 2 F715 1, PHFPE
08mg/med o ¢k 75%, 182 20mgmid B CPPY 2L 100
%2 F7FetAch 8FAE o]8¢ in vivo 2 PolA HFP ¥ PHFP
AAT ZFAA dE3Y ZEsErt foFos Fedgen,
53] PHFP 4TS &3 7184 2w $HFol gz
HE o 0% o YT E 2Woz HERE B e
HFPE A& To] ETET oF 158 =4} o)5 AR
B olf7tE FAEEZREH 9 fd9 2EEe A9 Mg
o] 7}5¥ Aoz syt
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