KPEREUS

A INROF i EEEYNEAT VP S 63

<Pk 25 AR EEB I >

KEWEINZ L B ~

)2 (P) ZETOAEWILHDOITLET, TR
F—RHZ L LOMA LRI BNTHEE R
HEZHSTWE, UL, BItoaAaGE2 s
&L MTAEMZHOICERY CIRIEAA R S
NTWwb, ERFERATIIMTEMIIHENS
NTWLPRMESN TV ARV D, ERIZIZS
MU EOPERENATWS2, EFIICHDP
ZBEEIT 2 &, AV A (Ca) ORI,
EHERE O, RIHARPRPERETAE 70 & O fl Bk 5
RIS 25Y, PoBEREHEIK
W& o THINAHIH S b Cald, flaZORRE
SONTALWIAETOHRREIEL T2\l
—DOFRBEHFTOLH BV —H. HEROEHEM AN
THAHEINFIZZ R EOKERY BT OFERE LT
HOoN %330 5121k, RAFREOEVER LR
WO FKN L2 HICESY YBBERINS
TWb, HEZEDOEMBMI~OHLOEE Y H
Oy HEY VEEEZMH LMY #BGidsIh
LA H B ZOREEZZIT, #) 3D FS
BIFE SN72AS, TR S LA MET IV OWPEIZ B W
THHZEEHDRNY,

Wy ah oMKy 87 g (FP) 25PB L 8
CaD W KT T HBIIOW T, MG T HET
BB Flow —HWIZ I AT IVOWIPGFH P/
BsNIE T OB LB SR E b T SN
Twz¥, 22T, A% Tid. FPHAFIZL 2
HEARTOPE X Calll U RIT T B2 MET

m%j%\uyﬁﬁ&UEéU/@ﬁu%ﬁE
TIZBWT, FPACad B T T 2%
TIHALABRIC L DEH L, 26127y P2 W

D 3 T FE A 2 2

fik fEE. MR
(BTG K ALt s T2

SER. WH 5A
TR LRI SE )

BWFEERIZ L > TFPOPB LU Cafli#fich LT
FTHBIIOWTHL NI LT L2 HIWE LTz,

KA E

. 2NV EORN

FPV& A% + 7% F (Theragra chalcogramma) 7> %
L, A7 by I L REGRERS Y V7 B
EATWVW=T M) IS H RS s EL
7o AT M FUWEBBLIY M) ESAE IV

—THILI L. WZAEMAKTHIIKRIEN L7, K
WTT b I X BBK - BiR. n-~FH X
BRI ATV, SR L 02 Z N ENFP
BIUCPE LA B, FPBIXUCPOILEIL
ZNZFN10.5% (wt/wt) B LT 9.1% (wt/wt) T
o7z

. PRAE

My Ry ERIIZOI VYT —VEIZE DR
Wize K N EETMEB X OEBRILKEIC X
LR, PREV 77y 70—k, Cald
JE IR RERT (AA-6200, BBtk e) <l
L7z

¥ T EOT I BB, FEICHE S T 6M
W T110C, 24 MG TR R, 7 =
WA VFF T A= ML BT VAT AFHER
LR WAHHPLC IS & D 5047 L 720

7 X7 E O 4T id Laemmli O B P I2HE W,
RV T7 7 VIVT I FESGKE) (SDS-PAGE) 1Tl
EL720,
3. AR

Table 112 AN LHALERERIZH W 722508 O #Lk %



64 i b B I E e A

Vol.22 (2015)

R U720 AIN-93GHK ™ 2 b L1z, V) vk
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Table 1 Composition of experimental diets.

Normal-phosphorus diet High-phosphorus diet High-polyphosphate diet
(P=0.3%,Ca=0.5%) (P=1.5%,Ca=0.5%) (P=1.5%,Ca=0.5%)

FpP CP FP CP FpP CP
g/100 g

Fish protein (FP #) 19.77 19.77 19.77
Chicken breast protein (CP #f) - 20 20 - 20
Dextrinized corn starch 13.2 13.2 13.2 13.2 13.2 13.2
Corn starch 38.759 38.801 33.482 33.529 34.809 34.799
Sucrose 10.0 10.0 10.0 10.0 10.0 10.0
Cellulose 5.0 5.0 5.0 5.0 5.0 5.0
AIN-93G mineral mix ' 35 35 35 35 35 35
Potassium dihydrogenphosphate 1.221 0.949 6.498 6.221
Sodium polyphosphate 5.171 4.951
AIN-93 vitamin mix 1.0 1.0 1.0 1.0 1.0 1.0
L-Cystine 0.3 0.3 0.3 0.3 0.3 0.3
Choline bitartrate 0.25 0.25 0.25 0.25 0.25 0.25
Soybean oil 7.0 7.0 7.0 7.0 7.0 7.0

Diets were prepared based on the AIN-93G formula.
T Excluding KH,PO,,.
¥ Containing 28.6% phosphorus (wt/wt).



AKPEVIFERNZ X %) > O 8 F IR R 65

KBERELUVER

. FPELU CPO—RA#ME KV
22 INTBEMIR

Table 2 [ZHL& 37, PBLX U Cama/RL
726 FPICHENLPRIECPELAEETH -
720 CPHBOBIZIIFP & [FERIC T3 KTV %
AT o 7205,
I N5 PALEWIEERE LIC S WEEE D 2 & HEN
SN %, Fig. 1ICFP3B X OF CP®SDS-PAGE @
MR R LIz &5 X0 EDITHHITKREZ

Table 2 Chemical composition of FP and CP.

FP CP
/100 g
Crude protein 94.2 93.1
Phosphorus 0.11 0.42
Calcium 0.04 0.04
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Fig. 1 SDS-PAGE patterns of FP and CP.
SDS-PAGE was performed using 15.0%
polyacrylamide separation gel; Lane (M),
molecular weight marker; Lane (FP), fish
protein; Lane (CP), chicken breast protein.

BIhoTWbH72DIZ, BHEEBIOWHIEHE S ~
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Table 3 Amino acid composition of FP and CP.

FP Cp

% (wt/wt total amino acids)

Alanine 6.10 6.10
Arginine 7.03 7.16
Aspartic acid ' 12.63 11.72
Glutamic acid * 18.06 17.63
Glycine 3.82 3.82
Histidine 2.10 2.77
Isoleucine 4.71 5.17
Leucine 8.52 8.76
Lysine 9.70 9.66
Methionine 2.95 2.72
Phenylalanine 3.33 3.79
Proline 2.95 2.65
Serine 4.44 3.93
Threonine 4.68 4.96
Tyrosine 3.92 4.13
Valine 5.06 5.03

T Aspartic acid + asparagine.
SGlutamic acid + glutamine.
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Fg3AblU3BC WHE Y VPR o N TIH
FIZH WHEP B X N CalREEZ /R L7z CPEE
ﬂk%h?ékl@@ﬂ@ e B P BRI L R T



66 i b B I E e A

Vol.22 (2015)

RO LT F U HALBETERICE WEE
~L72(p=0.02), LH»L. FPIZCPLh b ¥ >
NIERIZEEFN TV ALPEID W0, fF
HIZZENZPOLFATEEDE NP EEL TS
ZENEZBND (Table 2), F72X7 Y Vit
HAETREETPOIZEA LD ERELTEY,

Y7 LT F 2 IHALEARE TIEA 50 %D P ASiERE L T
Wiz X7Y VHALERICE T HFPB X UCP
AR W2 B Ca it 1£134.63 £ 0.17mg/g. 4.26
0.11 mg/g (mean + SEM, n=3) TH->72, L&
L. Y7 L7 F VBT Y 237 E ol
KA IEDE < 72 B I2ONT (Fig. 2A). ##fCa
BEOMT 3 2 AR S, 2405 TIXFPB
X UCPEFRE L2, 0.75 = 0.19mg/g. 0.92
+ (0.14mg/g (mean £ SEM, n=3) FTIKTF L7
(Fig. 3B)o UL b6t Ca ilREEDOMKT ., & 2%
7 BN o3 S & M B AR AR DA 0 1 53 23
HILSNDEZLIGERLTWwWAS EEZONA, L
2L, BYYBIOERY ) VEEERTSRY 2L
7 F VIEALBIRIC BT B EM Can A E A SN
72> 72 (Fig. 3D, 3F). F7-4€ 4 VIR Cl
7 LT F AL EREOWEEECallE1X2.80 +
0.13mg/g (mean =+ SEM., n=3) L @iz /R L7z
A5 ZAUXTHALEARIZAER L 72 B A R A KR
TF FIZCadia L, WiLIN720TH %

3. @Y R

Fig. 2B \2& ) Y fE o A TiHLB~RICBT 5
N7 MK R Z R L7, FPEEHZCP AT
B, X7V UyBIUONY LT F UL

RO IEHR DA B - 72 (p=0.03)

Fig. 3CB X U'3DI2HY VR0 A TiHLEE
WCBITAEHPE X CalgEZ /R L7, #HY
VEPRRE L, &Y VAR o AT LERAICE
VT B EREP IR L, AR PR & MARICH 5 RS
fiz/R L7z, $7-FPEHOERMPHREIL. CPH
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Fig.2 Course of protein digestibility of FP and CP diets prepared using pepsin (added at
time 0min) and pancreatin (added at time 120 min) digestion.

Each point represents means + SEM (n =

3).

Degree of hydrolysis = Amino acid content of supernatant/ Amount of protein x 100
(A)Normal-phosphorus diet, (B) High-phosphorus diet, (C) High-polyphosphate diet.
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Fig. 3 Course of soluble phosphorus and calcium concentration prepared using pepsin
(added at time O0min) and pancreatin (added at time 120 min) digestion.
Each point represents means + SEM (n = 3).
(A)Soluble phosphorus content of normal-phosphorus diet, (B)soluble calcium
content of normal-phosphorus diet, (C) soluble phosphorus content of high-
phosphorus diet, (D)soluble calcium content of high-phosphorus diet, (E)soluble
phosphorus content of high-polyphosphate diet, (F)soluble calcium content of high-
polyphosphate diet.
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Effect of fish protein on excessive intake of the phosphorus
Kenji Fukunaga, Ryota Hosomi and Munehiro Yoshida
Laboratory of Food and Nutritional Science
Faculty of Chemistry Materials and Bioengineering, Kansai University
Summary

Phosphorus (P) is an essential nutrient that is required for all organisms. On the other
hands P is used as phosphates in a variety of processed food, such as Surimi (Kamaboko),
processed meat, cheese, frozen bakery products and carbonated beverages. Additives used
in processed foods frequently are high in inorganic phosphorus, which is readily absorbed.
P intake in excess of the nutrient needs of healthy subject thought to disrupt hormonal
regulation of P, calcium (Ca), and vitamin D, contributing to impaired peak bone mass,
bone resorption, various negatively affects and greater risk of fracture. Phosphates are
added to surimi to improve water retention and prevent alteration during freezing. Attention
is given to phosphorus intake from processed foods rich in phosphorus additives, which
significantly contribute to phosphorus intake. There is a tendency for consumers to avoid
surimi because of the added phosphates. Currently, no information is available concerning
the P and Ca solubility effect of fish protein (FP), which is contained in surimi. Therefore,
at first we investigated the effect of FP on P and Ca solubility in vitro experiment.
Experimental diets were formulated as follows: normal-P (0.3% P wt/wt, potassium
dihydrogenphosphate) diet, high-P (1.5% P wt/wt, potassium dihydrogenphosphate) diet
and high-polyphosphate (1.5% P wt/wt, sodium polyphosphate) diet. The protein source
of each experimental diet was FP or chicken breast protein (CP). The experimental diets
were exposed to simulated gastric digestion including HCI and pepsin for 120 min (pH
2.0) and then small intestinal digestion including NaHCO; and pancreatin for 120 min
(pH 7.4). When the high-polyphosphate diets were digested, the FP diet tended to be
higher Ca solubility than the CP diet (p = 0.10). When the normal-P and high-P diets were
digested, there were no significant differences in the Ca solubility between the FP and CP
diets. These results show that FP might enhance Ca solubility under excess polyphosphate
conditions. Further, now we examine the effect of fish protein on excessive intake of
the phosphorus in rats using high-dihydrogenphosphate and high-polyphosphate diets
mentioned above.



