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upon Food Additives
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Influences of r-Ray Irradiation on Polyphosphates in

Aqueous Solution and in “Kamaboko”
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£Y Y yBOSEIIcI, Karl-Kroupa (1956) @<
—r—f o2 ps 57 4—, Matsuhashi (1957) o
AL S5 T7 4 —BRONATNS. ZZTR
Matsuhashi (1957) OFKick2TRY ) v B &
HEATo4. $7db, Dowex 1-X4 (Cl B) oH
54 (40.9x30cm) #Y Y rBKAEKRERIML K
%, M/20 F o EREE® (pH 8.0) THEY L~ 0.2M
KCl % & 0.5M KCI MuAamy, KCl Erehs
0.2M »5 0.5M ETET S XL TRY Y
YEBONEATTOR. BHEKE Iml o757 v g
YAV E—KXDTHEL .

3. HFRIHLUVUNA

HEALFTE W, LETEFCTEF GEF) KT
WRENEEOTHY, 208, 1) 24 vy
SRETOEETOESN v 2 —TH, 2) T80
BEH 0°C L2 TERTRBL %, EER
#A, 3) ai GRES, 1981) kRTIEFTRIER
ZIRML, 35~40 3F1EHE, 4) c0T 0 HE—RE
KU =) F 7408 GFE 6.0cm, E X
25em) jT 170g FOREL 1k, THI 94+ —~T
ZIEFR, 5) 85°C o@ukdiT 40 SREME, 6) ¥
Kb T2 3RIBHD 6 TRHASEKS. CokS5 kKL
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THBL»TFCAEb BRI TERL, ERiC
HBEL 2.

T, EREBIUMBARATIRETIRY ) YBRO
e T sbic, TR0 Y BRERERKESIC
BLTHW.

4 AEICHICREPCHIBRY Y S BOM
W, SERSUICaREIE

MEIEFEC, THRY R REIV R - BT SR
)y EoMhlicid, 6 ZEE%EE (UTF, PCA &

g 2) KBEREHWR. $bb, # Smm 4
ICHYIL XL, Y SWKREY A~ DK
10g it 6% PCA %¥ 100ml 22 CcreVHFA
XL, WAL () #los#E No. 5A) 2T
2BL, AWEB. ZOARICET vE=TKER
TLT pH % 8.0~8.5 e/ Lk, o Smli
Dowex [-X4 (Cl #) o# 5 & (¢ 0.9%x30cm) iC
BEBL, M20 s BEE®R (pH 8.0) TRY Y VB
EWHRH LI BOIOBEMK Iml 2i&T, ¥ 25ml
OHEMBEARIL . COBEHE Sml 2505 5 4
(Dowex 1-X4, Cl1 #, 4 0.9%x30cm) ic@L, XK
BHRBIB 2R ) Y ROSEIAWAEREEEL
HErko2TRY) ) vBAESE L.

5 U EaRORE

HREBE AWML IAHK (& ImD) &, 20aTh
IN-H,S0, 1ml %inx, ¥k 60531 X 5%
#2 | 7-#%, Fiske and Subbarow (1925) okt &k
OTY VEREBEWNE L.

6. 7 MEAs

0.2%FYRY Y RF + Yo LKEK 20ml 24
% L7cm, &X 19cm OERABERBRSICAN
1.36x105rad/h OHERT 0.30x108,2.49x108

LUr 4.38x105rad @ ri@ERHE L7 BEE &

B oiml &Y, fBOKFETRY) ) YROJE LS
BHEETO,. ¥, bEF o 1. 12x10¢rad/h
OEHT, 3.00x105 BLXY 6.00x105rad o r 3
RS LT

RE LUBE

1. KBRS LUOMFIRIPCHIZRI) BO
AES LUCSEUERR

0.2 MY HEY Y B MY v aKEK Iml 24
5 AELT) YBRO HEBLIS SBO MEE T2
fz. =o#E%* Fig. | iRy :

Fig. | Of2»oHohbinkdic, AL MY
HYY VBF LYV vARo-) U, e BB X

CHPYRYY VBOIBEDFHESH, 2hehod
Bid Tug, 134pg BIO 1,410 g THO. Ei:
FrIRYY VBRED AERKOLY ) VREIBB SN
Epot. THbE, COMIEYY VEEF IS L
DRI 0-) VB 0.5%, Ea) vBRMEE. 6% B
TP EYY EBMBI.9BTHDI.

 HFECHIREIERY Y YROSED LU ER
SEICHLDT, 6% PCA #ETrBIEEY) ) v
BoNEZBRE L. THABROKS, 6% PCA 3
BEFTRERLEZNYEY Y vBF Y v Al Dow-
ex 1-X4 (C1 %) o354 (¢0.9x30cm) ZHN
3A540uw 57 4—Tlk2, 3BHD7S5 7
Ve vt BRI BBENZCEBHELE. k0

ST, IS DT7F s v a vEEE 25ml KFBRL,

zotip Sml 25jp Dowex 1-X4 (Cl &) oA
SA(30.9%x30em) IELTREY Y v ONEET
D7z, ZOER% Fig. 2 kR,

Fig. 2 5, 6% PCAndtET 2licd 2D A
Shru=wbr374—ick2T, ®Y Y UBRIT o-
Yy B, Fol) Y BBXUOMYRY Y YERICHETE
LT EDBPOOTHS. KFICkS Y vROEYLR
i3, 0-Y vE8T95.4%, ul) vEBL MY #£Y
JUyBTIREBI8S.SHBTHD.
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Fig. 1. Separation of tripolyphosphate,
pyrophosphate and o-phosphate in special
grade triphosphate by subjecting to the
column chromatography proposed by Ma-
tsuhashi (1957). One mililitter of 0.2 %
sodium triphosphate (special grade) aqueous
solution was applied to the column, and
eluted by the technique of gradient elution
from 0.2 to 0.5 M KCI. PO, contents were
spectrophotometrically determined by Fiske-
Subbarow’s method after hydrolyzation to
phosphoric acid by surfuric acid. Exchang-
er: Dowex 1-X 4 (Cl form), Column size:
¢ 0.9x30cm,
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SERSHEALEBIhES pORFET O HERAL
TehTRZEH TR CTHBFCRY ) v BERNLT
WIENSDTH S, ThEMIL, #Y Y VEBEF
iRmL, 1080 6% PCA 2 A THEYF 4
Zth, BIBOHETEY Y vEENEL. TORE
% Fig. 3 1wRr3.

Fig. 3 5, hTFcmA LY ) vEBiG 0-Y
vE, Eo) yBEIUONYHY ) VRIZDEESNS
&S, ZZiAVESGHEERMFIECHhORY Y
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Fig. 2. Separation of tripolyphosphate, py-
rophosphate and o-phosphate in special
grade triphosphate in 6 % perchloric acid
solution, after subjecting twice to the column
chromatography. One fifth percent sodium
triphosphate(special grade)aqueous solution
and 6 % perchloric acid solution were mixed
in the volume ratio 1 : 10, and the pH value
was adjusted to 8.0 with conc. ammonia
water. Five ml of this solution was applied
to the column equilibrated with M /20 borax
buffer solution (pH 8.0), and eluted with
the same solution, then fractions of 9 ml
were collected. Eluate in the first fraction
was discarded, and succeeding 25ml eluate
was collected in 25 ml volumetric flask. Five
ml of this eluate was applied to the column,
and subjected to the gradient elution de-
scribed in the legend of Fig. 1. The eluate
from the second column chromatography
was subjected to the determination of PO,
according to Fiske-Subbarow’s method.
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Fig. 3. Separation of tripolyphosphate, py-
rophosphate and o-phosphate from the hom
ogenate of “kamaboko” to which the poly-
phosphate additive had been purposely added.
“Kamaboko” and 6 % perchloric acid solution
were homogenized in the weight ratio 1 : 10.
The homogenate was filtered through
filter paper (TOYO, No. 5A), and the
filtrate was subjected to the column chro-
matography. The detailed procedures of
the column chromatography were the same
as described in the legend of Fig. 2.
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Fig. 4. Separation of tripolyphosphate, and
pyrophosphate in the polyphosphate additive
used in this experiment. The conditions of
the column chromatography were the same
as described in the legend of Fig. 1.
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Table 1. Contents of o-phosphate and polyphosphates in “kamaboko”. Both tripoly-
phosphate and pyrophosphate added to “surimi” had been completely changed to o-
phosphate during the period of frozen storage of “surimi”. Therefore, polyphosphate
additive consisted of tripolyphosphate and pyrophosphate was added to the “surimi”
for the test. The conditions of the column chromatography were the same as described

in the legend of Fig. 3.

PO, (ug/g)
o-phosphate pyrophosphate tripolyphosphate
“surimi”* original 1, 205 0 0
“surimi” added with polyphosphate additive 1,205 f, 088 544
1,814 1,023 0

“kamaboko” from “surimi”

Table 2.

grade) aqueous solution due to r-ray irradiation.

* Minced and washed flesh of Alaska Pollack, Theragra chalcogramma (Pallas).

Changes in the contents of phosphates in 0.2 % sodium triphosphate (special

The conditions of column chroma-

tography were the same as described in the legend of Fig. I.

PO, (xg/mb)

Irrad. dose
(rad) o-phosphate pyrophosphate tripolyphosphate
0 7.1 134 1,410
0. 30x 106 5.5 134 1,427
2.49%x 108 8.1 139 1,378
4,38x 108 6.2 130 1,392
Table 3. Changes in the contents of added phosphates in “kamaboko” due to r-ray

irradiation. The conditions of column chromatography were the same as described

in the legend of Fig. 3.

P
Irrad. dose N 0, («8/8)
(rad) o-phosphate pyrophosphate tripolyphosphate

0 1,814 1,023 0
“kamaboko”t 3.00x105 1, 866 890 0
6.00x 105 1, 864 716 0
- 0 1,702 0 0
“kamaboko” usual 3.00x10s 1, 691 0 0
6.00x 108 1,656 0 0

+ Shown lower most in Table

F, #Y Y EERNEFCABLIZE DY ¥
BAMT LR, 0-) YBROATHYH, TOSER
1,205 2g PO, /g THD . ChLOERNPS, TV
BieEmLE®Y ) YBRiZ, pIFCiANshE
ToOMic o-) vEEEa ) YRIEEMLTEZENH
BT 3.

2. KBARBLUMZZCHRICHIZRY Y BIC
33 7 Ay

Fo By Y UERF MY O LEKARELT, BBV
RZNETOHCMATHEECKFERL, choic
TRERELE. RERELY) UBAE DKL,
=hZFh Table 2 L3 R

Table 2 75, KEKTIT 4.38x100rad 0 &%
BOrBEBHLTS - VB, o) VBB LU
FYRYY YBROSER, WTINLERNEOZNE
HANTRBEAEEALTORVZEEWHOLTH B,
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%7z, Table 3 hobrz k3, £ Y VvBETD
BiItABCTHEML»IECTR -V B O &
BEAEL, FO4EE 3.00x105rad B XY 6.00%
10°rad @ r WERH L THREAEE DL LD,
—F, #Y ) YBREN»ZIZZTR, o-) YROSE
IR AT 1, 814 4g PO, /g, 3.00x105rad & X8
6.00x10srad Ritkicid #heh 1,866 ug PO, /g
BLU 1,864 2g PO, /g L0, BEGEBEEASE
THZDEBREMANBEEALB N PO, Er

) vERARIFERMEICIR 1,023 48 PO, /g, 3.00x
105rad L7 6.00x105rad IRz h £ h
890 ug PO, /g B LU 716 ug PO, /g L1200, [REK
BoRKickoTHD U i, Y #£Y Y vERiC
BNTE, RINBHSZDaRH 544 pg PO, /g T2
LEFHEINIDIRZOMTF T hicdkEYS, -
BRH cL 2 BBAHOPRTEC LG TERLD
7.

REHGBOBRIEI pEFchorny YRBRER
ORI, Euy yERIWKERTIRNRKESEDD
TR HENrofc & (Table 2), T iF ¢ TIRBHE
BEBRKSETH o) YEREBIHALLDLDORZ
& (Table 3) 2#Zhid, o) yROBEHEE
BRLTVWRERATLEN. kbbb, i@
KBy B, rgRsic XoT6% PCA
BERicHHShEN ) YBREAY B L LR
n3, TORBICOVWTRAMETCRBES»icLE
5pot. ¥k, cCTHWELIECIIBHLT, b
NEY Y VBRMREL THWIEhOBEHIIE, BRICK
S RHTETHEYEY 74 R7 74—+ (Mandl and
Neuberg, 1955) ick>7T, PRV Y vBHT DS
ORBPB LTI CB,EDRIC 0-Y v ks
BahipEfnashs. ARAKMZILZ®Y) Y VB
DOIUKDIBEHID 212D, HBBEROFES X
— Mt 0B ) YERF MY ARG MY R
VY YERF P Y v aARmA, FYRYYUE, Yoy
VBB LU 0-) VBROEGBELE AN ZORR
% Fig. 5 ksid.

Fig. 5 iwid & 3ic, 100°C T 15 N L 7o+
NERFEIF— MRTI,0-) VB, Eo ) VBB LT
FYEYY VEBROSEBIROTIhE 0°CToS v F a2
N—v g B LEbDRkhs, EH S HFEY X
—FhTERFIRY Y VBRERBIIESCLITRDL, B
Bic o-Y vBE o ) YEREBZEPhIEAL .
bbb, FYRY Y YRIEIAAPOBERICED TN
KAMBEENLCEMBHELATHY, chdhriFCic
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Fig. 5. The changes in the contents of
tripolyphosphate, pyrophosphate and o-
phosphate in raw muscle homogenate(upper)
and in boiled muscle homogenate (lower)
during the incubation at 0°C. Two hundred
grams raw or boiled ordinary muscle of
mackerel was homogenized with 200 ml 0. 4%
sodium tripolyphosphate solution, and incu-
bated at 0°C. At appropriate time interval,
polyphosphates were extracted from the
homogenates with 6 % perchloric acid solu-
tion and filtered. The filtrates were sub-
jected to column chromatography.
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KU o~y vBZ, TG r BREIC L TELY
THEETH 5.
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3. REVULSTOEICMAI MY HEY Y VBB
o) vBRiR, TOBKBRETLz RV RY) T 5
2Ty A—=¥iLkDT 0-Y YRICHKDIMRES .

4. HITRCEHELTHVOIZIRF VX 5T
DEFTE, BINLARY ) YBRETTo-) YRRIC
Lt cDo-) YRz r REIc KD TENES
B#»DZEND, ZOLINTOEERNTHEHE
LirTdcicr@eRELTS, HEL REEE
HELROENRS.
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Summary

The effect of r-ray irradiation on polyphosphates in aqueous solution and in
“kamaboko” was investigated to evaluate the rate of decomposition and to exam-

ine the safety of the decomposed products.

Tripolyphosphate, pyrophosphate and o-phosphate in aqueous solution were very
stable against y-ray irradiation, respectively.
Tripolyphosphate added to “surimi” (minced and washed flesh of Alaska Pol-

lack) completely changed to o-phosphate during the period of processing “kamaboko”,
but pyrophosphate was remained. Pyrophosphate content in “kamaboko” decreased
in proportion to the dose of r-ray. Decreased pyrophosphate was presumed to
change into such products as insolubles which can not be extracted with 6 &% per-
chloric acid solution.

Both tripolyphosphate and pyrophosphate changed enzymatically to o-phos-
phate. The activity of exopolyphosphatase in “surimi” was still remained.

Polyphosphates added to “surimi” changed completely to o-phosphate during
the frozen storage of “surimi”, therefore, the application of r-ray irradiation on
“kamaboko” was considered not to induce any injurious substances from polyphos-
phates.



