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Cooperative Effect of Sorbitol and Polyphosphate Salt on Cryostability of Heat-induced Gel
Formation of Frozen Surimi

Noboru Karo, Norikazu NAKAGAWA, Shigeo SAT0O, Mii KUNIMOTO, Yasuhiro Suzuki, Tomoki OKUMURA,
Hiroshi Sarro, Yoichi ABE, Ken-ichi ARAI

Abstract

The frozen surimis were prepared on mixing with various combinations of 8 % sorbitol (S), 0.25% polyphosphate salt
(P), and 0.1 % KoCO3 (K), and stored at — 25 C. The frozen surimi was thawed, ground with 3 % NaCl (w/w), and
preheated at 25 C for up to 8 hours, followed by heating at 90 C for 30 min. The preheating time-dependent changes in
breaking strength (BS) and breaking strain (bs) of two-step heated gel were measured. The gel forming ability of frozen
surimi was evaluated from the maximum value of BS and linear relation among BS vs Gs (=BS/bs) plots of heated gels

formed. The results are;

(1) The gel forming ability and its cryostability of the surimi (S) were behind of those of surimi (S + P). The rate of

gelation was found to be suppressed by sorbitol.

(2) The suppression of gel forming ability of the surimi (S) was restored with a supply of 0.25% polyphosphate salt into

the salt-ground meat.

(3) The cryostability of the surimi (S) was improved to stabilization by further addition of 0.1% K.CO; although the

gel forming ability was unaffected.

(4) A long-term storage for more than 9 months caused irreversible deterioration of surimis (S) and (S + K) in their

gel forming ability.

The results indicate that polyphosphate salt is carrying cooperatively with sorbitol to retain the quality of frozen

surimi.
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TR (W) Z2HV-EZHNRBRTIE, METREICBY
AWM ML T E. Bk, 1991), BX U, %
BT B2 &5 v X7 BOBELEOIEIER 72 &
EREDPDTHEPRSNS JIEIED, 1973).

WHT D BT B RE OFRMEIE %ISR 5720, @
TR TREZ 25 BOKGR 5 v 737 EOREOHXT
MK T &8T5 2 EHRR W, 22T, 30 HDKD,
N TR, B LR OREOELE IR
5 OMET VO & ORISR E SN HGET LR, &
N7 EREDN—EDEMETTOYIVE b=V ouinix,
BV OWEO T, BRI & B A O Wi 2 KT S &
HZENWPL MG -7 (QELizd, 20055 AL 11T 5,
2008). —7J, EAHY) VEEORIME, TVHDAL L Uik
FERe pH 72 I8 % TS, W EHEZ ffi - 72 e 7 V3
Bk, A4 vmEB LU pH 2 2N 210.10~0.158 X
OT73~T5ICHT 22 LIk o T, BEICX D7 8y
BOEMER IR 2R R S ¢ 53 OUKIED,
1985) »sR M sz, i)y, FEHWZETH FORERTIL,
A VDS, BRSNS IV OWPE, ISR
AOERIZHE A PITTHIE (LITE2, 20000, F72,
A VBEOA L X > TN VIERREZ BT 5 2
W pH 2SR B9 (b kiE2, 2003) 2SR S h7za8
WHRT D B OMEST IVILRE DM SR KT T EA) V]
WA M2 R HEAN 7 Rt 5 OWFFE R IERZ1F 5
nTnzw,

AWFRIZBWTIE, HE (VVvE =), B V8
i, BXU, pH #2475 72012 KyCOsZHMAEDLET
RE, ®IML72EHT ) %223 —ERIb 2> TR
L, COMITEZZ7VOMEZLEEIL, Wl Y
DB VIR BE DT s B & OB VIR & IZ$ E
OB RIZL T LEHEPS 2T 2H-AE L
7z.

ESL WP

Sk dvigE Tl CHE XN A v 55, Walleye
Pollack (Theragra charcogramma) @55 A 7S, Table 1
WCZOMMEERT LG, 8%V IVE M= (S), 8%
VIVE b= E025%EASAY) VB (S+P), 8%V ILE
F—=&0.1% KCO3 (S+ K), BXU8% VLY h—J,
0.1% KoCO320.25% EA) Y (S+ K+ P) 2@l
TAFHEOWGHT I B (£20kg) B L, -40C TR
RS U728 —25C CT—AEMIC D72 D difslir L7z, &
B, 70505 8 HiREX ThhEnlsd, 146,
15.1, B X '14.6%, pH 136.86, 7.18, 7.75, B X U°7.86,
KAETT1, 774, 772, BEXUTTA%THo72. B,
NHOMHEIZOWT, HFHIFEH IR E 22 LiZED b
oz,

Table 1 Additives in (or with) the frozen surimi

Protei
Lot.| Mark |Additivein (or with) frozen surimi 1;(())/e)1n pH
0

1 S 8% sorbitol 154 |6.86
8% sorbitol

2 S+P 146 |7.18

+ 0.25% polyphosphate salt
% itol
3 S+ (P) 8% sorbito _ _

(+0.25% polyphosphate salt )
8% sorbitol

4 S+K 15.1 .

+0.1% KyCOs > 7.7

8% sorbitol

5 | S+K+P +0.1% KyCO3 146 |7.86
+0.25% polyphosphate salt
8% sorbitol
6 [S+K+ (P) +0.1% KyCOs - -

(+0.25% polyphosphate salt )

Polyphosphate in parenthesis was mixed with surimi at
salt-grinding step.

Polyphosphate salt ( TAKEDA Co., Polyphosphate 2-D) — , not
determined.
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B, EEY) VEREGESIMY RS TER, RKYY
YWE2-D), VIVE b= VIiZHWHMEZE®, B X KCOsid
AR TH 5.

M ILOHMEBRIE : RE L 2B VI, HAKTHHA
%, 25C OEMEAMHICRE L2 ICHEE30mm X &S
25mm DR & L, LA A—%— (Y~ Rhegtt
# RHEOTEX TYPE SD-700) % fliH L CHEAE5mm D ERIE
75 vV v — % #E6cm/min TR A S8 THITFEIZB T
BN EER E W RE (BS:g) LMW A (bs:cm)
TME L7 ERWRCB T 5 7 VRElE (Gs=BS/bs ;
g/em) ZHEML7Z B, WA L6 mMlEL,
ZOFHEEEE LCHW (nEiE2, 2010).
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Fig. 1 Comparison of linear relations of preheating time-
dependent change in BS vs GS plots of two-step heated
gels from frozen surimis containing sorbitol and sorbitol
with polyphosphate salt.

Frozen surimi was thawed and ground with 3.0% NaCl (w/w).

The salt-ground meat was preheated at 25°C for up to 8 hours and

subsequently heated at 90C for 30min.

The breaking strength (BS) and breaking strain (bs) of the

heated gel (¢ , 30mm % 1, 25mm) were measured with a rheometer

using a spherical plunger of ¢ = 5mm. Fresh frozen surimi was
used within a few days after preparation.

(O) Frozen surimi containing 8% sorbitol + 0.25% polyphosphate

salt.

(2) Frozen surimi containing 8% sorbitol alone.

(@) To the frozen surimi containing 8 % sorbitol alone, 0.25 %

polyphosphate salt was supplied at a salt-grinding step.

NVEFREL, ZoWiE (BS&bs) ZHlELZ ZL
T, WE S NE Vo BS &SNl E D SR
L72Gs (= BS/bs) LOBtRE Ty F§2E, Zhb
DORNZIZIEOMEN S ), EHBERALT 5. €2 T
Rz ROT, LYMBET VIR RREZFM L. 34b
b, BS=axGs—b (a b:El:r: HEKK TH
% (At ki34, 2005).
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Fig. 2 Comparison of linear relations of preheating time-
dependent change in BS vs GS plots of two-step heated
gels from frozen surimis containing sorbitol and sorbitol
with polyphosphate salt.

The preparation of two-step heated gels and measurement of

physical property of the heated gels were made in the same

manner as in Fig.1, except that the frozen surimi stored for 6

months was examined.

(O) Frozen surimi containing 8% sorbitol + 0.25% polyphosphate

salt.

(2) Frozen surimi containing 8% sorbitol alone.

(@) To the frozen surimi containing 8% sorbitol alone, 0.25%

polyphosphate salt was supplied at a salt-grinding step.
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g (S) BLXU8%VYIVE b= E02B%ERY VRS
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Fig. 3 Comparison of linear relations of preheating time-dependent change in BS vs GS plots of two-step heated gels from frozen surimis

stored over a span of 9 months.

The preparation of heated gels and measurement of physical property of the heated gels were made in the same manner as in Fig.1,
except that the frozen surimi containing 8% sorbitol and 8% sorbitol with 0.25% polyphosphate salt were stored up to 9 months.

(O) Frozen surimi freshly prepared.

(&) Frozen surimi stored for 1 month.

(CJ) Frozen surimi stored for 6 months.

(@) Frozen surimi stored for 9 months.

(A) Frozen surimi containing 8% sorbitol alone.

(B) Frozen surimi containing 8% sorbitol + 0.25% polyphosphate salt .
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DEE, PAMBUIHES MEZ VD BSvs Gs 71 v b H
OMBEMROIFR (BS=a x Gs — b) ZKDH &, (S
+P) OFT D HEPSOMBT VIEKOY A, BS =1.60
X Gs —109.0 (r*=0.937) THEHDIZHLT, (S) OFH
BhooMET VoY1, MEEZOTH HTIE
BS=1.62x Gs —191.4 (r*=0.991), 6 % H#ifsE L7z§

) B Tlx BS=1.43x Gs —189.2 (*=0.987) L&, @ik
I E > CTa MBS 2 AR S F 72,
W E N IMET NV OWIEDRKEETH TV EDL S Lh o
7278 (S+ P) o3 ) Gomisr voptiEx, (S oF
D H MBS IVOMEIZIHERTHLPICH VL RXIVIZH -
7z, — RIS LR ORI OF, a BEEE 7R BINET VIR
BT ED R KMEDTE N L RIVISET A AZRL, &
ZB Y MBS VDR VSO TH 2 (LIE
A, 2000 ; Jb k12, 2005).

BT, BUEITE 9 7 HIEOWHT ) HicowT, HE
) VRO TIMBE 2SR 7 2BV D BS vs Gs 70 v
N O BB % iR RE L, ZoOfE % Figdk LR
L7z, Shickal, (S+P) o7 ) grofzmes
WAZHART (S) OF 0 2S48 v oz )3 E KX
P CARNIAET 5 M TR, S E TR HI A
6 r HAETOT Y HOMBMTVOELHEILTHS. L
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oo =B, 25120 A MBI L7230 o v
EEEEIC DWW T M L2, (S+P) o3 ) Hh ok
Z2mErve (S+ (P) MBI VO BSvs Gs 70 v
MO BIEAROBEERIZ O A HEEER L7230 HTHS
NAEREREE R A Z LD MEIDO LN (KA. 2
DOFFEL, HFEEAT9 2 AU EoRMIIERE, (S +
P) OF ) HOMBAT VIEEERIZLEEITREIND DD
D, (S) OFT Y HOZFNILHILA AR EEY Yz
9™ 0 BRI LT INEA VAL 35 2 488 o $f1E i
PRI TERL BB I ERZRBL TS, b
b, HRSEET O 0 gy 2o 2 BISA  Ze EEROEAS
Y, M IVIEREEIC B A T L e SN D.

VVE b= X MBS VoD HE, BXUEA
V) VERIBOBINC X 21 (FFIZ bs) @BALOBIZICH
LCREIZE S TwS (LEA, 2000) 45, EE&Y ¥
BRI OWINZERIZ pH O ERAZ 72563720, 5D
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Fig. 4 Comparison of linear relations of preheating time-
dependent change in BS vs GS plots of two-step heated
gels from frozen surimis containing sorbitol and sorbitol
with polyphosphate salt.

The preparation of heated gels and measurement of physical

property of the heated gels were made in the same manner as in

Fig.1, except that the frozen surimi stored for 9 months was

examined.

(O) Frozen surimi containing 8% sorbitol + 0.25% polyphosphate

salt.

() Frozen surimi containing 8% sorbitol alone.

(@) To the frozen surimi containing 8% sorbitol alone, 0.25%

polyphosphate salt was supplied at a salt-grinding step.

WMLT, UTFoOFERZIT-72.

MEFTNERDE T B VIVE b—ILEES Y CEIEDHE
BEICRIFT KCOsDBE : TN F TITT o 2 EBRKE D
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HREHPE P IC BT 2 7 VIBRREOHILD KX, 30 &0
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wINsz, Thbb, HEEHSY v X7 BxfliozeT N
EEBICE DL IF Y v OBREMEE pH75~T77TiR b %
ETHY (RERIEA, 1990), F72, 70 H%Mo72%H
IR S 1%, ZOMB VIEEREILES Y v BRI IA7
$5EXIZpHIS~T78I2B VT, FELSY Vikisdt
HFLRWVE X3 pHT7.6~85I2B W TEEE 25 2 L 5%
HSNTwE 2056 THS (L EIFH, 2003). £ T,
AREERTIX, 2RO KCO:;ZMATT Y FdpH 2750
LB EHICHRE L. Thbh, 8%V NVE b—NLE
0.1% KoCOsZRMUL7Z2T D& (S+K) BIU8% VIV
Y b=, 01%KyCO3&025%HEAY) VI Z TR L7239
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Fig. 5 Comparison of linear relations of preheating time-dependent change in BS vs GS plots of two-step heated gels from frozen surimis
containing 8% sorbitol with 0.1% K.CO; ,and 8% sorbitol with 0.1% K.COs and 0.25% polyphosphate salt, which stored over a

span of 9 months.

The preparation of heated gels and measurement of physical property of the heated gels were made in the same manner as in Fig.1,
except that the frozen surimi with further addition of K2COs3 was stored up to 9 months.

(O) Frozen surimi freshly prepared.

(&) Frozen surimi stored for 1 month.

(CJ) Frozen surimi stored for 6 months.

(@) Frozen surimi stored for 9 months.

(A) Frozen surimi containing 8% sorbitol + 0.1% K.CO3

(B) Frozen surimi containing 8% sorbitol + 0.1% K.CO3 + 0.25% polyphosphate salt

D& (S+K+P) ##L7 InbopHIZENZER
T8 L0786 THA. LTINo%29 5 AMICb7zoT
HREIE L C, RRRERISINE T VI HE O i S % LR
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WL, 92 HEICh A 28GR ICIZE AL EDL LT
F72, BSvsGs 70 v b KD IFIFHE L XVOET
Hotz. TOZENSL, 01% KCO3DHMIZ L - T (S)
DT ) FOMHEEASLE, X VRELZZEIREN
7. ¥/, S+K+P) o309y (FighB) TiL, K
ENZMET N OHBIERD T 729 » AR b7z 2 3tk
W, FEALEDLT, WHEORKMEDIZIZFELE L~V
WZHo7:0T, (S+P) OF ) HGoHa L RICZ DN
HEIFIENT VDI EDRENT VDL, HARIL, 22T
b, FighDR2HIZL T, FHMBIES THINT 2
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5, S+K OFT ) Hh50mMETr VIEKO YA
BS=1.43x GS —117.8 (*=0.976) 7%V, (S) OTH &

6

WIS 2 MBS VIR O & O R EHUL Tw 2
A, (S+K+P) OF ) HGomEsr VIO &I,
BS=1.74x GS —1275 (r*=0973) &%y, (S+P) O7F
D GOMBMTNVIEEOLE LD b B a AR5V E
Tho7z.

BT, S+K & (S+K+P) o309 H5BXD (S
+K) O3 ) FIZEFTYRICES) YEEEZ N2 TORK S
MBIV (S+ K+ (P) ®BSvs Gs 7a v Mo
B 2 e L7z, 13 ook Rd, JBER D S Bl
WAL, 3, BLU6 » HEOWHT ) &h o472 nskr
VOB TRECHEBLZ-OT, 2 IIIMRE & L CHiksly
W6 » HEOT ) GE2 A L2 G0M A% Figos LT
RL7:, ThicksE, (S+K 0T ) HE»LEEEN
HIEA VD BSvs Gs 70 v MMIOMBERA (S + K
+P) OFNICHRTHFOLEENICEELTHNEL TS
B, ZLT (S+K+ (P) omgsr vorBEEM#iE» (S
+K+P) OFZNICRLSARTIHELE, oMk E
X, KoCOs% RN L 7\ EBRE S (Fig.l & Fig.2) % 4:¢
FLTHo7z. B, (S+K+P) OFTH)E»LEHES
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Fig. 6 Comparison of linear relations of preheating time-
dependent change in BS vs GS plots of two-step heated
gels from frozen surimis containing 8% sorbitol with 0.1 %
KyCOs, and 8% sorbitol with 0.1% K;COs3 and 0.25%
polyphosphate salt.

The preparation of heated gels and measurement of physical

property of the heated gels were made in the same manner as in

Fig.1, except that freshly prepared frozen surimi containing

sorbitol with K2COj3 and polyphosphate salt was examined.

(&) Frozen surimi containing 8% sorbitol + 0.1% K,CO; + 0.25%

polyphosphate salt

(O) Frozen surimi containing 8% sorbitol + 0.1% K.COs.

(@) To the frozen surimi containing 8% sorbitol + 0.1% K,COs3,

0.25% polyphosphate salt was supplied at a salt-grinding
step.

NBMET N OZF IR TI T ) BRICEHEAY V28
MU TEESmEsr v (S + K+ (P) ®BSORK
EALDENLRXVOMEE 2 LHHIE, BZ6L, pHAS
BEPITENI L EHE LTV AR H 5 (b RIEh,
2003). DiEodEEIL, 0.1% KCODHRMIE 5T HHD
pH®D FHIZ, 8%V IWVEF—LOAEELTHE S 8
JEOMWHMEZ M, Zefb 35205 KCOsldmakr v
RN 5V VE b — Vv oMEIWER % RS 2 H5E % 5
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Fig. 7 Comparison of linear relations of preheating time-
dependent change in BS vs GS plots of two-step heated
gels from frozen surimis containing 8% sorbitol with
0.1% K:COs, and 8% sorbitol with 0.1% K:CO; and
0.25% polyphosphate salt.

The preparation of heated gels and measurement of physical

property of the heated gels were made in the same manner as in

Fig.1, except that frozen surimi stored for 9 months was

examined.

(2) Frozen surimi containing 8% sorbitol + 0.1% K.CO3 + 0.25%

polyphosphate salt.

(O) Frozen surimi containing 8% sorbitol + 0.1% K.COs.

(@) To the frozen surimi containing 8% sorbitol + 0.1% KyCOs,

0.25% polyphosphate salt was supplied at a salt-grinding
step.
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8%V IVE b— (S), 025%FEAY Yl (P), 0.1% KyCO3 (K) ZMAETRALGH T B2HMB L. Motk
3% LT Y L, 25T CHEFHIFMmeEtE, 90°C TI04 MIME Lz, PNz tE D Bmise i & s A 02 b 5
INB VIERRE & Z OS2 M L7z, BRI ToLEB) TH 5.

1) T (S) X VKIS VE (S+P) X0%Y, SIZL2MHII#ED Hhz

(2) SIZL B NVIEEOIHEHNIIE T D RICP 20T 5 & MfE L 72,

(3) TH&H (S) DIMHTEZZSICKEZMAS ERPYUEINDA, FIVIBKIEIZED S %dh o7z,

(4) RO » AL EICR2E, 08 (S) & (S+ K OFVERREIE AT SEICHILL 7

VLEoiRid, SEPHEHET Y HFOME 2 RFFT 272D IHMIHEH L TWb 2 L 2R LTV 5.
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