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Influence of formaldehyde formation during storage of
shortfin lizard fish on kamaboko quality
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The freshness and kamaboko gel-forming ability of shortfin lizard fish Saurida elongata meat rapidly de-
teriorate during cold storage at 5°C. We found that fish meat stored in that manner contains a large quantity of
trimethylamine-N-oxide (TMAO) above 25 mmol/kg. TMAO rapidly degrades into formaldehyde and dimethyla-
mine. The amount of formaldehyde increased to high levels at which the kamaboko gel-forming ability was almost
lost after 2-3 days’ of storage. Shortfin lizard fish meat produced formaldehyde abundantly at the setting tempera-
ture of 30°C for 6 hours. Washing with water effectively removed TMAO from minced meat. Deterioration in gel-
forming ability was reproduced by addition of formaldehyde to washed shortfin lizard fish meat. In contrast, white
croaker Argyrosomus argentatus meat contained over 50 mmol/kg of TMAO, but it retained its gel-forming ability
well during storage because of its lack of formaldehyde. Adding formaldehyde to washed white croaker meat and
shortfin lizard fish meat decreased gel-forming ability.
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#3B AT Sawrida elongata (TS N (F
T#) C4R~5AL1I0A~2AKKREINIHD
CE#ME K 30.3 cm, FHER 276 g, #EEEKY 1,000
B) THEORWLO (FEMH) * AV,

217 F Argyrosomus argentatus VX ¥ P48 T 10 A
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L7:#AFD TMAO B#EWBEDER 1T > /2o 3K
Wit, A 10g#=MFEL CHSKIC LD, 4% BIEFRRE
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“HALRFE-N VLUK 10mL iz, a2 L T50°C
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TritonX-100 F# 40 mL »3t12, LK< &AHL 22563
DHEIREYFA XT 5, 750xg T 15 FREELOTHEL T
LBAB B TCABRFELZ2EBEDVRL, KIC010M
KC1-0.04 M Tris-HCI buffer (pH 7.0) 70 mL % jnz #8
BLTOLT70xg TTHHEOHTBEL, EEADEH
I AETHERZEDRL ., BoNn/cikix, 0.10M
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R MMED Ca2*—ATPase i3, 5mM CaCl,, 0.10 M
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Fig. 1 Change in gel forming ability of lizard fish fillets
during storage at 5°C. Kamaboko gels were prepared
by a 2-step heating method (40°C for 20 min and 90°C
for 20 min). Protein concentration: m, 15%; ®, 13%;
A, 11%.
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Fig. 2 Change in gel-formability of white croaker fillets
during storage at 5°C. Protein concentration: ®m, 15%;
e, 13%.
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%, 850 gw, 17.3mm %L, HEIFEISVEL THH
FIACTEAREEFREL T, R, v gE
FE% 13% IR L CIEBLL 7o 31E C OBMEE KU
MALEEOET SAECETLAL, 20 8kbakh
FIFZ L L COMEOD 57 VEBRELZHE L Tz, b
ALY EiRRED, yarFRISVEREEICEN TR
D, THICKHFERPEPHELYRS > Th 2T I X IVF
AL S ABEHEIN TWA T EBABFRAIN/ 9
FHEHFTY DRSO TMAO BEYMEORRZT(L
F ALY T, RVAT VT FOARSEEETIC
HEL COAWHESENE 2 bN/ADT, FTIVATILTE
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Fig. 3 Changesin TMAO and its degradative products in
the muscle of lizard fish and white croaker during
storage. The muscle was stored at 5°C. (a) lizard fish;
(b) white croaker; m, TMAO; ¢, TMA; @, DMA; A,
Free state formaldehyde (FA); V¥, bound FA.
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256 BT 0.5 mmol/kg ~ LA L 723, —7,
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SERL LD, DMA ERIVAT VT FREEATH A
T ERRBL TS, LaL, EBRRLVATIVTE R
{%, 0.5mmol/kg 7% 6.2 mmol/kg (11 B#) L #n
Lih, ZOFIEDMA BEO#1/4 T, TMAO D% f#
BIZRBED DT d o7z, BIBOMEADDHED &
212 TMAO %€ )V B0 DMA LRIV ATIVTFE FIT
DEIND LRET L, EHEOT I JBRRA XN
JBEEFREELIZTIVATIVTE FEE, BFEAPIC05
mmol/kg (0 HHB) #» 5 5.6mmol/kg (3 H#), 11.2
mmol/kg (6 H#), 16.9mmol/kg (11 A#) <M
LicZl & h, 2O EiE, MICk> THRINTY
2,20

FikiC, 0°C THBL7AHED, RIRL T
BT S BORRZ VN BEERBE LTV AT LT
Fo&id, 0.5mmol/kg (0HH) # & 5.9mmol/kg
(3 A#), 14.1 mmol/kg (6 B#), 19.7 mmol/kg (11
Hi%) Thsrrf#EIN, P AHrXrT Y% 5C THET A
£0d, OCTHBELITBZ VN7 LEELIRIVA
TITE FIEMICES NMERS AL BT,

L A FOIEPD TMAO BEHEORELEL
ALY EORDIOIT, vasFO%EELE % 5C
T9 HERL 72860 TMAO BEAL &% ORERFEAL
% Fig. (W) IR L7z, YHEZFHARFIE N Ar Ty
&0 $%ED TMAO (53 mmol/kg) HEENTED,
FBRPICERAICHEA L, LaL, 9 BREOIFBPIC
DMA i s h e, BEARIL AT VT B F ot s
NEPo7oDT, TIVATIVFE FSERIN TRy
EHEFEINTS DT LD, MICE-s THRINTY
%020 —J, TMA3&~ICHEmML, 4 BLUEITERC
L 72,

FAS TV RO FOKBELADKEEFRD
TMAO BAEMEADEEEZE(L TMAO » zOBI#EWAIL
KICHBERTH D L LKL OHRAERN: (5F—
IR ET), FATFTYOBRAFO TMAO &3,
AL IC & - T 23.8 mmol/kg 7 5 0.08 mmol/kg iZ
AL, TOKBLA%L, 5C 11 HEEERZIT-> Td
ZFOEEZ, 0OHE®D0.08mmol/kg X 1ZFLAEEDS
o tc, 72, DMA BIZEFBPICH T 2aEngs R
bhic, BEERLVATVTE RS, 0HE A2 S 0.03
mmol/kg (11 HE&) ~ELMEL, P XTIV O%ELL
H7%5C THBLL 7D & 5 7x DMA REBEO TV AT
VT FOBEERHEMIRON ko7, ThHORR
6, KEEL T TMAO ARRMICERES N, FFEPIC
DMA (S RIVATIVTFE FDPERL L b Ldbhp
> ze =7, ¥YBaI7FHFDO TMAO &I, KIELIZEK
- T 53.0 mmol/kg A & 1.1 mmol/kg I L, 5C T
11 HRSEFR L 72 T4 0.7mmol/kg LT LA EED L
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Fig. 4 Effect of temperature on the formation of DMA
during the storage of lizard fish fillet. Storage time: ®,
4h; A, 6h.

25

£§ —e — |
b2 o 22—

20

—_—
($)}

-—
o
T

TMAQ (mmo | /kg)

0 PRRE NN NN YR NNV AT AN I N
0 10 20 30 40 50 60 70
Temperature (°C)

Fig. 5 Effect of temperature on a decrease in TMAO
during the storage of lizard fish fillet. Storage time: ®,
4h; A, 6h.
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VEE L DMADAREERIZELICE KL T
Vo COFRREARHTHLS, 74 V—FDH0% F\n
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BIVAT VT FCGBENs I eP@EIN TN A
B, CORINIERBIC L ABBEOBMIRRTH L &
b, TCTIRIERERA DMA OA& R OFEEMIZ /NS
WeEHEEINS,

LaLl, REREFERCEIOERIZERD, DMA &
i3 Fig. 6 127”9 £ 212 30°C Tl 6 BRI ITEA I
B S1RRIBICIIBI E e kv, —77, KR
TO DMA OABEE(ZEVS, 6 AHICIE DMA 0F
BET 14 mmol/kg IZ#E L /=, 20~30°C T DMA @
EERESERRCTET LARE S L Tid, TMAOase 1%
MERERRIC Fe?t SR LA ZME LT 5 05,2 Th
LOBTDHEEDEZ bND, IHIT, BAEWDOREFEIC
£ D TMAO A TMA NGBIND L D72 B 720 L H#E
EEINbH, Larl, COREBRICEKT5ERBHETO
DMA OZB s RIS D TRICB T ATIVATIVTE
FDOERIZ & » TTHIVIEBEEDME T 3 B et A /R L
T\Whb,

RUWLTILTFERBMAS T AFEZOREICKEZ

TR HifMETO/RLL, FPAFY Y TRERPIC
FIVALAT VT FEMBOCHBTL 3 H#IC 4.5 mmol/
kg, 5°C T 8.3 mmol/kg ## 2 %5 (Fig. 3, Fig. 6),
LaLl, KBBL4 A5 2iICk->TTMAO #EL - &
WA 5°CCO AMIIFRL /=%, fERLAZ VN7 EHE
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Fig. 6 Changes in DMA in the lizard fish fillet during
storage at various temperatures. ®, 0°C; @ ,5°C, A, 10
C; v, 20C; &, 30°C.
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Fig. 7 Effect of formaldehyde added to the washed meat
on the gel properties. Formaldehyde-added meat of liz-
ard fish, previously washed and salted, was heated by
a 2—-step heating method (40°C for 20 min and 90°C for
20 min). The salted meat contained 2.5%NaCl and
formaldehyde at pH 6.8. (a) Breaking strength of the
gel; (b) breaking strain. Protein concentration of salt-
ed meat: m, 15%; ®, 13%: A, 11%.
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Touf \ AT VTR FEIRIT 5 & Cat*-ATPase DI 45—
2 003 - ° HICERTAHH,2% Chid 34 Y VIEHO SH#E (SHy)
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Fig. 8 Effects of formaldehyde on ATPase activity of
salted meat paste. Formaldehyde was added to the
salted meat paste and then ATPase activity of the
paste was measured in 40 mM Tris-HCI (pH 7.5) and
1 mM-ATP with 0.5 M KCl and 5 mM CaCl, for Ca?*
—ATPase (m), or 25 mM KCl, 2 mM MgCl, and 0.1
mM CaCl; for Mg2+—ATPase (®) at 25°C.
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Fig. 9 Effect of formaldehyde added to the washed meat
on the gel properties. Formaldehyde-added meat of
white croaker, which was previously washed and salt-
ed, was heated by a 2-step heating method (40°C for
20 min and 90°C for 20 min). The salted meat con-

tained 83.5% moisture, 2.5%NaCl, and formaldehyde
at pH 6.8. O, Breaking strength; ®, breaking strain.

TUFE P& 1.0mmol/kg RN T 52 &Il E-T, ¥
VR BEED 15%, 13%, 11% O EIE Z OBKHEE
T, #hFEnP30gw, 28gw, 16 gwiE T L, MADH L
NFN 04 mm, 0.5mm, 0.4mm{ETFL THW7IL &
STz WOMTFTFAFTLONBLICETL, »EIE

5238 RIZ, RIVATVTE FEERLGZWY O
FFOXKALEICHIVAT IV FEHEML T XS
TV R THE R L, BEORVWY DS
FHORABLAABHOKBLEITD> I LICE- T
TMAO Bt & aBrE Lctk, BILVATIVTE R %
WL CHOEFE AR LA VEESIIE L ERE
Fig. 9 1TR L 72,
YRTFIRIVATIVTFE FEHERNL ThEIEC2F
BUZBEEL PP IVICRIVAT VT FEEmL T
PEEFECEERL HE LRRIS, RIVATVTEFD
WINEEORK & HI1T, 7FIVOBERGRE & MARBMMET
L, NIVATIVFE B IVEREIC K 2 EEr2 5 2
TWB I EHBGh -7,
UEORRE®D, Fh7 T AHOT VBEEMET
L, WA EFECFIVERLFERELTRIVATIVTE
FOERAKERERNTHS S EPHEEIN/, TIVA
TITE FREEmL - A SER I N2 £ 2
<, BEKST AL VOEBHEEL- TR, BEOEWTD
FIYHEIEIRKES BTV,

£ 3

FAHF VO VR OWTHER LA, AT
VARSCTLHMEBL Tb3I A4y HCEHED S
) (KRl Tuhwiy) B TEhnnlee, 4V
7GR REBERDPEENHAM L ROWHE, EEOR
WE0C THBEL Th, BERKIEDEC S 90T T
MEL TH 7OV (BEMRE) (SR ARWT Y
Mo, ZUINTBHIRER R L ARHERAD T IVIE
RETOFEREITZEZ DNZP o, £IT, IFEH
AP LY OBEFICERI N/ cHRVLTIVTE R
2, FAFIVRONEIESIVEEREEIC Y 2 A REIC
DWTHET L 72,

IV S58EIE, AHETTMAO ORIV ATIVTE
FEAERTHIETILHMBNTVWS, BEPICE,
TMAO O RERMN 2 DE 2 HNT W5, £7 121,
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BIVAT VT ROPEIF I AOHE 303

TMAO 226 F U AFIVT I VAFV F@ITERIC >
TTMAIZ, ELICP U AFUT IV AFIVEEEIC
o TUDMA SN, SHICVAFIVTIVE/
FFVTF LI L TAFINT IUNEGRT LR
THb, CORKITERFOREE Tk < MEYhko
BRICIARIGEEZONTWSSD 2 2BL, AAWF
DEFYAFNVTIVEFVIFRAFIVBERICLE - T
TMAO %6 DMA LRIV ATIVT B RIS R4 58K
T 558

kAT ORFICKE B TMAO O5 ki % 3 5
P BT, FArLY % 5C TlEL TMAO ©
BELEHOBZREL 1R, FhX LY ORFT
RECARIGIE, EELTHFYAFIT I VAFY PR A
FIVEBEFIC LS DMA LRIV AT VT FOERTEH
LT ehmraehnsc (Fig. 3(a)), —7, vr7 5% 5C
THFB L TMAOOB#E{EHETRAEL KR,
TMAO 5335 2 LIk » T TMA R S Hh, 4%
WEIL9 HHEIC 144 mmol /kg L 72, LA L,
DMA {3 0.7 mmol/kg L hER I Nz olc, TDT
L b, YRZFORBATERI ARG, &L THE
MO AFNVT IVAFYV FBRITEEOERATHS
LA Ens (Fig. 3(b)), CO XD, BRI K-
TTMA D4R AR D, A% Ty Tid DMA
EFRIVLT VT EBER LTz, b A7 T OO
FIWVAT VT FOAERERBRDTAEL, 5CT2H
#1213 3mmol/kg ##E 2 7- (Fig. 3), ¥7-, #%%E
B L7-30°C Cid 2B/ 30 404 & T 1 mmol/kg iICFE L
7o (Fig. 4) T&h6, BEORWO LKL #1L T
FHE LD TMAO #rELEVIEY, £RL IRV A
TVTEFC TRV ZBOEWNRI D, 7L
BEEDKTORR L %556 L AHEESI NS,

Fig. 7 Of5 8T, BEORWFAXTY Tid xRy
BRE 11%, 13% RU 15X ICBWTZhZENHRIVAT
VT FEEHND, 8 XU 17mmol/kg LA ETHFIF
DKTRE N 400 gw ICEZETER W A /RL T
b, LpL, BCTHERLA-TZVATIE, Fig.1+3D
BEPD, BWERED DS B 5T 2 Offiffisikbh s
DIIAFDTRINVLT VT FBER T TN 4,6 RU 8
mmol/kg LA LD & ETH BT LN, Fig. 708
Rk, PEOBRIVATIVFE FTHEIFIFIVIER
BEBRDOND Z L, TOHEIC ODWTIETHERD
WIVLT VTR &EX VNI B EORICKMBELRS
LIZEBEDEEZONS, Tinbb, Fig. 7 Clddib
LATITE FEHEML THHMEE TH 1EE (5w
BIZ30%, r— 702104, #0i2204) TH-
72o —F, Fig.1 318V TIE, BIVATIVFE R
BFEHICER) L2 V78 ORIGERIE, #hZE
N25H, 35HE4HTH-7, RIVATILVFLE L

AN B EORINIRIII BN TH Y, BiE& &4
ISR RN &L, X\ EEER IR AT L4
HNTVBB L7 »C, RICH/EZE W Fig. 7T
2 VRV BBRESE VA EIEIFE S VREOCKT
WKEBOTRVAT VT FBRLETH - - LHEHlIS
%, Abe 5132 2 b7 45 AN 1 mmol/kg DRIV
LTINTEFEREMT 5 &, HMEHICIMEL 7273
BTV R R T, BRINEAME 0°C T 8 K
BLTHOIMET S & X VRES RN L 2HEL T
Wh, &5, Ca?*-ATPase iFtE IRV AT LT K
IR ORERGE & & IR T 5 22BN T 5,
L 724 - T, Fig. 8 TMg2*-ATPase i&MH: 2 2 IT1K
T+5IEm0, RIVATIVFE FIZLAEHREAT
WH LD LHETEEIN S, Ca2t—ATPase {FEiZ L A
TIVFE RGO ECEALE W EEbN S, D%
D, BIVATIVFEFiE, STV VETOREY T 75
T AV =10 ATPase {§ 2 REF L 2B BT 5 2
EDRHEEIN S,

U EDMERMLD, FAXTY WEONEITF S 7 IR
R R T SR DItid, HEERETELRIEI RV
LATIVTE FAROREK &7t %5 TMAO % kil L Tk
FTHZEHENTHS LERIND,

I

ARFNLKRET OB EETH 5 PR 5 F~9 FK
EMTHERBFERERR] O—REL TTHbN2LOTH
D, REFEOBREIMICEL SHLHBL EiFEd,
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