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Abstract
Chantarat, P., Kijroongrojana, K. and Vittayanont, M.
Effect of ice storage on muscle protein properties and qualities of
emulsion fish sausage from bigeye snapper (Priacanthus tayenus)

and lizardfish (Saurida undosquamis)
Songklanakarin J. Sci. Technol., 2005, 27(1) : 123-138

The chemical changes in fish muscle and natural actomyosin (NAM) from bigeye snapper (Priacanthus
tayenus) and lizardfish (Saurida undosquamis) muscle during 0, 2, 4, 6, 8, 10, 12 and 14 days of iced storage
were studied. Myosin heavy chain (MHC) of NAM extracted from two fish species was degraded throughout
iced storage. However, no changes in actin were observed. The total volatile base (TVB). trimethylamine
(TMA) and surface hydrophobicity increased, while the total sulfhydryl content and emulsion capacity of
NAM from both fish species decreased significantly as the storage time increased (p<0.05). A Texture Profile
Analysis (TPA) and shear force of emulsion fish sausages prepared from two fish species kept in ice for 0, 4,
8 and 12 days were investigated. The results showed that hardness, cohesiveness, gumminess, chewiness and
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shear force of sausage prepared from fish kept in ice were lower than those produced from fresh fish. How-
ever, no significant differences in adhesiveness were observed. Cooking loss of emulsion fish sausage from
two fish species increased throughout storage time (p<0.05). The texture of bigeye snapper sausage was
better than that of lizardfish sausages. Scanning electron microscopy (SEM) micrographs of emulsion fish
sausage from two fish species revealed bigger voids, thicker strands and less continuity of protein strands
with increasing storage time. More microstructural changes were observed in sausages from lizardfish,
compared to those in sausages from bigeye snapper.
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Tablel. Changes in pH of bigeye snapper and lizardfish

muscle during iced storage

Storage time (days) Bigeye snapper* Lizardfish*
0 6.35£0.05¢ 6.52+0.03f
2 6.47£0.04f 6.60£0.02¢
4 6.52+0.03¢ 6.66+0.01d
6 6.41£0.05d 6.52+0.03f
8 6.61£0.04c 6.76£0.02¢
10 6.76£0.01b 6.79£0.04c
12 6.78+0.03fa 6.82+0.02b
14 6.81£0.01a 6.84£0.02a

*Means = standard deviation in each column with the same letters
are not significantly different (p<0.05).
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Figure 3. SDS-PAGE (10% polyacrylamide gel) patterns of natural actomyosin from bigeye
snapper during iced storage. Numbers designate storage time. M, High molecular
weight protein standard
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Figure 4. SDS-PAGE (10% polyacrylamide gel) patterns of natural actomyosin from lizard
fish during iced storage. Numbers designate storage time. M, High molecular
weight protein standard
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Figure 5. Total sulfhydryl content of natural actomyosin from bigeye snapper and lizardfish
during iced storage (total SH was calculated from absorbance at 412 nm using the
molar extinction coefficient of 13,600 M! cm! for 2 - nitro - 5 - thiobenzoic acid).
*All values are the means of 6 determinations (3 determinations on each of 2 fish

lots).
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Figure 6. Hydrophobicity (SoANS) of natural actomyosin from bigeye snapper and lizard-

fish during iced storage.

*All values are the means of 6 determinations (3 determinations on each of 2 fish

lots).
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1997)
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Figure 7. Emulsifying capacity (ml of oil / 8.12 mg actomyosin) of natural actomyosin from

bigeye snapper and lizardfish dur

ing iced storage.

*All values are the means of 6 determinations (3 determinations on each of 2 fish

lots).
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1*nsenddfaduiiuddatulszinniaa (gel-
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Table 2. Texture Profile Analysis (TPA) and shear force of emulsion fish sausage from bigeye snapper

during iced storage

Storage time Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness Shear force

(days) (g (g
0 4179.30a  73.47ns 0.95ns 0.59a 2485.83a  2347.00a  1741.02a
4 3804.47b  66.05ns 0.94ns 0.59a 2250.68b  2113.53b  1581.60b
8 3802.91b  60.59ns 0.94ns 0.58a 2215.85b  2075.86b  1544.53b
12 3729.56b  52.93ns 0.93ns 0.49b 1814.07c  1688.61c  1462.83b

*All values are the means of 12 determinations (6 determinations on each of 2 fish lots). The values in each column with

the same letters are not significantly different (p<0.05).

Table 3. Texture Profile Analysis (TPA) and shear force of emulsion fish sausage from lizardfish

during iced storage

Storage time Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness Shear force

(days) (g (g
0 3096.74a 19.59ns 1.18a 0.25a 733.45a 867.19a 734.42a
4 244547b  15.16ns 0.91b 0.22ab 528.98b 481.29b 522.78b
8 2443.20b 7.93ns 0.87b 0.21ab 515.74b 452.29b 445 48¢
12 2389.70b 7. 46ns 0.87b 0.20b 471.79b 414.58b 413.84c

*All values are the means of 12 determinations (6 determinations on each of 2 fish lots). The values in each column with

the same letters are not significantly different (p<0.05).
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Table 4. Cooking loss of emulsion fish sausage from
bigeye snapper and lizardfish during iced

storage
. % Cooking loss
Storage time (days)

Bigeye snapper* Lizardfish*
0 6.07+0.00d 7.131£0.03d
4 6.53+0.04c 7.75+£0.09¢
8 7.15£0.03b 8.18+0.13b
12 7.81£0.17a 8.2610.15a

* Means * standard deviation in each column with the same

letters are not significantly different (p<0.05).
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Figure 8. Scanning electron microscope image of emulsion fish sausage from bigeye snapper
kept in ice for 0 (a), 4 (b), 8 (¢) and 12 (d) days at magnification of 5000X .

Figure 9. Scanning electron microscope image of emulsion fish sausage from lizardfish kept
in ice for 0 (a), 4 (b), 8 (¢) and 12 (d) days at magnification of 5000X .



Songklanakarin J. Sci. Technol.
Vol.27 No.l Jan. - Feb. 2005

Muscle protein properties and qualities of emulsion fish sausage
136

Chantarat, P., ef al.

[
6€a o a

a Ao o Cl U a . é’ 2:/
lsfuiidnta Mldndadmandnnd seantin 3
ldsfudaruounaladulainats Werunszuiums
IHanFaunazinis g ens wvesiuas luduiies

INTHD ITWABNATUU N LNAIdr

3. lase agamavesl nsendadilaty
n13a379 aulass $193an1Avest“nIen
Ac o A o & .
daranazuniesannadainininu (Figure 8) wae
& ) - >
nnittadartnes (Figure 9) Arumaidulusiiuds
Wwaan 0, 4, 8 way 12 31 wWuldlaseazanluns
& o A X o X o o o
VAuShEwANae 1039 3vaeluiie "Nl 289l *nsan
dl a :‘/ = a o 1 |§
nasaNaINdang 2 muwmamﬁﬂﬁmﬂummﬂm
. . o 2 X 4
2094 “wlA39218 U TR UL AN T U LATAINNADLILDIUD
o o % a X o o Ao
Vulganad  aaadaviuNan1TIaIiiie “NE 70
1ag TPA (Table 2 wag 3) 209} “nIanilieIananyan
o ovrdadenanas luumefians g ssinwinuas
o ) | oa X o @ {
¥ n (Table 4) RenAnTuaNaGULENDIZEZIAN
=3 3 < 2{' % v |1 1 a
ASAUWIRAL  1Dun “wnaldinlassinslysanuas
o A o al P
1nsannn1andataininulagsanan1siuaswwlas
faanil nanfiniandartinan anyiuwiszaziian
VU 12 3 2zl AW1IaUanaNBaNAIgIEHINg
lase Sunmaluedl “nsananuains 2 aite (Figure

{ X & o
8(d) waz 9(d)) wtavaniitataing aaﬁqmmwmmn

51

q

& o o g o &
AMTAUSNHINE NI UAIAIAINWLASNE 1N
dandnanlutinwdaduszaziia 14 S swalddaid
. A - LA
AN ARARY LASNHAGDNITLANALBYBIUSNIMAT
sunald (TVB-N) uwazlasiuniatafin (TMA-N)
- ,:, . - o X L
USurma N duninans Usunmlalasiningd saune
- o . & x o -
15nuoluloTuwuasndNtiaanlaing 2 ¥5e tAan1g
1 3 d‘ a 1 & 6 a a
dog MeNNI mNUINny daWlansaiaanas
d > l&’ 1
WBTEHZIANITAUTIFIUINAL LAZAIAN 1N1TD
TN 19 Aa BT AT HUDIUAINIRITURAIAARIHATLAY
S nduan 6 3% uAaIAIN 18130 N15LAA
datuanUartinaniandasninananrinuwlasien
AAMIARDATEAZIAINITAUSAEY b nIandanBiadun

o X A o s =
Ignimatarmunuwaslainanmausnen bty
= e a1 X o o P
Wuseaziian 4 8 waz 12 1% Naue NN Aanadlia
= Qs % d‘ a [ 1 = a
waudul “nsanfiwIananian @ sninainisbade
o P T a4 x4
WENAINIT YL A IRIENARININ WA N AAILANTEND
o X o
LA AUSNEWIRIY wazlaTe 31998019
o ¥ a a0 ¥
w9l “n3andanis 2 wiadvesingdvg@iu aunwn
. . o Ao oA o
209, “wlA39218 U SAULANYLALAINA DT DIV "l

i o X \
@@m\‘iLﬁaitﬂzL'J@'lf‘l’]ilﬁ‘i_liﬂ‘]z#’]%']u“ﬂ% LLE‘]$Iﬂ§\‘I"LI'1£]

lusdunaasl “nsanimaintaraivinulagsauinis

wWasnudasiasninl“nsenfimanantinen e
ANI1NUINI TVB-N uaz TMA-N w1 dan
anvmuaztantnesdnig an s ldwsnzlunsiin
wdygUwasAudue 10 % uae 8 11 awa1ey

on 1391994

s loaanlsadaed. 2538, mandal “nsendladuain
a1 NouazUania. Inedwuiingien asum-
Toudia. PWRINITNAIINIAE.

An, H., Peters, M.Y. and Seymour, T.A. 1996. Roles of
endogenous enzymes in surimi gelation. Trend
Food Sci. Technol. 7: 321-326.

An, H., Weerasinghe, V., Seymour, T.A. and Morrissey,
M.T. 1994. Cathepsin degradation of Pacific
whiting surimi protein. J. Food Sci. 59: 1013-
1017.

Ando, M., Nishiyabu, A., Tsukamasa, Y. and Makinodan,
Y. 1999. Post-mortem softening of fish muscle
during chilled storage as affected by bleeding.
J. Food Sci. 64: 423-428.

Banks, H., Nickelson, R. and Finne, G. 1980. Shelf life
studies on carbon dioxide packaged finfish from
the gulf of Mexico. J. Food Sci. 45: 157-162.

Benjakul, S., Seymour, T.A., Morrissey, M.T. and An,
H. 1997. Physicochemical changes in pacific
whiting muscle proteins during iced storage. J.
Food Sci. 62: 729-733.

Benjakul, S., Visessanguan, W., Riebroy, S., Ishizaki, S.
and Tanaka, M. 2002. Gel-forming properties
of surimi produced from bigeye snapper,
Priacanthus tayenus and P. macracanthus, stored
in ice. J. Sci. Food Agric. 82: 1442-1451



3. qUaIUASUNS M.
Un 27 a1fun 1 w.a. - AW, 2548

msuwasuulasga wi@lsaunamiiswazammnl “nsendandiaty
137

Pan unsmi wazame

Benjakul, S., Visessanguan, W. and Jiravadee, T. 2003a.
Changes in physico-chemical properties and gel-
forming ability of lizardfish (Saurida tumbil)
during post-mortem storage in ice. Food Chem.
80: 535-544

Benjakul, S., Visessanguan, W. and Tueksuban, T. 2003b.
Heat-activated proteolysis in lizardfish (Saurida
tumbil) muscle. Food Res. Inter. 36: 1021-1028

Benjakul, S., Leelapongwattana, K. and Visessanguan,
W. 2003c. Comparative study on proteolysis of
two species of bigeye snapper, Priacanthus
tayenus and Priacanthus macracanthus. J. Sci.
Food Agric. 83: 871-879

Bourne, M.C. 1978. Texture profile analysis. Food
Technol. 32(4): 62-66 ,72.

Buttkus, H. 1970. Accelerated denaturation of myosin
in frozen solution. J. Food Sci. 35: 558-562.

Colmenero, F.J. and Borderias, A.J. 1983. A study of the
effects of frozen storage on certain function
properties of meat and fish protein. J. Food
Technol. 18(6): 731-737.

Cross, H.R., Stanfield, M.S. and Frank JR. W.J. 1978.
Objective measurements of texture in ground
beef patties. J. Food Sci. 43: 1510-1513.

Hill, S.E. 1996. Emulsions. In Methods of Testing
Protein Functionality. (Hall, G.M., ed.) p. 153-
185. Chapman & Hall. London.

Jacober, L.F. and Rand, A.G. 1982. Biochemical
evaluation of seafood. In Chemistry & Bio-
chemistry of Marine Food Products. (Martin,
R.E., Flick, G.J., Hebard, C.E. and Ward, D.R.,
eds) p. 347-365. The AVI publishing company,
Inc. Westport.

Jone, K.W. and Mandigo, R.W. 1982. Effects of chop-
ping temperature on the microstructure of meat
emulsions. J. Food Sci. 47: 1930-1935.

Kato, A. and Nakai, S. 1980. Hydrophobicity determined
by a fluorescence probe method and its cor-
relation with surface properties of proteins.
Biochem. Biophys. Acta. 624: 13-20.

Kondaiah, N., Anjaneyulu, A.S.R., Rao, VK., Sharma,
N. and Joshi, H.B. 1985. Effect of salt and
phosphate on the quality of buffalo and goat
meats. Meat Sci. 15: 183- 192.

Laemmli, U.K. 1970. Cleavage of structural proteins
during assembly of head of bacteriophage T4.
Nature. 277: 680-685.

Li-Chan, E., Nakai, S. and Wood, D.F. 1985. Relation-
ship between functional (fat binding, emulsify-
ing) and physicochemical properties of muscle
proteins. Effect of heating, freezing, pH and
species. J. Food Sci. 50: 1034-1040.

MacDonald, G.A. and Lanier, T.C. 1994. Actomyosin
stabilization to freeze-thaw and heat denatura-
tion by lactate salts. J. Food Sci. 59: 101-105.

Magnusson, H. and Martinsdottir, E. 1995. Storage
quality of fresh and frozen-thawed fish in ice.
J. Food Sci. 60: 273-278.

Mackie, I.M. 1994. Fish protein. In New and Develop-
ing Sources of Food Proteins. (Hudson, B.F.J.,
ed.) p.95-143. Chapman & Hall. London.

Miyaki, M. and Kawakami, K. 1966. Study on fish
meat jellies (Fish sausage)-VIII. Effect of amino
acids on the elasticity of fish meat jellies-1. Bull.
Jap. Soc. Sci. Fish. 32: 446-449.

Multilangi, W.A.M., Panyam, D. and Kilara, A. 1996.
Functional properties of hydrolysates from
proteolysis of heat - denatured whey protein
isolate. J. Food Sci. 61: 270-274.

Ng, C.S. 1987. Determination of Trimethylamine Oxide
(TMAO-N), Trimethylamine (TMA-N), Total
Volatile Basis Nitrogen (TVB-N) by Conway's
Method. In Laboratory Manual on Analytical
Methods and Procedures for Fish and Fish
Protein. (Hasegawa, H. ed.) p. B3.1-3.8. Marine
Fisheries Research Department. SEAFDEC.
Singapore.

Ockerman, H.W. 1989. Sausage and Processed Meat
Formulation. AVI Publishing Co. Inc. Westport.

Pearson, A.M. and Tauber, EW. 1984. Processed Meats.
2" ed. AVI Publishing Co. Inc. Westport.

Reddy, G.V.S. and Srikar, L.N. 1991. Preprocessing
iced storage effects on functional properties of
fish mince protein. J. Food Sci. 56: 965-968.

Reddy, G.V.S., Srikar, L.N., Khuntia, B.K. and
Vinaykumar, N. 1995. Effect of pre-process
storage in ice on the chemical characteristics of
fish mince. J. Food Sci. Technol. 32: 315-319.



Songklanakarin J. Sci. Technol.
Vol.27 No.l Jan. - Feb. 2005

Muscle protein properties and qualities of emulsion fish sausage
138

Chantarat, P., ef al.

Roura, S.I., Saavedra, J.P., Truco, R.E. and Crupkin, M.
1992. Conformational change in actomyosin
from post-spawned Hake stored on ice. J. Food
Sci. 57: 1109-1111.

Sarma, J., Srikar, L.N. and Vidya, S.R.G. 1999. Effect
of ice storage on the functional properties of
pink perch and oil sardine meat. J. Sci. Food
Agric. 79: 169-172

Sarma, J., Srikar, L.N. and Vidya, S. R.G. 2000. Change
in the functional properties of dry salted pink
perch and oil sardine meat during storage.
J. Aquatic Food Technol. 9: 5-15.

Sikorski, Z.E., Kolakowsku, A. and Burt, J.R. 1990. Post
harvest Biochemical and Microbial Changes.
In Seafood Resources, Nutrition Composition,
and preservation. p. 30-90. CRC Press, Inc. Boca
Raton.

Sompongse, W., Itoh, Y. and Obatake, A. 1996. Effect
of cryoprotectants and a reducing reagent on the
stability of actomyosin during ice storage. Fish.
Sci. 62: 73-79.

Stanby, M.E. and Olcott, H.S. 1963. Composition of
Fish. In Industrial Fishery Technology. (Dassow,
J.A., ed.) Chapman & Hall. London.

Swift, C.E., Locket, C. and Fryar, A.J. 1961. Com-
minuted meat emulsions: the capacity of meats
for emulsifying fat. Food Technol. 15(11): 468-
473.

Tanikawa, E. 1971. Fish Sausage and Ham Industry.
In Marine Products in Japan. (Tanikawa, E., ed.)
p.373-421. Koseisha-Koseikaku Company.
Hokkaido.

Zayas, J.F. 1997. Emulsifying Properties of Proteins.
In Functionality of Proteins in Food. p. 134-227.
Springer - Verlag, Berlin.



