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Thesis Title Effect of Lipid Oxidation on Discoloration and Physicochemical 
Changes of Cuttlefish (Sepia pharaonis) and Squid (Loligo peali) 

Muscle during Frozen Storage
Author Miss Amonrat Thanonkaew
Major Program Food Technology
Academic Year 2006

ABSTRACT

The chemical composition and thermal property of cuttlefish (Sepia pharaonis)
muscle were studied. The head and mantle contained 11.9-14.9% protein, 0.5% fat, 1.2-1.3% ash,
and 0.6-1.8% collagen. Lipids from the head and mantle contained phospholipid as the major
component (78.6-87.8% of total lipid) and had polyunsaturated fatty acids of 50.3-54.9%. The
cuttlefish muscle consisted of myofibrillar proteins as the major protein (53.1-58.4%).
Differential scanning calorimetric study of cuttlefish muscle revealed three transitions,
corresponding to the thermal denaturation of myosin and paramyosin, connective tissues and

actin, at temperatures of 49.8-50.3, 59.8-60.3 and 74.7-78.8 °C, respectively.
The effect of different metal ions at various concentrations on the lipid

oxidation, discoloration and physicochemical properties of muscle protein in cuttlefish subjected
to multiple freeze-thaw cycles were investigated. Lipid oxidation of all treatments increased as
the freeze-thaw cycle increased. However, the rate of TBARS formation varied, depending on
concentration, type and valency of metal ion. The increased lipid oxidation of cuttlefish added
with iron was coincidental with the increase in b*-value. Copper altered cuttlefish protein
sulfhydryl content and the protein solubility decreased with the concomitant increased disulfide
bond content and decreased Ca2+-, Mg2+- and Mg2+-Ca2+-ATPase activities. Copper could induce
the polymerization of muscle proteins via disulfide bond formation. However, iron and cadmium
exhibited no pronounced effect on the oxidation of cuttlefish muscle proteins.

Lipid oxidation, discoloration, loss of amine groups and pyrrolization of
cuttlefish liposome systems in the presence of FeCl3 and ascorbic acid were studied. TBARS and
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b*-value of cuttlefish liposomes increased with a coincidental decrease in amino groups and
increase in pyrrole compounds when the incubation temperatures and incubation times were

increased (p<0.05).  Both FeCl3 and ascorbic acid showed prooxidative effects in cuttlefish
liposome in a concentration dependent manner but sodium chloride (0-2%) reduced TBARS, b*-
value and pyrrole compounds.

The involvement of lipid oxidation in the microsomal fraction of squid (Loligo
peali) muscle on oxidative rancidity and discoloration was investigated using either enzymatic or
nonenzymatic redox cycling pathways. Nonenzymatic pathway had higher potential to induce
lipid oxidation of squid microsome. Nonenzymatic lipid oxidation increased with increasing
temperature, iron and ascorbic acid concentrations. The impact of lipid oxidation on yellow
pigment formation in squid lipids and proteins was also studied. When the squid microsomes
were oxidized with iron and ascorbate, TBARS increased simultaneously with the increase in b*-
value and pyrrole compounds and was companied by a decrease in free amines. Aldehydic lipid
oxidation products were able to decrease solubility and sulfhydryl content of salt-soluble squid
myofibrillar proteins but had no impact on color. Aldehydic lipid oxidation products increased
b*-value and pyrrole compounds and decreased free amines in phospholipid liposomes. The
ability of aldehydic lipid oxidation products to change the physical and chemical properties of
liposomes increased with increasing level of unsaturation.

The changes in quality of cuttlefish treated with 5% NaCl and 0.3% H2O2 and
soaked without and with different antioxidants during frozen storage at -18 °C for 16 weeks were
investigated. TBARS in all cuttlefish samples increased when the storage time increased.
Ascorbate (ASC) and erythorbate (ERT) showed the prooxidative effect, however EDTA and
tripolyphosphate (TPP) did not exhibit the antioxidative effect in frozen cuttlefish. Soaking the
cuttlefish in 5% NaCl and 0.3% H2O2 could improve the color of cuttlefish by increasing the L*-
value and decreasing a*-value. ASC, ERT, EDTA and TPP solutions had no impact on a*-value
and L*-value of cuttlefish during frozen storage. However, ASC and ERT caused the increased
b*-value. Surface hydrophobicity (S0ANS) of cuttlefish increased when the frozen storage period
increased up to 12 weeks. The increase in disulfide bond content was generally coincidental with
the decrease in sulfhydryl content. Protein solubility decreased slightly during prolonged storage.




