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ABSTRACT

Physicochemical and biochemical changes of whole lizardfish (Saurida

tumbil), its fillets and minced flesh kept in air and under vacuum during frozen storage at -

20°C for 24 weeks were investigated. Formaldehyde (FA) and dimethylamine (DMA)

contents increased with a concomitant decrease in trimethylamine oxide (TMAO) content

as the storage time increased (P < 0.05). A marked increase in trimethylamine—N-oxide
demethylase (TMAOQase) activities was observed up to 6 weeks in minced flesh and up to
12 weeks in whole fish and its fillets. Thereafter, the continuous decreases were observed
until the end of storage. Ca”"-ATPase activity decreased continuously with a coincidental

decrease in the salt-soluble fraction. Disulfide bond formation was found with the

coincidental decrease in sulfhydryl content during extended storage (P < 0.05). Surface
hydrophobicity of minced flesh increased up to 4 weeks, whereas whole fish and its fillets

had the continuous increase in surface hydrophobibity up to 12 weeks. Subsequently,

surface hydrophobicity of all samples decreased until the end of storage (P < 0.05). In
general, the greater changes were observed in the samples kept under vacuum than those
kept in air. With the same atmosphere used, minced flesh showed the greatest changes,
compared with that found in whole fish and its fillets. The whole fish showed slightly
higher changes than the fillets.

Sodium citrate and pyrophosphate could inhibit the activity of TMAOQOase
from lizardfish (Saurida tumbil) muscle in a concentration dependent manner, most likely
due to their chelating property. Sodium alginate was the hydrocolloid possessing the
inhibitory activity towards TMAQase (P < 0.05). During the storage of lizardfish mince at
-20°C for 24 weeks, the addition of 0.5% sodium alginate and 0.3% pyrophosphate in
combination with cryoprotectants (4% sucrose and 4% sorbitol) retarded an increase in
TMAOase activities with the coincidental lowered formation of DMA and FA, compared
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with the control (without additives) (P < 0.05). The loss in solubility of muscle proteins
was also impeded with the addition of those compounds, suggesting their role in the
inhibition of TMAOQOase as well as the retardation of protein denaturation induced by FA.
The addition of TMAOase, which was partially purified from lizardfish
(Saurida tumbil) kidney to 1276-fold, to haddock natural actomyosin (NAM) in the
presence of cofactors (FeCl,, ascorbate, and cysteine) resulted in the acceleration of FA
formation throughout the storage either at 4°C for 15 days or at -10°C for 8 weeks rP<
0.05). The formation of DMA was also enhanced with a concomitant decrease in TMAQO
content with the addition of TMAOQOase, particularly at higher concentration. The loss of
protein solubility in 0.6 M KCI increased as the result of FA formation during prolonged
storage. Lipid oxidation during extended storage occurred to different degrees. Simulated
NAM systems without TMAOQase generally contained the higher hexanal content (P <
0.05). Differential scanning calorimetry (DSC) of NAM after storage at 4 and -10°C
showed the lower maximum transition temperatures (T ) and enthalpy of endothermic
peaks (AH) corresponding to myosin and actin, suggesting the conformational changes of
NAM induced by FA formed. The greater increases in final storage modulus (G') and loss
modulus (G") were observed in the simulated NAM systems stored at —IOOC, compared

to those stored at 4°C (P < 0.05). The structure of haddock NAM was also altered as a
function of storage temperature and TMAOQase concentration as evidenced by the decrease
in amide I, amide III bands and CH, bending region near 1450 cm . The results suggested
the changes in protein secondary structures and an increase in hydrophobic interactions of
aliphatic residues. Changes in a doublet near 830 and 850 cm ' indicated an involvement

of tyrosine residues as hydrogen bond donors in the system containing TMAQase after
storage at both temperatures. The systems stored at -10°C generally showed greater

structural alteration than those kept at 4OC, especially in the presence of 15 units of
TMAOase/g.
The addition of TMAOase inhibitors (0.3% sodium pyrophosphate and

0.5% sodium alginate) in haddock mince containing 15 units of TMAQase/g retarded the

FA formation throughout the storage at -10°C for 6 weeks (P < 0.05). However,
antioxidants (250 mg tocopherol/kg and 250 mg ascorbic acid/kg mince) induced the
formation of FA. DMA was formed in the mince added with TMAQOase with a concomitant

decrease in TMAO content. Antioxidants impeded lipid oxidation. TMAOQOase inhibitors
vii



lowered G' and G”' of mince containing TMAOQase, whereas antioxidants resulted in the

increases in G' and G''. The addition of TMAOase inhibitors together with appropriate
antioxidant most likely decrease the protein denaturation of muscle proteins induced by both

FA and lipid oxidation during frozen storage.
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