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Postharvest quality changes of frozen pollock fillets 

The physicochemical changes of frozen Alaska pollock (AP) fillet (A and B seasons) were investigated 

as affected by trimethylamine-N-oxide demethylase (TMAOase) during postharvest processing and frozen 

storage. Fresh Alaska pollock was frozen at sea in the Bering Sea and delivered to the lab (OSU SFL, 

Astoria, OR). Frozen whole fish were thawed to -1oC by holding frozen fish at 2oC refrigerator for 24 hr. 

Half of the thawed samples were then headed and gutted (H&G). Both whole fish (WF) and H&G fish 

(HF) were filleted after refrigeration (4-5°C) for up to 72 hr (12 hr for A season and 72 hr for B season) 

and subsequently frozen at -18˚C. Samples were divided into two sets of freezing treatments: (I) frozen 

storage study (0-6 mo) and (II) freezing/thawing (F/T) study (0-12 cycles). Each season sample had a 

different refrigerated holding time before filleting. When we conducted A season experiment, we saw 

significant, but small changes in the quality of frozen A season pollock fillet. In order to see more 

significant quality changes, we have decided to extend refrigeration time of B season pollock samples.   

In order to investigate the F/T effect on frozen AP fillets (intending to mimic long term frozen storage, 

0-mo, 6-mo, 12-mo, and 24 mo), F/T was performed at 0, 3, 6, and 12 cycles, respectively. F/T cycles 

were repeated with 2-day freezing at -18oC followed by 1-day thawing at 2oC refrigerator. All chemical 

analyses were performed accordingly. 

 

1. Season A 
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1) Effects of F/T treatments 

The patterns of TMAOase activity between WF and HF group were different as F/T repeated. 

TMAOase activities of WF4h and WF8h decreased at 6-F/T (p < 0.05) and then, increased to the initial 

level at 12-F/T (p < 0.05) whereas TMAOase activities in HF, including WF12h, tended to increase 

gradually as F/T repeated. TMAOase activities of WF12h and HF12h at 0-F/T were significantly lower 

than other treatments (p < 0.05) because 12 hr of refrigeration before filleting was too long to maintain 

the integrity of TMAOase. TMAOase activities of WF12h and HF12h, however, tended to increase again 

as F/T repeated as TMAOase was continuously released from damaged cell membrane during extended 

refrigerated storage. The HF group at 12-F/T had higher peaks of TMAOase activity than WF due to 

breakdown of the cell membrane and subsequent release of TMAOase by 1) acceleration of ice crystal 

development and growth, and 2) oxidation of phospholipid in the cell membrane by exposure of muscle 

tissue to air. TMAOase activities in all HF treatments and WF12h significantly increased at 12-F/T (p < 

0.05). TMAOase enzyme activity slightly increased as F/T cycle repeated. FA (formaldehyde) results had 

a similar pattern with TMAOase activity. Overall, DMA (dimethylamine) content increased continuously 

as F/T increased to 6 cycles, peaking with HF12h (p < 0.05) and subsequently decreased at 12-F/T. 

Declines in DMA at 12-F/T possibly resulted from drip loss, which might contain some DMA and other 

water-soluble components, in fillets after severely repeated F/T. Surface hydrophobicity (So) decreased 

at 3-F/T and increased at 6-F/T before subsequent decrease at 12-F/T (p < 0.05). Multiple F/T cycles 

caused conformational changes on the tertiary structure of protein by FA. Therefore, exposure to the 

interior of the protein structure occurred, leading to an increase in. The decreases in So at 12-cycle of F/T 

treatment were possibly caused by protein aggregation. There were significant (P<0.05) increases in shear 

force in HF treatments as the number of F/T cycle increased. The differences in textural quality between 

WF and HF were not significant at 0-F/T, but this gap dramatically increased at 12-F/T (p < 0.05).  
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2) Effects of frozen storage 

TMAOase activities of WF and HF treatments, except WF12h and HF12h, tended to decreased as 

frozen storage time increased. FA and DMA contents significantly (P<0.05) increased at 6-mo compared. 

At 6-mo, there were significant differences (P>0.05) in FA and DMA contents between HF8h/HF12h and 

others due to refrigerated effects on TMAOase activity in H&G samples. Surface hydrophobicity (So) 

tended to increase as frozen storage time increased, and HF treatments had higher So than WF treatments 

at 6-mo. Shear force of HF treatments significantly increased as storage time increased, whereas WF 

treatments had no significant changes in shear force, indicating again that H&G treatment was likely to 

be more sensitive to refrigeration time and FA-induced textural toughening during frozen storage. 

 



4 
 

 

 
2. Season B 

1) Effects of F/T treatments 

TMAOase activities significantly increased at 3-F/T and there were no changes in the activity after 3-

F/T up to 12-F/T except WF0h. During refrigeration before freezing, partially damaged cell or breakdown 

of cell membrane possibly led to conformational changes in protein structures due to the growth of ice 

crystals and released TMAOase from lysosome during repeated F/T cycles. Significantly (p < 0.05) high 

TMAOase activity after 12-F/T indicated that the lysosomal cell membrane was totally broken down as 

F/T was repeated and TMAOase was continuously released and accumulated in fish muscle. At 0-F/T, the 

TMAOase activity of HF was significantly affected when refrigeration time extended to 24 and 72 hr 

before freezing treatment, indicating that 24 hr of refrigeration time was possibly enough to damage cell 

membranes of HF group. 

FA content in fillets increased at 6-F/T (p < 0.05) and decreased at 12-F/T (p < 0.05). This drastic 

decrease possibly occurred as FA formed methylene bridges within fish muscle proteins, resulting in 

decreased free FA at 12-F/T. On the other hands DMA content in fillets prepared from HF group 

continuously increased as refrigeration increased. DMA content in fillets gradually increased as F/T cycle 

increased up to 6 and then drastically increased at 12-F/T. DMA content in WF72h and HF72h increased 
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(p < 0.05) at 12-F/T compared to other refrigeration treatments. Refrigeration for 72 hr before filleting 

possibly led to the maximum production of DMA due to the release of TMAOase from damaged cells. 

Regardless of pre-fillet condition, after 3 F/T, a constant amount of DMA was leached out in drip. DMA 

content in drip tended to decrease as F/T repeated as some DMA was possibly absorbed back into fillets. 

The drastic decrease in FA content in drip at 12-F/T possibly resulted from the polymerization of free FA 

in aqueous solution and reaction with water-soluble proteins, such as sarcoplasmic protein. In addition, 

available free FA in drip possibly penetrated into fish muscle and interacted with myofibrillar proteins, 

resulting in low So and high shear force.  

TMAO (trimethylamine-N-oxide) in fillets decreased after 3-F/T (data was not shown) as TMAO 

decomposed to either TMA by microbial reaction or DMA and FA by TMAOase enzymatic reaction 

during F/T cycles. TMA (trimethylamine) content increased (p < 0.05) as TMAO content in HF72h 

decreased drastically. Refrigeration holding for 72 hr prior to filleting possibly favored the microbial 

reaction for TMA production in HF treated fillets after 12 F/T. Higher So in the HF group at 3- and 6-F/T 

compared to WF possibly indicates that more proteins in the HF group were denatured than the WF group. 

H&G processing followed by refrigerated storage before filleting could lead to rapid protein denaturation 

during repeated F/T or extended frozen storage due to cell damage as muscle proteins were exposed to air 

during refrigeration. 

Different trends were observed for shear force result between WF and HF groups. In the WF group, 

except for WF72h, there were no significant differences in shear force as the number of F/T cycles 

increased up to 6. This means that the textural quality of fillets prepared from WF, which were stored at 

refrigeration for 24 hr, did not change as F/T repeated up to 6 cycles. However, shear force of the HF 

group including WF72h, increased (p < 0.05) as F/T repeated. At 6- and 12-F/T, shear force in the HF 

group gradually increased as refrigeration holding prior to filleting increased. This means that H&G 

treatment was likely to be more sensitive to refrigeration time and FA-induced textural toughening. 
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2) Effects of frozen storage 

TMAOase-related properties and other physicochemical properties of frozen B season pollock had 

similar patterns with frozen A season samples. however, there were big different changes in FA/DMA 

contents, So, SSP (salt soluble protein) extractability, and shear force (texture) between WF and HF 

treatments as frozen B season pollock underwent longer refrigeration than A season sample. The integrity 
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of fish during refrigeration storage is likely linked to the condition of cell membrane. Heading and gutting 

process increased damage to cell membranes during longer refrigeration and subsequent release of 

TMAOase, as frozen storage increased, resulting in textural toughening.   

 

 

 
 

3. Summary 

The quality of frozen AP decreased as F/T cycle repeated and frozen storage increased. Production of 

FA induced by TMAOase activity possibly caused protein denaturation and aggregation, resulting in 

textural toughness of frozen fillets. The shear forces of HF group (H&G fish were stored under 

refrigeration (4-5°C) prior to being filleted and subsequently frozen) at 12-F/T were higher than WF group 
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(whole fish were stored under refrigeration (4-5°C) prior to being filleted and subsequently frozen). 

Additionally, the shear force of HF group at 12-F/T tended to increase as refrigerated time increased. 

Overall, FA and DMA contents increased as F/T repeated and frozen storage increased. Decreases in FA 

content at 12-F/T and 6-mo compared to at 6-F/T and 3-mo, respectively, possibly resulted from the 

interaction between FA and protein chains and potentially converted the free form of FA to non-detectable 

bound form. Additionally, free FA and DMA possibly leached out in the drip released through multiple 

F/T cycles. Even though the level of FA content in fillets decreased, shear force did not significantly 

change because covalent bonds between protein chains, such as methylene bridge by FA, are strong and 

irreversible.  

As refrigeration holding changed from 0-12h in the A-season study to 0-72h in the B-season study, 

significant differences were noted in textural properties and protein structures between A- and B-season 

samples. In the case of the A-season study, protein aggregation occurred at 12-F/T whereas in B-season 

study the aggregation started to occur at 6-F/T and continued up to 12-F/T. The early onset of protein 

aggregation in B-season AP by extended refrigeration holding led to significant changes in shear force of 

HF72h at 6-F/T whereas there were significant changes in shear force of HF12h at 12-F/T in the A-season 

study. Interestingly, shear force of A season pollock at 0-F/T (0-mo) were higher than B season pollock 

at 0-F/T (0-mo). Two possible reasons could be speculated: First, the higher level of TMAOase activity, 

FA, and DMA contents possibly led to rapid protein aggregation during repeated F/T and/or frozen storage, 

resulting in higher shear force. Second, differences in shear force resulted from biological differences in 

fish harvested in A and B season. Muscle proteins of winter pollock (A season) may be strongly integrated 

each other to protect eggs inside by nature compared to summer pollock (B season).  

     Heading and gutting from fish before refrigerated or frozen storage has been a common practice to 

prevent cross contamination of microbes and TMAOase within fish flesh. However, this study 

demonstrated that H&G treatment was not a necessary or favorable processing step. The result 

demonstrated that destructed flesh caused higher susceptibility to freeze-induced denaturation and 

subsequent aggregation. The FA production by released TMAOase during refrigeration and extended 

frozen storage also played a key role in quality changes of frozen Alaska pollock fillets. 

In addition, biological, physical, and compositional differences in fish harvested between A-season 

and B-season were noted. 
 

4. Presentations and Publications 
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