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Interaction between Lipid and Protein during Frozen Storage 

I. Effect of oil dipping on rainbow trout muscle 
during frozen storage* 

Sei-ichi ANDOU,** Kozo TAKAMA*** and Koichi ZAMA*** 

Abstract 

The effect of oil dipping on rainbow trout muscle stored at -20°C for 37 days 
was studied mainly by microscopic observation of frozen muscle section. 

Lots of very small ice crystals were formed in the muscle dipped in olive oil, 
whereas with undipped muscle only large ice crystals were formed. Muscle 
bundles of the sample dipped in olive oil were fine and elongated at close intervals, 
whereas they were thick and short at large intervals in the undipped muscle. 
In the undipped muscle about 17.6% salt soluble protein was damaged during 
frozen storage compared with the muscle dipped in olive oil. 

Relationships among lipid, water and protein during frozen storage are also 
discussed. 

Introduction 

It is well known that fish proteins (salt soluble proteins) become insoluble when 
fish are frozen and stored. The degree of protein denaturation is influenced by 
several factors such as freezing rate, method of freezing, temperature of frozen 
storage, state of rigor at time of freezing and especially the concentration of solutes 
in the liquid phase of frozen fish. 

It is also a well known fact that the size of ice crystals is related to the extent 
of protein denaturation. In general, slow freezing results in the formation of 
large extracellular ice crystals with cell rupture, whereas quick freezing results in 
the formation of small evenly distributed ice crystals and the absence of any 
ruptured cells.I ) 

Previous study in this laboratory2) has found that fish dipped in olive oil have 
a small degree of protein denaturation as compared with that not dipped in olive 
oil during frozen storage. Also, fish dipped in olive oil have a higher available 
lysine content and digestibility in vitro by pepsin and trypsin. 

This paper shows the effectiveness of oil dipping treatment on rainbow trout 
muscle during frozen storage based on microscopic observation of frozen muscle 
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section and the determination of extractability of salt soluble protein content. Also, 
the relationships among lipid, water and protein during frozen storage are discussed. 

Materials and Methods 

Rainbow trout (Salma gairdneri irideus GIBBONS), about 26 cm in length and 
300 g in weight was obtained from Nanae Fish-Culture Experimental Station, 
Hokkaido University, filleted and pieces of dorsal lumps of almost the same size 
(about 1.3 X 1.3 X 4.0 cm) were taken from bilateral parts along lateral lines. 
Immediately, one piece from the side dorsal lump was coated with corn starch, while 
another piece from the other side was first dipped in olive oil for a short time and 
then coated with corn starch. Both samples were packed in polyethylene bags and 
stored at -20°C for 37 days. 

Frozen stored muscles were cut in thickness of 30 ft in frozen state and sections 
were fixed with iodine. The ice crystal marks and muscle bundle forms were 
observed microscopically. 

Also, salt soluble protein was extracted from both muscles according to the 
procedure shown in Fig. 1 and salt soluble protein content was determined using 
biuret method3>. 

Coarsely minced muscle of rainbow trout (1 g) 

I
- washed with 20 ml of phosphate buffer (pH 7.5, ." = 0.05) 
- centrifuged at 5,000 X g for 15 min 

Residue 

I

- extracted with 25 ml of 0.8 M KCI-phosphate buffer (pH 7.0, ."= 0.85) 
- centrifuged at 5,000 X g for 20 min 

Supernatant (salt soluble protein) 

Fig. 1. Procedure of the preparation of rainbow trout salt soluble protein. 

Results 

Fig. 2 and Fig. 3 show microscopic photographs of cross and vertical sections 
of frozen muscle of both undipped and dipped rainbow trout in olive oil, respectively. 

2-A. 2-B. 

Fig. 2-A. Cross section of undipped frozen rainbow trout muscle (- 20°C, 37 days). ( x 130) 
Fig. 2-B. Cross section of frozen rainbow trout muscle dipped in olive oil (-20°C, 37 days). 

( x 130) 
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3·A . 3·B. 

Fig . 3·A . Vertical section of undipped frozen rainbow t rout muscle (- 20°C, 37 days) . (x 
130) 

Fig. 3·B. Vertical section of frozen rainbow t rou t muscle dipped in olive oil (- 20°C, 37 
days). ( x 130) 

A and B show microscopic photographs of undipped and dipped muscle in 
olive oil, respectively. 

As shown in Fig. 2, there are some large sized air-bladders in the undipped 
muscle (A), whereas there are lots of small sized air-bladders in the muscle dipped 
in olive oil (B). As t hese air-bladders are considered ice crystal marks formed during 
freezing, it is shown t hat in the muscle dipped in olive oil lots of very small sized ice 
crystals have been formed during freezing. This differs from the undipped muscle. 
Furthermore, as Figs. 3-A, -B show, illustrating vertical sections of these muscles, 
the muscle bundles are thick and short with large intervals in the undipped muscle, 
whereas t hey are fine and long with close intervals in the muscle dipped in olive oil. 
These sections, as well as the cross sections, show t hat there are remarkable 
differences between undipped and dipped muscle in olive oil. 

Also, as shown in Table 1, salt soluble protein content extracted from undipped 
and olive oil dipped muscle was 16.4% and 19.9%, respectively, and in the 
undipped muscle about 17.6% salt soluble protein was damaged during frozen 
storage as compared with the muscle dipped in olive oil. 

Table 1. Gontent of salt soluble protein extracted from rainbow 
trout muscle undipped and dipped in olive oil. 

Content of salt soluble protein 

Und ipped Dipped in olive oil 

16.496 (82. 4) 19. 996 (lUO) 

The values in parenthesis are relative to rainbow 
t rout muscle dipped in olive oil. 

Discussion 

It is well known that salt soluble protein, which is t he main constituent of fish 
muscle, is remarkably unstable and is easily denatured during frozen storage. Many 
studies associated wit h interaction between salt soluble protein and t he other 
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components are reported. Interaction between actomyosin and sugars, amino 
acids and their derivatives is discussed from the viewpoint of preventing denatura­
tion of fish muscle protein during frozen storage.4)-12) 

Ooncerning interaction of lipid with protein, studies have shown that 
insolubility of actomyosin during frozen storage is promoted by free fatty acids 
produced by hydrolysis of lipid, low aliphatic aldehydes, and fatty acids produced 
from oxidized lipid.13)14) 

However, the present facts concerning the prevention of denaturation of fatty 
fish muscle protein during frozen storage are reported15)-17). As stated above, 
according to determinations of digestibility in vitro by pepsin and trypsin and of 
available lysine content, it was found that fish dipped in olive oil had a smaller 
degree of protein denaturation during frozen storage than fish undipped in olive oil. 
Moreover, the results of this study showed that muscle dipped in olive oil was closer 
to a normal state than undipped muscle, so it was considered that fish protein 
insolubility caused during frozen storage in muscle dipped in olive oil was slighter 
than in undipped muscle. 

Thus, it is considered that the effect of lipid on protein during frozen storage 
differs from the case stated above. 

Akiba18) determined total water, free water and bound water in the raw fresh 
meat of various kinds of fish. On the basis of these determined values, the rela­
tionship between bound water and total water is shown in Fig. 4. Note a 
negative reciprocity in the relationship. Moreover, it is shown in Fig. 5 that there 
is negative reciprocity in the relationship between total water and totallipid.19) 

As stated above, it was estimated that fish muscle possessing high lipid content has 
a large quantity of bound water. 

Thus, jUdging from the relationship between lipid and protein, and between 
bound water and lipid, it was considered that there is an existing close relationships 
among these three -lipid, protein and water. 

Further study of interaction between myofibrils and highly unsaturated 
fatty acid methylester, and lecithin is needed to elucidate the basic knowledge for 
preventing denaturation of fatty fish muscle protein during frozen storage. 
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Fig. 4. Relationship between total water and bound water in the raw fresh meat of various 
kinds of fish. 
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Fig. 5. Relationship between total water and lipid content in the raw fresh meat of 
various kinds of fish. 
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