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Whitefish(Coregonus clupeaformis) and Burbot(Lota lota) muscle was filleted, treated
with dipotassium phosphate(pH 8.0) by means of high pressure injection method, and
finally stored at -12T for 3 months. Factors, the pH, moisture content, and total amount
of collagen were analyzed on the samples before and after the frozen storage.

The pH of the sample showed substantially higher values in the phosphate treated
muscles than the controls and decreased after 3 months storage in all of the whitefish and
burbot samples, there was no significant differences in the moisture content between the
control and treated but some reduction occurred during frozen storage.

The amount of total collagen in the tail sections of burbot was significantly high
comparing with head sections and hardness of the tail section also showed high values
which indicated that total collagen might be related to the texture of fish muscle. However,
in the case of whitefish the effect was not apparent.

The effects of these factors on the hardness determined by Instron texturometer were
analyzed through standardized multiple regression. A specific factor was not apparent to
the texture of white fish while pH showed the highest correlation to the hardness of the
burbot muscle.

Intioduction protein denaturation, serious browning and tough-
ening of texture(Hultin, 1985; Shenouda, 1980).
Freezing has long been considered as one of the Furthermore, when the thawed meat is cooked,

best methods to preserve fish. However, several the succulence and water holding capacity is de-
undesirable changes still occur in the frozen stored creased resulting in toughness, coarseness, and
meats, such as dehydration, oxidative off-flavors, dryness. Some attempts have been made to reduce
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these problems and to extend its storage life du-
ring frozen storage(Josephson et al, 1985).

Sweet(1973) suggested that a proper distribution
of phenolic antioxidants might substantilly increase
the shelf-life of frozen freshwater fish.

These studies included an calculation of the re-
lative quality of fillet sections, phosphate treatmen-
ts for limiting toughening and moisture loss from
frozen fillets, and the inhibition of a serious brown-
ing defect that develops in refrigerated burbot fil-
lets.

Shimizu et al(1960) and Shiorski(1984) reported
that the muscle collagen contributed to the tough-
ness of the raw fish meat.

However, Dunajski(1979) and Love et al(1974)
stated that the actual content of collagen had little
or no effect on the texture of fish.

Thus, the importance of the collagen to the tex-
ture of fish is still in doubt.

Attention was given to two freshwater species of
fish, whitefish and burbot to determine; why chan-
ges in their textural properties differ from so grea-
tly during frozen storage; burbot toughens and
whitefish exhibits undesirable fragility, and to de-
velop effective means for stabilizing or improving
the texture of both species during frozen storage.

In the present study, the relationships between
the textural change and such factors as pH, mois-
ture content, and total collagen content of two dif-
ferent fish fillets(whitefish and burbot) were inve-
stigated. In addition, the pH of fish was controlled
by injecting phosphate buffer solution to improve
texture during frozen storage and the effect was
studied.

Materials and Methods

Fish

Whitefish(Coregonus clupeaformis) and Burbot
(Lota lota) were obtained from a commercial dist-
ribution(lake Michigan, Hickey Bothers Fisheries)
during the first week of December, 1985. They
were gutted, washed, iced and delivered promptly
laboratory. The round fish were filleted and skinn-
ed. Each fillet was cut in half crosswise to yield a

head section and a tail section.

Treatment of Phosphate Buffer

Fish samples were treated at the Utilization Re-
searcher Division, Northwest and Alaska Fisheries
Center, US Marine Fisheries Service in Seattle,
Washington. A pilot plant sized high-pressure injec-
tion Machine(Intermediate Technology Manufactu-
ring, Inc.) was employed to inject the sample solu-
tion into fish muscle(Fig. 1). K,HPO,, potassium
phosphate dibasic(Mallinckrodt) was dissolved in
distilled water to obtain 1.8 m solution. The pH of
this solution was adjusted to 8.0 with concentrated
phosphoric acid.

For each of the 16 sample types, three one-
pound sample of each section were analyzed dupli-

cately.
Three grams of fish muscle and 30 m! of distil-
led water were homogenized(Osterizer; high

speed) for 10 seconds and the pH was measured
with a digital ion analyzer (Model 701 A, ORION
Research, Cambridge).

Moisture content was determined by AOAC me-
thod(1980)

The amount of total collagen in whitefish and
burbot muscle was determined by the method of
Culler et al(1978). Values were converted to mg
collagen assuming a hydroxyproline content of 7%
(Bacgason, 1984).

The textural properties of the fish fillets were
determined by peak height on the recording chart
of an Instron Universal Testing Machine(Model
1132) equipped with a Kramer shear cell(Cat. No.
CS-1, Food Technology Corp., Rockville, Mary-
land). The operating conditions is listed on Table
1

Results were reported as peak hight/50g sample

Table 1. Operating conditions of texture measurement
of whitefish and burbot muscle

Crosshead speed 200mm/min
Load 10kg

% deformation 80%
Sensibility 500g
Sample size 1X1X1em
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in the units of kg-force.

Hardness of the fish muscle was calculated with
peak height of texturometer curve.

SPSS primer and SPSS UPDATE 7-9 were used
to obtain results of statistical analysis by standard-
zed multiple regression.

Results and Discussion

Changes in pH of Whilefish and Burbot Muscle
during the Frozen Storage

Injecting fluid

High pressure fiuid

As shown in Table 2, the pH values of treated
whitefish and burbot muscle samples exhibited
much greater values than corresonding controls(not
injected). Within a given fish species and a given
treatment(control or injected), the tail section
usually exhibited more or less lower pH values
than the head section.

For each type of sample, three months of storage
at -12T caused a significant reduction in pH com-
pared to the values at beginning' of storage. Gene-
rally, whitefish showed slightly higher values than
burbot for the every corresponding sample.
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Table 2. pH values of whitefish and burbot muscle before and after the frozen storage at -12¢C

St Whitefish Burbot
c.>rage Control Treated® Control Treated'
t
T Head  Tail Head  Tail — Head  Tail Head  Tail
0 6.50 6.35 7.00 6.95 6.35 6.35 6.63 6.66
month +0.04 +0.04 +0.01 +0.05 +0.00 +0.06 +0.05 +0.03
3 6.35 6.26 6.91 6.75 6.21 6.07 6.42 6.36
month +0.04 +0.01 +0.02 +0.03 +£0.01 £0.00 10.04 +0.04

'Potassium phosphate buffer(pH 8.0) was injected to elevate pH of the fish muscle. All pH values at 3
months differ significantly(P<0.001) from corresponding value at 1 month.
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Van den Berg(1966) carried out measurements
on the frozen state and observed decreases in pH
during frozen storage. Also, Bito(1978) reported
that skipjack decreased in pH during frozen sto-
rage.

Changes in Moisture Contents of Whitefish and
Burbot Muscle before and after the Frozen Storage

Changes in moisture contents of whitefish and
burbot muscle during frozen storage are shown in
Table 3.

In most instances the phosphate buffered mate-
rials contained more water than corresponding con-
trol samples, within exception being for whitefish
sample at zero time. The reason why the whitefish
samples at zero time behave in this manner is not
clearly known and has not been expected. Differe-
nces in the moisture contents of head and tail sec-
tions within a given fish species and treatment
were often not significant and if any differences
occurred they were relatively too small to clarify
any complete pattern and, therefore, were probably
of little importances.

In most cases of the eight sample columns three
month’s storage at -12C was found to have some
effects on the reduction in moisture content. Also
treatment of samples with phosphate buffer proved
to decrease the loss of moisture during storage in
both cases of head and tail sections of two species.
This result is agreed with the fact that the treat-
ment of phosphates is known to lesson thaw-exuate

in fish muscle.

Total Collagen

Some investigators examined the effect of matu-
rity on various muscle constituents and texture.
Maturation and starvation have been related to in-
creased collagen content in certain species of fish
(Love, 1974; Creach, 1972), however, the import-
ance of collagen to the texture of fish is still in
doubt. Shown in Table 4 are the total collagen con-
tents of whitefish and burbot muscle. The collagen
contents of whitefish muscle ranged from 2.87 to
4.02 mg/g of muscle. A comparison of appropriate
samples within a given treatment and location indi-
cated that in all cases of such comparison burbot
contained considerably more collagen than white-
fish. Within same species and a given treatment the
tail sections, in all instances contained even more
collagen than the corresponding head sections.

The amount of the total collagen appeared to de-
crease with storage time in both whitefish and bur-
bot. The phosphate treatment usually proved to
have no significant effect on the total collagen con-
tent of whitefish while in burbot the same treat-
ment was generally associated with a reduction in
total collagen content. Bacgason(1984) reported
that collagen values were 2.60, 2.24 and 2.29 mg/g
of muscle in cancary, yellow tail, and widowfish(a
kind of rockfish species), respectively. Feinstein
(1984) showed that the amounts of collagen of
cusk were 3.53 mg/g in head section and 6.30 mg/y
in tail section while those of yellow tail floulder 4.

Table 3. Moisture content of whitefish and burbot muscle before and after the frozen storage at -12¢

Moisture content( %)

St
(.)rage Control Treated' Control Treated'
t
T THead | Tail Head  Tail Head  Tail Head  Tail
0 7647 77.76 76.62 76.08 80.34 80.60 81.67 80.32
month +0.73 +0.95 +0.50 +041 +1.32 +0.93 +0.30 +0.50
3 7441 75.76 75.80 75.84 78.35 78.06 80.36 79.17
month +1.17 +1.08 +0.71 +0.97 +0.81 +0.16 +1.13 +0.81
k2 #k2 *%2 N S.Z *2 *ok2 k2 #ok2

Potassium phosphate buffer(pH 8.0) was injected to elevate pH of the fish muscle(see Table 2).
“Significance of difference in moisture content with storage time;

*:. P<0.05, **: P<0.01 and N.S. non-significant.
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68 and 5.03 mg/g, respectively.

Hardness of the Raw Shitefish and Burbot Muscle

Shown in Table 5 are the hardness(kg-force) val-
ues that were determined to estimate the texture
of raw whitefish and burbot muscle. A comparison
of appropriate sample pairs within the same species

treatment.

and location indicated that the phosphate treatment

considerably decreased the hardness of all burbot
samples but had no such significant effect on the
those of the whitefish samples. The different res-
ponse of phosphate treatment to the texture of the

whitefish and burbot samples different texture.
Burbot muscle, being very firm, would potentially
be more susceptible to tenderizing treatments than
would whitefish muscle which is inherently tender.

In every instance, the burbot sample is significan-

tly and substantially firmer than the whitefish sam-
ple. Different firmness of raw muscle of the head
and tail sections can be assessed by comparing ei- ™~

ght appropriate sample pairs of same species and

tially firmer than whitefish muscle.

In case of whitefish, the values of the head and
tail sections did not significantly differ from each
other while, the tail sections of burbots exhibited
much greater values in all instances. The results
with burbot might be explainable in part by the
fact that the tail sections of burbot contained more
collagen than the head sections as seen in Table
4.

This differs from the results of whitefish in that
the phosphate treatment does not have a significant
effect on the hardness of whitefish muscle in all
the raw comparisons was significantly and substan-

Factors Affecting the Hardness of the Fish Muscle

The effects of these factors on the hardness de-
termined by Instron texturometer were analyzed
thorugh standardized multiple regression.

Various factors have been studied in an attempt
to explain textural difference among various spe-

Table 4. Total collagen content of whitefish and burbot muscle before and after the frozen storage at -12C

Total collagen content(mg/g muscle)

Storage
p Control Treated Control Treated!
ime
Head Tail Head Tail Head Tail Head Tail

0 3.16 3.77 3.19 3.39 403 6.04 3.65 446
month +0.06 +0.26 +0.03 +0.36 - +0.39 +0.22 +0.37 +0.28
3 3.06 4.02 2.87 3.22 T 369 5.33 349 4.40
month +0.14 +0.10 +0.11 +0.16 - +0.29 +0.21 +0.40 +0.61
*%2 #k2 W2 N' S'Z w2 g2 %2 N‘ S.z

'Potassium phosphate buffer(pH 8.0) was injected to elevate pH of the fish muscle(see Table 2).
*Significance of difference in moisture content with storage time;

*: P<0.05, **: P<0.01 and N.S. non-significant.

Table 5. Hardness of the raw whitefish and burbot muscle before and after the frozen storage -12C

Raw texture(kg-force)

Storage N
y Control Treated! Control Treated!
ime
Head Tail Head Tail Head Tail Head Tail
0 31.78 31.66 29.40 2740 106.70 151.53 86.05 131.95
month +2.79 +2.50 +0.71 +2.20 +10.34 +8.64 +5.76 +6.85
3 36.73 34.52 35.05 33.00 128.71 203.63 109.14 184.25
month +151 +1.52 +4.96 +3.93 +4.29 +12.78 +351 +9.06

Potassium phosphate buffer(pH 8.0) was injected to elevate pH of the fish muscle(see Table 2).
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cies of fish. Several workers reported that as pH
decreased, toughness of fish muscle increased(Co-
wie and Little, 1966; Kelley et al, 1966; Connell
and Howgate, 1968; Love et al, 1974). A low pH
causes an increase in cooking llosses and, thus, in-
creases the concentration of myofibrillar proteins in
the muscles.

A comparison of appropriate samples with a gi-
ven treatment and location indicated that in all ca-
ses of such comparison burbot considerably more
collagen than whitefish. The tail sections, in all in-
stances contained even more collagen than the co-
rresponding head sections. In every instance, the
burbot muscle was significantly and substantially fir-
mer than whitefish muscle(Table 5). In the cases
of burbot muscle collagen content was very high
and the texture of raw meat was very tough. These
results indicate that there is a certain degree of
correlation between the collagen content and the
toughness of the raw fish meat.

However, some workers suggested that the total
amount of collagen might be less related to the
texture of muscle(Love et al., 1974; Dunajski, 1979;
Feinstein et al, 1984).

The phosphate treatment usually proved to have
no significant effect on the total collagen of white-
fish whereas in burbot same treatment was gene-
rally associated with a reduction in collagen con-
tent. However, Hatae et al.(1986) showed that the
difference in physical properties of the sliced raw
meat among five species was caused by the differ-
ence in the muscle structure rather than the com-
position of constituent proteins,

Table 6 showed that standardized multiple reg-
ression coefficients of the factors affecting the har-
dness of whitefish and burbot muscle. From the ta-
ble, pH was the most important factors influencing
the hardness of burbot.

Table 6. Standrdized multiple regression coefficients
of the factors affecting the hardness of
whitefish and burbot muscle

Factor Whitefish  Burbot

pH -0.1263  -0.7676

Raw  Moisture content -0.1848  -0.0961
Total collagen -0.0425 -0.1850

Summary and Conclusion

The texture of the fishes, whitefish and burbot
evaluated by hardness using Instron texturometer
was investigated. Both are fresh water fishes and
have quite different properties of the muscle that
whitefish is fragile while burbot is tough and hard
which decide their acceptabilities on the market.

In the present work, therefore, several factors
which might affect the textural properties of the
fish muscle were studied.

Fish muscle was filleted, treated with dipota-
ssium phosphate(pH 8.0) by means of high pres-
sure injection method, and finally stored at -12T
for 3 months. Factors, the pH, moisture content,
and total amount of collagen were analyzed on the
samples before and after the frozen storage.

The pH of the sample showed substantially hi-
gher values in the phosphate treated muscle than
the controls and decreased after 3 months storage
in all of the whitefish and burbot samples. There
was no significant differences in the moisture con-
tent between the control and treated but some re-
duction occurred during frozen storage.

The amount of total collagen in the tail sections
of burbot was significantly high comparing with
head sections and hardness of the tail section also
showed high values which indicated that total colla-
gen might be relate dto the texture of fish muscle.
However, in case of whitefish the effect was not
apparent.
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