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thermal processing. Steaming facilita tes easy removal 

of the bone and steaming may have important applications 

regarding catfish processing off-flavor. Experiments with 

off-flavor catfish indicated that the treatment combina

tion of steamed, with dark muscle removed, essentially 

eliminated the earthy-musty odor and flavor.

Geosmin, C12H22°/ a d Ĵnetlly1 substituted, saturated, 

two-ring teriary alcohol is suspected of possibly causing 

off-odors and off-flavors in catfish (Lovell, 1971; 1973; 

Medsker et a l., 1968). I t is possible that the compound 

forms an azeotrope and thus can be removed by steaming. 

Also, Gerber and Lechevalier (1965) reported that geosmin 

is unstable to acid. In the presence of acid, odoriferous 

geosmin is readily transformed to argosmin which possesses 

absolutely no odor (Gerber and Lechevalier, 1965). Thus, 

the lemon juice added to the product prior to thermal 

processing, may have partially transformed geosmin into 

argosmin which possesses no odor.

It appears that for catfish that do not possess 

off-flavor the best treatment combination from a flavor 

standpoint would be non-steamed with dark muscle on.

From a processing standpoint i t  would be steamed with 

dark muscle on. For catfish with off-flavor the best 

treatment combination would be steamed with dark muscle on.
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Yields of Canned Product Processed Four Different Wavs 

Prior to Thermal Processing: Figure 3 shows the yields

of canned product for each treatment combination. The 

percent yield of canned product varied from 45.4% to 

36.7%. In order of decreasing yield the treatment 

combinations were: unsteamed with dark muscle le ft on,

steamed with dark muscle le ft on, unsteamed with dark 

muscle removed, and steamed with dark muscle removed. 

However, one 307 x 113 size can of steamed product required 

0.36 lb of flesh as compared to 0.44 lb of flesh for the 

unsteamed product. This is because the steamed product 

was less dense due to water loss during steaming. Figure 3 

also shows the weight of whole catfish required per cen of 

product for each treatment combination. The amount of 

whole catfish required to f i l l  a can of product varied 

from 1.10 lb for non-steamed with dark muscle removed to 

0.88 lb for steamed with dark muscle le ft on.

Greenfield (1970) stated that if  a catfish producer 

sold catfish for 41C/lb then the cost to the consumer 

would be $1.43/lb for retailed frozen catfish. Presently 

a local supermarket sells 307 x 113 cans of tuna for 39C 

to 65C each, depending on the quality, and the same size 

cans of salmon sell for 69C to 89C each, depending on the 

species. Bearing in mind that 0.88 to 1.10 lb of whole
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Figure 3. Yields of canned product processed four different 

ways prior to thermal processing.
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catfish are required for one 307 x 113 can, i t  then appears 

that canned catfish probably could not compete economi

cally with canned tuna or canned salmon. However, a 

detailed economic study of the costs involved would have 

to be made before any definite conclusions can be drawn.

In addition, even if the price of canned catfish were 

higher than that of tuna or salmon, i t  does not necessarily 

mean that a limited volume of the product could not be sold, 

particularily in the river basins of the Gulf Coast and the 

southern half of the Mississippi River drainage system.

In these regions catfish are regarded as high-value premium 

food (Greenfield, 1970). Also, through improved culturing 

methods the price of whole catfish may in the future be 

relatively lower in terms of constant dollars than they 

are at the present time. I t should be emphasized that 

consumer acceptability and economic feasability requires 

further study.

Frozen Storage Studies

Free Fatty Acids: Free fatty acids (FFA) signifi

cantly (P sr 0.01) increased in concentration from 0.36% 

for fresh catfish to 5.21% for catfish stored at -10°C 

for 15 weeks (Tables 6 and 7). The coefficient of
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Table 6. Free Fatty aĉ .d content of channel catfish 
stored at -10 C.

Weeks of 
storage

Free fatty 
(5 of total

acids 
1ipid)

Coefficient of 
variation

0 0.361 82.23

5 2.98 30.35

10 4.12 36.13

15 5.21 41.46

Pach mean is the average of 6 observations

Table 7. Analysis
channel

of variance of 
catfish stored

free fatty acids of 
at -10°C.

Source d .f . Mean square Probability1

Time 3 26.00 0.0001**

Residual 20 1.94

Total 23 5.08

Probability of type I error

**Significant at the 196 level
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variation indicated that the variability among samples at 

a time period (particularly fresh catfish) was quite high. 

I t is interesting to note that like Atlantic cod the FPA 

of frozen stored channel catfish increased most rapidly 

during the in itia l time period (Wood and Haqq, 1962).

The mean value of 0.36% FFA for fresh catfish is much 

lower than that observed with other species. This may be 

important from a storage point of view as i t  is possible 

that free fatty acids are more susceptible to rancidity 

than neutral lipids or phospholipids, (Lovem, 1962). 

Pacific gray cod and lingcod contained 3.4 and 5.2% FFA, 

respectively, (Wood and Haqq, 1962)• Fresh Atlantic cod 

contained 15% FFA (Dyer et a l., 1958) whereas fresh white- 

fish contained 4.6% FFA (Awad et a l., 1969).

Extractable Protein: The mean crude protein content

of 6 catfish was 22.03%. This value agrees with that of 

Drake et al. (1973) who observed that the crude protein 

content of channel catfish was 21.44%. Fresh channel 

catfish contained 91.62% extractable protein (% of crude 

protein) (Table 8) which is similar to that of Awad et al. 

(1969). The la tte r workers reported that about 93% of the 

to tal protein in freshly frozen freshwater whitefish was 

extracted with a 5% NaCl solution.

The extractable protein content of channel catfish
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Table 8. Extractable protein content of channel catfish 
stored at -10 C.

Weeks of 
storage

Extractable protein Coefficient of 
(% of crude protein) variation

0 91.621 7.88

5 91.46 6.04

10 80.03 8.09

15 67.97 5.30

*Each mean is the average of 6 observations

Table 9. Analysis
channel

of variance of extractable 
catfish stored at -10°C.

protein of

Source d .f . Mean square Probability*

Time 3 760.97 0.0012*

Residual 20 93.08

Total 23 180.19

^■probability of type I error

**Significant at the 5% level
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significantly (P ^ 0.05) decreased from 91.62% at 0 weeks 

of frozen storage to 67.97% after 15 weeks of frozen 

storage (Tables 8 and 9). The coefficients of variation 

indicated that the variability of extractable protein among 

fish (samples) was quite low and relatively constant (Table 

8). These attributes would make the extractable protein 

test a good index of texture if i t  correlated with texture.

It is interesting to note that extractable protein did not 

s ta rt to decrease until after free fatty acids increased to 

their greatest concentration (Tables 6 and 8). This would 

suggest that with channel catfish there may be a relation

ship between free fatty acid increase and extractable 

protein decrease. This relationship has been suggested 

by several researchers for various species of fish (Olley 

et a l., 1962; King et a l., 1962; and Anderson et a l., 1965).

Hypoxanthine: The mean hypaxanthine content of 6 fish

varied from 104.50 ug/g flesh to 61.16 ug/g flesh (Table 10). 

S tatistical analysis revealed that hypaxanthine concentra

tion did not significantly change during frozen storage 

at -10°C for 15 weeks (Tables 10 and 11). The coefficients 

of variation indicated that the variation among samples at 

the various storage times was quite high (Table 10). This 

would make the hypoxanthine test a poor index of flavor.

One explanation of the high variability is that during the
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Table 10. Hypoxanthine content of channel catfish stored 
at -10 C.

Weeks of 
storage

u mole hypoxanthine 
per gram of flesh

Coefficient of 
variation

0 104.50 61.16

5 4*.50 17.29

10 64.7 3 104.78

15 92.73 39.53

"̂Each mean is the average of 6 obersvations

Table 11. Analysis
catfish

of variance of hypaxanthine of channel 
stored at -10 C.

Source d .f . Mean square Probability1

Time 3 3815.00 0.2416 ns.

Residual 20 2525.59

Total 23 2693.78

^"Probability of type I error

n s .  = n o n - s i g n i f i c a n t  a t  t h e  5% l e v e l
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spectrophotometric measurements of the hypoxanthine solu

tions the readings varied between 85 and 99% transmittance. 

For greatest accuracy solutions should absorb in the range 

of 15 to 65% transmittance (Ewing# 1969). At low concen

trations the error inherent in reading the galvanometer 

or other indicating device becomes large compared to the 

quantity which is being measured (Ewing, 1969). The varia

b ility  was probably not due to the presence of dark muscle 

as most of i t  had been removed.

Apparent Inosine Monophosphate: The mean absorbance

values of apparent IMP from 6 fish varied from 0.5916 to 

0.9408. I t  should be emphasized that adenosine nucleotide 

(ATP, ADP, and AMP) as well as IMP absorb at 256 nm (Spielli 

et a l., 1964). The coefficients of variation indicated 

that the variability of the absorbance values at any given 

storage time was quite low. Consequently, absorbance values 

of apparent IMP would make a good index of flavor if they 

are correlated with flavor. S tatistical analysis revealed 

that the absorbance values significantly (P £  0.01) changed 

during frozen storage at -10°C. Visual analysis of the 

data presented in Table 12 indicated that the high absor

bance values at 10 weeks of storage was responsible for 

the highly significant change. I t  should be noted that 

the mean absorbance value ^t 15 weeks of storage was
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Table 12. Mean absorbance values of apparent inosine
monophosphate (IMP) content of channel catfish 
stored at -10 C.

Weeks of storage Absorbance 
at 2 56 nm

Coefficient of 
variation

0 0.59161 13.30

5 0.5998 8.26

10 0.9408 3.65

15 0.5952 5.30

*Each mean is the average of 6 observations

Table 13. Analysis
apparent
catfish

of variance of absorbance 
inosine monophosphate of 

stored at -10 C.

values of 
channel

Source d .f . Mean square Probability

Time 3 0.179000 0.0001**

Residual 20 0.000985

Total 23 0.024322

^Probability of type I error

* * S i g n i f i c a n t  a t  t h e  1% l e v e l



59

essentially equal to the mean absorbance values at 0 and 

5 weeks of frozen storage. Therefore/ if  one considers 

the high values at 10 weeks of storage atypical then IMP 

did not essentially change.

Organoleptic Analysis: The mean taste panel scores

for odor, flavor, texture, and overall quality, for the 

most part varied between scores of 4 and 5 (Table 14).

A score of 6 was excellent and a score of 1 was very poor. 

In general, odor, flavor, texture, and overall quality 

were rated between very good and good, (Table 15)• In 

contrast, Awad et al. (1969) observed that with freshwater 

whitefish stored at -10°C, overall quality decreased from 

a mean score of 3.5 (a score of 6 being excellent and a 

score of 1 being poor) at 0 weeks of frozen storage to a 

mean score of 1.5 after 16 weeks. I t  should be emphasized 

that the whitefish in Awad's study was 5 days post mortem 

before the onset of frozen storage, the catfish used in 

the present study were less than 30 hr post mortem before 

the onset of frozen storage. This is very important as 

the longer fish are held post mortem the probability 

increases that the fish passed through the induction 

period of oxidavite rancidity. The sooner fish are frozen 

the longer will be the induction period of oxidative ran

cidity. In addition, the catfish used in the present
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Table 14. Mean taste panel scores for odor, flavor, texture, 
and overall quality of channel catfish stored 
at -10 C.

Weeks of 
storage

Odor Flavor Texture Overall 
quality

0

i—im00• 4.441 4.701 4.48

5 5.15 4.15 4.56 4.33

10 4.59 3.85 4.51 3.92

15 5.00 4.11 4.77 4 .29

^Each mean is the average of 27 observations

Table 15. Analysis of variance of 
and overall quality of 
at -10 C.

odor, flavor, texture, 
channel catfish stored

Source d.f Odor
M.S.

Flavor
M.S.

Texture Overall quality 
M.S. M.S.

Time 3 1.51 ns. 1.59 ns 0.40 ns. 1.51 ns.

Judge 8 1.79 3.15 5.08 4.34

T x J 24 0.65 0.96 1.04 0.70

Residual 72 0.55 0.86 0.58 0.56

Total 107 0.69 1.07 1.01 0.90

n s .  = n o n - s i g n i f i c a n t  a t  t h e  5% l e v e l .
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study were very well packaged. The fish were tightly 

wrapped several times with an oxygen impermeable film 

which excluded oxygen which is necessary for the develop

ment of oxidative rancidity. Also, the oxygen impermeable 

film appeared to prevent dehydration which if  occurs to 

a considerable extent can significantly lower the score 

which the fish sample would receive. The organoleptic 

results of the present study indicate that if  catfish are 

packaged properly and frozen soon after harvest their 

organoleptic attributes do not significantly degrade 

during storage at -10°C for 15 weeks.

Visual Correlations: Due to the small size of the

catfish available for the frozen storage study, both 

chemical and organoleptic tests could not be conducted on 

the same fish. Consequently, this prevented s ta tis tica l 

correlations.

Free fatty acids significantly (P ^ 0.01) increased 

in concentration during frozen storage, whereas odor, 

flavor, texture, and overall quality did not significantly 

change. In addition, the variability among samples at a 

given time period was quite high. Consequently, free fatty 

acids do not appear to be an useful index for any of the 

organoleptic attributes tested.
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Although the variability among samples at any given 

storage time was low for extractable protein i t  signifi

cantly (P ^ 0.05) decreased during frozen storage. Thus, 

extractable protein does not appear to be an useful index 

of texture or any of the other organoleptic attributes 

tested.

Hypaxanthine like odor, flavor, texture, and overall 

quality did not significantly change during frozen storage. 

However, the large variability (Table 10) rendered the 

test inappropriate as an index of flavor.

Apparent IMP appears to be the most promising as an 

index of flavor even though i t  significantly changed 

during frozen storage (Table 13). Since the values at 5, 

10, and 15 weeks of frozen storage were almost identical 

(as were the flavor data) further study may prove i t  a 

useful index.



SUMMARY

The characteristics of lipids present in the dark and 

light muscle of channel catfish were determined. Light 

muscle contained 1.26% lipid which had an iodine number 

of 93.86. In contrast, dark muscle contained 2 5.15% 

lipid with an iodine number of 6.99.

The use of canning as a means of preserving catfish 

and combating the off-flavor problem was investigated. A 

technically feasible canned product was developed. It 

was found desirable to remove the bone as well as add salt 

and lemon juice to the fish immediately prior to thermal 

processing. Removing the dark muscle did not significantly 

affect odor, flavor, texture, and overall quality of the 

canned product. Steaming of fish prior to canning decreased 

odor, removed off-flavor, decreased flavor, improved texture, 

and decreased overall quality. Storage of the canned pro

duct for 6 months tended to improve texture but did not 

affect odor, flavor, or overall quality. The canned product 

of steamed with dark muscle le f t on gave the greatest yield 

(0.88 lb of whole catfish required to f i l l  one 307 x 113 

can). The product of non-steamed with dark muscle removed

63
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gave the lowest yield (1.10 lb of whole catfish required 

to f i l l  one 307 x 113 can).

Experiments to determine if  certain chemical tests 

could correlate with texture and flavor of frozen stored 

channel catfish were also conducted. Odor# flavor# tex

ture# and overall quality did not significantly change

o
during storage at -10 C for 15 weeks.

Free fatty acids increased# extractable protein 

decreased# and hypoxanthine concentration did not signi

ficantly change during storage at -10°C for 15 weeks. 

Neither free fatty acids# extractable protein# nor hypox

anthine correlated with texture and flavor. Apparent 

inosine monophosphate appeared to hold the most promise 

as an index of flavor.

Consumer acceptability# economic feasability# canning 

of catfish packed in oil# and additional work with off- 

flavor catfish requires further study.
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