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Several years ago, the National Marine 
Fisheries Service (then the Bureau of Com­
mercial Fisheries) began a program designed 
to produce a satisfactory protein concentrate 
from whole fish. The purpose was to help 
alleviate the protein malnutrition that affects 
much of the worldis population and to pro­
vide an economic stimulus to the U. S. fish­
ing in d us try. A high -quality protein is 
needed to supplement the vegetable proteins, 
which are the world 's principal source of this 
important nutrient. 

The use of fish for this purpose is ideal 
because the seas abound in unutilized spe­
cies. The concept of FPC is not new. 
Knobl (1967) reviewed descriptions of sev­
eralprocessing methods. Chemical methods 
have used isopropyl alcohol as a solvent 
(Guttman and Vandenheuvel, 1957; Dambergs, 
1959; Power, 1964; and National Marine 
Fisheries Service, 1966). 

Isopropyl alcohol has been shown highly 
efficient in removing lipid and water from 
raw material. A product containing high­
quality protein can be obtained by isopropyl 
alcohol extraction of various species of fish. 

Thus far, few investigations have com­
pared the chemical composition and nutritive 
quality of the raw material with that of the 
FPC processed from it. So we have not 
known whether the solvent extraction and 
later processing produces any significant 
change in quality from that of raw material. 

This report presents results of a com­
parison of FPC's chemical composition and 
nutritive quality with the same properties of 
the raw fish used as starting material. 

The FPC data were obtained in early 
stages of National Marine Fisheries Service 
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program, when a batch cross -current meth-
0d of extraction was used. Although the 
present method is a straightforward stage­
wise countercurrent method, we have found 
no difference between the two methods of 
extraction with respect to chemical compo­
sition and nutritive value. The principal dif­
ference is in the efficiency and economy of 
solvent usage. For this report, the FPC data 
are representative of FPCs pre par e d by 
isopropyl alcohol extraction of red hake re­
gardless of extraction method. 

WHAT WE FOUND 

The chemical and nutritive properties of 
freeze -dried whole fish and FPC (fish pro­
tein concentrate) made from red hake 
(Urophycis chuss) were studied. Samples of 
whole fish were collected during July, Octo­
ber, and November 1964, and January 1965. 
The products were analyzed for proximate 
composition, amino acid concentration, and 
protein efficiency ratio (PER). 

The samples of freeze -dried whole fish 
showed only slight changes in chemical com­
position, notably in lipid content, which ranged 
from 9.8% to 14.2% (dry weight). The PERs 
ranged from equal to casein to PERs signifi­
cantly better than casein (July, October, and 
January). 

The FPC samples prepared from same 
catches of fish showed only slight differences 
in concentration of crude protein; this ranged 
from 86.5% to 89.9%. The PERs of these 
samples also ranged from equal to casein 
(October and November) to PERs significantly 
better than casein (July and January). 

With the exception of the October period, 
FPC's nutritive quality did not differ signif­
icantly from raw material's. 
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EXPERIMENTAL PROCEDURES 

Raw Material 

The whole red hake was chosen as raw 
mate rial for this study because it is an under­
utiliz e d species and readily available to this 
laboratory. The fish were caught near Block 
Island, off Rhode Island. The hake were 
taken directly from net as soon as they ar­
rived onde ck and placed immediately on ice. 
About 100 to 200 pounds of hake from 
each c atch were brought to the laboratory, 
where t hey were stored in a fre e zer at -40 C. 
The fis h were use d in a s e ries of experi­
m e nts wit hin 3 wee ks. 

Product Preparation 

A. Fre eze - Dried Whole Fish 

B ecause the nutritive value of raw fish is 
difficult to e valuate in feeding trials, we chose 
arbitarily to fre e ze -dry the fish. This techni­
que woul d provide a product suitable f or test­
ing- -yet one likely to be as similar to raw 
material as possible in chemical and nutritive 
char acteristic s. 

Twenty -pound samples ofthe fr ozen wh ole 
raw hake wer e place d into liquid n itroge n and 
ground, first through a Rietz!! extructor, and 
then through a Rietz disintegrator i n a stream 
ofliquid nitrogen. The ground particles, col­
lected in liquid nitr ogen, were loaded into 
freeze dryer in a n exce ss of liquid nitrogen; 
then they we r e free ze -dried at pressure of 
300 to 500 )l f or 24 hours. During this period, 
the temper ature of the platen was kept at 40 C. 
When drying was c omplete d, the vacuum was 
b roken wit h nitr oge n. Then the samples were 
stored under nit rogen at - 20 C. 

B. Fish Protein Conce ntr ate 

Hake used f or FPC p r oduction were from 
same catch as those us e d f or freeze drying. 
Each production run consisted of 20 pounds 
of whole hake ground t hr ough a .25 -inch end 
plate. 

The solve nt u sed for e ach test was fresh 
91 % (vi v) isopropyl alcohol. It was mixed 
wit h fi s h in a ratio of solvent tofish of 2 to 1. 
T he slurry was stirred briefly and then trans­
fe rre d to extraction unit. After 30 minutes, 
the mixture was pumped to a basket centri­
fuge for separation of solids. The second 

extraction was made by running hot solvent 
distillate through the solids in centrifuge 
basket while centrifugation continued . This 
extraction was continued for 30 minutes at 
distillate temperature of 78 C. Centrifuga­
tion continued for another 15 minutes. The 
third extraction consisted of a continuous 
extraction of solids with isopropyl alcohol. 
(Described by Brown & Miller, 1969.) The 
liquid was removed continuously from ex­
tractor and evaporated, and the condensate 
pumped back to the extractor. After final 
separation of solids, the extracted material 
was desolventized unde r vacuum at 40 C. for 
16 hours. The dried product was ground 
through a Wiley mill equipped with a screen 
having 0.5-mm openings. 

Product Analysis 

A. Chemical Analysis 

Moisture, ash, and crude protein were de­
termined by procedures of Association of Of­
ficial Agricultural Chemists (1965). Lipids 
were determined by method of Smith, Am­
brose, and Knobl (1964); amino acids by meth-
0d of Moore, Spackman, and Stein (1964); and 
available ly sine by met hod of Carpenter 
(1960). 

B. Nutritive Evaluation 

Samples of freeze -dried fish were fed in 
amount desired (ad libitum) to male albino 
rats (Charles River CD strain), randomly 
allotted to groups of 8 rats each . The sam­
pIes were added to a nutritionally adequate 
basal diet at 100/0 level of crude protein (Camp­
bell, 1960). The gain in weight and amount 
of food consumed were recorded each week 
for 4 weeks; the PER was then calculated. 

RESULTS 

Freeze -Dried Whole Fish 

A. Chemical Analysis 

Table 1 shows the proximate composition 
of freeze -dried whole fish at each sampling 
period. The freeze-dried raw material from 
each catch varied in its concentration of lipid 
and, to a slight extent, in its concentration of 
crude protein. In general, the concentration 
of lipid was lowest in October sample--9.80/0. 
In contrast, samples of July, November, and 
January catches were 14 to 150/0. Thus, the 

!!Trade nam es are used merely to simplify descriptions; no endorsement of the products is implied. 
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Table 1. Proximate composition of freeze-dried whole red hake 
(Urophycis ~) caught during 1964-65 

Date of catch Crude rotein Li id Ash Moisture 
------------------Wt -------------------

1964: July 74.5 13.1 12.5 3.01 

October 76.7 9.7 13.1 2.74 

November 75.0 14.2 12.7 2.88 

1965: January 75.5 13.7 11.4 3.36 

Note: The crude protein, lipid, and ash are reported on the basis 
of dry weight. 

concentrations of crude protein and ash in 
October fish were slightly higher than these 
concentrations in the other samples. 

Table 2 shows amino acid composition and 
available lysine concentration offreeze -dried 
samples. A comparison of all amino acids 
recovered, as percent of total crude protein, 
revealed that 83% (October) to 92% (January ) 
of protein can be accounted for. Undoubtedly, 
other components of the nitrogen - -such as 
various amines, ammonia, urea, creatine, 
taurine, and anserine--could make up this 
difference because there is a concentration 
factor from raw wet fish to freeze -dried 
product. 

Thompson and Farragut (1965) reported an 
observation with whole alewives (Alosa pseu­
doharengus). They postulated that consider­
able metabolic energy is used when spawning 
commences, and that excretory processes of 
fish do not keep pace. So metabolic nitrogen 
products build up in the body. 

In our study, although physiological con­
dition of fish was unknown, the fish caught in 
October exhibited a slightly higher concen­
tration of total nitrogen (crude protein) and 
lower concentration of amino acids than did 
other samples. The concentrations of amino 
acids did not reveal any marked changes dur­
ing sampling periods; rather, they reflected 
changes related to an increase in total recov­
ery as percent of the protein. The values 
obtained for available lysine fluctuated from 
period to period and, apparently, did not re­
flect any trend. 

B. Nutritive Evaluation 

Table 3 gives the mean total weight gain, 
food consumed, and protein efficiency ratio 
values from feeding trials of freeze -dried 
ground hake. The differences within each 
catch of fish were not significant, but differ­
ences between catches were highly significant 
(PC:: .01). The freeze-dried fish used indiets 
prepared from November sampling resulted 
in lower PERs than did other samples. To 
check accuracy of these data, we did another 
experiment (Nov. 1964B). The results con­
firmed previous test: protein quality was 
comparable to casein. The PERs obtained 
with diets made of freeze -dried fish from 
July, October, and January were better than 
those obtained with casein. 

FISH PROTEIN CONCENTRATE 

A. Chemical Analysis 

Table 4 shows proximate composition of 
FPCs. The crude protein ranged betweert 85.5 
and 88.9%. Very little difference was found 
in protein concentrations of FPCs produced 
from fish in July, October, and November-­
but concentration increased in FPC made 
from January fish. 

Values for total residual lipid in FPCs 
show that removal of lipids by solvent-extrac­
tionprocedure was not affected by the fish's 
physiological state. However, the composl­
tion of the residual lipids, Wllich was not de­
termined' may reflect differences. 
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Table 2. Amino acid analysis and available lysine of the standard 
reference samples: 
~) 

freeze-dried whole red hake (UroEh;lcis 

Date. for red hake caught on: 
July October November January 

Amino acid 1964 1964 1964 1965 
-------------% of protein--------------

Available lysine 6,-84 6,99 6.58 .7.35 

Total lysine 7.32 7.36 7.35 7.63 

Histidine 1.91 1. 78 1.91 1.92 

Arginine 5.85 5.77 5.89 5.96 

Aspartic acid 8.74 8.50 9.07 9.50 

Threonine 3.82 3.68 3.98 4.07 

Serine 3.86 3.75 4.00 4.08 

Glutamic acid 12.67 12.62 13.64 14.05 

Proline 4.52 4.09 4.27 4.57 

Glycine 7.02 7.13 7.48 7.70 

Alanine 6.08 5.67 6.11 6.50 

Valine 4.61 4.31 4.59 4.88 

Methionine 2.70 2.65 2.91 3.02 

Isoleucine 3.86 3.71 4.00 4.21 

Leucine 6.42 6.17 6.76 7.07 

Tyrosine 2.76 2.62 2.83 3.01 

Phenylalanine 3.57 3.31 3.70 3.82 

Total 85.71 83.13 88.49 91.99 
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Table 3. Mean weight gain, food consUl!led, protein efficiency ratio (PER), and adjusted PER of animals 
fed freeze-dried ground whole red hake caught during 1964-65 

Weight gained Food consUl!led Protein efficiency ratio!! 
Standard Standard Standard 

Date of catch Group Tests Rats/test Mean error Mean error Mean error 
-------1-------- --------------g---------------

1964: July 6 8 159.7 2.5 377 2.0 3.39 0.04 

October 6 8 157.8 2.1 411 2.4 3.58 0.04 

November A 2 8 131.8 2.0 419 3.1 2.90 0.03 
B 2 8 145.4 2.9 378 3.7 3.08 0.04 

1965: January 1 8 158.6 3.2 390 5.7 3.46 0.05 

Y The protein efficiency ratios were adjusted. to a,protein efficiency ratio of casein equal to 3.00. 

Table 4. Proximate composition of FPC produced from whole fish caught 
during 1964-65 

Date of catch Crude pr otein Ash 
----------------wt 

1964: July 86.2 0.4 14.2 

October 85.5 0.1 14.7 

November 86.1 0.3 14.6 

1965: January 88.9 0.2 12.9 

Notel: The data are on the basis of dry weight. 

Note 2: Crude protein is calculated on the basis or N x 6.25. 

The concentration of ash remained rela­
tively constant (140/0) for July, October, and 
November samples of FPC, but concentration 
in January sample decreased, which reflected 
the increase in protein. 

To compare proximate composition data 
of FPC with those of freeze -dried whole fish, 
we had to place them on a moisture -free and 
lipid -free basis. When this was done, the 
values of crude protein in freeze -dried fish 
showed higher concentration in January than 
in other months. The same was true of ash 
concentration. 

Table 5 lists results of amino acid analyses 
and determinations of available lysine con­
centrations in FPCs produced from raw fish 
caught during sampling periods. These data 

also show differences inpercentage recovery, 
ranging from 96.0 to 102.00/0 of the protein. 
Most concentrations of amino acids either in­
creased or decreased accordingto the recov­
ery. Lysine, histidine, arginine, and proline, 
however, remained relatively constant. The 
concentration of available lysine fluctuated 
from period toperiod with no apparent trend. 

In general, the major difference between 
amino acid concentration of FPCs, compared 
with that of freeze -dried samples, is the 
greater recovery, as percent of protein, from 
FPC samples. 

B. Nutritive Evaluation 

Table 6 shows results of feeding FPC diets 
to laboratory animals. 
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Table 5. Amino acid analysis and available lysine of FPC's produced 
from fish caught in di fferent months of the year 

Data for FPC Eroduced from fish caue;!!t on: 
July October November January 

Amino acid 1964 1Q64 1964 1965 
------------~ of protein-------------

Available lysine 8.09 1.87 8.19 1.10 

Lysine 8.28 8.23 8.31 8.31 

Histidine 2.01 1.90 1.95 1.93 

Arginine 6.70 6.18 6.69 6.77 

Aspartic acid 9.75 9.67 10.61 10.49 

Threonine 4.28 4.21 4.58 4.56 

Serine 4.32 4.23 4.69 4.65 

Glutamic acid 14.38 14.39 15.83 15.62 

Proline 5.10 5.13 5.13 5.18 

Glycine 7.52 7.62 8.46 8.72 

Alanine 6.49 6.26 6.93 7.56 

Valine 5.13 4.74 5.33 5.34 

Methionine 3.11 3.22 3.44 3.43 

Isoleucine 4.28 4.23 4.68 4.63 

Leucine 7.16 7.16 7.88 7.85 

Tyrosine 3.10 3.25 3.41 3.24 

Phenylalanine 3.86 3.98 4.32 4.21 

Total 95.47 95.00 102.24 102.35 

Table 6. Mean veight gain, rood conaumed, protein erncieney ratio (PER), and adjuoted PER or animal. 
red diets or !'PC produced rrom r"" n.b caught in variouo period! or the yean 196~-65 

lleil!!!t sained Food cOD8\11led Protein erncien~ ratiJJ 
Standard Standard Standard 

Date or catch Gro Te.t. Rate test Mean errol" Mean error Mean error 
---- ------ -----------------------------------

ill!!.: July 6 8 151.8 2.2 365 3.9 3.~ O.O~ 

October 6 8 139 .0 2.0 ~12 2.9 3.09 O.O~ 

November A 2 8 130 .3 ~.O ~18 9.2 2.85 0.07 
B 2 8 1~1.5 3.8 363 6.~ 3.12 0.05 

!2§2: January 1 8 15~.0 8.6 363 12.0 3.62 0. 12 

!I '!'be protein ernc1eney ratioa vere adjueted to a protein erncieney ratio or caeein equal to 3.00. 



According to PER values obtained from 
feeding trials, the nutritive values of protein 
in FPCs processed from same catch of fish 
did not differ significantly. But a highly sig­
nificant difference (P(.Ol) occurred in FPCs 
made from different catches. The FPCs pro­
cessed from July and January fish were better 
than those prepared from October and Novem­
ber fish. Furthermore, the two latter groups 
were comparable only with casein, whereas 
the former two FPCs were better than casein. 
Compared with freeze -dried whole fish, the 
differences in PER from catch to catch were 
similar, with exception of October fish. In 
this instance, the freeze -dried sample had a 
significantly higher PER than FPC. At this 
time, we are unable to explain these results. 

Chemical analysis revealed little infor­
mation that could be related to nutritional 
data. 
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CONCLUSIONS 

The results of tests over 6 months indi­
cated certain aspects of FPC I S nutritional 
value are affected by the raw material. Both 
freeze-dried samples of f,ish and FPCs pre­
pared from same fish were found to have PERs 
comparable with casein, whereas PERs of 
other sam p 1 e s were superior to casein. 
Chemical analyses of the samples failed to 
yield any clues as to cause of this difference. 

A longer study would have been useful in 
providing more detailed information on sea­
sonal changes. However, this study has shown 
that, with one exception, the quality of FPC is 
no different from quality of raw material (or, 
at least, of freeze -dried raw material). Fur­
thermore' it has shown that processing with 
isopropyl alcohol had no significant effect on 
nutritive value of raw fish. 
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