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USE OF SODIUM TRIPOLYPHOSPHATE
TO CONTROL FISH SHRINKAGE
DURING HOT-SMOKING

by

Harold J. Barnett, Richard W. Nelson, and John A. Dassow

ABSTRACT

Loss of moisture in the hot-smoking (kippering) of thawed halibut, salmon, and
black cod results in an economic loss as well as in a loss of quality. Because sodium
tripolyphosphate effectively reduces loss of moisture in other foods, including fresh fish,
Use of this substance effectively aided the
retention of moisture in halibut and salmon during smoking but was less effective in aid-

it was tried with these smoked products.

ing the retention of moisture in black cod.
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INTRODUCTION

In the commercial production of hot-smoked
fish -- such as kippered halibut, salmon, and
black cod (sablefish) -- significant shrinkage
due to loss of moisture occurs during the smok-
ing. Kippered fish, unlike the partially dried
hard-smoked fish, is prepared as a moist prod-
uct that has a distinctive color and flavor.

Authors: Harold J. Barnett, Research Chemist;
Chemist; Bureau of Commercial Fisheries Technology
Published July 1969.

Richard W. Nelson, Research Chemical Engineer;
Laboratory, 2725 Montlake Boulevard East, Seattle,

Therefore, from the standpoint of both ac-
ceptability and yield, the loss of moisture dur-
ing smoking should be minimized.

In general, the kippering process consists

of: (1) brining, (2) applying dye, and (3)
hot-smoking. The thawed fish are usually split

and John A. Dassow, Supervisory Research
Washington 98102.
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into two sides, with skin on, and are cut into
pieces. The pieces are then soaked for one-
half to 2 hours, depending on their size and
weight, in a solution of concentrated brine (22
to 26 percent NaCl by weight). After the
pieces have been brined, they are often dipped
in a solution of orange or red food coloring’
and are drained for a short period. The fish
are then smoked at a temperature of about 80°
F. for 7 to 15 hours. During the last hour,
the fish are hot smoked at a temperature of
180° F. 1In some instances, the fish are hot
smoked for a shorter time but at a higher tem-
perature -- that is, for one-half hour at 250°
F. (Jarvis, 1950).

Sodium tripolyphosphate is commonly used
to control the loss of moisture in fresh fish fil-

lets and in other food products; therefore, its
application to smoked fish seemed appropriate.
The purpose of the work reported here was to
determine its effect in controlling the loss of
moisture in kippered fish. In this experiment,
we did not use sodium tripolyphosphate as an
inhibitor of microorganisms of public health
significance. In addition, we made no attempt
to study the chemical relations between sodium
tripolyphosphate and the smoked (kippered)
fish.

Halibut (Hippoglossus stenolepis), silver
salmon (Oncorhynchus kisutch), and black cod
(Anoplopoma fimbria) represent major species
of fish used on the Pacific Coast for kippering.
Accordingly, these three species were chosen
for study here.

I. HALIBUT

A. PROCEDURE

Halibut stored at —10° F. were thawed for
hours at 35° F. and were cut into 6- to 8-
wiice nieces with the skin being retained on
me side. The pieces were then divided into
three lots of about equal size and weight (Table

Table 1.—Smoked halibut -- effects of TPP (sodium tripoly-
phosphate) treatment on loss of weight

| 1. T Brinea |

P Lot wiisht e Weight after | Loss of

k imber | WCIENL priof smoking weight

Lo smoking -
—_— e 2 SR S——

Pounds Pounds Percent

‘ - - -

brine) . v 1 | 10.5 7.4 29.5
TPP + 29, NaCl 2 9.2 6.8 26.0

) TPP 4 concen
brine ...... 3 ‘ 9.7 7.3 248

The first lot was soaked at a 2:1 ratio
(weight of brine to fish) for 1 hour in con-
centrated brine, which is a commercial pro-
cedure. This lot was used as a control.

The second lot was treated as was just de-
seribed above. Then it was dipped for 1 min-
ute in a solution containing 7.5 percent sodium
tripolyphosphate and 2 percent sodium chloride.

1 Only colorings approved by the U.S. Food and Crug Administration
for use in food should be used.
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This method was found effective for treating
fresh fillets in earlier tests at this laboratory
(Spinelli, Pelroy, and Miyauchi, 1967).

The third lot was soaked for 1 hour in a
concentrated brine solution containing 2 per-
cent sodium tripolyphosphate.

In each of the above three treatments, the
lots of fish were given a short drain of 10 to
15 minutes at room temperature. The indi-
vidual lots were then weighed to determine any
changes in weight due to brining. Under the
brining conditions just described, no signifi-
cant changes in weight were observed.

The three lots of fish were smoked over-
night (14 hours) in an electrically heated
smokehouse at a temperature of 70° F. Smoke
was introduced into the smokehouse via an
electrically operated smoke generator equipped
with a blower fan. The production of smoke
was controlled by an adjustable timer. Smoke-
house temperatures were controlled by an elec-
tric thermostat.

During the final hour of processing, the fish
were hot smoked at a maximum smokehouse
temperature of 235° F. In a previous study
made at this laboratory, using similar exper-
imental procedures, we had found that this



procedure gave internal temperatures ranging
from 180° F. in large pieces of fish (10 ounces)
to 195° F. in small pieces of fish (6 ounces).

These temperatures meet interim Federal
recommendations (Patashnik, Lee, Seagran,
and Sanford, 1964) for time-temperature con-
ditions in the hot-smoking of fish. Tempera-
tures were measured by thermocouples im-
bedded in the flesh of the fish and connected
to a multipoint recording thermometer. After
being processed, the fish were cooled and
weighed.

B. RESULTS

Table 1 shows that the treatment with
sodium tripolyphosphate dissolved in brine ef-

fectively reduced the loss of weight in the
smoked halibut as compared with the treatment
with concentrated brine alone. Use of the short
I-minute dip in the solution containing 7.5 per

cent sodium tripolyphosphate and 2 percent
sodium chloride reduced the loss of weight from
29.5 percent to 26 percent. Use of the 2 percent
sodium tripolyphosphate and brine reduced the
loss of weight from 29.5 percent to 2
Thus, the weaker sodium tripoly phosphate
treatment was the more effective.

5 ;n-rr.-n!

Brining of the pieces of fish as deseribed
above gave concentrations of salt (Horwitz,
1960) in the water phase’ of the smoked fish
that ranged from 2.5 percent to 5.0 percent.
depending on the size of the fish chun}

Il. SILVER SALMON

The silver salmon were treated like the
halibut.

Table 2.—Smoked silver salmon -. effects of TPP (sodium
tripolyphosphate) treatment on loss of weight

Brined ,
Lot o . Weight after | Loss of
Sample number ‘:;'i‘:oﬁﬂi’r smoking weight
Pounds Pounds Percent
Control (concen- X -
trated brine) ...... 1 9.37 6.68 28.7
7.5% TPP + 29 NaCl 2 9.50 6.75 290
2.0% TPP 4 concen- ~ .
trated brine ...... 3 9.44 7.06 25.2
S - —

Dipping the thawed salmon in the 7.5-per
cent .\'m“llm tl'l';ml.\1!]1‘»\1ll\:1T»' solution resulted
in no significant decrease in shrinkage,  Soak-

ing the thawed salmon in the 2-percent sodiun

i, BLACK COD

The black cod were treated like the halibut
and salmon.

Table 3.—Smoked black cod -- effects of TPP (sodium
tripolyphosphate) treatment on loss of weight

-

Lot ) Brined | Weight .I‘Irr—T Loss of

Sample aumber weight prior | smoking | weight
t0 SmMOKIng | ‘

Pounds i Pounds | Percent

Control (concen-

trated brine) ...... 1 9.75 ‘ 7.25 .:5 6
7.56% TPP + 2¢¢ NaCl 2 9.50 X 7.19 246
2.09% TPP +4 concen- | s X

teated Brine ... .. 3 1012 | 7.67 240

tripolyphosphate solution, however. reduced t)
loss of weight by 3.5 percent (Table 2). Thus
again, the weaker sodium trip hosph.ite
treatment was the more effective

The results concerning processing tempe
atures and salt concentrations for t moked
halibut are applicable to smoked silver sa

Treatment of the black « | liur
tripolyphosphate, altho reducing shrinkage
was not as effective as ! reatment !
halibut. The reductio n loss of weight 1r
liick cod with the two solutions were 1.0 per
ent and 1.6 percent, respectively (Table 3)
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Again, as with halibut and salmon, the treat-
ment with 2-percent sodium tripolyphosphate
and brine was the more effective.

The results concerning processing temper-
atures and salt concentrations for the smoked
halibut are applicable to smoked black cod.

RECOMMENDATIONS FOR INDUSTRY TRIAL

Each processor of smoked fish who plans
to use the sodium tripolyphosphate treatment
should determine the application and usefulness
of the treatment under his own processing con-
ditions. The following is suggested for such
a plant trial with frozen dressed fish:

1. Thaw the fish at about 35° F.

2. Split the fish as required, and cut them
into 6-ounce pieces. Divide the pieces
into three lots of about equal weight.

3. Treat the individual lots as is described
in the text. (Note: because tripoly-

phosphate is difficult to get into solution,
the solution should be prepared at least
24 hours prior to use.)

4. Weigh each lot accurately, place it in
the smokehouse, and smoke it.

5. Remove the smoked pieces of fish, let
them cool, and reweigh them.

6. Calculate shrinkage by use of the fol-
lowing formula:

weight loss

weight prior to smoking x 100 = per-

cent loss.
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USE OF ELECTRON PARAMAGNETISM
IN RESEARCH ON FISH LIPIDS

by
William T. Roubal

ABSTRACT

The products of lipid oxidation cause undesirable alterations, not only in lipids them-
selves, but also in the quality of associated proteins, enzymes, and other biomolecules.
Fundamental studies of oxidizing lipids in biochemical systems are needed if these unde-
sirable changes are to be minimized.

Measuring the paramagnetic properties of these systems has great potential for elu-
cidating the mechanism of the undesirable changes and thereby giving us a possible way
of finding how to control them. Unfortunately, this technique of measurement is not
widely understood.

This paper explains the technique and gives examples of how the measurement of

paramagnetic properties can be applied in research related to fish lipids, particularly in
the relation of free-radicals to the loss of nutritive value and in the study of antioxidant

functions.
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INTRODUCTION

Lipids of edible fishery products are more
highly unsaturated than are those derived from
other food sources. Because of the high un-
saturation, fish lipids undergo extensive oxi-
dation that often is rapid (Lundberg, 1967;
Roubal, 1967).

The products of lipid oxidation cause un-
desirable biochemical alterations. These alter-
ations include a reduction in the overall quality
of the lipids themselves as well as a reduction
in the quality of associated proteins, enzymes,
and other biomolecules (Roubal and Tappel,
1966 and 1967). Fundamental studies of oxi-
dizing lipids in biochemical systems are needed
if we are to develop methods for minimizing
these undesirable changes.

A relatively new technique that has great

“potential and that is admirably suited for stud-

ving systems containing oxidizing lipid is the
measurement of their paramagnetic properties.
Unfortunately, this technique is based on com-
plex concepts that are not commonly under-
stood. As a result, the potentialities of the
technique are not recognized widely, particu-
larly by the people in business and government
who are responsible for the development of
our fisheries and who do not have the time to
study the complex mathematics underlying the
technique. The purpose of this paper there-
fore is to explain, in nonmathematical language,
how this technique can be applied to research
involving fish lipids.

In our discussion of the technique, we con-
sider first the theory and then the application.

I. THEORY

As will be seen, a molecule is paramagnetic
when some of the electrons in the molecule
are not paired. In this section, we look into
the relation of electrons to magnetism and then
into the measurement of the magnetic char-
acter associated with molecules containing un-
paired electrons.

A. ELECTRONS AND MAGNETISM

Of major concern in this paper are free-
radicals, because they are involved in the un-
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desirable biochemical alterations caused by lip-
id oxidation. In this subsection, we consider
first the interrelations among electrons, chem-
ical bonds, and free-radicals, and then consider
the interrelations among electrons, free-radi-
cals, and magnetism. Our ultimate aim is to
see how the interaction of electromagnetic
fields with electrons maintained in a static mag-
netic field will enable us to detect and charac-
terize free-radicals in oxidizing lipids.



1. Electrons, Chemical Bonds, and
Free-Radicals

In general, the bonding forces that maintain
the integrity of atomic combinations, or mole-
cules, arise with pairs of electrons shared be-
tween atoms. The electrons are in motion,
and, under certain conditions, they interact
with one another. During some interactions,
pairs of atoms split apart. Two atoms held
together by electrons can break apart in one
of two ways: by unsymmetrical cleavage (ioni-
zation) or by symmetrical cleavage (homol-
ysis).

a. Unsymmetrical cleavage (ionization.)—
If we use dots to represent electrons in the
particular pair of shared electrons that we are
considering at the moment, and the letters A
and B to represent different atoms, we can il-
lustrate unsymmetrical cleavage as follows:

A: B— A:— 4+ B+

Unsymmetrical cleavage places both electrons
of the original atomic combination with just
one of the cleavage products. This process is
familiar to the chemist and is ¢alled ionization.

b. Symmetrical cleavage (homolysis). — In
symmetrical cleavage, called homolysis, the
bonding electrons are distributed equally a-
mong the reaction products, say, as follows:

A:B— A+ B

Homolysis results in the formation of free-
radicals. Free-radicals thus are molecules that
contain one or more unpaired electrons.

2. Electrons, Free-Radicals, and
Magnetism

What is the relation between electrons and
magnetism? And what is the relation of elec-
tron’s magnetic field and an external magnetic
field? We need to know the answers to these
questions if we are to use an external mag-
netic field to probe into the structure of a
molecule; molecules are so small that they
offer great difficulty in direct observation. We
therefore need some method of probing into
the molecule that will produce a response that

will, in turn, give us insight into the structure
of the molecule. A magnetic field furnishes
us with such a probe.

a. Electron electromagnetic fields. — Elec-
trons are spinning charged particles. As a
result of this rotation (spin) of the charge
a tiny electromagnetic field exists about each
electron.

b. Interaction of electron electromagnetic

fields with external magnetic fields.— Under
certain circumstances (diamagnetism), a mol-
ecule exhibits no external magnetism -- that is,
the net magnetism of the molecule is zero. Asa
result, these molecules do not react with an ex-
ternal magnetic field. Under other circum-
stances (paramagnetism), the molecules do
not react with an external magnetic field. Un-
der other circumstances (paramagnetism), the
molecules do exhibit external magnetism, and
they do react with an external magnetic field.

(1) Diamagnetism.—The electrons in
most molecules occur together in pairs. One
electron is spinning in one direction, and the
other electron in the pair is spinning in the
opposite direction. Under these conditions the
magnetic fields due to the rotation of the charge
on each electron counteract one another, sc the
net magnetism in the molecule as a whole is
zero. Molecules with electrons coupled in this
manner are diamagnetic--that is, they are
not influenced by an external magnetic field.
With the exception of molecular oxygen and
certain common inorganic materials, most of
the chemical compounds familiar to us are
of this nature.

(2) Paramagnetism.—In free-radicals,
however, the magnetism of the single electron
remains uncompensated. Molecules with un-
paired electrons thus are paramagnetic -- that
is, they are influenced by an external magnetic
field.

B. MEASUREMENT OF
PARAMAGNETIC PROPERTIES
OF MATTER

We are now approaching the point where
we can see how paramagnetism can be used
in the detection and identification of free-rad-
icals. First, however, we need briefly to
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consider the precession of electrons, because
electron precession is what gives rise to the
phenomena that we use in our measurements.

1. Precession of Electrons

Suppose that we now place free-radicals
between the poles of an electromagnet. When
the magnetism of this external source interacts
with the magnetism of the spinning unpaired
electron of the free-radical, the electron begins
to wobble in the same way that a spinning top
will wobble when we push it. The frequency
of the wobble, or precession, of the electron de-
pends on the strength of the electromagnet.
The stronger the magnet, the faster the pre-
cession.

If we now direct microwave energy of pro-
per frequency onto a material containing such
a precessing electron, the electron will extract
energy from the radio frequency field if this
field has the same frequency as that of the
precession. We can show mathematically that,
at the strength of the magnetic field suitable
for use in our measurements, energy will be
absorbed if we employ high-frequency micro-
waves having a wave length of about 3 centi-
meters.

Figure 1.—Electron paramagnetic resonance spectrometer.

pr

2. Detecting and Identifying
Free-Radicals

We can measure the amount of microwave
energy absorbed by precessing electrons by
means of an electron paramagnetic resonance
spectrometer. The electron paramagnetic res-
spectrometer, or EPR spectrometer
(also called the electron spin resonance spec-
trometer; IESR), thus is a radio spectroscope
(Figure 1) for the characterization of free-
radicals.

onance

How are the data recorded in the spectrom-
eter? As Figure 1 indicates, this instrument
presents the data in graphical form. The y-
axis shows the relative signal strength (amount
of energy absorbed by the precessing elec-
trons), and the x-axis shows the magnetic field
strength in gauss.

Detecting free-radicals by means of this in-
strument is simple. Identifying them, how-

ever, 1s not.

a. Detection.— The problem of detecting
free-radicals is straightforward. The number

The microwave generator

and electromagnet are located in the module at the far right.
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of radicals must be sufficiently large, so that
they will absorb enough energy that the elec-
tron paramagnetic resonance spectrometer can
detect them. The number of radicals, or more
precisely the number of unpaired electrons,
needed for detection is of the order of 10 bil-
lion, which is not a large number when you
work at the molecular level.

b. Identification.— The problem of identi-
fying a radical, once it is detected, is far from
simple. What you observe is not correlated
directly with the identity of the free-radical.

The most important means for identifying
different free-radicals is called the “hyperfine
interaction.” Hyperfine interaction arises be-
cause the molecule contains other magnetic
components in addition to unpaired electrons.
Inasmuch as protons, nitrogen-14, and certain
isotopes of oxygen, sulfur, and carbon exhibit,
to a lesser extent, intrinsic magnetic proper-
ties, the spectrum of a free-radical may take
the form of a series of absorption lines which
may, or may not, vary in both spacing and in-
tensity (amplitude) (see the curve in Figure
2). Thus, the problem of identifying free-rad-
icals becomes one of decoding, by means of a
quantum mechanical treatment, the informa-

INTENSITY

RELATIVE LINE

=

| gauss

MAGNETIC FIELD STRENGTH (gauss)

Figure 2.—Electron paramagnetic resonance spectrum of
hydroquinone radical ion in solution. Major lines are
identically spaced 2.37 gauss apart. The magnetic field
of the center of the spectrum has a strength of 3,379.5
gauss.

tion portrayed by the recorded collection of
lines.

il. APPLICATION

A. GENERAL APPLICATIONS

By decoding free-radical spectra, we can
ascertain upon which atom or atoms the un-
paired electron resides. We also can ascer-
tain the degree of interaction of the unpaired
electrons with other magnetic nuclei in a mol-
ecule. In addition, we can detect paramag-
netic metal ions in chemical and biological
samples and can study certain complex pro-
perties of chemical bonds.

By studying spectral changes in a dynamic
system, we can obtain information as to the
stability of a free-radical. Many radicals have
very short lifetimes, whereas others are so
stable that they can be stored indefinitely at
room temperature.

We can attach stable radicals to diamag-
netic biological materials. From this associ-
ation, we can investigate various properties
of the host diamagnetic biomolecule that would
otherwise be difficult to study. This investi-
gation of properties is possible because the
spectrum of the radical is strongly affected by
the environment of the radical within, or on,
the framework of the biomolecule (Barrett,
Green, and Chapman, 1968; Roubal, unpub-
lished results’).

1 Roubal, William T. 1968. Spin-labelling in studies of lipid peroxide
protein polymerization. Unpublished manuscript filed at the Bureau of
Commercial Fisheries Food Science Pioneer Research Laboratory, Seattle,
Washington 98102.
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B- SPECIFIC APPLICATIONS
TO FISHERY RESEARCH

We now have briefly considered the general
applications of free-radical spectra, but what
are the specific applications to fishery research?
We shall first consider the relations of free-
radicals to loss of nutritive value and then
the use of electron paramagnetic resonance
effects in the study of antioxidants used in
fishery produects.

1. Relation of Free-Radicals to Loss
of Nutritive Value

Proteins and amino acids in systems of
oxidizing lipid are altered in such a way that
they become incompletely available nutrition-
ally (Osner and Johnson, 1968; Roubal and
Tappel, 1966). This reduction in nutritive val-

e probably continues as long as radicals are
formed by the oxidation of the lipid.

Normally, free-radicals in oxidizing fishery
lcts have a short life expectancy; but,
certain conditions, they may be trapped

cage or matrix, which prevents them from
ing rapidly. Thus the adverse effects are

relv slowed, not stopped. Our basice problem
crefore is to prevent oxidizing reactions from
urring by minimizing the concentration of
e-radicals. To accomplish this goal, we have

0 know the variables affecting their concen-

ratlon.

a. Life expectancy of free-radicals.—Free-
adicals associated with oxidizing lipids in fish

linarily exhibit only a fleeting existence be-

e they undergo a further reaction that ends
h a proauct that is not a radical.

b. Matrixing of free-radicals. — In dried
shery products such as fish meal and fish
protein concentrate, radicals apparently are
trapped or caged in a matrix, inasmuch as
concentrations of free-radicals are readily de-
tected even though rapid lipid oxidation has
stopped.  An electron paramagnetic resonance
measurement of such fishery products will re-
veal the extent to which the radicals persist.

Although the free-radicals trapped in a
matrix do not react rapidly, they nevertheless
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can be expected to react eventually in the
course of time. Hence, regardless of the fact
that trapping the free-radicals in a matrix slows
them down, this approach is not the true so-
lution to the problem. Hence, the use of elec-
tron paramagnetic resonance is valuable in re-
vealing the persistence of the free-radicals and
can thereby aid us in research directed toward
eliminating them from the product.

c. Variables affecting the concentration of

free-radicals. —In our laboratory, we are in-
vestigating the effects of moisture, lipid con-
tent, and storage conditions on the level of rad-
ical concentration in dried fishery products.
Certain combinations of moisture and lipid will
probably favor low levels of radicals. In turn,
this low level may well reflect an improvement
in nutritional properties of the stored material.

2. Study of Antioxidant Functions
Using Electron-Paramagnetic-
Resonance Techniques

As we have indicated, free-radicals and
their reaction products decrease the nutritional
value of proteins and amino acids. As is well
known, antioxidants help to prevent this dam-
age. Paradoxically, in preventing the damage,
some antioxidants give rise to free-radical in-
termediates. We would like to characterize
the intermediates in order to gain insight into
how these antioxidants function. Fortunately,
electron paramagnetic resonance provides a
basis for such a study. The aim of this section
Is to indicate how electron paramagnetic res-
onance can be used for this purpose.

In our discussion, we first consider the anti-
oxidant hydroquinone in some detail, because
using it for the purpose of illustration fur-
nishes a relatively simple example of the
relation of molecular structure to electron
paramagnetic resonance spectra. With that
background, we then can briefly consider the
antioxidant properties of vitamin E, vitamin
K, coenzyme Q, and related substances.

a. Hydroquinone. — Hydroquinone is prob-
ably the simplest commercial antioxidant of
the quinoid type. It reacts with air in basic
media to form a short-lived free-radical inter-



mediate, which quickly becomes a dark-colored
nonradical end product.

OH
H H oH-
_OH _ YELLOW RADICAL DARK COLORED
H 0o INTERMEDIATE — > NONRADICAL
PRODUCT
OH

The following phenomena are observed:

1. In the presence of air, the colorless so-
lution of hydroquinone quickly turns
bright yellow before it fades to a muddy
brown color.

2. The only way that an electron para-
magnetic resonance spectrum of hydro-
quinone free-radical can be recorded is
by flowing a solution of hydroquinone
in water together with a solution of
dilute caustic soda and quickly passing

the reacting mixture through the part
of the electron paramagnetic resonance
instrument that holds the sample (Fig-
ure 3). If the flowing solution is inter-
rupted, the signal disappears.

A five-line spectrum consisting of
equally spaced lines that have an in-
tensity ratio (relative amplitude) of
1:4:6:4:1 is recorded (Figure 2). The
fact that we have no trouble recording
an electron paramagnetic resonance
spectrum tells us that we are dealing
with a radical produced in high con-
centration. The yellow color, however,
was our first clue, inasmuch as many
radicals are deeply colored, whereas re-
actants may or may not be colored.
Thus, for the partial oxidation of
hydroquinone in which a free-radical
form could be generated, we write:

Figure 3.—Sample holder or cavity for the electron paramagnetic' resonance spect.ro-
meter. For the purpose of showing the arrangement of the llq'u{d-ﬂow sampling
cell, the cavity has been moved forward from its normal position be.twjeen the

The jet mixer, which ensures rapid mixing and

poles of the electromagnet.

delivery of reactants into the flow cell, is at the bottom of the cavity. Mixed

reacted liquids exits from the to .
by means of the rectangular waveguide cc

p. Microwave energy is directed onto the sample

nected to the rear of the cavity.
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OH o
H H _H H
OOH
H H 2 H H
OH (o}
I o

Note the unpaired electron on the oxy-
gen atom in Structure II.

One of the protons (that is, one of the
hydrogen atoms) of the two phenolic (OII)
groups is hydrolyzed and provides relative
stability for the intermediate. Structure II,
however, does not explain other stabilizing
factors or the existence of the five-line spec-
trum. If the unpaired electron resided solely
on oxygen, only a single line would be recorded
inasmuch as oxygen-16 (the major isotope of
oxygen) has no spin. So, for an explanation
of the five lines, we turn to the principle that
no structure can be written to represent all
of the observed properties of the intermediate.
In actuality, the unpaired electron moves con-
tinually over the framework of the molecule;
the best we can do to reveal the actual phenom-
enon structurally is to write as many contrib-
uting molecular structures as possible to rep-
resent this overlap, such as the following which
shows the various structures possible with a
single molecule:

mathematical discussion involving statisties,
which is beyond the scope of this report. The
point that we want to make here is that we
can couple electron paramagnetic spectra with
the appropriate mathematics to gain insight
into the structure of chemical intermediates
that decompose rapidly and that therefore are
difficult, if not impossible, to investigate by
other methods.

b. Vitamin E and related substances. —
Vitamin E, vitamin K, coenzyme Q (ubiqui-
none), and related substances exist either in the
quinoid or quinol forms, or they are capable
of being converted into one of these forms
under relatively mild conditions. Evidence
suggests that the quinol form is the form that
produces free-radicals in an oxidative environ-
ment and that it is the reactive form. Because
these substances are reactive under these con-
ditions, some of them have been used as anti-
oxidants for nonbiological applications.

The biological antioxidative character of
others have drawn considerable attention; but,
for many substances, their exact function is
still unknown. In model systems (that is, in
artificial systems in which the researcher at-
tempts to duplicate what he believes are the
essential components of the more complex na-
tural material), however, the antioxidative
character has been fairly well defined (Gruger
and Tappel, unpublished results®).

o- o- 0 0 o- o-

Ho P N\ H 7 | H H H H H H H H

HAR H H X H H H H H H H
0 0= 0- 0- 3 5

Because the four protons of the benzene ring
are equivalent, resonance theory dictates equal
interaction of the electron with all four pro-
tons. The symmetrical recorded spectrum in
Figure 2 bears this out perfectly.

To explain the relative amplitudes of the
peaks in IYigure 2, we would have to go into a
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2 Gruger, Edward H., and A. L. Tappel. 1968. Reactions of biological
antioxidants |. Ferric iron-catalyzed dissociations of methyl linoleate
hydroperoxide with  a-tocopherol.

Gruger, Edward H., and A. L. Tappel. 1968. Reactions of biological
antioxidants |l. Iron-catalyzed dissociation of hydroperoxides.

Unpublished manuscripts filed at the Bureau of Commercial Fisheries
Food Science Pioneer Research Laboratory, Seattle, Washington 98102.



SUMMARY AND CONCLUSIONS

Spinning electrons in molecules create tiny
electromagnetic fields. Although most elec-
trons in molecules occur in pairs with closed
magnetic fields, other molecules, called free-
radicals, contain one or more unpaired elec-
trons. These molecules are paramagnetic --
that is, they interact in a predictable way with
an external magnetic field. When a sufficient
number of paramagnetic molecules, or free-
radicals, are present, they can be detected by
means of an electron paramagnetic resonance
spectrometer.

Electron paramagnetic resonance spectra
tell important things about the nature of the
free-radical. Electron paramagnetic resonance
applied to fishery research provides a powerful
new tool and gives new understanding of how
prooxidants and antioxidants function. Not
only does electron paramagnetic resonance en-
able the researcher to characterize reactions
at the molecular level, it also provides him with
new data required in the development of better
processing methods.
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EVALUATION OF MUSCLE HYPOXANTHINE
AND VOLATILE BASES AS POTENTIAL QUALITY
INDICES FOR INDUSTRIAL BOTTOMFISHES
FROM THE GULF OF MEXICO

by
Enrique J. Guardia and Gerhard J. Haas

]
ABSTRACT

Croaker and spot are the two species of fishes found most commonly in catches of
industrial bottomfishes in the Gulf of Mexico. Hypoxanthine increased linearly in both
species during the first 2 weeks that these fishes were stored in ice. This test for hy-
poxanthine could thus indicate the quality of both croaker and spot and presumably that
of the whole catch. Only after the fish had been stored 1 week in ice, however, did the
total volatile bases increase. Consequently, this latter test could not be used as an in-
dex of freshness, although it might be used as an index of spoilage.
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INTRODUCTION

Since 1952, the annual production of in-
dustrial bottomfishes from the North-Central
Gulf of Mexico has increased greatly. The
annual catch in 1952, for example, was only
about 2,000 or 3,000 tons, whereas that in
the early 1960’s was about 40,000 tons (Roith-
mayr, 1965).

The species of fishes taken in these catches
vary markedly. In fact, the catches may con-
tain as many as 177 species. The normal catch,
however, usually contains only 20 to 30 species.
Of this number, two species -- croaker (Micro-

pogon undulatus) and spot (Leiostomus xan-
thurus) -- make up about 80 to 90 percent
of the total. Croakers average about 65 per-
cent of the catch (Roithmayr, 1965).

The purpose of our study was to develop
an objective index of quality for these catches
of bottomfishes. Levels of hypoxanthine and
of total volatile bases in the muscle were stud-
ied as potential indices. The work was done on
the assumption that the quality of croaker and
of spot can be indicative of the quality of the
whole catch.

I. HYPOXANTHINE

A. MATERIALS AND METHODS

1. Samples

The samples of fish were obtained and
handled in the following manner. The fish
were caught by a trawler about 5 miles off
Pascagoula, Mississippi. They were iced on
hoard the vessel and were transported to land,
where they were placed in wooden boxes,
washed, and repacked with fresh ice. Daily
samples of croaker and spot were withdrawn,
frozen in liquid nitrogen, and kept frozen in
packs of solid carbon dioxide. The last sample
was taken after the fish had been stored for
2 weeks., At that time, spoilage was so evi-
dent that no further sampling was needed. The
samples of fish were then transported frozen
to Tarrytown, New York, where they were
kept at —30° C. until we analyzed them.

2. Chemical Analysis

Hypoxanthine was determined by the xan-
thine oxidase method of Kalckar (1947) as
modified for fish by Spinelli, Eklund, and Mi-
yauchi (1964) and by Jones, Murray, Living-
ston, and Murray (1964). Briefly, in this
method, the fish muscle is extracted with di-
luted perchloric acid, filtered, and neutralized;
and the anions are removed by treatment with
a resin column. The effluent, which contains
the nucleosides and free bases, is analyzed by
the addition of xanthine oxidase. This enzyme
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catalyzes the conversion of hypoxanthine to
uric acid. The amount of hypoxanthine pre-
sent can be then determined by a decrease in
absorption at 250 x or by the concomitant
increase in absorption at 290 . due to uric
acid.

B. RESULTS

As Figures 1 and 2 show, the accumulation
of muscle hypoxanthine in both croaker and
spot during storage in ice was nearly linear
with time.

Because of impurities in the available en-
zyme, the analysis of hypoxanthine by means
of xanthine oxidase usually requires the frac-
tionation of neutralized perchloric acid extract
by ion-exchange resins to separate the nucleo-
tides from the fraction containing the nucleo-
tides and free bases. In this study, we found
no differences in hypoxanthine levels whether
the enzyme reaction was carried out using the
neutralized extract before or after fractiona-
tion (Figure 1). The close agreement in our
results is probably due to the high purity of
the enzyme that we used (xanthine oxidase
was purchased from Worthington Biochemical
Corporation, Freehold, New Jersey'). This
agreement is important from a practical point
of view, because eliminating the ion-exchange
treatment can markedly reduce the time of
analysis.

1 Trade names are mentioned merely to facilitate descriptions; no
endorsement of products is implied.
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Figure 1.—Relation of the concentration of hypoxanthine
in the muscle of croaker to the length of time
that the fish were held in ice.
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Figure 2.—Relation of the concentration of hypoxanthine
in the muscle of spot to the length of time that
the fish were held in ice.

Il. TOTAL VOLATILE BASES

A. MATERIALS AND METHODS

1. Samples

The samples of fish were the same as those
used in the hypoxanthine studies.

2. Chemical Analyses

Total volatile bases were determined by
the microdiffusion method described by Stans-
by, Harrison, Dassow, and Sater (1944).
Plastic Conway microdiffusion dishes (Obrink
type) were used for this determination.

B. RESULTS

The volatile bases in the muscle of both
croaker and spot increased markedly after
storage of the fish for a week in ice (Figures
3 and 4). During the early part of storage,
however, the level of these bases changed only

Figure 3.—Relation of the concentration of total volatile
bases in the muscle of croaker to the length
of time that the fish were held in ice.

slightly. Consequently, this test would be of
little help in establishing differences in quality
during the first days of iced storage, although
it might be useful in the determination of
spoilage.

wal. CROAKER

CONCENTRATION OF TOTAL VOLATILE BASES IN MUSCLE
(milliequivalents per 100 grams)

TIME IN ICE (days)

119
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0.2
0 ! 1 1 1 1 1
0 2 4 6 8 10 2

TIME IN ICE (days)

Figure 4.—Relation of the concentration of total volatile
bases in the muscle of spot to the length of
time that the fish were held in ice,

CONCLUSIONS

The results of this study indicate that the
determination of muscle hypoxanthine can be
a useful index of freshness for either croaker
or spot. Because the quality of these two spe-
cies is probably representative of the whole
cateh from which they were obtained, the test
can presumably also be used as an indicator
of the quality of the catch in which they are
taken.

Total volatile bases apparently are produced
only as spoilage sets in. Because, however, the
bottomfishes of concern here are usually landed
only 2 or 3 days after they are caught, no sig-
nificant spoilage should occur if they are pro-
perly iced, so this test would not be a useful
index of freshness. As an index of spoilage,
however, the determination of volatile bases
should be of value.
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RELATIVE CHEMICAL COMPOSITION AND
NUTRITIVE VALUES OF
KING CRAB, Paralithodes camtschatica,
AND BLUE CRAB, Callinectes sapidus

by
Robert R. Kifer and Paul E. Bauersfeld

]
ABSTRACT

Alaska king crabs are being harvested in quantity. The question has arisen as to
the potential and comparative value of king crab meal in broiler diets. Accordingly,
king crab meal and blue crab meal (an established product) were evaluated as to then
chemical composition and nutritive value when fed to chicks. Growth rates obtained
were about equal when (1) diets containing the various crab meals, (2) a commercial
diet, (3) diets containing menhaden meal, or (4) a corn-sovbean meal-methionine-sup-
plemented diet were fed.
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INTRODUCTION

Jlue crab meal has been demonstrated to
have a high supplementary nutritive value for
when fed in conjunction with other
protein supplements. Lubitz, Fellers, and
Parkhurst (1943) and Parkhurst, Gutowska,
Lubitz, and Fellers (1941) indicated that blue

poultry

craby meal, when fed as a protein supplement
to brotlers, supported rapid growth, good feath-
ering. good pigmentation, and high feed effi-
T The erab meal also satisfactorily re-

v red tish meal (Sebastes marinus) used

! f the rations. Parkhurst, Gutowska,
Fellers (1914) found blue erab meal to

be a satisfactory protein concentrate for laving

reeding hens

The Alaska king crabs are currently being
harvested in sufficient volume so that quantities
of processing waste are available for reduction
into meal. Accordingly, the question has now
arisen as to the potential and comparative nu-
tritive value of king crab meal in broiler diets.
The purpose of the work reported here there-
fore was to obtain information on the suitabil-
ity of the use of king crab meal in the diets of
broilers.

The work was divided into two main parts.
Part 1 determined the chemical composition
of king erab meal relative to that of certain
other feed ingredients; Part Il determined its
relative nutritional value,

| RELATIVE CHEMICAL COMPOSITION

ddition to King crab meal, blue crab

enhaden ‘l:"
can meal were analyvzed. The follow-

oortia fjjrlllr."l..\') nl(';ll.

ns give the origin of the samples
inalvses of them.

A. ORIGIN OF SAMPLES

wWlen meal, sovbean meal, and two
f blue eraly meal were purchased from
L OUTYCes

es of King crab waste (cara-

1

cera, and tls) were obtained
cossing plant and were frozen. The
then cooked 1in a steam-jacketed

¢ protein was coagulated and all

wis evaporated, The moist crab

fte being cooked, was passed through
It was then
nogalvanized wire travs and dried at
e dried waste was ground through
Food Chopper twice--once through

' e and once again through a finer

.":" (! }:"YH‘ “:‘.u;u!.pl'

primary interest in this study
¢ king crab meal and blue crab meal,
haden meal and soybean meal
as they are com-

AL i\ ol!

i 1 Vet
sfag e

Cof ! I inasmuch

>
-

monly used and are well-known feed ingredi-
ents.

B. ANALYSES

The fishery products used were analyzed
chemically for (1) proximates (protein, fat,
ash, and water), (2) amino acids, (3) macro-
minerals (caleium, magnesium, phosphorus,
potassium, and sodium) and trace minerals
(aluminum, barium, boron, chromium, copper,
iron, manganese, strontium, and zinc), and
(1) glucosamine.

1. Proximate Compositon

a. Procedure. — P'rotein (Kjeldahl N x
6.25) was determined according to the methods
of analysis (2.042) of the Association of Offi-
cial Agricultural Chemists (1965). Moisture
was obtained by drying a 2-gram sample 16
hours in a forced-air-draft oven at 100° C, Ash
was determined on a 2-gram sample in a muffle
furnace at 600" C. for 16 hours. Fat was de-
termined by the extraction of samples by ethyl
ether for a 4-hour period using a Goldfisch
apparatus,

b. Results.—Table 1 gives the results of
the analyses. The two king crab meals con-
tained 12 percent more crude protein (cor-
rected for glucosamine) than did the blue erab



meals. Compared with menhaden and soybean
meal, the blue crab meals contained 14 to 3/
the content of protein, and the king erab meals
contained 24 to 45 the content of protein.

Table 1.—Proximate composition of various feedstuffs
used in Experiments I and II

Concentration of constituents in:

King Crab Blue Crab
Meal Meal Menhaden | Soybean
meal meal
Constituent I 1I 1 1I
Percent | Percent | Percent | Percent| Percent |Percent
Protein; «alos s 42.09 | 45.18 | 30.72 | 33.78 62.06 51.30
Corrected protein! | 38.42 41.31 28.15 30.59 - _—
Fat (ether) ....| 4.68 10.14 1.90 2.15 11.13 0.56
s b s e nvn 35.68 | 26.56 | 50.30 | 45.71 16.84 5.80
Moisture ...... 4.59 4.88 4.16 4.60 7.63 9.92

1 Nitrogen from glucosamine was considered to be nonprotein nitrogen
and therefore was subtracted, resulting in a corrected protein value.

Ether-fat values for the king crab meals
were also higher than those found for the blue
crab meals. All crab-meal fat values except
for King Crab Meal II were lower than those
found for menhaden meal. The fat content of
soybean meal fat was markedly lower than that
found in all the fishery products.

The blue crab meals contained about 50 per-
cent more ash than the king crab meals.

2. Amino Acids

a. Procedure. — Alanine, arginine, aspar-
tic acid, glutamic acid, glycine, histidine, iso-
leucine, leucine, lysine, methionine, phenylal-
anine, proline, serine, threonine, tyrosine, and
valine were determined by the method of Moore,
Spackman, and Stein (1958) and Spackman,
Stein, and Moore (1958).

Samples were prepared by open hydrolysis
of 0.5 gram in 250 milliliters of 6 N HCI for
24 hours and analyzed on either a Beckman/
Spinco or Phoenix automatic amino acid an-
alyzer by standard procedures. L-nor-leucine
and L-a amino-p-guanadino propionic acid-HClI
were used as internal standards.

Cystine was determined microbiologically
by the Wisconsin Alumni Researeh Foundation
according to the method of Henderson and
Snell (1958).

Tryptophan was determined chemically by
the method of Spies and Chambers (1948,

1949). For tryptophan analysis, samples were
hydrolyzed with 19 N H,SO, and p-dimethyl-
aminobenzaldehyde and then were reacted with
NaNO,; the intensity of color produced was
compared with a standard curve. Although
many chemists use alkaline hydrolysis, we have
found that, for fish meals, the hydrolysis with
19 N H,SO, is more satisfactory and that less
tryptophan is destroyed.

b. Results.—Tables 2A and 2B give the re-
sults. Data in Table 2A are expressed as a
percent of corrected proteins and in Table 2B
as a percent of ingredient.

The crab meals did not differ markedly in
amino acid concentrations. Menhaden meal
contained greater concentrations of the essen-
tial amino acids (on a percent-of-protein basis)
than did any of the crab meals.

3. Minerals

a. Procedure. — Calcium and phosphorus
were determined by the method of Kingsley and
Robnett (1958), which was modified and adapt-
ed to the Technicon AutoAnalyzer by Smith,
Kurtzman, and Ambrose (1966). This method
for calcium uses the dye Eriochrome Blue S.E.
The calcium ion is determined in that por‘ion
of the dye spectrum where absorbance de-
creases with increasing concentration of the
calcium ions. A tolerance for magnesium ions
of up to 12 milligrams per 100 milliliters was
effected by the use of 1 N NaOH in the prepa-
ration of the dye solution. Citric acid used in
the HCI diluent for the determination of cal-
cium alone was omitted for the determination
of calcium and phosphorus simultaneously.

Phosphorus was determined colorimetrie-
ally by the method of Fiske and Subbarow
(1925), based upon the reaction of phosphate
with molybdic acid to form phosphomolybdic
acid. On treatment with 1,2,4-amino-napthol-
sulfonic acid, phosphomolybdic acid is selec-
tively reduced, producing a deep blue color
{molybdenum blue), which is probably due to
a mixture of lower oxides of molybdenum. The
resultant blue color, which is proportional to
the amount of phosphate present, is compared
with that of known phosphate standards.
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Table 2A.—Concentration of amino acid and glucosamine in the feedstuffs
used in Experiments I and II as a percent of protein

Constituent

Crab Meal

[ n

Amino acid
Alanine
Ammonial

Arginine ......
Aspartic acid . ..
Cystine .......
Glutamic acid

Glycine < .. va v

Histidine
Isoleucine
[,l‘\l(i”C
Lysine
Methionine
Phenylalanine
Proline
Serine
Taurine
Threonine
Tryptophan
Tyrosine
Valine
Glucosamine?

King Crab Meal Blue
1 | I
—~ — — Percent of corrected protein — —
4.69 4.98 4.69
3.36 2.32 3.07
6.46 5.57 5.87
9.59 9.25 7.55
0.54 094 0.52
11.96 11.32 993
6.58 6.34 6.37
2.69 2.23 229
4.03 $.00 3.34
5.82 590 5.12
143 3.98 4 .68
1.80 1.87 1.75
110 4.0¢ 1.59
4958 4.6 4.30
.17 4.15 3.15
2.80 3.80 I.16
.06 4.21 328
1.13 1.36 1.28
$.15 .10 3.45
5.14 5.15 443
8.56 8.85 8.37

5.01
3.93
6.01
7.63
0.72
10.45
6.12
39

PP N Y LTI
o

153
9.43

I Nonamino acid,
'nt of uncorrected protein

2 As

per

Calcium,
sium, sodium, aluminum, barium, boron, chrom-
iron, manganese, strontium, and
zine were determined by the method of Christ-

ium, copper,

which indicates degree

ol amino

acid breakdo

Menhaden | Soybean
meal meal
< Percent of protein
5.97 4.08
1.35 2.01
5.98 7.78
8.76 11.76
0.70 =
12.20 17.88
6.58 4.04
2.52 2.56
4.28 4.58
7.10 7.39
7.66 5.90
289 1.27
31.92 4.88
4.52 5.05
3.55 4.71
3.85 3.72
1.16 1.06
3.25 3.53
498 485

wn

Table 2B.—Concentration of amino acid in the feedstuffs used in Exper-
iments I and II as a percent of ingredient
. l\lru Crab \lcm Blue Crab Meal Menhaden | Soybean
Acid L —I 1 I I 11 meal meal
- — —_ - Percent of ingredient —_——— ———
Alanine ............ 1.80 2.06 1.32 1.3 3.71 2.09
Ammonia .......... 1.29 0.96 0.86 1 ’U 084 1.03
ATRINIDE & o nianwswss 248 2,30 1.65 1.84 3.71 3.99
Asparticacid ........ 368 3.82 2.13 2.33 544 6.03
CYRINE = o065 508 8 i 0.21 0.39 0.15 0.22 043 074
Glutamic acid ....... 4.60 4.68 2.80 3.20 7.57 9.17
Glycine «is - o swisovia 2.53 2.62 1.79 1.87 4.08 2.07
Histidine .......... 1.03 092 0.64 0.73 1.56 1.31
Isoleucine « oo« oa s s g 1.55 1.65 0.94 1.10 2.66 2.35
Leucine e v aws sissowa 2.24 2.44 1.43 1.64 441 3.79
Lysine ............ 1.70 1.64 1.32 1.49 4.75 3.03
Methionine ......... 0.69 77 0.49 0.57 1.79 0.65
Phenylalanine ....... 1.58 1.68 1.01 1.26 2.43 2.50
Proline ............ 1.90 1.92 1.21 1.36 2.81 2.59
SErNe; ¢ 50 555 w66 5 ws 8 1.60 1.71 0.90 0.95 2.20 2.42
TAUGNE o capyvuposms 1.08 1.57 0.33 0.26 - S
Threonine . ......... 1.56 1.74 0.92 1.02 2.39 1.91
Tryptophan . ........ 0.43 0.56 0.36 0.34 0.72 0.54
TYrosine «:oioovis o 1.59 1.69 0.97 1.02 2.02 1.81
Valine ............ 197 2.13 1.25 1.41 3.09 249
magnesium, phosphorus, potas- b. Results.—As we saw earlier, the blue

ensen (1967).°

2 R. E. Christensen.
print out of plant tissue anaiysis by emission spectroscopy.
sented at the Pittsburgh Conference, March
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1967.

Compuier oppllcohon for direct concentration
Paper pre-

crab meals contained about 50 percent more
ash than the king crab meals. Most of this
difference is attributable to a higher content
of calcium in the blue crab meal. Table 3 shows
that phosphorus contents were slightly higher
in the blue crab meals. The king crab meals
however, contained more sodium, iron, copper,



Table 3.—Concentrations of minerals in the foodstuffs used in Experiments

I and II
Concentration of constituents in:

Mineral King Crab Meal Blue Crab Meal Menhaden | Soybean

I II 1 II meal meal

Percent Percent Percent Percent Percent Percent

Ealciim * < ie s s s 5 8.00 5.80 18.00 17.50 5.17 0.35
Magnesium ........ 0.68 0.52 0.61 0.61 0.14 e
Phosphorus . ....... 1.23 1.15 1.90 1.58 2.95 0.83
Potassium . o ia i vsod 0.84 0.81 1.24 1.20 0.60 b
SOAITH] 55 & wis « 575 s 4 4.38 2.65 1.26 1.29 0.31 ==
Pp.m1 P.p.m. P.p.m. P.p.m. P.p.m. P.p.m.
Aluminum ........ 161.00 190.00 350.00 510.00 270.00 e
Baritimn, ooz ¢ oo s o s 8 7.00 10.90 31.50 36.00 27.00 e
Boron ............| 22.00 22.00 22.00 29.00 12.70 -
Chromium ......... 17.00 13.40 40.00 43.00 9.60 =
COPPEE 5 s wiw s w5 emis o 117.00 105.00 28.30 36.50 13.20 -
TEOB » ss s 50 5 50k 5 500 5 365.00 385.00 85.00 225.00 345.00 -
Manganese . ....... 13.00 10.50 >400.00 >400.00 25.50 ==
Strontium . ........ >200.00 >200.00 >200.00 >200.00 46.00 ==
ZINE cusecidamiss 257.00 245.00 105.00 98.00 158.50 —

1 P.p.m. means parts per million.

and zinc; but they contained less potassium,
aluminum, barium, manganese, and chromium.
The ash content of menhaden meal was 10 to
33 percent lower than that of the crab meals.
The phosphorus content, however, was nearly
double that of the crab meals. The level of
calcium in menhaden meal was about equal
to that of King Crab Meal II but less than
that of the remaining crab meals. With respect
to the remaining mineral content, the men-
haden meal contained about equal quantities
of iron, zine, aluminum, and barium and con-
tained less potassium, magnesium, sodium,
strontium, boron, chromium, and copper than
did all crab meals.

King Crab Meals I and IT were nutritionally
evaluated in two chick-feeding experiments as
a protein supplement to a corn-soybean-meal
basal diet. In the first experiment, King Crab
Meal I was compared with Blue Crab Meal 1.
In the second experiment, King Crab Meal II
was compared with Blue Crab Meal IT and with
a meal made from menhaden. The control in
both experiments was a corn-soybean meal diet.
In Experiment II, a corn-soybean meal-methi-
onine supplemented diet and a commercial

4. Glucosamine

a. Procedure. — Glucosamine is the prod-
uct of chitin, the mapor polysaccharide of the
shells of crustaceans. Glucosamine values were
determined on the four crab meals by the meth-
od of Spackman et al. (1958).

b. Results.—Table 2A gives the results.
(Glucosamine values of the four crab meals
ranged between 8.56 and 9.43 percent of the
uncorrected protein. Nitrogen from glucosa-
mine was considered to be nonprotein nitrogen
and therefore was subtracted, resulting in a
corrected protein value.

RELATIVE NUTRITIONAL VALUE

broiler diet were included as additional con-
trols.

Experiment II was made to verify the re-
sults obtained in Experiment I. In addition,
the commercial control diet was fed to ensure
that the growth of the chicks in both exper-
iments was comparable with that obtained from
feeding a practical field-tested diet. The methi-
onine supplemented corn-soybean meal diet
was included to establish that the corn-soybean
meal control was responsive to the amino acid.
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EXPERIMENT I: COMPARISON
OF KING CRAB MEAL |
WITH BLUE CRAB MEAL |

A.

1. Procedure

A corn-soybean meal diet was formulated
to contain (1) 22 percent of crude protein, (2)
energy-supplying constituents equivalent to
1,400 metabolizable calories per pound, (3) 1.5
percent of calcium, and (4) 1.0 percent of
phosphorus. Vitamins and minerals were sup-
plied to meet the National Research Council
requirements for the chick. Both crab meals
were added to this control diet in a concen-
tration gradient of 2, 4, 6, 8, and 10 percent
of the diet. These additions were at the ex-

pense of a blend of corn and soybean meal
to maintain the diet isonitrogenous, isocaloric,
and equalized in calcium and phosphorus con-
tent. The incorporation of crab meal at levels
of greater than 10 percent was precluded,
owing to the restriction on the amount of cal-
cium and phosphorus. Tables 4, 5, and 6 show
the diet formulations.

Each test diet was fed to four pens of
chicks, each for a 3-week experimental period.
The control diet was fed to seven pens; this
number was calculated from the square root
of the number (rounded to the next highest
number) of pens being fed diets other than
the control of chicks. Feed and water were
supplied ad libitum.

Table 4.—Formulation of diets fed in Experiment I

] Concentration of ingredient in diet
Ingredient Hf’ -~ 5 T L - .o A, - ~C 1 , o o .
CS? CS+4-2K:2 CS+44K CS4-6K CS48K CS+10K (CS4-2B% CS44B CS+4-6B CS+8B CS+10B
l 1 2 3 4 5 6 7 ; 9 10 1
E Percent Percent Percent Percent Percent Percent Percent [ Percent Percent Percent Percent
Soybean meal ...... | 33.98 32.35 30.90 29.08 27 .46 25.83 3297 | 3L 30.59 29.39 28.21
Corn # 51.00 51.00 50.00 51.00 51.00 51.00 5000 | 50.00 50.00 50.00 50.00
K = 2.00 4.00 6.00 8.00 10.00 - - — _— _—
B . . _ - s [ e 2.00 4.00 6.00 8.00 10.00
Co 6.08 6.14 6.52 6.25 6.30 6.35 6.34 6.26 6.18 6.11 6.02
D 494 4.88 4.27 3.65 3.08 2.46 408 2.73 1.35 — i
(.38 L . . e - - == - Py =
. - 0.25 0.54 0.84 1.10 0.45 1.07 1.77 2.40 2.34
0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
0.83 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
0.77 0.78 1.21 0.49 0.49 1.41 1.31 1.32 1.26 1.25 0.58

corn-soybean meal.

ee Table 5.
» See Table 6. )
% One part ethoxyquin; 9 parts cerelose.

the relative quantity of king crab meal in the respective diet (percent of diet).
B = the relative quantity of blue crab meal in the respective diet (percent of diet).

Table 5 —Vitamin mix fed in Experiment I
Constituent Concentration
Grams/kilogram Table 6.—Mineral mix fed in Experiment I

% h‘ FIUQ. 5 oo v 50 5 5 60 = @06 B WEI 3 B . H
Riboforin - L1oe 1 L 0140 Consituent Consisiasiiie
Pyridoxine . ...iivvnnnnnnnn 0.160 Grams/kilogram
Niacin ©w.onsanoomsannisioe 1.200 Sodium chloride ............ 100.00
Calcium pantothenate ........ 0.600 Potassium chloride .......... 100.00
Folic: atid i« s se v oigis o0 6500 5 00 0.080 Magnesium sulfate .......... 100.00
Me-napthoquinone ........v.. 0.040 Ferric, CItTate ;. s me oend aioas 2.38
Biz (0.13 percent) .......... 0.580 Manganese sulfate-H20 ....... 6.00
BiOtl, & w5 o 5on o oo v win 5 7% 8 2 0.004 Zinc sulfate :7H20 .......... 4.00
A (325,000 IU/gram) ....... 0.554 Sodium silicate ............. 0.80
Ds (15,000 IU/gram) ....... 2.000 Copper sulfate *H:0 ......... 0.40
E (44 IU/gram) <o ccsvsews 20.000 Cobalt acetate*H20 ......... 0.20
Choline chloride ............ 40.000 Ammonium molybdate ....... 0.20
COLM, 55 wye 590 # & e 5 3508 6 5 (5% & & 934.543 CORD!  ariciim aimie mincsi wincly s 55k w/is 456 686.02

Total, w5 s s ass s s a6 s 6 s 1,000.000 Total .....vvviiiinninnnn 1,000.00
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The data for gain were submitted to an
analysis of variance and a t-test, and those for
the utilization of feed were submitted to Dun-
can’s Multiple Range Test (Snedecor, 1957).

2. Results

Table 7 gives the results of Experiment I.
The incorporation of either kind of ecrab meal
(king or blue) resulted in significantly im-
proved rates of gain as compared with those
obtained with the corn-soybean control diet.
Table 8 indicates specific mean comparisons
(t-test). King crab meal produced maximum
growth at the 6-percent level of supplementa-

Table 7.—Weight gain and utilization of feed obtained
from feeding blue or king crab meal to chicks
(Experiment I)

. . . Average 2 Relative

Diet designation weisht gaint F/G growth

Grams Percent
Corn-soybean meal (CS) ... 343 1.43 100
CS + 2% king crab meal . 350 1.42 102
CS 4+ 49 king crab meal . 372 1.41 108
CS 4+ 69 king crab meal . 388 1.40 113
CS + 8% king crab meal . 370 1.39 108
CS 4 10% king crab meal . 356 1.38 104
CS 4+ 29 blue crab meal . 348 1.45 101
CS 4+ 49 blue crab meal . 373 1.38 109
CS 4+ 6% blue crab meal . 361 1.44 105
CS 4+ 89 blue crab meal . 396 1.39 115
CS 4 10% blue crab meal . 384 1.42 112

1 t-test comparisons are given in Table §. )
2 No significant differences were obtained among treatments with re-

spect to F/G = (Feed/Gain).

Table 8.—t-test comparison of rates of gain obtained with
the various treatments tested in Experiment I

Diet comparison Weight gain t-test

Grams  Grams Level of

significance
CS versus CS + 29% KC ........ 343 versus 350 NS
CS versus CS 4+ 49 KC ........ 343 versus 372 .05
CS versus CS 4+ 69% KC ........ 343 versus 388 .05
CS versus CS 4+ 89% KC ........ 343 versus 370 .05
CS versus CS + 109% KC ........ 343 versus 356 NS
CS versus CS + 29 BC ........ 343 versus 348 NS
CS versus CS 4+ 49, BC ........ 343 versus 373 .05
CS versus CS 4+ 6% BC ........ 343 versus 361 NS
CS versus CS + 8% BC ........ 343 versus 396 .05
CS versus CS 4 10% BC ........ 343 versus 384 .05
CS 4+ 29 KC versus CS 4+ 29, BC| 350 versus 348 NS
CS 4+ 49 KC versus CS + 49 BC| 372 versus 373 NS
CS 4+ 6% KC versus CS 4+ 6% BC| 388 versus 361 .05
CS 4+ 89% KC versus CS + 8% BC| 370 versus 396 .05
CS + 109% KC versus CS + 109 BC| 356 versus 384 .05

Note: CS means corn plus soybean meal
KC means king crab meal
BC means blue crab meal
NS means not significant

tion, whereas blue crab meal did not produce
maximum growth below the &-percent level
of supplementation. The low gain in weight
of 361 grams obtained at the 6-percent level
of supplementation with blue crab meal is
probably due to one of the four replicates be-
ing much lower in weight than the other three
replicates were. The mean gain in weight
for the remaining three replicates was 378
grams. The inclusion of both crab meals, re-
gardless of the level of incorporation, gave
equal or superior performance to that obtained
with the control.

The utilization of king crab meal did not
differ significantly from that of corn-soybean
meal or of blue crab meal (Tables 7 and 8);
however, a numerical improvement is evident
as the level of incorporation of either crab
meal increased, particularly with the blue crab
meal.

B. EXPERIMENT Ill: COMPARISON
OF KING CRAB MEAL |
WITH BLUE CRAB MEAL Il AND
WITH MENHADEN MEAL

The purpose of Experiment II was to ver-
ify the response obtained in feeding the crab
meals in Experiment I and to include additional
control diets.

1. Procedure

The two control diets included were: a
commercial broiler diet (24 percent crude pro-
tein) and a corn-soybean-methionine supple-
mented diet (22 percent crude protein). The
commercial control diet was fed to ensure that
the growth of chicks in both experiments was
comparable with that obtained from feeding a
practical field-tested diet. The methionine sup-
plemented corn-soybean meal diet was included
to establish that the corn-sovbean meal control
was responsive to the amino acid.

Menhaden meal was included as a compar-
ative fishery product. The crab meals (King
Crab Meal II and Blue Crab Meal II) and the
menhaden meal were incorporated into the
diets in the same manner as was done in Exper-
iment I. Table 1 shows the chemical analyses



of the products; Table 9 shows the diet formu-
- (=) -0 .
=ie 88, 88 355 183 lations.
Jach meal test diet and the commercial con-
=t oo (= -+ 9, N ¥ .
-l=ls gf llede Ineg Ins trol diet was fed to quadruplicate groups of
= 10 chicks. Both soybean-meal control diets
E . 28 Q@EL Doam &8 (without and with methionine) were fed to
OISR S5 1 166 = =60 lao .
3 &8 "o == eight pens calculated from the square root of
& _ L the number of treatments of 10 chicks. The
Alol® 22 11932 1288 138 experimental period was from the first day to
Q gt .
i the 21st day of age of the chicks. Feed and
| |e|e 88 ,,83% ,35% ,38 water were supplied ad libitum. Data collected
= | 17| wF nEmiees ns on rates of gain and utilization of feed were
o [ analyzed by an analysis of variance, a t-test,
g ' s RS .8 BI=s 28 KK ) ’ .
g 2R 82 2 1828 t8e kas and Duncan’s Multiple Range Test (Snedecor,
|| 1957).
g =] n2 2 ERE 24 a8
P ‘é}— ‘;,l'éixl:'—::CCMfo
s — 2. Results
‘g e ﬁ: r - O 2 @ v -+ o
|2z {3 1d9s 1ce Iws Table 10 shows the results of Experiment
SR E I1. Statistical analysis of the means of the
et | . - IR L e
B |218|e|w 23 131833 183 132
§ 1 £ - — Table 10.—Weight gain and utilization of feed obtained
E§|° 2 8 388 =% (&8 from feeding blue crab, king crab, or menhaden
v 15 o | == - S o+ O S o = % .
o |2 -7 meal to chicks (Experiment II)
= | & !
) = | .
: l : ; e @483 _ &= ) S8 B ) 28 Diet designation \\'cfl‘g‘h'lug:m‘ F/G* !::}:w“t;:
g ‘ ‘: » ‘ Lr‘ S E ' o T T G'aﬂl P(’((.‘
& : B o | Corn-soybean meal 4+ methionine 412 1.28 113
g ' “iel® 282 113 1222 152 Corn-soybean meal (CS) .... | 365 1.42 100
w = o1 |
—;—; ‘ = | Commercial control ........ 419 1.23 115
| | peE Bw Sns &g CS + 2% King Crab Meal II 390 141 107
gl | =TS gg° iics iccsc ino| CS + 4% King Crab Meal 11 | 416 1.42 14
2| |2 | CS + 6% King Crab Meal II 414 1.40 113
il B L e e wal CS + 8% King Crab Meal 11 | 409 1.39 12
g |« 288, 38 =8 S8 CS 4 10% King Crab Meal 11 | 412 1.39 13
= %) Ll SS=- 1 1o cCeCo 1Mo
= ' © ) | CS + 2% menhaden meal .. 395 1.35 108
E | CS 4+ 49 menhaden meal .. 406 1.33 11
5 < mEE 25 2= 38 CS 4+ 6% menhaden meal .. 408 1.33 112
LE - N =2 o BN =/ = CS 4+ 87% menhaden meal .. 423 1.32 116
I CS 4+ 10% menhaden meal .. 417 1.29 114
iy - |
* =1 | R CS 4+ 29 Blue Crab Meal II 399 1.37 109
= R T A T T A T T O A A CS + 4% Blue Crab Meal II 415 1.37 114
< o CS + 6% Blue Crab Meal I | 415 1.37 114
= i CS + 8% Blue Crab Meal I | 418 1.37 1s
o | s =2, , ,88% 88 48 CS + 107% Blue Crab Meal II 416 1.32 114
O [N [ = SwvS 10 | =0 ]
J St T 1 t-test comparison of treatment means appears in Tables 11 and 12.
= 28 2 Feed/Gain - Duncan's Multiple Range Test of treatment means ap-
| £ | — e '§.‘_‘ pears in Table 13
= o ®S ;|  8E e+ xT oA =3 Note: (S means corn plus soybean meal.
RS Rl RSN ::::IIICLrC| cocooco "ig
81 wog g . .
A . | g0 E0 treatments (Table 11) indicates that the in-
PE s g S :|25s .
AR RS Y g NS corporation of all three fishery products at all
= SLELES EEEE ."E S3EES levels significantly improved the rates of gain
5 . N — . . . M T -
;- %S FE g - ZlmEEel when these rates were compared with those
& = - E £ a8 e _._.=% o . .
K Eviz s - oEELyE|EEiEe obtained with the corn-soybean meal diet. Es-
=sSC358 28555 g|82E88 sentially no significant differences were ob-
S i w23 BELE s BIOF20-
2 5525 CESSETES nanva ‘ . i ini
TESSagREREEE3E served, however, between the diets containing
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the fishery products and those containing the
corn-soybean-methionine-supplemented control
(Table 11). Exceptions were the 2-percent
level of supplementation of king crab and men-
haden meals, which resulted in significantly
slower rates of gain.

Note that the rates of gain obtained with
the corn-soybean meal-methionine diet and with
most of the diets containing fishery products
equalled the rates of gain obtained with a com-
mercial broiler starter diet (Table 10).

The gains in weight obtained with the var-
ious fishery products at each dietary level were
also compared (Table 12). No significant dif-
ferences were observed between the gains ob-
tained with the fishery products at each level.

Table 11.—Experiment II: statistical comparison of weight
gain obtained between the corn-soybean meal
control (CS), corn-soybean meal + methionine,
and treatment means,

b T S
Grams Grams Jé:‘i;lm‘;/“
Corn-soybean meal control (CS) versus King Crab II
2 365 versus 390 .01
4 365 versus 416 .01
6 365 versus 414 .01
8 365 versus 409 .01
10 365 versus 412 .01
versus Blue Crab I
2 365 versus 399 .01
4 365 versus 415 .01
6 365 versus 415 .01
8 365 versus 418 .01
10 365 versus 416 .01
versus menhadden
2 365 versus 395 .01
4 365 versus 406 .01
6 365 versus 408 .01
8 365 versus 423 .01
10 365 versus 417 .01
Corn-soybean meal 4+ methionine versus King Crab II
2 412 versus 390 .01
4 412 versus 416 NS
6 412 versus 414 NS
8 412 versus 409 NS
10 412 versus 412 NS
versus Blue Crab II
2 412 versus 399 NS
4 412 versus 415 NS
6 412 versus 415 NS
8 412 versus 418 NS
10 412 versus 416 NS
versus menhaden
2 412 versus 395 .05
4 412 versus 406 NS
6 412 versus 408 NS
8 412 versus 423 NS
10 412 versus 417 NS

Table 13 presents the data on the utilization
of feed and the results of statistical analyses
of these data (Duncan’s Multiple Range Test).

Equal or superior utilization of feed was
obtained from incorporation of the three fish-
ery products at all levels as compared with the

Table 12.—Experiment II: comparison of weight gain ob-
tained between meals at each dietary level of

incorporation
Dietary Diet comparison
level (weight gain) t-test
% Grams Grams Level of
signthcance
King Crab II versus Blue Crab II
2 390 versus 399 NS
4 416 versus 415 NS
6 414 versus 415 NS
8 416 versus 418 NS
10 412 versus 416 NS
King Crab II versus menhaden
2 390 versus 395 NS
4 416 versus 406 NS
6 414 versus 408 NS
8 409 versus 423 NS
10 412 versus 417 NS
Blue Crab II versus menhaden
2 399 versus 395 NS
4 415 versus 406 NS
6 415 versus 408 NS
8 418 versus 423 NS
10 416 versus 417 NS

Table 13.—Experiment II: statistical comparison of util-

ization of feed obtained with the various treat-

ments
Diet designation Criterion
F/Gt

Commercial. di6t « ensinvsiwisvmsimns o vins 1.23 a
Corn-soybean meal -+ methionine .......... 1.28  be
Corn-soybean meal -+ 109, menhaden ...... 1.29  bcd
Corn-soybean meal 4+ 89 menhaden ...... 1.32  bcde
Corn-soybean meal 4 109 Blue Crab II .. .. 1.32  bede
Corn-soybean meal 4- 6% menhaden ...... 1.33  bcde
Corn-soybean meal 4+ 49 menhaden ...... 1.33 bcde
Corn-soybean meal 4+ 29 menhaden ...... 535 cdef
Corn-soybean meal + 6% Blue Crab II . ... 1.37 def
Corn-soybean meal 4 8% Blue Crab II .... 137 def
Corn-soybean meal 4 4% Blue Crab IT .... 1.37 def
Corn-soybean meal 4 2% Blue Crab II .... 1.37 def
Cora-soybean meal 4+ 10% King Crab II . ... 1.39 ef
Corn-soybean meal + 8% King Crab II . ... 1.39 ef
Corn-soybean meal + 6% King Crab IT . ... 1.40 f
Corn-soybean meal + 2% King Crab II .... 1.41 f
Corn-soybeanmeal ......coniiinenneennn 1.42 f
','.).' S0y I‘L an meal + 4% King Crab IT .... 1.42 f

1 Duncan's Multiple Range Tests showed that those means followed by
a common letter are not significantly different and that those means with
d.i{ewn letters are different at the S-percent level of significance.
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utilization obtained with the corn-soybean meal
control diet (Table 13). Significantly greater
utilization of feed was obtained from the diet
containing 10 percent Blue Crab Meal IT and
from the diets containing 4 to 10 percent men-
haden meal.

Supplementing the corn-soybean meal diet
with crystalline methionine, however, resulted
in a marked improvement in utilization of feed,
which was equal to, or better than, that ob-
tained with the fishery products. Equal utili-
zation of feed values was obtained from the
10-percent blue crab level and from the 4-per-
cent to 10-percent level of menhaden meal and
the methionine supplemented corn-soybean
meal diets. Significantly poorer results were
obtained with the remaining diets.

Table 14 compares the results obtained with
the fishery products incorporated at a given
dietary level. The only significant difference
obtained in the comparison of King Crab Meal
11 with Blue Crab Meal 1T was at the 10-percent
level of incorporation. No differences were
obhserved in the comparison of Blue Crab Meal
[T with menhaden meal. However, the utili-

zation of feed obtained from feeding the men-
haden-supplemented diets was significantly
better than that obtained from feeding King
Crab Meal II from the 4-percent to 10-percent
levels.

Table 14.—Experiment II: comparison of utilization of
feed of the various fishery products at a sim-
ilar dietary level

Dietary level Product comparison

Percent F/GY

King Crab versus Blue Crab II
2 1.40 1.37
4 1.42 1.36
6 1.40 1.37
8 1.39 1.37
10 1.39 1.32*

King Crab versus menhaden
2 1.41 1.35
4 1.42 1.33%
6 1.40 1.33*
8 139 132>
10 1.39 1.29*

Blue Crab versus menhaden
2 1.37 1.35
4 1.36 133
6 1.37 1.33
8 1.37 1.32
10 1.32 1.29

1 Duncan's Multiple Range Test.
* P <05,

SUMMARY AND DISCUSSION

Under the conditions of the experiments
reported here, king crab meal has a relatively
high nutritive value and can be used effectively
in broiler feeds. Rates of growth obtained
from feeding the diets containing crab meal
were equivalent to those obtained from a com-
mercial formula, from a menhaden meal, or
from a methionine-supplemented corn-soybean
meal diet.

The utilization of feed in diets containing

king crab meal was equally as efficient as was
the utilization of feed in diets containing blue
crab meal but was slightly less efficient than
was the utilization of feed in the other diets
tested.

Although the meals were not tested in
breeding or laying diets, the crab meals could
apparently be used in these feeds. Such use
would take more advantage of their relatively
high nutritive value and high mineral contents.
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