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USE OF SODIUM TRIPOLYPHOSPHA TE 
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, 
it was tried with these smoked products. Use of this substance effectively aided the 
retention of moisture in halibut and salmon during smoking but was less effective in a id
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. 

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 

Authors. Harold J Barnett RtJtareh Chtmil t· Richa rd W. Nelson, Rotarch Cht micai Enginur ; and John A. Dassow, SUPtrVilOTY R otaTeh 
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into two sides, w ith skin on, and al' cut into 
pieces. The pieces a re then soaked for one
half to 2 hours, depending on th i1' s iz a nd 
weight, in a solution of concentl'ated brine (22 
to 26 percent Nael by weight ) . ft l' th 
pieces have been brined, they a r often dipp d 
in a solution of orange 01' r d foo 1 coloring' 
and are drained for a short period. Th fi h 
are then smoked at a temperature of about 0 0 

F . for 7 to 15 hours. During the la t hour, 
the fish are hot smoked at a temperature of 
180 0 F . In some instances, the fish are hot 
smoked for a shorter time but at a high l' l m
perature -- that is, for one-ha lf hour at ~50 ° 

F. (Jan'is, 1950). 

Sodium tripolypho~ phaLe i::; commonly t1 e 
to control the los::; of moi~tul'e ill fl ' :- h fi sh fd-

lets and in oth r f d p r uct; therefore, its 
appli ati n t m k d fi h med a ppropriate. 
The purp f t h w rk r p rt d here was to 
d t rmin it · ff ct in c ntrolling the loss of 
m i tUl' in ki Pl r d fi h. In this experiment, 
w did n t u dium trip lypho phate as an 
inhibiL r f micr ran i ms f public health 
ignificanc . I n additi n , we m ade no attempt 

to study th ch mical r lati ns betwe n sodium 
trip Iyph phal and the m ked (kippered) 
fi h. 

H a li but (Hipp Olo sus ·t nol pi ) , silver 
salmon ( ncorhyn ht ki ut h) , a nd black cod 
(An pio/)oma fimbria ) l' pr ent maj r pecies 
of fi h u d n th Pacifi oa t f r kippering. 

cc r di ngly, th thr w r e chosen 
f r ludy hr . 

I. HALIBUT 

A. PROCEDURE 
ILdibut stored at - lU o F. \\,el'e tha\\' d for 

1~' hUlll's at 35 0 F. and \\' re cut into 6- to -
( U Ice lieces \\ ith the skin being retained on 
tllll SIde. The pieces were then di\' ided into 
three lots of about equal size and \\'eight (Tabl 
1). 

Table I.-Smoked halIbut .. effects of TPP (sodium tripol y. 
phosphate) treatment on loss of weight 

-
Lot Br ineu \ \. CI" III ,fter 1.05S of S.mple numbe r II eight prior 

~lI1oklng \\elght 
to smoking 

Pou nds Pou nds Paunt 

,rr ,1 ( (onc(".-
fJ tl:J brine) . .. . ' . I 10.5 7.4- 29 .5 

- , TPP T 2r~ aCl 2 9.2 6. 8 26.0 
:2 Of ~ TPP + (QnLcn-

trJted brine . . .... 3 9 .7 7 3 24. 

The fir::,t lot was soaked a t a 2 : 1 ratio 
(weight of brine to fish) f or 1 hour in con
centrated brine, which i a commercial pr o
cedure. This lot was used as a control. 

The second lot ,,,as treated a \\'as j u t de
scribed abo\'e. Then it was dipped for 1 min
ute in a solution containing 7.5 pel'cen t sodium 
tripolyphosphate and 2 percent sodium chloride. 

1 Only colori ng; approved by the U .S. Food and Drug Administra tion 
for use in f ood shou Id be used. 
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Thi m th d \\. found ff c i e fo r t r eating 
fre h fill t in arli r t t at thi labor atory 
( pin IIi, P 11' y, and Miyauchi, 1 67). 

Th 

In each f the ab I' thr e treatments, the 
lot f fi h wel' given a h l't drain of 10 t o 
15 minu t at l' om t mp rature. The indi
I'idual lot \\' r hen \\' ighed to determi ne a ny 
change in wight due t brining. nder the 
brining condition .iu t de cr ibed no ignifi
cant change in \\'eight were ob er ved. 

The three lot of fi h wer e moked over
n ight (14 hour) in an electrically heated 
mokehouse at a temper ature of 70 a F. Smoke 

wa introduced into the mokehou e via an 
electrically oper ated moke genera tor equipped 
with a blower fan. The pr oduction of smoke 
was controlled by a n adj u table timer. Smoke
hou"'e tem per atures were controlled by an elec
t ric t hermo tat. 

During t he fina l hour of p rocessing, the fish 
were hot smoked a t a m aximum smokehouse 
temperature of 235 0 F. In a previous study 
made a t this labor ator y, using similar exper
imenta l procedures, \ve had found that this 



procedure gave intern I 
from 1 00 F. in lar 
to 195 0 F. in mall I i 

The e t mperatur m inl 
recommendation (Pata hnik L, agran 
and anford, 1964 ) f I' im -t m) ra ut 
ditions in the hot- m king f fi. h. 
tures were m a ur d y th I'm 
bedded in the flesh of th fi hand 
to a multipoint rec rding th rmom 
being proce d, th fi h w r c anel 
weighed. 

B. RESULTS 

Table 1 shows that th tr atm nl wilh 
sodium tripolypho phate di olv d in brin £-

f Iy J' hi cI 

In 

l -millll 
' 11 

2 . . :- ]1 r nl to :2 (i )IPJ'C 'n. 1'.' flf hr':2 I I Il 

s dium lriplllypit" I hat" alld 111'1111,,' I' ducI I h 
I():s of \\" igh f rom:.!! .'-) )l 'I (" 'n II :.!.-. I 
T hu: , h \\ 'ak 'I' . ,,"illlll J'ipulYl'ho 
t r aIm n \\";t . tho mol" .. /I,cli\f'. 

B rinin g o f Ill' pi 'C,' flf Ii. II a 
a l>()\' g"a\ on II tration of :411 7., 

1. G() 111 h "'at!'!' pha I' IIf th ' .Illllkl'fl II h 
that r an g , C] from :.! . .-I IIf'n'('1I1 to .-).11 I "')1 I'll 

d p ndin g" on lh ' . iz ' o f lit ' ti. h ('hullk . 

II. SILVER SALMON 

The silver salmon were treated like the 
halibut. 

Table 2.--Smoked silver salmon -_ effects of TPP (sod ium 
tripolyphosphate ) treatment on los of weight 

Lot Brined Weight after Lo~ .. of Sample number weight erior smok ing wClrht t sma "lng 
--

Pound, Pound! r U(tnt 

ontrol (conce n-
lraled brine) I 9 .37 6.68 ' -. ... . . _ < I 

7. % T PP + 2% NnCI 2 9 .50 6. 75 ~9 n 
2.0% TPP + concen-

trated brine . . .. .. 3 9.44- 7.06 ~ 5 2 

Dipping t1 J(' lha\\ (''' alllloll ill Ih,' ~.;; 1"')' 

cent . odium t rip!ll.\ ph(J~pha I' .dll 11111 I'l' 1I1', d 
in no sign i (kan t ""l'l"'a. f' III I 1'111\...1"1' ... ak-
in g th ' tha\\ pel·tlmfln ill I ii" ~-Jl")'("'rl "dUIIIl 

t rilllll.\ pilo. phalt'. 1I11I1 11111. iI.,\\ "\ 1'1'. I' 11Icl'.! h 
1.1 of \\'pight 11.\' ::,.-, 1"'ll'l 11 (r.d". ') '1'1 II . 

ag.lin . lile \\ 'al t'l 11"111111 r II'" h" 1".1 I 

tl' '(lt men t \\";1 I,' 11111!'1' ('tI.'(· I ' . 

T il t' 1" lilt--- l'flllct'l'niIlV Itl II('" Ill'" 1111'" -
alu n'.· a n" . al ('(IIlC,'11 1'.1 .1l1I f.l)" If' 1I10k( II 
halil l\ \ an 'LJlJdical,:,> <I Illllk"d II I I .1. 1 r 

III. BLACK COD 

Th black 
and a lmon. 

r at d lik th halibut 

Table 3.--S0l0ked black cod.. ff ts of TPP ( tum 
tripolyphosphat 

ample 

ont rol (concen-
,rued brin. . . .. .. 

. " ~ TPP + _~ a I 
2. TPP + ncen-

tral.d brin. . .. .. . 

Lot 
nu mbt.r 

9 
950 

10 I ~ 

of "eight 

6 

T I atm 'IIt IIf h. 1,1.1l'k ('ll I \\ I Ii udl m 
t I'll Illl y plllL'pha '..d h. III rh I' dll 
\\ a.- Hilt a l tre(, i\,' a \\ a III 
Iiallhu. Th' I'l'dul' I' II 

hlack ('nd 

1 



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 
ha libut 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 fi sh: 

1. T haw 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. Trea t the individual lots as is described 
in the text. (Note: because tripoly-

4. 

5. 

6. 

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

Weigh each lot accurately, place it in 
t he smokehouse, and smoke it. 

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

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, particular ly 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 fi hel'Y product are m re 
highly unsaturated than ,we those del'ived from 
other food sources. Because of the hi gh un
saturation, fish lipids undergo extensive oxi
dation that often is rapid (Lundberg, 1967; 
Roubal, 1967) . 

The products of lipid oxidation cau e un
desirable biochemical alterations. The e a lter
ations include a reduction in the overa ll qual ity 
of the lipids themselves as we ll as a reduction 
in the quality of as ociat d proteins, enzyme, 
and other biomolecule (Roubal and Tappel, 
1966 and 1967). Fundamenta l studi es of oxi
dizing lipids in biochemical ystem are needed 
if we are to develop methods for minimizing 
these undes irable changes. 

A r lativ Iy n w t chniq ue that has great 
" p'ot ntial and that i admira I ui ted for tud-

ying . y t m ntain in xidizing lipid i the 
m a ur ment f th ir paramagnetic pr per ties. 

nf rtunat ly, thi hnique i ba ed n com-
pI x conc I t hat ar n t c rnm nly un der-
tood. a r ul t, the p t ntial itie of the 

techniqu a r n t r c gniz d widel , particu
larly by th pe pI in u in and g ernment 
who ar l' p n ibl f r the de el pment f 
our fi h ri and wh d n t have the time to 
t udy the compl x math matic underlying the 

tecJ1l1ique. The I urpo e f thi paper ther e
fore i to .'plain in nonmathematical language, 
how thi technique can be applied to re earch 
involv in g fi h ii I id . 

In ou r di cu ion of the technique, we con
id r fir t the th ory 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 l'elation of electrons to magnetism and then 
into the measur ement of the magnetic char
acter associated with molecules conta ining 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 alter ations caused by lip
id oxidation. In this subsection, we consider 
fi rs t the interrelations among electrons, chem
ica l bonds, and free-radica ls, and then consider 
the interrelations among electrons, free-radi
ca ls, and magnetism. Our ultimate aim is to 
see how the inter action of electromagnetic 
fields with electr ons maintained in a: static mag
netic fi eld 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 mot ion, 
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 e~ectrons in the 
pa rticular pair of shared electrons that vve ar e 
considering at the moment, and the letters A 
and B to represent different atoms, we can il
lustr ate unsymmetrical cleavage as fo llows: 

A : B--+> A: - + B + 

Unsymmetrical cleavage places both electrons 
of the original atomic combination with just 
one of the cleavage pr oducts. This process is 
familiar to the chemist and is called ionization. 

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

A : B--+> A' + B' 

Homolysis r esults in the formation of f ree
r adicals. Free-radicals thus a re 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 ele~
tron's magnetic field and an externa l 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 structur e 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 fu rnishes 
us with such a probe. 

a. Electron electromagnetic fi e lds. - E lec
t rons are spinning charged particles. As a 
result of this rotation (spin) of the charge 
a t iny 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 exter nal magnetism -- that is, 
the net magnetism of the molecule is zero. As a 
resul t , 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 fi eld. Un
der other circumstances (paramagnet ism) , the 
molecules do exhibit externa l magnetism, and 
they do react with an exter nal magnetic fie ld. 

(1 ) Diamagnetism.-The electr ons in 
most molecules occur together in pairs. One 
elect ron is spinning in one dir ection, and the 
other electron in the pair is spinning in the 
opposite direction. Under these conditions the 
magnetic fie lds due to the rotat ion of the charge 
on each electron counteract one another, S0 the 
net magnetism in the molecule as a whole is 
zero. Molecules with electrons coupled in this 
manner a re diamagnetic--that is, they ar e 
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-r adicals, 
however, the magnet ism 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 ident ificat ion of f ree-rad
icals. F irst, 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-radical s 

between the poles of an electromagnet. When 
the magnetism of this external source interacts 
with the magnetism of the spinning unpa ired 
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 t he pre
cession. 

If we now direct microwave energy of pro
per frequency onto a material contain ing s uch 
a precessing electron, the electron will extract 
energy from the radio frequency field if thi s 
field has the same frequency as that of the 
precession. We can show mathemat ically that, 
at the strength of the magnetic field sui table 
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. 

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
onance spectrometer, or EPR spectrometer 
(a lso ca ll ed the electron spin re onance spec
trometer: ESR ) , thu i a radio spectroscope 
(Figure 1) for the characterization of free
radicals . 

How a1' the data recorded in the spectrom
eter? As Figure 1 indicate, this in trument 
pre ents the data in graphical form . The y
axi shows th relative ignal trength (amount 
of energy absorbed by the precessing elec
tron ), and the x-axis how the magnetic field 
streng th in gau . 

Detecting free-rad ica ls by means of this in-
strument i imple. Identifying them, how-
ever , is not. 

o . Detection. - The problem of detecting 
free-radical is str a ightforward. The number 

Figure I.-Electron paramagnetic resonance spectrometer. The nUcrowave 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-

w 
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~ 
<l 
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MAGNETIC FIELD ST REN GTH (g auss ) 

Figure 2.-Electron paramagnetic resonance spectrum of 
hydroquinone radical ion in solution. M ajor lines are 
identically spaced 2.37 gauss apart. The m agnetic field 
of the center of the spectrum has a strength of 3 ,379.5 
gauss. 

tion portrayed by the recor ded collection of 
lines. 

II. APPLICATION 

A. GENERAL APPLICATIONS 
By decoding free-radical spectra, we can 

ascertain upon which atom or atoms the un
paired electron resides. We a lso 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 . F rom 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 radica l 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-labell i ng in stud ies of l ipid peroxide 
protein polymerization. Unpubl ished manuscr ipt f iled at the Bureau of 
Commercia l Fi sheries Food Science Pioneer Research labora tory, SeaHle, 
Washington 98102. 
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B· SPECIFIC APPLICATIONS 

TO FISHERY RESEARCH 

We now hm'e briefly con idered the general 
applications of free-radical spectr:l, but what 
are the specific appl ications to fishery research? 
\\' e shall first consider the relations of free
radicals to los of nutritive value and then 
the use of electron paramagnetic resonance 
effects in the study of antioxidants used in 
fi hery products . 

1. Relation of Free-Radicals to Los 

of Nutritive Value 

Proteins and amino acids In systems of 
oxidizing lipid are a ltered in such a way that 
they become incompletely ava ilable nutrition
all ~' (Osner and Johnson, 1968; Roubal and 
Tappel, 1966). This reduction in nutritiye val
ue 1 rohably continues as long a radicals are 
formed by the oxidation of the lipid. 

:\" ormally, fl'ee-r:ldicals in o.-idizing fishery 
111wlucts ha\'e a shor t life expectancy; but, 
1 de' certain conditions. they may be trapped 
li a cage or matrix, " 'hich preYents them from 
1'1 acting rapidly. Thus the adyer e effects are 
11"1'10'1\ slowed, not stopped. Our basic problem 

t llt''l'efure is to preyent 9xidizing r eactions from 
,)(~tllTlll g by minimizing the concentration of 
free-ladicals. To accompli h this goal, ,,'e have 
tn knuw the yariables affecting their concen
tration. 

a . Life expectancy of free-rad icals.-Free-
1 ad icals associated with oxidizing lipids in fish 
Mdinarily exhibit only a fleet ing existence be
(Ire t hey undergo a further reaction that ends 

\\ Ith a product that is not a radical. 

b. Matrixing of free-radicals. - In dried 
fishery products such as fish meal and fish 
protein concentrate, radical apparently a re 
tr;\pped or caged in a matrix, inasmuch as 
concentrations of free-radicals are r eadily de
tected even though rapid lipid oxidation has 
stopped. An electron paramagnetic resonance 
measurement of such fishery products 'will re
yeal t he extent to which the radical . ., persist. 

Although the free-l .. :tdicals trapped in a 
matrix do nut react rap idly, they neverthele s 
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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
lut ion 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
\ estigating 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 f avor 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 pr oducts decrease the nutritional 
value of proteins and amino acids. As is well 
known, antioxidants help to prevent this dam
age. P aradoxically, 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, 
elect ron 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. 

o. Hydroquinone. - H ydroquinone 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 

H0H 
Hy 

OH 

YELLOW RADICAL DARK COLORED 
INTERMEDIATE -.. NONRADICAL 

PRODUCT 

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 spectr um of hydro
quinone free-radical can be recor ded 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 par amagnetic resonance 
instrument that holds the sample (Fig
ure 3). If the flowing solution is inter
r upted, the signal disappears. 

3. 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 t rouble recording 
an electron paramagnetic resonance 
spectrum tells us that we are dealing 
with a radical produced in high c~n
cent ration. 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, r~onance spec~ro
meter. For the purpose of showing the arrangement of the hqUld·flow sampltng 
cell, the cavity has been moved forward from its normal positi~n be,~een the 
poles of the electromagnet. The jet mixer, which ensures rapid ~lIxmg ,and 

d I, f t t I'nto the flow cell is at the bottom of the cavity. Mixed e Ivery 0 reac an s , , ' 
d I, 'd ' f m the top Microwave energy IS directed onto the sample reacte IqUi s exits ro . , 

by means of the rectangular waveguide cc-"'n ected to the rear of the cavity. 

113 



OH 0-

HOH H ~ I H O~2-':O: 
OH O· 

I l[ 

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 (OH ) 
groups is hydl'olyzed and provides relati\'e 
stabili ty for the intermediate. Structure II, 
however , does not exp la in other stabilizing 
fac tors or the existence of the five-l ine spec
trum. If the un paired electron resided solely 
on oxygen, only a single line would be recorded 
inasmuch as oxygen-16 (the major i otope of 
oxygen) has no spin. So, for an explanation 
of the five lines, we t urn to the principle that 
no structure can be written to r epr esent a ll 
of the observed properties of the inter mediate . 
In actuality, the unpaired electron mo\'es con
tinually over the f ramework of t he molecule; 
the best we can do to reveal the actual phenom
enon structurally is to 'write as many contrib
uting molecular structures as po sible to r ep
resent th is overlap, such as the following 'which 
shows the various structures possible with a 
single molecule: 

mathematical discussion involving statistics, 
which is beyond the scope of this report. The 
point that we want to make here is that we 
can couple electron paramagnetic pectra with 
the a ppropria te mathematics to gain in ight 
into the st r uctu r e of chemical intermediate 
that decompose rap idly and tha t therefore are 
difficult, if not impo sible, to inve tigate by 
other methods. 

b. Vitamin E and related substances. -
Vitamin E, vitamin K, coenzyme Q (ubiqui
none) , and rela ted sub tances exist either in the 
quinoid or quinol forms, or they are capable 
of being conv r t d into one of the e forms 
under r elatively mild conditions. E vidence 
suggest that the quinol form is the form that 
produces f ree-rad ica ls in an oxidative environ
ment and that it is the reactive form. Because 
these substance are reactive under these con
ditions, orne of them have been u ed a anti
oxidants for nonbiological applications. 

The biological antioxidative character of 
others have drawn considerable attention; but, 
for many subs tances, their exact function is 
sti ll unknown. In model systems (that is, in 
a rtificia l systems in which the r esearcher a t
tempts to duplicate what he believes are the 
essentia l components of the more complex na
tural material) , however, the antioxidative 
character has been f airly well defined (Gruger 
and Tappel, unpublished results' ). 

"l)"-~"-Y\" -"i'r" -"O~ " -"~" HyH HyH HyH yH H H ~H 
o· 0- 0- 0- ~ 8 

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 
F igure 2 bear s this out perfectly. 

To explain the re lative amplitudes of the 
peaks in Figure 2, we ,,\'ould have to go in to a 
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2 Gruger, Edward H ., and A. L. Tappel. 1968. React ions o f b io logical 
antioxidants I. Ferric i ra n-catal yzed di ssoc iations of methyl lina leate 
hyd roperax ide with a-tocophero l. 

Gruger , Edward H. , and A . L. Tappe l. 1968. Reactions o f b io logica l 
a nti oxida nts II. Iron-ca ta lyzed di ssocia ti on o f hyd roperoxides. 

Unpub lished monuscr ipts f i led at the 8urea u of Commercial Fisher ie; 
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. Guard ia and Gerhard J. Haas 

ABSTRACT 
Croaker and spot are the two species of fi shes found most commonly in catch . of 

industrial bottomfishes in the Gulf of Mexico. Hypoxanthine increased linearly in both 
species during the first 2 weeks that these fi shes were stored in ice. Thi t st for hy
poxanthine could thus indicate the quality of both croaker and spot and PI' umahly tha 
of the whole catch. Only after the fi sh had been stored 1 week in ice, howe\'e r, did the 
total volatile bases increase. Consequently, this latter test could not be used as an in
dex of freshness, a lthough it might be used as an index of spoi lage. 
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INTRODUCTION 
Since 1952, the annual prod uction of in

dustrial bottomfishes from the orth-Central 
Gulf of Mexico has increased greatly. The 
annual catch in 1952, for example, was only 
about 2,000 or 3,000 tons, wher eas that in 
the eal·ly 1960's was about 40,000 tons (Roith
mayr, 1965). 

The species of fi shes taken in these catches 
vary markedly. In fact, the catches may con
ta in as many as 177 species. The normal catch, 
however, usuall y contains only 20 to 30 specie. 
Of this number, two species -- croaker (Micro-

pogon undu latus ) and spot (Leiostomus xan
t hurus ) -- 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. Sa mples 
The samples of fish wer e obtained and 

handled in the following manner. The fi sh 
,,"ere caught by a trawler about 5 miles off 
Pascagou la, Mississippi. They were iced on 
board the vessel and were transported to land , 
where they were placed in wooden boxes, 
washed, and repacked with fresh ice. Da ily 
samples of croakel· and spot were withdrawn, 
fl·ozen in liquid ni trogen, 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 furthe r sampling was needed. The 
samples of fish were then transported f rozen 
to Tarrytown, New York, where they were 
kept at -30 0 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 
absol·ption a t 250 J.L or by the concomitant 
mcrease ·n ab orption at 290 J.L 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
t ides from the fract ion 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 menti oned mere ly to facilitate descriptions ; no 
endorsement of products is implied. 
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in the muscle of croaker to the length of time 
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Figure 2.-Relat ion of the concentration of hypoxanthine 
in the muscle of spot to the length of time that 
the fish were held in ice. 

II . 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 vola tile 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 concen tration 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, a lthough 
it might be useful in the detel'll1ination of 
spoilage. 
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CONCLUSIONS 
The results of this study indicate that the 

determination of muscle hypoxanthine can be 
a useful index of fre lmess for eith r Cl' ak r 
or spot. Because the quality of these two S f) -

cies is probably r epl'esentative of the whole 
catch from which they were obtained, the te t 
can presumably also be u ed as an indicator 
of the quality of the catch in which they a re 
taken. 
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by 

Robert R. Kifer and Paul E. Bauersfeld 

ABSTRACT 
Alaska kin O' crabs are eing harve t d in quantity. Th qu ari. n a: to 

the potential and comparative value of kinO' crab m a! in 11' lil I'<iins:rly, 
king crab meal and blue crab meal (an t bli h d PI' lu l) \' l' \'aluat ct a .. t h i I' 
chemical comlosition and nutriti e valu when f d to chi k. d' ",th rat . oilt:lln·eI 
were about equal when (1 ) diet containing he vari u cl'al m al , a nmnll'l' itt! 
diet, (3 ) diets containing menhaden m aI, or (4) a C l'Jl- Y an m al-m thiol1in '-:UI
plemented diet were fed . 
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meals. Compared with menhaden and soybean 
meal, the blue crab meals contained 1;2 to % 
the content of protein, and the king crab meals 
contained % to % the content of protein. 

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

Concentration of constituents in : 

Ki ng Crab Blue Crab 
Meal Meal Menhaden Soybean 

meal meal 
Constituent I II I II 

PUClnt PerClnt PUClnt Puctnt PtrClnt PUctnl 

Protein . .... .. 42 .09 45.1 8 30.72 33.78 62 .06 51.30 
Corrected protein l 38.42 41.3 1 28.15 30.59 -- --
Fat (ether) . . . . 4.68 10.14 1.90 2.15 11.1 3 0.56 
Ash ... .. ... . . 35.68 26.56 50JO 45 .7 1 16.84 5.80 
Moisture . ... . . 4.59 4.88 4.16 4.60 7.63 9.92 

1 itrogen from glucosamine was considerea to be nonprotein nitrogen 
and therefore was subtracted, resulting in a corrected prote in 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 

o. Procedure. - Alanine, arginine, aspar
tic acid, glutamic acid, glycine, hi1: tidine, 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-Ieucine 
and L-a amino-,B-guanadino propionic acid-HCI 
were used as internal standards. 

Cystine was determined microbiologically 
by the Wisconsin Alumni Research F oundation 
according to the ~ethod of Henderson and 
Snell (1958). 

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

1949). F or tryptophan analysis, samples were 
hydrolyzed with 19 N H 2 S04 and p-dimethyl
aminobenzaldehyde and then were reacted with 
N aN02 ; the intensity of color produced was 
compared with a standard curve. Although 
many chemists use a lkaline hydrolysis, we have 
found that, for fish meals, the hydrolysis with 
19 N H 2S04 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 

o. Procedure. - Calcium and phosphorus 
were determined by the method of Kingsley and 
Robnett (1958), which was modified and adapt
ed to the Technicon AutoAllalyzer by Smith, 
Kurtzman, ai1d 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 colorimetric
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
t ively 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 amlOO acid and glucos3min in the f d stuffs 
used 10 and II as a perc o f protein 

Constitu ent 

- - PUCt/I/ 0/ corrtC / td prol ti ll - - -

Amino acid 
Alanine ... .. .... 4.69 4.98 4.b9 5.0 1 

Ammonia l . . . . . . . . 3 ib 1 12 3 07 3.93 

Arginine ......... b 46 5." 7 5. 7 6.01 

A~pa rt ic acid .. . ... 9.59 9.2 1 7.55 7.63 
C) stine · . . . . . . . . . Oq o <J -I 0 .52 0 71 

Glulamic acid II 9IJ II 12 9.93 10 ·15 

Glrcine · . . . . . . . . . b IS <>.1-1 6.17 0. 12 
Hi ,lidine . . . . . . . . 2.<>9 1.2.1 2 29 2 19 

Isoleucine ....... . -10 1 -1 00 1 1 1 J 5 
Ll'lIcine .......... I 2 1<)0 5. 12 5 36 
Ly ~il1e · . I -Ii 3.<)8 -I <>8 t.. 
~ IClh ion i nc . . . . . . . I 0 1.87 I 75 I r, 
Plte n) J.danine ..... -I 10 -l Oll 3 "9 -I 11 

Proline -1 9; 4 .6 1 4.10 -I 1() 

Serine . . . . . . . . . . . 1.17 4 . 15 i II ; 00 

T aurine ......... ~ 80 180 I III () " Thr~oninc . . . . . . . . lOb 4.21 3 ~R 1 32 
T ryplop ha n . ...... 1.11 I lb I ~ I 12 
T yrOSine . . . . . . . . . 1.1 1 4 10 1 -I ; ) 31 
\'ali ne · . . . . . . . . . ;.1+ 5 11 4 4 i I 51 

Glu(osJminc!:! ... .... . 8.56 8 ~5 8.H Q.43 

I ".:onamino acid. \\ hlCh inu l(Jtt':o; degree or amino J(IJ hrcJlJc.l\\ n 
!! .\:' per(Cl1l of uncorrected prolein 

Puct nl 0/ pro/tin 

5.97 4.08 
1.35 2.0 1 

98 7.7 
.7b 11.76 

070 
12 10 17.8 
65 40 1 
2 12 2.56 
4 28 4 .5 
7 10 7 39 
7.66 5.90 
2 9 1.27 
1 92 4 
I 11 5.05 
.1 55 4 .71 

3 ; 371 
I 16 100 
) 25 3 53 
4 98 4 5 

Table 2B.--Con ntra tion of OlIO a id In the ( stuff d 10 Exper· 
imem s I and II 

. \ 1111 no 
AuJ 

.-\ IJnme ... 

.\ mmonia . . · . 

.. \ rglnlne . . · . 
A'pa rtlc acid · . 
Cysline · . · . 
Glutamic acid · . 

Iyclne · . · . 
Ill slldine · . .. . 
I soleucine · . .. . 
Leucine · . · . 
L),sine · . · . 
t\ [ethionine 

I 0 

· . I 29 

· . 24 

· . ~ 0 
021 

· . 4 00 
.. . 2 · .1 

. , . I 03 

.. . I 5· 

· . 2 24 
. , . 1.70 
... 0 69 

200 
096 
2 JO 

2 
0 9 
4 /) 

1 61 
091 
1.6 -
2.44 
I 6+ 
0 .7 

I 12 

0 6 
1.6· 
2 13 
or 
2 
1.i9 

64 
0.94 
1.4 3 
1.31 
049 

I . J 
120 
1 4 
Z 33 

1.4 9 
05 

3 I 
o 4 
3.7 1 

4.41 
4 . 5 
I 9 

2.09 
1.03 
3.99 
6 .03 

Phen),lalan ine · . . . . I 1.6 1 0 1 1.26 2.4 3 

i4 
9 . 17 
2.07 
1.31 
2.35 
3. 9 
3.03 
0 .65 
2.50 
2.59 
2.4 2 

Proline · . · . 1.90 1.92 1.21 1.36 2. 1 
erine . . .. . · . .. . · . 1.60 I. I 090 0 .9 · _.20 

Ta urine · . . , . . . . . 1.0 1.5 0 .33 0 .26 
T h reonine . . . .. · . 1.- 6 1.74 092 1.01 2.39 1.91 

0.54 
1.1 
2.49 

T ryploph a n .. .. 
T yrosine · . .... 
Valine · . .... 

Calcium, magnesium, phosphoI'u , potas
sium, sodium, aluminum, barium, boron, chrom
ium, copper, iron, manganese, strontium, and 
zinc were determined by the method of Christ
ensen (1967 ) .2 

2 R. E. Chri sten se n . Compute r app lica t ion fo r d ire ct co nce ntrat io n 
print out of p lant t issue ono: ys is by emi ss ion spectroscopy . Pape r pre
se nt e d at the Pitt sburgh Co nfe rence, March 1967. 
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· . 

0.4 3 0 ."6 0 .36 O.H O. 2 

· . 1."9 1.69 0 .97 1.02 2.02 

· . 1.97 2. 13 1.25 1.4 1 3.09 

b. Results.- we av' earlier, the blue 
crab meals contained about 50 percent more 
ash than the king crab meal. Most of this 
difference i 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 

Conce"'tration of constituents In : 

Mi neral King Crab M ea l 

I II 

Puc,nt PUClnt 
Calcium .. . .. . . . .. 8.00 5.80 
Magnesium ... . . . .. 0.68 0.52 
Phosphorus .... .. .. 1. 23 1.1 5 
Potassiu m .... .. ... 0.84 0.8 1 
Sodium .. . ........ 4.38 2.65 
--- ---- --- ---

P.p.m.l P .p.m . 
Aluminum ........ 16 1.00 190.00 
Barium . . . . .. ..... 7.00 10.90 
Boron ......... ... 22.00 22 .00 
Chromiu m .... . .. .. 17.00 13.40 
Coppe r ... ...... .. 11 7.00 10 '.00 
Iron .. .......... . 365 .00 385 .00 
Manga nese .... .. . . 13.00 10.50 
Strontium . . . . . . . . . >200.00 >200 .00 
Zinc . . . . . . . .. . . . . 257 .00 245.00 

1 P .p .m. mea ns parts per mil lion. 

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 

I 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 minera l content, the men
haden meal contained about equal quantities 
of iron, zinc, aluminum, and barium and con
tained less potassium, magnesium, sodium, 
strontium, boron, chromium, and copper than 
did all crab meals. 

Blue Cra b Meal 
M enhaden oybean 

I II meal meal 

PUClnt PUClnt PUCln t PUCl nt 
18.00 i 7.50 5. 17 0.35 
0.6 1 0 .6 1 0. 14 --
1.90 1.58 2.95 0.83 
1.24 1.20 0.60 --
1.26 1.29 0.31 --

--- --- --- ---
P.p. m. P.p .m. P.p.m . P.p.m. 
350.00 510.00 270.00 --

31.50 36.00 27 .00 --
22 .00 29.00 12.70 --
40.00 43 .00 9.60 --
28.30 36 .50 13 .20 --
85 .00 225 .00 345 .00 --

>400.00 > 400.00 25.50 --
> 200.00 > 200 .00 46 .00 --

105.00 98.00 15 8.50 --

4. Glucosamine 

o. Procedure. - Glucosamine is the prod
uct of chit in, the mapor polysaccharide of the 
shells of crustaceans. Glucosamine values were 
determined on the fo ur crab meals by the meth
od of Spackman et al. (1958). 

b. Results.- Table 2A gives the re:ult. 
Glucosamine values of the four crab meal 
ranged between 8.56 and 9.43 percent of the 
uncorrected protein. Nitrogen from glucosa
mine was considered to be nonprotein nitrogen 
and therefore wa subtracted, resulti ng in a 
corrected protein \'alue. 

II. RELATIVE NUTRITIONAL VALUE 

King Crab Meals I and II 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 I. 
In the second experiment, King Crab Meal II 
was compared with Blue Crab Meal II 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 

broiler diet were included as additional con
trols. 

Experiment II wa made to verify the r -
suIts obtained in Experiment 1. In additi n, 
the commercial control diet wa fed 0 en ul' 
that the growth of the chick in both exper
iment wa comparable \\'ith that obtained from 
feeding a practical field-te ted di t. Th methi
onine upplemented corn- :r an m al 
was included to e tabli h that th c rn- oy an 
meal control \\'a re pon i e to th amino acid. 

L5 



A. EXPERIMENT I: COMPARISON 
OF KI NG CRAB MEAL I 

WITH BLUE CRAB MEAL I 

1. Procedure 

A corn-soybean meal diet wa formulated 
to contain (1) 22 percent of crude protein, (2) 
energy-supplying constituent equivalent to 
1,400 metabolizable calories per pound, (3) 1.5 
percent of calcium, and (4) 1.0 perc nt of 
phosphorus. Vitamins and mineral w re up
plied to meet the ationa l Re earch ouncil 
requirements for the chick. Both crab m al 
were added to this control di t in a concen
tration gradient of 2, 4, 6, , and 10 perc nt 
of the diet. These additions were t the ex-

Table 4.-Formulation of 

pen e of a blend of corn and soybean meal 
to maintain the diet i onitrogenou , isocaloric, 
and equa lized in calcium and ph phoru con
tent. The incorporati n of crab meal at level 
of reater than 1 percent wa precluded, 
owing to the r triction on the amount of cal
cium and pho ph ru. Ta I 4, 5, and 6 how 
the diet formulation 

Each te t di t a fed t four pen of 
chick, each f r a 3-w k exp rimental period. 
Th contr I di t wa f d t ev n pen; thi 
num lculat d fr m the quare r o t 
f th num r (r und d t the next highe t 

numb r) b in f d di ther than 
th c ntr I F d and water were 
upplied ad Ii itum. 

diets fed In Experiment I 

Conctn tra lion of ingrrdient in diet 

I ngred,cnt CS+2"- ' CS+4K 
2 3 

Pact"t Paunt Puunt PUft ,.t Pu«(n t 

0:- bean meal 3 .9 
... .., ... ~ .. .. .. J _ .J) 3090 29.0 27 .46 2' J 

eNn (l'S # n .... .. 51 00 51.00 5000 51.00 51 .00 51 .00 

king Crab \Ieal I . . , . 2.00 4 00 600 00 10 00 

b' e Crab 1\[eal I ... 
(om oil ...... .. . .. 6.08 6. 14 6.5 2 6.25 6 .3 0 6.35 

DlcalClum phos phate .. 4 94 4. 8 4.27 3.65 3.0 2.46 

L mestone ...... .... OJ 
Pho'phod,c acid ..... 0 .25 0.54 O. 4 1.10 

\ ItJffi,n mix' . . . . . . . 0.85 0 .8i O. O. 5 O. 5 O. 5 

\I,norol mix G ..... .. 0 .85 O. . 
0 . O. 5 O. ; o. 

f.thoxyquin premi xo .. 020 0.20 0.20 0.20 0.20 0.20 

Solla flo<. . . . . . . . . . . 0 .77 0.7 1.2 1 0.49 0.49 1.4 I 

1 l" = corn-soybean meal. 
o .:t- = the relalive quantity of king crJb meal in the respecti ve diet (perce nt of diet) . 
. J ~B = the relative quantity of blue cr ab mea l in the (especti ve d iet (percent of diet ). 
, Sec T able 5. 
" Sce T able 6. 
" One part etho' rq uin; 9 parts cerdose. 

Table 5 -Vitamin nux fed in Experimen t I 

Constituent Concentration 

CS+IOB 
II 

Paunt PU«(ftt PU«(ftt P(fUft t P(f{( ftt 

329 31. 30.59 29.39 2 .21 
50.00 50.00 50.00 50.00 50.00 

200 4.00 6 .00 .00 10.00 
6.34 6 .26 6. 1 6 . 11 6 .02 
4.0 2. 3 1. 3 

0.45 1.0 I. 2.40 2.34 
O. 5 O. 5 O. O. 5 O. 5 
O. O. 5 O. O. 5 O. 5 
0.20 0.20 0.20 0 .20 0.20 
1.31 1.32 1.26 1.25 0.5 

GramI/ kilogram 

0 .140 
0.140 
0.160 
1.200 
0.600 
0 .0 0 
0 .040 
0. 580 
0.004 
0.554 
2.000 

T able 6.-Mi neral DUX fed In Experiment I 

Thiamine ......... . ..... . . 
Riboflavi n . ... . . . . ... . .... . 
Py rido, ine . ..... . . ..... .. . 
N iaci n .... . ... .. . .. . .•• .. 
Calcium pantothenate .... ... . 
Folic acid .. .. .. . ........ . 
Me·napthoq u i none . .. . . . . . . . . 
Bl.!! (0 .13 percent) .... . .• . .. 
Biotin ... . ... ... .. .. . . .. . 
A (325.000 IU/ gram) ..... . . 
Da (15 .000 IU/gra m) ...... . 
E (44 IU/ gram) . .. . . . . . .. . 
Chol ine chloride . . .• . .. .. ... 
Corn . . ...... . .. . ... . ... . 

T otal . ... .. .... .... ... . 
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20.000 
40.000 

934 .543 

1,000.000 

Consti tuent 

Sodium chl orid e ... . . .... . . . 
Potassium chloride ....... . . . 
Magnesiu m sulfate . ... . . . . . . 
Ferric citrate . .... .... .. .. . 
Manganese sulfate·fuO . . .... . 
Zinc sulfate · 7H20 . .. ...... . 
Sodium silicate ......... . . . . 
Copper su lfate · fuO .... . . .. . 
Cobal t acetate' H20 ... . . . .. . 
Ammonium molybdate ... . .. . 
Corn . .. ..... .. .... . .. .. . 

Total ...... .. . . . . .. .. . . 

Concentration 

GramIlk ilogram 

100.00 
100.00 
100.00 

2.38 
6.00 
. .00 
0.80 
0.40 
0. 20 
0.20 

686.02 

1,000.00 



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 1. 
The incorporation of either kind of crab 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) 

Diet designation Average FIG" Rel at ive 
weight gai nl grow t h 

Grams Percent 

Corn-soybean meal (CS) ... 34 3 1.4 3 100 

CS + 2% king crab meal 35 0 1.4 2 102 

CS + 4% king crab meal 372 1.4 1 108 

CS + 6% kin g crab meal 388 1.40 11 3 

CS + 8% king crab meal 370 1.39 108 

CS + 10% king crab meal 35 6 1.3 8 104 

CS + 2% blue crab meal 348 1.45 10 1 

CS + 4% blue crab meal 373 1.38 109 

CS + 6% blue crab meal 36 1 1.44 105 

CS + 8% blue crab meal 396 1.39 11 5 

CS + 10% blue crab meal 384 1.4 2 11 2 

1 t-test compa ri sons a re given in Ta ~l e 5 
2 No si gnifi cant differences we re ob ta med a mong trea tmen ts wit h re

spect to FI G = (Feed / Gain) . 

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

Diet compari son Weight ga in t-test 

Grams Grams Levtl 0/ 

CS ve rsus CS + 2% KC 
CS ve rsus CS + 4% KC 
CS versus CS + 6% KC 
CS versus CS + 8% KC 
CS versus CS + 10% KC 

CS ve rsus CS + 2% BC 
CS versus CS + 4% BC 
CS versus CS + 6% BC 
CS versus CS + 8% BC 
CS versus CS + 10% BC 

34 3 versus 35 0 
343 ve rsus 372 
343 versus 388 
34 3 versus 370 
343 versus 35 6 

343 versus 348 
343 versus 37 3 
343 versus 36 1 
34 3 versus 396 
343 versus 384 

signi fi cance 

NS 
.05 
.05 
.05 
NS 

NS 
.05 
NS 
. 05 
.05 

CS + 2% KC versus CS + 2% BC 350 versus 348 NS 
CS + 4% KC versus CS + 4% BC 372 versus 373 NS 
CS + 6% KC versus CS + 6% BC 388 versus 36 1 .05 
CS + 8% KC versus CS + 8% BC 370 versus 396 .05 
CS + 10% KC versus CS + 10% BC 356 versus 384 .05 

Note : CS means co rn plu s soybean mea l 
KC mea ns kin g crab meal 
BC means bl ue crab mea l 
NS mea ns not significan t 

tion, whereas blue crab meal did not PI' duce 
maximum growth below the -p l'C nt I I 
.of supplementation. The low gain in \\ ei h 
of 361 gram obtained at the 6-p rc nt I I 
of supplementation with blue crab meal i 
probably due to one of the four r plicat b 
ing much lower in weight than the oth I' three 
replicates were. The mean crain in w ight 
for the remaining three replicate v a 7 
grams. The inclusion of both crab meal re
gardless of the level of incorporation, ga e 
equal or superior performance to that obtained 
with the control. 

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

B. EXPERIMENT II: COMPARISON 

OF KING CRAB MEAL I 

WITH BLUE CRAB MEAL II AND 

WITH MENHADEN MEAL 

The purpose of Experiment II was to ver
ify the response obtained in feeding the era! 
meals in Experiment I and to include addit ional 
control diets. 

1. Procedure 
The two control diets included were : a 

commercial broiler diet (24 percent crude pro
tein ) and a corn-soybean-methionine up ple
mented diet (22 percent crude protein). The 
commercial control diet was fed to ensure that 
the growth of chicks in both experiment \Va 
comparable with that obtained from fe ding a 
practical fie ld-tested diet. The methionin up
plemented corn-soybean meal diet wa incl uded 
to establish that the corn- oybean meal contr 1 
was responsive to the amino acid . 

Menhaden meal was included a a compar
ative fishery product. The crab meal King 
Crab Meal II and Blue rab 1eal II) and the 
menhaden meal were incorporated in the 
diets in the arne manner a wa d ne in E - er
iment I. Table 1 ho\\ the ch mica1 an ly 

1 " 
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treatment (Table 11) indicate that the in
corporation of all three fi her products at all 
levels ignificantly improved the r ate of O'ain 
when the e rate were compared with tho e 
obtained with the corn- oybean meal diet. E
sentially no significant differences were ob
served, however, between the diets containing 



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 r ates of gain. 

Note that the rates of gain obtained with 
the corn-soybean meal-methionine diet and with 
most of the diets conta ining fishery pr oducts 
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 pr oducts at each dietary level were 
a lso compared (Table 12). No significant dif
ferences wer e observed between the gains ob
ta ined with the fi shery pr oducts at each level. 

Table H.-Experiment II: statistical comparison of weigh t 
gain obtained between the corn-soybean m eal 
control (CS) , corn-soybean m eal + m ethionine, 
and treatment means. 

Dieta ry Diet compa ri son t -test level ( weight gain ) 

Gram> Gram> L, vel 0/ 
I significa n ct 

Corn-soybean mea l control (CS) versus Kin g C rab II 

2 365 ve rsus 390 .0 1 
4 365 versus 4 16 .01 
6 365 versu s 4 14 .01 
8 365 ve rsus 409 .0 1 

10 365 versus 4 12 .01 

versus Blue Crab II 

2 365 versu s 399 .0 1 

4 365 versus 4 15 .0 1 

6 365 versus 4 15 .01 

S 365 versus 418 .0 1 

10 36 5 versus 416 .01 

versus menh adden 

2 365 versus 395 . 0 1 

4- 365 versus 406 .01 

6 365 versus 408 .0 1 

8 365 ve rsus 4 23 . 0 1 

10 365 vers us 417 . 01 

Corn-soybean meal + meth ionine versus Ki ng C rab II 
2 412 versus 390 .0 1 

4- 4 12 ve rsus 41 6 N S 

6 4 12 versuS 414 N S 

8 4 12 versus 409 N S 

10 41 2 versus 4 12 N S 

versus Blue C rab II 
2 41 2 ve rsus 399 N S 

4- 41 2 versus 4 15 NS 

6 412 ve rsus 4 15 N S 

8 41 2 ve rsus 4 18 NS 

10 4 12 versus 41 6 NS 

versus menh aden 
2 4 12 versus~ .05 

4- 4 12 versus 406 NS 

6 4 12 versus 408 N S 

8 4 12 versus 423 NS 

10 4 12 versus 4 17 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 f rom incorporation of the three fish
ery products at all levels as compared with the 

T able 12.-Experiment II: com parison of weight gain ob-
tained between meals at each dietary level of 
incorporation 

Dietary Diet compa ri son 
t - lest level (weight gain) 

% G ra ms G ram s Ll':Ili 0/ 
significa nt t 

Kin g C rab II ve rsus Blue C rab II 
2 390 versus 399 NS 
4 41 6 versus 415 NS 
6 41 4 ve rsus 4 15 NS 
8 41 6 ver SLl S 4 18 N S 

10 4 12 versus 41 6 S 

King C rab II versus men haden 
390 versus 395 NS 

4- 41 6 \"c rsus 406 NS 
6 41~ \'e rsus 408 NS 
8 409 versus 42 3 S 

10 41 2 ve rsus 417 NS 

Bl ue C rab II Y c r SU 5 menh ad en 
2 399 versus ~ NS 
4 4 15 ve rsus 406 N S 
6 4 15 ve rsus 408 NS 
8 4 18 \'ersus 423 N S 

10 4 16 ve rsus 4 17 N S 

Table B.-Experiment II: sta tistical comparison of util
ization of feed obtained with the various treat
ments 

Di et designa tion 

Comme rcial d iet .... . . . . . . . . .... . • . . ..• 

Co rn-soybean meal + met hio nine . . ..... . . . 

Corn-soybea n meal + 10 % menhaden ..... . 
Corn-soybean meal + 8% menhaden .. .. . . 

Corn-soybea n mea l + 10 % Blue Crab II . .. . 

Corn-soy bea n meal -I- 6% menhaden 

Corn -soy bea n mea l + 4 % menh aden . ... .. 
Corn-soybean meal + 2% menhaden . . . . . . 
Corn-soybean meal + 6% Blue Crab II 

Corn-soybea n mea l + 8% Blu e Crab II 

Corn-soy bea n meal + 4 % Blue Crab II 

Corn-soy bean meal + 2'70 Blu e Crab II 

Cora-soybea n meal + 10% K i ng C rab II 
Corn-soy bea n meal + 8% K ing Cra b II 
Corn-soyboan meal + 6% King Crab II 
Corn-soybean meal + 2% Kin g Crab II 

C"rn-soybea n mea l ............ . . .. .. .. . . 

Corn-soybea n meal + 4% King Crab II . . . . 

C r iterion 

FIG' 
1.23 a 
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1.3 9 ef 
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1.42 

l.4 2 

-~ . lVIultiple Range T ests showed that those means followed by 
uncanl: tter are not significantly different and that those means with 

dilf:r';.~~Oletters are different at the 5-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 f rom the diet 
containing 10 percent Blue Crab Meal II and 
from the diets containing 4 to 10 percent men
haden meal. 

Supplementing the corn-soybean meal diet 
with crystalline methionine, however , resul ted 
in a marked improvement in utilization of f eed, 
which was equal to, or better than, that ob
tained with the fishery prod ucts. Equal ut ili
zation of feed values was obtained from the 
10-percent blue crab level and f rom the 4-per
cent to 10-percent level of menhaden meal and 
the methionine supplemented corn-soybean 
meal diets . Significant ly poorer resul ts wer e 
obtained with the r emaining diets . 

Table 14 compares the results obtained with 
the fi shery products incorporated at a given 
dietary level. The only significant difference 
obtained in t he comparison of King Crab Meal 
11 with Blue Crab Meal II was at the 10-percent 
level of incorporation. No differ ences were 
observed in the comparison of Blue Crab Meal 
II with menhaden meal. However, the ut ili-

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. 

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

Dieta ry level P roduct comparison 

PtrCll1 t FIGl 
K ing Crab versus Blue Crab II 

2 1.40 1.3 7 
4- 1.42 1.36 
6 1.40 1.3 7 
8 1.39 1. 37 

10 1.39 1.32* 

Kin g Crab versus menhaden 
2 1.41 -1-.3-5 

4- 1.42 1.3 3· 
6 1.40 1.3 3 * 
& 1.39 1.32* 

10 1.39 1. 29* 

Blue Crab versus menhaden 
2 1.3 7 1.35 
4- 1.36 1.3 3 
6 1.37 1.33 
8 1.37 1.3 2 

10 1.32 1. 29 

1 D u ncan 's Multiple Ran ge T est. 
* P < .05. 

SUMMARY AND DISCUSSION 

Under the cond itions of the experiments 
reported hel'e, king crab meal has a relatively 
high nutritive value and can be u ed effectively 
in broiler feed. Rates of gr owth obta ined 
from feeding the diet contain ing crab meal 
were equiy ' lent to those obtained f rom a com
mercia l fo rmula , 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 
br eeding or laying diets, the crab meals could 
apparent ly 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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