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A REVIEW

The effect of processing on the nutritive value of
proteins is reviewed on the basizs of nitrogen distri-
bution, quality indexes, chemical scores, efficiency ra-
tios (enzyme activity), and amino acid content. Tt is
generally agreed that amino acid composition does;not
reflect changes in nutritive value effected by heat,
storage, dehydration, unless some measure of decompo-
sition has taken place. Rate of liberation of essential
amino acids on in vitro hydrolysis has given sensitive
and reproducible tests of protein changes. The need of
measuring nutrients as they are modified by processing
ig discussed.

Papers entitled “nutritive value . . . ” have been pub-
lished on a great many organic substances used for
human and animal diets. Results are usually expressed
as protein quality index (1}, chemical score (2), diges-
tion index (6), biological value (Z), protein efhciency
ratio (2), apparent digestibility {72). They represent
chemical and in vitro tests on food products, chemnical,
morphological, growth, maintenance, production studies
on experimental animals.

The purpose of this paper is to review briefly labora-
tory measures of nutritive value. To properly process,
store, and utilize fishery products, the fisheries tech-
nologist must have accurate, reproducible, sensitive
tests, applicable to laboratory control of plant produc-
tion. They must not only detect changes in nutritive
value but also provide an insight into the reasons for
these changes. The time may come when the nutritive
value of canned and {frozen fish has as much economic
importance to the processor as the mechanics of process-
ing. Fish meals are ready now to make the transition
from the status of reduction products to chemical com-
pounds. Yet before the market reflects exact values of
nutrients, we must be able to express them as they are
modified by mechanical and chemical treatments.

We know that chemica! analysis of nitrogen does not
measure a difference in quality (7). Only in chronic
inanition is there a measurable difference (decrease) in
total mitrogen or non-protein nitrogen of experimental
animals /15). Nitrogen distribution has been suggested
as an index of nutritive value of fishery products (§).
Straight chemical tests of nitrogen fractions are cor-
related more with spoilage than with nutritive value.
Lassen &), studying storage of fish press liquor before
condensation to solubles, found that as true-protein
nitrogen decreased, not-protein and ammeonical nitrogen
increased. The growth-promoting ability of the product
and also the amino acid content showed corresponding
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decreases with loss of true protein nitrogen. Total
amino nitrogen by formol titration increased with de-
crease of true protein and decrease in amino acid
content.

For years we hdve been unable to arrive at an objec-
tive test for spoilage on this basis, due largely to dii-
ferent proportions of nitrogen fractions in different
fish, different bacterial flora and different initial condi-
tions of environment. Possibly il absolute values for
inittal nitrogen fractions were established on a single
product prior to change, and the rate of change fol-
lowed, spoilage might be measured.

Almquist (1) expanded the nitrogen distribution by
chemical tests into in vitro tests for indigestible nitro-
gen. This factor, brought into an equation of nitrogen
fractions, has made the “protein quality index” a
measure of digestibility, hydrolysis, autolysis and
natural distribution. Indexes based on analytical tests
for mitrogen fractions can be correlated with nutritive
value only by biolegical verification and there is still
no explanation of what happens when a change is noted.

Quantitative proportions of amino acids occupy the
attention of many research and quality control workers
today. While these determinations are imperfect, ex-
tensive checks between laboratories show an average
coefficient of variation of 8.9 percent (5, 11). Acceptable
assay procedures which include strong acid and alkali
hydrolysis show no significant lowering of amino acid
content of fish products after canning, It seems likely
that some measure of decomposition must take place
hefore the percentage of amino acids reflects this change.
In the case of tryptophan, which occurs in fish muscle
slightly over 1 percent of the total protein, the coefh-
cient of variation found in this work (77} was 17.5
percent which means that occasionally a single labora-
tory check ona processed product could be 0.65 percent
or 1.35 percent and still not be significantly different
from an initial vatue of 1.0 percent.

Block and Mitchell (2) have used amino acid com-
position to arrive at a “chemical score” in an attempt to
correlate chemical composition with nutritive value.
The score is based on the percentage of a limiting amino
acid compared with the composition of whole egg pro-
tein taken as an optimum standard. An example of
this measure is wheat protein which contains 63 percent
less lysine than whole egg protein and this value sub-
tracted from 100 gives a chemical score of 37. The
work shows excellent agreement in most cases with
protein efficiency ratios and biological wvalues by the
nitrogen balance method. Comparisons of chemical
score with bioassays show a correlation coefficient of
about 0.83. This means that seven out of ten changes




in chemical score are due to variations in biological
value but that three are not, due to error in measure-
ments or the fact that no correlation exists.

The authors explain that, especially as influenced by
heat, proteins may undergo changes, that impair their
nutritive value without disturbing the amino acid com-
position as ordinarily determined. The same conclu-
sions were reached by Clandinin (3) who found little
difference in total amino acids after acid hydrolysis in
five fish meals processed quite differently. On the basis
of growth tests it would appear that these values do not
predict nutritive value.  Amino acids liberated by
enzyme hydrolysis (hog intestinal mucosa for three
days digestion) were depressed from 21.53 percent in
the case of stack temperatures (flame drying method)
of 183°F. (85°C.) to 299 percent at 220°F.
{105° C.). Fish meals showing damage by growth tests
and decreases in enzymatically available amino acids
were supplemented with the suggested limiting amino
acid with only partial success in restoring nutritive
value.

Previous work of this same nature (I3) brings out
the fact that the total amino acid content of soy bean
oil meals is not changed from the raw to the properly
heated product and that in the case of overheating, only
three essential amino acids, lysine, arginine and trypto-
phan, show a loss. In contrast, each essential amino acid
showed increase by proper heat treatmient and decrease
by excessive heat when aliquots for the assay were
taken from pancreatin digestions. Hydrolysis was car-
ried to five days and the alpha amino nitrogen in the
digested fraction (undigested proteins were cleared by
precipitation with glacial acetic acid at the iso-electric
point) was measured by the nitrous acid micro-method
of Van Slyke.

Melnick and Oser (10) are also of the opinion that
products may be improved or impaired in value al-
though showing no change in amino acid composition.
They propose a method of in vitro digestibility for fol-
lowing nutritive values in food processing. The method
consists of digestion under toluene of a sample with
suboptimum levels of pancreatin at the optimum pl
with periodic formol titrations on aliquots. There is
some question as to what is measured in this titration,
but under the conditions of this work, starting at a pH
of 7.0, adding formalin and carrying the titration to
pil 9.0, it is a measure of free amino groups.

Proponents of the in vitro enzyme hydrolysis method
as a measure of nutritive value contend that more im-
portant than amino acid composition or liberation of
amino acids under optimum conditions of enzyme
hydrolysis is a measure of the rate of liberation. Sensi-
tive tests for protein denaturation can apparently be
worked out by formol titrations showing percent di-
gestion against time. In the work cited (10). two sam-
ples of dried skimmilk, one freshly made and one after
a year’s storage, showed the same amino acid composi-
tion and coefficient of digestibility, yet an appreciable
difference in biological value and rate of in vitro hy-
drolysis. For factory control of processing, this test,
standardized to an enzyme and substrate level for each
product, may have a distinct use. True, 1t measures

only susceptibility of a tnaterial to pancreatin digestion
and does not elucidate the problem of what happened
if a change is noted. Accompanying amino acid assays
could be run from aliquots and compared with initial
content to study rates of amigo acid liberation. For
example, microbiologically active lysine was liberated
from heat-treated casein at a much slower rate by this
method of pancreatin digestion than from unheated
casein. It was pointed out that the rate of release of an
essential amino acid may be so slow as to limit its use
in the gastrointestinal tract. If the in vitro rate of
hydrolysis can predict this action it is more important
than a measure of amino acids by acid hydrolysis or
continued enzyme action, which may show optimum
amounts available.

Another report along the same thought is by March,
Stupich and Biely (9) suggesting a measure of nutritive
value from the aming acid content based on total (acid)
hydrolysis, corrected for indigestible protein (residue
from pepsin digestion, factor “B” in Almquist’s pro-
tein quality index) and non-protein fractions, Here,
however, neither total nor available amino acid levels
of different fish meals gave a satisfactory correlation
with growth response in chicks. Good correlations were
found between available tryptophan times digestible
protein-nitrogen, and chick growth, and between avail-
able methionine plus cystine times digestible protein-
nitrogen, and chick growth.

Freed, Brenner and Fevold (6), using in vitro pan-
creatin hydrolysis of protein as a digestibility measure,
have eliminated the variability in expressing results by
rate of digestion or titration values. They find a con-
stant index regardless of sample weight or time of
digestion in a formula “percent hydrolysis/gram™ pro-
tein x days”™” They emphasize the fact that this
digestion index is not necessarily analogous to biclogi-
cal evaluation.

We do not know from this technic whether different
values mean a destruction of amine acids, decomposition
of the product, changes in solubility or actual changes
in susceptibility to enzyme action. A process may
destroy an essential amino acid and at the same time
permit a better rate of hydrolysis in the remaining
protein.

Rizzo, Davis and Smith (4, 74), have shown that
lactalbumin goes through a deleterious change when
autoclaved at 248° F. (120° C.). They found decreased
digestibility (nitrogen excreted per gram food con-
sumed), decreased formol titration values (nitrogen in
supernatant fluid after in vitro digestion) and de-
creased biological values (change in weight per gram
food eaten) and concluded that this change is due to a
lowered susceptibility to enzymatic hydrolysis. Formol
titration on pancreatin hydrolysates showed very nicely
that this change is more rapid when the protein is auto-
claved than when baked in a dry oven.

Enzyme activity has been suggested as a measure of
general protein metabolism or possibly amino acid
availability. Williams and Elvehjem (16) working with
experimental animals and cognizant of the fact that
gross body changes are not usually sensitive enough to
reflect smali differences in protein metabolism, have




measured the relation of liver xanthine oxidase activity
to dietary protein. Xanthine oxidase is a flavo-protein,
the prosthetic group of which consists in part of ribo-
flavin-adenine dinucleatide. Its decreased activity may
indicate incomplete assimilation of amino acids or in-
complete digestion of a protein. Using adult male rats
of uniform strain and measuring enzyme activity in
#10, per gram liver protein, a 14.6 percent casein ration
showed less than normal activity, The addition of 0.25
percent methionine to the basal cascin ration, an iso-
nitrogenous level of acid-hydrolyzed casein adjusted for
tryptophan, a purified amino acid mixture correspond-
ing to the hasic ration and 40 percent casein, produced
normal enzyme activity. The conclusions were that
xanthine oxidase activity was subnormal on a 14.6 per-
cent casein diet because the animals were unable to
utilize all the methionine and that this was due to the
incomplete digestion of the protein.

Research in the writer’s labaratory on the effects of
processing on fish protein as measured by amino acid
content, digestibility by {ormal titration, rate of libera-
tion of essential amino acids by pancreatin and chick
growth, will be presented in a later paper. Results so
far indicate that where chick growth and {eed efficiency

_comparisons are taken as accurate expressions of nu-
tritive value, the essential amina acid composition
expressed as a chemical score and re-expressed as a
biological value by regression equations, accurately re-
flects changes in fish protein due to processing. It does
not reflect the comparative value of casein or casein
supplemented with cystine as related to fish protein.
Neither rate of essential amino acid liberation in pan-
creatin digests nor digestibility by formal titration
indicates essential amino acid deficiencies which were
refiected in the chemical score and chick assay.

With pressure to develop new processes from the
“customer acceptance” and the “economics of process-
ing” standpoints, it seems essential in the interests of
science that food technologists have methads of follow-
ing the nutritive value as an aid to the utilization of a
product, We know that there is some change in pro-
teins when enzymes are inactivated, when bacteria lose
their power to reproduce, in short, when preservation is
effected. We want to produce processed foods of as
high or higher nutritive value, if possible, than they
had in the original condition. There is evidence that
some means of preservation makes proteins more sus-
ceptible to enzyme action than they are in the native

form. The volume of recent literature om nutritive
values of foods as influenced by processing shows that
the importance of this subject is recognized by food
technologists.
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