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ABSTRACT

Studies were made to determine the relative supplemental value of fish protein
concentrate (FPC) and of lysine when added to wheat flour. The nutritive quality of the
supplemented wheat flour was determined before and after processing into bread.
Mixtures were prepared containing wheat flour and either 0 to 25% FPC or 0.1 to 1.0%
lysine. When unprocessed mixtures were added directly to rat diets at a 1.6% nitrogen
level, 15% FPC and 0.2 to 0.4% lysine produced the maximum weight gain, protein
efficiency ratio (PER), net protein utilization, and total protein and fat in the carcasses.
Maximum responses obtained with FPC were greater than those obtained with lysine.
When bread was added to diets at a 1.6% nitrogen level, 25% FPC and 0.4% lysine
produced maximum weight gain and PER. The protein ratings for bread supplemented
with 10 to 25% FPC were 35 to 150% higher than those for bread supplemented with
lysine. When bread was included in diets on the basis of 80% by weight, the highest
weight gains were produced with either 10% FPC or 0.4% lysine. With 10% FPC the
weight gain was 36% higher than with 0.4% lysine.

The supply of dietary protein must be increased to meet the requirements of the
world’s increasing population. Proteins of either vegetable or animal origin can be
used. Although vegetable proteins are less expensive and more abundant than
animal, the quantity and quality of proteins from vegetable sources are usually
inferior to those from animal sources.

One way that diets containing vegetable proteins can be improved is by
supplementing them with either synthetic amino acids or protein concentrates.
Laboratory studies have shown, for example, that the quality of protein in wheat
flour can be improved by supplementing it with lysine (1,2,3). The addition of fish
protein concentrate (FPC) to wheat flour will also increase the quality as well as the
quantity of protein in the final mixture (4,5,6,7). However, no studies have been
reported in which direct comparisons were made of the relative nutritional
effectiveness of FPC and lysine when added to wheat flour at various levels.

For human consumption, wheat flour is usually processed into food products,
such as bread. During processing, changes may occur that alter the nutritional
characteristics. Accordingly, it is important to compare the supplemental value of
lysine and FPC when they are added to wheat flour at various levels as well as when
the mixtures are processed into bread. The present studies were therefore
conducted to determine the relative supplemental value of FPC and lysine in
improving the nutritional quality of the protein in wheat flour, both before and
after processing it into bread.

lPresented in part at the 52nd Annual Meeting, Los Angeles, Calif., April 1967. The use of
trade names is merely to facilitate descriptions; no endorsement is implied.
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EXPERIMENT 1. SUPPLEMENTATION OF WHEAT FLOUR WITH EITHER FPC OR LYSINE
This study was conducted to determine the relative supplemental value of FPC
and lysine in improving the nutritional quality of the protein from wheat flour.

Procedure

The nutritional quality was determined in a rat-feeding study, and gain in
weight, protein efficiency ratio (PER), and net protein utilization (NPU) were used
as criteria for evaluation.

The samples used in the study were: baker’s grade wheat flour,
L-lysine-hydrochloride, and FPC. The wheat flour and lysine were obtained from
commercial sources, and the FPC was prepared from red hake (Urophycis chuss) by
extraction with isopropyl alcohol (8). The wheat flour and FPC were analyzed for
nitrogen, volatiles, and ash by AOAC methods (9). The amount of fat in the wheat
flour was determined by ether extraction (9); the amount in FPC was determined
by chloroform-methanol extraction (10).

Mixtures were prepared containing wheat flour and either FPC or lysine. FPC
was used in the mixtures at levels of 0, 5, 10, 15, 20, or 25%. Lysine was used at
jevels 0of 0,0.2,0.4,0.6, 0.8, or 1.0%.

Mixtures were added at a 1.6% nitrogen level to diets that were formulated to be
isocaloric. Table I shows the composition of the basal diet. A diet containing 1.6%
nitrogen from casein was included as a standard. In addition, a diet containing 0.6%
nitrogen from whole-egg powder was used as a control in the determination of NPU
(11).

Male weanling rats of the Holtzman strain were used to determine the nutritive
value of the diets. The rats were received at 22 days of age and were fed a diet
containing 15% casein for 2 days. They were then assigned to groups of ten on a
weight basis, and the groups were randomly assigned to diets. The animals were fed
ad libitum for 28 days, and the amounts of feed consumed and weight gained were
recorded. PERs were calculated by dividing the amount of weight gained by the
amount of crude protein consumed (nitrogen X 6.25). A small percentage of
animals was affected by enzootic viral pneumonia. To minimize the influence of
this factor, which was not related to the dietary treatments, we analyzed data from
only the eight animals gaining the most weight in each group.

TABLE I. COMPOSITION OF BASAL DIET

%

Nitrogen source?

Dextrose 80.0
Vitamin fortification mixP 1.0
Nonnutritive fiber 5.0
Salt mixture USP X1VP 4.0
Corn 0il® 10.0

a Dietary nitrogen in experimental diets was supplied by wheat flour supplemented
with either FPC or lysine. In the standard diet, dietary nitrogen was supplied
by ANRC casein, Sheffield Chemical, Norwich, N.Y.

bObtained from General Biochemicals, Inc., Chagrin Falls, Ohio.
©Mazola corn oil, Corn Products Company, N.Y.
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TABLE Il. PROXIMATE COMPOSITION OF WHEAT FLOUR AND FISH
PROTEIN CONCENTRATE

Fish Protein
Component Wheat Flour Concentrate
Dry matter, % 86.9 94.9
Crude protein, %2 14.2 85.0
Ash, % 0.43 13.1
Fat, % 0.11 0.22
2Nitrogen X 6.25.
TABLE Ill. EFFECT OF SUPPLEMENTING WHEAT FLOUR WITH EITHER
FPC OR LYSINE ON WEIGHT GAIN, PER, AND NPU
Average Daily Protein Net Protein
Dietary Protein Source Weight Gain Efficiency Ratio Utilization
g.
Wheat flour FPC
% %
100 (4] 0.90 + 0.052 1.04 £ 0.04 36.0+ 1.8
95 5 3.17 £0.07 2.32 +0.04 49.2 + 0.5
90 10 4,70+ 0.17 2.97 £0.03 60.0 £ 1.2
85 15 5.79£0.11 3.41 £0.05 66.9 + 1.3
80 20 6.77 £ 0.27 3.35 £ 0.08 6491+ 1.4
75 25 5.43 £ 0.16 3.43 £0.05 68.5 + 1.2
(o] 100 5.7510.18 3.51 £ 0.03 70.2 1.3
Wheat flour Lysine
% %
99.8 0.2 2,50+0.11 2.101+0.04 47.7 £1.1
99.6 0.4 2.39 £ 0.14 2.20 £ 0.03 52.8 £ 0.7
99.4 0.6 2.36 £0.10 2,19 £0.04 52.41+1.2
99.2 0.8 2.20 £ 0.06 2.12+0.04 51.3 £ 0.6
99.0 1.0 2.08 £ 0.06 2.08 £0.03 49.7 £ 0.3
Casein 4.85 +0.07 3.36 £ 0.05 68.3 +1.2
Tukey’'s W (P < 0.05) 0.65 0.22 9.8

8Standard error of the mean.

At the end of the 28-day period, all animals were killed and the carcasses of five
representative animals from each group were analyzed individually. The five animals
were selected on the basis of their numbered position in each group. The carcasses
were prepared for analysis and sampled by the procedures of Hartsook and
Hershberger (12). Total nitrogen was analyzed by the macro Kjeldahl procedure
(9). Samples were dried in a vacuum oven for 16 hr. at 50°C. to determine the dry
matter content. They were then analyzed for fat by extraction with ether for 16 hr.
NPU values were calculated according to the method of Miller and Bender (11).

For each group, standard error of the means was calculated for data on weight
gains, PERs, and NPUs. These data were also subjected to analysis of variance, and
differences between means were determined by Tukey’s procedure (13).
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Results

Table II shows the proximate composition of the wheat flour and the FPC used
in this study.

Table III shows the weight gains, PERs, and NPUs of animals consuming diets
containing wheat flour supplemented with either FPC or lysine. Replacement of
wheat flour with 5, 10, and 15% FPC produced major increases in weight gain,
PER, and NPU. At the 15% level, the weight gain was more than six times and the
PER value was more than three times that obtained with the unsupplemented diet.
No further increases were found with supplements of 20 or 25% FPC. The weight
gain produced with wheat flour supplemented with 10% FPC was similar to that
produced with casein. With 15% FPC, the PER and NPU values were equivalent to
those for casein.

Supplementing wheat flour with 0.2% lysine significantly improved weight gain,
PER, and NPU values. No additional significant responses were found with higher
levels of lysine, and the values tended to decline when from 0.6 to 1.0% lysine was
used. The responses obtained for all levels of lysine were significantly lower than
those obtained with casein.

The addition of 5% FPC or more to wheat flour produced higher weight gains
than those obtained when lysine was used. The PER and NPU values obtained with
5% FPC were similar to those obtained with the various levels of lysine. Mixtures
containing more than 5% FPC, however, produced higher PER and NPU values than
the lysine-containing mixtures.

The relative difference between the NPU values for unsupplemented wheat flour
and casein was considerably less than that between the PER values for
unsupplemented wheat flour and casein. Also, when wheat flour was supplemented
with either FPC or lysine, the response in NPU was less than that in PER. Campbell
(14) reported that NPU is not sensitive to lysine deficient diets and that it
overestimates the nutritive value of proteins that are deficient in lysine. Our results
tend to agree with his observation.

Figure 1 shows total amounts of protein and fat in the animal carcasses.
Addition of 5, 10, and 15% FPC to wheat flour greatly increased the total protein
and fat contents. With 20 and 25% FPC, the total protein content was similar to
that obtained with 15% FPC. However, the fat content in the carcasses decreased.
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Fig. 1. Carcass composition of rats fed diets containing wheat flour supplemented with varying
amounts of FPC or lysine.
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Addition of 0.2% lysine to wheat flour also resulted in increases in carcass
protein and fat. No further changes were found in the protein content with higher
levels of lysine. The amount of carcass fat decreased, however, when the amount of
lysine was increased from 0.2 to 0.4%. No further change in the amount of carcass
fat was noted up to a level of 1.0% lysine.

As is evident in Fig. 1, greater amounts of both carcass protein and fat resulted
when the animals consumed diets supplemented with FPC than when they
consumed diets supplemented with lysine.

EXPERIMENT 2. SUPPLEMENTATION OF BREAD WITH EITHER FPC OR LYSINE
This study was conducted to determine the nutritional quality of bread that was
prepared with wheat flour supplemented with either FPC or lysine.

Procedure

To determine the nutritional quality of the supplemented bread, we conducted
an animal study. The bread was included in diets as the sole source of protein. The
diets were fed to weanling rats, and the growth response of the animals and the
efficiency of utilization of the protein were determined.

The wheat flour, FPC, and lysine samples were similar to those used in
experiment 1. FPC was mixed with wheat flour at levels of 0, 5, 10, 15, 20, or 25%.
Lysine was added to wheat flour at levels of 0, 0.1, 0.2, 0.4, 0.6, 0.8, or 1.0% of the
final mixture. The mixtures were used to prepare bread according to the
formulation given by Sidwell and Hammerle (15). The bread, after being baked, was
freeze-dried and then ground through a Wiley mill. Samples of the bread were

TABLE IV. CRUDE PROTEIN AND LYSINE CONTENT OF BREAD
SUPPLEMENTED WITH EITHER FPC OR LYSINE

Composition of Bread

Mixtures Added to Bread Crude Protein? Lysine
% of % of crude % of
dry matter protein theoretical
Wheat flour FPC
% %
100 (o] 16.0 1.97 97
95 5 19.6 3.32 97
90 10 23.2 4.35 100
85 15 27.4 6.09 101
80 20 31.7 5.36 97
75 25 34.5 6.06 102
Wheat flour Lysine
% %
99.9 0.1 16.2 2.46 91
99.8 0.2 16.4 2.93 88
99.6 0.4 16.5 4.18 90
99.4 0.6 16.8 5.51 94
99.2 0.8 17.1 5.93 84
99.0 1.0 17.1 7.00 84

aNitrogen X 6.25.
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TABLE V. EFFECT OF SUPPLEMENTING BREAD WITH EITHER FPC OR
LYSINE ON WEIGHT GAIN, PER, AND PROTEIN RATING

Average Daily Protein Protein
Mixtures Added to Bread Weight Gain Efficiency Ratio Rating?
g.
Wheat flour FPC
% %
100 0 1.13 £ 0.05 1.13 £ 0.03 13.0
95 5 2.89+0.12 2.04 £0.04 30.0
90 10 4.311+0.14 2.53 +0.04 42.0
85 15 4.98 £0.13 2.86 £ 0.02 65.6
80 20 5.24 +£0.31 3.04 £ 0.04 65.7
75 25 5.99 + 0.05 3.35+0.04 77.9
Wheat flour Lysine
% %
99.9 0.1 1.49 £ 0.08 1.39 £ 0.03 16.6
99.8 0.2 2.59 +0.13 1.94 £ 0.05 22.9
99.6 0.4 3.87 £ 0.31 2.53 +0.07 31.0
99.4 0.6 2.93+0.13 2.30 £0.07 28.6
99.2 0.8 2.55 1+ 0.04 2.231+0.03 26.0
99.0 1.0 2.42+0.22 2.14*0.10 26.5
Casein 5.34 £ 0.15 3.28 £ 0.03
Tukey’'s W (P < 0.05) 0.81 0.24

acCalculated by multiplying the amount of protein in 150 g. of fresh bread by the
PER (corrected to 2.5 for casein), as outlined by Campbell (16).

bStandard error of the mean.

analyzed for nitrogen by the macro Kjeldahl procedure (9), for lipids by ether
extraction (9), and for lysine with an automatic amino acid analyzer.

The bread was incorporated into diets that were formulated in two different
ways: cither the diets were formulated to contain 1.6% nitrogen from the bread
samples or the diets were formulated to contain 80% by weight of the bread
samples. Both diets were formulated to be isocaloric. The composition of the basal
diet was the same as that used previously.

The nutritive value of the diets was determined by the same procedures as were
used in experiment 1. Weight gains were determined for all diets and PER values
were calculated for diets containing 10% protein. Because a small percentage of
animals in the experiment was affected by enzootic viral pneumonia, we analyzed
data from the eight animals gaining the most weight in each group.

The protein ratings of the bread were determined by the method of Campbell
(16). We calculated these ratings by multiplying the PER (corrected to 2.5 for
casein) by the amount of protein in a “reasonable daily intake” (150 g. on a fresh
basis) of bread.

Results
Table IV shows the crude protein and lysine contents of the bread
supplemented with either FPC or lysine. As would be expected, addition of FPC to
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bread greatly increased the concentration of protein, whereas the addition of lysine
did not alter its concentration significantly. The actual amounts of lysine in the
bread supplemented with FPC were similar to the theoretical values which were
based on the amount of lysine in the components used in the bread formulations as
determined by analysis. Bread supplemented with lysine, however, contained
between 84 and 94% of the theoretical amounts that were used in the formulations.
Thus, between 6 and 16% of the lysine was unaccounted for, and it was presumably
lost during processing.

Table V shows the results of the animal study in which diets contained 1.6%
nitrogen from the bread samples. Addition of mixtures of wheat flour and of from
5 to 25% FPC to bread resulted in increased gains in weight and PERs. The greatest
percentage response was obtained when either 5 or 10% FPC was used.
Supplements of from 0.1 to 0.4% lysine also increased both of these criteria. The
PER results obtained with 10% FPC were similar to those obtained with 0.4%
lysine. Whereas higher levels of FPC produced additional responses, greater amounts
of lysine tended to depress the gain in weight and PER.

Table V also shows the protein ratings of the bread. The ratings increased as the
amount of FPC was increased from O to 25%. The addition of 0.1, 0.2, and 0.4%
lysine to bread also increased the ratings; however, they decreased when levels of
lysine higher than 0.4% were used. The protein rating of bread supplemented with
5% FPC was similar to that of bread supplemented with 0.4% lysine.

Figure 2 shows the gains in weight of animals consuming diets with 80% bread.
When 5 and 10% FPC were used, the weight gains increased substantially. The rate
of weight gained was near maximum when 10% FPC was used, and only a slight
increase occurred when higher levels of FPC were used. Gains in weight also
increased when 0.1, 0.2, and 0.4% lysine were added to the wheat flour in bread.
Higher levels of lysine, however, produced a slight decrease in the amount of weight
gained. The results with 5% FPC were similar to those obtained with 0.4% lysine.
However, higher levels of FPC produced gains in weight that were nearly 50%
higher than the maximum amount obtained with lysine.
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Fig. 2. Weight gains of rats fed diets containing 80% bread supplemented with varying amounts
of either FPC or lysine. (Standard error of the means is shown at each point on curve.)
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DISCUSSION

These studies were conducted to evaluate the nutritional effects of
supplementing either wheat flour alone or wheat flour processed into bread with
varying amounts of either FPC or lysine. The studies were designed to determine
the optimum level of each supplement, as well as to compare the effectiveness of
the two supplements. In each case, the amounts that were used covered a wide
range, and it was expected that the higher levels would be above the amount needed
to produce an optimum response. These wide ranges were used to obtain
information on the effects of using FPC and lysine at levels below and above the
optimum amounts.

In the first experiment in which wheat flour was supplemented with FPC, the
optimum nutritional response was obtained with 15% FPC. Increases in weight gain,
PER, NPU, and total protein in the carcass were obtained when 5, 10, and 15% FPC
were used. Higher levels of FPC did not produce additional responses. Other
workers have reported the results of studies in which wheat flour was supplemented
with FPC (4,5,6,7), but they did not determine the minimum level of FPC needed
to produce the maximum nutritional response.

In comparing results from different studies in which FPC is used as a
supplement, particular attention should be given to the manner in which the levels
of FPC are expressed. For example, Sure (6) studied the effect of supplementing
wheat flour with FPC and expressed the amounts of FPC as percentages of the total
diet. When either 1, 3, or 5% FPC was included in diets at the expense of wheat
flour, substantial improvements were found in the gains in weight of rats and the
PER. These improvements were the result of both an increase in the protein
content of the diets and an increase in the quality of the protein.

In a study in which corn flour was enriched with FPC, Bressani (17) also
expressed the amounts of FPC as percentages of the diet. He added increasing
amounts of FPC to diets and concluded that a minimum of 3% FPC would produce
the maximum PER, although 8% FPC was required to product the maximum gains
in weight. As in the previous study, the responses obtained were the result of
increases in both quantity and quality of the protein in the diet.

In our studies, the levels of FPC were expressed as percentages of wheat
flour-FPC mixtures. Thus when the mixtures were incorporated into diets at a 10%
level, the percentages of FPC in the diets were considerably less than in the original
mixtures. For example, when the mixture containing 15% FPC was used, the
amount of FPC in the total diet was 6%. In a study such as this, we believe that to
express the amount of FPC as a percentage of the protein mixture is more
meaningful than to express it as a percentage of the total diet.

The data obtained when wheat flour was supplemented with lysine indicated
that the optimum level of lysine was about 0.2%. When this amount of lysine was
added to wheat flour, significant increases occurred in the gain in weight, PER,
NPU, and total carcass protein. When 0.4% lysine was used, an additional slight
increase in PER and NPU occurred. However, higher levels of lysine had a
depressing effect. The results obtained when wheat flour was supplemented with
lysine are consistent with those reported by others (1,3).

Greater nutritional responses were obtained when wheat flour was
supplemented with FPC than with lysine. This would be expected because FPC
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supplied all the essential amino acids, whereas with lysine only the first limiting
amino acid in wheat flour was supplied. Of particular interest, however, is the
magnitude of the differences in nutritional quality. When wheat flour was
supplemented with 15% FPC, the gains in weight of rats were nearly three times
higher than those obtained with 0.2% lysine (Table III). Also, the highest PER and
NPU values obtained with lysine were only 65 and 77%, respectively, as high as the
maximum values obtained with FPC. Thus, supplementing wheat flour with FPC
can result in a protein mixture that is superior in quality, as well as quantity,
compared to that produced when only lysine is used. Hegsted (18) has recently
questioned whether the quality of wheat flour supplemented with lysine would be
high enough to fulfill the protein requirements of humans. Graham et al. (19),
however, recently reported that the nutritional quality of wheat flour was
significantly improved when supplemented with 0.2% lysine and fed to infants.

The second experiment was conducted to compare the effectiveness of FPC and
lysine in improving the nutritional quality of bread. In evaluating protein
supplements, we believe it is important that they be used in products for direct
human consumption. Bread is a product that is widely consumed, so it is an
excellent vehicle for supplying protein in the diet. Consequently, in this study,
bread was the product that we used to evaluate the supplemental value of FPC and
lysine.

Other studies have shown that the nutritional quality of bread can be improved
by supplementing it with lysine (20,21,22,23). Jansen et al. (21) reported that part
of the lysine added to bread was either lost or rendered unavailable during baking.
In our studies, 6 to 16% of the lysine was lost during baking. However, the PER
values obtained with lysine-supplemented bread were not lower than those obtained
in experiment 1 with lysine-supplemented wheat flour. In fact, the PER of bread
supplemented with 0.4% lysine was higher than that of unprocessed wheat flour
supplemented with 0.4% lysine.

It has also been shown that the addition of FPC to bread will improve its
nutritional quality (5,7,22). Morrison and Campbell (5) reported that the addition
of 10% FPC to white bread increased the PER value by 198% Yanez et al. (7)
found that 6% FPC and 12% skimmilk powder produced similar increases in the
protein values of bread. With both supplements, however, there was some loss in
the quality of the protein during baking. v

In our studies, we also found that processing reduced the quality of protein in
bread supplemented with FPC. Using comparable levels of FPC, we found that the
PER values for bread were lower than those for wheat flour. For example, with
wheat flour, the highest nutritional value was obtained with 15% FPC, whereas with
bread, a level of 25% FPC was required to product the highest nutritive value.
Apparently lysine was not lost during baking (Table IV), so the decrease in
nutritional quality may have been caused by a loss of other amino acids or a
reduction in the availability of the amino acids.

Two important aspects to be considered when protein supplements are used in
foods are their effect on the total protein in the product and their effect on the
quality of the protein in the product. In the present study, addition of FPC to
bread increased the amount of total protein, as well as the quality of the protein.
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The use of lysine did not markedly affect the protein content, but the quality of
the protein was significantly increased.

In an attempt to combine these two aspects into a single index, we used the
method of Campbell (16) to calculate the protein rating. Although his method is
empirical, it does provide a basis for comparing the over-all effects of using protein
supplements in foods. When only the quality of the bread, as measured by PER,
was determined, that with 10% FPC was found to be essentially equal to the sample
with 0.4% lysine. However, when both quality and quantity of protein were
considered by calculating the protein ratings, the value for bread with 10% FPC was
36% higher than the value for bread with 0.4% lysine. By this measurement, bread
with 5% FPC was essentially identical to that with 0.4% lysine.

Another attempt was also made to evaluate the quality and quantity of protein
in the bread samples by including them in diets on a basis of constant weight rather
than on the basis of 10% protein. The responses obtained when the diets were fed
to rats obviously reflected both the amount and the quality of protein in the bread.
Because humans normally would not consume bread on an equal-protein basis, we
believe that this method of evaluation is more practical.

When this method was used, animals consuming bread with 10% FPC gained
nearly as much weight as those consuming bread with higher amounts of FPC. In
the lysine series, bread supplemented with 0.4% lysine produced the highest gains in
weight. In a comparison of the responses obtained between the two supplements,
the differences were similar to those obtained when the protein ratings were
calculated. That is, bread with 5% FPC and that with 0.4% lysine produced similar
gains in weight. When 10% FPC was used, the gain in weight was 36% higher than
when 0.4% lysine was used. Thus, by this method of evaluation, the optimum levels
of supplementation were 10% for FPC and 0.4% for lysine.
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