13,4

csa/° /308

International ‘Jinter iheat Conference
June 5-10, 1972

Ankara, Turkey
Session: Wutritional Improvement of lheat
Title: ilutritional evaluation

Author: Constance Kics, Pu.b.
Professor of Food and .iutrition

Address: uUepartment of Food and dutrition
Laiversity of .ebraska
LiniceIn, devraska 004903, U.S.A.

Time: Thursday, June 6, 1972, 14:25 a.m.



Cereal and plant products are tiae ciizf scurce of cietary protein for tne
majority of people in the -orlu today. Iua general, plant proteins are considered
to Le of lower nutritional valu. c.an thuse of animal origins. liowever,
increasing populations «ill provauly iacrease ratiher tnan decrease numan depend-
ence on tiese resources.

Various approacnes may ue used in t.e improvermicnt of protein value of vasic
foods suca as .ic:t grain materials. ..uetaer tnese cnances arc ocased on genetic
production ov processing alte-ations, tuere is a need to assay supposed improve-
ments.

At the University of .cwraska, the vepartment of Agronomy and the Uepartment
of Food and wutrition recently entered into an agreement to couperatively invest-
igate the protein value of various tieat materials. Alt.ough votn departments
nave otiier independent projects concerned it nutritional evaluation of cereal
materials, the oojectives of tiis project are as follo.s.

1) To set up a mass testing opcration for Liological evaluation of

various vheat materials as sources of protein.

2) To attempt to isolate and define causes of variauvility among different

<heat samples in relation to protein value.

3) To lay a founcation for establisiment of general guidelines for

predicting the value of wieat materials as sources of protein.

This paper /i1l attempt to do tuo things:

1) Review our pnilosopuy for what we are doing and ity we have
selected the procedur °s we nave.

2) Review our progress. This project really is only fairly ueyond
the limitation stage.

One of the first problems to be faced in the evaluation of cereal products
such as those based on :ieat is that of goals. Suitable assay procedures should

be carefully matched with uitimate goals. Unlike many cereals, wheat is primarily
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consumed directly vy fiumans., Henze, geais for improvement in wheat protein
should be matched by goals for human nutrition. Expectations for human nutrition
in the large sense, nave not veen fully defined. 1ost practical assay tocols for
Judging adequacy of protein were originally derived for use in animal nutritfon
wnere greatest growth for least feed expenditure was the goal. Is to .ave
bigger humans tie goal! of numan nutrition? Is it more truly to nave longer life
Span or to improve "quality" of life? If these correlate well with growth, no
provlen exists; but this has not been shown te Le tne case. Practical evaluation
tools are difficult to develop witin well-defined goals for iuman nutrition as a
whole. Even so, efforts must be made for carrying out evaluation proceduras even
while recognizing t.aeir limitations.

Various interacting factors are involved in determining the protein value of
wheats as sources of protain. Some of the defined direct determinants are
tiought to be as follos:

1) Anino acid proportionality patterns. Lysine content has received

much stress in the case of wheat but otner interrelationsiips nay
well ve involved.

2) Total protein content.

3) Protein digestivility and amino acid availability.

%) Total nutritional environment.

Indirect determinants of value of wiheat materials as sources of protein may
involve the following:

1) Palatability and acceptability. kegardless of tie nucritional

merits of a product if people won't eat it or if dietary navits
limit its inclusion in the diet to very small amounts, its value
is nil.

2) Avail oility

3) Cost



4) Other constituents of tic wheat materials. Toese may enhance

or detract from valuz as protein resources.

5) Other constituents of the ciet. For example, if tie dict contains

legumes, usually fairly good sources of lysine, tiie relatively
loww lysine content of many wheat lines may be unimportant.

Ubviously, no single assay procedure could possivly take all of these factors
into account. An idealized approach to evaluating tihe value of a supplementary
protein wvould involve a sequential progression from chemical evaluations, to
biological evaluations with animals, to bioloyical evaluation witi iwumans, to
controlled field and uncontrolled field trials. For routine evaluation of large
numbers of test materials such a procedure is prohivitive in terms of time,
money and limitations of test materials. In tne .ebraska project, tue first
stage involving chemicai evaluation of amino acid proportionality patterns
{particularly lysine) and total protein content of tiie wheat materials is veing
carried out in the laboratory of Professor Paul :.attzrn, Department of Agronomy.
The second stage evaluation involving small animal biological evaluation is
being comnleted in our lacoratories. The mouse was selected tentatively as tne
animal model for biological assay in our laboratory for tue following reasons:

1) Low ration requirements of this animal makes practical the biological

evaluation of materials which, in some cases, are availacle only in
small amounts.

- 2) Relatively large amount of information available on nutritional re-
quirements of tie animal making data derived of more valid use in
terms of transfer of conclusions to other species including man.

3) Uniformity of animals due to long inbreeding reducing number of

test animals needed per group feeding evaluation.
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4) Availavility of weanling mice from commercial colonies eliminating

the need for establishing {(at this tire) of an independent breeding
colony which greatly simniifies the entire undertaking.

5) Acceptavility Ly the scientific community of tiis animal as a

suitable Lioassay tool.

Taroughout our studies weanling micc (18 g weignt at start of test runs) of
the Swiss iebster strain nave been used.

Several methods of Liological assay are availavle. The commonly used PER
method (protein efficiency ratio method) was considered. This method involves
feeding rations containing equal levels of protein (traditionally 10%) to growing
animals for test period of usually 28 days. PLR is equal to tie weight gain of
the animal per unit protein consumed. This metnod is of value for answering
questions concerning protein quality. Results obtained roflect adequacy of
amino acid proportionality patterns and protein digestibility primarily.

Humans eat in terms of portions or measures of food rather than in terms of
portions or measures of nutirients. For example, people select slices of bread;
they do not make selections on the basis of grams of wieat protein. Thus, among
wneat-eating peoples if other variables remain unchanged, an increase in protein
content of wheat will result in an increase in total dietary protein proportional
to the amount of wiheat in tie diet. People .i11 not reduce the amount of wieat
consumed on purpose to maintain a steady-state protein intake. This being tae
case, we decided to do the mouse Liological assays of the wheat samples using
rations formulated to contain equal percentages of wieat grain or wheat products
rather than equal percentages of wheat protein. Thus, the rations vary in protein
content preportional to the protein content of the test product. Ration consumed
per unit of weight gain is measured. This method is referred to as FER (feed

efficiency ratio). An increase in FER number value is indicative of a decrease
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in the value of the wheat as a source of protein. Results of this method are
dependent in theory upon protein quality (amino acid proportionality pattern),
protein quantity, and digestibility/availability.

The initial studies were devoted to an attempt to determine a desirable
ration formula. For testing purposes an ideal formula should not give maximal
growth of animals but should allow for separation among animals fed different
rations. Thus, the range in likely protein contents as incorporated into the
ration must be high enough to allow some growth Lut not so large as to allow
maximal growth for most samples tested. ueither no growth or maximal growtn
allows for separation among samples, the objective of the project. The ration

formula which works for us in bringing samples intc testing range is as follows:

Wheat 75%
Sucrose 9.8%
Corn oil 102
ilineral mix 5%
Vitamin mix 0.2%

A total of 600 g of grain or less is needea for each 5 mouse, 28 day,
assay.

Biological assay evaluation demands the use of control materials against
which all samples are measured in terms of animal performance. Casein has Leen
most commonly used for this purpose. For sake of tradition, we, too, use casein
control data but to increase the relevancy of the data, standard wheat materials
are also used as controls. After all, wheat is more likely to replace wieat
rather than wheat replacing casein in practice. tlic have been aole to get good
reproducibility in FER values for control materials on various runs.

Reports of value of various lines of wiieat grown at various locations as

sources of protein is somewhat tedious in a report such as this. Thus far we
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have collected insufficient data for general conclusions to be made. However
I thought that you might Le interested in spread of data and trends.

On Figure one, mean grouth of mice fed 30 vheat materials is plotted
against amount of ration consumed. Each dot represents the mean of 5 animals
fed each wheat material for 28 days. The encircled dots are casein control
values. Growth is plotted on the vertical axis and ration consumed on the
horizontal axis. ilean grouth of animals fed the various materials ranged from
5.3 g to 17.6 g over the 28 day period. ilan ration consumed ranged from 87 to
124.5 g. As one might expect there is seemingly a tendency for greater growth
with increased feed consumption. However, this relationship is not as clear-cut
as one might expect. Biological evaluation would be much easier if one simply
used growth as an evaluation. The work of measuring feed consumption is time-
consuming., However the variation in ration consumption illustrated inere
suggests the necessity of taking this measurement into account. FER value
obtained by dividing weight gain by ration consumed in part eliminates this
factor. However, this is not completely the case because efficiency of ration
for promoting growth is not the same at all points on the growth scale.

Figure 2 compares FER values and crude protein levels in the test materials.
FER values are charted on the vertical axis and protein content on the
horizontal axis. Each dot represents the mean value of 5 mice fed each wheat
material. FER values ranged from 6.3 to 21.5 while protein content of the test
materials ranged from 13.75 to 17.88%. An increase in FER value denotes a
decrease in nutritive value of the ration. Seemingly the value of the wheat
material as a source of protein tends to be related to the protein content of
the grain. This is particularly true at the extremes of protein content.
However, in the middle range, great variability exists. Tnis may be related to
variations in digestibility or lysine content. These factors are under

investigation. Other factors may also be involved.
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An important spin-off project from this testing program, my co-researcher
Dr. Hazel Fox and I believe, is a study ati:mpting to determine how will the
results of biological evaluation of w/heat materials using mice as bio-assay
tools correlate with biological evaluation with humans. after all, this type of
project is wortihless if the results do not closely approximate results in the
specie for which the materials are actually intended.

Tharee test wheat materials vere selected: Scout 66, Scoutland, and Gage.
Skim milk and casein were selected for positive controls. ilouse bioassays were
more extensive than usual because of relatively unlimited amounts of avaiiable
material. These evaluations included rations formulated at equal quantities of
grain (75% grain) fed at two levels of vitamin supplementation and rations
formulated at equal levels of grain protein (7% and 10%).

Human bioassays included tests with adults and growing adolescent boys.
In laboratory controlled study with humans procedures are somewhat different
than wit" animals. Instead of formulating rations according to formula and
allowing free consumption, in human studies it is pre-decided how much of the
test material each subject will consume each day. Instead of feeding uncooked
ground flour, it is necessary to incorporate the test materials into at least a
semi-palatability product. In this study baked, yeast risen rolls were used.
Evaluations were carried out at equal intakes of protein (4 g i per day) at two
levels of vitamin intake and at equal intakes of grain (150 g per subject per
day). The study with adolescent boys involved <omparisons at equal levels of
protein intake (4 g il per day). In human studies, the nitrogen balance technique
is used as the chief means of protein evaluation. The feeding phases of these
studies have been completed, however, evaluation of data is still in process.
By cooperation with other laboratories we hope to see the expansion of this

comparative data to other animal species.



Solution of world nutrition probiems requires many approuches by many
disciplines. I am delighted to be involvad with the area of agroncmy in their
approach to improvement of numan nutrition thrcugh improvement in wheat quality.
I believe that only through cross-disciplinary cooperation can solutions to the

multi-causal problems with which we are faced be solved.
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