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ABSTRACT

Analyses for secific gravity; total solids, total nitrogen, protein nitro-
gen, and nonprotein nitrogen are reported for 73 seedling samples grown
in Maine, and for 10 selections grown in Idaho. The interactions between
the various constituents, as indicated by regression analysis, are discussed.
These samples indicate a potential for breeding a variety of potato with a
higher than average protein content, but further work is necessary to
determine the inheritance pattern. This’ work is in progress.

RESUMEN

Se reportan analisis para investigar gravedad especifica, solidos totales,
nitrégeno de proteinas y nitrégeno de otros compuestos 1no proteinicos
de 73 muestras de brotes crecidos en Maine y de 10 selecciones crecidas
en Idaho. Se discuten las interacciones entre los varios constituyentes,
como estan indicadas por el andlisis de regresion. Estas muestras indican
un potencial de producir una variedad de papa con un contenido de

proteina mas alto que €l promedio pero se necesita trabajo adicional para
determinar el modo de herencia. Este trabajo estd en progreso.

While the potato has long been known as a nutritious food, the car-
“bohydrate to protein ratio is relatively high. Hartwell (7) reported that
the potato, as the only source of protein in the diet, was not adequate
o meet the needs of the rat unless consumed in large quantities. Kon and
Klein (10) quoted the work of Hindhede (8) to show that the potato
can serve as the sole source of nitrogen for humans. These authors then
confirmed Hindherde by showing that a man and woman were maintained
in good health, on such a diet, for 167 days. To obtain the 5.7 and 38 g,
respectively, of nitrogen that they consumed daily (sufficient for nitrogen
equilibrium), they ate an average of 1680 g (3.7 1b.) and 1120 g (2.5
Ib.) of potatoes, respectively. If the protein content of the potato was
considerably higher, in relation to the starch content, it could provide a
significant protein intake even at reduced consumption levels and, thus,
be an improved food not only in the United States but in less developed
areas. :

It has also been shown that, unlike many foodstuffs, the nonprotein
nitrogen of the white potato has considerable nutritional value, since it
consists largely of free amino acids, a factor which ‘compliments the
potato protein nutritionally (2).
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Based upon these and other reports, an investigation has been under-
taken into the possibilities of breeding a potato variety of much greater
protein content than is presently-available. The consequences of this in-
crease, in addition to improved nutritional value, could, of course, be
many and varied. Growing, storage, cooking, processing, flavor and texture
qualities may be altered, and the direction of these changes cannot be
predicted. It is, therefore, necessary to proceed with the breeding steps
and determine the ultimate results experimentally.

It is a generally accepted concept that the level of soil fertility
and nutrient availability affect the protein content of a specific potato
variety. Early workers were not convinced that a potato variety could
transmit desirable characteristics to its progeny. Grabner (6) reported
that several potato selections, having the same parents, differed much
in starch content. Modern techniques in genetics, statistics, and analytical
procedures have shown that there are varietal differences in potato
protein content. Sengbusch (14), in rating potato varieties, set his stand-
ard of value as the amount of protein produced, in relation to starch, per
unit of land surface. Also Novak (13) reported that potatoes from Holland
contained a high percentage of protein while those from Denmark had a
low protein content. He discussed the possibility of developing new var-
ieties of potatoes with higher protein content.

Therefore, with the ready availability of many experimental potato
selections, it-was thought that a survey of these for total nitrogen, pro-
tein nitrogen and nonprotein nitrogen, as well as the calculated ratio of
protein nitrogen to nonprotein nitrogen, would indicate the rage of values
with which the geneticist could work. In addition, the possibility of one
or more potato selections with an interestingly high protein content,
which might be transmitted to its progeny, was of interest. This paper is
a report of the analyses of 83 selections.

MATERIALS AND METHODS

The two sources of the potato samples were as follows: (a) A series
of 73 breeding samples propagated, under the supervision of one of us
(R. V. A.), at the Maine Experiment Station, Presque Isle, Maine; and
(b) a ‘series of 10 parents and selections furnished by Dr. Joseph J.
Pavek of the USDA Agricultural Research Service stationed at the
Idaho Branch Experiment Station, Aberdeen, Idaho.

The Maine samples consisted of about 5 1b. each of 73 seedling
samples. These were all grown in the same plot, thereby eliminating as
much as possible any variables due to growing conditions. Immediately
after harvest these samples were shipped from Maine to the Campbell
Institute for Agricultural Research, Riverton, New Jersey, where they
were stored at 42 F (5.55 C) ‘and 85% relative humidity. About 15
samples at a time were transported to the Laboratory in Philadelphia
for analysis. ‘

_ The Idaho samples were a general cross section of selections with a
bias toward those high in specific gravity. Eight of these, in vield trials,
had a mean specific gravity of 1.100 and included the high solids Tenape
variety. These samples were analyzed immediately upon reception at the
Laboratory and are reported according to their pedigree numbers, followed



5y an asterisk to differentiate them from the Maine samples. .

All of the samples were analyzed in the same manner, and duplicates
of each were used in the analysis. Each sample (ca. 5 1b.) was graded
in two equal rows starting with the largest and ending with the smallest
tubers. Each row (ca. 1200 to 1400 g.) was separately treated as a dupli-
cate sample. The potatoes were thoroughly scrubbed to remove all foreign
matter and the specific gravity was determined by weighing in air and
in water by the method of Murphy and Govern (12). The total solids
figure, as indicated by specific gravity, was used to determine the moisture
content of each sample for extraction purposes. Sufficient absolute ethanol
was added to the tubers, in a large Waring Blender,* to bring the alcohol
content to 70% w/w, considering the original moisture content, as
described by Talley et al. (17).

From this potato-alcohol slurry, the following aliquots (by weight)
were taken in duplicate and analyzed by the indicated method.

1. Samples for direct total solids determinations: Aliquots were
placed in weighed aluminum moisture dishes, covered and weighed im-
mediately. Ethanol and water- were removed by heating in a mechanical
convection oven at 60 C for 3 hrs., followed by 2 hrs. at 130 C. The
per cent solids was calculated from the residue weight.

2. Samples for total nitrogen by microkjeldahl. Aliquots were pipetted
into weighted microkjeldahl flasks, capped, and weighed immediately. Sul-
furic acid (1 ml., conc.) was added and the flasks recapped. These samples
were held for subsequent analysis in the usual manner.

3. Samples for protein nitrogen determination. These analyses were
carried out by using a modified method of White (18). About 8 in. of
nitrogen-free, cellulose dialyzer tubing, with an inflated diameter of 0.25
in.. was tightly knotted twice at one end. The tubing was pre-opened,
by sliding a section of 74 in. OD teflon tubing into the open end, and
then placed in a corked, numbered test tube. The tare weight of the
entire assembly was recorded.

A sampling syringe was made as follows: The tip of an 8 in. section
of 14 in. OD teflon tubing was drawn to about one-half its diameter. The
opposite end was spread into a flange. This flange was then fitted with a
small rubber bulb. The syringe was used to withdraw extract aliquots
from the potato slurry and to transfer it to the dialyzer tube with facility.
A reasonable headspace was left in the bag when sealed by means of
two firm knots. By replacing the filled dialyzer bag into the corked test
tube immediately, accurate net weights could be recorded even if alcohol
diffusion and evaporation had begun. -

The potato slurry was dialyzed against running tap water which,
during the winter months when this work was carried out, remained
sufficiently cold (10 to 15 C) to discourage the growth of organisms in
the samples. A 20 hr. dialysis was sufficient to remove the free amino
acids, amides, and low molecular weight peptides. After the dialysis period,
the bags were rinsed with distilled water and carefully opened in the area
of the headspace. They were inverted and dropped into kjeldahl flasks
which, after addition of 1 ml. of conc. HySO4, were immediately capped.

4Mention of company or trade names does not imply endorsement by the Department
of Agriculture over others.not named.



Kjeldahl analysis of the cellulose tubing and sample resulted in the protein
nitrogen content of the sample. The difference between the protein :rmd
total nitrogen values was considered as the nonprotein nitrogen fraction.

4. Samples of the slurry, equivalent to 50 g fresh weight of potato,
were withdrawn and held in the cold in the event that additional analytical
samples were required.

Linear regression curves, used to study the data, were calculated and
plotted with the aid of the IBM 1130 computer. The procedure used for
calculation of these curves was based on least squares fitting (4).

The equation used in the calculation of the 95% confidence limits
for the linear regression data, was taken from Draper and Smith (3).
These limits were also calculated and plotted by means of the IBM 1130
computer. Standard error of the mean was calculated by means of the
equation :

/3(Y — Y cale.)?
SE = /

n (n—2)

REesuLts AND Discussion

Table 1 presents the analytical data for the 83 samples, arranged
according to decreasing total nitrogen content. The analyses include total
nitrogen, protein nitrogen, and nonprotein nitrogen on both a fresh and
a dry basis. In addition, the calculated values for percentage of protein
nitrogen and of nonprotein nitrogen in the total nitrogen fraction and the
protein nitrogen to nonprotein nitrogen ratios are given.

Many years of study of the chemical composition of potatoes have
revealed that an increase in the dry matter of the tuber is accompanied
by a comparable increase in the starch content. This has led to the pre-
vailing opinion that the non-starch solids are relatively constant over a
wide range of total solids variation. Burton (1) has reported this constant\
tos be about 6%. Many tables in the literature corroborate this value
(5,9, 11).

Recently, Houghland (9) discussed the relationship of specific gravity,
dry matter and starch content and showed that, in potatoes having 13.3%
total solids, about 56.5% of this dry matter consisted of starch. At a total
solids content of 32.2%, however, he showed the starch content to be
79.0% of the dry matter. On a fresh basis, this would mean there was
an increase of only 1% in the non-starch fraction of the tuber, and an
increase of 18.9% in the solids or an average of 0.0529% non-starch
for each 1% increase in total solids between these two extremes.

Since the total nitrogen content of tubers ranges from 1.4-2.8% of
the dry weight (16) and the protein nitrogen content rarely exceeds
50% of this value, any efforts to increase the protein content of potatoes
by merely breeding for an increase in dry matter content would show
little promise of success.

These observations generally hold true for the 83 samples included
in this study. While there were some exceptions, which will be discussed
later, the curve of the regression data (Fig. 1) having an F.value of
40.4 indicates, with 95% confidence, that the percentage of total nitrogen
on a dry weight basis, is higher in low solids potatoes than in those of
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F16. 1—Regression of total nitrogen (moisture free basis) on total solids. sx = 0.007.

high solids which could be predicted from the Houghland data (9). Even
though the point scatter appears fairly wide, the narrow confidence limits
about the curve indicate its reliability. Again on a dry weight basis, similar
calculation for total solids vs. protein nitrogen and total solids vs. non-
protein nitrogen, respectively indicate a direct correlation with the total
nitrogen data. These data are also significant at the 95% level.

Observation of these three nitrogen values plotted against total solids,
on a fresh weight basis, shows that there is a reversal of the slopes of
the curves for total and protein nitrogen (Figs. 2 and 3). Using a greatly
expanded Y axis, the slight increase in both total and protein nitrogen
with a large increase in total solids can be observed. These data are also
significant at the 95% level. Fig. 4 indicates little or no change in non-
protein nitrogen with increasing dry matter, but the point scatter was such
that the data are not significant at the 95% level.
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Fic. 2—Regression of total nitrogen (fresh tuber basis) on total solids. sx = 0.001.

The protein nitrogen contents were compared with the ratios of
protein nitrogen to nonprotein nitrogen (Figs. 5 and 6). On both a
fresh and a dry basis, an increase in protein nitrogen results in an increase
in the ratio of protein to nonprotein nitrogen. This agrees with the work
of Steward (15) who showed that the free amino acids serve as a source
or reservoir for synthesis of protein. ‘

Figs. 1 through 6 are the result of linear regression analysis and
it is obvious, from the extremes of point scatter, that some of the potato
samples produced data falling considerably higher or lower than the mean
for the entire population. It was not surprising that all of the 10 potato
samples from Idaho should rank in the first 20 samples with highest dry
matter content, since it was this quality for which they were selected.
What is surprising is the fact that the sample with the highest dry matter
also contained the highest percentage of total and protein nitrogen on a
fresh weight basis, and had a total and protein nitrogen content on a dry
weight basis which was 30% higher than would be expected from the
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F1c. 3.—Regression of protein nitrogen (fresh tuber basis) on total solids. sx = 0.001.

regression curves. This sample, interestingly enough, was the recently
developed Lenape variety.

Conversely, a potato sample grown in Maine, ranking 78th in specific
gravity (out of 83 samples) had, as might be expected from the data
in Fig. 1, the highest percentage of total nitrogen on a dry weight basis,
but ranked second only to the above-mentioned Lenape sample in total
nitrogen on a fresh weight basis.

If one accepts the von Scheele relationship between starch and total
solids, the starch content of these samples can be calculated for compara-
tive purposes. If one assumes that : (a) the caloric content is mainly due
to starch and nitrogenous compounds (the fat content being extremely
low); (b) the variation in the amino compound composition between
samples is limited; and (c) the caloric values for starch and protein (in
potatoes) are approximately the same (4.0 and 3.5 respectively) — then
the ratio of starch to protein should give a useful index figure for each
of these samples. It is interesting that sample BR5960-13 has a ratio of
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© 0.001.

8.2 as compared to a ratio of 3.8 for B5412-10. These are the extremes
shown by the 83 samples.

Table 2 lists the representative protein contents of various foodstuffs.
A comparable figure for the percentage of total energy represented by the
protein of these two potato samples (% TN(100) X 6.25/(%TN X
6.25 + % starch) is 11.0 and 20.8, respectively. The lowest energy per-
centage of 11.0 (the highest starch to protein ratio) of these 83 samples
equals the average value for potatoes given in the table, while the
highest energy percentage of 20.8 (lowest ratio) equals two-thirds of
the values for lean fish and for soybean seed. The low ratio sample is
the one from Maine discussed earlier. The Lenape sample, also discussed
previously, had a relatively high ratio of 7.3 and an energy percentage
of 13.6. Since a low ratio, or a high energy percentage, indicates a high
protein content relative to the starch present, the aim of any breeding
experiments should be toward a low ratio and, when combined with a
relatlively high total solids, a nutritious and productive variety should
result.
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TABLE 2.—Representative protein contents of warious major foodstuffs.5

Grams per 100 grams Percentage of total energy

Foodstuffs edible portion content of food
Cassava flour ... ... 1.5 1.8
Plantains 1.0 3.1
Irish potatoes ... 2.0 10.7

ilk 3.3 20.6
Wheat flour (70% extract) ... 10.0 114
Fish, lean 19.0 37.6
Soybean seed ... 35.0 36.6
Rice, polished ... S 7.0 8.0
Maize meal (86% extract) 9.5 10.5

5Munro, H. N., An introduction to nutritional aspects of protein metabolism. In:
Munro, H. N., and Allison, J. B. (eds.) Mammalian protein metabolism. Vol. II.
New York, Academic Press, 1964. 642 p. Reference p. 8.
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In such samples as these, and probably others, rests a potential for
the development of a potato variety containing increased nitrogenous
constituents, both in absolute amounts and in amounts relative to the total
solids, or better, to the starch content. The goal of future work is to
ascertain how these differences. are transmitted to the progeny. The
present work indicates that there are varietal differences, and later work
must determine their inheritance pattern. The stability of the protein
content in high protein selections must be tested in different environments.
This must be followed by an examination of the high protein selections
to determine whether the presently desirable attributes needed in cook-
ing, processing, etc. will be retained. For these reasons, a series of ex-
periments has been undertaken by the Crops Research Division and the
Tastern Utilization Research and Development Division of the U. S.
Department of Agriculture. These results will be reported at a future
date. '
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