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THEOREMS

I

In determining the nutritive value of nitrogenous substances of potato tuber, too
less attention has been paid to the supplementary effect of the free amino acids.

IT

The microbiological assay for the determination of amino acids is preferred to
other metheds in the routine work.

I

In countries where protein malnutrition (kwashiorkor) is of frequent occurrence
among children, animal proteins are usually found to be deficient in the diet.
It would be economical to compose balanced diets, the proteins of which can be
mainly drawn from the available plant sources.

IV

The term “Nitrogen Retained” as used in the literature indicates:
N—@U-~E) — (F— Fm)

does not give the right meaning of the formula, In this respect it would be
suggested to use the term “Nitrogen gained™.

N = nitrogen intake, F = faecal nitrogen.
U = urine nitrogen. Fm = metabolic faecal nitrogen.
E — endogenous nitrogen.

Vv

The costs of food spoiled in two years in an Egyprian middleclass house will
amount to the price of a small refrigerator.

“Thesis, A, . Labib
Wageningen, The Netherlands,
Juae 1962



VI

The opinion of Kodicek and coworkers that tortillas - a product which results
after treating maize with lime and baking the masa - have a superior effect on
rats and pigs to maize, only because the nicotinic acid becomes free, is subject to
discussion. '

KODICEK, et &l., (1959). Brit. J. Nutrition 13, 363.
—, and WILsON, (1959). Ibid. 13, 418.

VII

The electrophoretic properties of potato proteins offered the possibility of
developing a method for variety identification which is quicker than “forced
sprouting by diffused light” method.

VIIL

The unavailability of the essential amino acids has to be taken into consideration
when the chemical composition of the ingredients is used for making up the
formulated feeds for pigs and poultry.

IX

Basic objecrions can be raised to Boucher's opinion, that his findings concetning
the lipid composition of the arterial plaques in atherosclerosis can be regarded
as a warning against the consumption of foods rich in Jincleate,

BOTTCHER, (1961). Voeding 22, 409.

X

[t is thoughet that if the large sums of money and the huge collective efforts
made for building up the atomic destructive weapons, would be devoted to the
fight against such fatal discases as cancer, great and rapid results will be obtained.
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CHAPTER ONE

INTRODUCTION

Proteins are important components in the living material. The simplest form

of life exists in viruses which mainly consist of proteins and nucleoproteins.
Reproduction and growth are two functions of life in which proteins are of
primary importance. Life is also dependent on a complicated system of biochemical
reactions catalyzed by enzymes. Enzymes, which are proteins, are specialized to
activate specific reactions in the living cell. A number of hormones of the ductless
glands are proteins specialized to a definite function. Toxins of bacteria and
antibodies are also proteins.
Although the kingdom of proteins comprises a large number of varieties, functions
and specifications, it seems that they are built up of no more than 25 amino acids.
The arrangement and the pattern of these aminc acids in each protein will
determine the differences, activities and funcrions of each one,

Plants have the capacity of utilizing mineral nitrogen to build up amino acids
and consequently proteins. Animals lack this power. They must be provided with
food protein to satisfy their amino acid requirements. In the animal the proteins
provided in the diet are decomposed to their amino acids. The animal body makes
use of these amino acids for building up its enormous number of proteins. Many
amino acids, in the animal body, can be synthesized from other amino acids.
There are, howevet, some amino acids, called indispensable or essential amino
acids, which cannot be synthesized in the body. In nutrition therefore the protein
quality is determined by its amino-acid pattern.

It is obvious that the plant is the factory of proteins, and as proteins are essential
to animal, studies on plant proteins are of primary importance in nutrition.

Most proteins in plants, however, are found in mixtures and not in a single
protein fraction. The evaluation of such protein mixtures will give a general idea
and not a specific one. It is possible that one or two proteins in 2 plant has an
inferior nutritional value, which may influence the entire picture and give a low
protein quality for the mixture. Protein separation studies, therefore, are of great
value because they may help to reveal the quality of each separate protein.

From chis it follows that physical and biochemical studies on plant proteins, may
serve 4s a basic start to obtain a better understanding of plant proteins and their
value in nutrition.

As early as 200 A.D. the potato, Solanum tuwberosum, was cultivated in some
mountainous regions in Peru, where it served the Indians as food source, By the
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16th century potatoes were introduced into European countries, (HAMILTON
1934). In the eighteenth and nineteenth centuries, potatoes were regarded as
principal source of food in Europe (TALBURT and SMITH 1959). From the Food
Balance Sheets, published by the Food and Agriculture Organization of the
United Nations 1949 and 1950, it is shown that the average annual consumption
of potatoes per capita in European countries (excluding the Sovier Union) ranged
from 628 lbs. in Poland to 372 lbs. in Belgium in the years 1934 to 1938, In the
years 1948-1049 the figure of Poland dropped to 528 lbs, while Belgium still
had the lowest consumption, viz. 311 Ibs. From this it may be concluded thar the
consumption of potatoes is decreasing. Yec it is still one of the foods most
consumed in Europe, notwithstanding the fact that due to the improvement of
means of transport many other kinds of food were introduced. After World
War II this introduction of new foodstuffs was more pronpunced in Europe which
may be attributed to a more intensified contact with subtropical and tropical
countries. Another cause of the decrease in the consumption may be the con-
siderable improvement in the preservation of potatoes resuliing in minimizing
the spoilage, which might not be the case in the years 19%4-1938. It should not,
however, be forgotten that although the consumption of potatces showed an
apparent decrease, the importance of this product in the field of nutrition is still
very great.

In many countries the starch industry is dependent on potatoes. Until recently,
the washings produced during the extraction process of potato starch were wasted.
It has been shown that from 70 to 90 % of the potato proteins are soluble in
water. In other words, the washings that had so far been discarded contained a
good quantity of proteins, These proteins can be precipitated and used in animal
or even in human nutrition.

Many wotkers have already shown a great interest for potato as a research

subject, but most of them have carried out investigations on starch, sugars,
vitamine C and the cooking quality.
The study of potato proteins goes back to EINHOF (1803) who compared the
chemical composition of the wber with that of various cereals and pulses. The
nitrogenous substances in potato were investigated during the end of the nine-
teenth century and in the early years of this century. SCHULZE and BARBIERI
(1880), SCHULZE and EUGSTER (1882) and SCHULZE (1904), could demonstrate
the amino acids, leucine, tyrosine, arginine, lysine and histidine in the potato
tuber. OSBORNE and CAMPBELL (1896) gave the protein fraction of potato the
name of tuberine. SJOLLEMA and RINKES (1912) investigated the amino acids
in potato, while ROSE and COOPER (1917) studied the nutritional value of potato
proteins. KEISEL ¢7 al. (1934) investigated the protein in the potato leaf and that
of the ruber. STEWARD after 1940, nearly made a school investigating the nitro-
genous substances and its relation to the respiratory system of the potato. GROOT
ef al, (1947), could separate iwo fractions of the protein complex found in the
potato. MULDER and BAKEMA (1936) studied the effect of ferrilization on the
nitrogenous substances of potato.
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As in most of the storage organs of different plants, the potato tuber also
shows a high percentage of non protein nitrogen components. The percentage of
protein nitrogen in the potato tuber as compared with the total nitrogen, is
generally higher than in storage otgans of other plants, turnip for instance. The
non protein nitrogen, forms about 50 9% of the total nitrogen in potato,

The amino acid studies carried out on potatoes, were mostly devoted to the
whole tber, which will give a crude idea of the influence that different
circumstances have on the nitrogenous substances in the wber.

Some studies were carried out on one of the two fractions namely protein and
non-protein nitrogen fractions.

THOMPSON and STEWARD (1952) and MULDER and BAKEMA (1956) studied the
amino-acid pattern in protein and non-protein fractions in potatoes. Yet what
happens to the nitrogenous substances in potato during storage is still a problem
of which lictle is known. Storage is an important aspect in potato production,
since potatoes are not immediately eaten after harvesting, but during a period of
six months or more after collecting them from the field. It is believed that during
and after the dormant pericd many biochemical reactions ate taking place in the
tuber, which may change the composition of the potato.

THE Scoprr OrF THIS STUDY

As an approach to the study of potato proteins, some of their physical properties
were investigated. The migration of potato proteins in an electrical field is of
primary importance, because it will give an idea of the number of components
the worker is dealing with if a protein separation study would be carried our.

In the second place the ten essential amino acids were studied in protein nitrogen
and non-protein nitrogen fractions. This is of importance for a better under-
standing of the nutritional value of the potato nitrogencus substances.

Further, a study was made on the biological value of the nitrogenous substances,
where a microbiological method was employed.

The study included the effects of nitrogen fertilization, and storage time and
temperature, on the protein and non-protein fractions, their amino-acid pattern
and their nutritional value, as well as these effects on the different protein
components of potato tuber exploited during this investigation.



CHAPTER. TWO

THE ELECTROPHORETIC PROPERTIES OF POTATO PROTEINS

I. INTRODUCTION

The proteins of potato were believed to be a mixture of two proteins, namely
ruberin and tuberinin.
The idea put forward by OSBORNE and CAMPBELL (1896) implied that the
protein of potato was mainly a globulin named tuberin. KIESEL ef al. (1934) studied
the protein-amino-acid composition of the potato leaf as well as that of the tuber.
He came to the conclusion that the protein present in the tuber was one single
protein, although he obtained two fractions, one of which was soluble in water,
whereas the other proved to be insoluble. He drew his conclusions on the basis
that the two fractions had the same amino-acid-pattern.
Only after more than two decades was this subject approached again by GROOT
et al. (1947). They reported that when using zone electrophoretic techniques, two
peaks representing two different components, could be detected in the potato
tuber sap, from which they concluded that in the potato tuber two proteins were
present in the proportion 70 : 30, these were given the names tuberin and
tuberinin.
CHIck and SLACK (1949), claimed that they could detect at least two proteins in
potate sap from which starch had been largely removed. The first component
could be separated ar pH 4 with genile warming at 30° C, the second was
obtained from the first supernatant by boiling. The proportion of the two proteins
was 30: 70 and became 65 : 35 after the potato was stored for one year.
A year before Groot's discovery of the two proteins, a study on the colloidal
properties of the potato proteins had been carried out by JIRGENSONS (1946).
The latter succeeded in obtaining three fractions from the tuber protein. He
described the first as a casein-like protein, difficult ro dissolve, the second as an
albumin-like protein and the third as a globulin, In changing the techniques he
could obtain other fractions showing different properties. From this he concluded
that the different components might be artifacts due to the conditions of
fractionation.
HOFSTER (1949) agreed to Groot's conclusions. In the study he made he could
obtain two fractions with the ratig of 70: 30.
The publicarions dealing with the subject are scarce and the methods and tech-
niques that were employed in the literature cited above are racher limited as well.
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Several methods are available for protein separation. The precipitation of
proteins is one of the oldest procedures that up to this day is still successfully
used. The precipitating techniques include: salting-out, pH changing, precipitation
with 2 heavy metal, coagulation with heat or organic solvents. If a system of
salting-out is applied, repeated precipitations by means of different salt con-
centrations will be needed. In the same technique other reagents such as alcohol
or acetone under special conditions are also used. Any fraction thus obtained
may comprise a mixture of proteins or it may entirely consist of only a single
protein. For this reason, a special technique has to be applied in order to
determine whether the fraction obtained is composed of one or more components,
The measuring of isoelectric point or the molecular weight in this case need not
to be considered as conclusive.

In the literature cited only GROOT e a4l (1947) tried a definite technique
namely free electrophoresis. In their study they only worked with a pH of 7.2.
This pH value is in good agreement with normal conditions, but it is teasonable
to assume that it might not represent the optimum requirements for electro-
phoretical separation. It is, however, of importance 10 know more details about
electrophoretic separation when carried out under optimal conditions.

The method chosen here for the extension of the work of GROOT et 4l (1947)
was paper-electrophoresis. The scientific base of paper-electrophoresis is the same
as that of zone-elecirophoresis. However, the technique of free-electrophoresis
offers the possibility of seeing and photographing the separation directly in the
field, whereas in paper electrophoresis, the proteins have to be coloured and the
intensity of the colour has t0 be measured.

The present investigation was planned to give information about:

1. The electropheretic properties of the porato proteins,
The relation between different potato varieties and their different protein-
fractions.

3. The effect of storage on the potato-protein-pattern.

4. Potaro-protein-pattern as influenced by nitrogen fertilization.

II. MATERIALS AND SAMPLING

A. MATERIALS

Four varieties of potatoes were included in this study, viz, Bintje, Alfa, Eigen-
heimer and Kwinrta, to investigate the effect of nitrogen fertilization and storage
on the potato proteins.



1. Nitrogen fertilization:

The nitrogen fertilization experiment was carried out at the experimental farm
“Dr. H. J. Lovink Hoeve” at Marknesse, North East Polder, the Netherlands.
The variety used was Bintje. In the experiment six nitrogen levels were involved
in double blocks. Nitrogen was supplied in the form of calcium ammonium nitrate
and the levels per hectare were 0, 40, 80, 120, 160 and 200 kilograms. The
nitrogen treatments were arranged in randomized blocks according to the following
sketch:

200 120 40 0 160 80

0 80 160 200 40 120

The crop was collected by hand on the seventeenth of September 1960 and was
then transported to Wageningen.

2. Storage:

Three varieties - Alfa, Bigenheimer and Kwinta - were included in this
investigation. They were planted in Zeeland, a South-Western Province of the
Netherlands. Owing to the high rainfall in the months of September, October
and November 1960, it was impossible to harvest in time. The crop had to remain
in the fields until the fifteenth of November when it was collected by hand.

B. SAMPLING

The sampling was carried out in two stages. Firstly, representative samples had
been drawn from the crop, and secondly a homogeneous part was removed from
every sample, for chemical analyses.

1. Sampling the crop;

The crop was transported from the fields to the Institute for Storage and
Processing of Agricultural Products (Instituut voor Bewaring en Verwerking van
Landbouwprodukten I B.V.L.), Wageningen. The potatoss were washed to remove
clay and sand. Then they were sorted according to the following diameter:

> 60 mm,
55 — 60 m.m.
56 — 55 mm.
45 — 50 m.um.
40 — 45 mm.
35 — 40 m.m.

< 35 mm.



Both the first fraction, (> 60 m.um.) and the last (<Z35 m.am.) were excluded,
because only small quantities were available. The five other fractions were
equally divided (per weight and count) over a certain number of samples. Each
sample was kept in a small sack and weighed abour 3 kilograms. All the
samples were treated in the way mentioned above. '

Samples of the fertilizing experiment were stored at 5° C, whereas for studying
the effect of storage they were kept at 2, 6, 10 and 15 ° C. The dates of sampling
are summarized in table 1.

TABLE 1. The dates of sample analyses for paper electrophoresis.

Treatment 7 Date
Nitrogen fertilization -

(kept at 5° C}, var. Bintje Gth March 1961
Storage experiment 19th December 1960
kept at 2, 6, 10 and 15° C, 13th February 1961
var. Alfa, Eigenheimer, 10ch April 1961
and Kwinta 5th June 1961

2. Sampling in the laboratory:

Each tuber in the sack was divided into two parts along the axis of symmerry.
A longitudinal section was then removed from the cut parts. All the rubers in
the sack were used. The segrnents collected had an ultimate weight of about 500 g.
The slices were cut into small pieces and minced in a blender after adding a few
crystals of sodium sulfite to prevent enzymatical colouring. The final samples
were drawn from this mixture using a wide opening pipette. For electrophoresis,
minced potatoes were forced through an asbestos filter (Carlson K 5) by the
application of wvacuum. The almost clear potato sap acquired by filtration
contained about 1—1.5 % protein, and was directly used for electrophoresis,

ITII. METHODS

A. APPARATUS

The apparatus used during this study was that of “Elphor Drucktasten Speise-
geridt” for a closed horizontal system of paper electrophotesis. It is composed of
three baths and an electric-feeding unit. Each bath is provided with two electrodes,
which can be connected to the feeding unit. Six filter paper strips each measuring
30 x 4 cm, can be hung on three strip holders in each bath. The electric-feeding
unit can supply the three baths at one time with 120, 220 or 400 volts. Bach
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bath contains a tubing system to bring the buffer solution in equal levels into
the two chambers of the bath. Because the system wsed is a closed one, each
bath is provided with a slanting glass cover, the slope of which prevents drops
of water from falling on the paper. Figure 1 shows a photograph of the different
parts of the apparatus.

a b
FIGURE 1. The “Elphor Drucktasten Speisegerit” apparatus: a. an electrophoretic bath,

whetein six hanged paper strips can be s=zen; b. the electric Feeding unit, that
can supply the electric cuttent for three baths.

The intensities of the colours of proteins on the strips were measured and
tecorded by the “Extinction Recorder II” (C. Zeiss, Oberkochen, Wiirtemberg,
Germany) shown in figure 2. The apparatus works on a two-beam compensation
system. The filter used was FE 60. Measuring a strip requires about two minutes.

FIGURE 2. The “extinction Recorder II" C. Zeiss,

B. SOLUTIONS

After preliminary studies, which will be treated under “IV. Results and Dis-
cussion”, the following solurions were chosen.

1. The Buffer

The buffer used was veronal at pH 8.6, with an ionic strength of 0.05. It was
composed of:
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1.84 g barbital

10.30 g sodium barbital,
made up to one litre with distilled water. The pH of such a solution ranged
between 8.55 and 8.65 (BLACK, DURRUM and ZWEIG, 1958).

2. Dyeing solution

Use was made of a saturated solution of amido black 10 in a solution of methanol
and acetic acid 90: 10 (GRASSMANN and HANNIG, 1950).

3. Washing solutions

Methanol acetic acid 90 : 10 v/v (GRASSMANN and HANNIG, 1950).
Cne percent acetic acid solution in water (QOSTERHUIS, 1954).

C. PROCEDURE

The following procedure is the result of what has been developed after some
preliminary investigations (IV. Results and Discussion page 10}.

1. Strips of filter paper (Whatman no 1, in 4 cm rolls Grade no 1, W. & R.
Balston Lid., England) measuring 30 x 4 cm, were cut from the supplied rolls.
The strips were marked with a pencil at 11 cm from one of the ends. This mark
indicated the point of introduction of the protein solution,

2. The strips were wetted with the buffer solution and blotted between filter

papet.
3. They were then fixed to the two edges of the strip holders.

4. By means of a 2.5 cm glass slide, quantities of 0.02—0.03 ml were brought
exactly between the two pencil points on the strip.

5. The strip holders were brought into the baths, (where the liquid level of the
buffer chambers in the whole bath had been brought -into equilibrium). The
system was then closed with the glass covers and the electric current was allowed
to pass. In this study the use of 400 volts for 5 hrs was required in order 1o get
a sharp separation. The rate of flow of electric current was 15—17 mA/bath,
2.5—3.0 mA/strip or 0.6--0.7 mA/cm paper.

6. After five hours the strips, still hanging on the paper holders, were taken out
and allowed to dry overnight at room temperature in an undistutbed corner in the
laboratory (O0sTERHUIS, 1954).

1. The strips were cut, 2 ¢m above, and 10 cm below the point at which the
protein was introduced.

8. The dyeing took place in polyethylene baths. Eighe strips could be dyed at
one time for 12 minutes.




9. The dyed strips were washed, first in methanol-acetic acid baths, tiil their
background became pale blue, afterwards in a two liter beaker filled with 1%
acetic acid in water at 70° C, the solution being continuously stirred. Usually the
strips required from 3 to 4 washings in the second step to obtain a rather white
background.

10. The strips were measured when wet, by recording their extinction on a paper
using “the Excinction Recorder” described before, and were then dried between
filter paper and kept for reference.

IV. RESULTS AND DISCUSSION

A. THE ELECTROPHORETIC PROPERTIES OF POTATO
PROTEINS IN GENERAL

At the beginning of the research in question, the application of a system
which would be greatly in agreement with that of GROOT et al. (1947) was
considered. A phosphate buffer has, therefore, been used. In addition barbital and
borate buffers were applied. Part of the work was carried out as preliminary
experiments and will be briefly discussed.

Phosphate buffer was used, in the studying of the electrophoretic properties of
potate protein, at three different pHs, viz. 4.3, 7.2 and 86. At a pH of 4.3 the
proteins were positively charged, and travelled towards the negatively charged
elecrrode. At this pH, there was a fraction that did not move and another that
moved towards the negative pole. At pH 7.2, however, the proteins were
negatively charged and travelled for a shore distance. Two fractions could be
seen. At a pH of 86, the phosphate buffer gave no fractionation. Working with
phosphate buffers, different voltages and times were applied.

At a pH of 86 the porato proteins, using borate buffer did not show any
fracrionation,

TABLE 2. The number of bands obtzined under different conditions using bartital buffers.

pH 8.0 pH 86 pH 9.3
Time of ‘Time of Time of
mA/strip operating hrs. opetating hrs. operating hrs.
15 3 5 3 7 8 12 3 5 7 12

2 3
3 4 6 4 3 NO 3
3.5 5-6 6
4.0 6 NO
7.5 3
5.5 2
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Barbital buffer was used at three differenc pHs, viz. 8.0, 8.6 and 9.3, the ionic
strength of which was adjusted to 0.05. Moreover different amperages and
varying operating times were included in the investigation. Table 2 shows a
summary of the work.

In the phosphate buffer the two fractions that appeared were not sharp. The
general conclusion after experimenting with phosphate buffers was that they were
inefficient for this study. With respect to the borate buffer no fractions could be
seen. When using the veronal buffer, however, the optimum conditions required
for obtaining sharp bands proved to be as follows:

ionic strength 0.05 , pH 86
operating time 5 hr 2nd 400 volrs,

A description of the method ultimately selected was given under III. Methods
page 9.

In order ro ensure that the results obtained using this method are not artifacts,
the following experiment was carried out. Five ml of the potato sap and 5 ml
of the buffer were put in “a kollodiumbhiilse”, a dialysing sac in which liquid
samples can be concentrated, (Membranfiltergesellschaft, Gottingen, Germany).
The tube was hung in a conical flask, connected with vacuum, filled with the
barbital buffer. After 10 hours, the volume was reduced to about 2 ml The
electropherograms of the concentrated dialysed sap showed the same pattern as
that of the original sample. The conclusion was then drawn, that the other
components which were dialysed our during this procedure had no influence
on the separation of the protein into different zones, Also the concenrtrarion of
the proteins did not influence the pattern. Figute 3 shows a paper strip of a
typical separation and its corresponding diagram. It is noteworthy to mention
that the system is composed of six fractions, As to the sixth component, it
appears that it is a mixture of at least three components.

FIGURE 3. A dyed electrophotetic papet strip and its correspon-
ding diagram showing the six potato protein fractions.
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To check the reliability of this conclusion, zone electrophoresis was applied.
With the same buffer, it was found that the potato protein, from the dialysed
sap, is not a mixture of two components, bur rather a mixture of eight. Photo-
graphs, showing the migration of the different fracrions, were taken ar 40, 80
and 120 minutes. The photographs are shown in figure 4, and may be described
as follows:

a b c

FIGURE 4. Thtee photographs taken during the operation time of zone electrophoresis;
a. after 40 min., b. after 80 min., and c. after 120 min.

Fig. 4a; is a photograph of the ascending electrophorese taken after 40 min.
Three components could be seen.

Fig. 4b; shows the situation after 80 min. The first high peak corresponds to the
salts present. This peak is followed by three smaller leading peaks, after which a
somewhat higher peak followed by three other peaks can be distinguished.

Fig. 4c; the photograph shows the rising boundary after 120 min. The first four
peaks of the previous picture have moved out of the optical system. A fourth peak
appeared in between the three flat fractions shown in fig. 4b.

It may be stated that there are at least eight components in potato proteins with
different electrophoretic properties. Five of these eight components form sharp
and pronounced peaks, while the first three peaks are rather small.

The results obtained by the zone electrophoresis gave a good confirmation to
the conclusions of the paper electrophoresis. Both methods gave five sharp
components. The 6th fraction in the paper-electrophoresis (the faster travelling
components) appeared to consist of three peaks. This is in agreement with the
results of the free elecirophoresis, where the leading migrants consisted of three
small, but well differentiated components.

From the pertinent literature no extension for the preliminary wotk of GrOOT
et al. (1947) could be traced. Groot’s results determine the present knowledge
of the tuber protein fractions. When rtrying to find a sensitive method for
separation with paper electrophoresis the conditions used by Groot were also
applied in the present work. Although the separation obtained was not sharp,
the results of Groot could generally be confirmed. On changing the operating
conditions, an absolute proof was found that the potato proteins consisted of
more than two fractions.

12




After carrying our the work published here and drawing the conclusions
resulting from it, the writer came through the two following communications.
In a short communication SCHWARZE (1953) stated that he could obtain five
bands from the potato proteins when using paper electrophoresis. The first four
fractions were sharp but the fifth was vague. So far no original articie has been
published supplying information on the mechod used by Schwarze nor are there
any, dealing with his results, Furthermore, YASUDA, PAYNE and FAULTS (1935)
examined the effect of 24 dichlorophenoxyacetic acid and malic hydrazid on
potato proteins pattern using the paper electrophoresis technique. They stated
that “Six probable protein fractions appeared in the electropherograms”. They
did not illustrate their publication with any photographs of the paper strips, but
gave some elecrropherograms, one of which is presented in figure 5. It is, how-
ever, very difficult to distinguish in their obtained electropherograms the six
fractions to which they referred,

FIGURE 5. Electropherogram obtained
by YASUDA e 2. (1955).

OPIICAL BENSITY

B. THE DIFFERENTIATION BETWEEN THE POTATO VARIETIES

In the course of this study, during which the separated fractions of potato
protein were successfully obtained, evidence was found that there existed constant
differences between the potato varieties studied.

This was found to hold ttue even when the potatoes received different storage or
nitrogen fertilizer treatments. Although the variations are clearly visible to the
eye, an objective method of measuring them is appropriate.

1. Measuring of the graphs

Dificulties were encountered in finding a method suitable for comparing the
graphs. Considering rhat the toral graphs are enormous in number and each one
is composed of six fractions, a simple and reliable method had to be applied.
Some of the methods described in the pertinent literature are:

a. 'The surface of each component is cut our of the elecropherogram and
weighed. The weights obrained in this way can be compared (ROULET,
OWEN and STEWART, 1956},

b. A comparison between the areas resulting from dividing the graphs by
vertical lines at the deepest points between two peaks (WUNDERLY, 1961).
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c. The area of each peak can be determined by means of the equation {quoted
from WUNDERLY, 1961).

J = kca.
where | — the atea,
k —= constant for the bell shaped curve and equals 1.064,
¢ — the height of the peak from the base line,
a = the width of the peak at half peak height.

For practical purposes, the area can be measured by a. and c. for each peak.

The first two methods were found to be time consuming and lacking in
accuracy. The interaction of the peaks is not known and with these two methods
it is assumed that all the components of the graph are intercrossing in equal
parts. Yet this assumption can only be true when each individual component is
found in the same quantity and practice shows thar this is more the exception
than the rule. The third method however is reported to be an accurate and
practical one, yet it has been cited after another method had already been adopted.

From the observations made during this study, it was found that the heights
of the peaks in the electropherograms were in constant proportion to each other
and characteristic of each sample studied. The results showed 2 high reproducibility
when about the same quantity of protein was brought on the paper. Even withour
this restriction and when different quantities of proteins ate employed, the ratios
of the peaks will still hold true.

The nearest shape to the bell cucves, is an isosceles triangle, the area of which
is detetmined by:

/2 b.h

where b = the base
and h = perpendicular height.

It is noteworthy that in a rriangle the middle width is the same as half the base.
So the formula of the triangle will equalize the simplified form of the bell shaped
curve described above. Moreover if the base in a series of triangles is supposed to
be constant, the only variable will be their heights. Therefore, it is important to
know whether the bases of the peaks remain constant for different eleciro-
pherograms, As the differenc peaks overlap each other, it is difficult to measure
the base of each peak in the grahps obtained, however there are some facts that
may lead to the solution. It has been found that:
4, The base of the whole figure is rather constant in all the graphs obtained
comprising those of different varieties and treatments.
The average base was 5.13 om with a standard deviation of 0.1.
&. The tops of the peaks are well localized, it can be noticed in table 3 that the
different components migrated over a constant range.
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TABLE 3. The range of migration of the fitst four peaks.

mm 3D
The distance from the origin (starting point of the graph) to the
top of peak one 11.6 0.6
The distance between the top of peak one and that of peak two 7.0 0.5
The distance berween the top of peak two and that of peak three 5.4 0.6
The distance between the top of peak three and that of peak four 41 0.5

S.D.: standard deviation.

When the base of the whole graph is constant and moreover the tops of the
peaks are always localized in the same place, it would be irrational to conclude
that the bases of each peak in different electropherograms are not constant.

The previous discussion, which is supported by the empirical data, has led to
the employment of the peaks’ height as a parameter for the interpreration of the
different electropherograms. To enable a better comparison the heights of the
different peaks will not bhe expressed as absolute figures, bur rather as figures
relative 1o the height of peak number two, which has been taken as 10,

2. The influence of variety on protein pattern, and variety identification
from the corresponding electropherograms

The chemical composition of a potato tuber varies from variety to variety as
well as within any single variety. Identification of a certain variety from
chemical composition would therefore be difficule. Even if the differences
between varieties were large, a comparison based on chemical composition would
still be poor.

Different varieties of potatoes can be identified by botanical methods. A mor-
phological examination will not be satisfactory. Usually the wber has to be forced
to sprout with special methods, e.g., exposure to light. The variety can be
identified by the colour, the length and other properties of the sprouts. This
method will take from 5 to 6 weeks and in many cases 8 weeks.

During the course of this study, it has been observed that the protein pattern may
furnish a trustworthy and rapid method for identification of potato varieties.
To what extenr this is true, will be the subject of discussion in the coming
paragraphs. The differences between the protein paiterns of the four varieties are
quite apparent. If, however, a great number of varieties are to be considered, a
suitable method for treating the data should be selected. Obviously it will not
suffice to state that peak A is higher in variety I than in variety 1. This
phenomenon will only indicate the differences in varieties. The different systems
adopted here will be discussed. If storage or fertilization will affect the specifica-
tion of a variety, it is impossible to draw any conclusion as to the variety in
question. In this study, however, both 2 storage experiment with different
temperatures and storage time, and a nitrogen fertilization experiment were
included. Therefore, notwithstanding the different treatments of the four potato
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FIGURE 6. The electropherograms of the four varieties studied; a. Alfa, b. Eigenheimer,
¢. Kwinta, d. Bintje.
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varieties, which may presenc some difficulties, all the data of each variety were
taken into consideration.

In other words, other factors than the variety were not eliminated, so that the
study will give a true picture under different circumstances, This way of dealing
with the data was esteemed to be of great importance especially in a study
concerning the identification of varieties. Four ways to treat the data that can be
used separately or together for the identification of the four potato varieties are
now taken in consideration,

@. The protein patrern:

For an experienced observer it will not be difficult to identify the different
varieties, If the four varieties included here are to be distingunished it can be
noticed that:

ALFA, figure Ga: In contradiction to all the other varieties the second peak
is lower than the fourth.

EIGENHEIMER, fignre Gb: The second peak is higher than the fourth,
which eliminates Alfa but on the other hand can also be Kwinta or
Bintje. The third peak is very low as compared with the fourth, which
is not the case with the other two varieties.

THE ELECTROPHORETIC DIAGRAM

higher than peak four lower than peak four

peak three and

peak four
pezk three is the difference between peak
lower than peak four three and peak
four is rather
small

peak one compared to
peak two

| [
the Lowest the highest

EIGENHEIMER | | KWINTA [ ALFA |

FIGURE 7. A schedule showing a system for identifying the studied potato varieties from
their electrophoretic protein patterns.
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KWINTA, figute Gc: The second peak is higher than the fourth, this is in
contradiction to Alfa. The difference between the third and the fourth
peak is rather small, this will discatd the variety Eigenheimer. The
first peak as compared to the second peak is very low, it is the lowest
of the four varieties, while in Bintje it is not the case.

BINTJE, figure 6d: The second peak is higher than the fourth, so it can
not be Alfa. The differences between the third and the fourth peak
is small, anyhow, it cannot be Eigenheimer. The difference between
peak one and peak two is far smaller than in the case of Kwinta.

This system of identification is illustrated in a graphic schedule shown in
figure 7.

The relative heights of the peaks:

The difference between this method and the one discussed before is that the
differences between the varieties were estimated exactly and the data obtained
were treated statistically. In this way the discrimination was strengthened.
On the other hand, the system of identification will be the same as that
described under method one. Table 4 gives the relative values of peaks
nos. 1, 2, 3, 4, 5 and 6. It will be noticed that peak 2 is taken as 10. Table 5,
shows the significance of the differences between the relative heights as
influenced by the variety. The significance of the differences throughout this
study has been measured by the WILGOXON test (1945), described by WABEKE
and EEDEN (1955).

TABLE 4. The relative heights of the six peaks of the potato protein pattern in the four

Storage Alfa Eigenheimer
3 & Peak No Peak No
A g 1 2 3 4 5 6 1 2 3 4 5 6
2C | 68 100 80 111 92 66| 70 100 64 82 64 55
4 6c | 63 100 68 116 78 61] 75 100 68 97 78 56
4 .

Z | 1wec|7s w0 83 118 97 73| 80 100 67 97 80 56
15C | 74 100 80 130 94 74| 85 w0 63 92 70 59
P 2°C | 82 100 73 104 78 54| 82 100 59 79 S1 49
¢ 6°C | 80 100 66 101 7.5 83| 67 100 65 81 62 61
Elwec]o 100 72 101 77 67| 61 100 73 94 68 65
15°C | 60 100 7,2 108 82 67| 60 100 65 84 63 61

P 2c |66 100 86 105 — —| 64 100 72 88 60 53
g Cc |57 100 82 113 84 60| 60 100 72 88 54 43
F | weec |37 100 83 126 84 47|39 w0 76 97 54 37
Sl 1soc | 42 166 90 120 91 46| 36 100 84 95 78 56




From the tables 4 and 5 it can be noticed that the differences between the

four varieties are:
ALFA and EIGENHEIMER:

Peak 3 is higher in Alfa than in Eigenheimer, 2 P < 0.05 (ar two-

sided test).

Peak 5 is lower in Eigenheimer than in Alfa, 2 P < 0.02.

ALFA and KWINTA:
Peak 1 is higher in Alfa than in Kwinta, 2 P < 0.05.

Peak 4 is higher in Alfa and highly significant, 2 P <C 0.02.

ALFA and BINTJE:

Peak 1 is higher in Bintje than in Alfa and the difference is significant,

2P <005

Peak 3 is higher in Bintje than in Alfa. This difference is highly

significant, 2 P < 0.05.

Peak 4 is significantly higher in Alfa, 2 P <Z 0.02.

Peak 5 is higher in Alfa than in Bintje, 2 P <C 0.02,
EIGENHEIMER and KWINTA:

Peak 1 is higher in Eigenheimer, 2 P < 0.05.

Pezk 3 is higher in Kwinta than in Eigenheimer, 2 P <C 0.02.

EIGENHEIMER and BINTJE:

Peak 1 is higher in Eigenheimer than in Bintje, 2 P <7 0.05.
Peak 3 is highly significant higher in Bintje than in Figenheimer,

2 P < 0.02.
KwiNTA and BINTJE:

Peak 1 is higher in Bintje than in Kwinta, 2 P < 0.02.

varieties: Alfa, Eigenheimer, Kwinta and Bintje.

Kwinta Fe r_tili- Bintje

Pesk No zation Peak No
1 2 3 4 5 6 kg/ha 1 2 3 4 5 6
6.4 19,0 7.8 04 8.3 6.6 0 7.4 10.0 B.S 8.7 7.3 6.4
63 100 86 102 94 79 0 76 100 87 89 76 65
5.6 10.0 7.6 9.5 8.6 6.9 40 7.7 10.0 8.7 9.6 7.8 6.8
59 100 78 105 85 69 40 76 100 85 93 74 64
6.3 10.0 7.6 8.0 4.9 3.1 80 8.1 10.0 B9 9.4 7.5 6.6
48 100 66 69 54 59 80 74 100 79 83 69 59
37 100 85 99 79 74 120 82 100 94 101 72 57
- - = = = = 120 74 100 87 95 74 63
5.2 10.0 8.4 8.7 6.5 5.4 160 7.8 10.0 8.8 9.6 7.2 6.1
47 100 91 935 T4 47 160 69 100 84 90 67 5.1
38 10,0 11.8 119 90 66 200 70 100 83 93 58 45
—- e = = = 200 68 100 88 95 62 43

19



TaABLE 5. The significant differences between the relative heights of the peaks in the four potato varieties.

Peak 1 Peak 3 Peak 4 Peak 5

Lower Higher Lower  Higher Lower Higher Lower Higher

Alfa and Eigenheimer XX XXX XX X

Alfa and Kwinta

X AKX

Alfa and Bintje X XX X XX X
Eigenheimer and Xwinta X KX X

Eigenheimer and Bintje X XXX

Kwinta and Bintje XXX

X significant at § %.
X X significant at 2 %.
K X X significant at less than 2 5.

c.

20

The differences between the peaks.

In the second method the relative heights have been taken into consideration.
However, it was noticed thac the differences between the relative heights of the
different peaks can give sharper results. In the method described here, the
differences between the heights will be the subject of discussion. The results and
their significances are summerized in table 6. It can be seen from the table that
many differences between the four varieties exist.

Ranking method.

Finally it was thought that a ranking system would give the easiest way for
application. In this system the differences between the peaks were ranked. The
differences were arranged in such 2 way that a descending sequence was obtained.
Each value had been provided with a rank number, so that the highest value was
indicated by the lowest rank number and the highest rank number by the lowest
value. In table 7 six ranking systems are given. In the first three groups the
ranking system can only eliminate Alfa, In the fourth Alfa as well as Kwinta can
be distinguished from Bintje and Eigenheimer. In system 5 Alfa as well as
Eigenheimer were eliminated, while Bintje and Kwinta have the same pattern.
Ranking system ar 6 gives a complete and single system to identify the four
varieties.

It is shown that with the aid of even less than the six ranking systems selected,
it is possible to distinguish definitely between the four varieties.
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Applying one of the four methods mentioned can be used to differentiate
between the four varieties studied. It is, howevet, believed that the fourth method
will give more sharp and exact conclusions. Obviously, it would be advisable o
use the four methods together, to obtain a definite conclusive opinion about the
variety in question.

TABLE 7. Ranking of the differences between the peaks for the four varieties.

Ranking

Systems Ranking of differences variety

system one 1-—-2')1-—-3“)‘1—-4‘)2—5') —*

otder 1 3 2 4 1 — Alfa

order 2 4 2 3 1 — Eig!) - Kw.2) - Bintje
system two| 1 — 2 [ 1 —3 |1 —4 |1 —5|2—3

order 1 4 i 2 5 3 1 Alfa

order 2 5 3 4 2 i Eig.!) - Kw.2) - Bintje
system three] 2 — 5 |3 —4 |3 —5 | 4—35 —_ ‘

order 1 2 4 3 1 b= Alfa

order 2 1 4 3 —_ Eig1) - Kw.t) - Bintje

system four| 1

order 1 4 3 2 5 11 Alfa

order 2 5 3 1 4 2 Kwinta?)
order 3 4 3 1 5 2 Eig.!) - Bintje
system five| 1 —3 | 1 —4 |2 —5!3—4|4—35

order 1 3 5 2 4 1 Alfa

order 2 3 4 1 5 2 Eigenheimer
order 3 4 5 1 3 2 Kw.2) - Bintje
system six ] 1 — 4 |1 —35 | 2 ~—~5|3—4|4—35

order 1 5 3, 2 | 4 1 Alfa

order 2 4 3 1 5 2 Eigenheimer
order 3 5 4 1 3 2 Kwinta
order 4 5 3 1 4 2 Bintje

*) 'The difference between the relative height of peak 1 and that of peak 2 and so on.
1) Eig, — Eigenheimer.
2) Kw. = Kwinta.

C. EFFECT OF STORAGE ON POTATO PROTEIN'S PATTERN

Two factors were investigated here. The first dealt with the storage temperature
and the second with the storage period. The temperatures involved were 2, 6, 10
and 15° C, and the periods used were O, 8, 16 and 24 weeks. The study included
the varieties Alfa, Eigenheimer and Kwinta.
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1. The effect of the storage temperainre

To eliminare the effect of the storage period the average of the relative heights
of the different peaks for each temperature in the three periods will be used in
this discussion. In other words, if peak 1 was 7.2 at 2° C with a storage period
of 8 weeks, 7.7 at 2° C with a 16 weeks’ period and 7.0 at 2° C with a 24 weeks’
period, the average would be 7.3 at 2° C for the periods together.

Table 8 shows the relative heights of the peaks as influenced by the storage
temperature for the three varieties, table 9 the relative heights of the peaks at
the onset experiment and figure 8 the relation between the relative heights of the
peaks and the storage temperature. It can be noticed that:

4. Peak one: showed a declining curve in the three varieties, the trend of
which was nearly the same.

b Peak three: with incteasing temperature, the relative heights of the three
varieties decreased and after a minimum value was reached, they increased
together with temperature, Eigenheimer and Kwinta showed the drop at 2°C,
with Alfa the minimum was reached at 6° C, The rise at higher temperatures
was mote pronounced in Kwinta than in Alfa and Eigenheimer.

e. Peak four: with the 2° C treatment a shatp drop was noticed which was
generally followed by a rise. Except for Eigenheimer this rise continued up
to the 15° C treaument. In Eigenheimer, however, the fourth peak decreased
at 15°C.

TABLE 8. The effect of storage temperature on the relative heights of the different potato
protein peaks.

peak Alfa Eigenheimer Kwinta

fo: 2°C 6°C 10°C 15°C | 2°C 6°C 10°C 15°C | 2°C €°C 10°C 15°C
1 72 67 64 59|72 67 60 60| 60 53 44 —
3 80 72 79 81|65 68 72 71|79 81 93 —
4 107 110 115 11.9{ 83 89 96 90} 78 89 104 —
5 85 79 86 89|58 65 68 70| 66 74 83 —
6 60 68 62 62|52 53 53 59|50 62 70 —

TABLE 9. The relative heights of different potato protein peaks at onset titne.

vatiety peak 1 I peak 3 l peak 4 | peak 5 peak 6
Alfa 83 81 129 11.0 8.5
Eigenheimer 8.2 7.5 9.7 8.5 4.8
Kwinta 6.1 8.5 10.6 8.8 7.9
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d. Peak five: it can be noticed from figure 8 that in the three varieties ar
29 C storage temperature, a drop followed by a slight increase occurred.

e. Peak six: again a sharp decline occurred in Alfa and Kwinta at 2°C
whereas Eigenheimer showed a rise. A rather sharp increase then took place
in Kwinta. With the other two varieties no important alterations were

observed.

From figure 8 and the preceding discussion a constant drop in peak height
was observed at 2° C, and this was then followed by an increase in height except
for peak one which decreased constantly. This holds good for the three varieties.
The increase of the four peaks at higher temperatures can be explained in
different ways. The incline in relative heights of the peaks does not necessarily
imply that the quantities of proteins actually increased, but it can also be the
result of unequal breakdown of the different components. If breakdown of
protein occuts, it should be more pronounced in the protein represented by peak
two than in the other components at 6, 10 and 15° C.

Peak two which was considered as the reference peak, was taken as constant
which may not be the case in reality, logically a drop in this peak will cause a
rise in the relative heights of the other peaks.

As 1o peak one, it can be easily noticed that its breakdown is so strong that its
relative height is sloping down, even at higher temperatures.

Nevertheless there is a possibility of some proteins being synthesized during the
storage specially at higher temperatures. Taking into account the results obtained
in the amino acids analyses, which will be discussed in Chapter Three, it is there-
fore hard to make out whether synthesis or breakdown plays the dominating part.

the relative height of peak three

the relative height of peak ene
o
the relative height of peak four

S . L] s
2 L] 19 15
otime storage temp.C 9 time storage temp."C
1 {4)
n ALFA

--oEIGENHEIMER
T KWINTA,

the relative height of peak five

the relative height of peak six

T & B i N
o time - storage tempSC v time stprage tampog

FIGURE 8. The effect of storage temperature on the relative heights of the peaks.
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2. The effect of storage period

Figure 9 and table 10 show how the relative heights of the peaks can be
influenced by the storage time. The temperature has been eliminated by averaging
all the temperature treauments of each period.

TABLE 10. The effect of storage time on the relative heights of the potato protein peaks.

Alfa Eigenheimer Kwinta

period Peak no.: Peak no.: Peak no.:
1 3 4 5 6] 1 3 4 5 61 1 3 4 5 6
8 weeks |70 78 119 90 69)78 66 92 73 57|61 80 99 87 7.1
16 weeks {75 7.1 104 78 68|68 66 85 61 59)|49 76 83 61 5.5
24 weeks |51 85 116 86 51|50 76 92 62 47|46 98 100 76 56

4. Peak one: With the three varieties a steady decline of peak one occurred.

b. Peak three: The decline in the three varieties advanced until the 16th
week followed by an increase that may be called sharp.

¢. Peak four: The three varieties showed a decreasing tendency until the
16th week afrer which they began to rise.

d. Peak five: The decreasing tendency may be noticed to occur in the three
varieties until the 16th week. In the 24th weeks' peried a rise occurred.

e. Peak six: With Alfa and Kwinta a steady decrease could be noticed. With
Kwinta a slight rise occurred in the last storage period. Eigenheimer showed
a constantly rising tendency followed by a decreasing one in the 24 weeks'
period.

It can be scen that in all the varieties and with the five vatiable peaks a declining
tendency generally occurred till the 16th week, after which a rather sharp increase
was noticed in peaks 3, 4 and 5. Peak 1 and 6 wete declining till the end. The
only exception was Eigenheimer in peak six, where the peak was rising and then
dropping only in the last period.

From the foregoing discussion it can be noticed that the variable relative
heights of the peaks decreased, while the second peak was kept constant, It
seems, howover, that the whole system was decomposing or breaking down. It is
likely that the protein cortesponding to peak two is undergoing a breakdown
which is less pronounced than in the other proteins. As a result of this, some
peaks will appear to be higher. Moreover, the speed of such a breaking-down
may differ from one protein to another. It seems, however, that the protein
system is breaking down owing to some activities (germination for instance)
which may vary in different varieties of potatoes. When, on the other hand, the
curves in the second phase began to increase, this might be attributed to the
unbalance of the protein breakdown of peak 2 and the other peaks.
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FIGURE 9. The effect of the storage petiod on the relative heights of the peaks in the
potato vatieties Alfa, Eigenheimer, and Kwinta.

At the same time, the possibilities of protein synthesis are established especially
in the beginning of the stofage period. This assumption should not be neglecred.

It should be borne in mind that the alteration in protein pattern as influenced
by storage temperature and time rend to be almost the same in the different
varieties studied here, Although the storage as it has been shown, influences the
protein pattern of potatoes, the interference is so small that it may hardly play a
patt in the identification of potato varieties after storage.

. EFFECT OF NITROGEN FERTILIZATION
ON THE PROTEIN PATTERN

Table 11 and figure 10, show the influence of nitrogen fertilization on the
protein pattern of potatoes. No influence could be observed in all the peaks
except in the 5th and the 6th peak, which tend to decrease at the 160 and 200 kg
N/ha level. The standard deviation of each peak is shown in the bottom of
table 11. It may be noticed that the variation from the mean is rather small. The
results of the experiment did not show a real influence when nitrogen ferrilization
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was used. The variations seen, however, may be considered to be of the same
magnitude as those of the sampling error. The standard deviation was calculated

following the method described by SNEDECOR (1959).
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FIGURE 10. The effect of nitrogen fertilizarion on the relative heights of the peaks in the

variety Bintje.

TABLE 11. The influence of the nitrogen fertilization on the relative heights of the diffe-
tent potato-protein peaks, and the standard deviation, in the variety Bintje.

Kg N/ha Peak 1 Peak 3 Peak 4 Peak 5 Peak 6
0 7.5 8.6 8.8 7.5 6.5
40 7.7 8.6 9.5 7.6 6.6
80 7.8 8.4 8.9 7.2 6.3
120 7.8 9.1 9.8 7.3 6.0
160 74 86 23 7.0 5.6
200 6.9 8.6 9.4 6.0 4.4
Mean 7.5 8.6 9.3 7.1 5.9
8.D. 0.35 0.24 0.36 0.60 0.82

S.D.;. standard deviation,

The figures mentioned in this table are the average of two field experiments.
Peak nr 2 is always constant and is considered as equal to 10.
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V. SUuMMARY AND CONCLUSIONS

This work aims at obtaining information about some characters of the proteins
present in the potato wber. The elecrrophoretical properties of the potato proteins
were siudied. The study involved four varieties namely Alfa, Eigenheimer, Kwinta
and Binrje. The first chree were studied for the effect of storage while Bintje was
studied for the nitrogen fercilization effect.

A refined method for potato proteins separation, in which paper-electrophoresis
was used, has been developed. From the results obtained it may be concluded thar
the potato proteins are a mixture of no less than six components. Moreover, the
sixth peak is thought to be 2 mixture of at least three components. These findings
were confirmed by zone electrophoresis.

A simple and reliable method for measuring the electropherograms has been
worked out, the base of which is to make use of the heights of the peaks.

The results obtained by the electrophoresis, showed that identification of
potato varieties can be carried out by using the protein patterns. Four methods
for identification have been discussed, one of which is a ranking system. The
characteristic patterns of the different varieties hold true under nitrogen fertiliza-
tion and storage.

Furthermore, the breakdown or synthesis of proteins due to storage time and
temperature were discussed. Their influence, however, on the characteristic pro-
perties of the protein pattern is of minor importance.

A nitrogen fertilization experiment was also studied. No obvious influence on
potato protein pattern could be attributed to low or high nitrogen fertilization.
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CHAPTER THREE

THE NITROGEN AND THE AMINO ACID DISTRIBUTION
. IN THE POTATO

I. INTRODUCTION

It is not the protein but its amino acids that are used by the body. The quality
of a protein is judged from its amino acid content. The amine acids supply the
animal with the principal needs for protein synthesis. A protein is a combination of
many amino acids. Due to this character, the importance of protein in nurrition
is a basic one.

‘The nitrogen fraction of the potato tuber comprises about 1—1.5 % on dry
basis. If expressed as crude protein, it will amount to 6.25—9.50% of dry
material. It is really astonishing that although cooking quality, starch and sugars
have been investigated thoroughly, yet the nitrogenous substances did not receive
such attention, The importance of the porato is atrributed to two factors, viz. its
high consumption and its nutritional value. At first sight it seems that the porato
contains only small amounts of proteins. But if it is considered that the moisture
content amounts t0 about 73 %, the crude protein content on dty basis will
appear to be nearly the same as that of the cereal produces. In view of the great
quantities consumed, the potato supplies more than 10 9% of the daily protein
requirements in a great part of Furope. It is therefore of major importance, from
the nutritional standpoint to investigate the protein of the potato in detail. The
potato is not only consumed immediately after harvesting burt also after storage
periods which may exceed six months. The effect of storage on the nitrogen
components important for nutrition, has not yet been fully investigated. The
effect fertilization, irrigarion and other tillage operations on the nitrogenous
substances is aiso far from being well known.

This chapter comprises a study of the nittogen distribution between protein
and non-protein fractions, and the amino acid content of these fractions. The
investigation also includes a study of the effects of nitrogen fertilization and of
storage on the nitrogenous substances of the potato tuber. Four varieties of
portaroes were selected to serve as experimental material.
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II. MATERIALS AND SAMPLING

A. MATERIALS

The matetials used in the present investigation were the same as those described

in Chapter Two page 5.

B. SAMPLING

1., Sampling the crop

The sampling of the crop was the same as described in Chapter Two page 6
except that the dates of sampling were as follows:

TABLE 12. The dates of sample analyses.

treatment date
nitrogen fertilization experiment, 14th Nov. 1960
kept at 5° C, var, Bintje. 9th Jan. 1961
1st May 1961
storage experiment, 19th Dec. 1960
kept at 2, 6, 10 and 15° C, 13th Feb. 1961
var. Alfa, Eigenheimer and Kwinta. 5th June 1961

2. Sampling in the laboratory

The sampling in the laboratory was carried out in the same way as described

in Chapter Two, page 7. The final samples were drawn with the aid of a wide
opening pipet, from the mixture obtained. For the different determinations the
following techniques were employed:

a.
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Tocal solids: a sample weighing &= 15 g was pipetted out of the mixture
obtained into a metal weighing dish with cover. The plate was covered and
weighed to the nearest one tenth of a milligram.

Tocal nitrogen: a sample weighing == 3 g was quickly pipetted into a
weighed kjeldahl flask with a stopper. The kjeldahl flask was then weighed
with its contents.

Soluble nitrogen: a sample of abour 150 g was pipetted our of the
potato mixture delivered into a beakerglass, and weighed to the nearest
0.01 g The sample was then washed several times with water in a2 Biichner
funnel with asbestos filter (Carlson K 5) to obtain a final volume of about
1500 ml filtrate. The volume was measured with a measuring cylinder. The
soluble nitrogen was determined using 20 mi of the filtrate.




III. METHODS

A. MOISTURE CONTENT

The dishes with the weighed porato mixture were placed in an oven at 100° C
and dried overnight to constant weight. The total solids were weighed and the
moisture content was estimated.

B. NITROGEN DETERMINATION

The method used was that of the microkjeldahl. The principle and summary
of the method will be discussed below. Organic matter was destroyed with
concentrated sulphuric acid catalized with seleen caralyzator composed of 1.5 g
cupper sulfate, 2 g seleen and 95 g anhydrous sodium sulphate. The mixture was
heated on an electric heater until a clear blue-green solution was obtained. From
this moment the solution was heated for another hour for final digestion, The
resulting fluid was then transferred to a Parnas Wagner apparatus. To the digest
in the distillation flask 15--20 ml of a 40 % sodium hydroxide solution was
added. The added alkaline solution also contained 4 % sodium thiosulfate. The
distilled ammonia was received in a 250 ml conical flask containing 50 ml
boric acid pH 4.6 and 2 drops of an indicator composed of 2 : 1 methyl red
and methylene blue both in 0.2 % solution of 95 % alcohol. From the moment
the indicator turned green the distillation was continued for another six minuces.
The boric acid-ammonia solution was then titrated against 0.05 N HCL

C. FRACTIONATION OF THE NITROGEN COMPONENTS IN POTATO

It is known that the nitrogenous substances in the potato are readily soluble
in water. This solubility ranges from 70 to 90%. In the present study the
nitrogenous substances wete divided into the following three categories:

1. Total nitregen (T.N,):
Total nitrogen was determined directly in the minced potato.

2. Soluble nitrogen (S.N.):

Soluble nitrogen was determined in 20 ml of the filtrate obtained from washing
the porato mixture (see sampling page 30).
3. Noa-protein nitrogen (N.P.N.):

Non-protein nitrogen fraction was determined in the filcrace (mentioned
under 2) after precipitating the proteins in the following way:
One litre was used to precipitate the soluble potaio proteins, according to the
method described by MULDER and BAKEMA {1956), ie., the solution was heated

31



in a boiling water bath, after adding a few drops of acetic acid and a knife-point
of sodium chlotide. The precipitated proteins were filtered after cooling, and the
filerate was collected in a one litre flask. The protein was washed 3 times with
2 9% acetic acid until the filtrate volume reached one litre. The filcrate contained
the N.P.N-fraction. The nitrogen content was determined in 20 ml volume,

4. Protein nitrogen (P.N.):

Protein nitrogen was determined by taking the difference between T.N. and
NPN.
The soluble protein precipitated as described under 3, was then washed twice
with alcohol and once with ether, To dry the precipitate thus obtained, it was
kept in a descicator under vacuum with sulphuric acid for 48 hrs. The nitrogen
content of che dried protein precipitate was determined in 50 mg. The nitrogen
content was found to range from 13.5 to 14.5 %.

D. AMINO ACID DETERMINATIONS

1. Methods for the amino acid determination used in the current research
work:

Although most of the naturally occutring amino acids wete isolated before the
forties, the development of accurate methods for their determination took place
throughout the last two decades only. Many methods for amino acid determina-
tions ate available nowadays. It is beyond the scope of this study to review all
the methods described, yet a short account of the methods mostly used will be
given.

NEUBERGER (1938) observed that, when acetylated neutral amino acids were
distributed between water and nonaqueous solvents, it was found that different
amino acids had differene partition coefficients. Later on, this fact was used o
develop a chromatographic method with silica gel by MARTIN and SYNGE (1941).
This technique was followed by the application of paper chromatography for
qualitative tests. Afterwards the elution of the amino acid spots on the filter
paper offered a means for quantitative estimations, although a fault of 10 % or
more should be taken into account. A full description of paper chromatography
was published by BLoCK, DURRUM and ZWEIG {1958).

In recent years, however, the application of column chromatography as
developed by MoOOR and STEIN (1948, 1949, 1951 and 1954), has gained
ground. The very outline of the method is the use of starch or of a polystyrene
resin (such as amberlite or dowex 50) as an adsorbent or ion exchanger and the
elution of the amino acids with solvents of gradually increasing polarity or with
solutions of gradually increasing acidity. The elutions are then collected in small
tubes in equal volumes. Ninhydrin is used as a colouring reagent and the densities
of colours developed can be read in a spectrophotometer. The different amino
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acids can be recognized from the ease with which they are eluted ie. from the
number of the tubes in which they are collected. With the aid of standard curves
obtained by colouring distinct quantities of amino acids with ninhydrin the
amount of eluted and coloured amino acids can also be calculated. In recent
publications it has been claimed that the average error is rather low, being of
the order of 3 to 5 %.

Some amino acids, however, can be directly determined spectophotometrically
due to their absorption of light in the ultra violer region, as in the case of
tryptophan and tyrosine, HOLIDAY and OGSTON {1938).

Biological methods with rats or chicks, have also been used to determine
amino acids. QUSTERHOUT, GRAU and LUNDHOLM (1959) used chicks assay to
determine the amino acids, they stated: the method was succesful for lysine,
methionine, cystine, tryptophan, phenylalanine, histidine and threonine. Less for
arginine and unsatisfactorily for glycine, isoleucine, leucine and valine. These
methods require a lot of animals and much time, besides they are not accurate.
Other methods are therefore preferable,

WooD, GEIGER and WERKMAN (1940) suggested to measure the amino acids
quantitatively by microorganisms. Before that time some investigators found that
many microorganistes need amino acids in their media for growth. SNELL,
STRONG and PETERSON (1937) found that tryptophan is an essential amino acid
for Lactobacillus helveticus. From thar time on many workers began to investigate
the microorganisms requirements for amino acids, SNELL and WRIGHT (1941)
developed a method for the determination of nicotinic acid using Lactobacilius
arabinosus. Using a medium with vitamin free casein, they could observe that
tryptophan and cystine were essential for the growth of this organism. KUIKEN
et al. (1943) came to the conclusion that valine, leucine and isoleucine c¢an be
determined with accuracy from the growth of L. arabinosus. HIER and BERGEIM
(1945) found that this organism could also be employed for the determination
of threonine while STOKES ez al. (1945) found thav Streptoceccus faecalis could
be used for accurate quantitative determinations of the following amino acids:
valine, isoleucine, leucine, threonine, methionine, arginine, lysine, histidine and
tryptophan. The amino acid requirements of Lexcomostoc mesenteroides and
Lexnconostoc citrovorm were investigated by STEEL et a4l (1949). They found
thar the organisms could be used to determine eighteen different amine acids
with accuracy.

In biological assays the error usually amounts to 10 9. This high limit is due to
the individual variations when a small number of animals is used. In the early
days of vitamin B complex and amino acid assays with the aid of microorganisms,
it was thought that an error of 10% could not be avoided. It is, however,
irrational to treat the data obtained with micrcorganisms in the same way as
those obtained with higher animals, In animal experiments an investigator would
usually limict himself to a number of animals not far in excess of twenty. In
microbiological methods, millions of organisms are involved, a fact which tends
to minimize the individual variations. In this respect SCHWEIGERT and SNELL
(1946-1947) presented values of amino acids in protein obtained by micro-
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biological methods in different laboratories. using different media, different
samples and different microorganisms. They stated: “Only in a few casés where
several values are available, does the variation amount to as much as = 10%".
VAN DER LINDEN (1949) working on the microbiological methods for deter-
mining amino acids, studied the accuracy of the method. He used phenylalanine
as the experimental amino acid. The standard deviation from the mean was
found to be 3.1 % in nine different hydrolysates analysed on the same day.
When, however, new hydrolyzates were analyzed at intervals of two weeks the
variation was greater and amounted to 5.2 %. He concluded that such higher
variations were due to differences in the lag phase of growth in different assays
as well as to differences in the lag phase of growth seen in “sample tubes” and
that of the “standard ones”. He added that the inter-day variations may be
considerably diminished by growing the inoculum in the basal medium, to which
the missing factor has been added. POSTEL (1956} found that, when micro-
biological methods for amino acids were employed, the error in three determina-
tions was found to be in phenylalanine, threonine, histidine, lysine and tryptophan
== 2 9, in valine, leucine and arginine == 3 %, and in methionine and isoleucine
= 4 %. REIF {1958) came to a similar conclusion and noted that the experimental
error of microbiological determinations of amino acids did not exceed 4 % when
growth was evaluated by titration.

2. The method employed in this study:

Considering the fact that microbiological determinations lend themselves
extremely well to routine work and raking into account the good reproducibility
mentioned in the foregoing discussion, it was decided to use the microbiological
method in the determination of all amino acids except in that of tryptophan in
the soluble protein, where a spectrophotometric method was used. A description
of the methods used are summarized below.

4 The microorganisms:

Three microorganisms were used, namely: Lewconostoc mesenteroides P.60
(ATCC 8042), Lactobacillus arabinosus 17/3 (ATCC 8014) and Streptococcans
faecalis (Lactis Rogers) (ATCC 9790). The cultures were obtained from the
collection of the Delfe University, Microbiological Department.

Histidine, Iysine, phenylalanine, methionine and tryptophan were determined
with the aid of L. mesenteroides;

Leucine, isoleucine and valine with the aid of L. arsbinosus;

Arginine and threonine with the aid of §. faecalis,

The media used for the three microorganisms are shown in table 13. The
medium used for L. mesenteroides, was described by STEEL er &l (1949).
The other two media were quoted from BARTON-WRIGHT {1952).

The three microorganisms were kept on the “Micro Assay Culture Agar Difco”
(Difco Manual of Dehydrated Culture Media Reagenes 1953), the composition
of which was:
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TABLE 13. Basal Media for the organisms L. mesemterotdes, L. arabinosus and S. faecalis
(two times strength).

Ingredients L. mesenteroides L. arabinosus 8. faecaiis
Dl-e-Alanine 200 mg 100 mg 100 mg
L-Arginine 242 mg 50 mg 50 mg
L-Asparagine 400 mg — 400 mg
L-Aspartic Acid 100 mg 800 mg —
L-Cysteine 50 mg — —
L-Cystine — 100 mg 200 mg
L-Glutamic Acid 300 mg 400 mg 400 mg
Glycine 100 mg 20 mg 20 mg
L-Histidine HCI 62 mg 50 mg 50 mg
DL-Isoleucine 250 mg 200 mg 200 mg
DL-Leucine 250 mg 200 mg 200 mg
L-Lysine mono-HCI 250 mg 200 mg 200 mg
DL-Methionine 100 mg 100 mg 100 mg
DL-Penylalanine 100 mg 100 mg 100 mg
L-Proline 100 mg — —
DL-Serine 50 mg 80 mg 50 mg
DL-Threonine 200 mg 200 mg 100 mg
DL-Tryprophan 40 mg 80 mg 200 mg
L-Tyrosine 100 mg 40 mg 80 mg
DL-Valine 250 mg 200 mg 200 mg
Glucose 250 g 200 g 200 g
Sodium acetate 200 g 33.0 g i
Sodium citrate 2 Aq. — — 250 g
Xylose — 1.0 g -
Ammonium chloride 30 g — -
Ammonium Sulphate — 30 g —_
Mono-potassium phosphate 600 mg 500 mg —
Di-potassium phosphate 600 mg 500 mg 500 mg
Magnesium sulphate 7 Aq. 200 mg 200 mg 200 mg
Ferric chloride (anhydrous) — 2 mg 2 mg
Ferro sulphate 4 Aq. 10 mg —_ —
Manganese sulphate 4 Aq. 20 mg 10 mg 10 mg
Sodium chloride 10 mg 500 mg 500 mg
Adenine 10 mg 10 mg 10 mg
Guanine 10 mg 10 mg 10 mg
Utracile 10 mg 10 mg 10 mg
Xanthine 10 mg 10 mg 10 mg
Aneurin-HCl 500 pg 200 ug 200 ug
Pyridoxine-HCl 1000 pug 200 aug 1200 pg
Pyridoxamine-HCI 300 pg — —_
Pyridoxal-HCI 300 pg — —
Calcium d-pantothenate 500 pg 200 ag 400 pg
Riboflavin 500 pg 200 ug 200 pg
Nicotinic Acid 1000 ug 600 pg 600 ug
p-Aminobenzoic Acid 100 ug 100 pg —
Biotin 1 pug 0.5 pg 0.5 pg
Folic Acid 10 pg — kg
Water to 500 ml 500 ml 500 ml
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Bacto-Yeast extract 200 g
Proteose Peprone Nr 3 Difco 50 g
Bacto-Dextrose 100 ¢
Monopotassium phosphate 20g
Sorbitan Monooleate complex 0.1 g
Bacto-Agar 100 g

Streprococcus faecalis and L. mesenteroides were grown on a slope culture,
while L. arabinosus, on a stab culture. Every third or fourth week the
organisms were sub-cultured on new agar culture medium. This period was
found to be adequate to keep the microorganism in a good active form. To
assure purity, each microorganism was cultured in 4 tubes, viz. A, B, C and D.
A and B were usually kept as stock cultures, whereas C and D were used for
the running work. In subculturing, culture A served to inoculate the new A
and B, while old culture B was used to inoculate the new tubes of C and D.

To prepare the medium from the “micro assay culture agar”, 485 g was
dissolved in water, boiled at 100° C for three minutes, made up to one litre
and distributed in 10 ml volumes to tubes having a diameter of 16—20 mm.
The wbes were plugged with cotton wool and sterilized at 15 Ib for 15 min.
They were zllowed to cool either in an upright position or at a sloping
position, according to whether a stab or a slope culture was required. The

_ tubes, after solidification, were kept in the refrigerator at 5—7° C. When
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subcultures were prepared, the tubes were kept ar 30° C for 16—20 hours
after inoculation. If good growth appeared, they were stored at &= 5°C.

The inoculums wete, when required, prepared from cultures C and D. They
were grown on a full “Riboflavine Assay Medium”, Difco, which was
composed of:

Photolyzed peptone 220 g
Yeast supplement 20 g
Bacto-Dextrose 200 g
Sodium Acetate 18 g
L. Cystine, Difco 02 g
Dipotassium Phosphate 10 g
Magnesium sulphate 04 g
Sodium chloride 20.0 mg
Ferrous sulphate 200 mg
Manganese sulphate 200 mg

48 g of this medium was dissolved in 1000 ml, and boiled for 3 minutes,
To prepare the full medium, 5 ml volumes of the hydrated medium were
distributed to a number of test tubes, 2.5 ml of standard solution containing
100 mug vitamin Bz/ml, and 2.5 ml water were added to each tube. The tubes
were plugged with cotton wool and sterilized at 10 Ib pressure for 10 min.
After being allowed to cool the tubes were inoculated from the stab or slope
culture, for which a sterile platinum needle was used. The inoculated tubes



c.

were incubated at 30° C for 16—20 hrs. After incubation the tubes were
centrifuged asceptically, the supernatents were discarded and the precipitated
microorganisms were dispersed in sterilized saline water (0.9 % NaCl) and
centrifuged again. These washings were repeated three times. Finally the
precipitates were dispersed in scerilized saline water, mixed thoroughly and
diluted to suitable turbidity. A sterilized pipette was used for inoculation of
the solutions to be analyzed.

Preparation of the sample for the amino acid analyses

with microorganisms:

Protein: From the precipitated and dried proteins = 50 mg was weighed in
a 100 ml conical flask, 25 ml 6N HCl was added, the flask was then
covered with a beaker glass and the contents hydrolysed for 12 hr at
120° C in an autoclave. The resulting solution was directly brought up tw
pH 4.5, completed to a suitable volume and filtered. A volume of the
filterate was used for the microbiological determinations afrer suitable
diluticns and adjusting the pH to 6.8.

Non protein fraction: The non-protein nitrogen fraction was used directly,
after adjusting the pH of a volume to 6.8 and diluting to the required
concentration.

Set up of the assay:
Table 14 shows the ranges of standard curves for the studied amino acids
in pug/2 ml ‘

TABLE 14. The ranges of standard curves for the studied amipo acids in pg/2 ml.

Amino Acid Range Amino Acid Range
Arginine 0—15 Methionine 0—15s
Histidine 0—15 Phenvylalanine 0—15
Isoleucine 0—15 Threonine 0—15
Leucine 0—15 Tryptophan 0— 4
Lysine 0—40 Valine 0—15

For each amino acid assay the media mentioned in table 13 were used, with
the omission of the amino acid to be analyzed. The media, samples and
standards were adjusted to pH 6.8. The determinations were carried out on
2 m! final volume (STEEL ¢ ). 1949) in tubes having a diameter of
=+ 10 mm X = 80 cm.

To determine an amino acid, three different volumes, each in triplicate of
the sample solution were pipetted in the tubes. (In many cases, however,
four or five different volumes were used). The three levels (usually 0.4, 0.7
and 1.0 ml) were made up to 1 ml using distilled water. The standard
curves were composed of eight levels, viz. 0.0, 0.1, 0.2, 0.3, 04, 0.6, 0.8 and
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1.0 ml of the standard solutions prepared before. Each level of the standard
curve (being in triplicate) was completed to¢ 1 ml with distilled water.
With “Cornwall” automatic blowing pipet, 1.0 ml of the cotresponding basal
medium was then added 10 the tubes. Next, the tubes were plugged with
cotton wool, sterilized at 10 Ib for 10 minutes. After the tubes were cooled,
they were inoculated with one drop of the prepared inoculum and incubated
at 30° C in the case of L. arabinosas and 8. faecalis assays and at 37° C in the
case of L. mesenteroides. After an incubation pericd of 72 hours the produced
lactic acid in the tubes was titrated against sodium hydroxide solution =+ 0.1
normal. The acid production is a measure for the bacterial growth and thus
for the amount of amino acids present. The standard curve was drawn plotting
the titration figures ageainst the corresponding quantities of the amino acid
in question. The bacterial growth in the sample tubes can be evaluated and
expressed in amounts of amino acids with the aid of the standard curve. The
amount present in | ml sample solution can then be calculared. The nine
values thus obtained were averaged. The results showed that the wichin
sample variation was less than 5 9%. The error ranged from 14 tw 4.9 %.
A recovery test was carried out with a mixture of amino acids (L. form). The
mixture of the amino acids was added to the protein and all the operations
from the start of hydrolysing, up to the end of the assay were carried out
The recovery percentages of the ten essential amino acids will be found in
table 15. They ranged from 95.0 % with methionine to 104.0 % with lysine.

TABLE 15. The recovery of the essential amino acids.

4.
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Amino Acid Recovery % Amino Acid Recovery 9%
Arginine 96.5 Methionine 95.0
Histidine 97.7 Phenylalanine 1033
Isoleucine 98.5 Threonine 102.0
Leucine 99.2 Tryptophan 98.2
Lysine 104.0 Valine 96.3

The determination of tryptophan in the potato proteins:
Tryptophan was determined spectophotometrically. Tryprophan and tyrosine
have the property to absorp light in the ultraviolet region. It is known
that phenylalanine, tyrosine and tryptophan are responsible for the observed
abgorption in protein solutions. Phenylalanine shows weak absorption and
the maximum occurs at 258 myu. The absorption exerted by tyrosine and
tryptophan is much greater. The method used followed the work of LEMBKE,
KAUFMANN and ScHMIDT (1952), GooDpWIN and MORTON (1946) and
HoLvipay (1936).

Tryptophan could be determined by measuring the obrical density of the
protein solution in 0.1 N NaOH at the two wave lengths of 280 my and
305 my. By using the following equation the tryptophan content of the
protein could be estimared:




_ Eses . Eryeso  — Eeso . Erysos

M Tryptophan (1)

Eryeso . Ervsos  — Ereso . Eryaos

where M = molar concentration.

Easp, Esos = the extinction coefficient of the protein solution at
the wave lengths 280 and 305 mu.

Eryese, Fryasos — the molecular extinction coefficient of tyrosine at
the wave lengths 280 and 305 my.

Ers2s0, Eres0s — the molecular extinction coefficient of tryprophan at
the wave lengths 280 and 305 my.

The molecular coefficient can be estimared from the equation:

mW . Ac
E= — " {2}
C
where mW — molecular weight.
Ac = absotption coefficient.
C = concentration g/litre.

Equation (1) can be simplified by the substitution of the molecular coefficients
of ttyptophan and tyrosine in 0.1 N NaOH solutions. LEMBKE, KAUFMANN
and SCHMIDY {1952) gave the following equation:

molar concentration of tryptophan — (0216 Ezso — 0.215 Eaes) 1073
PANTLISCHKO (1952) gave:

molar concentration of cryptophan = (0.204 Ezae — 0.239 Eaes) 1073,
HOLLIDAY (1936) gave:

molar concentration of tryprophan = ((.210 Ezao — 0.288 Eses) 1073
In the present study the following equation was found:

molar concentration of tryptophan — (0.207 Esge — 0.273 Eses) 1073,
To prepare the required protein solutions == 40 mg of the potato protein
were accurately weighed and dissolved in 0.1 N NaOH solution, made up to
a suitable volume with the alkali solution. A Bekmann spectrophotometer was
used for measuring the absorption coefficient. Two sorts of recovery test were
carried out. The first recovery was made by mixing different known quan-
tities of tryprophan solutions with different known quantities of tyrosine
solutions. The second recovery was carried out by adding known quantities of
tryptophan and tyrosine to the protein. The results in case of tryptophan in
the two methods were 98.0 10 102.6 % recovery.
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IV. REsuLTs AND DISCUSSION

A. NITROGEN DISTRIBUTION

In plants the nitragenous substances are found as proteins, free amino acids
and amides. In the vegetative storage organs such as potato tuber, tutnips and
onions, a high percentage of non-protein nitrogenous substances is present. It
seems thar the potato tuber contains a higher proportion of its nitrogen as protein
than turnips and onions. These proportions seem to change under different
treatments and circumstances and are not the same in different varieties. In this
respect, MULDER and BAKEMA (1936) found that the ratic PN. : NPN. in
potato tuber varied very much in different varieties, e.g. in Noordeling, it was
found to be 120, in Voran 092 and in Eersteling 0.76. This reflects the
differences between varieties that may occur, apart from the environmental
conditions that may also contribute to change the proportions of P.N. and NP.N.
fractions.

ZALESKI (1898, 1901, 1913) studying the effect of storage on the nitrogenous

substances in bulbs, found that during storage protein synthesis occurred
disturbing the proporrions of PN. and N.P.N. to that of T.N. In one experiment
{1898), 32 % of the TN. was PN. at the beginning of the storage period, after
germination the PN. increased to represent 50 % of T.N. He could also confirm
that even ar lower temperatutes protein synthesis was a normally occurring
process.
From these results it can be seen that the proportions of PN. : T.N. may vary
vety much in the storage organs of plants during storage. Beside the effect of
storage and environmental conditions, treatments such as watering and fertiliza-
tion, may influence the picture too. In view of these facts it is really difficult to
draw any conclusion as to storage effects without studying the other factors.

The aitrogenous substances of the potato tuber did not receive much attention
as compared with other components, starch for instance. STUART and APPLEMAN
(1935) found that no important changes in the nitrogenous substances occurred
when the tubers were stored at 35.6 to 374° F. At room temperature on the
other band, the changes were more pronounced. SHALLENBERGER (1933),
however, reported the highest T.N. in potato tubers stored at room temperature
and the lowest at 32°—40°F. TAGAwA and OxkAzawa (1933) found no
changes in the various nitrogen fractions of the potato after a 60 days’ storage.
One hundred days after harvesting they found that the soluble N.P.N. fraction
increased. This increase was accompanied by a decrease in the protein nitrogen.
In the following 30 days, PN. as well as N.P.N. increased in the terminal bud,
in the other parts of the tuber P.N. decreased.

In this connection it is also worthwhile to mention that the respiration of the
tuber is more related to protein metabolism than to carbohydrate metabolism.
GREGORY and SEN (1937) developed a theory stating that the products of protein
breakdown are deaminated and the carbon skeletons respired. The free ammonia
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is taken up again in the nitrogen metabolism. Their main conclusion is that most
of the carbon dioxide respired is derived from those carbohydrate residues which
were previously taken up in the nitrogen metabolism. In an experiment with
Cld-glucose VITTORIO, KROTEOV and REED (1955) could obtain radicactive COx
from respiration in wheat plants, but only after a rather long period. This means
that the carbohydrate carbon is not directly involved in respiration.

STEWARD, BIDWELL and YEMM (1956) suggested that the CO: resulting from
the respiration is mostly drawn from proteins. Free amino acids are not directly
used for protein synthesis. The protein synthesis might take place by a block-
condensation of products which are builr in some locations of carbohydrate
metabolites and nitrogen groupes. These intermediate amino acids are not free
and could not mix up with free amino acids in the ruber.

STEWARD and PRESTON (1940-1941) as well as STEWARD and STREET (1946)
concluded from their experiments that the following steps seemed to be involved
in the mechanism of protein synthesis:

Free amino acids - Ammonia -~> unstable amide

!

protein

MCKEE (1958) stated: “Protein synthesis in the potato tuber appears thus to be
in general associated with enhanced metabolic activity, and may be a response to
increased energy production rather than its cause”. He further stated:
“In general the effect of external conditions on respiration and on protein synthesis
is in the same direction”.

From this short review of the literature it can be seen that variations in
circumstances and conditions of storage will to a large extend affect the propor-
tions of the nitrogenous substances in the potato tuber.

1. General Results.
The average values for T.N,, PN. and N.P.N. are plotted in figure 11. Kwinta
had the highest T.N. content and Bintje the lowest. Figure 12 shows the PN. and

the N.P.N. content of the tuber expressed as a percentage of T.N, a range of
42.3 w0 47.3 % for NP.N. and of 52.7 to 57.9 % for PN. was found.

2. Effect of nitrogen fertilization and sforage at 5° C with regard to the
nitrogen distribution in potato variely Bintje.

# Total nitrogen:

ScHUPHAN (1959), KURTEN (1957), MULDER and BAKEMA (1956), and
others showed that the T.N. content of the tuber increased ultimately with
increasing nitrogen supply. POL (1960) found that T.N. increased with the
increase of nitrogen supply. He recorded a negative correlation between T.N.
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FIGURE 11. The average values of the total FIGURE 12. The average protein nittogen
nitrogen, ptotein nittogen, and and non-protein nitrogen as
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patato.

and starch content of the tuber. His results showed more T.N. as percentage
of the dry matter, after storage than at harvesting. Moreover, POL's (1960)
results indicated that the highest increase in TN, during storage occurred in
those potatoes which were most heavily dressed with nitrogen. The starch
content on the other hand gradually dropped during the storage period.
STREET, KENYON and WATSON (1946) found that with prolonged storage
time a loss in the nitrogen content could be observed. They noted that in
sprouting potatoes the tubers retained only about 209 of their initial
nitrogen content.

In the present investigation it was found that the TN. content increased
with increasing nitrogen supply. In figure 13 three curves ate shown, obrained
by plotting TN. against nitrogen fertilization after different storage periods.
The results showed that TN. tended to increase in all the periods studied,
with the increase of nitrogen supply.

On comparing the results obtained in the three periods, it is evident that
after 8 weeks' storage the TN. content as percentage of dry matcer in potatoes
dressed with 80 kg N dropped as compared with the starting curve. At the
highest levels of nitrogen supply the curve representing the 8 weeks™ period
showed an apparent increase in TIN. The T.N. content of the tubers after
24 weeks' storage at 5° C, was generally lower than that of 0 and 8 weeks’
storage, At 200 kg aitrogen supply, however, the TN. content was somewhat
higher than at O time. In broad lines this picture can be described in the
following way: there are principally two periods, in the first the TN,




dry makter.

TN /1009

expressed as percentage of dry matter, increases and in the second this
percentage decreases.

As will be discussed afterwards, germination of potatoes needs nitrogen to
build up the protein in the sprouts. So it may be expected that the T.N.
content of the tuber will be lower after storage than at 0 time. Nevertheless,
this was not the case when potatoes of the highest nitrogen supply were
considered. The factor that can cause the TN. content of the tuber to rise,
is a loss of dry matter. In this respect the respiration of potatoes is expected
to be involved. PoL (1960) showed that after storage the starch content
dropped. In his experiments potatoes were stored for about 8 months at 4° C.
Notwithstanding that in the course of storage some starch is converted into
glucose, PoL (1960) found that after storage the loss of total carbohydrates
ranged from 0.5 % at 0 kg nitrogen supply to 4.2 % at 100 kg N/ha supply.
He came to the conclusion that the higher the nitrogen dressing the higher
the rate of respiration was during storage, and consequently the higher the
losses of carbohydrates.

TR0
"o
’,
5 ar— —— —. atotime Rl
0~——-—~~-g at 8 weeks time /
rd
1500L - at 2 weekstimé N .
Ve
1400
1200
1000
(13 ] 1 1 L J
0 40 80 120 160 200

Nitrogen supply Kg. N/ha.
FIGURE 13. The toral nitrogen content of the potato tuber in three storage periods, 0 time,
8 weeks, and 24 weeks, as affected by the nitrogen fertilization in the variety
Bintje.
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nitrogen, of six different nitrogen fertilization levels, in the variecy Bintje.

From this it can be concluded that if the loss in T-N. due to germination
is less than the loss in catbohydrate due to respiration, a rise in TIN. %% will be
recorded. On comparing results after 8 weeks with those ac the beginning of
the experiment, an increase in the TN. content of the potatoes with high
nitrogen dressing could be observed. This may be attributed to the loss of
carbohydrates due to respiration, which consequently must have been higher
in the potato tubers with the higher T.N. contents. If STREET, KENYON and
WATSON (1946} observed so great a loss of nitrogen that the tuber retained

“only 20 % of the initial nitrogen, it may be assumed that the samples wete in

an advanced stage of germination. In the present work germination surely
had its effecc on TN. at advanced storage time, especially at the lower
nitrogen supply of the 24 weeks’ samples. On the other hand SHALLENBERGER
(1955) found a higher T.N. content in potatoes stored at room temperature
than in potatoes stored ar 32—40° F. This could be explained by the increase
in the respiration rate ar higher temperatures.




. Protein and non protein nitrogen:

MULDER and BAKEMA (1956) found that with high nitrogen fercilization
PN. as a percentage of T.N. was lower, than with Jow nitrogen fertilization.
SCHUPHAN (1959) confirmed the results obtained by MULDER and BAKEMA.

In the present study six levels of nitrogen supply ranging from 0 kg N/ha
up to 200 kg N/ha, were included. Figure 14 shows the behaviour of PIN.
as a percentage of T.N. during the storage period. The effect of each
fertilization level is shown separately. From this figure it is evident that the
behavior of P.N. is influenced both by the storage period and by the nirrogen
fertilization. It can be noticed that at 0, 40 and 80 kg N/ha levels the protein
proportion increased at the end of the storage period. This rise was gradual
at the 0 kg N/ha supply, whereas at che other two levels the increase was
only appatent in the last part of the storage period. Ar 120 kg N/ha the
picture changed, in the first 8 weeks the rise was markedly followed by a
steady flat level after 24 weeks. At 160 and 200 kg N/ha, the protein nitrogen
showed a sharp rise in the first 8 weeks followed by a drop after 24 weeks.
With the N.P.N. the reverse was true.

8o
- e— —— = at otime
[ I, O at 8 weeks time
0
7oL _ at 24 weeks time P

% of T.N.

L 1
1] 40 80 120 160 20D
N itrogen supply Kg. N./ha

FIGURE 13. The effect of nitrogen fertilization on the protein nitrogen as a percenrage of

total nitrogen, shown in three storage periods, viz, 0 time, 8 and 24 weeks,
in the variety Bintje.
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In figure 15 the values of the P.N. relative to T.N. are plotted against the
nitrogen supply at three different times of storage. It can be noticed that at
the start of the experiment the highest PN. : T.N. ratio was obtained at
the 40 kg N/ha level, and the lowest value at 200 kg N/ha level. Dealing
with the PN, : TN. ratio after 8 weeks, it can be seen that the lowest
value was recorded at 80 kg N/ha, while the highest was encountered
at 200 kg N/ha supply. After a 24 weeks' storage period at 3°C, the
highest protein portion was noticed at the level of 120 kg N/bha, whereas at
the levels of 160 and 200 kg N/ha the lowest portions of P.N. were obtained.
In this respecc MULDER and BAKEMA (1956) found that high nitrogen
fertilization decreases the PN, as a percentage of the T.N. MULDER (1949)
studied the influence of mineral nutrition on protein and non-protein nitrogen
fractions. Table 16 was estimated from his resuls.

TABLE 16. The effect of nitrogen fertilization on the P.N. expressed as percentage of T.N.,
(estimated from MULDER's (1949) results).

experiment nr 589 (1946) experiment ar 907 (1946)
Date g . ITE] . the
of fertilization system fertilization system corresponding

sampling | KpO | 300 | KgO | 300 | PyO5 | 500 | PyO5 | 500 | time
N (0] N 300 N 0] N l1300

July 64.6 55.2 66.0 59.0 at harvest
October 70.5 — 69.0 60.0 at harvest
March 65.7 52.5 67.0 58.0 stored at 10° C

for 5 months

From these figures given in the table it appears that under the circumstances
of the experiment the influence of storage was not at all apparent in the
proportion of PN. : TAN. The ratio was rather stable, from which it might
be concluded that the nitrogenous substances did not undergo any change
during storage.

On the other hand, PoL (1960) suggested from his resules that the PN. as a
percentage of T.N. decreased with increasing T.N. content of the twber, the
greatest losses in PN. during storage seemed to occur in rubers rich in T.N.
after about 5 months storage. His figures showed that in samples at harvest
time a rather stable level or, in one experiment, even an increase in PN. on
increasing the nitrogen supply could be found.

From the foregoing discussion the results obtained in the present study
confirm that nitrogen fertilization affects slightly the PN. : TN. ratio, ie,
at 40 kg N/ha the PN. as a percentage of the T.N. was 49 9%, at 200 kg
N/ha it decreased to 42.5 %. On the other hand the changes in the protein
portion during the storage seemed to be much higher than those resulting
from the nitrogen ferrilization. It must not be neglected that during storage,
where respiration and germination had altered the composition of the tubets
owing to catabolic and anabolic reactions, the nitrogenous substances are
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involved for an important part. It can be seen from figure 14, that a sample
taken after 8 weeks’ storage which received a nitrogen supply of 40 kg N/ha,
contained 46 % of its T.N. as PN, whereas a sample which received a higher
nitrogen dressing of 160 kg N/ha, had a content of 60 % of its TN. as PN.
The variations after 24 weeks of storage were remarkable. A sample of the
40 kg N/ha level showed a PN. content of 54 % of TN, whereas a sample
of 160 kg N/ha supply contained only 45 % PN. as percentage of T.N.
In the former case the conclusion could be drawn thac P.N. was increasing
with nitrogen supply. In the latter case the reverse conclusion is not less true.
Considering these findings, it is evident that the date of sampling is of great
importance. MULDER and BAKEMA (1956) analyzed samples after 4 months’
storage, and MULDER (1949} used samples at harvest time and after 5 months’
storage. Their conciusions in this respect can be compared with the resules
obtained in the present study after a 24 weeks’ storage period.

Effect of storage time and temperature on the nitrogen distribution in the
potato varieties Alfa, Eigenheimer and Kwinta.

Total nitrogen:

Table 17 shows the effect of the storage period and temperature on the
T.N. content of che tuber. The general trend is not the same throughour the
whole storage period. Afrer 8 weeks' storage there was a tendency for TN.
to decrease with increasing temperature, This was the case up to 10° C, after
which a rise was noticed at 15° C. After a 24 weeks’ storage period TN.
content decreased ultimately, with increasing temperature,

TaBLE 17. Total nitrogen content of the potato tuber as influenced by the storage period

and temperature.

TN. mg/100 g dry matter

storage — R : ;
period Alfa Eigenheimer Kwinta
in weeks Storage Temperature _Srorage Temperature _ Storage Temperature

2°C 6°C 10°C 15°C 2°C 6°C 10°C 15°C 2°C 6°C 10°C 15°C
start 16350 1690 1805
8 1617 1429 1132 1309 1547 1653 1574 1579 1804 1861 1433 1793
24 1693 1461 1528 1251 ‘ 1780 1720 1723 1631 1763 1891 1796 —

Losses of nitrogen may be attributed to germination and the increase in
nitrogen content may be the result of carbohydrate losses during respiration.
This was fully discussed when the experiment of the effect of nitrogen
fertilization was treated.
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b.

Protein nitrogen:

The protein nitrogen will be considered as the percentage of the T.N.
Since PN. and N.P.N,, expressed as percentages of TN, change at each
others expense, only one of them will be discussed. In the following discussion
the PN. will therefore be treated. The results obtained of the effect of the
storage period and temperature on the three varieties studied are plotted in
figure 16. The idea of eliminating one of the two factors, viz. period and
remperature of storage, in order to obtain discussable averages was rejecred.
The reason for this will be clear when the trends of the cutves obrained are
observed. Fach temperature and each period had a special trend, which would
give a misleading tendency in case of the values being averaged.

During the storage of potatoes the changes taking place in the nitrogenous
substances, seemed to be due to the interaction of the following factors:

1. variety

2. storage period

3, storage temperature
4. germination

1. Variery:
Some varieties are known to have good storage qualities, while others have
not. It is believed that the reactions that are taking place in the potato
tuber will be more or less the same in all varieties, with some differences
in the reaction rates. Such differences in reaction rates may be responsible
for the apparent changes between varieties.

Alfa

Eigenheimer

9 R R 7]
8§t or agae period in weekhks

FIGURE 16. 'The effece of storage period and temperature on the protein nitrogen as z

48

pescentage of total nitrogen, in the varieties Alfa, Eigenheimer, and Kwinta.

, The determined ratio, — — —, the ratio if the nitrogen content of
the sprouts was one time as that of the cber, -------- , the ratio if the
nitrogen content of che sprouts was two times as that of the tuber.




2. Storage period:
Protein synthesis is likely to take place during the dormant phase of the
tuber, especially at the beginning of the storage period when no signs of
germination appear. If the potato tuber is old, the power to synthesize
proteins is diminished or overlapped by the increased breakdown. In this
connection, MULDER (19535 and 1956) working with potato slices, showed
that the respiration rate is more pronounced in new potatoes than in old
ones,
In the introduction of this part, the relation between respiration and
protein synthesis was briefly discussed. There, the power of protein
synthesis could be shown to be slower in old potatoes than in new ones.

3. Storage temperature:
Higher temperatures will enhance the reactions occurring in the tuber,
in other wotds, they will enhance the processes of synthesis as well as
breakdown of proteins. Likewise, germination will start earlier at higher
temperatures than at lower temperatures.

4. Germination:
The new sprouts will need nitrogen that can be supplied by the tuber,
to build up their special proteins. The nitrogen content of sprouts is also
expected to be higher than that of the tuber. These losses in nitrogen
will explain the loss of N.P.N. from the tuber. However, the situation
remains complicated owing to other reactions which are taking place at
the same time,

If these four factors are assumed to react the complicated picture obtained
can be analyzed in the following way:
First, it has to be mentioned that the 0 time of the storage experiment in the
present study does not reveal the composition of the wber at hatvesting time,
which actually took place 8 weeks earlier, so it would be expected that at 0
time of the experiment, the protein content of the tuber was already higher
than that at harvest time. The 8 weeks’ sample of the experiment corresponded
with the 16 weeks’ period from harvest time. It is therefore believed that at
this time the ability of the protein synthesis was weaker chan before.
At 2°C the activity of protein synthesis as well as that of protein breakdown
was depressed. It is probable thar the bulk of protein synthesis occurred
during the period of 8 weeks before storage when the temperature was
ranging berween 8 and 10° C. At 2° C the potency of the tubers to synthesize
proteins decreased. Moreover it seems that cooling at 2° C depresses the
synthesis more than the breakdown of protein. In Eigenheimer a small
increase was observed after 8 weeks followed by a decrease after 24 weeks.
With Alfa and Kwinta the curves showed a declining tendency throughout
the whole period, which became rather flat at the end. No germination
appeared at this temperature.
At 6° C the reaction rate was expected to increase, in accordance with which
protein synthesis was apparent after 8 weeks. At this time the weights of
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the sprouts were 049, 1.1% and 1.9% of the tuber weight for Alfa,
Eigenheimer and Kwinta respectively.

Alfa and Eigenheimer showed a rise in the ratio of PN. : TN. In Kwinta
the protein level was rather stable. This does not mean that no synthesis
occurred in Kwinta, but it does indicate that the rate of breakdown was
somewhat higher in Kwinca than in the other two varieties. In all the three
varieties a decrease occurted after 24 weeks, which might be attributed to the
activity of the breakdown of proteins.

At 10° C synthesis as well as breakdown were enhanced. The percentages
of the sprouts after an eight weeks' period were 2.2, 3.6 and 4.4 % of the
potato weight for Alfa, Eigenheimer and Kwinta respectively. In Alfa and
Eigenheimer the graphs showed declining curves, but the decrease was not
very pronounced during the first period. Later on excessive sprouting
appeared which required more nitrogen. This was supplied by the N.PN.
fraction which in turn was supplied by the breakdown of the proteins.
In Alfa the rate of consuming the nitrogen from the tuber (N.P.N.) secmed
to be less great than thar of the protein breakdown. The speed of sprouting
seeined to be more advanced in Eigenheimer than in Alfa, so the curve was
decreasing but more flatty than that of Alfa. This will explain that in this
case the rate of depleting the N.PN. of the wber is higher than in
Alfa, Tt is clearly demonstrated in the graph that the breakdown of proteins
proceeded more rapidly in Kwinta. A sharp drop in the PN. portion was
noticed in the first period. Afterwards the level of PN. seemed to be rather
stable, which did not mean that the metabolic processes in the tuber stopped
but merely indicated that the rate of breakdown was compensated by the
transfer of nitrogen to the sprouts from the N.P.N, fraction.

At 15° C Alfa showed more or less, a similar equilibrium as that noticed at
the final period of Kwinta at 10° C. With Eigenheimer a rapid germination
could already be observed in the first 8 weeks of the storage period. The loss
of the N.P.N. due to sprouting was more pronounced than with Alfa. This loss
of N.P.N. had undoubtedly given too high figures for PN. : TN. ratio.
Nevertheless, on eliminating this factor, by assuming a nitrogen content of
the sprouts one or two times as high as the nitrogen content of the tuber,
a clear synthesis of protein during storage could be observed. After 24 weeks
the PN.: TN. ratios underwent a sharp decrease, which might be attributed to
a dominating protein breakdown. Kwinta alsc showed the same trend as Eigen-
beimer after 8§ weeks' storage. After 24 weeks, the sprouting had proceeded
so far that no chemical analyses on the tuber could be carried out.

From the foregoing discussion, it can be observed that the processes of
protein synthesis and breakdown take place together but with different rates.
The loss of the nitrogen from the N.P.N. fraction of the tuber in favour of
the sprouts, will theoretically result in a decrease of the N.P.N. fraction and
consequently, an increase in the P.N. : TN. ratio.

Yet this phenomenon was not the case due to the other catabolic reactions
taking place such as protein breakdown, which will not only decrease the




amount of PN, but also will supply the N.P.N. with the protein breakdown
products, amino acids, which will alternatively increase the N.P.N. portion.
These processes as has been mentioned before, are believed to participate in
all the varieties, but with different rates.

B. THE AMINQ ACID DISTRIBUTION

Only a small number of investigators have so far studied the amino acid
content of the potato tuber. Most studies were carried out on the whole tuber
without a differentiation between the free amino acids and the amino acids of
the proteins, MULDER and BAKEMA (1956) as well as THOMPSON and STEWARD
(1952} studied the amino acid contents of the twe fractions. Previously some
other workers such as SLACK (1948), GROOT (1947) and SJOLLEMA and RINKES
(1912) confined themselves to a study of the amino acid pattern of the potato
tuber protein. The amino acid composition of the N.P.N. was also studied.
DENT, STEPKA and STEWARD (1947) could identify cystine, aspartic acid,
glutamic acid, serine, glycine, threonine, alanine, y-amino butyric acid, histidine,
arginine, lysine, proline, valine, methionine, isoleucine, phenylalanine, tryprophan
and tyrosine in the N.PN. fraction. In their study on the browning reaction of
potato, HABIB and BROWN (1957) determined some amino acids in the N.P.N.
fraction. SzarAl (1959) studied the amino acid content of the N.P.N. of the
potato as influenced by sprouting.

The aim of the present study was to investigate the influence of some factors
on the ten essential amino acids present in the protein and the non-protein
nitrogen fractions of ihe potato tuber. The composition of the potato after
harvesting changes during storage. During storage the germination of the rubers
stares after different periods of time depending on the storage temperature, the
humidity of the atmosphere and the variety. The germination will surely cause
many changes in the composition. The sprouts will need nitrogen to build up
their special proteins. This nitrogen will be removed from the free amino acids
in the potato tuber. The depleted N.PN., will be replenished by the products of
the protein breakdown. Due to this and to other processes, the composition of
the tuber may alter considerably. A study therefore was carried out on the effect
of different conditions of storage. Since mineral nitrogen is the source of nitrogen
for plants, it was also of interest to know whether differenc levels of nitrogen
supply have any influence on the distribution of the amino acids.

1. General pattern of the amino acids.

The average values of the ten essential amino acids in P.N. and N.P.N.
fractions (expressed as gram amino acid per 16 gram nitrogen} of the four
potato varieties studied, are shown in figure 17,
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FIGURE 17. The average values of the ten essential amino acids determined in the
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The protein amino acid:

The differences between the protein-amino acid pattern of the four varieties

is apparent,
This is in agreement with the fact that the different varieties contained
variable quantities of different protein fractions obtained by electrophoresis.
Thus it is quite rational to assume that the amino acid composition of these
different proteins is nor the same.

It is difficult to compare the results obtained, with those found by other
investigators, because the materials and treatments are different. A general
idea, however, with regard to the variations could be ascertained on comparing
the results available. Table 18 shows the range of values obtained in the
present study and the values obtained by other investigators, all of which are
expressed as gram amino acid per 16 gram of protein nitrogen.

TABLE 18. The amino acid content of the potato protein as determined by different inves-

tigators, expressed as gram amine acid per 16 gram protein nitrogen.

present study MULDER & BAKEMA | B8 . £ 4o
o 5 (1956) : £&, 8 i3 _§
o) z = B
] .g Range of 2 a Sg o § = <
Q = g !
Bl 3 . ¢ % TR L
g & g & i 1 & <
g W = 2 2 Noordling Crosses 1) IE g ES 3 % E 5 a
Agtl 40 27 39 22 32— 58 3.6— 4.0 60 48 66 42 6.0
His 2.2 2.0 2.1 24 24— 3.1 —_— —_ 2.2 3.7 2.3 2.2
Hew| 120 122 124 124 | } g 54 1 %
15.2—17. 17.4—20.2 6 14.6 12.2 ¢17.
Lew| 108 148 112 102 | 9 jl7A=02 137 7.5 7
Lys. 92 81 100 94 3.7— 50 32— 30 80 36 83 33 7.7
Met. 2.5 2.7 2.7 2.7 19— 3.1 1.8— 19 1.5 2.7 34 — 23
Phe.| 115 119 133 126 5.0— 5.5 —_ 12.7 59 7.4 3.9 6.6
The.] 78 84 82 7.5 51— 6.7 33— 43 32 6.9 5.4 — 59
Try. 1.7 1.8 1.6 1.7 1.8— 20 — — 23 2.0 —_ 1.6
Val. 9.0 86 091 8.0 59— 7.6 7.8— 8.9 7.7 7.6 54 1.1 6.1

1) Crosses between different selenum especies and salanum taberosam.

The values reported by different workers of each amino acid showed great
differences. Arginine varied from 3.2 to 6.6 g/16 g PN. In the present study,
the range of arginine was between 22 and 4.0 g/16 g P.N. Histidine,
methionine and tryptophan values did not differ much. Isoleucine and leucine
figures were higher in this study than those reported by other investigators.
MULDER and BAKEMA (1936), GrooT (1947) and SjOLLEMA and RINKES
(1912) gave rather low values for lysine, whereas CHICK and SLACK (1949),
THOMPSON and STEWARD (1952) and NAGASE (1957) found a higher lysine
content which is in agreement with the findings of the present work.
THOMPSON and STEWARD (1952) gave high results for phenylalanine as was
found also in the present study.
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The N.P.N. amino acids:

The free amino acids are closely related to the production of browning of
potato, in chips and fried potatoes. HaBib and BrROWN (1957) found a
correlation coefficient of —0.95 for the relation berween basic amino acids
present and the colour obtained. They stated: “This would indicate that basic
amino acids are more effective in colour formation than neutral or acidic
amino acids”. MULDER (1956} found that the free amino acid tyrosine plays
an important part in the blackening of the raw potato tissues, yet it is not
the sole determining factor.

MULDER and BAKEMA (1936) found that the wvariations in the N.P.N.
amino acids were higher than in those of the protein fraction. SZALAI {1959)
studied the behaviour of the free amino acids in the potato tuber as influenced
by forced germination. He divided the tuber into four sections, viz. “opical,
girdle, basal and pith”. He concluded that in various parts of the tuber the
rate of change in the amount of each particular amino acid during germination
was dependant on the variety and the age of the tber.

The results of the present study are plotted in figure 17, four varieties
wete included. For the sake of comparison the results obmained in this
investigation, those of MULDER and BAKEMA (1956), and those of THOMPSON
and STEWARD (1952} are shown together in table 19. [t must be emphasized
that a comparison of average values only gives a general idea of the variations
that may occur owing to different varieties and conditions.

TaBLE 19. The average values of the ten essential amino acids in the N.P.N. fraction

obtained for the four potato varieties investigated, as compated with the resules
of MULDER and BAKEMA (1956) and THOMPSON and STEWARD (19523,
exptessed as gram amino acid per 16 gram N.P.N.

Anif‘no The present study Mulder(lag;iG)Bakema Sg:gﬁp s&n9;512)
Acid
VARIETY
Alfa Bintje féﬁf;} Kwinta N(l)ic:;e' Voran  Sebago
Arg. 3.5 2.0 3.9 5.3 3.3 4.1 4.6
His. 1.1 0.5 1.1 0.6 1.5 1.4 —
Ileu. 1.7 1.6 1.4 1.2 } 18 } 22 % 13
Leu. 1.1 1.0 1.2 1.0 ' ) ’
Lys. 2.0 1.4 2.0 1.9 tr. tr. 0.8
Met. 0.6 0.9 0.6 0.8 tr. tr. 1.1
Phe. 1.2 13 1.5 1.2 1.0 1.3 1.8
Thr. 1.6 1.5 1.4 2.1 0.5 0.5 1.3
Try. 0.3 0.2 0.2 03 — — —
Val. 2.4 2.2 2.6 3.3 23 3.0 3.2
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From the above results, it can be noticed that there are many variations in
the quantities of the different amino acids in the N.PN. fraction in the
different varieties. The results of MULDER and BAKEMA (1956) also showed
many variations between the two varieties studied. SzZALAT's (1959) results
could not be compared with the data in table 19. In the first place he worked
with fractions of potatoes and secondly the figures he gave were related to
the quantities of solution he used in analysing, no figures being given for
amino acids per unit of nitrogen. Nevertheless, the graphs given by him
showed that the variation due to getmination was also unique to each variety.
For example, he found a drop in the contenc of aspartic-acid-glycine, gluramic
acid-glutathione, tzyptophan - valine - y amino-butyric acid and tyrosine after
8 days’ creatment with “Rindite” in the variety Kivarda Rozso. With the
variety Ella, however, the first three groups showed an increasing tendency.
This was explained as the effect of variety differences.

The effect of nitrogen fertilization and storage at 5° C with regard to the
amino acid content of the potato tuber, in the variety Bintje.

Protein amino acids:

MULDER and BAKEMA (1956) investigated the effect of mineral nutrition
on the amino acid content of the potato proteins of the variety Noordeling,
They stated: “The main conclusion of the present invesrigation is that the
amino-acid composition of potato proein is independant of the mineral
nutrition of the plants. This was found to be true of nitrogen, phosphorous
and potassium supply.”

Figure 18 shows the results obtained in the present study. It can be noticed
that the effect of the storage period on the amino acid content of potatoes
supplied with different levels of nitrogen is obvious. Table 20 shows the
average values together with the coefficient of variation {SNEDECOR, 1959)
of the ten essential amino acids as influenced by nitrogen fertilization in the
three storage periods. At first examination the coefficient of variation ranged
from 7.6 % for phenylalanine to 23.6 % for leucine. The variation in the
second period after 8 weeks ranged from 2.7 to 13.3, if arginine content
was excluded, it showed a variation of 57.8 95. After 24 weeks the variation
ranged from 82 % to 19.3 9. This variation, which may be considered as a
response to nicrogen fertilization, is not great if compared with the effect of
the storage. It can be noticed in figure 18 that arginine content afrer 24
weeks showed a tendency to increase, which was remarkable at the level of
nitrogen supply of 160 and 200 kg N/ha, whereas at 80 and 120 nitrogen
levels a weak trend to decrease was observed. Histidine, however, showed a
rather constant picture with the same trend for all the different levels of
nitrogen supply, ie. a small rise afrer 8 weeks followsd by a small decrease
after 24 weeks, With isoleucine a rising tendency could be noticed with the
advance of the storage period, whereas leucine showed a tendency to decrease.
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TapLE 20. The average values and the coefficient of variations (C.V. 9%) of the protein
amino acids in the variety Bintje as influenced by fertilization during three
storage periods.

Animo 0 time 8 weeks 24 weeks
Acid average CV. % average CV. % average C.V. %
&/16gPN. g/16 g PN. #/16 g PN.

Arg. 2.9 17.2 23 57.8 3.1 17.5
His. 1.9 8.2 2.4 8.3 1.6 11.6
Ileu. 10.6 10.4 10.0 2.7 16.1 19.3
Leu. 174 23.6 15.7 9.6 114 16.8
Lys. 7.7 9.5 83 3.6 83 8.2
Met. 2.0 14.6 24 13.2 3.8 13.2
Phe. 13.6 7.6 15.3 6.1 6.8 13.8
Tht. 5.9 114 7.1 7.3 11.9 9.5
Try. 1.7 114 2.0 13.5 1.2 9.7
Val. 2.1 11.1 8.9 5.6 7.8 10.9

The changes in lysine are not so pronounced as those in isoleucine and leucine.
Afrer 8 weeks all the levels showed a rise in lysine content except the 160
and 200 kg N/ha levels, which showed a small decrease. After 24 weeks the
lysine values did not differ much from those of the 8 weeks samples. With
methionine, however a rising tendency was recorded with the advance of the
storage period. A small increase in phenylalanine occusred after 8 weeks with
the nitrogen supply levels of 0, 40, 120 and 160 kg, whereas with 8¢ kg N/ha
a stable curve and with 200 kg a declining one was observed. After 24 weeks
all the levels showed sharply declining curves. Threonine showed a tendency
to increase with the advance of the storage period. Tryptophar altered only
slighely, Valine, however, showed declining curves all over the storage petiod
and with all the nitrogen levels except with the O kg N/ha, where a
preliminary rise was noticed.

Summarizing these results it can be said that on the whole arginine,
isoleucine, methienine, lysine, threonine and tryptophan tended to rise during
storage, whereas the curves of histidine leucine, phenylalanine and wvaline
showed a tendency to decline. The magnitudes of these changes were such that
after 24 weeks of storage the average isoleucine increased by 60 9%, methionine
by 90 %, threonine by 1009, and tryptophan by 12 %. On the other
hand, the mean content of histidine decreased by 15 %, leucine by 35 %,
phenylalanine by 50 9% and valine by 14 % after 24 weeks storage. The
remaining amino acids changed no more than 10 %. MULDER and BAKEMA
(1956) studied the effect of nitrogen supply on the potato protein composition.
No important variations were found. They analyzed two samples, one with
poor nitrogen supply (40 kg N/ha), the other with ample nitrogen (160 kg
N/ha}. The results of MULDER and BAKEMA are summarized in table 21.
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for arginine, histidine, isoleucine, methconine and phenylalanine, whereas
leucine, lysine and valine showed a rather stable content. Threonine and
tryptophan increased together with nitrogen supply at 24 weeks.

The effect of storage is demonstrated in figure 19. Arginine tended to increase
with the advance of the storage period at 0, 80 and 120 kg N/ha, whereas
it decreased after 24 weeks at 40, 160 and 200 kg N/ha. For histidine, the
same picture was found with all the levels used; ie. an increase after 8 weeks
was followed by a small decrease after 24 weeks of storage. The 8 weeks'
samples showed an increase in isoleucine content, which later on became
rather stable in the levels 0, 40, 80 and 120 and changed into a decrease at
the levels 160 and 200 kg N/ha. The leucine content of the N.P.N. fraction
with all the levels of nitrogen supply was higher after 24 weeks than at 0
time. Lysine, in all the nitrogen fertilization levels, showed an increase after
8 weeks followed by a decrease after 24 weeks, except for the treatment of
80 kg N/ha where a small increase occurred. The trend in methionine content
was the same with all the nitrogen levels, ie. a small increase after
8 weeks was followed by a small dectease for the 24 weeks' samples. For
phenylalanine an increase was recorded after 8 weeks with all the nitrogen
levels, except with the O kg N/ha level, where a decrease was observed. The
24 weeks’ samples showed a decline, except for the 0 and the 80 kg N/ha
level samples, which increased slightly. With all the nitrogen supply levels
the threonine content tended to rise after 8 weeks storage, except with 0 kg
N/ha, where a small drop took place. This was followed by a small increase
with the 0 and 120 kg N/ha levels, a rather sharp one with the 80 kg N/ha
level and a slight drop with 40, 160 and 200 kg N/ha levels. The tryptophan
content of the unfertilized sample decreased after 8 weeks and increased
afterwards. The samples of the other five nitrogen levels showed an increase
after 8 wecks, which continued with the 200 kg N/ha level, bur with the
four remaining levels a drop was observed. With the first five nitrogen levels,
valine showed a tendency to rise as the storage period progressed. With the
200 kg N/ha sample the preliminary increase recorded after 8 weeks was
followed by a decrease in the content of valine afrer 24 weeks’ period.

The variations in the N.P.N. amino acids are rather high. MULDER and
BAKEMA (1956) recorded similar variations due to nitrogen fertilization. They
found thac tubers from plants with a liberal nitrogen supply, which generally
had a considerably higher content of N.PN., contained a major proportion
of this fraction in the form of amides. The amide content was smaller in
plants with a poor or a moderate nitrogen supply.

The present work being carried out to study the composition of the potato
in relation to nutrition rather rhan to plant physiology, it is beyond the scope
of this publication to enter into details abour all the physiological reactions
occurring in the potato during storage.

It may be suggested, however, that the lower content of the free amino acids
found at 0 time in those samples which were dressed excessively with nitrogen,
should be attributed to the increased amide content which produces a higher
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TN. In the second period, after 8 weeks, the amino acids started 1o increase.
It may be assumed that, in this period with the onset of sprouting a big
quantity of amides may be used as the nitrogen source for the sproucs’
proteins. This will cause the content of the other amino acids to increase.
Sprouting is, however, far more advanced at the highest levels of nitrogen
supply than at the lowest. Morteover, if figure 15 is consulted it can be seen
that ar low nitrogen supply the PN. : TN. ratio was higher than that at
200 kg N/ha. This implies that some proteolysis of the proteins aiready
occurred and, besides, increased the amount of the free amino acids. The
third period, which was rather irregular with regard to the amino acid content,
might be a result of the many processes which took place simultaneously in
this advanced period of storage.

The effect of storage {ime and temperature on the amine acid patiern of
the potato tuber in the varieties of Alfa, Eigenheimer and Kwinia,

The amino acids of the protein:

The values of the ten essential amino acids determined are given in figures
20 and 21. It can be noticed that for each amino acid the shapes of the
curves were neatly the same in che three varieties. At lower temperarures
arginine dropped ar first, afterwhich a rise was recorded, at higher tempera-
tures a drop was noticed with the advance of the storage period. Methionine,
lysine, and threonine showed z tendency to rise with the progress of the
storage period. Leucine, phenylalanine and valine were decreasing, Histidine
and tryprophan were rather constant. These results are in full agreement with
the results of the fertilization and storage experiment discussed before. It may
also be mentioned that the effect of the high temperatures did not alter so
much the composition of the protein amino acid except that of arginine.

The N.P.N. amino acids:

Figures 22 and 23 illustrate the behaviour of the amino acid content of the
NPN. It can be noticed that all the amino acids of the N.P.N. fraction
increased after 8 weeks except arginine which decreased. In this respect
MuLDER and BAKEMA (1956) concluded that arginine, like the amides, is
apparently associated with ammonia storage. If this is true, it should be
expected that arginine behaves as the amides towards protein synthesis and
the supplying of new sprouts with nitrogen. Consequently, the fluctuations
due to different temperatures that occurred in the three varieties, would
teflect the changes in the reaction of various processes, ie. synthesis and
protoelysis of proteins. After a 24 weeks' storage the amino acid levels in the
N.P.N. fraction were higher than at the beginning.
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If protein synthesis occurs, the amides will be the major source. The
decrease in amide content will indirectly make the amino acid content of the
N.PN. fraction rise. Moreover, protein breakdown will supply the N.P.N.
with more free amino acids. For the transport of nitrogen to the sprouts the
amides also play an important part and in this way the pool of amides is
depleted too. Together with protein synthesis, however, catabolic processes
take place. Part of the amino acids which result from protein breakdown, is
desintegrated into ammonia, that is stored in the amides, and carhohydrate
residues that are believed to be respired. Thus the incorporation of ammonia
into amides counteracts the depletion of the amide pool If the above
mentioned teactions are the only operating processes with regard to the
amides duting storage, it can be concluded from the rise of the free amino
acid content found, that those reactions which results in a depletion of amides
predominate.

V. CONCLUSIONS AND SUMMARY

From the nutritional point of view the amino acids are of basic imporrance in
human and animal nutrition. This chapter dealt with the distribution of the
nitrogenous substances in potato tuber, viz. total nitrogen (T.N.), protein nitrogen
(P.N.), and oon-protein nitrogen (N.P.N.), and the amino acid pattern of the
two nitrogenous fractions PN. and N.P.N. The influence of nitrogen fertilization
and the effect of the storage period and temperature on the nitrogen distribution
and on the amino acids’ patterns, were also studied. All evidence indicates that
during storage the nitrogenous substances seem to play an important part in the
biochemical changes occurring in the potato tuber. A short discussion of such
physiological processes was given. However, a detailed description of the
mechanism of these biochemical reactions, although of great interest is beyond
the scope of this work.

As regards the total nitrogen, an increase was recorded with the increase of
nitrogen fertilizacion. Total nitrogen expressed as a percentage of dry marter,
increased after an 8 weeks' storage period at the high nitrogen supply levels.
This was attributed ro the high respiration rate in potatoes excessively dressed
with nitrogen, as a result of which marked losses of carbohydrates took place.
After 24 weeks T.N. decreased as compared with that at 0 time. This was thought
to be due to the loss of nitrogen in favour of the new sprouts. In this respect
PoL (1960) found that the highest increase in T.N. during stotage occurred in
those potatoes which were most heavily dressed with nitrogen. According to his
experiments the loss in total carbohydrates ranged from 0.5 % at 0 kg N/ha
supply to 4.2 % at a nitrogen supply of 100 kg N/ha. This is in agreement with
the results of the present study which indicate an increase in T.N. after 8 weeks'
storage when no appreciable sprouting occurred. In che same direction SHALLEN-
BERGER (1955) found a higher TN. content in potatoes stored at room tem-
perature, than in those stored at 32—40° F. On the other hand, STREET, KENYON
and WATSON (1946) observed a great loss of nitrogen after storage. Their
samples were probably in an advanced stage of germination. Their results never-
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theless agree with the findings in the present study after a storage period of
24 weeks.

The effect of nitrogen supply on the ratio of PN. : T.N. in potato tubers was

also studied and discussed. The highest percentage of protein was found at the
40 kg N/ha sample, the lowest at the sample representing the level of 200 kg
N/ha, This is in agreement with the results of MULDER and BAKEMA (1956)
and of MULDER (1949). The changes due to storage were, however, more
pronounced than those due to nitrogen fertilization. It was shown thar after
8 weeks’ storage the variations in the PN. : TN. ratio were most pronounced in
samples with a high nitrogen supply.
After 8 weeks the highest protein content was recorded ac the 200 kg N/ha
level. This was in contrast with what was found at ¢ time storage, when the
200 kg N/ha level showed the lowest PN. : T.N. ratio. In this respect it has
been suggested that protein synthesis is more active at higher nitrogen levels.
Moreover, it should be mentioned here that the N.P.N. fraction on a high
nitrogen supply is for a grear part composed of amides (MULDER and BAKEMA,
1956). Consequently, it may be expected that protein synchesis takes place during
storage. The amides act as a store of ammonia easily available for protein
synthesis. Furthermore, it has been assumed by many workers that respiration is
closely connected with protein synthesis. In this conaection PoL (1960) found
that respiration is higher in potatoes with higher levels of nitrogen. Altogether
it may, therefore, be concluded that after 8 weeks more protein synthesis occurred
in samples with higher levels of nitrogen supply. On the other hand, PN. as a
percentage of TN, showed a declining ratio after 24 weeks' storage period. This
may be attributed to the breakdown of proteins after a long storage. PoL (1960)
showed that at higher levels of nitrogen supply the decrease in PN. as a
petcentage of the T.N. was more pronounced than at lower levels of nitrogen
supply with the advance of storage period. Several factors are believed to control
the behaviour of P.N. ratio. These factors, variety, storage period, storage tem-
perature and germination, were discussed. Apart from other unknown factors,
these four are believed to interact to produce the complicated picture of the
protein obtained in the present investigation,

The influence of the nitrogen fertilization on the amino acid pattern of potato
protein is rather small. During storage, however, some changes took place. As the
potato protein is composed of ar least six components, it is not strange thac a
breakdown or synthesis of one of these six may change the amino acid pattern
of the protein mixrure. When the end of the storage period approached, the
content of nearly all the amine acids in the N.P.N. fraction increased. This was
attributed to both protein breakdown and the withdrawal of the amides by the
sprouts during storage and germination. The changes of the N.PN. due wo
nitrogen fercilization or to storage were apparent. In general the alteration in the
concentration of the amino acids in the N.P.N. fraction may be attributed to the
amides. The change of the amides concentration in the N.P.N. due to protein
synthesis or to nitrogen withdrawal from the tuber by the sprouts, may thetefore
be of importance for the free amino acid concentration in the potato tuber.
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CHAPTER FOUR

THE NUTRITIONAL VALUE OF POTATO PROTEINS

1. INTRODUCTION

A. PROTEINS IN NUTRITION

Since proteins are essential components of the animal cell and since they have
the widest biochemical functions in the living body, it is not strange that many
investigators were atrracted by research work on proteins so that about 50 %
of the nutritional, biochemical and physiological publications covers this field.
It is a fact that, if reproduction and growth are considered, the proteins
undoubtedly occupy a dominane position.

The number of protein functions in the living cell is enormous. The body
needs nitrogen to replace the depleted protein tissues in the steady state of
synthesis and breakdown. This need of nitrogen in the form of protein is called
the requirement of the body for maintenance. The nitrogen needs for maintenance
can be measured from the nitrogen excreted in the urine and the faeces when a
protein-free diet is consumed. The adult human and animal generally need protein
for maintenance mainly, while the growing one needs it not only for maintaining
the nitrogen balance in equilibrium bur also for building up new tissues.

In case of infection, the y-globulins fulfil a specific function in defending the
body against the infective agent and its toxins. They produce antibodies which
conjugate with the attacking bodies and so neutralize their harmful effect.

Many biochemical changes occurring in the cell are catalyzed by enzymes. For
each specific enzymatic reaction a proper enzyme is required. All these enzymes
are proteins or possess a substrate specific protein part. These enzymes are
distributed all over the body. The breakdown of food matetials to their building
upits and their resynthesis, as well as the oxidation of carbobydrates, proteins
and fats are largely enzymatical processes.

Hormones with their vital, regulating functions are often proteins in nature too.
The transport of oxygen in the blood also depends on a protein-like carrier.

From this and many other functions and shapes of proteins that are left
unmentioned here, it follows that providing the body with materials which can
be used as a source for protein syathesis, is of primary importance. As neither
the human nor the animal body has the capacity of drawing the nitrogen from
the air or from mineral sources to build up its proteins, such provisions must
be taken in from nitrogenous materials originating from plant or animal foods,
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ie, from proteins. If man or animal does not receive adequate quantiries of
protein to fulfil their requirements for mainrenance, they will lose weight due
to the depletion of the body proteins. Should such depletion continue, the final
consequence will be death.

The proteins are not absorbed as such but are first digested to their building
units, the amino acids, from which the body proceeds to manufacture its specific
proteins. Not all the proteins can supply the body with its requircments, so
there are adequate proteins and poor ones. The best proteins will be those which
provide the body with amino acids of a composition or a pattern similar to that
of the tissue proteins to be synthesized.

Studies with rats, chicks and human subjects revealed that not all naturally
occurring amino acids are needed. There is only a fixed number which cannot
be synthesized pattly or wholly in adequate quantities from other amino acids.
In view of this character ROSE (1938} gave them the name of “Essential Amino
Acids”. These amino acids are not essential for all species. For instance
arginine is not essential for the human subject, while for chicks it is of absolute
requirement, Its defficiency in the chicks' diet will even cause muscle paralysis
and other irregularities of muscle reactions. Tyrosine is not essential for human
beings, whereas in human subjetcs with phenylpyruvic oligophrenia where the
administration of phenylalanine aggrevates the excessive excretion of phenyl-
pyruvate and elevates the phenylalanine blood levels, tyrosine becomes essential
because of the insufficiency of the conversion of phenylalanine to tyrosine
(UNDERFRIEND and BESSMAN, 1953). As has been stated before, the body
requires adequate quantities of the essential amino acids to be provided in a
special partern. The other amino acids can be synthesized in the animal body
from others. However, HEPBURN, CALHOUN and BRADLEY (1960) found that
the omission of gluramic acid, which is not essential, from the diet of rats
resulted in a great depression of growth rates, while the omission of the other
nonessential amino acids had no such effect. With a glutamic acid-free diet,
a gain of 149 g/week was recorded. A maximumn gain rate of 34.9 g/week was
obtained when glutamic acid represented 5.1 9% of the diet.

Rosg, JoHNSON and HAINES {1950) stated that the ten amino acids which

are essential for the rat, also seem to be indispensable for the maintenance of
nitrogen equilibrium in human adules. From a series of studies on human subjects,
ROSE, JOHNSON and HANES (1950}, Rosg, HAINES and WARNER (1951, a, b)
and RoOSE, WARNER and HAINES (1951} found that histidine was not necessary
for the maintenance of the nitrogen balance in adult man, while isoleucine,
leucine, threonine, valine, methionine and phenylalanine were essential,
In (1954) Rosg, HAINES and WARNER concluded that the amino acids essential
for the maintenance of the nicrogen equilibrium in normal adult man are: valine,
leucine, isoleucine, threonine, methionine, phenylalanine, lysine, and tryptophan.
The requirements of those amino acids for man were determined by ROSE's
school and are shown in table 23.

The quality of a protein is not only determined by its amino acid pattern,
but also by the availability of the essential amino acids. Studies related to these
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eubjects revealed many conclusions. To explain the poor quality of some proteins,
the investigators introduced expressions such as amino acid imbalance, amino
acid toxicity and amino acid antagonism. A sharp division between these three
definitions cannot be easily made.

TABLE 23. Essential amino acid requirements for the maintenance of the adult human,
quoted from ROSE ef . (1955).

. minimum .

Amino acid Range of requirements requirements safe intake

observed, g/day gida g/day

¥

L. tryptophan 015 — 0.25 0.25 0.50
L. phenylalanine 0.80 — 1.10 1.10 2.20
L. lysine 040 — 0.80 0.80 1.60
1. threonine 0.30 — 0.50 0.50 1.00
L. methionine 080 — 1.10 1.10 2.20
L. leucine 0.30 — 1.10 1.10 2.20
L. isoleucine 0.65 — 0.70 0.70 1.40
L. valine 040 — 0.80 0.80 1.60

Antagonism is believed to be a process in which the antagonist inhibits the
metabolism or resorption of its analog or the related compound. Many workers
showed that antagonism berween amino acids occurs in bacteria; some examples
are shown in table 24. As to animals, however, BENTON, HARPER and ELVEHJEM
(1953) came to the conclusion that isoleucine is only partly available in zein,
and questioned if antagonism between leucipe and isoleucine would play any
role. In another investigation with rats HARPER, BENTON and ELVEHJEM (1953)
showed that the excess of dietary leucine apparently inhibits the utilization of
isolencine and increases the requirements of rat for this amino acid. They
concluded: “since L. leucine was the effective form, since the reversal of iscleucine
was quite specific, since a relatively small amount of isoleucine overcame the
effecr of a much greater quantity of leucine and since the two amino acids are
so similar structurally, it is suggested that an excess of L. leucine retarded growth
by acting as an antimetabolite of isoleucine”.

TABLE 24. The antagonism between amino acids in bacteria.

Amino acid Analog References

Arginine Lysine HUNTER and DOWNS (1945)

Isoleucine Isoleucine DOUDOROFF (1943)

Leucine Leucine DOUDOROFF (1943)

Isoleucine Valine DOUDOROFF (1943)

Leucine Valine BRICKSON, HANDERSON, SOLHJELL
and ELVEHJEM (1948)

Methionine Threonine DOUDNEY and WAGNER (1952—1933)

Phenylalanine Tyrosine BEERSTECHER and SHIVE {1947)
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Few workers investigated amino acid toxicity. JONES (1961) observed that 1.5
to 2% of L. arginine added to an adequate protein diet fed to one day old
chicks showed symptoms of toxicity after 14 1o 21 days. Excess methionine in
the diet causes hypertrophy of the kidney and relatively high liver protein stores
in animals losing nitrogen from some other tissues (BROWN and ALLISON, 1948).
In practice, however, such high quantities of a single amino acid are not likely
to occur.

The protein quality in nutrition is not cnly dependant on its essential amino
acid pattern. The protein is said to be an adequate one if it can supply the
required essential amino acid pattern in an available form to the body. In recent
years the availability of the amino acids received a renewed attention of the
investigators. For instance, lysine in many foods is only partially available.
CARPENTER (1957) showed that if ground casein was kept with a small amount
of glucose and water 10 be just moist ar blood temperature for five days, only
half the weight gain would be obtained when fed to rats, as compared with
untreated casein. This was atcributed to the liability of the free amino group of
lysine to react or bind with other components in the food. The resulting complex
compounds may partly be destroyed by acid hydrolysis, but are stable to enzymatic
digestion.

The processing of foods does not always yield products inferior in proteins to
the mother product. Corn treated with lime has a better protein value than corn
itself, Many workers on this subject found the same resulis but drew contradictory
conclusions. Some changes are, however, likely to occur resulting in a release of
some amino acids which are not available in the untreated corn or in blockade
of some excessive amino acids which may lead to a correction of the amino acid
pattern in the corn. In this respect BENTON, HARPER and ELVEHJEM (1933)
found that isoleucine is a limiting amino acid for growing rats fed corn diets
and it has already been cited thar HARPER, BENTON and ELVEHJEM (1955)
suggested that antagonism between leucine and isoleucine is apparent in untreated
corn. BRESSANI and SCRIMSHAW (1958) carried out experiments in vicro and
showed that 1.5 to 2 vmes more isoleucine was released by enzymes from che
lime-treated corn than from the untreated corn. They also observed a loss of
more than 20 % of the leucine when corn was treated with lime. Such changes
would increase the availability of isoleucine. Soybean meal received much
attention. Fresh soybean did not support growth, bur soybean cocked for three
hours did (OsBORN and MENDEL, 1917). TAGNON and SOULIER (1946) reported
that the factor which inhibits the utilization of soybean proteins is a trypsin
inhibitor.

Amino acid imbalance was defined by HARPER (1939) as any change in the
properties of the amino acids in the diet resulting in an adverse effect which can
be prevented by supplementing the food with relatively small amounts of the
most limiting amino acid or acids. The imbalance of corn protein was treated
by BRESSANI ez al. (1958). They obtained a negative balance when two boys
22 and 18 months old received a diet providing 2.0 g of protein/kg body weight,
where corn was the only protein source. They could show that when the diet
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was supplemented with tryptophan and lysine, the nitrogen balance and the
nitrogen retention in the body improved. If isoleucine was also added, an even
better retention was observed. FISHER e¢f al. (1960), when studying the lysine
deficiency in chicks, could show that the imbalance was due to an altered ratio
of the limiting amino acid to the toral available protein or the essential amino
acid mixture. They added that imbalance was most pronounced in cases where
the level of the limiting amino acid was such as to petmit growth above
maintenance but below the optimum growth rate. They stated that the imbalance
manifested itself in a reduced feed consumption and consequently in a reduced
consumption of the most limiting amino acid. HARPER (1959) stated “the
magnitude of the growth depression caused by the addition of gelarine to a diet
of 6% casein increased as the level of this poor protein was increased, which
showed a real imbalance of the gelatine”. In this connection, it seems that an
amino acid imbalance will cause a severe growth retardation when large amounts
of proteins with an imbalanced amino acid pattern are consumed. SIDRANSKY's
{1960) experiments demonstrated that within three days rats forced-fed with
diets of corn, rice and cassava showed a development of periportal facty livers,
excess hepatic glucogen and atrophy of the spleen, pancreas and submaxillary
gland, which resembled the symptoms of Kwashiorkor. He reported less marked
changes with wheat and mile diets. On the other hand, he observed that animals
fed the same diets wd libitum, consumed less food and showed less pathological
changes, In their study on the imbalance induced by adding phenylalanine and
mechionine to a dier containing 6 % fibrin, KuMTA and HARPER (1960a)
reported that imbalance reduces the efficiency of the utilization of the limiting
amino acid or acids. They found that the depression caused by the addition of
phenylalanine and methionine only occurs when the diet contains 6 % fibrin,
which involves a delicate balance. The degree of the imbalance of a protein
depends on the limiting amino acid. In a poorly balanced protein it is easy to
calculate the sequence of the most limiting amino acid from the amino acid
composition of the protein. With a protein such as fibrin, however, there is no
sharp distinction in the order in which the amino acids are limiting. KUumMTA
and HARPER (1960b) found that a calculation of the sequence of limitation
from the amino acid composition of fibrin does not give the same results as
an experimental approach of the problem. Whilst calcularion revealed that
methionine and phenylalanine are the most limiting amino acids, growth ex-
periments indicated leucine, isoleucine, valine and histidine as the most limiting
ones. A special case of imbalance was noticed by MORRISON and HARPER (1960).
Addition of threonine to a diet deficient in tryptophan and nicotinic acid caused
an imbalance which could be corrected by the addition of either tryprophan ot
nicotinic acid.

The Food and Agriculture Organization of the United Nations (FAO) (1957)
introduced an amino acid pattern which was proposed as a provisional reference
of a balanced protein. This pattern may be used to cotrect the protein amino
acid composition of the food. Generally speaking, it has been found that animal
proteins show a better balanced amino acid proportion than plant proteins. As,
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As has been shown before, proteins differ in their adequacy of supporting
growth or maintenance. To evaluate these differences a number of methods have
been worked out to measure and express the adequacy of a protein in numerical
terms. It is obvious that the determination of the nutritive value of a protein
depends on many factors, i.e, not only the digestibility of the protein and the
degree of amino acid balance after proteolyses, but also on the accompanying
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the reasons why plant proteins are inferior are wellknown, it is possible to correct
their imbalance by a proportional addition of the limiting amino acids according
to the amino acid reference proposed by the FAO. SQuIBB et 4l. (1959) composed
a mixture of vegerable products containing 50 % lime-treated corn, 35 % sesame
flour, 9 % cotton seed flour, 3 9% kikynleaf meal and 3 % torula yeast. They
reported that this mixture was palatable and resulted in good growrh and high
efficiency of food utilization in rac trials. They found that neither the addition
of 0.45 % Iysine nor the subsititution of part of the cotn by skimmed milk
improved the growth in rats; that is why they recommended such mixtures for

nutrients and the total amount of calories consumed. Therefore, the variables in
such determinations are many.

The adequacy of a protein to support growth can be more or less predicted
from its amino acid composition. Such predictions are of restricted value because
they are based on equal digestibility of all proteins, which is not the case.
Methods for determining the nutritional value have recently been reviewed by
EL-SAMMAN (1961), FrosT (1959) and AriisoN (19535). RiproN (1959)
carried cut a comparative study as to the different methods for evaluating the
biological value of proteins.

When discussing the methods of determining the protein value in nutrition,
some terms should be defined first.

Nitrogen balance (NB):

By definition, N.B. is the difference between nitrogen intake (N) and nitrogen
excreted. If the nitrogen intake equals the excreted nitrogen (urine + faecal
nitrogen), the animal will neither gain nor lose nitrogen. This equilibrium status
is known as the nitrogen balance equilibrium.

Faecal nitrogen (F):

The faecal nitrogen is not only derived from non-resorbed food residues bur also
from some metabolic products excreted via the intestines. This part of faecal
nitrogen, which can be determined in faeces when nitrogen-free diets are
consumed, is called the metabolic faecal nitrogen (Fm).

Urine nitrogen {U):

FoLINE (1903) introduced the terms endogenous nicrogen (E) and exogenous
nitrogen (Ex). The endogenous nitrogen is the nitrogen excreted duting a period
when a protein-free diet is consumed. This nitrogen fraction originates from
body cellular metabalism. The exogenous nitrogen comes from the food. From
the nitrogenous substances in the urine, creatinine excretion is rather constant
and the output of urea is quite variable, the urea being both exogencus and
endogenous.

1. Direct Methods.

a. The nitrogen balance method:
THOMAS (1909) defined the term biological value of proteins (BV) as the
percentage of absorbed nitrogen which a human can retain in the body.
He carried out the experiments on himself and assuming that the Fm — 1.0
as in the case of vegetables, came to equation (1)

E+4+ [N—(F+Ul+10

BV == N—F+ 10 X 100 (1)
_ E4 [N—(F+U)] +Fm
or BV = N—TF + Fm > 100 (i

MitcHELL (1924) who carried out the biological value determinations of
the proteins on rats, changed the equation of THOMAS (1) on the base of
his own formula (2) to result in equation (3)
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N — (F + U)

BV — N F X 100 (2)
by - N— (F—Fm) —(U—5) 100 ,
- N (F — Fm) X ®)

Recently BROUWER (1959} suggested another arrangement of the Thomas-
Mitchell’s formula to resulc in equation (4)
U—E

BV = 100 — 100 N — (F — Fa) (4)

in which 100 — exogenous nitrogen as percentage of the (N — F 4 Fm) =
the absorbed nitrogen (AN), will indicate the amount of nitrogen used by
the body, which is known as “nitrogen retained” in the literature.
The measurement of E and Pm is carried out by feeding the animai a
protein-free diet. These two nitrogen fractions are independent of the nitrogen
intake. This fact led ALLISON and ANDERSON (1945) to suggest that the
relationship between NB and absorbed N (AN} must be linear, as could also
be concluded from the THOMAS-MITCHELL equation (3). In experiments
with normal dogs they, indeed, found this relation to be linear in the region
of negative and low positive nitrogen balance. This relation was indicated by:
NB — K (AN) — BNy (3)

where K is a constant.

BNo is the sum of urinary nitrogen and faecal nitrogen when the

absotbed nitrogen was zero (E - Fm).

BrICKER, MITCHELL and KINSMAN (1945) and BRICKER and MITCHELL
(1947) had also found a linear relationship between AN and NB in man
and in rat respectively.
ALLISON and ANDERSON's (1943) equation (3), showed that BNg equaled
{E 4+ Fm), which is the constant amount of nitrogen excreted from the body
at all nitrogen intakes; K will then represent the BV.
ALLISON, ANDERSON and SEELEY {1946) defined K as the rate of change of
nitrogen balance with respect to absorbed nittogen and as a function of the
retention of both dietary and body nitrogen. ‘They, therefore, concluded that
the value is a valuable measure of the B.V. of proteins under any experimental
design and called it the nitrogen balance index of absorbed nitrogen.

Protein Efficiency Ratio (PER):

OssOrNE, MENDEL and FERRY (1919), feeding their rats albumin and
casein diets, found that absolute gain of the body weight might differ, even
by 75 9%, from one rat to the other, while the differences between the
gains in body weight per gram of protein consumed are much less.
This method involving the growth promoting efficiency of protein was
developed into a much simpler screening method. It is true that the ex-
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periment lasts longer than the determination of BV, but it is far less laborious.
It is, however, doubtful if a gain in weight would merely implicate a retention
of protein. The PER is highly dependent on the protein level in the diet.
At higher levels not all protein absorbed is used for growth (tissue building),
but parr of it is also used as a source of energy, thus lowering the efficiency
of the protein. In fact each protein gives its maximum efficiency at a specific
nitrogen level of the diet. This optimal level is higher for poot proteins.
When comparative studies are catried out on the base of 10 9% protein in
the diet, this level might be less optimal for one protein than for another
which makes the comparison difficule.

RipPON (1959) reported that he could successfully use the method of
OSBORNE et 4. (1919), if the rechnique of depletion-repletion described by
FROST and SANDY (1949) was employed. '

Net Protein Utilization (NPU):

In (1953) BENDER and MILLER introduced a simple and adequate method
depending on the gain of carcass nitrogen of rats. With this method one
group of rats is fed a non-protein diet and the other group an isocaloric diet
with the test protein. They developed the following equation:

By — (Bk — Nk)

NPU = N (6)

where By = Body nitrogen of the group fed the test protein.
Bx = Body nitrogen of the group fed the free-protein diet.
B = Body nitrogen at the start of the experiment,
Ng = Nitrogen intake of the free-protein-fed group.
It can be shown that NPU is obtained when BV and digestibility are
multiplied.

BENDER (1954) reported:
N —(F—Fm) —(U—E) N— (F— Fm)

NPU =
N — (F — Fm} N
N — (F—Fm) — (U —E)
= N (7)

Nitrogen Retained

nitrogen inrake

N
When ﬁ—K is substracted from both sides of the equation, it can be arranged

as follows:

Nx N—F—U) — (Ngk —Fm —E)
NPU—K—A N (8}




it can be seen that in equation (8)

N—F—U the gain in nitrogen by the animal fed on a protein diet

final body nitrogen — initial body nitrogen

By —B

and Ny — Fm — E = the change in body nitrogen induced by feeding
the non-protein diet

HOlE

= Bg— B
Then from equation 8 the following can be extracted
Ng {By — B) — (Bx — B}
NPU — & = N 9
By—B) —(Bx—B N
NPU = (B ) — (Bk ) + Nk
N
By — Bg -+ N

= N ©

MiLLER and BENDER (1955) could correlate the nitrogen content of the body
with its moisture conent, which simplified the method considerably.

. Net Protein Ratioc (NPR):

BENDER and DOELL (1957) gave another modification of the PER method.
In this method paired litter mate groups, one of which is a control group
receiving a protein-free-diet, whereas the other group or groups received the
test proteins at 10 % of the diet. The difference between the body weight
of the test group and that of the control group, divided by the total protein
consumed by the test group, is called the net protein ratio. Protein retention
efficiency, as a percentage, can be obtained when nitrogen is expressed as
protein, so when NPR is multiplied by 16. This value correlates well with
the values of the carcass analysis methods, which will support the idea of
OSBORNE ¢t 4l. (1919) that a gain in weight is a rather reliable reference for
the biological value of the proteins.

Minimal Protein Requirements (MPR):

MELNICK, COWGILL and BURACK (1936) as well as MELNICK and COWGILL
{1937) determined the protein minimum amounts to maintain the nitrogen
equilibrium. Although their method did not receive much atrention, it seems
to be in close connection with the views of ALLISON and ANDERSON (1945).
ALLISON (1957) stated that the amount of dietary nitrogen necessary to
meet with the requirements for maintenance and growth varies with the BV
of the protein in the diet, It can be easily seen that the determination of the
requirements minimally needed to keep NB in equilibrium, will give figures,
which can be correlated with the nitrogen balance index, ie the slope of
the tangent representing the nitrogen balance as a function of the nitrogen

absorbed.
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Indirect Methods.
Liver Xanthine Oxidase:

Xanthine Oxidase is a flavoprotein enzyme which conuins flavine adenine
dipucleotide as the prosthetic group. It catalyzes the oxidation of hypo-
xanthine to xanthine and the latter to uric acid. Dju, BAUR and FILLER
(1957 found that liver xanthine oxidase activity reflects the BV of the
dietary proteins. A decrease in total liver nitrogen content is accompanied
by a decrease in liver xanthine oxidase activity. This method was used to
evaluate processed egg and milk proteins.

Liver Cytoplasm:

KostERLITZ and CAMPBELL (1946) demonstrated that the amount of
cytoplasm in liver is dependent on the quality and the quantity of the protwein
in the diet. They employed two methods. With the first method the rats
were transferred from the stock diets to the test diet for one week, The sum
of the liver proteins, phospholipids and nucleic acids was determined. In the
second method the rats were given a protein-free-diet for four days in which
petiod the livers were completely deprived of their labile cytoplasm; next,
they were transferred to the test diet for another four days. The non-glycogen-
non lipid liver solids were estimated. The results of the two methods showed
no significant differences.

ThePercentage of Crearinine in Urine:

MuRrLIN, HAYS and JOHNSON (1953) found that with a very poor protein
in the diet the amount of nitrogen appearing in the urine is large, so that
the creatinine nitrogen as a percentage of total urine nitrogen is small, and
vice versa. The percentage of creatinine in urine was found to cotrelate well
with the biological value of the proteins fed to the animal. Especially because
such a method can give results wichin 3 days, which as has been stated, are
close approximations of BV, it was frequently suggested to be used in
evaluating proteins.

Chemical Methods.

As has been shown before, the amino acids pattern of a protein greatly
determines its balance or imbalance, or in other words its nutritive value.
On this base some investigators developed a method for calculating the
nutritive value of proteins from their amino acid composition.

The Chemical Score Method (CS):

MITCHELL and BLOCK (1946) stated: “The relationship of the amino acid
constituents of a protein or of the protein components of a food product,
to its nutritive value (NV) for the growing rat can be best revealed in the
absence of accurate values for the amino acid requirements, by computing
for each protein or protein moiety, the percentage deviations of the contents




of each essential amino acid, expressed per 16 gram of nitrogen, from the
corresponding contents of a protein mixture, such as that of the whole egg,
that is almost completely digestible by the rat and utilizable in adolescent
metabolism.” In such a computation the essential amino acid most limiting
to the nutritive efficiency of the protein, will be revealed as the one the
percentage deficic of which, as compared with that of the standard protein
(here the whole egg protein was raken as a standard), is the greatest. These
percentages (for 28 differenc proteins and protein mixwres} were found to
be highly correlated (r — —0.86) with the corresponding biclogical value
determined by the nitrogen halance. This relation between CS and BV is
expressed in the empirical formula: :

Y = 102 — 0634 X (10)
where Y — N.V. of a protein

and X = maximum deficit in an essential amino acid

Essential Amino Acid Index (EAAI):

MrrcHELL and BLock's {1946) method only takes the most Jimiting amino
acid into account.

Oser (1951), however, introduced a method by which the rating of a protein
quality was based on the contribution of all the essential amino acids. The
EAAI of Oser {1951) is derived from the ratios of the essential amino acids
in a protein relative to their respective amounts in the whole egg protein
according to equation (11):

n 3
Lysp Tryp His,,
— — e X e 1
EAAI I/ Tyon X Tiye X X His. (11)
where n = the number of amino acids

p — refers to the food protein
e = refers 1o the standard protein (in this case the whole egg)

For the relation between EAAI and the BV of proteins, MITCHELL (1954)
reported a correlation coefficient of r = 0.948; the regression line is re-
presented by:

BV = 1.0747 (EAAIL) — 13.74 (12)
OsEBR’s resules (1951) yielded the following relation:

BV = 1.1403 (EAAI) — 8415 (13)
OsER (1959) combined the two equations (12) and (13) to give:

BV — 1.09 (EAAI) — 11.73 (14)
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¢&. FAO Protein Score:

The committee of protein requirements of the Food and Agriculture Organiza-
tion. of the United Nations (1957} suggested a provisional pattern based on
the knowledge of the requitements of healthy human beings for essential
amino acids. MITCHELL and BLOCK (1946) and OsER (1951, 1959) used the
whole egg protein pattern as a referance protein to predict the nutritive
value of the protein. The FAQ committee suggested to use the provisional
pattern in computing the nutritive value of a protein or protein mixtures in
foods from their amine acids composition. In this method the extent to
which a food or food combinations supply the limiting amino acids as
compared to the provisional pattern is calculated. The values obtained are
in good agreement with the biological values determined on man. it has
been stated that a protein or a mixture of proteins having a BV of 70 or
more, is satisfactory, whereas foods with BV 60 or less tend to be unsatis-
factory.

4. Other Methods:

BUNYAN and PRICE (1960) found that the content of available lysine is
of particular significance, as in rations based on maize, wheat and cereal
products it is the amino acid that is most commonly deficient. MCLAUGHLAN
et al. (1959) showed that most common foods are deficient in either lysine
or methionine, or in methionine and cystine. Based on this assumption a
“Simplified Chemical Score” (SCS) was adopted. The correlation coefficient
for the relation between SCS and PER of proteins deficient in lysine was
found w0 be r = 0.96. In the case of methionine (4 cystine) deficiency,
a coefficient of r = 0.83 was obtained. They suggested that the simplified
method can predict the nutritive value of a protein in a shore time.

4. Microbiological Methods,

This “direct” method of evaluating the quality of proteins will be considered
in Part Il of this Chapter.

II. MATERIALS

The materials used in the present study were the same as described in Chapter
Three, (see page 30).

III. METHODS

The nutritive value of the potato nitrogenous substances was determined on the
soluble nitrogen, including the non-protein nitrogen and the soluble protein nitro-
gen.
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A. MICROBIOLOGICAL METHODS USED FOR DETERMINING
THE NUTRITIVE VALUE (NV) OF PROTEINS

Laboratory animals are generally accepted otganisms for measuring the NV of
proteins. The limitations to which animal experiments are bound, however, are in
many respects enormous. Speaking of limitations of laborarory animal experiments,
many workers in this field think them to be laborious, expensive and too much
time consuming for routine work. These difficulties can any how be overcome, but
if the protein samples to be examined are available in too small quantities, the ob-
jections become serious and the application of micro methods is inevitable. For
the last reason and also because a considerable number of samples had to be
examined, a microbiological technique was employed in the present investigation.

With the advance in the microbiological technique of the determination of amino
acids, it has been found that many bacteria and protozoa need the amine acids,
essential for rat and man, in their media. This fact was a stimulus for some workers
to investigate the usefulness of these microorganisms for the estimation of the NV
of proteins, HORN et 4/ (1952) catried out an experiment to evaluate the quality of
processed cotton seed meal proteins. They used both rat feeding methods and mi-
crobiological methods. In the microbiological experiments they submitted the pro-
tein o an enzymatic digestion and evaluated the NV in the resulted hydrolyzate,
The results they obtained from the microbiological evaluation cotrelated well with
those of the rat feeding method. The work in this respect progressed and resulted
in the introduction of a suitable method to measure the NV of proteins with the
aid of microorganisms. HORN, BLUM, and WoOMACK (1954) described a rapid method
for the determination of the NV of the proteins of processed cotton seed meals, in-
volving the use of L. mesenteroides P. GO, as an experimental bacteria. HALEVY
and GROSSOWIEZ (1953} suggested the use of . faecalis for the determination of
the NV of proteins. They also used an enzymatic hydrolyzate of the protein to be
tested and the medium was devoided of the 10 essential amino acids. Their results
were in agreement with those obtained with rats. TEERI, VIRCHOW, and LOUGHLING
(1956} found that §. faecalis (ATCC 9790) gave much better results than L.
mesenteroides P. 60. In their method they used a mixture of enzymes under conditions
comparable with those of the buman digestive tract. They demonstrated that the
method proved itself reliable and a classification of the proteins in good, bad and
intermediate could be made. NEHRING and WUNSCHE (1959) determined the NV of
tish meals with L, mesentercider P. 60 (ATCC 8042) in pepsine and trypsine hydro-
lyzates. The results they obtained were in good agreement with the BV estimated
according to the method of THOMAS-MITCHELL. Recently FORD (1960) developed
2 new microbiological method for protein evaluation using §. zymogenes (NCDO-
592). This microorganism can use directly the non-hydrolysed protein. He evaluated
the NV of the proteins by the growth response of the microorganism, which was
measured in three ways, namely, turbidimetric, titrimetric and oxidimettic by meas-
uring the reduction of 2, 3, 5-triphenyltetrazolium chloride, He claimed that the
values obrained with a variety of food proteins had been found to correlate close-
ly with those obtained in the biological tests with rats.
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KippER and DEWEY (1945) when studying the biochemistry of Tetrabymena,
showed that arginine, histidine, methionine, tryptophan, lysine, isleucine, leucine,
threonine, valine, phenylalanine and glycine had to be regarded as essential for
growth of these protwzoa. DUNN and ROCKLAND (1947) developed a titration
method for the determination of the response of T pyréiformis H. to intact proteins in
their media. They found that the estimated NV was dependent on the length of the
incubation pericds. They stated: “The BV found at some levels of the samples are in
approximate agreement with those obtained with ather procedures’. In another pub-
lication ROCKLAND and DUNN (1949) wrote that with relatively long incubarion
periods the NV determined with the aid of Tetrabymena pyriformis H. was in close
agreement with values obtained with the nitrogen balance methods, ANDERSON and
WILLIAMS (1951) introduced a method for measuring the growth of T. pyriformis
W. in protein suspensions. The outline of their method is the reduction of the col-
ourless 2, 3, S-rriphenyltetrazolium chloride to the red triphenylformazan, a reace-
ion effected by the respiratory enzymes of the organism. They also reported that
the method successfully reflected the response to graded levels of the four different
proteins tested. PLICHER and WILLIAMS (1954) reported similar results. FERNELL
and ROSEN (1956) and ROSEN and FERNELL (1956) studied the medinm required for
T. pyriformis W. in microbiclogical evaluation of proteins. A recent review of the
microbiological assay of protein quality was given by ROSEN (1960). He stated that,
according to the present knowledge, the use of T. pyriformis appeared to be
preferable to the other microorganisms.

B. THE METHOD EMPLOYED IN THE PRESENT STUDY.

A great number of samples had 1o be examined and the quantities of samples
available were small, so it was decided to apply a microbiological method. The
method described by FERNELL and ROSEN (1956), and ROSEN and FERNELL
(1936) was applied after some modifications, and is described below:

1. The microorganism:

The organism used for the evaluation of the nitrogenous substances in potato
tubets was Tetrabymena pyriformis W., obtained from the ‘Culture Collection Of
Algae And Protozoa, The Botany School, Cambridge, England’. The stock culeures
were grown on a nuirient broth composed of:

proteose peptone (Difco) 20 g
Yeast extract 01 g
glucose 05 g
sodium chloride 01 g

suspended in water, boiled for three minutes, adjusted to pH 7.1 and completed to
100 ml. Stock cultures were transferred at 15 days’ intervals. For inoculation in the
experiment, 5 day old cultures were used. The cultures were kept at 25°Cin 1 oz
screw-capped botiles containing 10 ml of the nuttient broth.
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2. The medium:

The medium used was devoid of protein, and its composition is shown in table
25. This medium is double strength, and of a pH 7.1.

TABLE 25. The composition of the medium used for T. pyriformis W.

Ingredients Ingredients
Pantothenic acid 625.0 pug Glucose 750.0 mg
Nicotinic acid 625.0 ug MgS50y. 7HaO 140.00 mg
Pytridoxine 6250.0 ug Fe{NH,)s. 6H30 62.50 mg
Pyridoxal 625.0 pg Mn Cly. 4HyO 1.25 mg
Pyridoxamine 625.0 pg Zn Clp 0.125 mg
Riboflavine 625.0 ug Ca Clz. 2H30 30.00 mg
Folic acid 625 pg Cu Cly. 2H0O 3.00 mg
Thtamine 6250.0 pg Fe Cl3. 6HyO 0.75 mg
Inesitol 625.0 ng KoH PO, 875.00 mg
Choline 6250.0 pg KH,PO, 875.00 mg
p-amino benzoic acid 625.0 pg Guanvlic acid 150.00 mg
Biotin 62.5 pg Adenylic acid 100.00 mg
Lipoic acid 2.0 pg Cyridylic acid 125.00 mg
Uracil 50.00 mg

3. The reference protein:

Casein (B.D.H.) was taken as a reference protein. A solution containing 0.4 mg
N/ml with a pH of 7.1 was prepared.

4. Preparation of the sample:

The nurritive value was determined in the soluble nitrogen fraction of the potato
tuber (see Chapter Three, page 31). As this soluticn contains between 0.250 and
0.370 mg N/ml, it was used at the original scrength, after the pH had been adjusted
to 7.1

5. Measuring the growth:

The method used in this investigation was the one described by ANDERSON and
WiLLiams {1951), in which the reduction of 2,3,3-triphenyltetrazolium chloride by
respiratory enzymes of the organisms was employed as indicator for growth. The
red colour was extracted with acetone, and the exrracrion was measured with the aid
of a Bekmann Spectrophotometer at 2 wave length of 485 mgu.

6. The set up of the assay:

The assay was carried our on 4 ml final volume, [n preliminary experiments it
appeared that the diameter of the containers influenced the results. To overcome this
interference tubes of the same diameter (= 18 ml) were selected. As the growth of
the organism was found to be stimulated by a latrge surface of the medium, the
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racks of the tubes had been hung in the incubator with special hangers. In this way
the same sloping position was obtained in all tubes, which caused the surfaces of
the media to be of the same enlarged magnitude. A solution of 1% of 2, 3, 5-tri-
phenyletrazolium chloride in 0.2 M potassium phosphate buffer of pH 7.6, was pre-
pared.

For each sample four tubes were used, each containing 2 ml of the sample and
2 ml of the medium. In preparing a standard curve four nitrogen levels each in
four-fold, were taken, The four levels were composed of 0.5, 1.0, 1.5 and 2.0 m!
of the standard protein solution and made up to a volume of 2.0 ml with water.
After 2 ml of the basal medium had been added, the tubes wete plugged with cot-
ton wool, autoclaved at 110° C for 10 min., aliowed to cool, and then inoculated
with one loopful of a five-day-old culture. Next, the tubes were incubated at 25° C
for 72 hrs. At the end of the incubation period one of the four tubes of each sample
or standard curve level was sterilized to inactivate the microorganisms, and, conse-
quently, the respiratory enzymes. Subsequently, 1 ml of the 2, 3, 5-triphenyltetra-
zolium chloride solution was added to each tube and all the tubes were incubated
for another hour ar 37° C. After this treatment the growth of the organisms was
stopped by adding 0.4 ml of 0.1 M acidic Hg Cly (prepared by using 20 ml of con-
centrated HC1 per liter). The contents of each tube were transferred to a centrifuge
tube and centrifuged. The supernatants were discarded and the tubes were allowed
to drain. The triphenylformazan thus formed and precipitated, was dissolved in 10
ml acetone and the tubes were centrifuged again in order to obtain clear solutions.
The red clear solutions were transferred to cuvettes and the transmission was de-
termined in a Beckmann spectrophotometer.

The standard curve was prepared by plotting the estimated transmission of the
standard tubes against the quantity of casein nicrogen in each level. From this curve
and the transmission values obtained for the test protein, the quantity of casein
nitrogen that produced the same growth as that of the sample could be calculated.
Assuming the NV of casein to be 100, the relative values of the proteins examined
can be estimated.

IV. REsuLTS AND DiscussioN

The NV of potato nitrogenous substances was investigated by several workers.
It has been frequently claimed that potato proteins ate of a better quality than most
other plant proteins. Kon and KLEIN (1928) reported that two adults, a man and a
woman, lived over a period of 167 days in nitrogen balance and in good health
on a diet in which the nitrogen was almost exclusively derived from potatoes. The
daily nitrogen intake was 5.7 g for the man and 3.8 g for the woman. KoN (1928)
extracted the proteins of potato and examined their biological value according to
the method of MITCHELL. He came to the conclusion that the potato protein ap-
peared to be a good, well-balanced protein. CHICK and CUTTING (1943) reported
that the growth promoting value of the nitrogenous substances of potatoes in young
rats exceeded that of whole wheat, but was inferior to that of milk. They assumed
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that part of the non-protein nitrogen (N.P.N.) fraction of the potato tuber comple-
mented the amino acids of the potate protein to produce a mixwure of a biological
value no less than that of the protein itself. Moreover CHICK and SLACK (1949)
demonstrated that the potato proteins themselves were not superior to the mixture
of the protein and the N.P.N. substances as far as their nutritional value is con-
cerned. SCHUPHAN and POSTEL (1957) showed that the analysis of 134 samples of
potato tubers gave an Essential Amino Acid Index (EAAT) of 72. SCHUPHAN (1959,
a) found that the EAAT of 258 German potatoes averaged with 72. On the other
hand HARTWELL (1927) found that potato proteins could not support the growth of
rats bur suggested that the quantity rather than the quality of potato proteins was
responsible for the slow growth observed.

The aim of the present investigation was to trace the biological value of the
potato nitrogenous substances as a whole. Four different varities were studied with
the view to the effect of nitrogen fertilization and storage on the nutritive value of
the nitrogenous fraction of the tuber.

Bintje
Alta
Elgenhelmer

Kwinta

9 amino acid/16g.total nitogen
-]

I

Neu Leu

FIGURE 24. The average values of the amino acids in the whole potato, in varieties: Alfa,
Eigenheimer, Kwinta and Bintje, expressed as g amino acid per 16 g total
nitrogen,

A: GENERAL AMINO ACID CONTENT,

In Chapter Three the amino acid content was discussed at length. When the NV
of a combination of proteins and of free amino acids is considered, the amino acid
composition of the whole is of importance. The average values of the amino acids
determined, in respect to the whole potato, is illustrated in figure 24, The variations
between the average values of the four varieties were not great. If the essential amino
acid pattern of the whole egg is compared with the pattern of the four potato varie-
ties, it will especially be noticed that methionine and tryptophan are the limiting
amino acids. Moreover a comparison of the FAQ provisional pattern showed that
tryptophan was a limiting factor. It should be stated, however, that the tryptophan
content of the FAQ pattern can be lowered somewhat without reducing the BV,
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(SWENDSEID et al., 1961). Although from the sulphur containing amino acids only
the methionine was determined in the present study, it could be shown that the
methionine is a limiting one. Table 26 shows the amino acid pattern of FAO, whole
egg, and of the four potato varities.

TABLE 26. The aminc acid pattern of the whole egg (OSER 1951), the provisional pattern
of FAO (1957) and the essential amino acid composition of the four potato
varities studied, expressed as gram amino acid per 100 gtam protein.

Animo acid Whole FAG Potato v.arie.ties :
€ge Bintje Alfa Eigenheimer Kwinta

Isoleucine 1.7 4.2 7.2 6.3 7.2 6.5
Leucine 9.2 4.8 8.1 7.3 7.9 7.8
Lysine 7.0 4.2 5.1 6.2 6.6 6.1
Methionine 4.0 2.2 2.0 1.7 1.8 1.9
Phenylalanine 6.3 4.2 6.8 7.3 8.6 7.5
Threonine 43 28 5.1 5.3 5.4 5.4
Tryptophan 1.5 14 1.0 1.1 1.1 1.1
Valine 7.2 42 5.9 6.1 6.9 6.4

B. EFFECT OF NITROGEN FERTILIZATION AND STORAGE ON THE
NV OF THE NITROGENOUS SUBSTANCES IN THE POTATO
VARIETY BINT]JE.

In his study on the BV of potato proteins, SCHUPHAN (1939) concluded that Jow
BV of potato nitrogenous substances may sometimes be caused by nitrogen defi-
ciency or nitrogen surplus in plant-nutrition. He reported thar in relation to other
nutrients, unbalanced nitrogen supplies may produce a BV of only 50.

In the discussion of the amino acids and the nitrogen distribution in potato tu-
bers it was shown that these two were influenced both by nitrogen fertilization and
by storage. These factors will, therefore, be discussed together, The influence of
storage on potatoes dressed with different quantities of nitrogen was found to be
different in respect of nitrogen distribution. It is not surprising that the same was
found with regard to the NV of the nitrogenous substances.

At 0 time of the experiment, the NV decreased at the level of 40 Kg N/ha, a rise
and rather stable level could be naticed at 80, 120, 160, and 200 Kg N/ha supply.
Afrer 8 weeks' storage, a different picture was observed. The maximum NV was re-
corded with the sample of 80 Kg N/ha supply. After 24 weeks, the NV first dropped
reaching a minimum at 80 kg N/ha, but afterwords increased and showed a rather
stable level. This is illustrated in figure 25.

In figure 26, in which each nitrogen supply level was drawn separately, it can be
noticed that after 8 weeks™ storage the nitrogen fertilization levels of 0, 40, and 80
Kg N/ha showed an increased NV, whereas a decrease in the NV was seen with
the levels 120, 160 and 200 Kg N/ha. After a storage period of 24 weeks an increase
in the NV was observed in all che levels of nitrogen supply except that of 80 kg
IN/ha, which indicated a decrease.
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FIGURE 25. The effect of nitrogen fertilization on the NV of potato nitrogenous substances
as determined microbiologically, in three storage pertods, viz, 0 time, 8 and
24 weeks, in the variety Bintje.

The increase of the NV of the potato nitrogenous substances cannot be due to
the proteins only, since the protein content as a percentage of the toral nitrogen de-
creased at the higher levels of nitrogen supply (Chapter Three). CHICK and CUT-
TING (1943) and CHICK and SLACK (1949) observed that the N.P.N, even if it
was poor in supporting growth by itself, improved the growth when it was added
to the potato proteins.

After a 24 weeks’ storage period it was shown that the content of most the free
essential amine acids of the N.P.N. fraction increased. This was discussed in Chap-
ter Three, in which it was suggested that a possible explanation of this phenomenon
might be found in the fact that with a decrease in the ammonia storage substances,
i.e. amides, the essential amino acids should form a higher percentage of the NP.N.
fraction.

As has been emphasized before, the nurritive value of a protein depends not only
on the amino acid composition, buc also on the availability of its essential amino
acids; in other words, on the ease with which the amino acids become free during
digestion, so that the body can use them. In this connection, it is obvious that the
potato free amino acids are 100% available, this ought not to be the case with the
tuber proteins. It is doubtful if (i) the six components of the potato proteins have
the same digestibility, and (ii) the digestibility of one or more components in the
potato proteins would amount to 100%. It is reasonable to assume that, even the six
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components may have the same digestibility, the rate of releasing the amino acids
would limit their availability, An increase in the N.P.N. may, therefore, have a di-
rect and considerable influence on the NV of the total nitrogen when it is assumed
that the increase did not involve the amide fraction only. During storage amides
are required for protein synthesis and also to provide nitrogen to the sprouts. Con-
sequently an increase in the percentage of the free amino acids of the tber may

be the result.
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FIGURE 26. The effect of storage period on the NV of the nitrogenous substances in
potatoes supplied with different quantities of nitrogen in the variety Bintje.

C. THE EFFECT OF STORAGE TIME AND TEMPERATURE ON THE NV OF
THE NITROGENOUS SUBSTANCES IN THE POTATO VARIETIES
ALFA, EIGENHEIMER AND KWINTA.

The NV of the nitrogenous substances of the potato varieties Alfa, Eigenheimer
and Kwinta as influenced by storage period and temperature, are shown in figure 27.
It can be noticed that the trends encountered in the three varieties are not quite the

same.
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FIGURE 27. The effect of storage period on the NV of potato nitrogenous substances in
the varieties: Alfa, Eigenheimer and Kwinta, stored at 2°, 6°, 10° and 15° C.

In Alfa and Kwinta an increase in the NV was observed after 8 weeks™ storage
when the temperature was 2° C. In Eigenheimer, however, a decrease was recorded.
From figure 16 in Chapter Three, it can be seen that the protein part of the toral
nitrogen gave the reverse picture under the same circumstances. At 10° C all the
varieties under investigation showed an increase in NV after 8 weeks’ storage,
whereas the protein nitrogen to the total nitrogen ratio showed a decrease under
the same conditions. However, at 15° C, when both synthesis and breakdown were
greatly enhanced, the NV behaved as the protein content, ie., increased together.
After 24 weeks storage, at 2° C, Alfa showed an increase in the NV, Kwinta and
Eigenheimer a decrease. At 6° C a stable level in Eigenheimer and a decreasing
one in Kwinta and Alfa were noticed. After 24 weeks' storage at 10° C 2 decline
in the NV was observed with Eigenheimer and Kwinta, a stable level being found
with Alfa. At 15° C, Eigenheimer showed a decrease and Alfa an increase.

The picture described above is a very complicated one and seems to be the re-
sult of an interaction of many factors. The amino acid composition of the whole
tuber, the free amino acids and the availability of the amino acids from the potato
proteins are all directly involved. These direct factors are in their turn influenced
by storage and germination. It has been shown before that the total nitrogenous
substances of the potato tuber will give a higher NV if che free amino acid content
is high. An exception was encountered in the samples after 8 weeks of storage at
15° C where protein synthesis was involved. In this case the proteins seemed to be
largely responsible for the NV.
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It can be seen that at higher temperatures and after longer storage periods the
NV generally decreased. Alfa, however, is known to possess good storage qualities,
which is reflecied in its NV during storage, the reduction being less pronounced and
taking place later than in Eigenheimer and Kwinta.

D. GENERAL VIEWS ON THE NV AS DETERMINED BY
T. PYRIFORMIS W. METHOD AS COMPARED WITH THE EAAL

The EAAI was estimated from the average values of the amino acids. The aver-
age values of the EAAI was estimated to be 80, whereas the microbiological experi-
ment gave 89 as a mean value. From the EAAT, the BV can be estimated employing
the equation of MITCHELL (1954):

BV =1.0747 (EAAI) — 13.74

thus, the BV of potato nitrogenous substances amounted to 73. The NV determined
microbiologically was related to casein, that of the EAAT to the whole egg. Now it
can be easily demonstrated thar, if the BV of the whole egg proteins is assumed to
be 100 and the casein 84 (OSER 1959), the average NV determined microbiologically
will become 75 related to the egg proteins. The two values are nearly of the same
order. The results of calculating the EAAI and the BV from the average amino acid
composition are shown in table 27. In the same table the average values obtained
with the microbiological method, corrected to the egg value are also illustrated.

TABLE 27. The EAAI and its BV values as compared to the NV determined microbiclogi-
cally and corrected 1o the whole egg protein value.

Potate . EAAT

varieties ’ EAAT "BV NV
Bintje ' 83 76 71
Alfa 83 76 84
Eigenheimer 87 80 73
Kwinta 85 78 76

The discrepances between the estimated and the calculated data may be due to a
neglect of the availability of amino acids when computing EAAT and to some differ-
ences in the amino acid requirements for rat and protozoa. As to the availability,
the results of CARPENTER (1957) concerning the availability of lysine may setve as
an example in this respect.

The short time in which the microbiological method could be carried out, the
similarity of the amino acid requirements for the protozoa and rat and the fact that
the digestibility is taken into account might render the microbiclogical assay as the
method of choice for protein evaluation in spite of the weak cotrelation between the
EAAI and the results obtained in this study. The number of objections to and the
little confidence in the microbiological methods, originate from the insufficient
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knowledge of the exact behaviour of the organisms. It seems possible to develop
these methods in such way that more accurate results are obtained. For the time
being the method used in this work can be recommended when small samples have
t0 be examined and when an evaluation is needed for a great series of proteins, as
in case of processing or storage expetiments.

V. SuMMARY AND CONCLUSIONS

The nutritive value (N'V) of the nirrogenous substances of the potato tuber were
investigated.

The introduction included a shott review of the place of proteins in nutrition and
the methods used for the determination of their biological value (BV).

The method for evaluation of potato nitrogenous substances used in this investi-
gation, was a microbiological one, in which the protozoa T, pyriformis W, was
applied as the test organism.

Tryptophan and methionine are the most limiring amino acid in the porato tuber
if compared with the provisional FAQ amino acid pattern and the composition of
the whole egg proteins.

The effect of nitrogen fertilization and storage on the NV has been dealt with.
The NV of the nitrogenous substances of potato tuber seemed to be influenced by
many factors. The amount of the non-protein nitrogen as a percentage of the total
pitrogen and the amino acid composition of the former fraction turned out to be a
factor of considerable importance. Storage and fertilization not only influenced the
protein and the non-protein nitrogen fractions markedly but also interweaved the
NV. The NV mostly changed inversely with the protein content as a percentage of
total nicrogen. This was related to the increased amounts of the free amino acids,
which are totally available and act as a supplement for the protein animo acids, The
availability of the latter, however, is not complete and depends on the digestibilicy,
which may be different for the six components of the potato proteins.

The average EAAI of the total nitrogenous substances in potato was found to be
80, while the NV determined microbiologically averaged in 89. The BV calculated
from the EAAI was 73 and the NV corrected to the whole egg proteins value was 735.

The microbiological method used in this investigation, is recommended for
experiments on small samples and when great numbers of samples have to be
examined on a routine base.
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CHAPTER FIVE

SUMMARY

Physical and biological investigations were catried out on the nitrogenous sub-
stances in the potato tuber.

The impotiance of portato as food has been considered in Chapter One; The
Introduction.

Chapter Two: was devoted to 2 study of the electropheroric properties of the
potato proteins. )

An accurate method for potato protein separation was developed in which the
paper electrophoresis technique was used. The experiments revealed that the potato
proteins consisted of ar least six components, the sixth one was thought to be a
mixture of at Jeast three fractions. The results of the experiments with paper elec-
trophoresis could be confirmed by the observations made on zone electrophoresis.

In the present study four potato varieties, viz. Alfa, Eigenheimer, Kwinta and
Bintje, were examined. The six protein fractions showed the same migration rares
in the electropherograms of all the varieties. The ratio of the quantities of the six
fractions was, however, found to be different from one variety to another. A simple
scanning technique was developed to identify the four varieties from their electro-
pherograms.

Nitrogen fertilization had buc little influence on the electrophotetic pattern, and
it did not interfere with the identification.

Storage, time and temperature affected the pattern composed of the six compo-
nents. A discussion was given of the possibility of protein synthesis and breakdown
that may take place during storage as related to the changes into the electrophe-
rograms. The effect of storage was no reason to alter the method of identifying the
four varieties proposed in this investigation.

Chapter Three: involves the distribution of the nitrogenous components in the
tuber as influenced by storage and nitrogen fertilization. In the present work the
nitrogenous compounds were devided into total nitrogen (T.N.), non-protein nitro-
gen (N.P.N.) and protein nitrogen (PN.). The P.N, and the N.P.N. fractions were
analysed for the ten essential amino acids. The amino acids were determined mi-
crobiclogically, Tryprophan in proteins was determined spectrophotometrically.

A short review of the different methods for amino acids determined was included.
In Chapter Three, Results And Discussion, a short account of the biochemical
changes due to storage occurting in the vegetative storage organs of plants in
general and in potato tubers in particular, was given,

An increase in TN, content of the tuber as a result of increasing nitrogen ferti-
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lization was recorded. At high nitrogen supply levels T.N. increased after 8 weeks’
storage at 5° C. This was attributed to the high respiration rates seen in portatoes
excessively dressed with nitrogen, which fesulted in marked Josses of carbohydrates.
After 24 weeks’ storage, however, the T.N. decreased, which was supposed to be due
to the losses of nitrogen in favour of the new sprouts. The highest ratio of PN. :
TN. was noticed at a nitrogen supply level of 40 kg/ha, whereas the lowest was
recorded at the level of 200 kg N/ha supply. The changes, however, due to storage
were found to be more pronounced than those due to nitrogen fertilization. Differ-
ent results between samples with ample nitrogen supply and poorly dressed sam-
ples as to the changes into PN, : TN. due to storage were clearly demonstrated.
The highest P.N. as a percentage of TN, in samples dressed with 200 Xg N /ha was
found after an 8 weeks’ storage period. ‘This was attributed to protein synthesis. The
source of ammonia for protein synthesis is believed to be the amides. It may then
be expected that the amide pool will decrease, when protein synthesis is taking place,
and consequently, the total N.P.N. decreases, and the P.N. : T.N. ratio increases.
With the advance of the storage period, however, the ratio PN. : TN. was found
to decrease in potato samples excessively dressed with nitrogen. The factors that
may participate in the changes of the P.N. : T.N. ratio, i.e. variety, storage petiod,
storage temperature and germination were also discussed.

The influence of nitrogen fertilization on the amino acid composition of P.N,,
contrary to the influence on the N.P.N. composition, was found to be rather small,
the influence of storage being more pronounced. At the end of the storage period
the contents of nearly all the free essential amino acids increased. This was attributed
to two factors: the breakdown of proteins dominating during chat period will sup-
ply the N.P.N. pool with mote amino acids, and sprouts as well as protein synthe-
sis in the tubers will withdraw the amides preferentally, which will increase the
portion of the free amino acids in the N.P.N. fraction.

The Fourth Chapter dealt with the nutritive value (NV) of potato nitrogenous
substances. It was stated as a conclusion that the microbiological method in which
Terrabymina pyriformis W. was used as the tesr organism, may supply a useful
means for evaluating proteins, if the laboratory animals cannot be used on rourine
scale and only small quantities of the protein to be examined are available.

On an average the NV of porato nitrogenous substances was estimated to be 89
when related to casein, and 75 when related to the whole egg proteins, when deter-
mined microbiologically. Comparatively, the Essential Amino Acid Index (EAAI)
was calculated to be 80, and the biological value (BV) derived from the (EAAI)
averaged 73. No close correlation was found to exist between the estimated and the
calculated nutritive values of the nitrogenious substances in the potato varieties
examined in this work. In this connection it was emphasized that in computing the
(EAAT), the availability of the amino acids and the digestability of the proteins wete
completely neglected.

The conclusion was drawn that the NV of porato nitrogenous substances is not
predominently dependent on proteins, but also to a great extent on the free amino
acids.
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SAMENVATTING

Een fysisch en chemisch onderzoek van de stikstofhoudende bestanddelen van de
aardappel werd uitgevoerd.

Her belang van de aardappel als voedingsmiddel werd besproken in Hoofdstuk
I; de inleiding.

Hoofdstuk II: behandelt de electroforetische karakeeristicken van de aardappel-
eiwitten. Een verfijnde scheidingsmethode werd ontwikkeld, gebruik makend van de
papierclectroforese techniek. Het onderzoek toonde aan, dat aardappeleiwit is sa-
mengesteld uit ten minste zes eiwitcomponenten. Het werd waarschijnlijk geacht,
dat de zesde component een niet te scheiden mengsel van drie fracties was. De re-
sultaten van deze onderzoekingen konden worden bevestigd door de waarnemingen
verkregen uit een onderzoek naar de eigenschappen van aardappeleiwit in de Tise-
linscel bij vrije electroforese. Het aardappelonderzoek werd uitgevoerd op vier ver-
schillende rassen, te weten: Alfa, Eigenheimer, Kwinta en Bintje. Bij vergelijking van
de electropherogrammen bleken de zes eiwitfracties bij ieder ras dezelfde loopsnel-
heid re hebben. De rassen onderscheidden zich echter in de hoeveelheden die van
iedere component in het totaal eiwit aanwezig waren. Een eenvoudige methodiek
werd geintroduceerd om de vier rassen aan hec electropherogram te indentificeren.
Stikstofbemesting had slechts weinig invloed op het karakteristieke electroforese-
patroon en stoorde dientengevolge de identificatie niet. Bewaartijd en bewaartempe-
ratuur hadden een wat grotere invloed op het patroon, samengesteld uit de zes com-
ponenten. Een bespreking over de mogelijkheid van synthese en afbraak van eiwitten
gedurende de bewaring van aardappelen werd gegeven in verband met de waargeno-
men veranderingen in het electroforese patroon. Deze veranderingen waren echter
niet van dien aard, dat de voorgestelde methode tot identificatie van de rassen
Alfa, Eigenheimer, Kwinta en Bintje moest worden herzien.

Hoofdstuk III: behandelt de verdeling van de stikstofhoudende bestanddelen van
de aardappel en de inviced van de bewaring daatop. In dit onderzoek werden de
stikstofhoudende bestanddelen ingedeeld in verschillende fracties n.l. totaal stikstof
(TN}, niet-eiwitstikstof (NPN) en eiwitstikstof (PN). Langs microbiologische weg
werden PN en NP geanalyseerd op het gehalte aan de 10 essentiéle aminozuren.
Alleen tryprofaan in PN werd spectrofotometrisch bepaald. Een bespreking van de
bestaande methodieken gaat aan de behandeling van de verkregen resultaten vooraf.
Bij de bespreking van de resultaten werd aandacht geschonken aan de biochemische
reacties en de daardoor veroorzaakte veranderingen, die plaatsvinden in de opslag-
organen van planten in het algemeen en van de aardappel in het bijzonder. Een
toename in het TN-gehalte als gevolg van toenemende bemesting met stikstof werd
waargenomen. Bij een hoge stikstofgift nam het TN-gehalte toe indien het monster
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8 weken bij 5° C werd bewaard. Dit werd woegeschreven aan de hoge respiratiesnel-
heden die men waarneemt bij overvioedig met stikstof bemeste aardappelen; deze
aardappelen verademen namelijk een aanzienlijke hoeveelheid koolhydraten. Het
TN-gehalte nam echter na een bewaring van 24 weken weer af. Gedacht werd, dat
in dit stadium het stikstofverlies ten gunste van de nieuw gevormde spruiten groter
was dan het verlies aan koolhydraten. De hoogste PN/TN-vethoudingen werden
gevonden in de monsters, die een bemesting van 40 kg N/ha ontvingen; de laagste
waarden werden daarentegen genoteerd bij de monsters die 200 kg N /ha ontvingen.
Deze verhouding werd echter veel sterker door de bewaring dan door de bemesting
beinvloed. De veranderingen in het PN-gehalte als percentage van het TN ten ge-
volge van de bewaring waren in de ruim met stikstof bemeste aardappelen anders
dan in aardappelen, die ontoereikend met stikstof waren bemest. In Je monsters die
een stikstofgift van 200 kg N/ha ontvingen werden de hoogste PN-percentages ge-
vonden na 8 weken bewaring. Dic werd toegeschreven aan eiwitsynchese, die in deze
periode plaats vond. Bij synthese zal n.l het gehalte aan vrije amiden, die als bron
van de voor de synthese vereiste ammoniak kunnen worden beschouwd, afnemen.
Dientengevolge zal ook het gehalte aan totaal NPN afnemen, zodat de fractie PN
uitgedrukt als percentage van het TN zal stijgen. Naarmate de bewaring echter nog
langer wordt voortgezet, daalde de PN/TN-verhouding. Klaarblijkelijk zal in zo
l[ang bewaarde aardappelen aan de aminozuurbehoefte van de gevormde spruiten
worden tegemoetgekomen door snellere afbraak van eiwitten. Een en ander was dui-
delijker waarneembaar in overvloedig, dan in onvoldoende met stikstof bemeste
aardappelen,

Tenslotte worden een aantal van de PN/TN-verhouding bepalende factoren, zoals
ras, condities van de bewaring en kieming nadet besproken. Wat de invloed van de
bemesting op de aminozuursamenstelling van de eiwitachtige bestanddelen van de
aardappel betreft, werd gevonden dat deze zich voornamelijk uitstrekte over de
NPN-fractie, De invloed van de bewaring bleek echter groter te zijn. Aan het einde
van de bewaarperiode van 24 weken bleek het gehalte aan vrijwel alle vrije amino-
zuren te zijn toegenomen. Deze bevinding werd aan twee factoren toegeschreven.
Enerzijds overheerste van de anabolische en catabolische reacties in deze periode
de afbraak, door welke proteolyse de NPN-fractie van meerdere aminozuren werd
voorzien; anderzijds onttrekken de nieuw gevormde spruiten aan deze accumularie
van aminozuren bij voorkeur de amiden voor eiwirsynthese,

Hoofdstuk IV: behandelt de voedingswaarde van de stikstofhoudende bestandde-
len van de aardappel. De conclusie luidde, dat de microbiologische methode, waarbij
Terabymena pyrifermisr W. als organisme wordt gebruikt, een bruikbaar hulpmiddel
voor de waardering van eiwitten is gebleken, vooral waar het inzetten van proefdie-
ren op zo grote schaal niet mogelijk was en bovendien slechts kleine hoeveelheden
van de te onderzoeken eiwitten voorhanden waren. De bepaling van de voedings-
waarde van de eiwitachtige bestanddelen leverde gemiddeld 89 op, indien de groei
van de protozoa als percentage van de groei op een medium met caseine wordt
uitgedrukt. Door omeekening werd gevonden, dat indien op eiwit zou zijn betrokken
een waarde van 75 gevonden zou zijn.
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Ook de EAAI {eveneens betrokken op eiwit) werd berekend. Deze bleek gemid-
deld 80 te zijn. Voor de hieruit afgeleide Biologische Waarde is een waarde van 73
te berekenen.

Weinig overeenkomst werd gevonden tussen de bepaalde en de berekende voe-
dingswaarden van de onderzochte eiwitten. In dit verband werd nogmaals de aan-
dacht gevestigd op het feir, dat bij de berekening van de EAAI slechts rekening
wordt gehouden mer de zanwezige — en niet met de voor het organisme beschik-
bare hoeveelheid aminozuren.

Geconcludeerd werd, dat de voedingswaarde van de eiwitachtige bestanddelen van
de aardappel niet overwegend door de eiwitfractie wordt bepaald maar voor een be-
langrijk deel ook door de vrije aminozuren.
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