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1. Introduction 

At present it is generally accepted, on account of behavioural 
( 1) as well as electrophysiological (2) experiments, that (as far as 
gustatory stimuli are concerned), a two-way mechanism deter
mines the food preference of oligophagous insects : they only 
feed on plants which contain sufficient feeding stimulants (f.s. ) 
and do not contain feeding inhibitors. 

This is a more objectivistic way of saying that the insect just 
eats what it likes. It is also true for polyphagous insects and 
other animals, including man. The only surprising thing is that 
some oligophagous insects would rather die from starvation than 
eat unusual food. 

What makes the oligophagous insect so particular as to what 
it eats? The most obvious possibility is to assume « token f. s. » 
to be present in the host plants : « odd substances » which have 
a limited distribution in the plant kingdom. The insect is then 
supposed to recognize its preferred host by these substances. 

Less obvious, but supported by experiments such as those 
ofjermi (1) and Schreiber (3), is the possibility that all plants, 
except the host plants, contain feeding inhibitors for the particular 
insect. Then «host avoidance», rather than «host selection », 
occurs and the necessary f. s. could be either odd substances or 
common sapid nutrients, such as amino acids and sugars. ' 

As Schoonhoven (4) and Thorsteinson (5) pointed out, 
examples are known in which either of these possibilities, or 
even combinations of them, seem to play a crucial role. 

Another possibility, which is rarely taken into consideration, 
is that the insect prefers its host plant just because some sapid 
nutrients are present in a characteristic concentration and combi
nation. 

The question whether the preference of the Colorado beetle 
for the potato plant is mainly determined by either the presence 
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of token f. s. in the host plant, or by the absence of feeding inhib
itors, has been a matter of controversy for some time. 

This paper gives additional experimental evidence for the 
opinion, expressed before by Thorsteinson (5) and J er my 
(6), that the Colorado beetle does not require any « odd sub
stance » to evoke feeding and that such a « token f. s. » is not even 
likely to be involved in this insects' food selection, as far as feeding 
behaviour is concerned. 

2. Earlier attempts to isolate feeding stimulants for the 
Colorado beetle 

Raucourt & Trou velot (7) demonstrated some 30 years 
ago that elder pith, which normally is not eaten by the Colorado 
beetle, will be eaten when it is treated with potato leaf juice. 
This suggests, of course, the presence of a token f. s., but it is no 
proof of its existence. The effect could as well be explained by 
assuming that the juice contains sapid nutrients of general oc
currence and does not contain feeding inhibitors. 

The opinion that «induction of feeding on inert material 
is conclusive evidence for a specific feeding attractant» has 
lately been expressed again (8), but it is an inadequate criterion 
and may have misled many investigators who have reported 
the demonstration of such specific compounds and in vain tried 
to isolate them. 

Raucourt and Trouvelot concluded that all active material 
can be extracted by alcohol, that the « principes actifs » were 
not volatile, and contained nitrogen, and that solanine did not 
have any activity. 

Chauvin (9) later resumed this work, using a similar essay, 
in which disks of elder pith were impregnated with leaf juice, 
leaf extracts or fractions thereof. He described the preparation 
of a «grey, attractive material ». Its properties made him think 
of a flavone glycoside, which in vain he tried to isolate. Thor
steinson (5) later isolated the flavones from potato leaf, but found 
them to be chemotactically inert. He suggested that Chauvin's 
preparation, and also the material tested by Raucourt & Trou
velot presumably contained sugars and amino acids. 

Hesse and Meier (10), who applied a different kind of 
essay, and worked mainly with adult beetles, whereas the French 
investigators used the larvae, attribute to acetaldehyde an impor
tant role in the beetle's food selection. However, in view of the 
inadequacy of their test in a quantitative respect and my own 
experience with very divergent compounds, including acetaldehyde, 
it seems unlikely to me that this compound could be of crucial 
importance in the feeding activity of the insect. 

292 



3. Preliminary experiments and development of a suitable 
biological essay 

The first experiments performed in our laboratory some 
years ago ( 11) with the aim of isolating feeding stimulants for the 
Colorado beetle from potato leaf, were based mainly on the ob
servations and conclusions of Raucourt & Trouvelot. In 
analogy with the procedure, adopted by these authors, all the 
fractions obtained after a separation were concentrated or diluted 
to the volume of the original extract before being tested. This 
may be the right procedure if only one active compound is present, 
but it is inadequate as a guiding principle for the chemical sep
aration, if a number of very different compounds are involved. 
One may then expect a number of active fractions, which all 
are less active than the original material and this is, in fact, 
what has always been found by the many chemical and physical sep
aration methods which were applied. When these fractions were 
subjected to a second separation, all the secondary fractions 
appeared again to be less active than their mixture. 

The experimental arrangement for the biological test was 
similar to that applied for other purposes by Bongers (12) (Fig. 1). 
Disks of elder pith (V) were mounted on entomological pins (S) 
which were stuck into foam plastic (T), covered with moist filter 
paper (F), in such a way that they did not touch the paper. This 
was achieved by the aid of smaller nylon disks (N). 

Fig. 1 Original set-up of the biological test . 
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Six larvae of the fourth instar, which had been starved for 
18 hours, were placed between twelve test samples. The tests were 
performed, at least in duplicate, in plastic boxes which were 
illuminated from above and were kept at 25° C. 

A distinction was made between no-choice experiments, 
in which all disks were immersed into the same solution and 
choice experiments, in which two different materials, A and B, 
were compared. 

After a test period of two hours, the degree of feeding stimul
ation was estimated by sight, using an arbitrary standard of 
judgement, based on observation of the amount eaten. 

The main objections against this procedure were the variable 
appetite of the larvae and the qualitative character of the test. 

Therefore a more quantitative essay had to be developed, 
in which the «specific activity», based on the dry weight of the 
fractions, could be determined. As far as possible, the influence 
of the variable appetite of the larvae was sought to be eliminated 
by using a standard reference substance. 

In the modified test (Fig. 2), the general conditions were 
similar to those described before. Only four, instead of twelve, 
disks per essay were offered to each group of six larvae, and a 
glass cylinder (G) prevented the insects from leaving the area 
of the samples. 
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When the specific activity of a sample. had to be determined, 
two disks were treated with the solution of the sample and the 
other two with a reference solution of sucrose. 

To determine the most suitable concentration of this refer
ence solution, the relation between the stimulating effect and the 
concentration of the sucrme was first investigated. To that end, 
0.1 microcurie of radio-active phosphate (N a2H32P04) per ml 
was added to the sucrose solutions, in which the disks were dipped. 
After two hours feeding, the radio-activity of the larvae and alrn 
the decrease in radioactivity of the disks were determined and 
used a& criteria for the stimulating effect of the solutions. 

There appeared to exist an optimum concentration at which 
the stimulating effect was at a maximum (Fig. 3). Due to the 
variable appetite of the different groups of larvae, the location 
of this maximum was not well-reproducible; this is a problem in 
all no-choise experiments, but a maximum was always found 
anyway. 
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The concentration of the reference sucrose solution in the 
following experiments was set at 20 mg/ml (where the stimulating 
effect was about 50 % of its maximum value) for highly active 
materials, and at 5 mg/ml for weakly active samples. 

When determining the specific activity of leaf extracts or 
fractions thereof, the sample to be tested was compared in a dilution 
series with the standard sucrose solution, and the concentration 
which gave rise to equal consumption of test sample and reference 
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was established by sight. The ratio of the two concentrations 
(reference: sample) was taken as the «specific activity» . 

A potato leaf extract, obtained with 50 % alcohol, appeared 
to have a specific activity of 2. 7, in other words : it was about 
2. 7 times as active as sucrose. 

4. Comparison of leaves and leaf extracts of different 
plant species 

Before resuming the isolation attempts under the guidance 
of the new test, the feeding of Colorado beetle larvae on leaves 
and leaf extracts of different plant species was examined first. 
To my surprise the insects were not as particular as to what they 
ate as I had expected. In no-choise experiments, disks of tomato-, 
lettuce- and even mulberry leaves were eaten to some extent. 
Probably due to differences in appetite, the consumption of 
lettuce was sometimes even larger than that of potato leaf. In 
choice experiments, however, where leaf disks of potato and the 
other plant were offered at the same time, potato leaf was always 
preferred. As appears from Fig. 4 even then some consumption 
of the other plant species could be observed. 

CHOICE EXPERIMENTS WITH FRESH 
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After this, alcohol extracts of different kinds of leaf were 
compared. At first the old procedure, similar to that applied by 
Raucourt and Trouvelot, was adopted: a given weight (A 
gram) of fresh leaves was extracted with a given volume (10 
A ml) of 96 % ethanol and the extract was concentrated to a 
standard volume (2 A ml) . 

The results of choice experiments with these extracts were 
as anticipated : the concentrate obtained from potato leaf was 
the most active one. The dry weights of these concentrates were, 
however, very different. 

Therefore the specific activity of the extracts was determined 
next. Now the result was surprising: the data obtained for tomato-, 
lettuce- and mulberry leaves were about equal to those obtained 
for potato leaf! 

When, in addition, experiments were performed in which 
equal concentrations of the different extracts were compared 
in choice experiments, it appeared again that the potato leaf 
extract was not significantly more active than the others (Fig. 5). 

CHOICE EXPERIMENTS WITH LEAF EXTRACTS 
IN EQUAL CONCENTRATIONS ( 20 mg/ml) 

lettuce leaf extract ( I) mulberry leaf extract ( m) 

potato leaf extract ( p) potato leaf extract ( p) 

Fig 5 

These experiments, therefore, do not give any grounds for the 
assumption that special token feeding stimulants exist in the potato 
plant. They rather point to the important influence of the concen
tration of the leaf components on the stimulating effect. 
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Of course, only chemical factors and their influence on feeding 
have been considered here. In food preference and host selection, 
many other factors may be of importance. The importance of 
physical factors is indicated by the fact that the larvae prefer disks 
of fresh leaf to disks of elder pith, impregnated with the most 
active leaf juices or extracts. It is also remarkable that treatment 
of potato leaves with potato leaf extract makes them less, rather 
than more, attractive to the larvae. 

5. Fractionation of potato leaf extract 

Apart from the problem of food preference, one may ask what 
makes the larvae eat elder pith which is impregnated with some 
kind of leaf extract. Are there only a few f. s. involved (whatever 
they may be, nutrients or odd substances), or are there many 
of them? Are some of them all-important, while others contribute 
only to a minor extent, or are they of comparable importance? 
Is the total effect just the sum of the individual contributions, 
or is there a synergistic effect? In attempts to answer these questions, 
fractionation and testing have to be carried out in as quantitative 
a way as possible. One has to be sure that no active material 
is lost, decomposed or inactivated during the separation. 

A number of chemical and physical separation methods, 
such as selective extraction and chromatography, were tried out, 
but when the fractions were recombined after the separation, 
the activity of their mixture was usually definitely lower than that 
of the extract before separation. Also, in some cases, the material 
could only partly be recovered. The possibility could then not be 
excluded that one or the other active compound was obscured 
from examination. 

When, for example, a 50 % alcohol extract of potato leaf 
(this was the most active one that could be obtained) was evapo
rated to dryness, and subsequently extracted with different solvents, 
a consideraole residue was usually obtained, which no more 
dissolved in alcohol or any other solvent. Even directly after 
evaporating to dryness, such an alcoholic extract could not com
pletely be redissolved in alcohol. In general it could better be 
dissolved in water, but a slow and continuous formation of a 
precipitate of collodial particles was observed in water as well 
as in alcohol, and this could no more be brought into solution. 

Therefore a dry, powdered extract was made in a way similar 
to that used for making instant coffee. 

Fresh potato leaves were dried at 30° C and powdered. 
One kg of the powder was boiled under reflux with 80 liters of 
50 % ethanol, and the separated extract was concentrated and 
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vacuum-dried on a rolling mill. This yielded 150 g powdered potato 
leaf extract. 

The extract powder, which appeared to be 2. 7 times as 
active as sucrose, could almost completely be dissolved in 50 % 
alcohol as well as in water. The part which did not dissolve in 
water had no stimulating activity, and the part which did dissolve 
had the same activity as the total extract. This water-soluble 
part was now fractionated by gel filtration on Sephadex G-25. 
This very mild method separates the compounds mainly according 
to their molecular weight and removes in the first fractions all 
high molecular compounds that have a molecular weight larger 
than about 5,000. 

Three of such separations were carried out. Aliquots ( 1/10) 
of each of the fractions obtained were combined, and this « recom
bined extract» was compared with the original extract and tested 
(Fig. 6). No significant difference in activity was found, from 
which it follows that no activity was lost during the separation 
procedure. 

RECOMBINATION EXPERIMENT 
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original potato leaf extract (a) 

recombined extract after Sephadex 
fractionation ( b ) 

Fig .6 
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All the fractions obtained appeared to have some stimulating 
effect on feeding in no-choice experiments, although they were 
very different with regard to their physical and chemical char
acteristics such as mean molecular weight, mineral content 
and nitrogen content. 

The specific activity of all the fractions was, however, lower 
than that of the original extract. This demonstrates that there is no 
compound present in the potato leaf extract which, by itself, 
has a high stimulating activity. Only a combination of many 
compounds gives a highly active material. 

Fig. 7 and Table I show the results of such a separation. 
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There was no significant difference in weight between the 
total amount recovered and the sample which was brought on 
the column. Fraction C had the highest specific activity, namely 
one; this means it was as active as sucrose. The specific activities 
of fractions D, E and F were 0.5, 0.25 and 0.25 and those of the other 
fractions were much lower. These data are all far beneath that 
of the original mixture, which had a specific activity of 2. 7. 
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TABLE I 

Column chromatography of a 50 %-alcohol extract of dry potato leaf 

Fraction Volume eluent, Weight, Spee. activity ml mg 

A 50 438 < 0.25 
B 50 398 < 0.25 
c 50 825 1 
D 50 676 0.5 
E 50 676 0.25 
F 100 598 0.25 
G 200 327 < 0.25 
H ~ 2000 164 < 0.25 

fr. A-H 4102 

Total amount put on the column: 4152 mg 

The two most active fractions, C and D, contained the larger 
proportion of free amino acids and sugars. The free amino acids 
of the two fractions were analysed by chromatography. In con
nection with the testing of pure compounds, described hereafter, 
it may suffice to mention here that alanine was among the four 
amino acids which had the highest concentration. Also according 
to the literature ( 13), potato leaf contains a high proportion 
of alanine. 

The fact that the specific activities of the fractions were 
always much lower than that of the original extract, is proof that the 
potato leaf extract does not contain any compound which by 
itself, is very potent as a f. s. Only a combination of many com
pounds gives a highly active material. Testing the mixtures of 
the obtained fractions, yielded indications that some synergism 
occurs, but this effect was of minor importance. 

6. Biological tests with pure compounds, and mixtures 
of these 

As Thorsteinson (5) already mentioned, many nutrients 
have some activity as feeding stimulants for the Colorado beetle. 
We investigated a number of amino acids, sugars, fatty acids, 
sterols, salts and the alkaloid solanine by means of elder pith 
tests. 

In no-choice experiments many of these compounds showed 
some stimulating activity, but generally this activity was too small 
to be determined accurately in the quantitative test, where com
pounds had to compete with a reference sucrose solution. 
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Solanine and the salts (0.04 molar NaCl, KCl, KH2P04) 
were completely inactive. 

Alanine was by far the most active of the amino acids, followed 
by praline, glutamic acid, glycine, aspartic acid, oc - and y- amino
butyric acid. The specific activity of alanine was about 2.5, that 
is about equal to that of an alcoholic potato leaf extract! With 
a view to the high alanine content of potato leaf one would be 
inclined to call alanine the « token feeding stimulant » of the 
potato leaf. Only it does not fit the definition of this term, as 
it is a nutrient and not an odd substance! 

Sucrose was the most active one of the sugars tested. The 
activities of glucose and fructose were much lower. 

Of the fatty acids tested (stearic, palmitic, oleic, linolenic 
and oxalic acid), the saturated acids were much more active than 
the unsaturated. The specific activity of palmitic acid was about 
0.2. Oxalic acid acted as an inhibitor rather than a stimulant. 

Of the sterols tested, cholesterol is of special interest, because 
according to the literature (14) and my own experiments, potato 
leaf contains considerable quantities of cholesterol, which seems 
rather unusual, although not unique, in the plant kingdom. 
In no-choice experiments it showed some stimulating activity, 
but this was too small to be determined quantitatively. Stigmasterol 
and B - sitosterol * had similar properties, and cycloartenol (which 
also occurs in potato leaf according to Schreiber, from whom 
I obtained a generous gift of this compound) appeared to be some
what more active. 

The stimulating effect of the sterols could somewhat more 
clearly be demonstrated when the activity of mixtures of them 
with sucrose was compared with that of sucro5e. 

In conclusion of these series of experiments, samples were 
prepared by immersing elder pith disks first in an aqueous so
lution of sucrose (0.07 molar) and alanine (0.1 molar) and, after 
drying, in an ether solution of cholesterol (0.01 molar) and stearic 
acid (0.1 molar). 
After moistening, this sample was compared in a choice experiment 
with a similar « artificial leaf», made by immersing an elder 
pith disk in a solution of the alcohol extract of potato leaf (50 
mg/ml). 

The mixture now appeared to be somewhat more active 
than the. potato leaf extract! 

Only real potato leaves were preferred above the artificial 
leaves made from the mixture. 

*) A pure sample of B-sitosterol was prepared by Drs. W.H.J.M. Wientjens of 
our Laboratory. 
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7. Final remarks 

The results obtained indicate that there are a large number 
of compounds present in potato leaves which Colorado beetle 
larvae are able to taste. Apparently they are present in just the 
right concentration to make the insect prefer potato leaf above 
other food. The question may still be asked, whether there are 
among these tasty compounds any odd substances. This cannot 
be excluded, but in that case they are of minor importance. 
As there are such a large number of compounds that stimulate 
feeding of the insect, it would not be surprising if there were 
some among them which have an unusual structure or which 
are only found in potato leaf. There may even be a quantitative 
relationship between the concentration of such a compound 
and its stimulating effect. This still does not mean that it is a 
« token feeding stimulant » in the sense, that it is the substance 
by which the insect recognizes the plant or that it is the principle 
reason why it prefers it as a host. Only if its relative importance 
in the totality of stimulating factors is known, this point could 
be decided. 

As far as the Colorado beetle is concerned, it seems to me 
to be proven now, that such a token feeding stimulant is not pre
sent in alcoholic potato leaf extracts. Thesr. extracts were more 
active than those, obtained by other solvents and, according to 
the literature (7), they are as active as fresh potato leaf juice. The 
extracted leaf, however, was found to be inert. Normal activity 
could be restored by recombining the extract with the extracted 
leaf (7). 

It must therefore be concluded, that the existance in potato 
leaf of a specific token feeding stimulant for the Colorado beetle, 
in the sense mentioned above, is higly improbable. 

SUMMARY 

Potato leaf extract was fractionated and the fractions obtained were tested 
for their activity as feeding stimulants for Colorado beetle larvae. Also leaves 
and leaf extracts of different kinds of plants, as well as a number of known pure 
compounds and mixtures of them, were tested for this activity. It was concluded 
that the Colorado beetle does not require any «odd substance» to evoke feeding 
and that such a « token phagostimulant » is not even likely to be involved in the 
insects food preference. An experimental mixture of some « sapid nutrients» 
can be at least as active as a potato leaf extract. 
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SAMENVATTING 

Vraat-stimulantia voor de Coloradokever 

AardappelbJadextract werd gefractioneerd en de verkregen fracties werden 
getoetst op hun vraat-stimuJerende werking bij CoJoradokeverlarven. Ook 
bJaderen en bJadextracten van verschillende pJantensoorten, aJsmede een aantal 
bekende zuivere stoffen en mengseJs daarvan werden op deze werking onderzocht. 
Dit Jeidde tot de conclusie, dat de CoJoradokever geen « odd substance » nodig 
heeft om een vraatreactie op te wekken. Het is zelfs niet waa.rschijnJijk dat zo'n 
« kenmerkend fagostimuJans » een roJ speelt bij de voedselvoorkeur van het insect. 
Een kunstmatig mengsel van « smakeJijke voedingsstoffen » kan tenminstc even 
actief zijn aJs een aardappeJbJadextract. 

RESUME 

Substances phago-stimulatives pour le doryphore 

Un extrait de feuille de pommes de terre fut fractionne et Jes fractions furent 
essayees sur Jeurs activites phago-stimuJatives pour Jes larves de doryphore. De 
meme des feuilles et des extraits de feuilles de differents especes de pJantes, ainsi 
que quelques substances pures et des meJanges de ces substances, furent essayees. 
II etait conclu que le doryphore n'a pas besoin d'une « substance secondaire » 
pour le faire manger. II n'est meme pas probable qu'une telle substance phagosti
mulative caractfristique joue un role a la preference du doryphore pour sa pJante
hote. Un melange experimental de «substances nutritives sapides » peut etre 
au moins aussi attractif qu'un extrait de feuille de pommes de terre. 

ZUSAMMENFASSUNG 

Frass-Stimulantia fur den Kartoffelkafer 

Kartoffelblattextrakt wurde fraktioniert und die Fraktionen auf ihre Frass
stimuJierende Wirkung ftir Kartoffelkaferlarven gepri.ift. Auch Blatter und Blatt
extrakte verschiedener Pflanzensorten so wie bekannte Reinstoffe und Mischun
gen davon wurden auf diese Wirkung untersucht. Daraus liess sich schliessen, 
<lass der Kartoffelkafer keine fremdartige Substanz braucht um eine Frassreak
tion aus zu Josen. Es ist sogar nicht wahrscheinlich, <lass solch ein kennzeichnen
der Frasstoff eine Rolle spielt bei dem ahrungsvorzug des lnsektes. Eine ki.inst
liche Mischung von « schmackhaften Nahrungsstoffen » kann wenigstens ebenso 
aktiv sein wie ein Kartoffelblattextrakt. 
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W. Bongers, Wageningen. 

V: You have clearly demonstrated that host plant acceptance of the Colorado 
beetle is not based on token stimuli. Do you know whether rejectance of 
plants can be based on the presence of token substances? 

A : I think that the importance of feeding inhibitors, which, if you like, may be 
called token substances, is clearly demonstrated, e.g. by the experiments of 
J ermy and those of Schreiber. 

G. Ordish, London. 

V : Has any consideration been given to the fact that the potato plant is not 
the natural food of the Colorado beetle. 

A : No. As the potato is at present the principal host plant, its properties were 
compared with those of non-host plants. 
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