
Sugar Versus the Intuitive Choice of - 
Foods by Livestock 

MAX J. PLICE 

Associate Agronomist, Oklahomu Agricultural Experiment Station, Stillwater 

I T HAS been known for centuries that 
livestock, and animals in general, have 

food preferences. It has also long been 
known that cattle, for example, prefer 
forage from well-fertilized pastures over 
that from non-fertilized pastures, other 
things being equal. Observations along 
this line have led many persons to be- 
lieve that grazing animals are wise in their 
ways and know intuitively that vegeta- 
tion on the fertilized soil is richer and 
better balanced in food nutrients than 
that on the unfertilized soil; conse- 
quently, the fertilized forage is better for 
them. Such an ability to choose foods is 
a faculty, or gift, which even human 
beings cannot, be said to possess. 

A particularly interesting negative ex- 
ample of “food choice” is that of animals 
in pastures refusing to eat grass whose 
growth has been influenced by their drop- 
pings (Fig. 1). Some pastures of small 
size become almost worthless because they 
are highly spotted with untouched 
bunches of lush, dark-green, healthy-look- 
ing, manure-affected grass. The normal, 
or unaffected, grass may be mediocre, or 
even poor, in appearance; yet it will be 
eaten to the complete exclusion of the 
lush grass. Various reasons have been 
offered in order to explain this phenome- 
non and the present paper is an attempt 
to throw further light on the matter. + 

PRESENT WORK 

The question of what makes feed or 
forage palatable or unpalatable is still a 
moot one. Some of the factors which are 
believed to influence palatability are kind 
of feed, and physical and chemical nature 

of the feed, including all the significance 
which these things connote. A further 
important factor, surely, is the degree of 
familiarity, or accustomedness, which ani- 
mals have with any particular feed ma- 
terial. A general discussion of the subject 
does not come within the purview of the 
present work, however, and only that 
part related to manure-affected plant 
growth will be dealt with. 

In an effort to learn something about 
the matter, many chemical analyses of 
plants have here been made over a period 
of years to find a substance, or substances, 
in such plants which might make them 
unpalatable, or repugnant, to animals; 
further, to see whether a nutrient, or 
mineral imbalance in the plants could be 
such a factor. Several things, including 
tannins, coumarins, nitrates, etc., are be- 
lieved to decrease forage palatability. 

Included in the study were certain 
weeds and grasses which are seldom, or 
never, touched by grazing animals. 
Among these were certain perennial leg- 
umes, including the false indigos (Bap- 
tisias) , the wild alfalfas (Psoraleas) , wild 
lespedezas, broomsedge grass (Andropo- 
gon virginicus) and “doghair”, or “tickle” 
grasses (Aristidu sp.). It was found that 
these plants, particularly the legumes, 
contain considerable tannin material. This 
is formed in plants in greater amounts 
during certain years than others. There 
was a seeming direct correlation between 
the amount of tannin in a plant and 
whether an animal would eat it, or not 
even nibble at it. However, it was found 
that the more tannin present, the less 
sugar there was in a plant. Also, as will 
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be enlarged upon later, if tannin is dis- very surprising, at all, when one stops 
tasteful, it can he “neutralized” or at least to remember that many animals have 
camouflagrd with a roatiug of sugar. Cow hren co1nwted to pets-eve11 slaves- 
marin and nitrates evidently had no effcrt mwcly by Errding them svrrt things, in- 
on palatability. clnding pastries. 

Ii1<.. I. .\I:,Illil(.-:i,,~.CI(.,, S,,“,S in a gram, \Vhrnl ield. 

In analyzing various forage plants Cows LIKE SUGAR 
which WCTE, and which wro nof, influ- 
enred by animal droppings it was found 

In light of this information a spraying 

that, in every instance, these plants had 
experiment was made with various cow 

constant and distinct differences in their 
centrations of different sugar solutions, 

nutrient content pattern. Lush, manure- 
using a knapsack sprayer. Lush, manure- 

affected plants were always higher in pro- 
affected growths were sprayed in both 

tein, calcium, potassium, iron, fat, ni- 
native-grass fields and in fields of pas- 

t&es, and vitamins. The normal, or 
tured smnll grains. The following sweet- 

manure-unaffected plants were alvays 
ening materials nwe used: table sugar, 

higher in silica, alumina, phosphorus, t,an- 
black-strap molasses, sorghum molasses, 

nin, chloride, and sugar. 
and corn syrup. These mere used in 30 

A study was nest made wherein 
percent solutions, which concentration 

manure-affected and manure-unaffected 
.was found to spray on well. Other con- 
centrations were also used. 

plants were “balanred” as well as possible 
in their respective nutrient makeups and 

It did not take grazing animals very 
l ong to discover the sprayed plants and 

then fed to cattle. It was finally indicated then to ronsume them completely. In 
that when sugar, alone, was added to the several instances, during spraying opera- 
lush plants the animals not only ate them tions, the cattle quirkly berame aware of 
readily, but greedily. This is probably not what was going on and followed the spray- 
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ing can around expectantly. There was 
an evident order of preference for the 
sweetening materials, as follows : black- 
strap, sorghum, sugar, and corn syrup. 
The sugar (sucrose) was always preferred 
to the corn syrup (glucose, mainly) doubt- 
less because of its greater sweetness. Also, 
the cattle preferred the more concentrated 
solutions tested, up to the maximum that 
the spray nozzle used would put out. 

Next, various plants which grazing ani- 
mals disdain were treated with the same 
sweeteners. Included were perennial le- 
gumes and broomsedge and three-awn 
grasses. In all instances when these plants 
were sugarcoated they were eaten readily. 

Now it is known that some unpalatable 
forages may sometimes be made more 
appetizing by salting them. In order to 
see whether the various sugars herein used 
had been exerting a “salt effect”, plots 
were laid out in a field of mostly broom- 
sedge. The following salts were made into 
dilute solutions (approximately 3 percent) 
and sprayed on marked areas : the chlo- 
rides, nitrates, phosphates, and sulphates 
of ammonia, calcium, magnesium, and 
potassium. Also used were one tenth per- 
cent solutions of the sulphates of cobalt, 
copper, and zinc, and 3 percent solutions 
of phosphoric, lactic, acetic, and ascorbic 
(vitamin C) acids, and cider vinegar. 
Close observation of cattle turned in on 
the plots showed that these substances 
elicited slight enthusiasm from them and 
they grazed quite disinterestedly. The 
vinegar was an exception to this. When 

. sweetened vinegar was used the cattle 
became quite pleased and devoured all 
such treated broomsedge completely. 

Cows LIKE SACCHARINE 

It now appeared that the palatability- 
inducing agent was sugar, particularly if 
aromatic substances were added to it. But 
sugar is a real food which is high in energy. 

The rather impetuous acceptance of it by 
animals-especially cattle and horses- 
seemed to indicate a nutritional intuition 
on their part, or an autonomic intelli- 
gence. On the other hand, there remained 
the possibility that the mechanism of the 
palatability-enhancing property of sugar 
was simply and entirely its sweetness. 
Further sprayings were then made on 
broomsedge, and other unpalatable for- 
ages, using very dilute solutions of the 
synthetic sweeteners, saccharine and 
sodium cyclohexyl sulfamate. These 
things exert a sweetness many times that 
of sugar and have no caloric, or other food 
value whatever. By observation it soon 
became evident that the cattle liked any- 
thing sweet whether it had food value or 
not. In fact, saccharine, aromatized with 
vinegar or anise oil, was preferred to plain 
sugar and was equal to blackstrap 
molasses in causing low-quality forage to 
be relished by the animals. 

Another interesting observation in con- 
nection with animal wisdom and their 
preference for things to eat is that of 
cattle and horses choosing “caramelized” 
or “naturally ensiled” alfalfa hay over 
fresh, green, No. 1 alfalfa hay. In numer- 
ous instances, under local conditions, 
when alfalfa is cut and immediately baled 
and stacked in t)he field, t,hat which is 
baled earliest in a too-moist condition, 
often goes t’hrough a fermentation, or 
‘icaramelization”, process. In this process, 
which is a kind of ensilation, sugars, acids, 
and aromatics are formed. At the same 
time, however, the market grade and feed- 
ing value of the hay is lowered rather dras- 
tically, but palatability is evidently 
improved (Bohstedt, 1944). In several 
instances when samples of both fresh No. 
1, and dark brown, fermented hay were 
placed before cattle and horses, the latter 
hay was entirely eaten before the bright 
hay was more than touched. However, 
when the bright hay was treated with 
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blackstrap molasses, no significant differ- 
ence in choice between the hays was evi- 
dent. 

TABLE 1 

dnalrlsis of’ manure-unafected (normal) and 
manure-aflected (Zush) wheat plants 

ITEM 

N ................. 
Ash. .............. 
SiO?. .............. 
1’20 5. ............. 
Fe&:+ ............. 
MnzOt ............. 
Cd). .............. 
MgO .............. 
I&o. .............. 
xaro. ............. 
so4 ............ 
Chlorides. ......... 
Tannins. ......... 
Fat* .............. 
Fiber*. ............ 
Sucrose*, .......... 
Reducing Sugars*. 
Carotene*. ....... 
Niacin*. ......... 
Riboflavin*. ....... 
Thi:tmin*. ......... 
Nitrates. .......... 
Acidity. .......... 

UKIT KORMAL LUSH 

% 1.27 2.36 
% 8.59 7.51 
% 3.47 1.74 
% .19 .I3 
% .Ol .07 
% .Oll .014 
% .56 .78 
% .33 .35 
% 2.01 3.93 
% .27 .23 
% .21 .22 
% 1.93 .61 
% 1.11 .37 
% 2.04 3.59 
% 22.15 21.47 
% 3.71 1.24 
% 2.97 2.01 

PPM 96 361 
PPM 19 46 
PPM 10.38 17.28 
PPM 2.86 3.06 
PPM 7 17 

PH 5.6 5.7 

* The elements starred were determined 11) 
members of the Department of Agricultural 
Chemistry, to whom many thanks are hereby 
tendered. 

In Table 1 are shown some of the 
chemical differences and similarities be- 
tween samples of wheat plants taken from 
an unfertilized field which had been 
rather heavily pastured. One sample con- 
sisted of plants which were manure-in- 
fluenced (lush). A second sample was 
made up of uninfluenced (normal) plants. 
The samples were taken when the plants 
had headed out and the grain in both \jvas 
in the milk stage, thus they were in the 
same state of maturity. This condition is 
necessary to get a fair comparison of the 
mineral makeup of the two samples of 

plants. However, side analyses have 
shown that this is unfair to the normal 
wheat plantjs from the standpoint of 
sucrose content; if the samples had been 
taken a week or ten days earlier, these 
plants would have been still higher in this 
sugar. 

The grazed plants were light yellow- 
ish green in color while the ungrazed ones 
were still dark green, shiny, and quite 
lush. Fifteen “bunches” of manure- 
affected plants were collected from an 
area about 60 feet square, and an approxi- 
mate amount of manure-unaffected plants 
was taken from the same area. The 
samples were ground fresh, mixed thor- 
oughly, and aliquots taken for vitamin 
analysis. The remaining amounts were air 
dried rapidly and samples taken for min- 
eral and sugar analysis. Although the data 
presented were obtained from wheat 
plants, pasture grasses have an almost 
identical constitutional pattern unber the 
above circumstances. 

From the standpoint of the present 
study, the most interesting features of the 
analysis are taken to be the vitamin, sugar 
and phosphorus contents of the two 
samples. The lush plants have the advan- 
tage in vitamins and the normal plants 
have it in the two latter substances. It is 
believed that, in view of the spraying 
demonstrations, the lush plants were un- 
grazed not because of their high vitamin, 
or low phosphorus content, but because 
of their low sugar content. That is, sugar 
seems to be the element that made for 
palatability and thus for preference by 
the grazing animals. The phosphorus con- 
tent seems thus to be only incidental as 
far as palatability and grazing choice are 
concerned. But, phosphorus is an absolute 
requirement for sugar formation in plants! 

Tests made on fresh cow manure 
showed it to be high in available nitrogen 
and potash and low in available phos- 
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phorus. Animals void considerable phos- 
phorus in their urine and further tests 
showed that, this is practically entirely 
available to plants. When aliquots of cow 
urine, one gallon each, were added to one- 
foot-square areas in a field of young wheat 
plants, they also caused increased 
growths. These differed from those caused 
by fresh cow dung in several ways. First, 
they were readily eaten by the grazing 
animals. In addition the plants did not 
assume the dark-green coloration which 
the dung-affected plants did. Analysis 
showed that the composition of the wheat 
plants on the urine spots was almost iden- 
t’ical to that of the surrounding, un- 
affected plants-even in sugar content. 

CATTLE LIKE ANYTHING SWEET 
Fresh cattle manure may possibly be 

looked upon as an unbalanced source of 
plant nutrients. It is high in available 
nitrogen which causes luxuriant growth 
of plant substance at the price of low 
phosphorus int,ake. This evidently results 
in a phospho-nitrogen imbalance which 
prevents normal sugar formation in 
affected plants and thus decreases their 
palatability. n’umerous analyses of wheat 
and grass plants from fields fertilized with 
good, complet’e fertilizers, or well-rotted 
manure, show normal contents of min- 
erals and sugars. In some instances noted, 
phosphate, alone, produced greater sugar 
formation in plants than did complete 
fertilizer. When nitrogen is used alone, 
and in a fairly large amount, affected 
plants assume a composition quite similar 
to that of fresh dung-affected plants. That 
is, they are high in nitrogen and low in 
phosphorus and sugar, etc. In this con- 
dition such plants are not eaten readily 
by animals. Here again, however, if such 
nitrogen-fertilized plants are sweetened 
with sugar they will, seemingly, be con- 
sidered palatable by the animals. 

DOES SUG.~R CONTENT ~IEAN DEGREE 
OF PALATABILITY? 

In a palatability grazing test of the 
plants of several fall-sown grains at the 
Oklahoma Agricultural Experiment Sta- 
tion (Staten, 1949) it was concluded that 
a number of factors may influence the 
immediate and particular choice of vege- 
tation by cattle; also that it would prob- 
ably be impossible to arrange such a graz- 
ing experiment so as to get all of the 
involved factors equal or uniform for the 
entire time. Although there was evidence 
that the animals relished barley more than 
the other plants on the unfertilized area, 
they preferred the plants, in general, on 
the fertilized plots in every instance. 

The above experiment was not con- 
nected with the present work, but since 
no chemical, or other, study was to be 
made of the various grain plants therein 
involved, it was felt that such a side study 
might prove of interest and value. 
Samples of both the fertilized and un- 
fertilized plants were taken for analysis. 
Owing to the rather sparse covers only 
two samples were made. That is, a hand- 
ful of plants from each of the fertilized 
plots was taken and mixed to make a 
composite sample. A sample from the 
unfertilized plots was obt’ained in the same 
manner. Analysis later showed that the fer- 
tilized forage averaged 21 percent higher 
in phosphorus and 37 percent higher in 
total sugars than the unfertilized forage. 
These particular increases are not nearly 
so large as have been found for some other 
fertilized versus unfertilized forages, but 
evidently were sufficient for the cattle to 
recognize and appreciate. In this experi- 
ment the fertilizer used was 20 percent 
superphosphate, at the rate of 150 Ibs. per 
acre. Side studies herein indicate that, if 
triple the above amount of phosphorus had 
been used, at least double the amounts of 
phosphorus and sugar might have been 
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found in the forage. This would undoubt- 
edly have further enhanced the palat- 
ability of the forage and would have pro- 
duced more dry matter at the same time. 

DISCUSSION AND CONCLUSION 

A study of the data in Table 1 indicates 
that when grazing animals prefer the nor- 
mal wheat plants to the lush plants,, they 
pass by something which has the advan- 
tage in several respects, including more 
protein, lime, ‘fat, iron and vitamins and 
less tannic material. On the other hand 
they get more phosphorus, sugar, chlo- 
rides, and silica. It is believed that some 
day, silica will be found to be an 
important nutrient material. The signifi- 
cance of the chlorides is not fully under- 
stood, but in all analyses made, they 
occurred in direct relationship to sugar 
content. 

In light of the observed reactions of the 
grazing animals to sugar it seems certain 
that the animals did not eschew the lush, 
manure-influenced forage plants because 
they (the animals) were fastidious, fin- 
icky, or pernickety, or because the plants 
uninfluenced by manure might have been 
better for them nutritionally, but because 
the manure-affected plants were lower in 
sugar content. Also, they probably did not 
choose the fermented alfalfa hay over the 
bright-green alfalfa because either one or 
the other might have had more food value. 
Further, they probably did not suddenly 
take a notion to eat the sugar-sprayed 
broomsedge, or other inferior forage ma- 
terials, because of any knowledge of the 
food value of the sugar. If so, those ani- 
mals which “mistook” saccharine for 
sugar were being contrary. 

In the present light, and in view of the 
huge amount of sweetened, ground corn- 
cobs, and other molasses-treated, inferior 
feed materials which are now being daily 
consumed and evidently relished by do- 
mestic herbivores, the idea that the latter 

know intuitively “good” foods from 
“bad” must pass into penumbra. Instead, 
it seems that the animals, like humans, 
have a “sweet tooth” and will eat sweet 
things “misguidedly” in order to satisfy 
this craving. In other words animals, like 
people, often eat what they like best be- 
fore they eat what is best for them. 

As a possible result of this seeming fact, 
owners of grazing animals may take ad- 
vantage of the situation and get rid 
of non-marketable, unpalatable, poor- 
quality, and otherwise disdained forage 
materials by sweetening them with black- 
strap molasses, etc., and feeding them to 
the animals. Weedy fence rows and 
corners, ditch banks, other weed-infested 
areas, and unwanted hay and strawstacks, 
etc., might be eliminated by spraying 
them well with a good sweetener and 
turning grazing animals in on them. Of 
course, poisonous plants should not be 
thus treated and offered to the animals. 

It is here believed, however, that the 
best way to take advantage of the sugar- 
liking propensity of forage eaters is to- 
fertilize the growing plants well. Phos- 
phorus is especially necessary for sugar 
formation in plants. Further, managers 
who cut forages for hay can enhance the 
palatability thereof by cutting them fairly 
late in the day. It is known that plants 
form sugars during daylight hours and use 
them up during hours of darkness (Kell- 
ner, 1915; Miller, 1938; Tottingham,. 
1937). Therefore there is more sugar in a. 
plant in the afternoon than there is earlier 
in the day. 

Another special case involving lush, 
high-nitrogen grass is described by Al-- 
brecht (1951). This is the “Fairy Ring” 
phenomenon in which grass growth is: 
stimulated by a soil fungus and grows in 
a characteristic ring, or circle, formation.. 
The ring grass is more lush, darker green,, 
and higher in nitrogen and the various 
amino acids than the normal grass. How- 
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ever, it was not stated whether such grass 
is readily eaten by animals, or not. 

SUMMARY 

It has long been known that grazing 
animals do not eat vegetation which has 
been influenced by their droppings. Chem- 
ical study shows that lush, manure- 
affected plants are significantly lower in 
sugar content than manure-unaffected 
plants and this apparently makes them 
unpalatable to animals. When lush, ig- 
nored plants were sprayed with sugar 
solutions they were eaten readily by graz- 
ing animals. That it was not the sugar, 
per se, which produced the increase, or 
improvement, in palatability of the lush 
plants was seen when such plants, 
sweetened by saccharine and sodium 
cyclohexyl sulfamate, were eaten as read- 
ily as those sweetened with blackstrap 
molasses, particularly when aromatized 
with vinegar or anise oil. 

That grazing animals are not endowed 
with intuitive ability of choosing foods 
which are nutritionally best f&r them was 
seemingly demonstrated by the fact that 
several inferior and unpalatable forage 
materials, including mature broomsedge, 
were eaten readily when they were well 
sweetened. On the other hand many ani- 

mals have been made into pets simply by 
feeding them sugar, or even pastries. Ad- 
vantage might be taken of this sweet- 
tooth proclivity of grazing animals! 
occasionally. Weedy fence rows, ditch 

’ banks, etc., might be sprayed with black- 
strap molasses and animals turned in on 
them. Poisonous plants should not, of 
course, be thus treated. It is advised that 
the best way to cater to the sweet appe- 
tites of grazing animals is to fertilize 
forage crops with sufficient available phos- 
phate. This will produce more. forage 
which has a higher sugar content and is 
more palatable. 
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