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In this study several experiments were conducted to

investigate the influence of several factors on the util-

ization of alfalfa by rats and swine. Low and high sap-

onin alfalfa and four cuttings of five alfalfa cultivars

(Anchor, Saranac, Team, DuPuits and Lahontan) were tested

for their comparative palatability to rats. A two

choice comparison was used in assessing palatability

for the first and second cuttings. Low saponin alfalfa

was significantly (P<.01) preferred over the high saponin

material. Anchor was found to be the least preferred

and DuPuits the most preferred first cutting cultivars.

For the second cutting, Anchor and Lahontan were the most

preferred while DuPuits and Team were least preferred.

There was no definite correlation between saponin content

and preference ranking. Comparing first cutting cultivars

to their corresponding second cutting showed a slight

preference for the second cutting. A five choice compar-

ison method was utilized to evaluate the third and fourth

cuttings. No significant preferences were shown for any

of the third cutting cultivars. With the fourth cutting

material the animals displayed a definite preference for



Anchor. There was no preference for third cutting cult-

ivars when paired with their fourth cutting counterparts.

A quinine index was developed in an attempt to quantify

the alfalfa response in terms of a bitter substance. Re-

gression equations were developed for the first and

second cutting cultivars to describe the relation between

the intake of quinine diet as percent of total intake (Y)

and quinine level (X). In general, the quinine index

values correlated well with results of the preference

tests. There was no relationship between the palatability

of alfalfa cultivars and the growth performance of rats.

This work suggests that selection of alfalfa for improved

palatability may not increase its value as a feedstuff

for nonruminants.

The palatability and preference of alfalfa in swine

was studied. Various levels of alfalfa (0.5, 1.0, 2.5,

5.0, 10.0, 20.0 and 30%) were compared to an alfalfa

free control diet. A two choice comparison method was

used. The results showed that swine significantly (P<.01)

preferred the alfalfa-free control diet at levels from

1.0 to 30%. High and low saponin alfalfa were compared.

The pigs definitely preferred the low saponin diets at

all levels tested (1.0, 5.0 and 15.0%). When the high

and low saponin alfalfa diets were compared to a control,

the swine preferred the alfalfa free control diet at all

levels tested (1.0 to 10.0%). The response of swine to

different dietary quinine levels was also studied. It

was shown that at 0.05% quinine, swine significantly

(P<.01) preferred the non-quinine control diet. These

results indicate that: 1) swine prefer not to eat alfal-

fa containing diets, 2) the saponin content of alfalfa

is not the only factor causing alfalfa to be unpalatable

to swine and 3) the bitterness threshold is low for swine.



The digestibility of alfalfa diets subjected to

various treatments was evaluated utilizing rats. Total

collection and Acid Insoluble Ash (AIA) methods were used

to determine the digestibilities. The treatments in-

cluded water soaking, 2% NaOH, cellulase, Aspergillus sp.

protease, 2% NaOH + cellulase, bromelain, papain, ficin,

autoclaved, autoclaved + NaOH, and .05 N H2SO4. Dry

matter digestibility was significantly (P <.05) increased

by the cellulase, protease, NaOH + cellulase and brome-

lain treatments. The digestibility of crude protein was

not improved by any of the treatments. Water soaking

was shown to have the greatest influence on improving

fiber utilization. The AIA digestibility values were

normally 10-20% lower than the total collection values.

An experiment was undertaken to determine if the

availability of alfalfa protein to rats and swine is re-

duced during the drying of the plant. The crude protein

digestibility was significantly (P <.05) reduced from the

fresh to the air dried alfalfa diets for both the rats and

swine. This suggests that protein in fresh alfalfa is

readily digestible by nonruminants but is "tied-up" and

made unavailable during the drying process.

The effect on the growth and feed efficiency of swine,

of substituting alfalfa protein for soybean meal protein

was studied. It was found that the addition of alfalfa

at all levels tested (4.2, 8.4, 12.6, 16.8, 21.0 and 31.5%)

reduced the performance of the pigs. There was little

difference in growth rate among the alfalfa levels; there-

fore a replacement value of alfalfa protein for soybean

meal protein was not determined.

The results of this work have shown that alfalfa meal

has a low protein availability and digestibility for rats

and swine. It was also determined that even at low dietary



levels, alfalfa meal is unpalatable to these animals.

Further research into methods to overcome these problems

is in order so that alfalfa may be utilized more extensive-

ly as an alternative source of protein for nonruminant

animals.
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FACTORS INFLUENCING THE UTILIZATION OF
ALFALFA MEAL BY RATS AND SWINE

INTRODUCTION

Alfalfa possesses many desirable characteristics

which favor its use by the livestock industry. Because

of its high yield, forage quality and far-ranging soil

and climatic adaptation, alfalfa is the legume of choice

for feeding many classes of livestock. The protein is of

good quality, which is especially important to nonruminants

such as poultry, horses and swine. Alfalfa is an excel-

lent source of calcium, magnesium, phosphorus, vitamin A

and B vitamins.

In spite of these commendable qualities, alfalfa is

not used extensively in poultry and swine feeding. The

value of alfalfa meal as a feedstuff for nonruminants is

limited by several factors. Some of these include low

protein digestibility, low digestible energy, unpalatabil-

ity, and several antiquality factors such as phenolic

compounds and saponins which affect animal performance.

The objective of this research was to investigate

the properties which limit the use of alfalfa meal in

diets for nonruminants. Attempts to identify the reasons

for poor alfalfa utilization as well as the development of

methods to overcome these limitations were pursued.
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LITERATURE REVIEW

Alfalfa has been held in high esteem by many civil-

izations down through the passage of time. It is the

only forage plant known to have been cultivated since

the dawn of recorded history. From its' geographical

home in central Asia near the present day country of

Iran, alfalfa has closely followed man's cultural dis-

semination until today it is grown and cultivated through-

out the world.

Alfalfa possesses several outstanding qualities which

justify it for consideration as a feed for nonruminant

animals. First of all, and most important, alfalfa pro-

duces more protein per acre than any of the other major

forages, oil seeds and grain crops grown in the United

States (Akeson and Stahmann, 1966). Their results showed

that alfalfa produced five times more essential amino

acids and protein per acre than wheat.

In a world with an ever increasing population, the

demand for protein is becoming more acute. As the demand

for food increases and as animals continue to compete

with humans, new and noncompetitive sources of protein

must be discovered. It is important that these sources

be economically feasible and compatible with the native

agricultural environment. The need for food energy can

be supplied by cereal and root crops, vitamins can be

synthesized and of the 20 amino acids, the essential amino

acids must be supplied to man and other animals from

green, photosynthesizing plants. The conversion of plant

to animal protein is wasteful considering only 8 to 20%

of the protein fed to farm animals is recovered as animal

protein for human nutrition. Forage crops cost less to
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raise than seed crops thereby reflecting a lower pro-

duction cost per pound of protein (Stahmann, 1970).

Therefore, alfalfa represents a tremendous potential pro-

tein source for both nonruminant animals and man.

The quality of alfalfa protein has been shown to be

comparable to that of soybean meal and animal derived

protein. Research by Gerloff et al. (1965), Stahmann

(1968) and Oelshlegel et al. (1969) has shown that the

amino acid composition of alfalfa protein compared quite

favorably with animal proteins. Kohler et al. (1972)

have pointed out that alfalfa maintains a relatively high

nutritional quality throughout hot and cool seasons so

long as adequate moisture is available.

Other commendable characteristics of alfalfa in-

clude its soil improving capabilities and a beneficial

effect on succeeding crops (Grandfield and Throckmorton,

1945). This has been attributed to the legume's sym-

biotic relation with nitrogen fixing bacteria in its root

system (Kohler et al., 1972, Hanson and Barnes, 1973).

It survives harvesting at frequent intervals and is a

perennial crop, therefore time and costs of replanting

are minimal (Kohler et al., 1972). Many varieties of

alfalfa are available to fit different environmental

conditions (e.g. drought resistance) and agronomic prac-

tices thereby extending its range of adaptability and

utilization to regions where other commercial protein

crops such as soybeans cannot be grown (Kohler et al.,

1972). Alfalfa has the highest feeding value of all

commonly grown hay crops (Cox and Megee, 1928; Grandfield

and Throckmorton, 1945; Hanson and Barnes, 1973, Barnes

and Gordon, 1972; Kohler et al., 1972). In relation to

this point, alfalfa is an excellent source of minerals
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and vitamins, especially carotene and vitamin K. Also,

unidentified growth factor (UGF) responses in pigs fed

forage juice have been found (Gard et al., 1955; Gard,

1959). Briggs et al. (1972) have demonstrated a UGF

for guinea pigs from alfalfa meal.

The value of feeding alfalfa to swine and other non-

ruminant animals has been documented for some time. Co-

burn (1906) mentioned that young pigs exhibited better

growth when sows were fed alfalfa containing rations as

compared to corn rations without alfalfa. He also noted

that sows fed alfalfa during gestation did not devour

their young at farrowing time. This was probably due to

the fact that the sows' mineral requirements were satis-

fied by the alfalfa supplement. Later, alfalfa meal was

included in growing-fattening diets of swine at levels to

meet their carotene requirements (Fairbanks, 1945). Large

amounts of alfalfa in swine diets were avoided because it

had been shown that at concentrations greater than 30%

of the diet, growth and performance were decreased. It

was postulated that swine were capable of utilizing only

limited quantities of fiber in their diets and that a

optimum level of 15% or less alfalfa in the diet of

a growing pig was most desirable (Ellis et al., 1942;

Bohman et al., 1953).

Negative Properties of Alfalfa

Despite the many creditable characteristics, alfalfa

contains several characteristics which tend to limit its

use as a protein source for nonruminant animals.

Alfalfa has a low digestible energy content for swine.

This is partly due to the high fiber content. Typical
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analyses, as shown in table 1, indicate that alfalfa is

about 25-27% fiber. Comparative data cited by Maynard

and Loosli(1969) for the digestibility of fiber in alfal-

fa hay are typical (Table 2). As previously mentioned,

it was well known that high levels of alfalfa in swine

and poultry diets tended to retard growth responses.

However, the nature of the growth inhibitory properties

was not understood until Cooney et al., (1948) showed

that diets fed to chicks at levels to provide the same

amount of fiber as alfalfa did not produce growth de-

pressing effects. Subsequent work (Lepkovsky et al.,

1949) demonstrated that it was possible to remove the

alfalfa inhibitor by repeated extraction with hot water.

Myer and Cheeke (1975) concluded that fiber per se is not

the factor responsible for reduced performance in rats

fed high alfalfa levels.

It can now be seen that the fiber content of alfalfa

may be of relatively minor consideration in the growth

depression of nonruminants. When the source of fiber in

rations is alfalfa, feed intake is decreased. This ob-

servation can be interpreted as a palatability response.

More simply, when nonruminants are fed high alfalfa levels

they do not voluntarily increase their feed intake to main-

tain their energy requirements, and lower growth rate is

observed because of the lower energy intake.

There are several factors which contribute to the

unpalatability of alfalfa to nonruminants. One of the

major factors appears to be the saponin fractions.

Saponins

Intrigued by the reports of Cooney et al (1948) and

Lepkovsky et al., (1949), Peterson(1950) confirmed their
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TABLE 1. CHEMICAL COMPOSITION (d.w.) OF ALFALFA
GROWN AT COOL AND WARM TEMPERATURES

Total herbage
10-18° C (cool) 24-32° (warm)

Crude protein 16.1

Ether extract 3.7

Crude fiber 27.4

Total nonstructural
carbohydrates 9.0

Starch 4.7

Ash 7.4

0.28

K 0.67

Ca 2.8

Mg 0.74

Fe 73 ppm

37 ppm

Cu 7 PPm

Zn 51 ppm

Mn 88 ppm

17.6

4.2

27.7

7.8

4.2

8.2

0.33

1.09

2.2

0.48

82 ppm

36 ppm

13 ppm

45 ppm

77 ppm

Cited from: Bickoff et al 1972.
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TABLE 2. DIGESTIBILITY OF ALFALFA HAY BY DIFFERENT
SPECIES

Animal species
Apparent digestion coefficients, %
Crude fiber Crude protein

Rabbit 14 57

Pig 22 47

Guinea pig 33 58

Horse 41 75

Cattle 44 70

Sheep 45 72

Cited from: Maynard and Loosli, 1969.
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work that the inhibitory factor in alfalfa was water

extractable. Peterson studied the possibility that ster-

ols may counteract the growth depressing effects of sapo-

nins. He found that the growth inhibitory effects were

counteracted by 1% cholesterol and concluded that

a component in alfalfa which caused growth depression

was saponin. Chick growth studies performed by Kodras

et al., (1951) confirmed previous work (Lepkovsky et al.,

1949; Peterson, 1950) on the growth depression factor in

alfalfa.

Pedersen and Wang (1971) reported that the saponin

content in alfalfa responded to selection. Later it was

shown by Pedersen and his co-workers that the growth per-

formance of chicks and rats fed high and low saponin al-

falfa was closely associated with the saponin content.

Growth was greater when the animals were fed low saponin

alfalfa meal than when unselected or high saponin alfalfa

was used (Pedersen et al., 1972). Work by Cheeke et al.,

(1977) indicated that low saponin alfalfa supported a

higher growth rate of rats and swine than high saponin

material. In this study, rats pair fed low saponin alfal-

fa at the same level of intake as voluntarily consumed

by rats fed a high saponin alfalfa diet ad libitum dis-

played similar growth rates. In feed preference trials

rats preferred low saponin alfalfa to the high saponin

material. The pair feeding experiment and the feed pref-

erence trials suggest that saponins affect growth mainly

by limiting feed intake, which is due to decreased palat-

ability.

Saponins are a group of chemical compounds referred

to as glycosides. Members of this group include cyanogenic

glycosides, coumarin glycosides, steroid glycosides,

triterpenoid glycosides, irritant oils and goitrogenic
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substances (Kinzell, 1977). Saponins are widely dis-

tributed throughout the plant kingdom and have been ident-

ified in 500 species representing more than 80 separate

families. In a nationwide study of alfalfa forage, Lahon-

tan was shown to have the least amount of saponin and

DuPuits to have the most (Hanson et al., 1963). Zimmer

et al. (1967) as well as Scardavai and Elliot (1967)

developed a useful bioassy which utilizes the fungus,

Trichoderma sp. to determine the quantity of saponin pre-

sent in alfalfa cultivars. The fungus is very sensitive

to saponins and its growth is inhibited by low saponin

concentrations. This assay method is now widely used

for selecting lowsaponin lines of alfalfa. Interest

in saponins was of a major concern when they first be-

came associated with bloat in ruminants. The chemical

basis of saponins is such that the carbohydrate portion

of the molecule is water soluble while the sapogenin

portion is fat soluble. This property has the effect of

lowering surface tension and allows a highly stable foam

to develop upon agitation (Bondi et al., 1973).

Saponins are known to cause several biological

effects which relate to the metabolism and performance

of the animal. Some of these biological effects include

effects on growth, effects on nutrient absorption, enzyme

inhibition, erythrocyte hemolysis, bloating in ruminants,

effects on blood and cholesterol levels and inhibition

of smooth muscle activity (Cheeke, 1971). A complete

review of the physiological and nutritional effects of

saponins is given by Cheeke (1971).

There have been relatively few palatability studies

conducted to determine if saponins are in fact an unpalat-

able constituent of alfalfa. In a study with meadow
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voles, Marcarian (1972) implied that saponins might

affect palatability. Kendall and Leath (1976) reported

work conducted with meadow voles that showed that saponins

had a definite depressing effect on palatability. In this

study, both purified saponin extracts and high and low

saponin meals were tested. The voles were offered free

choice between a commercial mouse ration and the experi-

mental diet twice daily at 0800 and 1600. Low saponin

meals were more palatable in each case. In a test to

evaluate the responses of voles to a bitter taste,

quinine sulfate was included in potato starch diets at

various levels up to 2.0%. The results revealed that

intake was inversely related to the level of quinine

sulfate. Therefore, palatability was affecting intake

rather than some other intake regulating factor. When

saponin and quinine sulfate diets were compared, the

saponins were shown to be more palatable. A test to

determine if sweetness masked bitterness was conducted.

Quinine sulfate and saponin from DuPuits alfalfa were

incorporated into diets at levels of 0.05 and 3.0% re-

spectively. The levels of sucrose in the quinine sulfate

diet were 0, 7, 14, and 20%, with cellulose composing

the rest of the diet. Levels of sucrose in the saponin

diets were 0, 10, 20, and 30%, again cellulose making

up the remainder of the diet. It was found that a 40%

reduction in feed intake occurred with 3% saponin in

the diet regardless of the sucrose concentration. This

finding was in agreement with earlier work by Kendall

and Sherwood (1975) that sweetness did not mask bitter-

ness for meadow voles. It was concluded from this study

that meadow voles are able to differentiate between diets

with varying degrees of bitterness and that differences

in palatability attributed to bitterness could
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satisfactorily be measured with the short term feeding

technique. Also, it was pointed out that the normal

variation in carbohydrate levels in plants was unlikely

to interfere with the effects on palatability saponins

may have.

Saponins are very bitter and astringent compounds.

This fact can be appreciated by tasting a very small

quantity or chewing a stem of high saponin alfalfa hay.

A detrimental effect on palatability would not be un-

expected in feeding trials. Work has been conducted

by Cheeke et al., (1978) in which the palatability re-

sponses of rats and swine to alfalfa saponins were tested.

These workers used a two choice preference test and

tested the rats' preference for diets containing 0.1 to 1.6%

alfalfa saponin as compared to a control. The results

showed a significant rejection of the saponin diets at

levels of 0.8% and above. The effect of quinine sulfate

on palatability was also assessed in this study. Rats

were given a choice between diets containing different

levels of quinine sulfate (0.001, 0.01, 0.05 and 0.1%)

or a control. The quinine containing diets were rejected

im favor of the control at all levels of quinine tested.

In an experiment with growing pigs, low saponin, un-

selected and high saponin alfalfa meal were fed at levels

of 20 and 40%. At the 40% level, average daily gains

were greater with low saponin than with high saponin.

There were no consistent differences between low saponin

and unselected alfalfa (Cheeke et al., 1978).

Tannins

Tannins are phenolic compounds in alfalfa which may

affect its utilization by nonruminants. Phenols are
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defined chemically as slightly acidic hydroxylated

aromatic organic compounds. Tannins have been shown by

chemical degradation studies to be complex phenolic poly-

mers containing aliphatic and phenolic hydroxyl groups

(Haslam, 1966). Most tannins are found in a few families

of the dicotyledons and leguminosae (White, 1957), and

were identified in alfalfa by Milic (1972). Tannins are

powerful reducing agents, forming strongly colored oxi-

dation products known as quinones (Schanderl, 1970). Qui-

nones will readily react with certain proteins to form

stable compounds (Hoffman-Ostenhof, 1963; Pierpoint, 1969).

Most of their biological properties are due to: 1) their

ability to hydrogen bond and bind with proteins (White,

1957) and thereby reduce growth performance of both rats

and chickens (Glick and Joslyn, 1970a,b), 2) effects on

palatability through an astringent reaction in the mouth

(Bate-Smith, 1954; Joslyn and Goldstein, 1964), 3) re-

duction of nutrient absorption across the intestinal wall

(McLeod, 1974) and 4) inhibition of digestive enzymes

such as trypsin, amylase and lipase (Tamier and Alamot,

1969).

Processing Effects

The method of preserving and processing alfalfa for

a feedstuff can be critical in determining its final

quality and feed value for nonruminants. Draper (1948)

conducted chick feeding studies with sun dried and de-

hydrated alfalfa meal and found growth depression to

increase as the level of alfalfa increased above 5%.

In contrast, Cooney et al. (1948) showed that at dietary

levels of 20%, chicks performed better on sun cured alfal-

fa than dehydrated alfalfa meal. Kodras et al. (1951)
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found no difference in the growth response of chicks

receiving sun dried or dehydrated alfalfa meal.

The detrimental effects of excessive and/or pro-

longed heat on the nutritive value of alfalfa are well

known. Brew (1950) showed that the normal commercial

dehydrator temperatures at that time were excessive

and altered the solubility of the proteins in alfalfa.

It was pointed out by Sullivan (1973) that rapid heat

drying does have some advantages including reduced carbo-

hydrate losses due to respiration and reduced losses

of nitrogenous substances and vitamins. Goering et al.

(1973) have demonstrated that effective heating period,

temperature and moisture content are all related to

the amount of browning (Maillard reaction) that will occur.

They also showed that in their study alfalfa was the most

susceptible to browning. Carpenter's work (1973) showed

that alfalfa contains polyphenolic compounds and unsat-

urated fat that, in the presence of heat, can react with

the epsilon amino group of lysine.

Another method of preservation which has been demon-

strated to partially overcome the detrimental effects of

heat drying alfalfa is freeze-drying. Peo and his co-

workers (Peo et al., 1971, 1972) were one of the first

to report that freeze-drying partially removed the un-

palatability problem of alfalfa in swine diets. This was

attributed to reduced caramelization or browning reactions.

Saunders et al. (1973) reported that freeze-drying re-__
duced carotene losses associated with rapid drying.

Myer and Cheeke (1975) found freeze-drying to improve the

acceptability of alfalfa to rats and based this finding

on the avoidance of caramelization reactions that result

in the formation of bitter compounds. They also found

that when freeze-dried alfalfa was included in a diet
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which was autoclaved and then fed to rats, a greater

growth depression in comparison to oven-dried meal was

observed. They suggested this was probably due to a

greater content of unreacted compounds in the freeze-

dried material participating in caramelization reactions.

In comparing the digestibilities of freeze-dried vs

oven-dried alfalfa meal, freeze-drying did not improve

protein digestibility (Cheeke and Myer, 1975). It was

concluded that the poor digestibility of alfalfa protein

was not due to heat damage during drying but rather to

the precipitation of protein by phenols, saponins or ab-

sorption of the soluble protein fraction onto the cell

wall during drying.

To completely understand the events that occur to

the plant cell during the drying process, a brief review

of the chemical interactions would be appropriate. In

the plant cell, the protoplasm which contains the soluble

protein constituents occupies a peripheral area between

the large central vacuole and the rigid cell wall. Plant

tissues therefore consist mainly of non-protoplasmic

materials (vacuole components), cell wall constituents

(cellulose, hemicellulose and lignin) and starch granules

(amylose and amylopectin). In the living cell, proto-

plasm is a minor component and is separated from potential-

ly damaging vacuole materials by the fragile vacuole mem-

brane. When this membrane is destroyed the results are

undesirable. Phenolic compounds have been established

to be vacuolar contents in alfalfa (White, 1957) and

are known to be powerful reducing agents which absorb

oxygen quickly resulting in the formation of oxidation

products (Schanderl, 1970). Their oxidation produces

quinones which react with sulphydryl and amino groups

of proteins to produce stable undigestible compounds
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(Hoffman-Ostenhof, 1963). Freeze-drying ruptures the

vacuole and allows the constituents to come into contact

with the protoplasmic contents and soluble proteins.

Therefore, the unpalatable oxidation products and

undigestible stable compounds are highly undesirable

in relation to feeding alfalfa to nonruminant animals.

In summary, the value of alfalfa meal as a feedstuff

for nonruminant animals is limited by several factors.

The digestible energy content is low. This is due to the

high fiber content. The protein is of low digestibility.

This is partly related to the precipitation of protein by

phenolics to form stable compounds, interactions with

saponins, browning reactions and other complexing re-

actions with the plant cell wall and cellular constitu-

ents during processing. Also, the high fiber content

may act as a physical barrier to proteolytic enzymes in

the digestive tract to prevent their access to soluble

cellular proteins. Finally, alfalfa meal is unpalatable.

Anti-quality agents such as saponins, tannins, phenolics

and other compounds may serve to reduce voluntary feed

intake and thereby reduce growth performance in alfalfa

meal diets.

Alfalfa Protein Concentrate

Nearly all of the problems related to feeding alfal-

fa to nonruminants can be overcome by separating the al-

falfa protein from the plant to produce an alfalfa pro-

tein concentrate (APC). The development of a protein con-

centrate from green plants is not a new idea. During the

Second World War work was started in England to develop

mechanical processes for concentrating protein from green

plants (Pirie, 1957, 1966). This work was based on the



16

observation that after green plant material is crushed

and pressed, the juice contains much of the protein free

from the fibrous cell walls. Much of the pioneering work

in the United States on this process has been conducted

by Kohler and his colleagues in California (Kohler and

Chrisman, 1966; Kohler et al., 1968; Kohler et al., 1972;

Knuckles et al., 1972) and by Stahmann and his co-workers

in Wisconsin (Gerloff et al., 1965; Hartman et al., 1967;

Oelschlegel et al., 1969; Stahmann, 1975). The process

is relatively simple and has been outlined by Kohler et al.

(1972), Edwards et al. (1975) and others. Fresh alfalfa

is pressed and the juice extracted. The protein is then

coagulated with steam and ammonia. The coagulate is

separated from the juice and dried to produce a concen-

trate containing approximately 45-50% protein (Kohler et

al., 1972). A diagram of the steps involved in a typical

APC plant is shown in figure 1.

The APC process has been shown to be a potentially

profitable system (Koegel et al., 1974). Besides the high

quality protein concentrate obtained, the fibrous press

cake can be made into a high grade dehydrated meal for

ruminant or nonruminant use or ensiled to make feed

efficiently utilized by dairy cattle. The soluble fraction

or brown juice could be used to grow single cell organisms

or applied to the land as fertilizer. This process allows

the plant to be harvested at the optimum physiological

maturity for both protein production and ruminant utili-

zation of the fibrous press cake regardless of weather

conditions. Kohler et al. (1972) pointed out that alfalfa

that would normally produce a 20% protein dehydrated pro-

duct, yielded a dehydrated press residue containing 19.6%

protein (Figure 1). The brown juice solids are low in
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crude protein and high in ash and carbohydrates. Some

water soluble vitamins are removed, but more importantly,

water soluble saponins are removed in the process re-

flecting a much more palatable protein concentrate and

press cake. Initially, it was found that large amounts

of xanthophylls were lost, but by adjusting the pH of the
alfalfa to eight or above with ammonia, losses of

xanthophyll were reduced. This was presumably due to

the low activity of lipoxidase at a more alkaline pH.

Besides stabilizing the carotene and xanthophylls, am-

moniating also reduces proteolytic activity, preserves

the green color of the product by preventing conversion

of chlorophyll to brown colored pheophytin, increases

the firmness of the protein curd resulting in better

processing behavior and adds non-protein nitrogen to

the final solubles fraction (Edwards et al., 1975). Un-

fortunately, because of economic reasons, the full po-

tential of the APC process is not being fully utilized

commercially at the present time.

The nutritional and feeding value of APC to non-

ruminants has been reported to be excellent. Halloran

(.1972) reported that APC was a good source of xantho-

phylls and protein. Growth tests with broilers showed no

detrimental effects when APC was fed at 1.2-6.4% of the

diet. Protein quality was good, it replaced half of the

soybean protein in a corn-soy diet. Broiler pigmentation

and laying hen tests showed APC to be a beneficial source

of xanthophylls. Kuzmicky et al. (1972) studies showed

excellent chick growth using high dietary levels of APC.

They also noted no detectable saponin problem and no

diarrhea with levels to 20% of the diet. APC lysine was

essentially all available to the chick.
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Work conducted by Cheeke and Myer (1973) showed

that APC was well utilized by various classes of swine.

Growing and finishing hogs displayed excellent gains with

APC levels up to 24%, the highest level tested. Smaller

pigs did show some depression at 20% APC, but at lower

levels performance was good. APC in creep and starter

rations at levels of 6.5 and 13% gave results similar

to the control diet without APC. Later studies by Myer

et al. (1975) again showed excellent performance in

growing-finishing swine fed APC. Weanling pigs displayed

a slight growth depression at 20% APC as did small pigs

on creep and starter rations supplemented with APC.

Cheeke et al. (1977) evaluated APC as a source of protein

for rats and swine and the effects of freeze-drying on

performance. Growth rate was found to be similar for

soybean meal and freeze-dried APC for young pigs with

freeze-dried APC being highly acceptable to pigs. APC

supplements in diets for rats showed a slightly lower

response with APC compared to soybean meal. It was also

shown that the crude protein digestibility of freeze-dried

APC was 78.7% compared to 77.6% for soybean meal. The

response of rats to lysine and methionine supplementation

was also studied in this paper. It was shown that soy-

bean meal and freeze-dried APC provided adequate amino

acids while a commercially prepared APC was lacking in

lysine. This was probably due to a tie-up of lysine by

Maillard reactions during the drying process. This con-

firms earlier work that lysine is the first limiting amino

acid in APC for rats (Larsen and Halverson, 1962; Myer and

Cheeke, 1974; Cheeke and Myer, 1975). It has also been

reported that methionine can be limiting in APC (Sharpal-

eker et al., 1969; Myer and Cheeke, 1974; Hove et al.,
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1974; Cheeke et al., 1977) but when methionine and lysine

are supplemented in the diet, excellent growth can be

obtained (Myer and Cheeke, 1974).

Properties That May Affect Palatability

Research has been conducted to determine the effects

of feeding processed alfalfa juice as a source of protein

to swine (Holl, 1977). In this study, raw plant juice,

fermented juice and coagulated protein were fed to hogs

as either a liquid, a dried powder or mixed with ex-

truded corn. The results showed that very unfavorable

and detrimental effects were obtained by feeding the raw

and fermented plant juice. The pigs rejected these diets

in every case. However, the performance of the pigs fed

the protein coagulate were not different from those on

the control diet without alfalfa protein. Similar studies

have been conducted with rats (Cheeke and LeaMaster,

unpublished data). These workers offered one group of

rats the brown juice fraction to drink while the control

group was given water. The animals were fed a commercial-

ly prepared rat diet ad libitum. It was hypothesized

that any rejection in fluid intake would reflect a lower

feed intake and lower rate of gain. The results showed

a significantly lower growth response by the rats given

the brown juice. There was also a higher incidence of

diarrhea among the brown juice rats, probably due to the

high mineral content of the brown juice which would pro-

duce a laxative effect.

The previous studies demonstrate that the major

factors causing detrimental effects on the palatability

and acceptance of alfalfa are most likely water soluble and
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are concentrated in the brown juice fraction during

the APC separation process.

Studies directed into the fractionation of alfalfa

into various components, as in the APC process, have

stimulated interest in attempts to quantitatively ident-

ify compounds which produce detrimental affects on pala-

tability in nonruminants. Once these factors are posi-

tively isolated and fully understood, then steps can be

taken to counter their effects and produce a more suit-

able product. This would then contribute an alterna-

tive source of protein for utilization by nonruminant

animals and man.

Several of the factors in alfalfa that could con-

tribute to low palatability are: 1) saponins, 2) phen-

olics, 3) products of heat damage, 4) sugars, 5) min-

erals, 6) coumesterol, 7) amino acids and other NPN

compounds, 8) organic acids and 9) plant pigments.

Pentosans based on xylose form the bulk of the hemi-

cellulose fraction in annual or non-woody herbaceous

plants. Hemicelluloses serve as skeletal or structural

constituents and also may be enzymatically dissolved at

germination or at other times to be used as nutrient

reserves by the plant (Doby, 1965). Hemicellulose is con-

structed of linear chains of 8(1 -4) linked D-xylopranose

units. The basic repeating unit is xylobiose or 4-0-a-D-

xylano-pyranosyl-D xylopyranose. To these chains are

attached L-arabinose, D-glucuronic acid, D-galactose and

D-glucose (Bailey, 1973). Many of these sugars are

present as single unit side chains or as terminal units

at the end of the xylan chains. Some, especially L-ara-

binose, serve as branch points for longer chains (Bailey,

1973). Rendig et al. (1964) have isolated and identified

several free sugars in the leaf petioles of alfalfa.
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These include D-glycero-D-manno-octulose, galactose,

manno-heptulose, arabinose, altroheptulose, ribose and

xylose. However, these carbohydrates were present in

trace amounts and their contribution to the total con-

centration of nonstructural carbohydrates was minimal.

It is most likely that these sugars were present as the

result of the breakdown of hemicellulose during leaf

development and metabolism. It is important to remember

that the nonstructural carbohydrates (fructose, glucose,

sucrose and starch) are important for they represent

readily available sources of energy to the nonruminant

and are easily and completely digested.

Work by Darby and Day (1939) and Booth et al. (1953)

with rats and by Wise et al. (1954) with swine showed that

xylose was very toxic and unpalatable to these animals.

Concentrations tested were in the range of 5 to 35% for

rats and 18.7, 37.4 and 56% for swine. The previous

work also showed that xylose caused severe anorexia, diar-

rhea and cataracts. Palatability work with chickens by

Kare and Medway (1959), indicated almost complete and

immediate rejection of water solutions containing xylose.

The sugars were tested at concentrations from 2.5 to 25%.

Other carbohydrates such as lactose, galactose, raffinose,

mannose, fructose, maltose and arabinose which are poorly

utilized, had minimal effects on the birds' discrimination.

Studies on the utilization of xylose by chicks conducted

by Wagh and Waibel (1967a,b) indicated that xylose could

be readily absorbed by the chick but inefficient conver-

sion to glucose resulted in a rise of xylose concentration

in the blood and subsequent excretion of xylose into the

urine. At levels below 40% some metabolizable energy

was evident however. Recent work with chickens by Baker

(1977), has shown that xylose levels greater than 40%
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of the diet and a xylan level of 20% appeared to be toxic.

Xylose was incorporated into the diets at 20, 40 and 60%
and xylan at the 20% level. Xylan yielded no useful

energy to the chick while xylose yielded some energy at
20% of the diet but none at either 40 or 60%. This work

indicates that hemicellulose, whether predigested or

intact, would be of little use in poultry rations.

It now is apparent that xylose and other sugars

would have little effect on the acceptance and palatabil-
ity of APC to non-ruminants. Most of the xylose would

be extracted with the press cake and nearly all the rest

would be present in the brown juice. Only trace amounts

would be present in the APC,

In considering alfalfa meal, xylose would probably

play a very minor role in palatability. In the previous

studies cited, toxic reactions to xylose occurred when

xylose was present at levels of 10% or more. Rejection

of xylose solutions by chickens was at 5%. In commercial

rations for nonruminants, alfalfa rarely exceeds 10% of

the diet. If alfalfa is approximately 2.4% xylan (Table

3), this means that the total xylan (xylose) concentration

in a 10% alfalfa meal diet would be 0.24%. Deleterious

effects from feeding xylose at this low level of concen-

tration have not been reported. The same is true for

other sugars present.

Various minerals have been reported to have a depres-

sing effect on palatability to certain species of animals.

A two choice comparison study conducted by Carpenter

(1956) showed that cats rejected KC1 solutions at about

0.0045% in favor of the plain water control. Hamsters

were shown to discriminate against the KC1 at about

0.0015% concentration, while rabbits preferred the water

over the KC1 solutions at about .0075%. In this same



TABLE 3. CARBOHYDRATE CONCENTRATIONS (% dw) OF ALFALFA HERBAGE AMONG HARVESTS

Harvests

Sugars and starch

Total
Sucrose sugars

Oltgo-
saccha-

rides Starch

Structural polysaccharides

Glucose Fructose Glucan Araban Xylan Galactan Rhamnan

Spring

Summer

Autumn

1.32

1.80

1.43

1.35

1.26

1.17

3.26

2.76

2.52

5.93

5.82

5.12

0.34

0.40

0.40

2.56

2.78

2.18

2.53

3.17

1.84

2.90

2.55

2.66

2.08

2.46

2.47

1.57

1.43

1.33

0.75

0.61

0.73

Cited from: Bickoff et al., 1972.
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study NaC1 solutions were shown to be rejected by the

animals at approximately the same levels as the KC1 solu-

tions. The NaCl rejection level for the rabbits was at

0.0075%, the hamsters rejected the salt solutions at

about 0.0035% and the cats displayed a higher tolerance

for salt by not rejecting the solutions until a concen-

tration of about 0.026% was obtained.

Table 1 shows that most minerals present in alfalfa

are present in very small concentrations. Potassium is

shown to represent about 0.67% of the total composition

of the alfalfa plant. A detrimental effect on palatabil-

ity by potassium is conceivable. However, since most

rations for nonruminants do not contain over 10% alfalfa,

the level of potassium available to influence palata-

bility drops even more. Factors such as soil type, farm-

ing practices and fertilizing schedules would also tend

to influence the amount of potassium and other minerals

present in the plant.

The estrogenic benzofurocoumarin, coumestrol, was

first isolated from ladino clover and later isolated from

alfalfa (Bickoff et al., 1972). Seven coumestans have

been found in alfalfa. These include 4'-O'methylcoumes-

trol, 3'-methoxycoumestrol, lucernol, medicagol, sativol,

trifoliol, and 11,12-dimethoxy-7-hydroxy coumestan.

Coumestrol accumulates in alfalfa primarily as a result

of infection by foliar diseases (Bickoff et al., 1972).

Coumestrol has been studied extensively in relation to its

estrogenic properties but little work has been done to

determine the effects it may have on the palatability of

alfalfa to nonruminants. To humans, coumarin has a

sweet smell and a bitter taste (Arnold and Hill, 1972).

It has been shown that the smell is objectionable to sheep

and reduces food intake at low levels (Ashton and Jones,
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1959). It could be possible that coumarins do contribute

to the unpalatibility of alfalfa to rats and swine by

eliciting both an unfavorable taste and smell to these

animals. However, much more work in this area needs

to be accomplished before definite conclusions can be

drawn.

The presence and accumulation of the salts of or-

ganic acids in plants is mainly the result of ion metab-

olism in the tissues and cells (Dijkshoorn, 1973). The

organic acids mostcommonfound in herbage are shikimic,

quinic, succinic, malic, citric and fumaric (Dijkshoorn,

1973). Little work has been done to test the responses

of rats, swine and nonruminants in general, to the

various organic acids. Some work in this regard has been

done with ruminants. Jones and Barnes (1967) showed a

close positive correlation between sheep and cattle pref-

erences and the citric acid complex of eight temperate

grasses. Crawford and Church (1971) published work per-

taining to the taste responses of deer compared to those

of sheep. It was shown that sheep exhibited a preference

for sodium acetate at much higher concentrations than deer.

Deer showed no preference for either butyric or HC1 acids.

The concentrations at which a rejection response occurred

in these animals was normally quite high. For deer, the

rejection of sodium acetate, acetic acid and butyric acid

occurred at about 4.25, 0.45 and 0.09% respectively.

The sheep showed a rejection for the compounds at 2.26,

0.63 and 0.01% respectively. The amount of organic acids

present in herbage has been reported to range from about

0.75 to 4.5% dry weight depending on the growing conditions

and plant species (Dijkshoorn, 1973). No mention was

found on the specific organic acid composition of alfalfa.
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Considering that ruminant animals do react to

various organic acids, it is conceivable that these

compounds could play a role in the preference and palata-

bility of alfalfa to nonruminants.

It is suspected that some amino acids may have an

adverse affect on palatability. The area of investiga-

tion into isolating those moieties which may influence

palatability should be concentrated into the area of the

non-protein amino acids. The reason for this lies in

the fact that previous studies which have investigated

the effects of feeding alfalfa protein concentrate to

rats and swine have shown excellent acceptance and per-

formance by these animals. According to Hegarty and

Peterson (1973) many of the non-protein amino acids do

not appear to play an essential role in the nitrogen

metabolism of the plant, but seem to occupy a secondary

position on an otherwise normal pattern of amino acid

metabolism. The turnover rates of many of the non-protein

amino acids so far investigated are low, indicating that

they are relatively inert metabolically. It is for this

reason that there has been a tendency to regard many of

these substances as secondary plant metabolites similar

to the alkaloids. Hegarty and Peterson (1973) mentioned

that the presence of some non-protein amino acids may con-

fer advantages to the plant by protecting it from pred-

ators or pathogenic organisms. Little is known of the

effects of non-protein amino acids in relation to their

metabolism in animals. Even less is known about the ef-

fects they may have on palatability. Amino acids and pep-

tides are known to be important in influencing the taste

of human foods (Guy-ton, 1971). Some contribute to the

characteristic taste of some feedstuffs, e.g., glycine

is the major compound contributing to the taste of
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lobster and crab (Hegarty and Peterson, 1973). The

possible contribution of the free amino acids to the

palatability of feed for animals has received little

attention. Therefore, it can only be speculated that

amino acids and non-protein amino acids may influence

the acceptance or rejection response of alfalfa to rats

and swine.

Plant pigments are another class of compounds that

may influence the palatability of alfalfa. The chloro-

phylls, carotenoids and flavonoid compounds are the main

classes of pigments. The chlorophylls generally exhibit

hydrophobic properties, being soluble in polar organic

solvents. However, upon alkaline hydrolysis (saponifi-

cation) the phytol group is removed and water soluble

salts are formed. The carotenoids are characteristically

hydrophobic, lipophilic compounds which are not modified

by saponification. They are normally extracted from green

plant tissues by polar organic solvents (Britton and Good-

win, 1973). The flavonoids are phenolic compounds whose

structure is based on the flavone nucleus (2-phenyl-

chromone) (Swain, 1965). Some of the more common flavon-

oid pigments are the anthocyanins, flavones, flavonols,

catechins and flavan-3, 4-diols (Wong, 1973). Most flavon-

oid compounds exist in plants as glycosides, i.e., one

or more of their hydroxyl groups are joined by a semi-

acetal link to a sugar. This particular type of structure

imparts a water soluble property upon most flavonoid pig-

ments. Sugar free flavonoids have been isolated. How-

ever, these aglycones are normally produced during ex-

traction and are not found in living tissue (Swain, 1965).

Since the flavonoid pigments are generally water sol-

uble, and they are phenolic compounds, an effect on pala-

tability would not be unexpected. The animal feeding
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trials where alfalfa juice was fed to swine (Holl, 1977)

and the brown juice fraction offered to rats (Cheeke and

LeaMaster, unpublished data) may have been influenced

by the presence of flavonoid compounds. Much work in

this area needs to be done to determine the extent to

which plant pigments may influence palatability.

A considerable amount of research has been directed

at the relationship between the chemical composition of

plants and their palatability. A high correlation has

been shown between protein content and preference by

sheep and, cattle (Hardison et al., 1954; Cook 1959).

Hanson et al. (1954) demonstrated that feed high in car-__
bohydrates or with sugars added are preferred by swine.

Blaser et al. (1960) found that an increased fat content

in the forage resulted in a greater preference. As pro-

teins, sugars, fats and other preferred components in-

crease in percentage composition,'the antiquality factor

concentrations such as lignin and crude fiber decrease

(Heady, 1964). Many conflicting results have been re-

ported in studies conducted to determine what chemical

components influence forage or feed preference. The major

influencing components are shown by positive correlations

whereas less influencing factors usually exhibit incon-

sistent correlation between chemical composition of forage

and its preference (Hardison et al., 1954). In view of

the fact that definitive studies to show the effects of

each compound with the others held constant have not been

successful (Heady, 1964), it seems that the combination

of various factors and components are more significant

than the amount of any single chemical compound.
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Palatability Defined and Discussed

The previous section dealt with the inherent chem-

ical properties of alfalfa that may have affects on

palatability. It is now appropriate to entertain the

subject of palatability in general, so that the factors

influencing the acceptance of alfalfa by rats and swine

can be integrated and evaluated.

Palatability has been defined, discussed and des-

cribed extensively in many different ways by a host of

authors. Heady (1964) defined palatability as "plant

characteristics or conditions which stimulate a selective

response by animals." Definitions similar to this one

have been used by Young (1948), and Cowlishaw and Alder

(1960). Young (1967) defines palatability as the "hedonic

response of an organism to a foodstuff depending on its

taste, smell, flavor, temperature, texture, feel, ap-

pearance, surroundings and related conditions". Marten

(1978) interprets palatability to mean "plant character-

istic(s) eliciting a proportional choice among two or

more forages conditioned by plant, animal and environmental

factors which stimulate a selective intake response by

the animal; this characteristic(s) may also be described

in terms of acceptability, preference selective grazing,

and relish conditioned by sensory impulse". Similarly,

this author thinks of palatability more simply and re-

lates to it as an animal's measurable acceptance of a

feed (plant) in relation to other available feedstuffs

(plants), realizing that there are many factors that

influence palatability. Marten (1978) also points out that

intake controlling mechanisms such as gut capacity, ther-

mostatic and chemostatic regulators in the brain make
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palatability measurement of singly-offered feeds extremely

difficult. This is the main reason why most palatability

studies, including this one, utilize two or more feeds

offered simultaneously. This allows for a relative com-

parison and ranking of different feeds based on intake

which is reproducible and quite consistent.

Palatability can be influenced by a number of factors

including plant factors, environmental factors and animal

factors.

There are many plant properties and characteristics

that may play a role in influencing the palatability of a

forage or feed to animals. Some of these properties in-

clude plant species, chemical compositions, physical

traits (e.g. morphology), maturation and availability

of the food in non-controlled situations (Marten, 1978).

The climate, soil and topography where the forage is

produced and eaten has been noted to have an influence

on palatability (Heady, 1964; Marten, 1978). These factors

have a major effect on animal behavior and thereby con-

tribute to influencing food preference. Other environ-

mental factors which can influence palatability are

seasonal variations and plant diseases (Marten, 1978).

The main animal factors that may affect palatability

are individual variations, previous exposure or experi-

ence, species or breeds, physiological condition (age,

nutritional state, etc.) and the senses. The two chemical

senses, taste and smell, probably contribute the most in

influencing an animals reaction toward a feed.

Taste is one of the major items in the sensory com-

ponent of the palatability complex (Goatcher and Church,

1970). Basically, taste is a function of the taste buds

in the mouth. It is of importance because this sense

allows an animal to select feed in accordance with its
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desires. There are four primary taste sensations; sweet,

sour, salty, and bitter. Table 4 lists some of the

taste intensities of certain substances of the different

taste classes. Tastes which cannot be categorized in

terms of these four main groups are mixtures of the

different sensations.

Sour taste is caused by acids, and the intensity

of the taste sensation is proportional to the logarithm

of the hydrogen ion concentration (Guyton, 1971). In

other words, the more acidic a feed is, the more sour

the taste response becomes.

Ionized salts elicit a salty taste and the quality

of taste may vary from one salt to another. Both the

cation and anion stimulate the taste response but it is

believed that the cation has a greater influence.

The sweet taste can be stimulated by several classes

of compounds including carbohydrates, glycols, alcohols,

aldehydes, ketones, amides, esters, amino acids, sulfonic

acids and inorganic salts of lead and beryllium (Guyton,

1971). It is interesting to note that nearly all the

substances that produce a sweet sensation are organic

compounds.

Bitterness is also stimulated by different classes

of chemical agents including organic compounds. Two

particular classes of compounds which elicit a bitter

taste are long chain organic molecules, and alkaloids.

Some of the more common alkaloids are strychnine, caffeine

and quinine. Quinine has been used extensively in palata-

bility studies as a model of a bitter substance. In

relating the response of different species to quinine,

Bate-Smith (1972) reported that a hedgehog (insectivore),

human (primate) and rat (rodent) responded to bitterness

in an equal degree and that bitterness was equally



TABLE 4. RELATIVE TASTE INDICES OF VARIOUS SUBSTANCES

Sour substances Index Bitter substances Index Sweet substances Index Salty
substances

Index

Hydrochloric acid

Formic acid

Chloracetic acid

Acetyllactic acid

Lactic acid

Tartaric acid

Malic acid

Potassium H
tartrate

Acetic acid

Citric acid

Carbonic acid

1.0

1.1

0.9

0.85

0.85

0.7

0.6

0.58

0.55

0.46

0.06

Quinine

Brucine

Strychnine

Nicotine

Phenylthiourea

Caffeine

Veralrine

Pilocarpine

Atropine

Cocaine

Morphine

1.0

11.0

3.1

1.3

0.9

0.4

0.2

0.16

0.13

0.02

0.02

Sucrose

1-propoxy-2-amino-
4-nitrobenzene

Saccharin

Chloroform

Fructose

Maniac

Glucose

Maltose

Galactose

Lactose

1.0

5000.0

675.0

40.0

1.7

1.3

0.8

0.45

0.32

0.3

NaC1

NaF

CaC1
2

Nattr

Nat

LiCI

NH
4
CI

KCl

1.0

2.0

1.0

0.4

0.35

0.4

2.5

0.6

Cited from: Guyton, 1971.
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repulsive to all three species. Other sources have

also reported negative responses by animals to quinine

hydrochloride (Patton and Ruch, 1944; Kappouf et al.,

1963; Young et al., 1963) and to quinine sulfate (Kendall

and Leath, 1976; Cheeke et al., 1978). Taste preferences

have been shown to be expressed early in life, unaffected

by experience. Jacobs (1964) observed that newborn or

newly weaned rats accept sweet substances, reject bitter

and are indifferent to water. In bitterness threshold

studies, Koh and Teitelbaum (1961) reported that the de-

tection threshold in rats for quinine hydrochloride

was 0.0005%. In relation to this, Pfaffman (1960) noted

behavioral responses in the rat to quinine hydrochloride

with concentrations below the detection and rejection

thresholds. The threshold for stimulation by the bitter

taste of quinine has been reported to be 0.000008M for

humans (Guyton, 1971). It is apparent that the bitter

taste sensation invariably results in the rejection of

food by the animal. The bitterness taste reception acuity

is much more sensitive than the other taste sensations

because this provides a protective function for the animal.

Many of the deadly toxins found in poisonous plants are

alkaloids, hence, an intensely bitter taste. It must be

remembered that the taste choice confronting the animal is

not a simple choice situation but involves levels of bit-

terness + levels of saltiness + levels of acidy + levels

of sweetness all mixed together. A thorough review of

the nutritional aspects pertaining to the sense of taste

is given by Goatcher and Church (1970).

Smell is the least well understood sense. This is

partly due to the location of the olfactory receptor sites

high in the nose where it is difficult to examine and

partly due to the fact that smell is a rather subjective
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matter that cannot be easily studied in laboratory animals.

Also, it should be considered that the sense of smell in

man is nearly rudimentary in comparison with other animals.

Most animals depend on their sense of smell for the

location of food and the choice of adequate food. In

many species olfaction seems to be especially important

in the detection of food at a distance and as the animal

comes closer other senses become important. Ottoson and

Shepherd (1967) pointed out that the sense of smell is

important to animals in the initial stages of locating

food and also may be an important factor in the quantita-

tive regulation of feed intake. The significance of the

sense of smell in the rat for selecting food has been

demonstrated by Harris et al. (1931). These workers

showed that rats depleted of B vitamins invariably selected

a vitamin supplemented diet when offered the choice of

two diets. When the vitamin(s) were added as a minute amount

of a concentrate, the rats were unable to make the cor-

rect choice. The evidence that the differentiation bet-

ween the vitamin deficient and the vitamin containing

diet was made by olfactory discrimination lies in the

fact that before the rats started eating, they sniffed

at the two diets offered and then selected the vitamin

containing food. The control animals which were not

vitamin depleted ate the two diets indiscriminately until

they began to suffer from vitamin deficiency and then

began to show a preference for the vitamin supplemented

diet.

Little mention is made in the literature pertaining

to the sense of smell in swine for selecting food. How-

ever, since swine are macrorhinic animals, it would be

logical to assume that these species possess a refined

sense of smell.
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Conclusion

In closing, the future holds a tremendous potential

for the utilization of alfalfa. Increasing human popu-

lation pressures will eventually force us to redesign

our present agricultural system to produce at maximum

efficiency. Ruminant animals will probably be utilized

in a non-competitive manner. Their capacity to convert

cellulosic wastes to animal protein will be capitalized

on because of a reduction or abandonment of the feeding

of cereals or oilseeds to animals due to the wasteful

conversion of plant protein to animal protein. Alfalfa

occupies a unique situation. First of all, the prospect

of utilizing a processed alfalfa protein concentrate

for nonruminants and man provides a means to help meet

future world protein needs. Secondly, it is likely

that most attempts toward intensifying animal production

will increase the demand for alfalfa. This would be

especially true if alfalfa of a high feeding value for

nonruminant animals could be developed. Therefore, alfal-

fa, the "Queen of the Forages", will continue to be held

in high esteem by man as it has been for centuries.
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One of the reasons that swine and rats grow poorly

on diets high in alfalfa may be its low palatability to

these animals. Cheeke et al.(1977) observed that rats,

when given a choice between an alfalfa-free and an alfal-

fa-containing diet, rejected the alfalfa diet at all

levels tested (2.5 to 30% of the diet). In similar stud-

ies with swine (Experiment 2), the alfalfa containing

diets were rejected at levels as low as 1% of the diet.

If the unpalatable components of alfalfa could be re-

duced through plant selection or other means, then alfal-

fa of superior feeding value for nonruminants could be

obtained. Some success in this regard has been obtained

by Pedersen et al. (1973), who have developed low saponin

alfalfa that gives improved growth of poultry (Pedersen

et al., 1972) and swine (Cheeke et al., 1977) as compared

to unselected alfalfa.

The objective of this study was to test several al-

falfa cultivars for their comparative palatability to

rats, to determine if cultivar differences do exist.

A quinine index was developed in an attempt to quantify

the alfalfa response in terms of a known bitter substance.

Ten mature male Wistar rats were used in the feed

preference trials. They were housed in 40 x 25 x 17.5 cm

screen-bottomed cages. Water was given ad libitum. Al-

falfa samples were air dried and ground through a 1 mm

screen in a laboratory Wiley mill. The diets (Table 5),

containing 20% alfalfa, were fed in the meal form.
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Data were analyzed by analysis of variance and

least significant difference as described by Snedecor

and Cochran (1967). Saponin analysis for the first cut-

ting was obtained, using the method of Van Atta et al.

(1961). Kjeldahl (N) and acid detergent fiber (ADF) anal-

yses were performed on all cuttings using standard methods.

TABLE 5. PERCENT COMPOSITION OF DIETS

Sections 1, 2 and 3
Ingredients Control Alfalfa

diet diet
Section 4

Corn 80.5 65.5 43.5

Soybean meal 10.0 10.0 12.0

Cellulosea 5.0

TM salt b 0.5 0.5 0.5

Vitamin mixc 1.0 1.0

Vegetable oil 3.0 3.0 3.0

Alfalfa 20.0 40.0

Dicalcium phosphate 0.5

KH2PO4 0.5

aAlphacel, ICN Biochemicals, Cleveland, Ohio.
b In addition to NaC1, supplies the following element
levels (mg/kg diet): Zn, 17.5; Mn, 14.0; Fe, 8.75;
Cu, 1.75; I, 0.35; Co, 0.35.

c
Cheeke et al., 1977.

Section 1

Four cuttings of five cultivars of alfalfa (Lahontan,

DuPuits, Anchor, Team and Saranac) were compared to deter-

mine their preference ranking to rats. These cultivars

were chosen to be representative of a cross section of
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commercial alfalfa types. The registration description

for each of these cultivars is given in the appendix. All

alfalfa was harvested at approximately i bloom on the same

day. The first and second cuttings were compared separate-

ly, followed by a comparison of each first cutting culti-

var with its second cutting counterpart. Third and fourth

cuttings were also compared separately and then paired

with their corresponding counterparts.

For the comparisons involving the first and second

cuttings, the following procedure was used. Two feed

cups containing samples for preference testing were of-

fered to the rats on a 24 hour basis. The rats were not

fasted on each exposure. The positions of the feed cups

were alternated daily to reduce positional effects. The

total consumption of feed from each comparison was meas-

ured and expressed as percent intake of each.

The third and fourth cutting cultivars were compared

utilizing a 5-cup comparison method in lieu of the paired

comparison technique. In this method, all five cultivar

feed samples were offered to the rats over a period of

seven days. Feed consumption was measured and positions

of the feed cups were randomly alternated daily. At the

end of seven days the mean percent of the total intake

was determined.

Section 2

Quinine sulfate is a bitter substance that has been

used extensively in preference and palatability studies

as a model of a bitter substance. Patton and Ruch (1944),

Koh and Teitelbaum (1961), Kappauf et al. (1963), Young

et al. (1963), Cicala and McMichael (1964) and Cheeke et

al. (1978) are some of the workers who have utilized
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quinine in taste and preference studies with rats. Ken-

dall and Leath (1976) used quinine in preference studies

utilizing meadow voles while Kare et al. (1957) tested

the sensitivity of chickens to water solutions containing

quinine. Quinine has also been used to test the bitter

taste response in ruminants (Bell, 1959; Goatcher and

Church, 1970a; Goatcher and Church, 1970b).

Rats are extremely sensitive to dietary quinine sul-

fate (Koh and Teitelbaum, 1961), rejecting levels as low

as 0.001% of the diet in favor of a quinine free diet

in a two choice comparison test (Cheeke et al., 1978).

The objective of this experiment was to give rats a choice

of either the alfalfa diets or a quinine containing diet.

It was hypothesized that the more bitter the alfalfa,

the higher the quinine level would have to be for the

quinine diet to be rejected. Alternatively, the greater

the palatability of the alfalfa, the lower the quinine

level that would be rejected. Each alfalfa cultivar was

tested against dietary quinine levels of 0.01, 0.025,

0.05, 0.075, 0.1, 0.125, and 0.15%. The quinine diets had

quinine sulfate (obtained from the Sigma Chemical Co.,

St. Louis, MO) substituted for corn in the control diet.

In each case, comparisons began with the lowest quinine

level, progressing to the highest level. A quinine index

was developed to quantitatively express this relationship.

Figure 2 shows the relationship that occurs between an

unpalatable and palatable cultivar of alfalfa. When the

more palatable alfalfa is offered to the rats, the animals

would prefer to eat the alfalfa instead of the quinine

diet at lower quinine levels because the alfalfa is less

bitter. The converse is true for the unpalatable alfalfa;

i.e., the rats would prefer to eat a bitter quinine diet
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Figure 2. The relationship between alfalfa palatability and the quinine index.

.2 Quinine level

100 Quinine index



42

rather than consume a more bitter, unpalatable alfalfa.

For each alfalfa cultivar, a graph of quinine level (X)

vs feed intake of quinine diet as percent of total feed in-

take (Y) was plotted. The line of best fit was determined

by regression analysis, and the regression line plotted.

The quinine level at which quinine diet intake was 50%

of total intake was calculated from the regression equa-

tion. This value was converted to a quinine index, by

arbitrarily assigning a quinine index of 0 for zero

dietary quinine, and 100 for 0.2% quinine. Thus, the

higher the quinine index, the more bitter the alfalfa.

Section 3

This experiment was designed to determine if rats

would prefer a selected low saponin (LS) line of alfalfa

over a selected high saponin (HS) line. Low saponin

Lahontan was compared to a high saponin DuPuits alfalfa

meal. The rats were offered a choice between the HS and

LS alfalfa diets for six days.

A quinine index was to be determined for the HS and

LS alfalfas using the method previously described in

Section 2. It was hypothesized that a lower quinine in-

dex would be found for the LS alfalfa as compared to the

HS alfalfa.

Section 4

The growth of rats fed diets containing each of the

four cuttings of each of the five alfalfa cultivars was

measured. The first two cuttings were compared in one

trial, and the third and fourth cuttings compared in

another trial. A high alfalfa (40%) level was used

(Table 5), so that a high level of feed intake would be
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required to meet the energy requirements for maximum

growth. If the differences in palatability of the dif-

ferent cultivars are of practical significance, then

the growth rate should correlate with the palatability

response. Six Long-Evans male rats of about 200 g initial

weight in the first trial and 160-195 g in the second

trial were assigned to each treatment. The feeding period

for both trials was 21 days.
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EXPERIMENT 2

This experiment was divided into several parts to

study the palatability and preference of alfalfa in swine.

In all sections of this experiment, six Yorkshire barrows

weighing approximately 22-27 kg were individually penned

in 1.22m x 1.82m pens with concrete slotted floors. Two

self feeders were attached side by side in each pen.

The experimental diets were offered to the pigs ad libitum

for six days with the diets being weighed and feeders

switched on the third day to reduce positional effects.

The composition of all the diets is given in table 6.

Water was provided ad libitum. A three day recovery per-

iod was allowed between each different comparison to

reduce effects of previous diets on the pigs' palatability

response. The total amount of feed consumed for each diet

was determined and the results subjected to analysis of

variance as described by Snedecor and Cochran (1967).

Section 1

This experiment was designed to determine the pat-

tern of voluntary alfalfa acceptability with pigs. A

control diet with 0% alfalfa was compared to a diet with

increasing amounts of sun cured alfalfa meal. The alfalfa

levels tested were 0.5, 1.0, 2.5, 5.0, 10.0, 20.0 and 30%.

Section 2

The objective of this experiment was to determine if

swine would prefer a low saponin line of alfalfa over a

high saponin line. As in Experiment 1 with rats, low

saponin Lahontan alfalfa meal was compared to a high sapo-

nin DuPuits. Alfalfa levels of 1.0, 5.0 and 15.0% were

tested.



TABLE 6. DIET COMPOSITIONS (%)

Ingredients Control Alfalfa containing diets Quinine containing diets

Alfalfa meal 0 0.5 1.0 5.0 10.0 20.0 30.0 ___ - --

Quinine 0 --- 0.01 0.05 0.1 0.15 0.2

Corn 70.98 70.48 69.98 65.98 60.98 50.98 40.98 70.97 70.93 70.88 70.83 70.78

Soybean meal 23.00 23.0 23.0 23.0 23.0 23.0 23.0 . 23.0 23.0 23.0 23.0 23.0

1M sale 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

7..nS0
4

0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005

Dical 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Limestone 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Molasses 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Oxytetracycline HC1 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015

a
In addition to NaC1, provides the following element levels (mg/kg diet): Zn, 17.5;
Mn, 14.0; Fe, 8.75; Cu, 1.75; I, 0.35; Co, 0.35.
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Section 3

Low saponin Lahontan and high saponin DuPuits alfalfa

were compared separately to a control diet at alfalfa

levels ranging from 1.0 to 10.0%. Results were expressed

in terms of consumption of each as a percent of total

feed intake.

Section 4

The purpose of this experiment was to determine the

response of pigs to different dietary quinine levels.

Varying amounts of quinine sulfate ranging from 0.01 to

0.20% were incorporated into a corn/soybean meal diet and

compared in a feed preference test to a control diet with-

out quinine. This information was compared to the rat

responses to see if a correlation exists whereby future

palatability work could be performed on rats and then

applied to swine. Quinine was used as a model of a bitter

substance.



Part II

EXPERIMENT 1

Alfalfa Digestibility Trials
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The objective of this experiment was to evaluate the

effects of various kinds of treatments on the digestibility

of alfalfa diets in rats. A commercially produced de-

hydrated alfalfa meal was subjected to 11 experimental

treatments and subsequently incorporated into diets at

a level of 40% of the total diet. The results of the

treatments were to be compared to an untreated alfalfa

control ration. The composition of the diet utilized in

this study is shown in table 7.

TABLE 7. DIET COMPOSITION (%)

Ingredient % Composition

Alfalfa meal 40.0

Vitamin mixa 0.5

Mineral mixb 2.5

Corn 42.0

Vegetable oil 5.0

Sucrose 10.0

aCheeke et al., 1977.
bJones and Foster, Nutritional Bio-
chemicals, Cleveland, OH.

The various methods of treating the alfalfa were studied

to determine if an increase in digestibility of dry matter

(DM), crude protein (CP), acid detergent fiber (ADF), cell

wall constituents (CWC), and amylase treated cell wall
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constituents (ACWC) could be obtained. The ACWC method

has been reported (Robertson and Van Soest, 1977) to

produce CWC values which are lower and more reproducible

with starch bearing feeds. A comparison of the unmodi-

fied CWC method and the amylase method was made in this

experiment.

Water soaking of the alfalfa meal was included as a

treatment to determine if an increase in alfalfa utiliza-

tion occurred as a result of the swelling and expansion

of the plant cells due to the water absorption. One part

alfalfa meal was mixed with three parts tap water and

allowed to stand at room temperature for 48 hours. The

mixture was then freeze dried and incorporated into the

ration.

The effect of alkali treatment was also appraised.

It has been widely documented that ruminants respond to

alkali treated feedstuffs (Ololade and Mowat, 1975; Oji

et al., 1977; Sharma et al., 1977; and others). Improve-__
ment in digestibility is observed in these species be-

cause the alkali tends to dissolve away the lignin and

other alkali soluble compounds. In this experiment, al-

falfa meal was soaked (1:3 ratio) in a 2% NaOH solution

for 48 hours at room temperature. The slurry was freeze

dried and added to the experimental diet.

The effects of a cellulosic enzyme on fiber digest-

ibility improvement was studied. The cellulase was ob-

tained from the Sigma Chemical Company, St. Louis, MO.

This enzyme was derived from the fungus Aspergillus niger.

The enzyme has optimal activity when incubated at 37°C at

a pH of 4.8. To make the buffer solution for the enzyme,

756.0 ml of 0.1M citric acid was added to 744.0 ml of

0.2M Na2HPO4. This solution was then diluted to 3000 ml

with distilled water and 100 g of enzyme added. The
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alfalfa meal and buffered enzyme solution were mixed to-

gether in the 1:3 ratio, incubated at 37° C for 48 hours,

freeze dried and then added to the experimental diet at

the 40% level.

Four proteolytic enzymes, protease, bromelain, papain

and ficin were also used in this experiment in an attempt

to improve the crude protein digestibility of the alfalfa

meal to the rats. These enzymes were obtained from Dr.

Y. W. Han, Dept. of Microbiology, Oregon State University.

The protease enzyme was derived from Bacillus subtilis.

Its optimum pH and temperature are 7.5 and 37° C respec-

tively. To prepare the buffer, 240 ml of 0.2M NaH2PO4 and

1260 ml of 0.2M Na2HPO4 were diluted to 3000 ml with dis-

tilled water and 100 grams of enzyme were thoroughly mixed

in. Alfalfa meal was added in the 1:3 ratio and incubated

at 37° C for 48 hours. The mixture was freeze dried and

then used to make the experimental diet.

Bromelain is a proteolytic enzyme obtained from the

pineapple plant. It is a powerful protease used for ten-

derizing meat and in the preparation of soluble fish pro-

tein concentrate. Bromelain is most active at a pH of 4.8

with a temperature of 45° C. The buffer and enzyme solu-

tion were prepared as previously described for the cellu-

lase. The alfalfa meal was again added in the 1:3 ratio,

incubated at 45° C for 48 hours, freeze dried and utilized

for the experimental diet.

Ficin is a highly active, crystallizable protease

from the sap of fig trees. Optimum pH and temperature

for this enzyme are 7.0 and 37° C. The neutral buffer

solution was prepared by adding 585 ml of 0.1M citric

acid to 915 ml of 0.2M Na2HPO4 and diluting with dis-

tilled water to 3000 ml. 100 g of the enzyme was added

to the buffer, mixed, and then applied to 1000 g of
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alfalfa meal. The mixture was incubated at 37° C for 48

hours then freeze dried and incorporated into the exper-

imental diet.

The last proteolytic enzyme treatment studied was

the papain treated alfalfa. Papain is obtained from the

latex of the papaw or papaya plant (Carica papaya) and

catalyzes the hydrolysis of proteins and polypeptides to

amino acids. It is used in medicine as a protein decon-

gestant and has been utilized in protein degradation for

amino acid assay procedures (Buchanan, 1969). Papain has

a wide substrate specificity and is active in a broad pH

range. In this study the enzyme was buffered at a pH of

6.2 and incubated at room temperature. The buffer was

composed by adding 1222.5 ml of 0.2M NaH2PO4 and 277.5 ml

of 0.2M Na2HPO4 together and diluting to 3000 ml with

distilled water. 100 g of enzyme was mixed into the buf-

fer to which 1000 g of alfalfa meal was added. The mix-

ture was incubated at room temperature for 48 hours,

freeze dried and then used to make the experimental diet.

Other non-enzymatic treatments were also analyzed in

this study. An autoclaved alfalfa diet was proposed to

determine if heat, steam and pressure would increase fiber

utilization. Alfalfa meal was autoclaved at 120° C with

6.8 kg/6.5 cm2
of pressure for 30 minutes. It was then

utilized to prepare an experimental diet.

An acid treated diet was incorporated into this study

to determine if the hydrolysis of alfalfa would improve

its digestibility. Alfalfa meal was mixed (1:3 ratio)

with a 0.05N H2SO4 solution and allowed to soak for 48

hours at room temperature. The mixture was then freeze

dried before adding it to the ration.

It was of interest in this experiment to examine the

effects on alfalfa digestibility of subjecting alfalfa
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meal to a combination of treatments to determine if

additional improvement could be obtained over a single
treatment. Two such multiple treatments were tested.

First, an alkali soaked and cellulase treated alfalfa meal
was prepared. Procedures for the enzyme and 2% NaOH

preparations were as previously described. The alfalfa

meal was treated with the 2% NaOH for 24 hours, freeze

dried, incubated with the cellulase enzyme solution for

24 hours, freeze dried a second time and then incorpor-
ated into the experimental diet. It was hoped that an

increase in fiber digestibility could be obtained by the

alkali dissolving away the lignin and other compounds,

while the cellulase acted to release D-glucose from the

cellulose polymer. Secondly, an autoclaved,2% NaOH treated

diet was prepared. The alfalfa meal was autoclaved and

treated with a 2% NaOH solution as previously described.

Ten mature male Wistar rats were utilized for all

the digestibility trials. They were housed individually

in metabolism cages. Feed and water were provided ad

libitum. Feces were collected daily and kept frozen un-

til the chemical analysis could be performed. The exper-

imental diets were fed to the animals for seven days

with a 48 hour recovery period being allowed between

each diet. Feed consumption data were recorded daily.

The digestion of each diet was determined by the total

collection method and by the 2N acid insoluble ash marker

method as described by Van Keulen and Young (1977). The

results were analyzed by analysis of variance and least

significant difference as described by Snedecor and Cochran

(1967).
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EXPERIMENT 2

Various studies have shown that during the curing

and drying process, alfalfa protein can be made unavail-

able due to binding reactions with the cell wall, saponins,

carbohydrates and other compounds. Goering et al. (1973)

presented evidence that showed that the effective heating

period, temperature and moisture content are all related

to the amount of browning that will occur. Myer and

Cheeke (1973, 1975) showed that with the avoidance of heat

during the curing process, the feeding value of alfalfa

was improved. In addition, freeze dried alfalfa was

shown to be of greater nutritive value than air dried, and

air dried greater than oven dried.

The objective of this experiment was to determine

if the availability of alfalfa protein to rats and swine

is reduced by drying. Ten male Long Evans rats about

150-175 g in size and six Yorkshire barrows approximately

31-38 kg in weight were utilized in this experiment. The

rats were housed individually in metabolism cages and the

swine were kept individually in 1,22m x 1.83m pens. Al-

falfa, approximately z bloom in maturity, was cut and fed

to the animals twice daily, morning and evening, in an

attmept to maximize the fresh quality of the alfalfa and

reduce any unpalatability due to wilting or drying of the

forage. In previous experiments (LeaMaster and Cheeke,

unpublished data) the feeding of fresh alfalfa to rats

resulted in a sharp decrease in weight. The rats were

observed to nibble at the leaves and buds when the alfal-

fa was first presented to them, only to ignore it and

look anxiously for other food a short time later. In an

effort to prevent such a marked decrease in growth, a

high energy diet consisting of 85% sucrose and 15%
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vegetable oil was offered to the rats for a period of

12 hours per day. However, the only source of protein

available was the fresh alfalfa. No compensatory energy

diet was provided to the swine because they had not been

observed to lose weight as drastically as the rats. Rep-

resentative samples were collected from the fresh alfalfa

daily. The samples were subsequently air dried (i.e.

sun cured), ground and incorporated into a ration with

alfalfa comprising 40% of the diet with sucrose repre-

senting 51.0% and vegetable oil 9.0% of the total diet.

Sucrose and vegetable oil were added to raise the energy

level and increase the palatability of the high alfalfa

meal diet. Again, alfalfa was the sole source of protein

in the diet. Microkjeldahl (N) analyses were performed

on the feed and fecal samples of each diet using standard

methods. A saponin analysis was conducted on the alfalfa

used in this experiment to get a relative idea on the de-

gree of influence that saponins may have on palatability

and if saponin could be a contributing factor relating

to the tie-up of protein during drying. Besides the al-

falfa used in this experiment, saponin analyses were

performed on selected high and low saponin varieties and

a commercially produced dehydrated alfalfa meal. A

modified version of the method described by Marcarian

(1972) was utilized for the saponin determinations.

Serially diluted test tubes containing 1.0, 0.5, 0.25,

0.125, 0.0625 and 0.0313% alfalfa extracts were prepared,

to which 0.5ml of saline solution containing 1% rat

blood was added. The hemolytic activity or saponin con-

tent of the alfalfa was assigned to be the reciprocal

of the dilution of the last test tube in which 100%

hemolysis was observed. The animals were kept on each

diet for four days with a five day recovery period between
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each diet exposure. Water was given ad libitum. Pro-

tein digestibility was determined by the total collection

method for the rats and by the 2N HC1 acid insoluble ash

natural marker method as described by Van Keulen and Young

(1977) for the swine. Data was subjected to analysis

of variance as described by Snedecor and Cochran (1967).
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Part III Swine Feeding Trial

The objective of this study was to determine the

effect on growth and feed efficiency of substituting al-

falfa protein for soybean meal protein in swine. Consid-

erable work has been directed toward determining the ef-

fects of various levels of alfalfa meal on the performance

of growing pigs. A report from the Nevada Agricultural

Experiment Station by McCormick and Kidwell (1953) showed

alfalfa hay to be about equal to grain when the ration

consisted of 30 to 50% alfalfa. This stimulated new in-

terest in this area. Bohman et al. (1955) along with

Kidwell and Hunter (1956) demonstrated that hogs fed

higher levels of alfalfa required more feed per unit of

grain and consumed less feed. Work by Becker et al. (1956)

showed that a decreased rate of gain resulted from feeding

increased levels of alfalfa. Heitman and Meyer (1959)

concluded that growth performance in swine was reduced

by feeding increased levels of alfalfa meal.

This experiment was designed to determine the re-

placement value of alfalfa meal for soybean meal as a pro-

tein source. In other words, it was of interest to find

out how much soybean meal could be replaced by alfalfa

meal without reducing growth performance. This informa-

tion could be useful during times when the price of soy-

bean meal is high. Alfalfa could conceivably be substi-

tuted into rations making them more economical.

This experiment was carried out in conjunction with

the Hermiston Agricultural Research Station, which supplied

the feeding facilities and Hansell Bros., who furnished

the animals during the experiment. Various proportions

(10, 20, 30, 40, 50 and 75%) of the protein provided by
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soybean meal were replaced by alfalfa meal protein.

Dietary levels of 4.2, 8.4, 12.6, 16.8, 21.0 and 31.5%

alfalfa meal were utilized to provide these levels of

replacement protein. All diet compositions are listed in

table 8. Twelve crossbred pigs initially weighing 30-32

kg were assigned to each pen. There were two pens per

treatment. Feed and water was supplied ad libitum. The

animals were fed the experimental diets until they reached

a weight of 91 kg (200 lbs). The antibiotic included in

the diet was withdrawn when the pig weights reached 73-77

kg. Feed consumption and rate of gain data for each pen

were recorded and the results were tested by the comparison

of two samples method utilizing the t-statistic as des-

cribed by Snedecor and Cochran (1967).



TABLE 8. PERCENT COMPOSITION OF DIETS

Diet Number
Ingredient 1 2 3 4 5 6 7

Wheat 77.0 74.3 71.9 69.4 67.0 64.5 57.75

Soybean meal 15.0 13.5 12.0 10.5 9.0 7.5 3.75

Alfalfa 4.2 8.4 12.6 16.8 21.0 31.5

TM salta 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Bentonite 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Molasses 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Dicalcium phosphate 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Limestone 1.5 1.5 1.2 1.0 0.7 0.5 0.5

a In addition to NaCl, supplies the following element levels (mg/kg diet): Zn,
17.5; Mn, 14.0; Fe, 8.75; Cu, 1.75; I, 0.35; Co, 0.35.
Each 909 kg of diet was supplemented with 4,55 kg of Hansell Grower-Finisher
Premix #2 containing the following ingredients per kg of premix: Vit. A;
825,000 USP units; Vit. D-3, 82,500 I.C. Units; Vit. E, 2750 I.U.; Vit. K,
550 mg; Riboflavin, 550 mg; Pantothenic acid, 2695 mg; Niacin, 4400 mg;
Choline, 75.9 gm; Vit. B-12, 2.64 mg; Ethoxyquin, 12.485 gm,
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Data were analyzed several ways in this experiment.

For the first cutting, when the total number of preferences

are listed against the total number of rejections (Table

9), anchor was the least preferred variety, showing re-

jection in all comparisons. DuPuits was the most prefer-

red with six preferred choices. It should be noted that

clear cut preferences were not always obtained. Further-

more a cultivar preferred in one trial may not have been

preferred when the same pair was matched up in a subse-
quent trial. These variations may be due to a number of

interactions, one being the effect of previous diets on

following comparisons. Results of individual comparisons

are shown in table 10.

There was little correlation between saponin con-

tent and feed preference for the first cutting, suggesting

that other influencing factors are involved.

Preference differences for second cutting comparisons

were somewhat less pronounced than for the first cutting

tests. Little correlation exists between the choices

and rejections of the cultivars from second cutting to

those of the first cutting (Table 9). Surprisingly,

Anchor was one of the most preferred second cutting culti-

vars while DuPuits was one of the least preferred. This

is in direct contrast to results with the first cutting.

Data for individual comparisons are shown in table 11.



TABLE 9. PREFERENCE RESPONSES AND QUININE INDEXES FOR FIRST AND SECOND CUTTINGS OF FIVE ALFALFA
CULTIVARS

Alfalfa
variety

First cutting Second cutting
%

Saponin
No. of No. of

preferences rejections
Quinine
index

No. of
preferences

No. of
rejections

Quinine
index

Anchor 1.67 0 8 98 6 2 61

DuPuits 1.30 6 2 41 2 6 124

Lahontan 1.04 5 3 47 6 2 69

Saranac 1.63 5 3 42 4 4 67

Team 1.22 4 4 68 2 6 75



TABLE 10. INDIVIDUAL FEED PREFERENCE COMPARISONS AMONG CULTIVARS FIRST CUTTING (VALUES ARE % OF

TOTAL FEED INTAKE)

Comparisons Comparisons Comparisons Comparisons Comparisons

with Team (T) with Saranac (S) with Lahontan (L) with DuPuits (D) with Anchor (A)

T
L**

T
S*

T**
A

T

35.9
a

64.1

40.4a
58.6

b
83.6
16.4

46.34
53.7

S*

T

S**

A

L**

D**

64.2a
35.8

b
84.7
15.3

c
12.8
87.2

9.3
c

90.7

L**

S

L

A

T*

D**

83.1
a

16.9

56.4
b

43.6

30.9
c

69.1

21.0
c

79.0

D**

L

D

S**

D**
A

T**

80.0
a

20.0

b
9.5

90.5

a
71.1
28.9

9.9
b

90.1

A
L**

A
S**

A
T**

A
D**

1.0
a

99.0

13.9
b

86.1

2.5
a

92.5

17.3
b

82.7

*Significant at P<.05, applies to individual comparisons.
**Significant at P<.01; applies to individual comparisons.
a,b, cMeans within columns followed by different superscripts are different (P<.05).

a)



TABLE 11. INDIVIDUAL FEED PREFERENCE COMPARISONS AMONG CULTIVARS SECOND CUTTING
TOTAL FEED INTAKE)

(VALUES ARE % OF

Comparisons
with Team (T)

Comparisons
with Saranac (S)

Comparisons
with Lahontan (L)

Comparisons
with DuPuits (D)

Comparisons
with Anchor (A)

T 45.7
a

S 51.4 L 60.8 D 27.8 A** 69.0
a

S 54.3 T 48.6 S 39.2 S** 72.2 S 31.0

T* 65.3
b

S 41.6 L 71.3 D 36.9 A** 29.0
b

L 34.7 L 53.9 T 38.7 T 1 63.1 L 71.0

T 19.7
c

34.3 L* 65.2 D 44.8 A 53.2
D** 80.3 D 65.7 D 34.8 L 55.2 D 46.8

T 48.8a S 35.5 L 50.9 D 42.1 A* 65.1
a

A 51.2 A* 64.5 A 49.1 A 57.9 T 34.9

*Significant at P<.01; applies to individual comparisons.
**Significant at P<.05; applies to individual comparisons.
a,b,cMeans within columns followed by different superscripts are different (P<.05).
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Comparing first cutting (1) cultivars to their correspond-

ing second cutting (2) showed a general preference for

the second cutting (Table 12).

The results of the 5-cup comparison method for the

first and second cuttings are shown in table 13. It can

be seen that similar results and rankings for the differ-

ent cultivars are obtained by each method. Comparisons

of third and fourth cuttings demonstrated no significant

preference for one cultivar over any of the others in the

third cutting. However, with the fourth cutting material

the animals displayed a definite preference for Anchor

over the others. Data for individual comparisons are

shown in table 14. When third cutting cultivars were

paired with their fourth cutting counterparts, there was

no tendancy for the rats to prefer one particular cutting

over another (Table 15).

Section 2

Regression equations were developed for the first and

second cutting cultivars to describe the relation between

the intake of quinine diet as percent of total intake (Y)

and quinine level (X). Figure 3 illustrates an example

of the best fitting regression line pertaining to first

cutting Lahontan data. The regression equations for all

the linear models are listed in table 16. The correlation

coefficients (r2) are greater for the first cutting com-

parisons than for the second cutting. This implies that

the observations are of a more linear relation in the

first cutting comparisons. Furthermore, the slopes for

the first cutting equations are steeper than those for

the second cutting. This may imply that there is a

difference in the nature of the factors affecting
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TABLE 12. COMPARISONS OF PREFERENCE WITHIN
CULTIVARS OF FIRST AND SECOND
CUTTINGS (VALUES EXPRESSED AS
MEAN PERCENT INTAKE)

Cultivars Mean

Anchor 1
Anchor 2

26.0
b74.0

Saranac 1 27.3
a

Saranac 2 72.7b

Lahontan 1 25.2
a

Lahontan 2 74.8b

Team 1 68.8a
Team 2 31.2

b

DuPuits 1 69.5
DuPuits 2

b
30.5

a,bMeans within cultivars followed by dif-
ferent superscripts are different (P<.05).



TABLE 13. COMPARISONS BETWEEN 5-CUP COMPARISON AND, PAIRED COMPARISON
METHODS OF EVALUATING CULTIVAR PREFERENCEa

First cutting Second cutting
5-cup Paired 5-cup Paired

Cultivar comparison comparison comparison comparison

Anchor 12.1 7.1 22.5 21.9

DuPuits 34.3 25.1 18.6 18.8

Lahontan 22.2 22.8 18.1 22.2

Saranac 15.8 20.7 24.7 18.8

Team 15.6 24.3 16.1 18.3

aValues expressed as percent total intake.



TABLE 14. PREFERENCE COMPARISONS AMONG CULTIVARS THIRD AND FOURTH CUTTING (VALUES ARE
% TOTAL FEED INTAKE)

Alfalfa cultivar
Team (T) Saranac (S) Lahontan (L) DuPuits (D) Anchor (A)

Third cutting 16.2

Fourth cutting

24.3 23.1 20.3 16.1

8.7
a

18.2
a

12.4
a

20.2
a

40.5
b

a,bMeans within rows followed by different superscripts are different (P<.01).
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TABLE 15. COMPARISONS OF PREFERENCE
WITHIN CULTIVARS OF THIRD
AND FOURTH CUTTINGS (VALUES
EXPRESSED AS MEAN PERCENT
INTAKE)

Cultivars Mean

Anchor 3
Anchor 4

Saranac 3
Saranac 4

Lahontan 3
Lahontan 4

Team 3
Team 4

DuPuits 3
DuPuits 4

21 8
a

b78.2

50.2a

49.8a

49.4a
50.6a

73.8a
26.2

b

34.8a
65.2

b

a,bMeans within cultivars followed by
different superscripts are differ-
ent (P<.05).
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TABLE 16. REGRESSION EQUATIONS AND QUININE INDEX FOR LS, HS,
FIRST AND SECOND CUTTING CULTIVARS

Alfalfa Regression
2

Quinine
cultivars equation r index

Low saponin Y = 99.7 + (-731.8)X .929 34
High saponin Y = 107.3 + (-434.9)X .729 66

Anchorl Y = 108.6 + (-300.5)X .921 98
DuPuits1 Y = 102.8 + (-645.7)X .805 41
Lahontan 1 y = 93.3 + (-466.1)X .923 47
Saranacl Y = 97.6 + (-570.5)X .734 42
Team 1 Y = 97.9 + (-353.8)X .563 68

Anchor 2 Y = 91.1 + (-335.2)X .812 61
DuPuits 2 Y = 79.9 + (-119.9)X .214 124
Lahontan 2 Y = 92.1 + (-303.6)X .768 69
Saranac2 Y = 80.1 + (-223.1)X .483 67
Team 2 Y = 104.3 + (-363.9)X .831 75
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palatability between the two cuttings with the agents in

the first cutting being of a consistant nature as to

quantitatively depress palatability.

A quinine index was developed which ranked the first

and second cutting cultivars according to the quinine

level at which quinine uptake represented 50% of the

total feed intake. These are listed in table 16. The

preference test results and the quinine indexes show

reasonable agreement, especially where marked rejections

occurred. Quinine indexes were not determined for the

third and fourth cuttings.

Section 3

The low saponin alfalfa was significantly (P<.01)

preferred over the high saponin alfalfa. After six days,

90.8% of the total diet consumed was the LS alfalfa as

compared to 9.2% of the HS alfalfa. These results show

that rats can detect differences in taste, specifically

related to saponin content, between different alfalfa

samples. Figure 4 illustrates the results obtained when

LS and HS alfalfa were compared to various quinine levels.

The LS was preferred at a much lower quinine level than

the HS type, which implies that the LS alfalfa is more

palatable. The quinine tolerance level for the LS alfal-

fa was about 0.05 to 0.075% quinine, whereas the rats did

not prefer the HS alfalfa until a quinine level of about

0.125% was reached.

Section 4

There was little difference between first and second

cutting alfalfa samples in protein and acid detergent fiber

contents (Table 17). However, an overall evaluation of
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TABLE 17. CRUDE PROTEIN AND ADF ANALYSIS
OF THE FOUR CUTTINGS OF THE
CULTIVARS STUDIED

Cutting
Crude protein (%) ADF (%)

DuPuits
1 12.7 34.7
2 11.5 33.3
3 14.8 29.6
4 16.7 30.5

Saranac
1 12.0 34.8
2 12.8 31.5
3 14.9 28.4
4 18.8 25.3

Team
1 11.7 35.1
2 12.0 33.6
3 14.2 26.1
4 17.9 26.9

Lahontan
1 11.8 39.6
2 11.5 32.5
3 14.2 28.9
4 15.4 27.0

Anchor
1 12.7 36.7
2 12.5 32.2
3 14.9 29.2
4 16.3 27.0
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the protein and ADF values for the four cuttings shows

that the fourth cutting was invariably higher in protein

and lower in ADF than the earlier cuttings. These varia-

tions may be due to a number of factors.

Even though an effort was made to try to harvest

the alfalfa at about i bloom, the stage of growth at

which plants are harvested is an important factor in-

fluencing forage feeding value. Immature alfalfa has been

shown to be more digestible with greater voluntary intake

and animal performance potential than older mbre mature

alfalfa (Byers and Ormiston, 1962; Donker et al., 1968;

Mohrenweiser and Donker, 1968). Observations have been

reported on the decrease of protein content and increase

in fiber and lignin with advancing maturity (Van Riper

and Smith, 1959). As cutting is delayed, yield generally

increases with an increase in the amount of stems, i.e.,

a lowering of the leaf to stem ratio, and a change in the

chemical composition with a concomitant reduction in

feeding value. Conrad et al. (1962) pointed out that the

restriction on nutrients caused by the maturation of al-

falfa tended to increase the severity of deficiencies of

energy, protein, calcium and phosphorus.

The relative merits of different cuttings of alfalfa

for animal production have been studied (Reid et al., 1959;

Porter et al., 1960). First cutting alfalfa has been

characterized by a larger decline in digestibility with

increasing maturity compared to subsequent cuttings (Reid

et al., 1959; Baumgardt and Smith, 1962; Shirk et al.,

1968). Later cuttings are not usually as high in feeding

value at the early stages and not quite as low at the

later stages as the first cutting (Reid et al., 1959;

Baumgardt and Smith, 1962; Shirk et al., 1968). It is
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interesting to note that Jung et al. (1969) found that

dry matter digestibilities of second and third cuttings

of alfalfa were similar to the digestibility of the first

cutting when harvested at comparable stages of growth.

Little or no differences have been found in chemical com-

position or in vivo or in vitro digestibility among

alfalfa varieties harvested at the same stage of growth

(Anderson, 1967; Lesperance et al., 1968; Jung et al.,

1969). However, it was pointed out that there is a ten-

dancy for the later maturing varieties to have a higher

digestibility on a given date (Barnes and Gordon, 1972).

Other factors which may have caused the protein and

ADF values to differ between the first and last cutting

include environmental conditions such as soil moisture

and temperature, and disease or insect damage.

Table 18 lists the results of rat growth performances

fed first and second cutting cultivars. There were no

significant differences (P <.05) in average daily feed

intake, average daily gain or feed efficiency. Similarly,

rats fed third and fourth cutting cultivars showed no sig-

nificant differences (P <.05) in performance (Table 19).

These findings suggest that the palatability differences

recorded among cultivars using the preference tests and

quinine index may not in fact be related to the growth

performance of nonruminant animals. Pedersen et al. (1972)

showed that rats gained more on low saponin diets than

those on high saponin rations for the first 16 days, where-

as after 28 days differences in gain were not significant.

In this experiment it was observed that there was a

greater initial acceptance of the second cutting diets

over the first, typified by a larger intake and less spil-

lage. The third and fourth cuttings displayed little

difference in acceptance during the first few days. Myer



TABLE 18. PERFORMANCE OF RATS FED FIRST AND SECOND CUTTING
ALFALFA CULTIVARS

Alfalfa
cultivars

Avg. daily
feed intake

Avg. daily
(g) gain (g)

Feed
efficiency

Team 1 24.2+2.8 3.05+1.00 8.49+2.08
Team 2 25.7T3.0 3.34T .41 7.70T .41

Anchor 1 26.8+2.4 3.25+ .69 8.54+1.62
Anchor 2 24.9T1.3 2.75+ .54 9.34T1.78

Saranac 1 25.6+ .9 2.78+ .34 9.36+1.56
Saranac 2 25.8T1.6 3.53T1.29 7.88T1.97

Lahontan 1 24.8+ .9 2.83+ .56 9.12+2.06
Lahontan 2 25.4 +1.2 3.33+1.30 8.43 +2.61

DuPuits 1 26.6+1.4 3.62+ .75 7.57+1.30
DuPuits 2 25.4T1.4 2.87T .75 9.36T2.48



TABLE 19. PERFORMANCE OF RATS FED THIRD AND FOURTH CUTTING
ALFALFA CULTIVARS

Alfalfa
cultivars

Avg. daily
feed intake

Avg. daily
(g) gain (g)

Feed
efficiency

Team 3 25.3+4.0 3.13+1.43 7.25+1.63
Team 4 22.8T3.4 3.98 +1.37 6.1 +1.43

Anchor 3 22.7+3.2 2.47+1.10 10.50+4.17
Anchor 4 22.9;1.7 4.11+1.68 6.26T2.10

Saranac 3 23.3+2.5 3.06+ .93 8.20+2.50
Saranac 4 22.9T2.2 3.32T1.29 8.76T6.26

Lahontan 3 24.8+2.2 3.77+1.14 6.97+1.66
Lahontan 4 21.9T1.9 3.41T .17 6.49T .75

DuPuits 3 23.9+2.5 3.13+1.43 11.80+7.93
DuPuits 4 25.7 +2.2 3.98T1.37 6.10 +1.29
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and Cheeke (1975) also noted marked differences in rat

growth response for the first five days when different

alfalfa samples were fed, but the differences were not

apparent after 28 days. Palatability response thus seems

to be an important factor which initially influences an

animal's intake and corresponding performance, but later

is of less consequence as the animals adjust and adapt

to their ration. Therefore, the selection and screening

of alfalfa for increased palatability might not result

in a product of superior feeding value for non-ruminants.
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EXPERIMENT 2

Section 1

The results of this experiment indicate that when

given a choice, swine preferred the alfalfa-free control

diet at levels from 1.0% to 30% (Table 20). It is ap-

parent that swine prefer not to eat alfalfa containing

diets even at very low levels. This data for pigs is sim-

ilar to results of Cheeke et al. (1977) who showed that

alfalfa levels as low as 2.5% of the diet were rejected

by rats. It is interesting that swine should prefer al-

falfa free diets at such low concentrations. The casual

observer has a difficult time visually distinguishing

between a control diet and an alfalfa diet at the 1% al-

falfa level. It can be hypothesized that the presence of

alfalfa causes a rejection response by swine due to a

physical-textural response related to the fiber, smell,

a genuine taste dislike, or a combination of the three.

Section 2

Table2l summarizes the results of this experiment.

The swine displayed a definite preference for the low

saponin alfalfa as compared to the high saponin line.

Significant rejection (P<.01) of the high saponin for the

low saponin alfalfa occurred at the low level of 1%. It

is obvious that swine do perceive a definite palatability

difference between the high and low saponin alfalfa and

this can most likely be attributed to the bitter taste

characteristics of saponins. This data agrees with studies

of Cheeke et al. (1977) showing that rats also reject high

saponin alfalfa in favor of a low saponin line when given

a choice as was also observed in Experiment 1, Section 1.
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TABLE 20. VOLUNTARY ALFALFA ACCEPTANCE BY SWINE

% Alfalfa Control Alfalfa S.D.
level diet

0.5 48.8a 51.2a +10.7

1.0 63.3 36.7 +7.8**

2.5 66.2 33.8 +6.1**

5.0 64.5 35.5 +8.8**

10.0 73.7 26.3 +10.6**

20.0 81.2 18.8 +13.5**

30.0 96.5 3.5 +2.1**

a
Intake of each diet as % of total feed intake.

**Significant differences between rows (P<.01).

TABLE 21. PREFERENCE BETWEEN HIGH AND LOW SAPONIN
ALFALFA BY SWINEa

% Alfalfa
1.0 5.0 15.0

High saponin intake (%) 38.7 18.0 32.2

Low saponin intake (%) 61.3
b

82.0
b

67.8b

aIntake of each diet as % of total feed intake.
bIntake different (P<.01) from high saponin intake.
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Section 3

When given a choice, swine preferred the alfalfa free

control diet at all alfalfa levels from 1.0 to 10.0%

(Table 22). This was the case for both the high and low

saponin alfalfa. The rejection of the high saponin alfal-

fa tended to be a little higher than that of low saponin

but in either case, the alfalfa containing diets were

discriminated against. It is quite clear that swine pre-

fer not to eat alfalfa containing diets, even at very

low concentrations, and that the saponin content of the

alfalfa is not the sole factor contributing to the un-

palatability of alfalfa to swine.

Section 4

The results of this experiment showed that swine are

able to distinguish between a quinine containing diet and

a control diet at very low levels of quinine. At 0.05%

quinine, swine significantly (P<.01) preferred the non-

quinine control diet (Table 23). This implies that the

quinine threshold is rather low for swine and that they

can acutely detect bitterness. This would tend to sub-

stantiate the previous finding (Section 2) that swine

differentiate between the high and low saponin alfalfa

because of the greater bitterness associated with high

saponin alfalfa.

This study has shown that swine may not be able to

detect quinine as acutely as rats. Koh and Teitelbaum

(1961) reported a rejection response by rats to quinine

at 0.0005% while Cheeke et al., (1978) have shown that

rats will reject a quinine diet in favor of a control at

0.001% quinine. Little mention is made in the literature
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TABLE 22. THE EFFECT OF SAPONIN CONTENT ON THE PREFER-

ENCE OF ALFALFA CONTAINING DIETS IN SWINEa

% Dietary alfalfa
1.0 2.5 5.0 10

Low saponin vs control

High saponin vs control

26.3
b 34.2

b 28.7
b 11.3

b

25.5
b 27.3

b 18.2
b 9.3

b

aAll values are expressed as a percent of total feed intake.

bIntake different (P<.01) from control intake.

TABLE 23. VOLUNTARY FEED INTAKE RESPONSE BY SWINE TO

VARYING DIETARY QUININE LEVELSa

% Quinine level
0.01 0.05 0.10 0.15 0.20

Quinine diets
vs control 48.0 27.7

b 31.3
b 28.8

b 14.0
b

aMeasured as mean percent intake of feed.

bIntake different (P<.01) from control intake.
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pertaining to the taste response of quinine to swine.

One report by Kare et al. (1965), mentions that when pigs

were given a choice between a solution of 0.00016% quinine

sulfate and water, a marked rejection of the quinine solu-

tion was observed. It is of interest to note that the

response of rats and swine to increasing levels of dietary

alfalfa is quite similar. Data from this experiment was

compared to the data reported by Cheeke et al.(1977) using

rats (Figure 5). The almost parallel response by the two

species would give substance to future studies utilizing

rats as a model for swine alfalfa palatability work.
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Figure 5. Swine and rat responses to various levels of dietary alfalfa.
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Part II Alfalfa Digestibility Trials

EXPERIMENT 1

The results of the chemical analyses performed on all

the treatment diets are shown in table 24. The crude pro-

tein content of the diets ranged between 9.5% and 13.7%

with the average being about 11%. This was satisfactory

considering the protein requirement for the mature rat is

approximately 7% (NRC, 1972). The acid detergent fiber

(ADF) content of the diets averaged 11.2%, with the low

being 8.7% for the cellulase treated diet and a high of

14.6% for the autoclaved + NaOH treated diet. This com-

pares with the ADF value of 14.45% reported by Keys et al.

(1969) for a 50% alfalfa diet. The neutral detergent

fiber or cell wall constituents (CWC) were determined to

be about 32% for all of the diets. This value is quite

high compared to a reported value of 18.48% for a 50%

alfalfa diet (Keys et al 1969). The amylase pretreated

cell wall constituent (ACWC) values for the treatment

diets are much lower than the untreated CWC values, with

the average being 18.5%. These differences can be at-

tributed to the high starch containing diets utilized in

this experiment (corn 42%). Work published by Robertson

and Van Soest (1977) discussed the problem of high values

for CWC determinations due to starch remaining in the CWC

residue. These workers showed that CWC values on starch

bearing feeds are lower and more reproducible with the

amylase procedure than those obtained by the unmodified

method.

The average ash content of the experimental diets

was 7.65% while the acid insoluble ash (AIA) concentration



TABLE 24. CHEMICAL ANALYSES OF EXPERIMENTAL DIETS

Treatment

% Chemical composition

Crude
protein

Acid
detergent

fiber
Cell wall

constituents

Amylase
treated

cell wall
constituents Ash

Acid
insoluble

ash

Control 11.10 11.41 31.10 18.65 6.42 0.7263

Water
soaked 10.71 11.62 35.96 20.92 6.70 0.6834

2% NaOH 10.68 11.95 30.74 21.36 7.81 0.6017

Cellulase 10.23 8.70 24.05 16.18 7.05 0.6856

Protease 9.47 9.79 27.06 15.36 8.36 0.7280

NaOH +
cellulase 10.05 8.81 27.41 15.30 8.08 0.6455

Bromelain 11.82 10.07 26.17 16.23 7.75 0.6295

Papain 11.81 10.88 34.97 15.98 7.52 0.6716

Ficin 13.72 12.01 20.85 16.70 10.06 0.7561

Autoclaved 11.48 13.02 43.40 23.12 6.88 0.7747

Autoclaved
+ NaOH 11.20 14.66 43.81 22.86 7.69 0.4653

.05 N H2SO4 10.18 11.26 38.57 19.21 7.49 0.7840
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was approximately 0.6793%. The AIA value for a 50%

alfalfa, 25% barley and 25% oats diet was reported to

be 0.70% (Van Keulen and Young, 1977). In comparison,

the AIA value for a 100% bromegrass diet was determined

to be about 2.93% (Van Keulen and Young, 1977). The prob-

lems relating to the low AIA content of alfalfa in cal-

culating digestibilities using the AIA marker method

will be discussed later.

The percent digestibility of the treated alfalfa

diets are listed in table 25. In evaluation of this data,

the various treatment digestibility values have been

referred to the untreated control as a reference. In

other words, any increase or decrease in digestibility

is an increase or decrease in relation to the control.

In considering the total collection digestibilities

first, it can be seen that the water soaking treatment

significantly increased (P<.05) the digestibility 'of the

fiber components (CWC, ACWC). This increase in fiber

digestibility is probably a result of the swelling and

distention of the fiberous cell walls associated with

the water soaking. It should be noted and taken into con-

sideration that all of the experimental treatments, ex-

cept for the control and the autoclaved diets, were soaked

in a water solution. Therefore, the improved fiber digest-

ibility resulting from the various treatments may in fact

be a result of the water soaking rather than the particu-

lar treatment. This assumption may be very pertinent in

comprehending the fiber digestibilities. It can be seen

(Table 25) that the water soaked, 2% NaOH, cellulase, NaOH

+ cellulase and bromelain treatments all produced signifi-

cant increases (P<.05) in fiber (ACWC) digestibility over

the control. However, there are no significant differences

in fiber utilization among these treatments, suggesting



TABLE 25. MEAN PERCENT DIGESTIBILITY OF ALFALFA SUBJECTED TO VARIOUS TREATMENTS WHEN FED TO RATS

Treatment

% Digestibility
Total collection method AIA method

Amylase

Mean Acid treated

feed Crude detergent Cell wall cell wall Crude Cell wall

intake Dry matter protein fiber constituents constituents protein constituents

Control 89.9+12.3 74.5+2.4
ab

68.1 +1.6a 20.7+7.6a 56.5+4.1c 27.4+6.9
bc

57.4+2.9
cd

41.9+2.5a

Water
soaked 98.2+10.4 76.3 +1.3 67.4 +2.267.4+2.2a 30.5+5.0ab 65.4+2.2ab 40.5+3.7a 55.2 +3.3 52.4+1.652.4+1.6

bc

2% NaOH 112.7+10.0 76.3+2.5
bcd

67.7+2.8a 28.3+8.5ab 60.0+4.4ac 42.4+6.3a 60.0+5.0
d

50.9
;
3.2

b

Cellulose 108.0+12.6 79.5+1.3
de

65.8+2.2a 25.7+4.6ab 59.6+3.0ac 39.9+4.4a 50.3+2.9ac 41.4+3.4a

Protease 87.9+13.1 77.7+0.7
de

65.3+2.0a 23.9+3.1a 59.9+1.7ac 29.3+3.1
bcd

50.7+2.2ac 43.0+1.9a

NaOH +
cellulose 126.2+10.0 80.2+0.7e 67.1+1.9a 28.4+3.4a 65.6~1.4 38.6 +2.38.6+2.7ad 55.5+2.2

bcd
53.5+2.1

bc

Bromelain 59.0+12.0 80.5+1.2e 69.2+3.1a 36.9+4.46 63.0+2.7
bc

40.4+4.3a 51.7+5.2ac 42.1+3.0a

Papain 114.4+7.1 75.6+1.7
bcd

64.6+2.00 25.3+3.2a 65.8+2.4
bc

25.1+5.2
b

57.2+2.7cd 57.6+1.8c

Ficin 141.7+13.4 74.2+1.9
abc

68.3+1.9a 31.0+5.5ab 39.5+3.9
d

24.6+5.0b 56.2+2.2
cd

16.6+2.5
d

Autoclaved 155.7+13.9 73.1+2.3
ab

57.1+1.9
b

26.2-9.4
ab

65.4+2.5
bc

35.0+4.7ac 44.0+2.8a 55.9+1.6bc

Autoclaved
+ NaOH 134.8+12.6 71.7+1.1a 59.6+2.3b 25.1+3.1a 66.3+1.41i 35.5+2.7ac 48.0+5.6ab 56.7+4.3c

.05N 11
2
SO

4
120.9+11.4 75.9+

1.1bc
64.6+2.7a 27.5+4.0ab 67.0+1.5b 47.2+2.5a 50.79.3b33.7+2.9abc

a,b,c,d, eMeans within columns with different superscripts are different (P<.05).
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that the water soaking contributed the most to improving

the utilization of fiber to rats.

The dry matter (DM) digestibility was significantly

increased (13.05) by the cellulase, protease, NaOH +

cellulase and bromelain treatments. The best improvement

came from the bromelain treated diet with a DM digestibil-

ity of 80.5% as compared to 74.5% for the control diet.

However, it was observed that the bromelain diet was very

unpalatable to the rats. This fact can be appreciated

by the low feed intake for the bromelain treatment. The

very low intake could reflect higher, misleading digest-

ibilities. This may be the reason why the bromelain diet

produced high DM, ADF and ACWC digestibilities.

There were no significant (P<.05) increases in crude

protein utilization by any of the experimental treatments.

The only significant changes (P<.05) were produced by the

autoclaved and autoclaved + NaOH treatments which caused

about a 10% depression of crude protein digestibility.

This reduction in digestibility can be attributed to

the application of heat during the autoclaving process.

Goering et al. (1973) demonstrated that moisture, tempera-

ture and heating period are all related to the degree that

protein utilization will be depressed. Myer and Cheeke

(1973, 1975) have shown that the feeding value of alfalfa

is improved with the avoidance of heat. It is interesting

to note that none of the proteolytic enzymes, protease,

bromelain, papain or ficin, produced a significant increase

in protein digestibility over the control diet.

No significant increases in the ADF digestibility

were produced by any of the treatments except of bromelain.

Again, this result is probably related to the very low feed

intake with this diet which would induce a higher digesti-

bility.
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In evaluating the digestibilities obtained using the

2N HC1 acid-insoluble ash marker method (Van Keulen and

Young, 1977), it can be seen (table 25) that the values

obtained by the AIA method are invariably about 10-12%

lower than the corresponding total collection digestibil-

ities. The average crude protein digestibility using this

method was 52.8% while the CWC digestibility was 46.9%.

Van Keulen and Young (1977) noted that the precision of

the AIA marker method is poorest for feedstuffs, such as

alfalfa, that have a low AIA content because of the mag-

nitude of the analytical error relative to the absolute

AIA content of the sample. When utilizing the AIA

marker method for alfalfa containing diets, care must

be taken to ensure consistency of the ration fed and pre-

cision of analysis. In future alfalfa feeding experiments

utilizing the AIA marker method for digestibility deter-

minations, it might be beneficial to add celite, bentonite,

sand or any type of indigestible, acid insoluble material

to increase the AIA content of the feed.



89

EXPERIMENT 2

Crude protein was 15.45% (dry basis) for the fresh

alfalfa and 4.91% for the diet containing 40% air dried

alfalfa. The saponin analysis results showed that the

alfalfa utilized in this experiment was nearly equivalent

to the dehydrated alfalfa meal in saponin content. The

respective indexes were four for the high saponin alfalfa,

two for the commercially dehydrated alfalfa, two for the

alfalfa in this experiment and zero or no hemolytic activ-

ity for the low saponin alfalfa.

The results of this experiment are summarized in table

26. Protein digestibility was significantly (P<.05) reduced

for rats and swine from the fresh alfalfa to the air dried

alfalfa. This tends to support previous conclusions by

Cheeke and Myer (1975) in which they attributed poor pro-

tein digestibility to the precipitation and complexing

of protein by phenols and other compounds onto the cell

wall during the drying of the plant, thereby making the

protein unavailable to the animal. These results also

imply that swine may be more efficient in digesting forages

than rats. It has been reported that swine can utilize

alfalfa pasture for a portion of their protein, vitamin

and mineral requirements (Van Keuren and Marten, 1972).

Pastures were originally used to balance the rations com-

monly fed hogs (Snyder, 1907; Snyder, 1930). Pasture is

widely used for all classes of swine but is considered

more desirable for breeding animals. Whatley et al. (1959)

and Self et al. (1960) reported that breeding swine re-__
quired less feed during pregnancy and lactation when pas-

tured on alfalfa. Growing and finishing hogs on alfalfa

pasture require less feed than those in drylot (Van Keuren and



TABLE 26. CRUDE PROTEIN DIGESTIBILITIES BY RATS AND SWINE FED FRESH AND AIR DRIED ALFALFA

Fresh Air dried
DM Body wt DM Body wt

% CP intake changes % CP intake changes
digestibility (g/day) (g/day) digestibility (g/day) (g/day)

Rats

Swine

66.3+14.9a

90.9+4.1a

1.74+.96 -3.4+1.7

-828.6+170.3

32.2+9.7
b

12.6+2.8 -6.5+2.0

58.0+24.0
b

-681.0+158.9

a,b
Means within rows followed by different superscripts are different (P<.05).
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Marten, 1972; Danielson et al., 1969; Hudman and Peo,

1960). No reports in the literature were found on pro-

tein utilization of fresh alfalfa fed to rats. The pro-

tein digestibility for the air dried alfalfa was quite

low with the rats at 32.2%. Keys et al. (1969) reported

a crude protein digestibility of 52.1% for alfalfa meal.

Cheeke and Myer (1975) found that the method of drying

had little effect on alfalfa crude protein digestibility

in rats. They discovered that freeze dried alfalfa re-

sulted in crude protein digestibility of 59.6% while oven

dried alfalfa was 64.2%. The low crude protein digesti-

bility for rats in this experiment could be due to not

only a tie-up of protein during the drying process, but

also to an effect of saponins binding with protein and

making it unavailable. Other factors which could account

for the low protein digestibility could be the high fiber

content of the diet which could physically impair the

ability of digestive enzymes to gain contact with the

protein. Another possibility to consider would be the

presence of a trypsin inhibiting factor which has been

reported by Ramiriz and Mitchell (1960). The value of

58% for air dried alfalfa crude protein digestibility by

swine obtained in this study is in the same category with

other reported values. The published values for alfalfa

crude protein digestibilities for swine are varied. Keys

et al., (1969) reported 76.3% as compared to 47% cited

by Maynard and Loosli (1969) for alfalfa hay. Some of

the difference in these values can be attributed to the

fact that Keys et al. (1969) incorporated alfalfa into

the experimental diets at the 50% level and added starch

and dried skim milk to provide 18 to 20% dietary protein.

The Maynard and Loosli (1969) value represents a 100% al-

falfa hay diet with alfalfa being the sole source of
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protein. The 90.9% protein digestibility for the fresh

alfalfa by the swine agrees with the protein digestibility

for high energy low fiber rations (Maynard and Loosli,

1969).

The results of this experiment indicate that the

protein in fresh alfalfa is readily digested by non-

ruminants, but during the drying process, it becomes

"tied-up" in an unavailable form.
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Part III Swine Feeding Trial

The results obtained in this experiment are shown

in table 27. The addition of alfalfa at all levels tested

reduced the performance of the pigs. There was little

difference in average daily gain and feed efficiency

among alfalfa levels. The average daily gain for the con-

trol group was 748.4 g, compared to 675.9 g with 12.6%

alfalfa and 666.8 g for the 31.5% alfalfa meal diet.

The only statistically different average daily gain was

for the 21% alfalfa meal diet, even though the 12.6, 16.8

and 31.5% alfalfa meal diets approached significance. In

short, gains with 4.2% alfalfa meal were similar to those

with 31.5% alfalfa meal. These results are not in com-

plete agreement with previous studies which have shown

that growth rate decreases with increased levels of al-

falfa (Bohman et al., 1953, 1955; Becker et al., 1956;

Hansen et al., 1956; Heitman and Meyer, 1959; England et

al., 1976). Because there was little difference in growth

rate among the alfalfa levels, it would be difficult to

derive an accurate replacement value of alfalfa protein

for soybean meal protein.

The data of this experiment would indicate that if

other sources of protein became extremely expensive, al-

falfa could provide satisfactory performance as a source

of supplemental protein. The average gain of about 680.4 g

per day of even the 31.5% alfalfa meal diet is not unac-

ceptable. When evaluating alfalfa as a supplemental pro-

tein source, the aspects of the feeding system being util-

ized, current prices and economic trends would have to be

considered to determine the amount of alfalfa to in-

corporate into the rations. If alfalfa is to become a



TABLE 27. PERFORMANCE OF PIGS FED ALFALFA MEAL

% of SBM
protein Average Feed

% replaced by daily gain ADG efficiency
Diet Alfalfa alfalfa (ADG) as % of Feed as % of

number in diet protein (g) control efficiency control

1 (Control) 0 0 749.1+77.2 100 3.34+0 100

2 4.2 10 703.7+77.1 93.3 3.42+.06 102

3 8.4 20 708.2+72.6 95.2 3.60+.12 108

4 12.6 30 703.7+90.8 90.3 3.57+.04 107

5 16.8 40 681.0+81.7 90.3 3.71+.02* 111

6 21.0 50 662.8+95.3* 88.5 3.75+.01* 112

7 31.5 75 667.4+77.2 89.1 4.24+.12* 127

*Means designated with asterisk are different from control means (P<.05).
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useful feedstuff in swine diets, it will be necessary

to overcome the properties causing the inhibitory effects

on growth performance.
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SUMMARY

This study of the factors influencing the utilization

of alfalfa by rats and swine have produced several findings

which warrant consideration.

First, it was demonstrated that there was a difference

in palatability among different alfalfa cultivars and be-

tween cuttings, as assessed by rat feed preference trials.

These differences can be quantitatively indexed and ranked

in relation to a known bitter substance. The practical

significance of these findings is uncertain, because feed-

ing trials with rats showed no relationship between the

palatability response and growth rate. Palatability seems

to be an important factor which initially influences an

animal's intake, but becomes less important as the animals

adjust to their ration. These observations show that the

selection of alfalfa for increased palatability might not

result in a product of superior feeding value for nonrum-

inants.

Second, it was shown that when swine were given a

choice, they did not prefer to eat alfalfa containing diets,

even at very low concentrations. Swine and rats seem to

exhibit similar responses to increasing levels of dietary

alfalfa. This would tend to substantiate future studies

utilizing rats as a model for swine alfalfa palatability

work.

Third, the acid insoluble ash (AIA) marker method is

a useful method for determining nutrient digestibilities.

It is convenient, requires minimal time and labor, and

measurements can be made on single feed and fecal samples.

However, this work has shown that when utilizing the AIA

marker method for alfalfa containing diets, digestibility
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determinations may be more accurate with the addition of

celite or some other substances to increase the AIA con-

tent of the feed,

Finally, the results of this research have shown

that alfalfa protein becomes unavailable to rats and swine

during the drying of the alfalfa plant. Protein digest-

ibilities were found to be higher for both species when

fed fresh alfalfa but dropped significantly (P<.05) when

air dried alfalfa was fed. This can be attributed to the

protein being precipitated and bound to the cell wall,

saponins, carbohydrates and other compounds which would

"tie-up" the protein and make it unavailable to the animal.

There are several aspects of this research which

future studies could investigate. Alfalfa is not liked

by nonruminant animals and it would be interesting to

determine how much the sense of smell contributes to this

inherent dislike. An experiment designed so that rats were

made ageusic, and then offered a choice between an alfalfa

containing diet and an alfalfa free diet may elucidate

this subject. Some work in this regard was attempted by

this study (see appendix Experiment A) but definite re-

sults were not obtained.

It has been shown that the objectionable alfalfa frac-

tions seem to be concentrated into the brown juice during

the protein separation process. Research designed to frac-

tionate the brown juice to try and isolate components

which are unpalatable to rats and swine would be of in-

terest. Similarly, experiments conducted in which certain

flavoring compounds could be added to rat and swine diets

to mask the taste and smell of alfalfa could be carried
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out to determine if this would increase the acceptance

of alfalfa by these animals.

It has been shown that when baby pigs are nursing

the sow they can be "imprinted" to accept various flavors

at an earlier age. This is based on the idea that certain

chelating compounds can carry the flavor of various feed-

stuffs so when it is fed to the sow, it is absorbed and

concentrated into the milk. The baby pigs are then ex-

posed to this flavor every time they feed. It is con-

ceivable that if alfalfa could be imprinted into baby pigs

they would grow up to like the taste of alfalfa and would

therefore voluntarily consume more of it. This would

then allow for a greater utilization of alfalfa as a

protein source in swine rations.
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REGISTRATION OF TEAM ALFALFA

(Reg. No. 64)

D. K. Barnes, C. H. Hanson, R. H. Ratcliffe, T. H. Busbice,
J. A. Schillinger and G. R. Buss

Crop Sci. 13(6):769.

'Team' alfalfa (Medicago sativa L.) was developed

cooperatively by the Agricultural Research Service, USDA,

and the North Carolina, Maryland, and Virginia Agricul-

tural Experiment Stations and released in 1969. Team

is a vigorously growing cultivar that has tolerance to

the alfalfa weevil, moderate resistance to Stemphylium

leafspot and common leafspot, and high resistance to the

pea aphid. About 18% of the plants are highly resistant

to anthracnose. Team was developed for the Maryland-

Virginia-North Carolina area. It is susceptible to bac-

terial wilt. In the mid-Atlantic and southern Appalachi-

an regions the forage yields of Team have been similar or

superior to those of 'Saranac', 'Iroquois', 'Cherokee',

and 'Vernal'. Forage-quality and animal-feeding trials

indicated that Team was similar to cultivars with which

it was compared. Team was tested experimentally as

MSHp7 before its release. Researchers in many states

assisted with the development of Team; hence, the name

reflects the team effort that resulted in the development

of the cultivar.

Team was developed from six cycles of recurrent phen-

otypic selection for weevil resistance in a population

initiated by intercrossing 66 plants selected for low

larval damage in 1957 at Raleigh, N.C. More than one-

half of the 66 selected plants were from polycrosses of
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clones selected in North Carolina, which traced to poly-

crosses and synthetics obtained from Kansas and Nebraska

in 1946. The other plants trace to 'Narrangansett',

'Atlantic', 'Rhizoma', and 'DuPuits'. The first four of

the six cycles of selection were conducted in the field --

two each in North Carolina and Maryland. The fifth and

sixth cycles for weevil-resistance were conducted in the

laboratory at Beltsville, MD. From 2,500 to 50,000 plants

were evaluated in each cycle. Comparisons with early gen-

erations and data from related experiments indicated

that increased weevil tolerance resulted primarily from

field selection. Although laboratory selection did not

appear to be effective in selection for weevil resistance,

such tests were useful in characterizing the kind of re-

sistance present.

Breeder seed was produced at Prosser, Wash. from an

isolated planting of 10,000 MSHp7 plants. The area of

production for foundation seed is defined as that north

of the 40 °latitude at elevations below 760 m (2,500 ft)

in the states of California, Nevada, Oregon, Idaho, and

Washington. Seed of Team is limited to two generations

of multiplication from breeder seed: one each of foun-

dation and certified.

Reserve breeder seed is maintained by the Applied

Plant Genetics Laboratory, ARS, USDA, Agricultural Re-

seach Center, Beltsville, MD 20705.

Team was favorably reviewed by the National Certified

Alfalfa Variety Review Board at its December 1968 meeting.
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REGISTRATION OF ANCHOR ALFALFA

(Reg. No. 59)

J. R. Thomas and J. B. Moutray

Crop Sci. 13(2):286.

'Anchor' alfalfa (Medicago sativa L.) is a Flemish-

type cultivar developed by W. R. Grace and Company, Rudy-

Patrick Seed Division, now the Rudy-Patrick Company.

Anchor is a nine-clone synthetic tested experimentally as

R.P. 38. Parent clones were selected following extensive

progeny testing for bacterial wilt [Corynebacterium in-

sidiosum (McCull) H. L. Jens.] and pea aphid [Acyrthosi-

phon pisum (Harris)] resistance, seedling vigor, forage

yield, seed yield, leaf and stem disease resistance,

hardiness, fall-growth vigor, and tolerance to yellowing

caused by the potato leafhopper [Empoasca fabae (Harris)].

Origin of the nine parent clones is as follows: one

clone was selected directly from each of the varieties

'Apex', 'Alfa', and 'Saranac' while three clones trace

back to 'DuPuits' and three to Alfa that had gone through

two cycles of recurrent selection for bacterial wilt

resistance.

Anchor is more winter hardy than Apex and Saranac

and approaches the winter hardiness of 'Vernal'. Bacter-

ial wilt resistance is equal to that of Saranac and

Vernal. Anchor has excellent resistance to downy mildew

(Peronospora trifoliorum d By.), moderate resistance to

the pea aphid, and more tolerance to potato leafhopper

yellowing than DuPuits or Apex. Flowers of Anchor are

mostly light to dark purple with very few variegated.

Anchor is adapted to the same areas as other Flemish

types including the Central and Northern Corn Belt,
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Northeastern States, and eastern Canada. Because of its

improved winter hardiness and bacterial wilt resistance,

Anchor is expected to perform well in both short- and

long-term stands. Anchor has consistently yielded higher

than Vernal throughout its area of adaptation and has

shown rapid recovery after each cutting during the growing

season.

Breeder seed was produced in an isolated planting

of approximately 900 replicates of each of the nine parent

clones at Caldwell, Ida. Foundation seed will be pro-

duced only from breeder seed in the Pacific Northwest and

certified seed may be produced only from fields estab-

lished from breeder or foundation seed. No other class

or stock of seed is recognized as Anchor.

Anchor was favorably reviewed by the National Certi-

fied Alfalfa Variety Review Board at its December 1971

meeting. An application for plant variety protection has

been filed.
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REGISTRATION OF SARANAC ALFALFA

(Reg. No. 27)

R. P. Murphy and C. C. Lowe

Crop Sci. 6(6):611

'Saranac' alfalfa, Medicago sativa L., is a wilt-

resistant, Flamande-type variety developed by the Depart-

ment of Plant Breeding, New York State College of Agri-

culture and Cornell University Agricultural Experiment

Station, Cornell University.

Saranac was produced by backcrossing for three gen-

erations using plants from the Flamande-type varieties,

'Du Puits', 'Alfa', and 'Flamande' (commercial source)

as recurrent parents and plants from the experimental

U.S.D.A. synthetic, A 225, as the wilt-resistant nonre-

current parent. Two generations of intercrossing with

selection for wilt resistance and winter survival fol-

lowed the backcrossing program. Seed from approximately

500 interpollinated parent clones was composited and used

to plant the breeder seed field.

Saranac has the foliage and growth habit character-

istics of the Flamande-type varieties. Foliage color,

leaf disease tolerance, fall and winter dormancy and re-

growth rate of Saranac are similar to those of Du Puits

and Alfa with slightly less uniformity in plant type.

Saranac may be distinguished from Flamande-type varieties

such as Du Puits and Alfa by the presence of approximately

15 percent of plants with variegated flower color.

Saranac has been tested extensively in New York and

the Northeast. Yield of Saranac is equal to the best

Flamande-type varieties in the first year. With each
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subsequent year of production it exhibits an increasing

yield advantage over the Flamande-type varieties in

common use because of greater persistence.

Seed of Saranac is produced on a three-generation

basis: breeder, foundation, and certified. Breeder

seed will be maintained by Cornell University. Foundation

seed is produced in Idaho, Oregon, and Washington under

the direction of the New York Foundation Seed Stocks

Cooperative, Inc. Certified seed of the variety Saranac

can be produced only from fields planted with foundation

or breeder seed.

Saranac was released in 1963 and was considered

favorably for certification by the National Certified

Alfalfa Variety Review Board in December 1963.
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LAHONTAN

(Reg. No. 8)

C. H. Hanson

Agron. J. 50:684-685

Lahontan was developed by 0. F. Smith, Research

Agronomist, Crops Research Division, ARS, USDA, in co-

operation with the Nevada Agricultural Experiment Station,

Max C. Fleischmann College of Agriculture. It was offic-

ially released for seed increase by the Experiment Sta-

tions of Nevada and California in June 1954.

Lahontan is a 5-clone synthetic, the 5 parent plants

having been selected from Nemastan for their resistance

to bacterial wilt and stem nematode. The new variety

is resistant to bacterial wilt. In Nevada tests, it has

been found to be practically immune to the stem nematode.

Lahontan is also highly resistant to the spotted al-

falfa aphid. More than two-thirds of the mature plants

of Lahontan show sufficient resistance to prevent a sus-

tained build-up of the spotted alfalfa aphid. Defolia-

tion of plants by the aphid does not occur in this vari-

ety as it does in susceptible varieties.

Yield results show Lahontan to be slightly better

than Ranger in forage production at Reno, Nevada when the

stem nematode and spotted alfalfa aphid are not factors.

Lahontan is purple flowered. It has an upright habit

of growth and recovers quickly following cutting. In winj

ter resistance it is in about the same category as the

variety Buffalo.
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Foundation seed production of Lahontan was begun

in 1954. Seed for commercial hay fields first became

available in the fall of 1955. Production of certified

seed in 1957 was approximately three million pounds.

Breeder seed of Lahontan consists of the first genera-

tion, naturally interpollinated seed, obtained from the

asexual increases of the five parent clones when grown

together in an isolated seed production block. Seed from

five clones is mixed in equal proportions.
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DUPUITS

A. J. Koffman and C. P. Wilsie

Crop Sci. 1(4):239

DuPuits alfalfa, Medicago sativa, is a variety devel-

oped in France from Ormelong, a vigorous, early flowering

strain of Flemish type. It was introduced into this

country in the 1950's and has gained considerable atten-

tion because of its rapid rate of regrowth after cutting

and its high total yield of forage. Its limitations in-

clude a mediocre level of winterhardiness and suscept-

ibility to bacterial wilt and diseases of the blackstem

complex.

European workers have reported that DuPuits produces

an additional cutting each season, as compared with most

other varieties. Yields of DuPuits in Iowa often have

been comparable to those of such varieties as Vernal and

Ranger and occasionally have been higher during the

first two years of production.
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EXPERIMENT A

Materials and Methods

The purpose of this experiment was to determine the

degree to which the sense of taste influences the prefer-

ence response of rats to quinine containing diets. Eight

mature male Wistar rats were utilized in this study. Each

rat was anesthetized with ether and suppression of the

sense of taste (ageusia) was induced by topical applica-

tion of a 2% osmic acid (0s04; Sigma Chemical Company, St.

Louis, MO) solution to the tongue and mouth cavity of the

animal. Osmic acid has been reported to anesthetize nerve

endings, making them unresponsive to stimuli for six months

or longer (Osol and Farrar, 1955). Krueger et al. (1974)

reported that sheep treated in this manner consumed 8.7

times as much salt as untreated sheep, thereby showing

that the taste receptors in sheep were suppressed. The

rats were individually housed in 40 x 25 x 17.5 cm screen

bottomed cages and allowed to recover from the treatment

for 24 hours. The animals were not fed during this time.

Two feed cups were offered to the rats on a 24 hour basis.

Increasing levels of quinine sulfate (0.01, 0.05, 0.1,

1.0%) were incorporated into a corn-soybean meal based

diet and compared to a control diet without quinine

(Table 28). In a further attempt to determine if rats did

in fact become ageusic after the osmic acid treatment, a

diet containing 10% NaC1 was compared to the control diet.

It was hypothesized that if the rats could smell the qui-

nine in the feed it was unlikely that they would be able

to detect the salt, attributing any rejection to a gusta-

tory rather olfactory response. The position of the feed
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cups were alternated daily to prevent positional effects.

Water was given ad libitum. The total feed consumption

from each comparison was measured and then expressed as

percent intake. Data were analyzed by analysis of vari-

ance as described by Snedecor and Cochran (1967).

TABLE 28. PERCENT COMPOSITION OF DIETS FOR EXPERIMENT A

% Composition
Ingredient Control NaC1 0.01 0.05 0.1 1.0

Quinine
sulfate 0.01 0.05 0.1 1.0

NaC1 10.0

Corn 80.5 70.5 80.49 80.45 80.4 79.5

Soybean
meal 10.0 10.0 10.0 10.0 10.0 10.0

Cellulosea 5.0 5.0 5.0 5.0 5.0 5.0

Salt
b 0.5 0.5 0.5 0.5 0.5 0.5

Vitamin
mixc 1.0 1.0 1.0 1.0 1.0 1.0

Vegetable
oil 3.0 3.0 3.0 3.0 3.0 3.0

aAlphacel, ICN Biochemicals, Cleveland, OH.
b In addition to NaC1, supplies the following element
levels (mg/kg diet): Zn, 17.5; Mn, 14.0; Fe, 8.75;
Cu, 1.75; I, 0.35; Co, 0.35.

cCheeke et al., 1977.

Results and Discussion

The results from this experiment indicate that the

rats significantly (P<.01) preferred the control diet as

compared to the 10% NaC1 diet and all levels of the quinine

containing diets (Table 29). Two main conclusions follow



125

TABLE 29. PREFERENCES MADE BY RATS AFTER TREATMENT WITH
OSMIC ACIDa

% Quinine
10% NaC1 0.01 0.05 0.1 1.0

Control vs
expt. diet 95.7

b
85.3

b
69.3

b
96.6

b
99.0

b

a
All values are the intake of the control diet as a percent
of total feed intake (control + experimental diet).

bIntake different from experimental intake (P<.01).
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from this data. Assuming that the osmic acid completely

anesthetized the taste receptors, it is logical to con-

clude that rats possess an extremely refined sense of

smell. Being ageusic, the rats were readily able to dis-

tinguish between increasing levels of quinine and the salt

containing diets. Even if the rats could somehow smell the

quinine, this conclusion would seem to be unacceptable con-

sidering the fact that sodium chloride is nearly inert in

the salt form, not releasing molecules to be detected by

olfactory nerves in the rat.

A second and more plausible explanation of the data

would be that the osmic acid did not anesthetize the

taste receptors in the rats. The nearly complete rejection

of all the diets, including the salt diet, would lend

credence to the supposition that the animals possessed

some, if not all of their ability to taste. The quinine

sulfate was incorporated into the diets as a powder and

the NaC1 was added in a very fine crystalline form. All

diets were thoroughly blended in a large laboratory mixer.

Therefore, it is unlikely that the rats refused the rations

because the physical texture of the test diets were dif-

ferent than the control diet. In future repeats of this

experiment, more desirable results might be obtained if

the osmic acid solution is injected into the tissue of

the tongue as opposed to topical application. An alter-

native type of long term local anesthetic could also be

tried in conjunction with the osmic acid to determine if

osmic acid does anesthetize the taste receptors in the rat.
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EXPERIMENT B

Materials and Methods

Little work had been done in determining the amino

acid composition of alfalfa protein until Gerloff et al.

(1965) published the results of their work with leaf pro-

tein concentrates. These workers showed that alfalfa pro-

tein contained relatively high amounts of lysine (6.2%)

with the methionine content (1.4%) being higher than that

of soybean meal (0.6%). Livingston et al. (1971) studied

the effects of commercial dehydration on lysine, methionine,

cystine, arginine, histidine and aspartic acid. They found

that the retention of these amino acids was closely cor-

related with the meal moisture and the outlet temperature

of the dehydrator. Losses were shown to be greatest for

lysine, 47% and methionine, 30%. The availability of al-

falfa protein to rats and swine has been studied by a num-

ber of researchers. Sharpalekar et al. (1969) reported

a growth response in rats to methionine but not to lysine

when these amino acids were supplemented into APC con-

taining diets. Hove and his co-workers (Hove et al., 1974)

fed rats APC and noted an improved growth response with

added methionine. Research presented by Myer and Cheeke

(1974) showed that lysine was the first limiting acid in

APC for optimum growth in the rat and that methionine was

also limiting. Subsequent work by Cheeke et al. (1977)

demonstrated that for swine, APC was slightly limiting in

lysine but provided growth rates equivalent to soybean

meal. In experiments with rats it was shown that APC diets

resulted in depressed growth as compared to soybean meal

and was limiting in lysine and methionine.
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The objective of this experiment was to supplement

alfalfa meal with methionine to determine if this would

improve the utilization of alfalfa by rats. The methionine

requirement for the rat has been reported to be 0.51%

(Sowers et al., 1972) and 0.49% (Stockland et al., 1973)

of the diet. For this reason, two experimental diets con-

taining 40% alfalfa meal supplemented with 0.4% and 0.7%

were fed to rats to evaluate the growth effects of moderate

to high levels of methionine in the diet. The high alfalfa

level was used so that a high level of feed intake would

be required to meet the energy requirements for maximum

growth. Alfalfa treated with NaOH was also incorporated

into this experiment to determine if alkali treatment of

alfalfa would improve its utilization. The alfalfa was

soaked in a 2% NaOH solution for 24 hours at room temp-

erature. It was then freeze dried and added to the exper-

imental diet. The compositions of all the diets employed

in this experiment are outlined in table 30.

Six male Long Evans rats weighing 150-175 g were

assigned to each treatment. They were housed in 40 x 25 x

17.5 cm screen bottomed cages and provided with water ad

libitum. The experimental diets were fed to the rats for

28 days. Feed consumption data was recorded and the re-

sults analyzed by analysis of variance and least significant

difference as described by Snedecor and Cochran (1967).



TABLE 30. COMPOSITION OF DIETS FOR EXPERIMENT B

Ingredients

% Composition

Control
Alfalfa
.4% met.

+ Alfalfa +
.7% met. NaOH treated

Alfalfa 40.0 40.0 40.0

Corn 72.6 38.3 38.3 38.3

Soybean meal 19.0 12.0 12.0 12.0

Mineral mixa 4.0

Vitamin mixb 1.0

TM salt
c 0.5 0.5 0.5

KH
2
PO

4
0.8 0.8 0.8

Vegetable oil 3.0 8.0 8.0 8.0

D.L. methionine
d

0.4 0.4 0.7

aJones and Foster, Nutritional Biochemicals, Cleveland, OH.
bCheeke et al., 1977.
cIn addition to NaC1, supplies the following element levels (mg/kg diet):
Zn, 17.5; Mn, 14.0; Fe, 8.75; Cu, 1.75, I, 0.35; Co, 0.35.

dSigma Chemical Company, St. Louis, MO.
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Results and Discussion

Growth depression by high alfalfa diets was not over-

come by the addition of supplemental methionine (Table 31).

The average daily gain (ADG) for the treatments were sig-

nificantly (P<.05) less than the ADG for the control diet.

The NaOH treated alfalfa diet did not result in increased

performance. The 0.4% methionine supplemented diet and the

NaOH treated diet produced similar gains by the rats. The

lowest ADG was with the 0.7% methionine diet. There was

no significant difference in average daily intake (ADI)

among the diets. Feed efficiency data displayed parallel

results with ADG results. The worst feed efficiency was

for the 0.7% methionine ration, while the NaOH treated

and 0.4% methionine diets were nearly the same.

In summary, the 0.4% methionine and NaOH treated

diets produced complementary results. The 0.7% methionine

diet caused a depression in performance by rats. Average

daily gain, ADI and feed efficiency were all the lowest

with the 0.7% methionine diet. This may infer that per-

haps the maximum body tolerance for methionine is being

reached at this level which would induce a mild toxic

reaction. This then, might explain the inhibitory action

the 0.7% methionine diet had on performance.

This experiment could have been made more meaningful

if an untreated 40% alfalfa diet would have been included

as an experimental diet. This would have enabled the eval-

uation of the growth response of rats to added methionine

as compared to an alfalfa control. The utilization of diets

with lower alfalfa levels would also have been of value

to this experiment. The results of this experiment indi-

cate that supplemental methionine in alfalfa meal diets
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does not promote an increased growth preformance in rats.

The data also shows that the alkali treatment of alfalfa

does not significantly improve its utilization.



TABLE 31. PERFORMANCE OF RATS FED METHIONINE SUPPLEMENTED AND
NaOH TREATED ALFALFA DIETS

Treatment
Ave. daily
gain (g)

Ave. daily
feed intake (g)

Feed
efficiency

Control 5.92+.27
a 20.40+1.28 3.44+.17

a

Alfalfa + 0.4% Met. 4.75+.99b 21.62+1.86 4.69+.84
ab

Alfalfa + 0.7% Met. 3.80+1.18
b 18.89+1.88 5.43+1.90b

NaOH treated
alfalfa 4.27+.57b 20.56+1.32 4.87+.51b

a,bMeans followed by different superscripts are different (P <.05).


