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Ways and means of utilizing higher levels of alfalfa meal in ohiek 

rations were investigated. Growth values of regular sun-oured 
alfalfa 

( cut when one-fourth 
in bloxn), early sun-cured alfalfa 

(out when in the 

bud stage) and dehydrated alfalfa 
(cut when itt the bud stage) al]. pre- 

pared from the same field were compared. 
A depresein ffeot on the 

grrth of chicks waa obtained with the 
three alfalfa meal8 when fed at 

the 20 per cent level. There WR8 no difference between the 
groivth of 

chicks on the rations containing 
dehydrated or e*trly sun..oured alfalfa 

meal. 

Growth of chicks on regular sun-cured alfalfa was issu than 
on the 

other tio meals. The same relative results were obtained 
when the alfalfa 

meals were coiipared on an ad libitum 
feeding progran or an equalized feed- 

lug program. A ration oontaininj 20 per cent alfalfa 
leaves depre8 sed 

chick growth to a greater extent 
than one containing 20 per cent alfalfa 

steins. These resulte indionte that the 
major inhibiting affect of alfalfa 

should not be attributed to fiber, or unpalatability but to one or more 

gro,rth inhibiting factors in alfalfa 
and that the factor(s) responsible 

for depressing chiek growth is 
mora highly concentrated in the leaves 

then in the stems of the plant. 

Coenpiote removal of the factor responsible for depressing chick 

grith is difficult and in this series 
of investigations was not aco- 

pushed. More of the inhibitor was reiioved 
by continuous extraction with 

water than by single or several successive batch extractions. 

The ras'th inhibitor in alfalfa was counteracted 
by ohole8tero]. or 

cholesterol plus 4 per cent cottonseed 
oil and to a lesser extent by lano.. 

lin and woolgrease plus 2 per cent cottonseed oil. 'Water treatment, ix- 

radiation, autoolaving, B-onplex vitamine, 
glycerol, butanol, octanol and 

crude fish liver oil were ineffective 
in counteracting the inhibitor. 

Saponins depress chick growth in e manner similar to alfalfa 
meal and 

may be the factor in alfalfa that 
is responsible for inhibiting chick 

gr th. 

Frzi these preliminary studies it 
appears that se ooiuponent of al- 

Lalfa meal soluble in water and 
fractionated by alcohol, possibly a 

sapo 

niri, is largely responsible for the grrth depre8sing 
action of alfalfa 

mea]. when fed at high levels. 
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A cH ICK GRC3 TU Thu IB ITOH IN ALFALFA 

INTRODUCT ION 

Conaiderable information on the nutritional v1ue of alfalfa iß 

avall&ble, Alfftlfa la oomparatively high in protein which could well 

supplement the defioienoie8 of grairt8 in certain amino acide. If al.. 

falfa were used at a level to provide twenty per cent protein, it 

would more than nieet requirnents of the chick for ar&inire, lyuine, 

cystine and tryptophan. It would fall short in supplying 8uffioient 

niethiortine and possibly glycine. When it is considered that the8e 

six wino aCid8 are important in foruulating practioal poultry ra.. 

tions, one b000mes impressed with the potential value of alfalfa meal. 

Alfalfa meal is also an excellent source of vitandns, It con- 

tains nany mineral elements, and good quality alfalfa will furnish 

between thirty and forty per cent as much total digestible nutrients 

as the conon cereal grains. 

In addition to ita knn and potential nutritive values, alfalfa 

is a feedotuff that is normally available in large quantities at 

prices below those of grains and other feeds, 

Alfalfa meal is ardinarily fed at levels of about three to five 

per cent in thick rations. The following investigations deal with 

the possibility of a greater and more efficient utilization of this 

feedstuff in chick rations, 
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REVIEW OF LITER&TURE 

Sampson and Muasehi (24, p.O6) were among the early workers to 

study the value of alfalfa in poultry rations. In l935 they conduo.. 

ted feeding trials with White Pluouth Rock cookarelo and obtained 

some iaterestin weicht ccspariaona, At twelve weeks of age, males 

on 5 per cent alfalfa zal averaged fiftyu.3 averi grema (two ounces) 

heavier than similar birds on a 20 per cent alfalfa meal ration. A.f- 

ter the birds 'were dressed the carcasses of the latter group averaged 

fifty grams more (approximately two ounoes) than those fad a 5 per 

cent alfalfa ual ration, These results do not indicate any great 

adverse effect of alfalfa meal on grobh. 

Heywang (12, p.25) in 1938 reported that 4 per cent alfalfa leaf 

meal supplying 3600 units of vitamin A per pound of diet was the level 

beyond which no additional chick growth was attained. Autoclaving the 

alfalfa leaf meal improved its growth proeoting property, and the ex- 

planation was offered that autoclaving possibly increased the digee 

tibility of the fiber. The results indicated that 8 per cent was the 

highest level at which untreated alfalfa leaf rasai should be included 

in a diet for gring chicks during the first eight weeks of life, but 

that autoolaved alfalfa leaf meal could be u8ad at a level as higi as 

16 per cent of the total diet, 

Clark, Rennais and Van Lndingham (4, p.26) in 1944 found a vari- 

ation in rate of growth between pullets and cookerels when alfalfa was 

incorporated in the ration. The results suggested that with cookerele, 

levels of 9 and 12 por cent alfalfa meal were lees efficient for 



grarth than lover levels. No such relationship seemed to exist when 

the seme rations were fed to pulleta. They also found that a 5 per 

cent level of alfalfa meal gave best groirth, but that a level up to 12 

por cent of a good grade of alfalfa could be used without 1088 of feed 

efficiency. In 1946 Hart and Stuart (11, p.11) also conducted an ex- 

periment to determine the most desirable level of alfalfa nal in 

poultry ishea. Results frOEn this work in whioh O, 10, 15 and 20 per 

cent levels of alfalfa meal were fed indicated that the 10 per cent 

level was the moat satisfactory. 

Using from 7.4 per cuit to 49,2 per cent alfalfa meal in chick 

rations, Alderson (3, p.6) found in 1947 that as the alfalfa level was 

increased, feed oonauniption per pound of not gain was increased and 

average net gain per chick decreased. Chioks fed the ration contain- 

ing 49.2 per cent alfalfa had a mortality rate of sixty per cent. A 

satisfactory level of alfalfa intake appeared to lie between 7 and 15 

per cent, Cooney, et al (5, p.330) in 1948 found that with each ad- 

dition of 5 per cent alfalfa neal in a chick ration above the 5 per 

cent level there was a significant depressing effect on grth. When 

cocipared with chioks fed rations containing equivalent levels of fiber 

(Cel]» Flour), it appeared that the results obtained with the various 

levels of alfalfa could not be entirely attributed to fiber. These 

siidiaa indicated that there was an unidentified factor or factors in 

the alfalfa meal used which effectively reduced growth when fed at or 

above the 10 per cent level. 

Draper (8, p,659 9, p.18) working with various levels of field- 

oured and dehydrated alfalfa meal out and prepared from the same plot 
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of ground found that the addition of ene alfalfa exhibited a benefi- 

cial influence on rate of chick growth, and that as the amount of 

either field-cured or dehydrated alfalfa was increased frca 5 to 15 

per cent in the ration, the rate of gain tended to decrease. 

On the ccrtrary stiea by Cooney and co.iorkere (6, p.2) with 

sun-cured and dehydrated alfalfa meal in chick rations have indicated 

that growth on 20 per cent sun-cured alfalfa meal was better than on 

an equal amount of dehydrated ual, Pelletin.g the different alfalfa 

mea]. rations rodueed the grith depressing properties of both pr1uots, 

Jensen (15, p.14) has also observed that all groups of chicks fed pel- 

].eted rations containing varions levels of alfalfa significantly out- 

gained simi1r groupa fed all»ctaah rations with corresponding levels 

of a1fa1f. There was a130 a definite downward trend in grarth rate 

as the level of alfalfa neal was increased. 

Payne, et al (21, p.71) have reported thìt when alfalfa was cut 

in the prebud stage, bud stage and blossom stage and with alfalfa of 

each stage being dehydrated, shade-cured or sun-cured, the slowest 

growth was with the sun-cured neal fran alfalfa cut at blossom stage. 

Wilgus (25, pp.2,4) indicated that certain grades of alfalfa may 

actually be unpalatable to chicks and hence re8ponsible for depressing 

growth ort levels above 5 per cent in their rations. From further ob- 

3ervationa it appeared to Wi1us that the depressing effect upon ohiok 

growth may not be 80 much a matter of solute level of fiber in the 

mash as bulkiness of the ration, that is, the volume of feed per unit 

weight. Later, in studying the grth promoting properties of eighty 

different samples of alfalfa leaf meal, Wilgus (26) reportad that 



different sanpies of alfalfa contained varying amounts of growth inhi- 

bitor when fed at e. level of 20 per cent of the ration, and that dehy- 

drated alfalfa leaf ua1 fr the third cutting appeared to contain 

more of the growth inhibiting factor(s) than meal fria earlier cut- 

tings. In line with this Ineko arid Culton (14, o.769) reported that 

great differences existed in the growth promoting properties of dif- 

ferent samples of alfalfa meal when fed to chicks and that these dif- 

ferenoes can prablybe attributed to factors other than the fiber 

content. 

Heywan (13, p.25) reported that when diets containing 0, 5, lO, 

20 or 25 per cent dehydrated or sun-cured alfalfa meal. were fed to 

different grOUps of White Leghorn puliate to benty weeks of age, 

there was considerable variation in the growth depressing effects of 

the alfalfa nals, Gr'th depression was not accoepanied by a de- 

orease in feed consumption at whatever the level of dehydrated alfalfa 

meal, The 25 per cent level of sun-cured alfalfa meal did, however, 

result in a decrease in feed consumption. 

Mussehi, Ackerson and Borohers (20, p.2) indicated in 1950 that 

there were limitations to the use of alfalfa because the nutrients are 

wrapped in fiber for which growing ohioks have a relatively low utili- 

zation capacity. Experiments were carried on with high corn base ra- 

tions carrying from O to 12 per cent of high quality dehydrated alfal- 

fa meal. Parallel lots were fed pelleted rations containing trim O to 

15 per cent alfalfa. The authors conoluded that there was no evidence 

of s growth inhibitor in the alfalfa producta used in their 



exper i1nt8. 

Uain two different sa2lples of dehydrated alfalfa leaf meal, 

Gernn and Couch (lo, op.844.845) roported that one sample depre8eed 

growth, whereas the other had little effect on the growth of chioks 

to ten weeks, There was a relation between the depression of growth 

and the level of alfalfa fed when 10, 20, 30 and 50 per cent of the 

inhibitory sample was inoli4ed in the diet, This growth inhibition 

could n* be overcome by feeding 3 mg. of copper per pound of feed. 

The feeding of a ration containIng 50 per cent dehydrated alfalfa 

leaf neal resulted in 100 per cent mortality. The grmth inhibitory 

substance in the alfalfa leaf ial was not extracted by 95 per cent 

hab ethanol. 

It is interesting to note that Alder (1; 2, p.651) has reported 

that growing turkeys ny be fed 35 to 40 per cent alfalfa leaf meal 

in the ration, if this is not included in the diet until after the 

eighth week. He pointed out, however, that the feeding of a ration 

containing 50 per cent alfalfa meal after the eighth week would re- 

duce the grrth rate. 

The effect of fiber has been investigated by Davis and Brigga 

(7, pp.298299) who found a signifioant increase in growth of chicks 

when 5, 10 and 15 per cent cellulose was added to a purified chick 

diet free of fiber but complete in all known nutrients, Additions 

of cellulose at levels ranging troni 20 per cent through 50 per cuit 

resulted in retarded growth but there was practically no mortality in 

these groups under the experinntal conditions described. Lepp et al 

(17, p.374) showed that growth rate of young chickens on purified 
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diets cortaining 15 or 18 per cent caseiri was inroved by the addition 

of cellulose up to a level of 10 per cent. The authors mentioned that 

cellulose may allow increased intestinal synthesis of the B grcìp of 

vit&mins 

Lepkovsky, Peterson and others at the University of California 

began a series of studios in 1946 on the groith inhibiting effect of 

high levels of alfalfa. Lepkovsky et al (11, p.217) reported that de- 

hytirated alfalfa na1 contained a naturally occurring substance, probas 

ably organic in nature, which depresses the grith of chicks, The 

storage of alfalfe meal at room tperatures or in the cold (16° F.) 

had little effect on the grcith-depressing substance of alfalfe. meal 

and the grvtI inhibitor was apparently stable to the existing 

methods of preparing alfalfa meal and to sutoclavirLg in neutral, alle- 

line or acid medimi. The inhibitor could be removed frei alfalfa by 

repeated extraction with hot water, The vitamins of the B ce1ex, in 

the amounts fed, had no effect on the inhibitor. 

By fractieating a hot water extract of alfalfa meal Peterson 

(22, p.653) in 1950 obtained concentrates which when fed depressed the 

growth of chicks, The active principle was soluble in 50 and 80 per 

cent ethanol and was largely precipitated frei an aqueous alcohol so- 

lution by the addition of acetone. The grtth-depre&sing actioi of 

this material was to a great extent counteracted by the s3ni1taneou8 

feeding of cholesterol. The inhibitory concentrates bad hexnolytio 

properties which were destroyed by boiling the concentrates with 

cholesterol. The grcth inhibiting factor present in alfalfa meal was 



tentatively identified as a eaponin. As the studies progressed (23, 

pp.600.u605) it was found that the addition of both cholesterc]. and 

cottonseed oil to a diet containing 20 per cent alfalfa neal complete- 

ly previted the grth depression otherwise produced in chicks on 

euch a diet. An identicel effect was obtained with cottonseed oil end 

a phytosterol mbcture prared from soybeans. Preliminary te8ts with 

tallene esters obtained froert tall oil, a by-product of the paper pulp 

ìndustry, in the 20 per cent alfalfa dieta gave good grwth results. 

The grth depression produced by Quiliaja saponiri in the chick diet 

was siso prevented by the addition of a mixture of cottonseed oil and 

cholesterol to the diet. Raising the chicks' blood level of choles- 

terol by treatment with diethyistilbeetrol was ineffective as a means 

of preventing the grcth depression brought about by a high level of 

alfalfa meal in the diet, Counteraction of the alfalfa grwth inhi- 

bitor or inhibitors was not dependent upon an increase in the plasma 

level of sterols as determined by the Lieberrnann-Buroherd reaction. 

EXPER IÌEN TAL 

PART I 

Nutritional Studies on Alfalfa 11eal 

The animals used in this study were New Haishire chicks, They 

were hatched frai eggs laid by one of the Oregon Agricultural Eeri- 
mcr.t Station laying flocks. The chicks were individually wing-.banded 

and the exper3irental lots consisted of chicks of comparable weight. 

All lots were managed alike in thermostatically-controlled, 



electrically heated, wire floored battery brooders. Free access to 

water was provided. Indiviziusi body weights and lot feed ccxisumption 

were determined at weekly intervals. 

Basal mixture and control ration. 

The basal mixture is shown in Table 1. 

Table i 

Basal Mixture 

Ined le 

Wheat 
Corn 
Oat s 
Meat meal 
Fish meal (herring) 
Skinuuilk, dried 
Whey, dried 
Oyster shell flour 
Sa lt 
Feeding oil 400 D, 3,000 A 

11anganese sulphate 

Total 

Weit 
400 lbs. 
500 iba. 
200 lbs. 

175 lbs. 
loo lbs. 

70 lbs. 
40 iba. 
lo lbs. 

b lbs. 
- 

oz_8. 

1,600 lbs..-6 oz&. 

In all instances except those to be indicated, the basal mixture 

constituted 80 per cent of the rations fed. The ramaining 20 per cent 

consisted of vrioua alfalfe products in the experimental ratioi and 

of milirun in the control ration, 

The ba8al mixture, constituting 80 per cent of all rations, was 

formuleted to meet the known requirements of the chick for the vita 

mine, essential amino acids and minerals. This basal mixture was used 

by Cooney et al (6, p.1). 
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Milirun wes used in the control ration as a comparison for alfal- 

fa. It is a by-product of the wheat milling industry. The crune 

fiber values of alfalfa and milirun are about 26 per cent and 8 per 

cent respectively and crte protein 19 per cent and 14 per cent. 

They both are bulky in form and are used in feeds by the poultry in. 

due try. 

Alfalfa producta. 

In March, 1949, arrangennts were nade to obtain the f ollawin 

types of alfalfa meal which v'ero taken from the same f leid and hand- 

led alike with the exception of treatments desired: 

(1) Dehy1rated alfalfa meal - clfalfa cut in the bud stage 

and artificially dehydrated. The temperature of the dehy.. 

drator was approximately lbOO° F. at the entrance and 250° F. 

at the exit. The approximate time for passage of the alfalfa 

through the dehydrator was a minute and a half. 

(2) Early sun-cured alfalfa ines]. - alfalfa cut at the same 

time as the dehydrated product but sun-cured. 

(3) Normal sun-cured alfalfameal - cifalfa cut when it was 

one-fourth in bloom and sun-cured. 

The above products were prepared from successive cutting swathe, 

They were ground through the same size screen. 

The crude protein values for the alfalfa producta as determined 

froui Kjeldahi nitrogen were: early sun-cured alfalfa, 16. per conti 

dehydrated alfalfa, 19.7 per cent; end normal sun-cured alfalfe, 16.3 
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per cent. The milJ.run contained 13.7 per cent crude protein. These 

alfalfa meals and xriillrun were used in Experiirenta 1, 2 and 3. 

For Experiment 4, alfalfa ußal, alfalfa leaves, aLfalfa ste3s 

and fresh alfalfa were prepared from alfalfa cut in the bud stage and 

fu].l bloll stage. Each product except the fresh alfalfa was dehym- 

drated at a tnperatwe between 104° and 122° P. The freak alfalfa 

was prepared by outting the green plants and quickly freezing them 

between cold plates in a deep freeze at a temperature of approximate- 

ly - 13° F. Aíter the alfalfa plant8 were frozen, they were ground 

and stored at 100 F. Leaves and stems were separated manually from 

the dehydrated plants and finely ground. Crude protein values for 

the products tested were: alfalfa meal (bud atase) 17. per oent; 

alfalfa leaves (bud stese) 22.1 per cent; alfalfa stems (bud stage) 

9,4 per cent; millrun - 16.1 per cent; alfalfa meal (full bloos 

stage) 12.7 per cent; alfalfa leaves (full bloomn stage) 20.7 per 

cent; alfalfa sterns (full bloom stage) 6.6 per cent. Moisture con- 

tent as determined by air-drying for the fresh alfalfa was: froh 

alfalfa (bud stage) 70 per cent; fresh alfalfa (full bloom stage) 

58 per cent. 

Experiment 1- Comnparison of 8mm-cured end dehydrated alfalfa neal. 

According to one report (8, p.659), ther6 appears to be no dif- 

ference between the effects of field-cured or dehydrated alfalfa meals 

on the rate of chiok growth. Another report (5), however, indicates 

that growth on 20 per oent sun-cured aLfalfa xral was greater than on 
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an equal amount of dehydrated meal, The knovilede of any difference 

between the two types of alfalfa meal would be of economical value to 

the poultry industry. This experiment compares the effects of early 

sun-cured and dehydrated alfalfa meals on chick growth. Alfalfa meals 

were carefully prepared frOEn the same field as described under alfalfa 

products so that any difference obtained would be attributed to the 

method of curing the alfalfa meal, 

Three lots of ten chicks each were used in this experimeit. Ra- 

tiens 1, 2 and 3 as described in Table 2 were fed ad libituin. Average 

weekly weights for each lot are presented in Figure 1. Feed consmp 

tien, feed utilization and average weight at eight weeks are presented 

in Table 2. 

It wi].1 be seen fran the grcrth curves in Figure 1 that chicks 

receiving either dehydrated or early sun-cured alfalfa meal (No. 2 and 

3) grew at a slower rate than the control 1t (No. 1). The typical 

inhibiting effect of alfalfa meal on growth is evident. There is ea- 

centially no differenoe in rate of growth between the rations contain- 

ing dehydrated or early sun-cured alfalfa meal, Examinetien of the 

data in Table 2 shows that the chicks (Lot No. 1) with access to the 

ration containing milirun cenawned more feed than those on diets con- 

taming dehydrated or early sun-cured alfalfa meal (Lots !Io, 2 and 3); 

average feed consumed per chick for Lots No. L, 2 and 3 was 5.17 lbs.1 

4.01 lbs. and 3.85 iba, respectively. It is of interest to note that 

feed efficiency for the three lots was practically the same. In pros. 

vioua work (6) the control ration has invariably given the beat feed 

efficiency. ?rì the standpoint of rate of gain, feed consumption 
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and feed utilization, the dehydrated and early sun-cured alfalfa meals 

were about the same at the 20 per cent level. 

Table 2 - Effect of ration upon feed consumption, feed 

utilization arxl chick weight at eight weeks in Experi- 
ment No, i. 

NO. 
Average Lbs. of Average 

Rations of 
pounds feed per chick 

Standard 

of feed pound of weight deviation 
birds 

per chick gain in gres in grams 

20% Milirun 1 lO 5,17 2.94 848 125 

20% Dehydrated 
alfalfa 2 10 4.01 2.97 659 85 

20% Early sun- 
cured alfalfa 3 10 3.85 2.98 654 47 

Experiment 2 - Capariaon of early and normal sun-cured and dehydrated 
alfarfa meal, - 

Sun-cured and dehydrated alfalfa meals were compared again since 

the sample of normal sun-cured alfalfa was not available for Experis- 

ment 1. Ten lots of twenty chicks each were used. For the first week 

all chicks were fed the basal mixture. At the end of this period all 

chicks were weighed, rate of grcth noted and the number reduced to 

eighteen; thus king all lots as nearly comparable as po8aible. The 

teat rations ahn in Table 3 were fed sub8equently for seven weeks. 

Two methods of feeding were employed. Chicks in Lots i through 6 were 

allowed free access to their rations at all times with the exception 

of those in Lot 2, In this lot the level of feed intake was 
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restricted on a chick basis to approxixntely 80 per oent of that con- 

ewned by the chicks in Lot 3. The amount of feed consumed on each 

successive day by chicks in Lot 3 was used to determine the ration for 

the subsequent day in Lot 2. 

Table 3 - Experimental rations for Experiment No. 2, 

Tn 'r M r t 
Lot numbers 

1 2 3&7 4&8 5k9 6&10 

Control 

Basal mixture 100 100 80 80 80 80 

Milirun 20 

Alfalfa ehdrated 20 

Alfalfa, early sun-cured 20 

Alfalfa, normal sun-cured 20 

Total loo 100 100 100 100 100 

In all previous experiments chicks fed the basal mixture plus 20 

per oent milirun on an ad libitum feeding program consumed mora feed 

per bird than those receiving the ba8al plus 20 per cent alfalfa meal. 

This had raised the question of palatability. To aid in determining 

the actual nutritional value of the test produots, chicks in Lots 7 

through 10 were fed an equal amount of feed (based on number of 

chicks). This was accomplished by restricting the subsequent daily 

feed intake of three of the four lots to that of the 1t with the 1,_ 

est feed intake. This fourth lot always had free access to its 

rat ion. 

Average weekly weights for ohioks in Lota 3. through 6 are plotted 
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in Figure 2, Similar weight curvos for the chicks in Lota 7 through 

10 are presented in Figure 3. Feed consumption, feed utilization and 

chick weights are presented in Table 4. 

Proni the data presented in Table 4 and Figure 2 it will be noted 

that the aae relative grcwth rates were obtained in this experiment 

as in Experiinant No, i with respect to rations fed. In this expon- 

mont chicks allowed free access to the basal mixture grew at a glower 

rate than chicks fed the asine basal mixture to which 20 per cent mill- 

run had been added. A plausible explanation for this difference could 

lie in the greater food intake per chick on the latter ration; s dif- 

ference of 0.49 lb. of feed per chick. Efficienoy of feed utilization 

on these two rations was comparable. 

Chicks in Lot 2 which were fed the basal mixture at a restricted 

level (approxiiìately 80 per cont of the intake of Lot 3) eibited an 

even slower rate of gain. The average feed intake per chick was 0.73 

lb. loss than similar chicks on an ad libituin feeding of the same ra- 

tion and 1.12 lbs. less than the chicks receiving ad libitum a ration 

COmpOsed of the basal mixture plus 20 per cent nillirun. The pounds of 

feed required to produce a pound of gain were similar to the other two 

lots. 'With the basal mixture used in this work the addition of 20 per 

cent bulky material such as milirun appeared to promote chick grourth, 

For the first three weeks that the birds were on the test ra- 

tions there was little difference in rate of grcwth between the lots 

receiving the three types of alfalfa meal. After three weeks chicks 

fed the normai sun-cured and dehydrated meals began to fall behind 

those fed the early sun-cured meal. Part of those differonoes might 
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Table 4 -- Effect of ration upon feed consumption, feed utilization and chick weihta at eight weeks in Ex- 

per iment No, 2. 

Nuier of Average I.a. of Average Standard 

Ratione 
Lot chicks pounds of feed per chick devia- Methods of 

No, ____ feed per pound of weight tion in feeding 

Started Finished chick gain in grame grana 

Basal mixture 1 18 15 4.64 2,94 73 94 s.d lib. 

Basal miure (ao% 
of Lot 3) 2 18 16 3,91 2.90 650 90 80% of Lot 3 

Basal mixture & 20% 
Millrun 3 18 11 5.03 2.99 800 107 ad lib. 

Basal jaixture & 20% 
Deh. elf, 4 18 16 3.69 3.45 523 74 ad lib. 

Ba3al mixtw'e & 20% 

- ____ 
early sun-cured 5 18 14 4.10 3.33 596 104 ad lib. 

Basal mixture & 20% 
normal aun-red 6 18 15 3.80 3.39 544 48 ad lib. 

Basal mixture & 20% 
Millrun 7 3.8 17 3,69 2.94 59]. 73 *Restrioted 

Basal mixture & 20% 
Deh, alf, 8 18 18 3.67 3.40 527 88 *Re8trioted 

Basal mixture & 20% 
early sun-oursd 9 18 16 3.57 3.31 528 74 *Restrioted 

Basal mixture & 20% 
nor-nial sW1-3ured 10 18 15 3,61 3.68 482 92 *Restricted 

*Restricted to smallest intake of groups 7, 8, 9, 10. 
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be explained on the basis of feed intake per ohiok. Chick8 tri tt 4 

(20 per oent dehydrated alfalfa meal) oonsumed 3.69 pounds of feed 

each, Those in Lot 6 (20 per cent norzaal sun-oured alfalfa meal) oon 

urned 3,80 lbs. of feed each. The chicks in Lot S (20 per cent early 

8UUZød alfalfa meal) constvmed 4.10 lbs. of feed each, These dif- 

ferencea in feed con3uinption are emaIl1 but when feed intake wa re- 

atrtcted to approximately the same level every day throughout the 

seven-week te5t period for all ration3, rate of growth (see Figure 3) 

wa8 the same for chicks receiving early aun-ured meal (Lot 9) and de- 

hydrated meal (Lot 8). This iß in agreement with results obtained in 

Experiment i where feeding was on a free choice basis with a differ- 

enoe in feed intake of only 0.16 lb. per chick. 

As pointed out above, chicks fed the normal sun-cured alfaLfa meal 

grew more slowly than those reoeivirtg early sun-cured meal or dehy- 

drated meal. 

Again in all instances when alfalfa meal was incorporated in 

chick rations at the 20 per cent level growth rate was significantly 

less than that obtained with chicks fed the straight basal mixture or 

the ba8a]. mixture plus 20 per cent milirun. 

Experiment 3 - Contribution of alfalfa meal to the basal mixture. 

Since the previous experinnts with alfalfa at the 20 per cent 

level showed an inhibiting effect on chick growth, it was desirable 

to determine the amount of growth obtained frxa the alfalfa portion 

of the ration. This was carried out by allowing chicks access to the 

alfalfa ration and restrioting a second group of comparable chicks to 
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the consviiption of an amount of basal mixture equal to that in the 

alfalfa ratic. Thus, both grps consumed the saine amount of basal 

mixture but the alfalfa group consumed an additional 20 per cent of 

alfalfa meal. 

Four lots of fifteen ohioks each were used. Rations as shown 

for Lots 2, 3 and 4 in Table 5 were fed ad libitum. The ration 

shown under Lot i was fed ad libitunt for the first week and there- 

after was restricted daily on a per chick basis to approximately 80 

per cent of the ration consumed by chicks in Lot 3. average weekly 

weights for each lot are presented in Figure 4. Feed consumption, 

feed utilization and average chick weights at eight week3 are pre- 

3ented in Table 6. 

Table 5 - Experimental rations for Experiment No. 3. 

Lot numbers 
Ingredients ---- -- 

1 2 3 4 

Basal mixture 100 80 80 60 

Mil].run 20 40 

Alfalfa, dehydrated 20 

Total 100 100 100 100 

FrOEn data presented in Figure 4 and Table 6 it will be noted that 

the ohioka in Lot 1, which received the basal mixture restricted to 80 

per cent of the feed intake for Lot 3, grew slightly more than the 

chicks in Lot 3. Chicks in Lots 1 and 3 consumed the same amount of 

basal mixture but the Lot 3 chicks consumed an additional 20 per cent 

of dehydrated alfalfa meal. For this additional 20 per cent intake 
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Table 6 Effeot of ration upon feed consuiíption, feed utilization and chick weights at eight weeks in 
Experiment No. 3. 

Number Average Pounds of Average Standard 
Lot of ohioks pounds feed per ohiok deviation 

Rations No, ________________ of feed pound of weights in grams 
Started Finished per chick gain in grams 

Basal mixture (80% of Lot 3) 1 15 15 3.31 2.50 639 86 

Basal mixture & 20% milirun 2 15 15 4,42 2,63 803 79 

Basal mixture & 20% deh, alf. 3 15 14 4.12 3,22 621 97 

Basal mixture & 40% milirun 4 16 12 5,59 3.21 831 92 



24 

of alfalfa, no increase in grth was obtained. In other words, the 

feeding value of the alfalfa in this experiment appeared to be zero or 

slightly negative. For comparison of similar chicks receiving the 

ba8al mixture ad libitwa refer to Lot i of Experiment 2. 

Chicks in Lot 2 grew at a normal rate. Chicks in Lot 4 which 

were fed a ration 

cent milirun were 

fed a ration comp 

miilrun. In view 

cent milirun lot, 

good chick growth 

run. 

conposed of 60 per cent basal mixture and 40 por 

equal to or sligitly better than comparable ohioks 

sed of 80 per cent basal mixture and 20 per cent 

of the increased bu]2ciness of feed in the 40 per 

it appears that the basal mixture is adequate for 

even when diluted as much as 40 per cent with mill. 

Experiment 4 - Effect of alfalfa meal, alfalfa leaves, alfalfa stems 

and fr ilfalfn chick gra!rth, 

The growth-inhibiting effect of high levels of alfalfa has fr... 

quently been attributed to the crude fleer in the alfalfa. However, 

chicks (5, p.f330) fed various levels of alfalfa grew leas than chicks 

fed rations containing equivalent levels of fiber in the form of 

oellu flour. Also Experiment 3 shed that chicks restricted to the 

amount of basal mixture consumed by comparable ohicks on a 20 per 

cent alfalfa ration grew more than the chicks on the 20 per coat al- 

falfa ration. This experiment was made to determine the effect of 

alfalfa stems which contain the major portion of the crude fiber in 

alfalfa, alfalfa leaves, alfalfa meal and fresh alfalfa on chick 

growth. 
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The a1fa1ía produoe were prepared as de8oribed under alfalfa 

prouots. Each product except the fresh alfalfa was incorporated in 

the test ration at the 20 per cent level, Each day throuzJuit the 

experimental period portions of the frozen alfalfa were thawed and 

then mixed by hand into the basal mixture at a level equivalent to 

20 per cent dry alfalfa al. Twelve sevenu.sday old unsexed chicks 

were used in each lot. Rations aharn in Table 7 were fed ad libitum. 

Average weekly weights for each lot are presented in Fi&ure 5. Av'- 

arae chick weihta, feed consumption and feed utilization at five 

and eight weeks of ae are presented in Table 7. Experimental lots 

fed the fresh alfalfa rations were discontinued at the end of four 

weeks. The different alfalfa products depressed chick growth. 

There was little difference between the producta out in the bud 

stage or full bloou stage. Alfalfa leaves at the 20 per cent level 

inhibited growth to a imich greater extent than the stexns; the final 

weihts were 518 and 5L3 grams at eight weeks on leaves as coiared 

to 713 and 700 grams on steLua. 

CHEMICAL STUDIES ON ALFALFA MEAL 

Extraction of Chick Growth Inhibitor in Alfalfa 

The nutritional stzies indicated that chick growth was depres.. 

8ed by high levels of alfalfa. Studisa were then undertaken to deter'- 

mine pO3sible methods of extracting the chick growth inhibitor frou 

alfalfa. 



Table 7 - Effect of ration upon chick weight, consumption and feed utilisation at five and 

eight weeks of age in Experiment No. 4. 

Number of Average chick Average lbs. Pounds of 
Lot chicks weight of feed feed per lb. 

Rations No ______________ in grams per chick of gain 
Start Finish S wks. 8 wks. 5 wks, 8 wks. 5 wks. 8 wks. 

Control 
20% Millrun 

Alfalfa in bud-stage 

1 12 12 436 903 1.99 6.16 244 3.33 

20% Fresh Alfalfa* 2 12 12 381 --- 1.60 ---- Z.29 

20% Deh. Alf. Meal 3 12 12 332 651 1.48 3.67 2,63 2.65 

20% Deh. Alf. Leaves 4 12 12 247 518 1.15 3.13 2.88 3.14 

20% Deli, Alf. Stems 5 12 12 362 713 1,82 4.58 2.19 3.20 

Alfalfa in full-bloom stage 

20% Fresh Alfalfa* 6 12 12 348 --- 1.54 --- 2.47 

20% Deli. Alf, Meal 7 12 12 311 644 1,50 4,03 2.77 3.15 

20$ Deh, Alf. Leaves 8 12 12 286 513 1,32 3,20 2,72 3.23 

20% Deh, Alf. Stems 9 12 12 365 700 1.96 4.68 2.97 3.34 

*Air-dry basis. 
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Extract ioi. 

Extraction of the grarth inhibitor W33 first attempted with water. 

In trial i (see Table 8) alfalfa meal was extracted by allcwring oo)4 

tap water to gently flovr for twenty-four hours through the alfalfa 

meal which was enclosed in a fine sack and kept in a container. The 

alfalfa meal was then pressed as dry as possible in a filter press 

and placed in a drier at ron taaperature. A seoond batch of alfalfa 

meal was extracted in the same way using hat water (700 o.). A third 

batch of alfalfa meal was etraoted with petroleum ether in a soxhiet'. 

type of extractor for three days. A f ourth batch was extracted with 

water for twelve hours at a pli of 39 using one gallon of water per 

pound of alfalfa. 

In other trials, the general procedure employed in the extraction 

may be broadly outlined as follows: the alfalfa meal was extracted for 

twelve hours or longer using one gallon of water per pound of alfalfa. 

Extractions were carried out at ro higher temperatures. The 

water-alfalfa mLxture was ladled in a fine sack and pressed in a fil- 
ter press until the alfalfa was fairly dry. The extracted alfalfa 

was placed in a drier at room temperature. The water extracts were 

concentrated in vacuo. The extract was mixed with scias milirun and 

dried, Batches of alfalfa meal were also extracted with ether or with 

different concentrations of ethanol. 

One method of extraction was patterned after the procedure of 

Peterson (22, p.653). The alfalfa meal was extracted overnight at roen 

temperature using one gallon of water per pound of alfalfa. Tolueno 
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and ohloroforni were added to inhibit bacterial growth. The mixture wee 

filtered end the residue washed three tines with a large volune of wa- 

ter at 900 C.; the extract being pressed out each thie in a filter 

press. The residuo was dried at 400 C. The covined filtrates were 

concentrated in vacuo and 95 per cent ethanol added until a concen- 

tration of 80 per oent alcohol was reached. The resulting precipitate 

Was filtered and mixed with milirun and dried. 

In another case acetone was added with constant stirring to the 

alcohol filtrate until a syrupy mass separated out. The entire mass 

was dissolved in 50 per cent etnoi and mixed with milirun end dried. 

Results using these fractions are presented under trial G in Table 8. 

Arrangnents were macle with the Western Regional Research Labore- 

tory1 to obtain saponin concentrates, sapogenin concentrates, 

fractions, concentrated water extracts and water-extraoted alfalfa fra 
alfalfa meel, These alfalfa products were prepared in the following 

manner. The alfalfa meal was mixed with nearly boiling water, ladled 

into press cloths and drained by pressing in a cider press. Each 

batch of al was treated in this fashion three successive times, 

Starting with sizty pounds of meal a total of 610 pounds of dilute ex- 

tract solution was obtained. The extracted meal was dried under 

vacuwi at 650 C 

i 
I am indebted to the United States Department of AgricUture 
Western Regional Research Laboratory, Albany, California, for 
the preparation of these products. Dehydrated alfalfa meal 
designated as Wilgus 88 was used in these preparations. 
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The total dry weight of the extracted meal fr 60 pounds of ori-. 

ginal meal was 39.7e pounds. Thus, 1 pound of extracted meal repre-. 

sonted l.f pounds of original meal. 

A portion of the dilute extract solution was vacuum concentrated 

to a total solids content of 62.24 per cent. This was designated as 

concentrated water extract. 

Other portions of the dilute extract solution were vacuum concen- 

trated and used in the preperation of fractions containing saponin, 

eapoeniri aM f lavone. 

The saponin concentrate was prepared by treating the concentrated 

water extract with l-1 H1O3 to pli 3, centrifuging dovrn and discarding 

the precipitated protein and treating the liquor with saturated neu- 

tral lead acetate until precipitation was ccanplete. The liquor was 

again treated with lead acetate and centrifuged, The orìined lead 

precipitates were suspended in water and treated with 1126 to remove the 

lead as sulfide. The filtrate from the lead sulfide was concentrated 

and an equal volume of alcohol was added to precipitate pectin. The 

liquor freed freni pectin was ocmcentrated under reduced pressure and 

represented the saponin concentrate. 

The sapogenin concentrate was prepared frzn the eaponin ooncen-. 

trate, The saponin concentrate was treated with concentrated ECl and 

the mixture was boiled foe' twenty minutes. A gelatinous precipitate 

formed. It was centrifuged and dissolved in alcohol. 

The extract fraction soluble in 80 per oent ethanol and insoluble 

in 85 per cent ethanol was prepared in the follcwting way. Suíficient 
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alcohol was added to the concentrated water extract to raise the alco- 

hol concentration to 80 per cent. The precipitate obtained upon fil- 

tering the mixture was dis solved in water and the prooedure above was 

repeated twice. The corbined solution8 were freed of alcohol and the 

aqueous mixture was shaken thoroughly with chloroform. The aqueous 

solution was drawn off froai the chloroform and mixed with ethanol 

whereupon a dark brown syrupy precipitate formed in the resulting 85 

per cent ethanol solution. The precipitate was partially freed of 

ethanol by heat in on a steam bath. 

For the praration of flavone and phenolic fractions the mother 

liquor from tIe precipitate just described was stirred with a 50.-50 

mixture of magnesiinn oxide and diatraceoua earth. Suction filtra- 

tion of the mixture gave a bright yellow filter cake. This cake was 

first wa8hed with 95 per cent alcohol, wash1ngs were discarded) and 

then mixed with water and concentrated hydrochloric acid. The hot 

mixture was euction filtered. The filter cake was washed once with 

water arid fr times with 95 per cent ethanol. The alcoholic washings 

were cQ±ined and freed of alcohol. A aliy precipitate, which gave a 

positive sulfuric acid test for sapoenin, formed and was removed from 

the solution by centrifuging and decanting. The solution was extracted 

twice by shaking with isoamyl alcohol, centrifuging and siphoning off 

the alcohol layer. The isoamyl solution was washed five times by 

shaking with water, then partially dried with sodium sulfate and fil- 

tered. The isoamyl alcohol and water were removed froat the solution 

by distillation which was finished under reduced pressure. The resi- 

due was dissolved in 95 per cent ethanol and designated as Rflavone 
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fractiorL. 

a s 

The biological assays employed to detect the pre8ence or ab8enoe 

of the grth-inhibiting faotor woro grovth assays using chicks. These 

assays were ccduoted in the sie nmnner as in the previous nutritional 

studies reported in Part I. 5evorl of the studies on extraction, in- 

activation and deteriination of the growth inhibitor were included in 

one experinient. The extracted alalfa meals were generally incorpora- 

ted in the ration at 20 per cent level. The extracts were added to 

the control ration (basal plus 20 per cent niilirun). 

0rth of chicks on the varice extracts and extracted alfalfa 

meals were cOElpared with the grth of slziìilar chicks on the 20 per 

cent alfalfa rati or the caitrol ration. 

Resulte are sumnirized in Table 8 and average weekly weights for 

each lot in trial 10 are presented in Figure 6. These data show that 

the growth inhibitor may be partially extracted with water. It will be 

noted that extraction of the inhibitor was not always successful even 

though the saine procedure was folled. More of the inhibitor was re- 

moved by repeated batch extractions and by continuous extraction with 

tap water than by a single batch extraction. Also extraction with 

water at room temperature was better than at higher temperatures. 

Ethanol extraction did not appear to be very effective in removing the 

inhibitor. 



Table 8 - Extraction of chick r'rth inhibitor in alfalfa using growth assays. 

Equivalent Average No. of chicks 

Trial Ration nd type of extraction per cent chick Sex of of 
chicks started per of weightß chicks started No. of ohicks trial alfalfa in graina finished 

85% Stock ration (5% alfalfa) plus 15% 
mi13run. 4 326 io/io 

87 Stock ration (5% alfalfa) plus 13% 
alfalfa extracted continuously with 
tap water for 24 hours. 19 298 lo/lo 

87% Stock ration (o% alfalfa) plus is% 
alfalfa extracted continuously with le 10 days 4 weeks 
water (700 C,) for 24 honre. 19 302 10/10 

87% Stock ration (5% alfalfa) plus 13% 
alfalfa extracted with water at pH 
3.9 for 24 hours, 19 283 10/10 

87% Stock ration (5% alfalfa) plus 13% 
alfalfa extracted in soxhiet-type 
extractor with petroleum ether for 
3 days, 19 264 lo/io 

20% Millrun (control) 0 237 
- 

10/6 
20% Alfalfa 20 180 10/9 

20% Alfalfa extracted with water for 12 
hours using a stirrer, 23 191 10/6 

2 20% Alfalfa extracted twice with water Female 1 day 4 weeks 
for 1. hours using a stirrer, 24 211 10/7 

20% Alfalfa extracted with water for 24 
hours using a stirrer. 24 218 10/8 

Control plus 24-hour extract. 20 239 10/8 



Table 8 (continued). 

Equivalent Average No. cf chicks 

. per cent chiok Sex of ? 
of startea per 

Trial Ration and type of extraction ,f. weights chicka chicks f ohick of 

- - 

alfalfa in graìe 
started 

fini8hed 
trial 

2O Millruri (oontrol). O 848 10/9 
20 Dehydreted alfalfa. 20 659 io/io 

20% Deh,t3.rate1 alfalfa e,ctrcted with 
water for 12 hour8, 22 735 io/io 

2O Deht1rated alfalfa extracted with 
loo c. water for 12 hours. 22 677 io/io 

Control plue water extract of dehy.. 
drated alfalfa. 20 784 io/io 

3 Control plus 1000 extract of Male i day 8 weeks 

dehydrated alfalfa. 20 808 io/io 

20% Sun-ctired alfalfa. 20 612 10/10 

20% Sun-cured alfalfa extracted with 
water for 12 howe. 22 734 io/io 

20% Sun-c"red alfalfa extracted with 
100° C. water for 12 hours. 22 678 10/10 

Control plus water extract of sun- 

cured alfalfa. 20 860 10/8 

Control plus 1000 C. water extract of 
sun-cured alfalfa, 20 813 10/9 

20% Milirun (control) 0 245 15/ib 

20% Alfalfa 20 196 io/14 

4 20% Alf. extracted with water for 24 hi's. 24 207 Male i day 16/15 4 weeks 

20% AI!, extracted with water for 48 hr8. 25 180 15/15 

Control piu8 48-hr. water extract of alf. 20 246 is/is 

ei 



Table 8 (contirAued). 

Equivalent Average of No. of chicks DUTtiOn 
per cent chick Sex of chicks started per of Trial Ration and type of extraction of weights chicks start No. of chicks trial alfalfa in graxn finished 

20 Milirun (control). 0 452 18/18 
20% Alfalfe. 20 362 18/18 
20% Alfalfa extracted with 50% 

ethanol for 12 hours. 21 354 18/17 
20% Alfalfa treated with ether then Male 

5 extracted with water for 12 hours and 8 days 4 weeks 
three suooesaive times. 22 346 fen1e 18/18 

20% Alfalfa frozen at 120 F. and al- 
lowed to thaw three successive 
times then extracted with water 
for 12 hours, 22 309 18/18 

20% Milirun (control), O 339 20/19 
20% Alfalfa. 20 258 20/20 

i 
20% Alfalfa extracted with water 22 257 Male 20/20 

6 20% Alfalfa extracted with water for and 7 days 4 weeks 
24 hours. i 22 245 female 20/20 

Control plus ethanol precipitate 20 319 20/20 
. 

Control plu8 ethanol-acetone precipitate . 20 306 20/20 
Control plus 24-hour water extract. 20 273 20/19 

20% Milirun (control). O 476 12/12 
20% Alfalfa. 20 399 Male 12/12 

7 20% Alfalfa extracted with 70 ethanol and 7 days 4 weeks 
for 12 hours. 21 416 fev1e 12/12 

Control plus 70% ethanol extract. 40 373 12/12 

C" 



Table 8 (continued). 

Equivalent Average Age of 
No. of chick8 Duration 

Trial Ration and type of extraction 
per cent chick Sex of chicks 

started per of 
of weighte chicks started No. of chicks trial 

alfalfa in trama finished 

20% Millrun (control). O 708 12/11 

20% Alfalfa. 20 569 Male 12/12 
8 20% Alfalfa extracted with water for and 7 days 6 weeks 

24 hours. 23 623 fna1e 12/12 
Control plu8 24-hour water extract, loo 612 12/11 

20% Milirun (control), 0 413 17/17 

20% Alfalfa. 20 281 17/19 

20% Alfalfa extracted with water for 12 Male 
9 hours 3 successive times. 24 339 and 8 days 17/17 4 weeks 

20% Alfalfa extracted continuously with female 

tap water for 24 hours. 24 559 17/17 

20% Alfalfa extracted with 95% ethanol 
for 12 hours. 21 300 17/15 

Control plus water extract (12 hours 
3 successive times), 20 389 17/17 

- 

(control). o 315 15/15 

20% Milirun (control), O 306 16/15 

20% Alfalfa2. 20 257 is/is 

10 20% Alfalfa2. 20 263 Male 8 days 15/16 24 days 

20% Alfalfa, extracted with water2, 30 232 15/14 

20% Alfalfa, extracted with water2. 30 242 15/14 

Control plus water extract2. 20 303 15/14 

Control plus water extraot2. 40 214 15/9 

Etterned after the procedure of Peterson, 

2Prepared by the United States Depsrtment of Agriculture, Western Regional 
Research Laboratory, Albany, 

California. 
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Counteraction of chickgrth inhibitor. 

Complete removal of the factor in alfalfa resonaible for deprea 

sing chick growth appears to be extremely difficult and in this series 

of investigations was not accomplished. Other studies were conducted 

to deterlAine possible methods of counteracting the inhibitor with 

ohuical agents and by chemical treatments. 

Various grades and types of ooraxnercially available sterols viere 

added to the 20 per cant alfalfa meal ration for the purpose of test.. 

Ing their counteraction of the growth inhibitor. These inoludod soy.. 

bean and cottonseed soapetock, lanolin, wool grease1 crude fish liver 

oil1 crude soybean sterols and pure cholesterol. Soybean oil, corn 

oil (Mazola Oil) and cottonseed oil (Wesson 01].) were incorporated 

along with t1 aterols in the experimental rations. Other substances 

tested were: glycerol, octanol, butanol, the B-complex vitamins and 

a commercial A concentrate. Some batches of alfalfa meal were 

soaked in water for a period of twelve hours and then dried. Other 

batches of alfalfa were autoolavod for piod of one-half hour, one 

hour and four hours, Another batch of alfalfa was spread in thin 

layers and irradiated with a quartz'ieroury vapor iamp for a period of 

48 hours, The xaeal was periodically mixed during this latter treat- 

ment to reduce excessive bleaching. Experimental rations contained 20 

per cent of the treated alfalfa meal or 20 per cent alfalfa plus the 

chemical substance to be tested. Grth assays with chicks were con- 

duoted on the experimental rations in the same manner as in the 

studies on extraction. Results obtained in these studies are 



suiiwtarized in Table 9. Average woekl weights for each lot in trial 7, 

Table 9 are presented in Figure 7. 

The grth inhibitor in alfalfa was counteracted by cholesterol or 

cholesterol plus 4 per cent cottonseed oil and to a lesser extent by 

lanolin plus 2 per cent cottonseed oil and wool grease plus 2 per cent 

cottonseed oil, The other treatiuents and chemical substances dH not 

counteract the grKth depressing effect of alfalfa meal. 

During this same erio1 f1 ti Peterson (22) noted that there was 

a considerable amount of foaming in the aqueous solution as fractiona- 

tion was taking plaoe. This phenOEnenon suggested the presenoe of sap- 

onins, thus a possible explanation for the toxicity of alfalfa meal in 

chick rations. Studies which follwed indicated that the gr«th de- 

pressing properties of alfalfa could be oounteraoted by cholesterol. 

Determination of ohiokh inhibitor in alfalfa b assays, 

To assist in the identification of the factor or factors present 

in alfalfa, the water extract was fractionated and the properties of 

these fractions studied. The effects upon chick grth of cholesterol 

and saponin, both separate and in combination were studied. 

Saponin, eapogenin and flavone conoentrates and a precipitate 

soluble in 80 pci- cent and insoluble in 85 per cent ethanol were pro- 

pared as described under extraction in the extraction studies. The8e 

concentrates were incorporated in the control ration at levels equiva- 

lent to 20 and 40 per cent alfalfa. Two saponin concentrates and 

cholesterol with saponin were incorporated in the control ration at 



Tr ial 

Table 9 - Chemioal counteraction of chick grawth inhibitor in alfalfa uain rith assays. 

Ration and treatment 

Average No, of chicks 
ohick Sex of Age of started per 

weights chicks chioks No. of chicks 

in graine 
started finished 

Dur at ion 
of 
trial 

Control 302 io/io 

20% Alfalfa 240 Female 7 days io/io 4 weeks 

20% Alfalfa, irradiated 'with ultra-violet light 231 10/10 

Control 453 io/io 

20 Alfalfa 394 io/io 

20' Alfalfa, b liters of water added, dried at 
2 500 C. 412 1 day io/io 

20 Alfalfa, 8 liters of water added, dried at 

500 C. 395 io/io 

Station m;;h (5% alfalfa) plus 15% milirun 326 io/io 

Station mash (5% alfalfa) plus 15% alfalfa auto- 

3 olavod one-half hour, 241 Male 10 days 10/10 4 weeks 

Station rnsh (5% alfalfa) pius 15% alfalfa auto- 

claved one hour. 231 io/io 

20% 1ûii1run (control) 
245 15/15 

20% Alfalfa 
dried 50 C. 

196 
198 

Male i da y 
15/14 4 weeks 
15/13 20% Alfalfa, water added, then at 

20% Alfalfa, autoclaved for 4 hours, 203 15/13 

- 
20%Miilrun (control) 

848 10/9 

5 20% Alfalfa 
659 Maie i day io/io 8 weeks 

20$ Alfalfa plus vitamins (51) 
663 io/io 



Table S (oontinued). 

Average No. of ohioks 
ohiok Sex of Ae of atarted Duration 

Trial Ration and treatment weîta ohicka ohiok 
No, of chicka 

of 

started finished trial 
in grams 

20% Milirun (control) 903 Male io/ii 
6 2O Alfalfa 712 arid 7 days 10/12 8 weeks 

20% Alfalfa, plus 4% crude fish liver oil 61? fale 10/12 

20% Milirun (control) 339 20/19 
20 Alfalfa 258 20/20 
20 Alfalfa plu8 1% cholesterol 331 Male 20/20 

7 20 Alfalfa plue 2% glycerol 245 and 7 days 20/20 4 week8 
20$ Alfalfa plus 10% glycerol 241 female 20/20 
20% Alfalfa plus 2% butanol 253 20/20 
20% Alfalfa plus 2% otanol 248 20/19 

20% Millrun (control) 945 12/12 
20% Alfalfa 822 12/12 
20% Alfalfa plus 3% oottotsesd aoapstock plus 3% 

soybean oil. 688 Male 12/11 
8 20% Alfalfa plus 3% soybean soapstock plus 3% soy- and 7 days 7 weeks 

bean oil. 696 fale 12/12 
20% Alfalfa plus 3% lanolin. 766 12/11 
20% Alfalfa 

2 
plus 3%woolgrease 796 

-- 
12/12 

I-I 



Table 9 (continued). 

-- - - - "'--_--.t------- 

Average 

- - -----'--- - 

No. of chioke 

chick Sex of Age of starte1 per 
Duration 

Trial Ration end treatnnt weights chicks chicks No. of chicks 
Of 

in grama 
started 

finished 
trial 

20% Milirun (control) 413 17/17 

20% Alfalfa3 281 17/15 

20% Alfalfa3 plas animal protein factor (5# per 

ton) 329 Male 17/17 

9 20% Alfalfa3 plus 1% oho1eterol 390 and 17 days 17/17 4 weeks 

20% Alfalfa3 plus 1% cholesterol plus 4% cotton- fele 
seed oi 410 17/16 

20% Alfalfa plus 3% lanolin plus 2% cottonseed oil 302 17/17 

20% Alfalfa3 1ua 3% woolrease plus 2% cottonseed 
oil 

. - - . 

346 17/16 

20% Miilrun (control) 452 18/18 

20% Alfalfa 362 is/ia 

20% Alfalfa plus animal protein factor (25L per Male 

10 ton) 387 and 8 days 18/18 4 weeks 

20% Alfalfa plus 4% woolgrease plus 2$ corn oil 357 female 18/16 

20% Alfalfa plus 6% woolgr ease 349 18/18 

20% Millrun (control) 306 15/15 

20% Alfalfa (D)3 255 15/14 

i 20% Alfalfa ()4 263 iia1e 8 days 15/15 24 days 

2% Soybean sterols plus 20% alfalf (D)3 267 15/15 

1% Cholesterol plus 20% alfalfa (D)° 307 15/14 

1% Cholesterol plus 20% alfalfa (W)4 266 io/is 

t') 



Table 9 (continued). 

1Supplemented with five tinies the reooiimtended allowance for vitamin A, thiamin, riboflavin, 
vitamin D, pantothenic acid, pyridoxin, niacin, choline, folio acid and alpha.-tocopherol. 

changed from 2Oh alfalfa to this ration at second week. 

3Alfalfa prepared by the Dixon Dryer Company, Dixon, California. 

4Alfalfa prepared by the Western Regional Research Laboratory, U.S.D.A., Albany, California 
and designated as Wilgus #88. 

6Supplied by distillation Products, Inc. 

(4 
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various levels, Cholesterol was added to the alfalfa ration. All ex- 

perimental rations were tested through chick growth studies as descri- 

bed under the extraction studies. 

Resulta are summarized in Table lO. The growth inhibition of a].- 

falfa was counteracted by cholesterol as previously reported under 

chemical counteraction studies. One saponin preparation depressed 

chick growth at the 1.5 per cent level but not at the 0.5 per cent 

level. Another sample of a saponin concentrate from the same source 

when fed at the 1.5 per cent level depressed rate of growth to about 

one-half that obtained with similar chicks fed the control ration. 

The other saponin praration fed at 0.3 per cent level depressed 

growth more than 20 per cent alfalfa meal, 

D ISCUSS ION 

Nutritional studies reported here show that chick growth is inhi- 

bitad by alfalfa meal when incorporated in the ration at the 20 per 

cent level. This was true for all sainpiss of alfalfa meal tested, 

There was no difference in rate of growth of chicks on a ration con- 

taming dehydrated or early sun-cured alfalfa meal. 

The alfalfa meals varied in their growth depression properties at 

the 20 per cent levels. Chicks fed normal sun-cured alfalfa meal gr 

more slowly than those receiving early sun-cured or dehyìrated meal, 

This was true with both ad libttum and restricted feeding. In a pre- 

vious trial (s, p.2) sun-cured alfalfa did not depress ohiok growth as 

did the dehydrated meal. German and Couch (10, pp.844-845) reported 



Table 10. Determination of chick th inhibitor in alfalfa by gr'tth assays, 

Equivalent Average No, of chicks 
per cent chick Sex of Age of started per Duratiov 

Trial Ration of weights chicks chicks No. of chicks of 
alfalfe in graina 

started finished trial 

20% Milirun (control). 339 Male 20/19 
20% Alfalfa. 258 and 7 days 20/20 4 weeks 
20% Alfalfa plus 1% cholesterol. 331 female 20/20 

20% ìiilbun (control). 413 17/17 
20% Alfalfa, 281 Male 17/lb 

2 20% Alfalfe plus 1% cholesterol. 390 and 8 days 17/17 4 weeks 
Control plus 0.5% saponin, 389 female 17/17 
Control plus 0.5% saponin1 plus 1% cholesterol. 388 17/17 

20% Milirun (control). 452 18/18 
20% Alfalfa. 362 Male 18/18 

3 Control plus 0.3% saponin2. 294 and 8 days 18/18 4 weeks 
Control plus i.b% Baponin3. 292 female 18/18 

20% Milirun (control). 306 15/15 
20% Alfalfa, 
20% Alfalfa plus 1% cholesterol. 

255 
307 

Male 8 days 15/14 
15/14 

24 days 

Control plus 1.5% saponin3. 176 15/9 

C) 



Table 10 (continued). 

Equivalent AveraGe Ae of No. of chicke 
Duration 

Triai Ration 
per cent chick Sex of 

chicks 
started per cf 

of weights chioke 
started 

No. of c}icks trial 
alfalfa in grsius finished 

20% Milirun (control). 31b 15/15 24 days 

20% Alfalfa, 257 15/l5 24 

5 Control plus 
4 

saponin conoentrate 20 331 Male 8 days is/is 24 
' 

Control plus saponin concentrate4 40 310 15/10 24 
w 

Contro]. plus sapoenin concentrate4. 20 308 is/is 24 

Control plus sapogenin concentrate4. 40 282 is/io 21 

Control plus flavone concentrate4. 
20 299 15/15 24 

Control plus flevone concentrate 40 250 15/10 21 
W 

Control plus precipitate (soluble4in 80% 
and insoluble in 85% ethanol) , 20 292 is/is 24 

Control plus precipitase soluble 
in 80 

and in 85% ethanol 40 263 
- 
is/io - 24 

i 
Baker's saponin purified. 

2Merck's saponin - pure. 

different sample of Baker's saponin purified. 

4Prepared frcBn alfalfa (?ti1us 88) by the Western Regional Research Laboratory, 

U.S.D.A., Albany, California. 
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that one snple of dehydrated alfalfa depressed growth whereas t-e other 

had little effect. Payne, et al (21, p.71) have reported that of the 

alfalfa cut in the prebud stage, bud stage and in the bloeaoui stage and 

with each stage in turn being dehydrated, shade-cured and sun..oured, 

the smallest graeth was with sun-cured mea]. cut at b1ossoìî stage. The 

studies of Viilgus (26; 14, o.769) also indicate that different sanples 

of alfalfa meal contain varying amounts of the growth inhibitor. 

From available evidence it would appear that the age of alfalfa 

plants at harvesting time is related to the amount of inhibition ob- 

tamed in chick growth when such plants are fed. Marker and Lopez 

( 19) have made a study of the seasonal variation of 8teroidal sapo- 

genins in plants. They shoted that after fruiting the plants contained 

no monohydroxy steroids, but only the ounpiex polyhydroxy steroids. As 

the flowering and fruiting season approached these polytiydroxy steroids 

were changed progressively to the simpler steroids and localized in the 

fruit or flower stem of the plant. Although the faotor or factors 

present in alfalfa meal have not been conclusively identified, it is 

possible that the seasonal variation of sapogenins ja plants may be 

responsible for the differences in growth depression by alfalfa out at 

various stages. As previously pointed out, Peterson (22, p.653) has 

tentatively ascribed the chick growth depressing property of alfalfa 

meal to a saponin. 

Fiber level or unpalatability do not appear to be responsible for 

the depressing effect of alfalfa on chick growth. When feed intake was 

restricted to the seme level, the rate of growth for chicks receiving a 
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ba8al ration containing 20 per cent mil].run and no alfalfa wa greater 

than for chicks fed the same basal plU8 either 20 per cent sun-cured or 

dehydrated alfalfa. Also chicks which received as a ration only the 

basal mixture grew elightly more th.n chicks which receIved the auie 

amowit of basal mixture plu8 an additional 20 per cent feed intake of 

dehydrated alfalfa. A bulky ration containing 40 per cent milirun and 

no alfalfa showed no grcwth inhibiting effect. The re$ulta obtained 

with the alfalfa sterns and alfalfa leavea further support the hypothe- 

Gis that fiber is not the factor re8ponaible for the inhibition of 

chick grrth and indicate that the inhibitor niay be concentrated in 

the leaf portion of the alfalfa plant. It has been shown by Lep]covsky 

et a].. (16, p.217) and by this study on extraction that an inhibiting 

material can be relRoved frcm alfalfa by repeated extraction with water 

and that the extracted alfalfa inhibited grwrth leas. With this evi- 

dence the nmajor effects of alfalfa should not be attributed to fiber 

level, or unpalatability but to one or more grovrth inhibiting factora 

Complete removal of the inhibitor in alfalfa ia apparently diffi- 
cult and in this series of investigations was not acociaplished. iAore 

of the inhibitor was removed by continuous extraction with water (Triai 

1 and 9, Table 8) than by single or several successive batch extrao- 

t ions. 

Extraction with water appeared to be better in most trials (trial 

1, 3, 6 in Table 8) at roiin temperature than at higher temperature. 

Frtial extraction of the inhibitor with ethanol (trial 6, 7, 9 in 

Table 8) was successful only at a 70 per cent concentration. No 
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relation appeared to exist between the time of' extraction and the 

amount of inhibitor removed. In many trials the extracted alfalfa de-. 

preseed grorth more than unextracted alfalfa (trial 4, 5, 6 and 10, 

Table 8). It iy be possible that short treatments with water or other 

liquids helped to expose the inhibitor in the alfalfa plant and hence 

bring about a greater depression in chick grcth when the treated meals 

were fed, 

Water and other solvent extracts did not depress chick grcrth when 

incorporated in the ration at a level equivalent to 20 per cent alfal-. 

fa, Water extracts at the 40 and 100 per cent equivalent levels did 

depress grcwrth of chicks (trial 6, 7, 8 and 10, Table 8). 

Orovrth depression produced by alfalfa at high levels was complete- 

ly counteracted in all cases but one by the addition of cholesterol 
with or without cottonseed oil. The one instance in which cholesterol 
did not ccnteraot the chick grimth inhibitor in alfalfa was when 1 

per cent ohole8terol was added to a ration containing 20 per cent 

lilgus alfalfa meal (trial 11, Table 9; Figure 6), Complete counter- 

action with cholesterol agrees with results obtained by Peterson (22). 

However, the use of cholesterol is not a practical solution to the 

problem of bringing about a greater and more effioient utilisation of 

alfalfa meals in chick rations because of its present cost. Attention 

was directed towards testings other sterols which were commercially 

available at low cost, The inhibitor was oounteracted to a lesser ex- 

tent by the addition of cottonseed oil with lanolin or wool grease. 

Their use in e ration is of questionable value at the levels tested, 



Results obtained with 2 per cent soybean sterols plus 2 per cent 

alfalfa do not agree with those of Peterson (23) who obte.ined ccinplete 

counteraction using soybean sterol plus cottonseed oil. OElycerol, 

hutanol, octanol, AFF, B-complex vitamins, cottonseed and soybean 

soapstock and crude fish liver oil were ineffective in counteracting 

the inhibitor. The inhibitor appeared stable to water treatment, ir- 

radiation and autoolaving. 

The effects of cholesterol, saponin and water extract fractions 

on chick growth were studied to assist in the identification of the 

inhibitor. Feeding chicks a control ration containing saponin at var- 

icus levels invariably depressed chick The effects of saponin 

and alfalfa meal on chick gríth appeared very similar. Ba1cer'aponin 

fed in a control ration at the 1,5 per cent level depressed rate of 

gain to one-half the rate obtained with similar chicks on a control ra- 

tion. The prepared sapogenin, saponin and flevone concentrates did not 

appear to have any significant depressing effect at either the 20 or 

40 per cent equivalent level, The water extract soluble in 80 per cent 

and insoluble in 55 per cent alcohol had a depressing effect at the 40 

per cent equivalent level. 

Saponina are ]mm to react with sterols to form addition corn- 

pounds which no longer possess toxio properties. It has been suggested 

by Peterson (23) that an insoluble sterol-saponin oìpound is f ornad in 

the digestive tract of the chiok when fed a ration containing alfalfa 

and cholesterol. The mc*3e of action of cholesterol on the inhibitor is 

unknown at present. 



FrCEÌ these preliminary studies it appears that some component of 

alfalfa meal soluble in water and fractionated by alcohol, possibly a 

8&pOflin is largely responsible for the grcrth depressing action of 

alfalfa na1 when fed at high levels. 

STJM!ItARY 

Ways and means of utilizing higher levels of alfalfa meal in chick 

rations were investigated, 

le Chick growth is inhibited by alfalfa meal when incorporated 

In the ration at the 20 per cent level. 

2. There was no difference in the rate of grovtth between ohiok 

fed a ration containing dehydrated or early sun-cured alfalfa 

meal, Chicks fed normal sun-cured alfalfa grew less than tho8e 

receiving early sun-cured or dehydrated alfalfa meal. The same 

relative results were obtained when compared on an ad libitum 

feeding program or en equalized feeding program. 

3. The major depressing effect of alfalfa upon rate of grovrth 

of chicks should not be attributed to fiber level, or unpalat 

ability but to one or more grmth inhibiting factors in the 

alfalfa. 

4. Complete removal of the factor(s) responsible for depressing 

chick grcwth is apparently difficult and in this series of in- 

vestigations was not accomplished. The inhibitor was soluble in 

water and could be fractionated with ethanol. 

5. The groith inhibitor in alfalfa was counteracted by choies.. 

terol or cholesterol plus 4 per oent cottonseed oil and to a 
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leaser extent by lanolin and wool grease plus 2 per cent cotton- 

seed oil. Water treatment, irradiation, autoolaving, vitaiin 

supp].nentation, glycerol, butanol, octanol and crude f ish liver 

oil were ineffective in counteracting the inhibitor. 

6. Saponins depress chick grcwíth in a manner similar to alfalfa 

meal and may be the factor in alfalfa that is responsible for 

inhibition. 
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