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Sure and Read(l) classified the velvet been olant as one

p
.

of the most v15orous 5r win5 annual legumes in the United Sta-

tes. Its importance in the cotton belt of this country increa-

sed enormously from the early nineties to the present time, The

acreage of velvet beans in that region iRCTGLSQd from about

one million to five millions from lQlS to 1917.

The Unite\ 1 States Beyartmént of igriculture introduced the

velvet bean from India in about 1&7013). it first it was used

merely as an ornangnt, but later, when it Was observed that

livestock ate it with a relisn, it“ impartsnce as a feed fo-

farm animals develcped.

The Lnited states Census for 1930 regorted the prcfiucticn

of more than 2,100,0J0 bushels of 'eed anon" nine Scuthern sta—

tes, without includin5 the snoints used as forage ani 'nter-

q 5 . . 5A - ,,J 5

one eiticn of tum teiieu bean
 

The earli;st chemical anaivsis cf tcis seed Was made by

Clute(2), measured on an air dried has 3. Tie followinr table

obtained from the fLires glrzn by Lorrison(4) ccm1ares the

velvet been with otlm: engular rro tin—ri ch feeds:
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or.1ro- F

t-in

Cottons'd meal 43.29 7

Lins'd L8¢l<SOlV) 56.9 2

soybean C. meal 46.4 . 1

(solv.)

Coccnut C. meal 91.4 ?

Talm Kernel mea

(hi55 131 fiberfl .1C.C 9

Peanut C. mea' 43.3 1

Velvet eaniwncle) 23.4 5

The velvet be'n chn Llius

tein of cottonseed mea , lils

giller an‘

f

h

J

'm;:nnt of net ener

t Tiber u-free Ash T.:.n.

Txtr.
J #4 .4 .4 ‘J

2“. 13.cc 27.0. 5.5” 75.5”

6 5.9 31.7 6.0 77.6

i 13.3 47.4 6.6 71.6

5 24.0 35.0 4.3 73.2

4 5.7 27.2 5.8 3.8

7 60‘; 51.5 :00 7‘50?

anount of gro-

.
A
J

3" OF butL
l‘~\i'v'

LJJ °

e conwaiciai analysis jiven by feed dealers (5) is

Crude protein not less can N2 per cent

Crude fat " " " 4.5 yer cent

Cruie'fiter " " " 4.0 " "

S-free extr. " " " 51.0 " "

\A

velvet

an1a1;Veed t};

P

A.

e Ixitrwx5incu s C.AI.pULHU1~

our pe cent 0,11id as protein

and 0.51 per cent as non-grctein. r"he later CVRSlStS mainly

Cf acid a_ide, basic and anino L‘id nitTO‘enh. I har5e 3~rt

of tn1s is mainly 3-4-dinydroxyphenjlalanine.

The i"portzince of this co.5 pnd has been enyhas1zed by

Liller(;,9). Te fulfil ttat “be“ the velvet bean was erei

ans nixed nitn tater, a fin; culcr d~ve.r;3d verv 1,10h1y. It

passei tnrol5 several slades of r95 and br=w* and f1.ally be—

ne blacn. "hen the seed coats tore “omf'efely reuc“ei ar‘

the E vderei int riors nixed 1th water, ne c0 0“ if' r'l

slovlv
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chen1cally to alren._11n, it is glitz Lossicle tint lo” , con-

tinael feedin5 of velvet beans xi5ht ‘uLSE such hmrnful effects

as have ween ctserrec ”

rlnns and Jenns’lZ) also st.‘133 tie cau;~s of t icit

11c..- v,- ‘vet 13:6..1 .Luuq...1.1’. "'ater;.z.n and Jen 5(14), unile inns:-

tin5 :3 theory that ‘he bean contains a toxic Sibst ance,

tried to find ctner ligitinx factors, particllerly unavailabi-

lity sf its PPOtGiLS ii the res state. Tron their stuiie:

U

tni¢1 cons is tel in the isulaticn cf the protein and t eir di-

5%;tmin "in vitro" b; peysii and trypsin, they concluflei that

normal 5ronth can be attaine’ on he conned greteins. The barn-

ful effects notices after cookin5 w2u1d be due, than, to the

presence Cf the slbstsnce isole ed by Liller.



Brennen(lo) also ingroved the quality ,f the been by

1eetin5 it for one hmo. at fiftsen 301nds pressure. In the raw

state 40 per cent of the see d in the ration was found to he

injurious, while ofter biotin5, sixty ger cent was safe.

The fact that velvet beans are need less toxic to rumin-

ants than to snine end rots may be one to the fernenteticn of

the toxic substances in the runwn{é).
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constitution of the :1;

foind stizolobin es the :rincipal protei . According to them

it contained all the essential eginc acids. Jones and Johns(ll)

‘

and Jones and ”eternsngl?) also studiei this protein and sepa—

ratei anotnev globulin end an albumin. guey found the follov-

in5 anino acid content of ielvet be—ns:

Stizolobin Beta glo- Albumin

(e-5lobulin) bulin

Glycine 1.6c5 - -

1-1 enine 2.4.1 - -

Valine 2.t8 - —

1eucine 9.02 - -

Iroline 4.0J - -

Ihenylelnnine $.10 - -

I3rosine 6.2e — -

cystine 1.13 c.89fi 1.02%

1.r:irzine 7.l4 8.19 6.13

List 1 in 2.27 5.37 0.83

ysine b.5l c.50 8.20

“LryptoLinux; iresent 1— -

3ure(15) showed that cystine is also a grow n linitiig

factor in valve b.zn Hr teins. Tetermen end Jones(lé) hod.pre-

viously claimed that no improvement resolted upon addition of

this amino acid to the been ration.
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Sure illus trite; Lis observations by nouns of charts.

Then he added cystine to a relvet bean-deletin retion for rats,

considerable continuous growth was :roduced. Locordinr to pre—

~"’* ‘1 .‘ fi+. ' ‘ s..“ \ I '. - - “‘ -*"p' I ".$‘ V“

Sth date, net cystine Lut m. “16L ne is tne uUJlClUJt sol-

i
.
-
.
“

- .' ’5
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}The velvet been seed was fosnd defic r

to the character of its ninerel Letter. Locording to Sure and
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H 0 lper cent connon sslt and l.5 ye-

ced the salt mixture, norzsl growth was also octeined for

three Llontns This indicated that at leust, calcium, sodium

and chlorine are the limiting fcctors in ne teen as fer as

mineral matter was concerned. Tne leaf, is ever, is rich in

“Cd sup
..,

>'

\J

ash and may serve as u

Sure end Reed(l) end Erennen(16) reported an abundance

of fat soluble vitamins in velvet terns. The former authors

obtained norael growth in rats when receiving twenty her cent

of the seed es the sole source of vitamin A. Then the level

was reduced to ten Fer cent inferior growth resulted.

Sure and Reed also found tnst the velvet been use low n

the vitsnin B complex. delmon(l&), in s study of the relction

of sge of the seed to its B Goggle“, found that Q 7) 3 am of
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the recently her

to pigeons, prote cted them fr 2; 30lyneuritis. Store5e for two

veers resulted in the loss of this factor.

In lQlB Cwing an: Smith() stidied th 3di5estibility of

ground vel'et beans with stzers when fed in conoinetion with

corn sile5e end alfalfa hey. Tron the date obtained they cel-

(
D

culsted the following co efficients of diestioility of t:

sens:

‘ v n -’ ‘5 3 a ’

Dry better - 7C.(Up tner extract - 70.92p

Crude Protein - 73.62p Crude Fiber - 64.38.

K- free Extr. - 86.315 Ash - 58.421

Value of the Velvet been for Tattle
 

Cne of the LQSt in3orte1t edvunteges of this lsgomo crop

is its enormous yield of feed per acre. z"-n inter estin

ple of this is cited by

ride grazed 30 cows half a dcy durin55 27 days nnd then rathe-

red ten Tons of seeds in the pods from

beens.

Green and S n3l {20) reported that the velvet been is on-

ly 50 per cent as valuable as a 3rotein feed as cottonsee

’
1
‘

C
O

C
,

C
‘

d

r‘ . fl - v‘ “ , ‘- ‘ 2 . p ‘ A 'Qw -“ ~ . , s " s

heal. From tne stand Oint o; ener5j production t:ey er.

*
(
5

equal. Koore(21) claimed that it is 66 per cent as valuable

as cottonseed meal rhen uStd in the pod for feeding beef cat-

tie.

Temrleton, :ergiison and ?ibbens(2?) also foun’

.,

.‘ - .~ " ' .- -. - r 1 ,5 w; 1 '= ~,.-. . ' . c: '1‘ ~ ,-
seed meal twice as \alubo e for “lie iioduction Us l.o lounge



of velvet bean end pod mesll r=3resenting one go ornd of t e she-

lled bee-n.

The value of the ground velvet been as a sujylenent to

cottonseed meal was studied by Citz;atrich(23), Scott(24) end

fiunt(25). lhe bean fed as 66 per cent of the grain mixture

proved more economical for dairy cattle than wheat bran, coco—

nut meal or molasses feed(23). Cons fed a mixture of cotton-

seed meal, vhe«t bran and velvet boarmeal prodlced more milk

than when corresending amounts 0 corn silae or peanut 131

plus the first two feeds of the notion were fed(24).

dairy heifers, one,
_
J

O
;

C c
f

0
‘

Q :
5

,
.
.
J

(
'
1
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According to tests co:

pound of soybean oil meal was equal to two of velvet.beon

l(25).

Read and 3ure(l?) raised three ‘3n’ruthhS of rts succes-

sfully on a diet consisting of whole milk and velvet bean seed.

Three other generations were reared on a ration consisting of

40 per cent velvet bean hey, 6d per cent stare n end a liberal

supply of skim milk.

In a previous pura5'aph it was observed that feeding ve -

vet bean over a level of 43 per cent, deleterious effects nay

occur and t.et if the 'eans were steamed, 63 per cent of them

was safe(14). This question vas also carefully studied by

other authors(l,15).

Frequently cattle refuses to eat the bean durinfi the first

days of feeding(23), but this can be overcome by mixing it



with other more palatable feeds(25). The seed is very tough

and should be 5round for dairy cows. ine practicability of

this has been studied by several investi5ators. Fwing ana

associates(3) studied the influence of the methods of prepa-

ration of the bean on milk and fat production, and on he

palatability and economy of production. Grinding of the beans

resulted in an increase of 5.57 per cent in milk and 3.94

per cent in the butterfat over the other nethods of prepara-

tion( whole, cracked or cracked and soaked). They concluded

that it pays to grind velvet b ans. Lorrison(4) stated that

it is also practical to soak the whole bean in water for 24

hours. Thing and coworkers accept cracking and soak'ng as eco-

nomical when it can be done at a low cost.

Scott(26) regorted claims that velvet beans cause abor-

tion in cattle and blind sta55ers in horses. "The effects? he

1,

says, "are obtained when they are fed alone, as occurs when

any other protein rich feed is used alone. The trouble can be

avoided by feeding balanced rations."

In contrast to soybeans, the velvet been does not pro-

duce undesirable effects on the milk and its products. Scott

(27) fed two cows heavily on velvet bean demonstratin5 that

there wadiappreciable effect on the melting point, iodine

nunber,~saponification and Reichert-heissl numbers of the but-

terfat produced.



-Summary-

In the study of the literature on velvet beans the follow-

ing characteristics will be found which classify tlem as an

unexcelled le5uue for the tropics(2):

l-It 5rows luxuriantly in poor soil.

2-Yielis lare amounts of seed.

-It is eaten readily by all anin1 ls.

4—Particular ochtdthU to mostconditions.

5-ieavy production of fora33 ancl Ii ttle loss

of leaves durin5 the curin5 proc ss(
D

The future of such a legume for the hot, humid tropical

regions is very gronisin5. Althou5h the studies on velvet bean

have been mostly restricted to its botany and several feeding

tests to determine its value for fern anirels, more informetion

is needed about them.

The seed, home ver, has certain limitations. It contains

an amino acid, dihydroxypnenylalanine, which is toxic to some

animals and to man. It is, however, probably destroyed by

bact rial digestion in the rumen, which makes it a safe feed

The velvet bean, in cozi1cn with other concentrates is also

deficient in calcium, but the situation can be corrected by

the use of wholesome roughu5e, such as the velvet been vines.

Velvet beans are most favorable for milk production when

fed as a meal. Crackin5 and soaking in water for twelve or

twenty four hours is also recomnended if it can be done at a

low cost.

Heavy feeding of velvet bean is unwise since it is not a

balanced food for milk production. Ihen supglemented with feeds
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of a different nature it coutures favorably with any other
J-

feed on the market.
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The term "to feed fat into milk" has always been a subject

of great controversy. Steensber5(28) divided the general opin-

ions concerning this question into the Tn5lish and American

group and the fierman, Dutch, Swedish and banish one.

The former group maintain that tee fat per cent of milk

is independent of feeding and that it may increase, but at the

same time milk secretion decreases, so that the total amount

of butterfat remains the same. The latter group claim that cer-

tain feedstuffs have a definite influence upon the percentage

of fat without decreasin5 milk.nr:duction, so that the total

amount of butterfat is increased.

Steensberg attributes the widely differing opinions to

the different methods of experimentation. The $n51ish and

American investigations were of short duration.

anderson and Tilliams(29) cited the works of Stohmann re-

ported in 1666, which has been overlooked by most investigators.

This work shoxed that goats re eiving a fat-poor ration prod-

uced 3d per cent less butterfat than others on high-fat rations.

c
+

Wilson and associates(30) demonstrated that he fat per

cent is changed by feed to a greater degree than the amount of

milk. Their data indicate that two-thirds of the increase in

the avere5e 5ross yield of butterfat was due to an ingroved fat



peicenta;e and only one third to increased xilk flow.

Juretschke(3l) fed about 2.5 kilograms of coconut cake,

rape cake and peanut cake, respectively, per 500 kilograms of

body wei5ht, to different cows receiving a basal ration of

hay, straw, brewer's grain and wheat bran. The additions were

made in three different periods of 23 days each. Zilk yield

and the amount of fat decreased due to advancin5 lacta tieon,

but it was irre5ular in the different periods, suggesting a

possible but not clearly defined, beneficial effect of coconut

cake. is concluded, however, that milk secretion is indirectly

affected by feedingand that l.arre a1 ants of dietary fat do

not inc ease butterfat yield.

In 1994 Wood(32) fed three cows pure fat in the form of

cottonseed oil, corn oil, palza oil, coconut oil, leo oil and

stearin durin; different periods. The first effect was an in-

creased fat percent in the milk, which later returned to nor-

mal. Milk production, however, vzas not affected. Speir(38)

obtained results similar to those of 700d.

Sebelien(34) claimed that food has no effect on the rich-

ness of milk provided the cows are properly nourished. He

cited Fleischmann's works to support his views, there it was

shown that variatior1s in the fat content of milk from time to

time on the same ration, were much greater than many chan5es

which had been usei to show tl1e effect of the chan5e in the

diet.
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Beglarian(35) was of a similar opinion after studying the

effect of linseed oil and ground flaxseed in the ration of cows.

Joxlet(36), however, using emulsified sesame oil, linseed

oil and tallow separately, obtained a marked increase in milk

fat during periods varyinr from four days to
.3

B :
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H (
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0
2

c
f

J
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No account was Lads for milk production. Soxnlet was the first

to show the inadequacy of the quotation "to feed fat into milk".

He believed that increased fat content of milk did not take

place by transmission of food fat into milk, but that it forced

into the milk body fat.

RhodinCZ?) repeated Soxhlet's work using longer periods

(3 to 4 weeks) and obtained results similar to those of Tood(32).

The increase in milk fat was temporary and milk secretion was

not affected.

Heinrieh(39), some years before, however, had shown that

milk fat increased considerably in percentage and total amount,

when coconut cake was fed. In this case the experiment con-

sisted in comparing coconut cake to peanut cake, the former

containing a larger amount of fat. Heinrich also noticed that

individuality of the animal also plays a very important part.

Ia5emann(38) failed to confirm Soxhlet's obse vations.

The effect on milk yield was the same as reported by Wood,

Rhodin and others.

Maercker(40) followed a different procedure. First he fed

cows rations poor in fat and later supplemented them with palm



l4

cake and coconut cake in separate periods. In one case he

used a coconut cake with 30.24 per cent of fat content. From

the results obtained he concluded that the fat content of

milk is markedly influenced by dietary fat, but that on the

other hand, milk production is affected unfavorably. “hen he

fed cochut cake very rich in.fat the increase in butterfat

content was not sufficient to overcome the decrease in milk.

Jordan and Jenter(4l) used a similar procedure. They fed

a cow during 95 days a ration from which almost all the fat

had been extracted. The animal, however, continued to produce

milk similar to that which she yielded when fed a normal ration.

Jordan and associates repeated the above investi5ation(42),

but increased the food fat to 1.4 pounds daily. The results

again showed that the increased dietary fat did not raise milk

fat nor affected milk yield above the normal level for the cow.

Morgan and coworkers(42) using sheep showed that fat in

the food in the form of sesame cake or peanut oil at certain,

definite levels may increase the butterfat content up to a

certain limit, beyond which it varies with the individual. In

an unusual large amount, they say, the fat percent may even

be lowered. K0 mention was made as to.the effect in milk yield,

although it may be ascertained that no chan5e occurred.

Hansscn's extensive works(44) showel the Turopean concept

of this problem. Tis conclusion was that the individuality of

the animal affects markedly the specific effect of any feed.
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he observed also that palm-nut cake, coconut cake, cottonseed

cake, linseed cake, pea and beans tend to increase milk secre-

tion and fat content. Cn the other hand sesame cake, soybean

cake, corn and roots although having a favorable effect on

milk secretion, tznd to lower its fat per cent slightly.

The experiments conducted by the Jopenhagen 7xperinent

Station(26) are perhaps the most complete in their nature.

farly investigations there, in which coconut cake was compared

to other cakes, showed that althou;h thg increase effected

in butterfat percenta;-e was slow, by the end of eight weeks

coconut cake had caused an increase of two-tenths of a per

cent. Similar results were secured with palm cakes ant the

rare babassu cake.

The Copenhagei Station also extended a German study in

thic. the importance of feeding fairly fat-rich cakes to in-

crease butterfat production had been emphasized. According to

this work a cow weighing 500 kilograms would have to receive

from one to one and a half kilogram of a cake daily to pro-

duce an increase of one-tenth per cent in milk fat. Due to its

short duration and possible criticisms, the Danish maae the

same study but for a longer period of time.

Your groups of cows were fed the same feeds regarding

energy requirements, but each group received a different mix-

ture of them. The preparatory period and the one after he

eexperimental, which they cal d ”after period", lasted for 56
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known to affect butter quality.

There was no explanation as to the nature of th produc-

tion of more fat, although there is supposed to exist a

favourable relationship between the fats present in the feeds

studied and the milk.

Steensberg clal:zed that there are other feeds producing

similar results, althou:3h not as pronounced. nyebran_increased

fat per cent in some cows from 4.1 per cent to 4.6 and in others

from 4.3 to 4.6 per cent. Soybean cake and crttonseed cake

and peas also belong to this group. Sunflower cake, corn and

oats decrease the fat content of milk. Steensberg observes that

c
t
-

studies in tennark slo:ved hat sesame cake as the sole source

of grain in the ration decre sed fat percentage from 3.79 to

3.05.

Very little progress was made in inerica on the problem

of the relation of dietary fat to milk production fro"1190l

to 1920. however, corside rable research has been made since.

W011(45) tested the effect of coconut meal with cows. His

results showed that sometimes it may act favorably on the per

cent of fat in the milk, but not a ways. He could raise it

with a heavy allowznce of a coconut meal containing eight per

cent fat, but on the other hand milk production was decreased.

Then carried to a common basis, i.e., the total digesti ble

nutrients required per pound of butterfat i.)roduced, coconut

meal was infeerior t;' the control ratior.
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gaynard and Lcoay(4o) replaced the fat of the ration of

four cows by an isodynanic amount of starch d rin3 a thirty

day period. In contrast to the esults of certain investiga-

tors, no effect was noticed in the per cent of milk fat, but

milk se retion was depressed.

Sheehy(47) re10rted e:{tensi‘e works done in Ireland

witn different oils replacing equiralent wiounts of feed in

the dairy :ations. The data showed that such treatment had no

permanent influence on milk secretion nor on butterfat percent-

ae in most cases and as had been reported before(43), that

an excess oils may have a depressing effect if fed continuously

for several days. According to Sheehy a maintenance ration

containing 0.44 pound of fat with a production ration supnplying

1.8 per cent more, maximum yield of butterfat can be supports

Allen(48) used a different motto of studying the pro-

blem. _ Htal of fee ing fats of vegetable origin, he used

milk and cream plus the basal ration. The animals, therefore,

received fats of the o'ne constitution as that which they pro-

duced. fillen's object was to test the immediate effect of

food on the milk produced. Consequently, The experimental

periods lasted only six days. Eat percentage in milk under

this treatment increased markedly twenty-four hours after the

first fee ding of milk or cream. Skim milk produced no effect,

thus showing tue inportance of the fat itself. However, less

than 23 oer cent of the butterfat fed was recovered in the
J.



milk. As to the effect on milk production no conclusions are

derived.

The possibility of a deficiency of productive energy in

low fat rations was eliminated by Bender and Xaynard(4§).

inint an overabundance
"

-J
They fed experimental goats a diet cont (

‘
5

Of proteins and enegy, bUt only 0.45 per cent ether extract.

The tests lasted from 15 to 40 davs durinn which a decrease
d , Q 4

in milk secretion and butterfat ield of 35 per cent to 70k
:

“
3

per cent occurred. substituting this ration or one vi h seven

per cent ether extract caused the yield of milk and fat to in-

crease. linseed oil and coconut oil replacing eduivalent

amounts of starch, alS' caused the decrease in milk yield to

stop and then to rise slightly.

maynard and loos (50) reported similar results with cows.

Later Yilliams and Kaynard(51), while studying the effect of

dietary fat on the blood lipids of lactating goats, again

confirmed the depressing effect of fat-free rations on butter-

fat yield. Butter oil and coconut oil, moreover, increased its

percentage, while milk secretion was maintained.

Sheehy(52), in contrast to most investigators, did not

observe any faVorable effect b} feeding high fat rations to

cows. His data s owed that neither olive, linseed, cottonseed,

coconut, peanut, palm nut, soybean and spern oil, nor beef

fat had any specific relation to butterfat. Palm nut, cotton-

seed and linseed cakes responded in a similar nanner, even if



ccwnlided from his study of(
D

fed up to six pounds izHily

In fi.ld that "because onein tnif
)

U
:

0
’
)

Kthe numerous invest igati ,

or more cows occasionally resipond to certain feeds by naay of

an increase or a decrease of butterfat, there is no proof of

a specific quantitative effect of feeds on butterfat.’

Lllen's work is one of the most recent on this problem(53).

The investigation was a continuation from a previous one(48),

but besides butterfat, lard, tallow, linseed oil, cottonseed

oil, corn oil, peanut oil, soybean oil and coconut oil were

also used individually. The res lts showed a favorable effect

on the fat content of milk reL;Hrdl es of the breed, stage Of

lactation, milk yield or season of the year. The tests, hov-

(
D

H
)

ever, dealt with the i-meditt ‘fect of heavy fat feeding

and are not reliable when applied to long-tine results.

Lanzilotti(54) claimed that there is a favorable effect

produced on both milk and fat by feeding oil cakes. Lynn(55)

was of the same opinion. ioncamp and concrkers(56) stated

that there is some increase in fat per cent by feeding coco-

nut and other cakes, but that there is no proportionality

between the dietary fat and the fat content or the yield of

milk. Busc “ann(57) on the other hand, failed to find any 'l-

teration in the fat content of milk by a similar procedure.

A large amount of oil, however, decreased it slightly. Erower

(58) and Schmidt and Vogel(59) were of the opinion that there

is an increase in fat yield due to feeding fat rich feeds.



Koczarski and bormann(do) Claimed tlat although milk production

is not affected, fat yield is lowered by an excess of food fat

in the form of rape cake.

—;nnmuari-

The review of literature indicates that dietary fat is

an essential nutrient in the diet of lactating animals. This

was observed by Stchmann(29) as early as 1866. haynari and

coworkers(éd,49,5d,5l)confirmed the necessity of fats in the

ration in recen works.

An excess of f~t may depress butterfat yield. Juretschke

(3l).was the first to make this observation. Laercker(4o) fed

coconut cake with a content of 30.24 per cent of fat and milk

secretion decreased. Similar results were secured by Euschmann

(57) and Loczarski and hornann{ed).

Turopean investigstors claim that the feeding of cakes

rich in fat increases milk and butterfat yield. In the Scandin-

avian and other Turopean countries, however, exceptions to

Jthat View have been rep'rted, as may be seen from the worksI
“

(

of Juretschke(3l), 3peir(33), 3ebelien(34), Eeglarian(35),

Lagemann(58), Euschmann(57) and Loczersgi ani Eormann(63). The

exceptions, however, Can not be acCegted as conclusive

because data on the length of the experiaental periods has not
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Lll other conditions will be cLuel to those of Ieriod I.
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fat nroduction- Labcock tests will be made of each three-

day congosite sem?le of milk. Tron this figure ens the average

milk production for tie sane tine, the butterfat produced and

4% Fat-corrected silk will be calculated. Tat-corrected milk

will be calculated according to the established equation

(Lilk produced X 0.4) plus (Lbs. butterfat x 15).

Graphs will be prepared to snow the variations in fet

percentage and production of Fat-corre,ted milk for every six-

 

dey feriod instead of three day oner. This will Show the chen-

5es more markedly.

Weight of the eninnls- Tvery anixal will be meighei daily

at eight o'clock in.the morning uni the siersge for three days

which coincide with the Bubcock tests, will be used as tne fi-

’W

ure for that jeriod. urspns will also be fresented for ‘Re

C
3
2

0 fl ‘ ‘

Six-osy averages.

fir

LalculttiCIiixf the feed IVr 5
4
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tein and total digestible nutrients reiiired for each t ree-dey
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tpnted in two ways; ncccrding¥
<

;
.period by every cow will be c.

V

to the Iorrison standards(i) and as stereo e1uivalents as given

by '.‘Iood(69). This step will serve only as a 5‘dide, since care

will be taken to supply a.*1 cverabun-1'nce of energy.

Feed records- The daily f:od inM will be recorded fc
 

each animal and this converted to eier5y and T.J.H. equivalent.

Body measwrenents- Yeekly néesicemert of the barrel
_ 

m *
3

L
T 0

C
I

.
4

.
.
.
:

}
J

(
t

(depth, Width and circnxference) will be taken cl

use d will be the centinjter to record the chan5es nsre ef-;

ficiently. The object is to deternine the effect of feeding

‘

5rain and nay versus hay aioie on the barrel calacity of the

animal.

Physical condition- he5dlar notes will be made of the health
 

and condition of the animals to determine the ectign t“ut each

one of tre feeds may have.

‘ualitative tst for acetone b:W1i es_in the urine will also
 

0be made weekly for each aninal accordinr t the method described

by Hawk and E r5eim(67). iiie urine samples will be taken during

the early mornin5 or in the evenir5 before the last milking of

the day. The object of these tests is to determi.e any possible

relation betv.een feedin5 and ketcsis.
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PROCDDURE FCLLCTTJ

The skyeriment is described chronologiCally in Table II

of the fippendix. It differed in length with each cow due to

her individuality. The chan e fron cne period to not1er wa s

decided by the depression in milk seczeticn; conse1,ently

some cows reiuaired a lcn5er tixie to show the effects of fat

deficiency tjan oth rs. Nunber 77, for example, needed only

three weeks, while no. 76 required nearly a month and a half

of soybean oil meal feedin5.

Almost every step stated in the plan of the wor was

carried out. however, tOVJardS M later part of the soybean

oil meal feedin5 pe iod it was decided to deternine the ef-

fect of the grains on the character of the feces from each

cow. A method rrev'C1sly reported(68) was used. a Jeral ce-

terninaticns were made irrespective of dotes, but alvays at

the same tine of the day. nn avera5e of these determinations

\

n eacn feed was used as the re resentative figure. The charac-O

ter of the feces was not determined until the cows had re-

ceived the experinerital feed at least seven days.

Wests were also perforned for the flavor of the milk pro-

duced during the soybean meal and velvet bean feedin

respectively. The results are not tabulM1 since only one

t p
g

L
1

h b p
)

”
a

C
D

0L
1
)

st in each perioc

The conditions under which the excriment was carried out

(
Dw re normal t1.roa5hout all tile reriods, except d1rin5 the time

between March 8 and npril 4, wben coxvs 77, 78 and 267 were



fed a hay of poor quality by mistake. The effects were noticed

immediately as indicated by the records.

fir-Dfi' - v H "{ -' —.—‘ .'j fr. -.
4 . ..

LIL; .3 x 1.4;-» .1.--“ f4. vaulJ

The dete collected durin5 tie course of the experiment

is presented in the Lpoendix in the form of tables and 5repls.

Cnly the last twelve deys o- the elfelfe period er included

in the discussion of the results to eliminate the possibili-

ty that stored factors durin5 pregnancy may here bed on the

outc one of the experiment.

Lilk lroduction
 

Tables III , IV and V present the milk records of cows Ho.

76, 77 end 267, respectively. Tables VI, VII end VIII show the

performance of t;e three ontrol eniLols. Koreover, ri5ures I

and II present it in 5repnicel form for the experinentel ani-

mals and for the control cows, res7e ctively. Ln analysts of the

date is presented.

Cow 76- $11k produced by cow 76 dt2rin5 the first pert of
 

Feriod I(Llfalfa feeding) emrunted to 333.2 pounds or en ever-

e5e of 27.7 pounds for a twelve day period. Durin5 part B

which lasted fifteen der this eniaol produced 333.1 pounls of
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milk 0? “H eVSTUSS Of 26.1 POUDdS per day. There was a sadden

increase in milk yield followin5 the chan5e to alfalfa and

+A ,. 4 ~

ter three or fou rays, d1estarch, but protection dropped a

eitfier to the unpalatabiility of the starch or to fat deficien-

cy. L change to starch and 5lucose feeding durin5 the last

six days of the period, did not iwprove 1111 yield, however,

thus snowin5 that nnpalatability was not the factor in question.

Luring part C cow 76 prodaced 1112.5 pounds of milk or

an avera5e of 26.5 ;oJunds daily for 42 days. There was a sud~

den increase in milk prod1ction also, but this time it was

sustained for a lon5er pe‘iod than with starch. By the end of

the fifteenth day of soybean oil heal feeding, or the seve.-

.‘

tietn of lactation, milk yie11 droppe,ed slirdtly and ton re-

nained at a uni orn l vel until the end of the period. Several

factors may have influenced milk prccluction in this period.

The marked increase in Irotzin intake and decreased rc a5e

allowance may have een the most important.

Period II or tne velvet-bean stage lasted only twelve

4

da's due to the development of ketosks in the uninal. fifter

k

this time the cow dropped markedly in milk yield and velvet

bean feeding had to be stop fed. she was then fed su5ar and re-
A

1

covered in a few days. fiilx yield also returnoi to-normwl.

Ho conclusions as to the real value of the velvet bean can

be derived from the results with this cow. It is sh wn, how-

ever, that there is an unknown factor in the feed or in the

individual which has to do with he “ctabolisu of carbohydrates
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Cow 77- hilk produced by cow 77 during part A of Period

I am'unted to 257.? pounds or an avera5e of 21.4 pounds daily

for twelve days. The milk production graph for this animal

shows the same configuration as that of cow 76. Iaximum yield

occurred at the middle of the period and then dropped to twenty

pounds of milk daily towards the end.

.‘

The change to starch or to glucose and sta ch feeding

exerted no influence, however. Iroduction decreased slightly

during this stage, the average being 20.1 pounds daily for the

fifteen days.

soybean oil meal caused a sli5ht increase in yield.

Luring the fifteen days of this third part of period I, cow 77

produced 320.1 pounds of milk or an avera5e of 21 pounds daily.

Her response to velvet bean feeding may be consudered as

insignificant also, as far as milk yield is concerned. During

this period cow 77 produced 843.2 pounds of milk or an average

of 20 pounds daily for the forty-two days that velvet been

feeding lasted. Txception must be taken, however, to the dele-

terious effects produced by the change to poor hay feeding

during the last days of the experiment. After the animal was

changed back to the former hay used, milk yield increased to

normal. an increa e of the velvet bean allowance towards the

middle of the period caused a slight increase in milk yield.

Contrary to the effects produced in cow 76, cow 77 showed no

abnormality from such a heavy feeding of velvet bean.
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Cow 267- Milk produced by cow 267 during the first part

of Ieriod I amounted to 373. pounds or 26.0 pounds daily for

the twelve days. The effect of starch feeding was similar to

that produced in cow 76. Glucose and starch feeding, moreover,

did not halt the decrease in milk production.

By the end of the forty-forth day of lactation cow 267

was changed to soybean oil meal and alfalfa. during this

period she produced 846.2 pounds of milk or 25.6 pounds daily

during the 33 days it lasted. The effect of this change may be

noticed in Table V. Milk production in this case followed a

similar course to that of cow 76, with a sudden increase after

the change. High yield was maintained for eighteen days, but

it dropped down afterwards to 22 pounds by the end of the

period.

The effect of velvet bean feeding on milk production was

more favorable in case of this cow than in case of the other

two. She produced 773.4 pounds of milk or an average of 25.8

pounds daily during thirty days. Txception must be taken also

for the effects produced by the change to poor hay. The data

shows, however, that before this alteration, milk production

had increased to a higher level than on any occassion during

soybean oil meal feeding.

Milk produced by §§§”£23£33}§7 Tables VI, VII and VIII
 

and Figure II present the data on the milk produced by cows 76,

D5 and A15. They show the norms performance of animals fed
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the same ration throughout a period of three months and a half,

in contrast to that of animals receiving deficient rations.

Percentago.gni_yield of Eutterfat
  

Tables III, IV and V and figure III present data relative

to percentage and yield of butterfat of the animals used in

this investigation.

Cow 76- The average fat percentage for cow 76 during part

A of Period I was 4.3. During the starch feeding period it

dropped to an average of 3.92 per cent. Soybean oil meal feed-

ing, however, increased it to 4.32 per cent. Velvet bean feed-

ing caused a favorable change by increasing it to 4.52 per cent.

This indicates, therefore, a superiority of velvet beans,

but the feeding periodeas so short in case of this cow that

the results may not be significant.

Eutterfat yield followed the trend in percentage. Cow 76

produced an average of 1.20 pounds of fat daily during part i

of Period I. During part 3 she produced one pound daily. 30‘—

bean oil meal increased the yield to l.lO pounds daily. Fat

production was no greater daring the velvet bean meal period

than during the soybean oil meal period.

Yield of Four percent—Fat corrected milk is also p esented

in Table II for cow 76 and graphically in Figure I. he graph

shows that there was a gradual decrease in fat-corrected milk

during the alfalfa hay period. A marked drop, however, oo-

.
1
)

{
.
1
4

(
l
)

m C C
. Icurred during starch feeding. Soybean oil meal produc,



den increase for the first twelve days, but it dropped down

to a uniform level to the end of the period. Velvet beans

showed no increase over that of the previous period, although

it lasted for twelve days only.

ercentage for cow 77 during thec
f

h
iCow 77- The average fa

first part of Period I was 4.85. During the starch feeding

period it dropped to 4.76 per cent. Soybean oil meal did not

effect any change in it. The change to velvet bean, however,

brought ab ut a sudden and marked increase in fat percentage

and it was maintained throughout the feeding period of 42 days.

The average for this period was 5.1 per cent, which was 0.4

per cent higher than that during soybean oil meal feeding.

Butterfat yield was Correspondingly increased by feeding

velvet beans. Soybean oil meal had previously increased it

slightly, but the increased yield was not supported. .tarch

produced a decrease in butterfat production by decreasing both

milk yield and fat percentage.

Troduction of Fat-corrected milk was also increased by

velvet bean feeding. The trend in production of Fat-corrected

milk was somewhat different from that followed by cow 76.

Soybean oil meal caused an immediate increase followed by a

similar decrease at the end of the twelfth day. Velvet beans

caused also an immediate increase in Fat-corrected milk, but

this time it remained at a higher level throughout the length

of the feeding period.



Cow 267- The avera5e fat percentage for cow 267 during

the first part of Period I was 3.28. Jurin5 starch feeding it

fell to 3.1 per cent. Soybean oil meal increased it to 3.44

per cent. Velvet bean did not effect any chan5e in fat percent-

1.C
u

e, but supported it at the same level as soybean oil me

Butterfat yield was sli5htly increased by velvet bean

feeding over that of the soybean oil neal period due to in-

creased milk yield. The results m 5ht have bee mcne pronounced,

hoseve r, if poor hay had not been fed by histake darin5 the

middle of the velvet bean period. Just before the poor hay

feeding the butterfat production had increased to over a pound

daily.

Yield of Fat-corrected milk vas elually irre“d1r during

the experiment. Ltarcl1feedin5 did not i3proe it over the

level of the previous period. It dropped, instead, from an

avera5e of 26 pounds daily to only twenty pounds. Soybean oil

meal caused a gradual increase to 25 pounds, but it was un-

able to support it at this level, fallin5 down to twennty-one

pounds by the end of the fifteenth day. Velvet bean feedin5

Inarke dly incre ased production of Tat-corrected milk twelve days

alter its ferwd; n5 begaan.

Eutterfat1roduction by the controls - The data for the
*— 

T

three control animals are presented in Tables VI, VII and VIII

and Figures IV and VI. Thee» data may be use: as a heck or

deonstratlon of the butterfat percentage and yield of butter-

-niform treat-f t and Fat—corrected will by animals uncer aw s
“
:



rent throuu5hcut the experiment, and their normal \ariat13r
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compared 0 cows which have received differ t fee} 0
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he daa on livevei5ht are presenttad inF
]

and V and 5raphi0ally in Ii 5ure VII for the three experimental

The effects of tie different trea m3nts were not so oe-

finite or marked on liveweight as on milk ; rduction.

Cx 76 szirmzei no farticu‘ar chan5e in livewei5h through-

out the experiment. The Chan.ges were so sli5ht t"

be considered with'n the normal variations.

Cow 77 followed a similar course, ltlou31 velvet been

feedin5 showed a soxueflviat favorable action. Ey the 3nd of tni

shortly afterQ
T
:

period she had increased to the sage level

freshenin5.

Cow 267 showed the rsost fav r= 1e effect on bodr W3i5ht

by velvet bean fe n5; This animal increased from 984 poundsf
)
-

at the end of the first period to lOBO pounds durin5 the velvet

bean feedin5 perigd.

fl 1 V

reed cor°~‘3d
 

All the feeds used, except corn starch, were eaten with

a relish b; the cows. It was necessary to replace a part of

the corn starch with su5ar in order to keep up ener5y intake.

P—u

ihe numerous complaints in the literature on low laletebility

(7“

of velvet beans were not confirmed in this exgeriment. Lhe



cows ate the beans from the start, except cow 76 which went

off-feed due to ketosis.

Condition of the animals
 

Cow 76 developed a marked ketosis after fifteen days on

the velvet bean ration. The remaining animals used in the in-

ve sti ' ation were normal. Control cow 78 became very fat due

to excess ener5y fed.

COI'lSlS-jCQIlCV Cf the feces

The character of the ec es produced by each aniua. was

studied only durin5 the sorbean oil meal and velvet bean feed-

n5 periods. Cow 78 was the only animal studied in the control

group.

The av rare of the readin5s are presented in tie follow-

ing table:

 

Cow KO. feedin5 Period

ouubdn O. L: a: ‘JelV‘t 13am

. O O

70 1.0.1.15 1-0037

0 O

77 11.55 9-50

.0 A u ' ."~/ 0

a n \ . 5 _ _ q: ‘ 1,, {,0

Soybean oil meal and velvet beans had about the sane

laxative power as corn. Only in cow 77 were the eces harder,

a

as indicated by a lower fi5dre, durin¢ (
9
'
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ing period. In cow 267, however, the fGCas were softer than

durinr soybean oil meal feedin5. Yo alteration occurred in theL.
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The we:.—l;ly “to‘.lI'el :1ea surements tnrou5 out the experiment

are presented in Table XV for cows 76, 77, 867 and 7C. The

three experinental cows showed a decrease in barrel capacity,

as was indicated by tee measurements, during the first part

of Period 1(nlfalfa feeding), and a further drop during part

two. It stayed at a uniform level throu5hout the third part.

Velvet been feeding, however, caused a slight increase in the

L
3

easurements of cow 76 and a Qradual increase in cow 77 andp
4

267. Control cow 78 showed uniform me asure.*aents throu5hout the

investi5ation.

Acetone bodies in tea urine
 

The weekly qualitative tests for acetone bodies in the

urine were made for all the cows except 35 and £15. 111 the

animals were normal in this respect throu5hout the experiment

except 76. Cow 76 developed a 1arked Ketosis shortly after

(
D

the beginnin5 of the velvet b an feeding period. A quantita-

tive analysis of the urine for acetone bodies showed 230

milligrams per 100 milliliters. The symptoms exhibited were

severe drop in milk secretion and body weight, loss of appetite

and froth in the mouth. A “ane from velvet been to sugar

feeding brou5ht about a rapid recovery in health and milk pro-

duction.
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Tli s investi5ation was carried out to deterlnine tne value

of velvet beans for milk production when compared to soybean

oil.meal, and to study the relation of dietary fat to milk

secretion when it is added to fat deficient rations. Two two-

year old Jersey heifers and one Holstein were used as experi-

mental aninals. Three control cows were also used.

The exwerinnt was divided into two major periods. The

first one consisted in feedin5 fa t deficient ra ions to the

three experinantal animals. The second consisted in replacing

ground velvet bean for the 5rain used in the previous par

‘

The plan is described by dates in Table II. The control grou

“
(
.
3

received a uniform ratio n thro u3hout the ex; irent.

The investi5ation lasted from 113 to 130 days and in case

of numbers 77 and 207 the velvet bean feedin5 period lasted

more than a month.to determine more accuraet ly the value of

tr1is feed. Cow 76 developed ketosis shortly after the beginning

of the period so that it only lasted twelve days for her.

data was collected for milk production, percentage and

production of butterfat, liveneiah , feed intake, weekly barrel

measurements, condition of the animals, consistency of their

feces, production of acetro ne bodies in the urine and quality

of the n1ilk p1oduced. The results are presented in tables and

graphs in the npperdix.

When six pounds of soybean oil meal ltm' in fat were used
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was an increase in mils eroductio1. -nis efioct in Mile or -

duction was of short duration end was followed by a cecrease

in Lilk flow. The drop in milk was probocly due to a fat de-

*
L

0
'
)

g
m

U
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L
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O (
D

1
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:

iciency in View of t1'1e work reported by Leynard end

(46,49,50). The time required for milk trodiction to decrease

—,

on the alfalfa-soybean oil heel ration varied with the indi-

vidual ccw. Cow 77 reguired about fifteen dove, cow 7o, forty-

tvo dnys and Sow 257 thirty-three days for the effect of the

fat deficiency to becwne agoa en

There was no definite effect from feeding velvet ESL. on

the butterfat percenta5e of the milk produced by cows 76 and

267. We butte rfat gercentaxe of cow 77, honevee1 increased

four-tenths of e oer cent over the arera5e of the s ybean oil

meal period. These results are not in a5reenent with the

Obs ervatix'." mode by other torn-ere 17:10 foznd that t feeiin;

of fat increases the butterfat percenta5e temoororily. The

sudden increase in the fat per cent in cow 77 agrees with tie

rerorts byTood§32), n'

creased test, hgwever, stoved at a h'gh level throughout the

feeding period.

’
.
.
!

Iroduction of Four—percent Fat-corrects milk increased

in cows 77 and 267 during the velvet been yeriod. The increased

prediction in number 77 was due to increased bwtterfat per-

‘ a".. ,,.- - '7‘ ‘ ‘r 7.x, ' HA.— - ' 1. ,. 34.,

cent~ e. I1 numoer ac/ it was due instead, to increased to ml
"J
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Barrel Measurements

CC? 76

Late gays in

lactation Depth. Tidth Circumfer.

CL! . Gin. C12.

P5210) I

Jan. 15 25 65.5 53.2 210.0

" 20 52 64.2 65.5 205.0

" 7 53 *5.0 55.2 199.0

?eb. 5 46 62.0 57.5 203.0

" lg 55 65.5 5 .0 202.0

" 17 60 66.0 56.0 204.0

" 24 67 62.0 55.0 194.0

“ar. 5 74 64.5 55.0 195.0

" 10 61 61.0 56.0 195.0

” 17 88 62.2 55.0 194.0

" 24 95 61.5 56.5 200.0

J. 3.110.) II

Mar. 51 102 65.5 61.5 211.0

Ipr. 7 109 61.0 61.0 202.0

COW 77

gate Hays in

lactation Dept“ Width Circumfer.

In. On. cm.

PSRIOD I

Jun. 15 55 65.2 56.5 230.0

" 20 40 64.0 53.0 204.0

" 27 47 61.0 55.7 95.

Eeb. 5 54 61.5 56.2 195.

" 10 61 62.5 54.5 195.0

" 17 68 64.0 55.5 195.0

" 24 75 58.5 52.5 165.0

E22100 II-Lar. 5 62 61.5 55.0 167.0

" 10 59 61.0 55.0 190.0

" 17 96 62.5 52.5 191.0

" 24 105 65.0 55.0 195.0

" 51 110 64.0 55.0 195.0

;pr. 7 117 62.0 57.0 200.0
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512L32{7(continued)

C05 267

Date Jays in

1acta.tion Depth Tidth Circumfer.

0-1. CII. 0-1.

ICRIQD

Jan. 15 14 71.5 63.0 225.0

" 2) 21 0.0 65.0 221.0

" 27 26 75.0 65.0 222.0

Feb. 5 55 70.5 60.0 212.0

" 10 42 71.0 55.0 210.0

" 17 49 70.5 61.5 214.0

" 24 56 66.0 56.5 215.0

“2r. 5 "5 70.0 60.0 216.0

" 10 70 62.0 .55.5 215.0

" 17 77 66.0 56.0 211.0

IERICJ 11

mar. 24 64 65.0 61.0 216.0

" 5 91 73.5 65.8 225.0

Ipr 7 95 66.0 65.0 227.0

" 14 105 70.0 64.0 221.0

70” 78(0-YT301)

Jute Jays in

lactetion Depth Width Circumfer.

“1'1. CL. Cid.

an. 15 5. 70.0 58.0 210.0

" 20 5 70.2 55.0 211.0

" 27 44 69.2 55.0 207.0

Feb. 5 51 67.5 56.5 215.0

" 10 56 66.5 51.5 204.0

" 17 65 60.5 54.5 206.0

" . 24 72 65.5 55.0 212.0

gar. 5 79 67.5 55.0 202.0

" 10 86 66.0 55.0 210.0

" 17 95 67.0 54.5 210.0

" 24 100 62.0 54.0 212.0

" 51 107 71.5 60.5 216.0

Apr. 7 114 69.0 55.0 211.0
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OIL? LILL exper

nvr -» ‘~ lam!- \?

a.vo;i"I\I.Jvu.LJ.v.u

..‘Y .

innerlt 'lfifS vveive

c angen fron a basal ration very low in fat to velvet benns

union con ‘irel 5.41 tor cent ethe: extrutt. The possibility

of a difference in the biological Value of butterfat f“fin

an mels fei varying levels of fat nos not been stuciel. It

“preurei desirable, therefore, to study the resgonse of rats

to the butterfets produced bv ne of the cons usel in fgrt

one iuring different feeding periods, as well as the fat pro-

duced by a cow of tne control mroup.

RTVIET CF LlT7k Itkfl

Tarly literature on tnc need of fats by the animal organ-

ism, is conflicting. In the eirly works the essential value

of fats was usually assoc:atel with the value of necessary

food substances Carried by then.

Osborne fini Xeniel(l) stated that Step? was one 3f the

first investigators to stuiy the mportince of lipids. ”e fed

mice with materials which nun been thoroughly extrsc.ei with

ether and alcohol. ".'ithin a few L'Jeel's the e;~;*eri;r;entsl ani-

mels died. The addition of alcohol-etner extracts of certain

7714“

teriels Kept the mice n“:lib 4—4. J. ~— .oU

observation that butterfat fuilei to renluce the missing

substance. A possible relation of tnis condition to a deficien-



(
"
D

cy of essential fatty acids is un enable, since the life sus-

taining factor Could be obtained from skim milk. Loreover,

he admitted that the f-ctor lacking was not a fat. This v; r;,

howexer, Opened the way to a new branch of nutrition. There

were other reorts on the value of fats in the diet, but tizey

were inconclusive(l).

McCollum and Lavis(2) also determined the iznno ance of

fats in the diet of rats. Sowever, their works showed the

essential factor in question was a fat soluble substance and

not the fats themselves.

.
.
.
,

Csborne and Lendel's report during tne same year(3) is

(
D

difficult to interpret. Tnev studi d the influence of butter-

fat on growth and found that rats could tr w to l4O days of

"e, alti10ucn Wry subnormzlly, on fat deficient diets. The

weieht fin1res eginCided 'itb those obtained by Burr and Burr

in later years(6). The absence of ophthalmic symptoms demon-

strated that vitanin A was not the causative factor. Vowever,

H (
D

d 0-e d'P
-
w
“

lard rrcduced no response when sdded to t

Robertson(4), while feeding a ration of boiled-peeled-

mashed potatoes, defetted bran, w1.1ite of egg and chlorophyll,

observed that few weeks after tne initiation of the diet the

rats developed tail necrosis, inflamation of ,ne fenis and

rectum, and languid movements. Hon ver, tne condition im-

proved four or five weeks after the initiation of the experi-

ment. About the twenty-second week a sudden and rapid loss



of v-1-nt occurre with hyperirritability of the skin and

incessant scratch:ng. n month later the rats died.

Thirteen years following the report of Robertson,

chnis, Anderson and fiendel(5) proved that a small inclusion

of fat in a balanced fat-free diet produced optimal growth

in rats. Careful sc ection and housing of the stock were

practiced, the rations were prepared accurately and exact

records of the feed consumeed were keift. The feed was moist-

ened to a paste to prevent spilling. The addition of peanut

oil improved the condition of rats which had been losing

weight on the fat-free diet. The authors made no conclusion

as to the nature of this response.

The work of Burr and Burr during the same year(6) settled

the conflictin> question of the necessity or essentiality of

fats in tile diet of the rat. They used three different fat-

free diets consisting of different proportions of pure casein,

sucrose, McCollum's salt mixture 185, supplemented with ether-

extracted yeast and the non-saponifiable matter from seventy

milligrams of cod—liver oil to supply the different vitamins.

The ndtritive ratio of tne diet was chz115ed from 1:3 to l: 7

as the animals advanced in age

"Between the seventieth and ninetieth day of age", they

say, "an abnormal condition of the skin is observed. later

on the tip of the tail may become inflamed and the WLOle of

it soon is heavily scaled and ridred. neiorin-ic spots may

arise in the shin t11routhout the entire length of the tail.



The swelling of the tip nay bradually be replaced by a true

necrosis resulting in the loss of one to three centimeters

of the tail. The hind feet become red and songwhat sw3llen

at times, in some cases with long scales over the dorsal

surfaces. The hair on the back of the body becomes filled

with dandruff. There is a tenrdency to lose hair, especially

about the face, back and throat. Cores often annasr on the

shin, causing the aninal to rub his face o1t1nualy with

his fore feet. The early outward sivns of an unhealthy con-

dition are soon followed by a cessation of brawth slen the

animal is about twenty-five percent underweight in compari-

son to the “entrol receiving fat."

U
1

asides the skin and tail lesions, E.rr an: Burr noted

a marked uniforxi affection of the urinary tract and Klafle"3

although 01113 ariaals died without this type oflesicn.

“omparisons to the symutodatolorv of vitamins A and B de-

ficiencies and to pellagra, eliminated all doubts of com-

plication with these diseases.

Keither glycerol nor the non-saponifiarle portion of

lard caused any improvexent in the ra

basal ration. However, thirteen drops of melted fatty acids

fed daily to a group, frotected tiem connletely. Ten drops

of lard daily cured the animals when in a very bad state of

deficie: y.

Evans and Lepkovski(7) failed to observe tail necrosis

as a specific symptom of fat deficiency. They have nave



noted this in their studi s. iurr and Burr(6) admitted, more-

over, that tnis lesion is liKe the one described in the works

of Smitn and Begin as a result of underfeeding.

The surprising results obtained by Burr and Burr when the

free fatty acids of lard were fed to deficient rats, led the

authors to search for the real fatty acid needed. he synthesis

of fats from car-ohydurt,;tes and the carbthirate portion of

the proteins is universally known. There would be no deficiency

then, if the body could elaborate all the fatty acids in na-

ture. The fact that a real deficiency occurs can be explaim

therefore, by the inability of the orgarisrn to synthesize

some of V«em.

Burr and Burr(8) proved with further studies that none of

tie saturate 1 fatty acids occurring in hydm'ogze natei coconut

oil cured the disease. Houeve Eure meVyl linolate was ef-

fective. Two years later(9) they found that linolenic acid,

another unsaturated fatty acid, was equally effective. Cleic

and alpha-eleostearic, an isomer of linclen'c acid, rroved in-

effective. A preparation of methyl arachidonate had a slight

however, Tur;einen(l0) fed thirty—three milligrams daily

,
1
:
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7
'
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"
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of arachidonic acid in tne fat—free diets of rats ant

practically the same results as one-hundred milligrams of

methyl linolate, thus proving that it is three times as potent.

The question, therefore, of the essentiality if aracfidonic



acid remains questionable. Vesscn(ll) suges tel the this

acid is an int;redi-te product in the metabolism of part of

the fatty acids containing fewer than twenty carbon atoms.

Yvans and associates(l2,l3) In einteresting studies on

the effect of a fat deficiency upon reproducticn and actation

in the rat. According to their obserVations(12) normal re-

‘
4

C
.

production is impossibleit:out tne esse r.tial fatt; ~cids,

even when vitamins L, D and B were Sipp ied in abundance. Lit-

terinv was retarded as to three days, eighty per cent of the
L)

young were born dead and the weir t and nancer of the new

oorn were very subnormal. loor lactation was shown by the

. "' ‘ \ L. \ ‘ 4‘ ‘- 9" l -. ‘1 -" "‘.., ' , ‘4 ' 4— . D 1,,

poor we1.ats of the yeah; at meuhlhb. ine addition 01 the cs-

(
7
4

sential fatty acids brought about sirrnis1n"" good results.

Eutterfat or twenty-five per cent of lard were equally ef—

ficient.

Iaeder(27) confirmed these observations. Ie su' estei

hat the causative fac ore of rrolonncd stition were the

lessened vitality or death of the fetuses, d3cietse‘ tone of

the abdominal and uterine musculature ant possible lack of

necessary hormonal stimulation. He observed, noreover, that

the rocess of reproduction was early inpaired in fat deficien-

"
d

V

cy, but that ovulation was affected late and recovered

promptly after fat feeding.

Male rats reared on fat-free diets lose their sex—inter-

est(13). This is contrast to E avitaminosis, where sex-inter-

est is preserved for a significant length of tine. Smell

'
)

quantities of the es ential fatty acids re tored sex-interest,
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but fertility returned in certain cases onl*. Tvans and as-

sociates stated that tle sterility in that case was proba-

bly due to a 1,"e degeneration of tde testes. T-e 11na1r-

ment of nzle reprcdictive function rescnbled that o A av1-

taminosis.

Other investigations on fat deficient rats have been

made by Burr and Beber(l4,l5,lé) and by Barr and fiesson(l?).

These investigators reported the fat deficient rats have a

higher spcific dynauic action of food, a hi gher basal ne-

';ner mepiritory quotients than normal.

in the body, but not of the essential type. In the presence

‘

4 possible relation of fats to txe tVyrei d gland is also

claimed. in tie ats:noe of fatt

t:1yroidiszi even when iodine was fed. Qccording to Eurr and

Wesson txis View is sulported by the high metabolic rates.

Iowever, their data also show that the iodine level in the

oody prooaoly plays no part in the p oduction of fat-deficiency

synptoms

in 1956, 3inclair(l8) claimed that there is evidence of

synthesis of essential unsaturated fatty acids in the body

of the rat. Ie fed a tread on casein, a salt mixture, yeast

and seventy oer cent of the total calories in the form of

elaidin, supp eiented with cod liver oil. After three to four
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the essential fatty acids, prevented the "limited" or partial

synthesis if these from the carbohydrates. The etnrce of

these acids is still unhno n.

fiutterfet as a source Of the essential fatty {Gide
 

Sckstein(l9) analyzed sanples of catterfat frem differ-

ent parts of the state of Licnican and f~ile9 to find a

large an: nt of linc”%c and linolenic acids in them. The

avera5es we“e 0.2l per cent of linolie and O.l2 ger cent of

' ‘ ' ' 75" r-‘ ‘: ' - "‘ ‘~.—_" 1r ~I. - T ’0' "

linoienic. “e aonitted, naneyer tiat tnese Values were too

‘

low, since Xilditcn and cemerl;rs(23,21) claimed that batter-k

fat contained as mach as 4.5 per cent of linolic acid.

*cKstein also showed that the essential fatty acid

content of butter can be increased bf feeding feeds ric: in

v
'

“~ " I‘d-V“ “1 'L n " 1“" ‘,’ “ 1“ I‘ " "‘,1“‘.‘.V ‘ fi_ ‘ l 4. .r‘v

tnus Shonlafl tdaa lt IrudUCCD quOu_abi3 afie i lactation.

aese investi-s
o

The conclusion that can be derived from t



gations is that rsts need linolic uni linolenic sciis f3‘

normal life, but tne snount they require is so snail, that

even bu tter wnicn contains t en in linitei amounts, con sup-

ply the amount they need.

actioz L
J

0 V
*5

H
)

0
‘
.

(
.
.
‘
.

I
J
:

Besides the functions of energy production enfl the es-

sentielity of some of its c’nstit gents fox normal life, fats

l “ ‘ ' " ' "- ‘ “ " ' I" ' c' ‘-"v‘ . :\ \‘f . " * l , "' . '

have been found to ;;oss.:ss a Vitenin cl 53ar11; qulOflo
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In 1928, TVens end ;e1:”ovsk (24) noticed tha

$018 unkneviz‘. new are related t» tie body needs of vitamin

as same investigators had previously reported. In l?29(?3)

thev observmi t 1st the addition of fifty ;er cent of lard to

the ration in the absence of vitamin Bl prevented the sbnor

mel condition Cin1acte listic of the svitenim' is in rets.

However, on a ten per cent levei of fat, growth use very poor.

Yeast added t3 the ten per cent fat gist produced normal

growth. There hai seen no cnunces of the fat being contami-

nated with this vitamin, since previous analyses had given

ne3ative results. In 1331(7) Evens end ;ephovski Confirned

their es:iier findings.

Three years lster(24) since }reJory, Drunnond and qteen-

hock faii ed to s ow a vitamin Bl sgering action by fats,

Evans erd Lejkovshi i,nonstretei that the le.e of protein

nd vitegin G in tne diet piey inporrtent role 5 in this function.

Xoreover, different fats very in their El paring ebility(25).
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The principal object of this stucy is to deteriine the

difference tnct may exist between butterfets rr.ducei by cons

amount of fat, resoectively.

ninor objects are tie ieterminaticr of the effect that

a diet devoid of fat will have on the animal orsenism, and to

obtain tne tnecnniqne of experimenteticn Wltfl rats.

I.‘ [v (“‘Tfl — I‘“‘v‘ V—‘-'v-Y)v“_i—;-y~' fl. (Ffl

a4;’.&i Va. .5 ,- A .44-; J.~-LAs~-¢‘L

elect"on of t“e rrts- Inrticnlur importance will be

 

 

pls ed on the selection of the rut° since it is known that

\
.

‘ ‘ o ‘ 4 s v _‘ ._ j I - ‘ A. f‘ .‘ ‘ o ‘, ”'1 ( ’, r) _’

factors SQCJ es 1nn1v;aue11tj, sex, ate uni hereditd is; eff,

tn pair” sec ion and CflleStTy repertgent cf tne “icai‘sn

Ste e Jolle-e will be used. Jere will be taken to group so-

csrdinv to eni weight. The male parent of m.ft of the

sninels will be thz same to redice Fereiitery variatix s to e

m Jinan.

‘Ine nnximnn neeuinr n e will c, three weeks. Tgis ri’l
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Tn} exye iment has carried out as plmnel. The rats

obtained from the chemistry Laboratory were 5red.el as controls

only, since they differed from the rest of the stool used. The

average weight of the rats used was betWeen 35 and 43 grams.

LSceliness on the toss and the tail appeared at about the

fourth week from weaning. Jewelegnent of soLliness was very

uniform so that fat fe ”in; egen at the same tim”. Butterfat

was fed for four weeks as had been planned, and the rats exu-

mined every three or f'ur days for si5ns of 1wpr'vsnent. The

‘-- w . ' _ ., .‘.”. . ,1; _‘ . . I. ' v. ‘1 , 1 ' ‘

ouserthi ns made are discussed in the foil ewino paes.

The early symptoms noticed in the group studied confirmczl

tne necessity of lipids at is est for
x ,- -‘ I ‘-, . I. , “» ‘

greserv1n5 tne nosltn

‘> ‘ - r-ra‘ .‘ L“

of tno Sfild. rue Tabb (
<
D

Vlo. ed an abnormal condition by the

end of the third to the fourth ween on the fat-free diet.

This conditior consisted of irritation of the tip of the tail.

The abnormality sdvsnced tonerds tr e base with the formatioi

of ltr5e scales srd ridges, coverin5 at least one third of

the tail. Fat deficiency was also indicated by a similar

souliness on tE‘ie toes, which usually de‘wzlopei earlier than

on the tail, and heavier on the hind feet than on the front

' " A "x J“ ‘ ’ ’ ' ' ‘ ' . a" 4 I " ‘ , 0 I '- '- ‘ ‘1 ’ " l ”3 " " {\YV'

ones. considereble variation oetween .11”is was n>t1ted, non-
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lbs wei5ht f15ures obtu'ned durin the fir

toe experiment uLpflpd that a th def131ency doe

2'its durin5 eerly se. The “(315-35 were user}

the amount of butte rfut fed weekly to eed” re .

weir5nts for each lot ere presented in Table II

Feeding of butterfat was oe'un as soon as

4
ML mt‘w")

'-. . ‘ .i .1: .' -, - L. -. ,-.

t4e seely CQJuLtIQH. “, return to
‘

fir, ray-sf:

bliUnv

+

was used to Leesure the essential ntitty acid co

bitteifat Stidi ed.

TL, results uttnined durin35 tne experiLent

in the follow1pers5raphs. A ieteiled d scrip

results of sec; lot is SiVLL.

The Le5Ltive control l t of rot was R'ft

diet. Tbe W'ekiy ayere5e Veifhts for the three

tLo enfijliMCnt Lit przsentei in Table II. Their

was very Similar to teat of the other grouts. T

bttteif t to the exgeriseLtul uniuals dii not 5

increSw in tne IL 3 of 5rowtn when coLjered to

Kegetive controls. Heavy Luter co rsuL‘tion was
,

V I.

this 5roup, thus Corf‘rir5 the reports of otee

The degree of scul1n=ss varied in this lot. Cne

very Luihel SOL.lines s on the toes Lnd the tail

however, vmre only sli511tly affected.

,n-nO

Lot I of the 51 receiviz5 bJUP

:llile be in5 fed the alfalf{<—velvet be~
4

1

..Lscaliness on the toes and tLe tai by

‘ - ~‘. I +-

to calculeue

r'“. ,A ., I“.

1.18 {fl/611,198

“ 5 .J-! .

Of trig J.p1_'e:.u¢.4 .

an*l condition

Iztezrt o- 'the

. ‘. 'n‘ 4':

rute of 5"owte

feeding of

any favorable

st of 13.163
4—;

L‘s

Observed in

rat she"e

The other two
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week after weaning. use devree cf seeliness Varied in this lot

also. Butterfut was fed one week after Lieliness was first

notio e1. finch rat received two 5 ems o: butterfat for every

‘3 ' , ‘ ‘ r- w ‘ "- ._ . _ 1r 7 _ I I I ’ ' w .‘ _, . l .a

one nundreJ 5rafls of codv Le15 t Luring tLe first teen of tze

n 'R 1 . - ' ' 9—; »v' L" -' " " “ ‘ ‘I . I" a ‘\ f‘ ’ 1 Y“ '3 ‘. v r

f‘dt 1631341115 St'lt'..‘izo ."3 pruuilt fuel figs 1: Clq'fbbex 5V ' .5 .» Tenn

of the toes tnen on the tails. First sifin of iL;.>ro trement

were noticed at the eni 3f the secwni week. ’t the e11 of t3:e

four weeks recovery was eemplete on the toes, but slight

. - -, .‘ - 1 .° . 1 , - 1

sealiness still reha1¢ed on tne teiis.

.'r I' T ‘ ‘7‘ : c I I . Q 4‘ L 4.1-3 I- ,I I" I

T1e a:.‘im.ls in st 11 sne~e1 varyin; eeliees of sceliness

’
.
J

(
D

(
0

C
u

on the tail. The first 515ns 3f the Lbfl 1Lelity were not'

w {
D

L
L

d
’

Oat the same time as in Lot I. The levels of betterft

this lot were 2.3, 3.3, 5.5, and 4.0 5rLLs ~eeLly per 103

grams of ~o1y wei5nt, for each of the four nee;;s tt the fet

ionse sf this lot ta fut fewdin5 was Lore rerhed

than in Lot 1. Improvement was unifonm by the end Cf the

se and week. lt tne end cf tee fourth week recovery was com-

” 1. ~ -- ~ a "‘1‘.— . ' A '~- ‘ r-»- -1 ~. -~ V. ~ .'

piste on the toes. 1 9 tall; Were not eoLLLetely cured, hen-,
,
.

\

Fat defieienc‘r was mere LL Led in Let ‘11 than in the

otbe“ groups Previe sly nedt‘3re.. The butterfet used in this

lot was the suLe us for Lots I and II. The LL'DUflt fei was 3.0,

3.5, 4.0 end 4.5 5ruLs ye“ lJJ 5rLLs of bedy wei5Ut fer the

‘ v 1“ - 1 -' ~ - A r.

four weens, res

~ +' n’i ‘V t‘ "L j ”‘45 4“": 1 n -7 .-~\-‘, C n ."an x"~.~ l,--'w-.-‘r~+-~
ILOLJlodx U.’ 119 CI]. 1 but; SEEK/(111.. 1.61.311. ALCVVH1 ..::_,b CULLILLLL:
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on the toes by the ml of the fourth week of fat feeding.

ImprOV3m3nt 0f the tails vas s_cv.r and still showed sceliness

at the 3nd of the ex;erinent.

In Lot IV similar results were obtrinei. fech rat in lot

was fed 3.5, 4.3, 4.5 and 5.0 grams of tie seAe butterfat per

b “ht during the four weeks, or 0.5 gram

more each week then to Lot III. ImproV3nent in the condition

of the toes Wes observed on week after the first e3ding.

Recovery was comylete at the end of the third week. In; eve-

ment of the tails Wes gradual and sceliness was observed at the

en; of the fourth week.

Fat-deficiency syggtexs speered in Lot IA three weeks

after weeninv. Eutterfet feeding was begun at the fourth week
a.)

.

0

when each rat received two grems of butterfat p r 130 grens(

of body weight. The butterfat studied in this lot was produced

by Cow 267 during the alfalfa-soybean oil meal feeding period.

1

Tne allov.snce was-3 increased by half a gram each week until

(
)
3

each rat received .5 grams of butterfat per 103 grams of body

weight during the fourth ueex.

lupr3veucnt from the fa t def “ncy was 81 aver tLi3. in

case of Lot I. The toes showed a very slight recovery by the

end of the fourth week. 0 iAor<VuLVIt we? noticei in tne

condition of the tails.

The eniAels in Lot IIA re ceived one nilf-grem more each

week per hundred grass of veight then the rats i; got IA. The

butterfat used was the same.
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