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INTRODUOTION

The protein in the ratien of the dairy eeow is the mest impoertant
item in the feed oost of lilk. pﬁuﬂon. In the Stats of Michigan pwr-
ehased pretein-rich eemsentretes are generelly high in pries. Deosuse
of this fact & great many dairy farmers deo not feed suffieient pretein
for maximum predustien, If it were possidle te produse a crep, o &
comdination of creps, with a protein eontent whieh would de suffieient
for growidh, repreduction and lastation, a very oconsideradle saving eeuld
Yo made in the feeding of growing and lastating dairy animls,

The mmun oommenly used ia the feeding of dairy animls
are oin. oats, and darley. The most commenly used reughages are eera
stever, eorn silage, alfalfa hay, clever hays, and $imethy hay. Any home-
SroUR retien will eensist of various eemdinations ef these feeds with the
addition of commen salt.

IS has 2ot deen eonsidered pessidle, by mest investigators, to min-
Sain high preductien in laetating dairy eattle by feeding a rstien grewn
extirely on the farm, Beficiencies in bdeth quantity and quality ef the
total pretein are eemsidered the limiting facters,

The State of Nichigan produces more alfalfs hay than any state cast
of the Mississippi. The alfalfs plant is & very chea) and sbundant seurce
of pretein, The leaves of the alfalfa plant are especislly rieh in pre-
tein. 1o attenpis have Deen made 0 wse $he leaf of ihe alfalfs plant
as a swstitute in the grain ration for purchased pretein~-rish consentrates.



IS is %o purpese ef this investiigation teo eompare s eimple grain
ration eoupessd of & Dems-grown ceresl with slfalfs leaf mesl 88 & pre-
toin swplemsat, t0 a eenplex grain ration containing cottonseed moal and
1inseed 01l meal as pretein swpplements, in the feeding eof high produsing
dairy oows, It is alse the purpose of this investigation te sempare, by
miritional experiments with rats, various simglified hems-grown ratiens
%o an apyroved eomplex grain ratien plus alfalfa hay, for grewth, repre-
dustion, and lactation,



REVINN OF LITERATURE AND GENERAL DISCUSSION

Under present practiices home-grewan rations are wswally teo lev in
toial pretein %o maintain very high milk predustien, IS is pessidle,
however, 1o preduse & retien on the farm that will maintain & fairly
satisfastory level of milk produstion in dairy eows, Such & ration is
possidle only when & high prefein roughage, such as alfalfs day, is fed
in 1ideral amsunts, and & grain ratien of suffiecient quality and quansity
is swpplied,

NRCESSITY FOR QUALITY IN THRE PROTEIN OF THE DAIRY COW'S RATION

L1though & large quantity of pretein is required to maintain high
milk produstion with dairy cows, quantity alene is aot the eanly essential
protein requirement. In 1907 Eart, MaCollwa, Stesmdesk and Rwsphrey (1)
in yeperting on fooding trials, in whish they used ratiens frem restristed
sourees, made the fellewing statement: "The rations exdimarily fed ewr
farm animals are sxsesdingly seplex in ehemical sempesitien, There are
many differeat preteins, in additien to nitregen-dearing dedies of nem-
protein eharaster; fats of different compesition and deogree of smiwration;
eardohydrates of many types; ani a host of undetermined and undefined
Yodies in the dally ration of a demestis animml, WVhether this somplex
organic ensenble of the farm ration 18 alvays esatusive to vigerous
growih and sustained vitality, or whether dependent wpen its seurce, it
my oontain eithsr mutrients of imadequate shemical eonstitmtion o do-

pressants, which esunteract the faveradle physiological effeet of a part
of the ratien, is an unselved prodlem,”
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Eart and Mughrey (2] state that "with the mewer view point of pre-
toin chenistry enmphasising the fast that She valwe of a pretein mixture
for growik or milk predustion will depemd wpen its qumalitative and quanti-
tative mke-up and aot merely ea the quantity of the preteins injested it
is ixpessidle to state vhether the home-grewa ration would furnish & pre-
tein supply of preper quality feor high milk predustien witheut drawing ea
the pretein tissus reserves of the animal,” These same imvestigators (3)
after feeding lactating dairy eows en rations centaining milk, eera grain
or vhsat grain as the prineipal souroce of protein eame b%e this ocenslusien:
"hat ths qualitly of the pretein is an inmpertant factor in mintenance
and predusiien and that the synthetie pewers of the mammary glend will
20t ccupensale for deficiencies iam protein strusture™. They suggest that
the sufficiency of the proteins will depend en their source amd the qmalisy
of the amime-asils they ean furnish,

Essential Anine Asids

The quality of yreteins, in regard o their adility $o maiatain
saimals or Ve preduce crowth i snimals, depenis ea the cempletensss of
their anine asid eontent,

Goborne and Mendel (4) stated that "ibderhalden has maintained that
0 leag a5 $here is me evidenes that amime-asiis ean readily experienss &
transfermation inte ens anether in the erganism, ihe extent of predein
sonstrnstion in the dedy must be limited by the amine-acid whieh is pres-
eat in the smllest relative amsunt ia owr imtaks™,

Osherne and Mandel (5) suggest $hat all those amine-acids that ean
20% be synthesised by the animal must be swpplied in the ratien,



Mathows (6) states that animals “canme$t make sufficieat tryptephans,
tyresine, lysine and eystine to swpply their needs, dut these axine aeids
mast b present in the diet”,

Hawk and Bergeim (7) 1list as essential for normal development, ly-
sine, \ryptephans, eystine, and $yrosine; and they suggest that histidine
and preline may de essential,
igeine |

Osderns and Mandsl (5) found thet & zatien eonmtaining gliadia as
the sele seures of preteia, and which was enly sdle to maintain the ani-
mls, vas sufficient to premste mermal grovik vhea swpplemeated with ly-
sine. Gliadin is deficient in 1lysine, These investigaters suggest that
1ysine is predadbly aet essential for maintemanece.

Eart, Melson and Pits (8) found that it was practieally impessidle
$0 got 7ats o grow and repreduce oa 8 ratien deficient in lysine, They
found that if grewn rats placed em & lysine-free ration wers dred, repro-
dnstion wonld eceur dut the young weuld die, The additiea of lysiwme
oorrecsted this eondition, These investigators esnsluded fhat lysine was
2% nseessary for maintenance, They alse ecomsluded tht the mammary
€land i3 met eapedble of syathesising lysims,

Hogan (9) in using eera as & source of pretein for rats found that
these animals weuld met grow withews sn adequate swpply of lysinme $e
supplemsnt the cora whea the ratisa was ethervise cemplete.

Osderme and Memdel (10), (11), (12) veporiing en & mumber of differ-
ext trials in wiich l1ysine was used te supplemeni lysime-deficient ratiens
Mve showa that lysine is neeessary for grovwih, dut is met meocessary fer



for maintenance. Thess amtherities (13) alse found that lysine wes
meesssary for growih in chiskens.

Zryptephrane

~ Osborms amd Mendel (5) have shown that iryplephans cammet de syn-
thesised by the animal erganism. They alse demsnsirated dy feeding o
ration deficient in tryptophans that this amine-asid is neeessary for
both maintenance and growih,

Hogan (9) found that rats weuld met grew without tryptephans snd
coneluded that Sryptophans is the first limiting smine-seid of the eeorn
kernel,

Osberne and Memdel (10) fowad that lysine esuld met replace iryphe-
phane i making maixtemance possidle amd (10), (12) that tryptephans was
essential for maimtemanes. They eonslwded (11) $hat the swpplemsntary
powers of oertain proteins, when fod with ocora 1lies im their adility te
swpply lysine and tryptephans, the amine acids whieh are defieient ia
the csrn grein,

Totani (14) werkiag with rats eonfirmed the epinien that tryptephane
is essential for Dotk maintenanee and grewth, Osborme and Memdel (13)
found that ehiokens failed to grew eu s ratien defieient in iryptephans,
Systing

Osderne and Mandel (12) state that cystins is essemiial fer grewih,
ey found (15) that the additien of eystine %o a ratiea defisiext in
Ahis amine iou predused growth that wounld imdieste & mecessity for eyo-
time in the retton,

erman and Merrill (16) found that ihe sdditisn of 0.2 per oent ef



cystine to a retien eentaining milk as the essentiial souree of protein,
Yut over diluted with eora starch, cansed young rats o greaily euigrew
sinilar animals en & dasal ration containing ne eystine, These investi-
gaters point out that oystine s the first limiting amino acid in lﬂ-ko

Sherman and Voed (17) demsnstrated that eystine §s essential amd
deternined the amount of Ahis amine scid in casein by measuring growth |
on easein fod animals and sheeking with the growth of animals getting
pure systine in the ration, |

®iling (18] shewed that systine added %e & ratisn, the pretein of
whish eensisted of sasein, preduced growth, When the eystine was removed
thpn was & desline in body weight, It was conocluded that cystine was
essential for maintenanse and cnth.'

’ Woods (19) found that rats kept on a eystine free diet and then
ehanged te s normal diet were able %o resume growth at a remarkadble rate,
amd were adle to repreduoce and rear young.

Iewis (20) fed degs on & low protein diet and found that $he addie
$ions of small amounts of eystine faversbly influenced the nitrogen dal-
ance, K» oonsluded that there is a specific demand for eystine fer me-
tabelie precesses. B

Iovis and -Lewis (21), Rose and Muddlestun (22) and Vesterman ant
Bese (23) demenstrated that it was not possidle at that time te sudsti-
¥ute sucesssfully slosely related chemiesl swdstances for eystine,
Histidine .

" eefling (10) feund that in feeding histidine and srginine with sa
etherwise eemplete ration that "full grewn mise are able o hold their



weight when either of them (histidine or arginine) is present™ in the
otherwise complete ration., In the absence of both, a loss of weight
oscurred,

Hart, Nelson and Pits (8) showed that the addition of histidine
and arginine di{d not bring about an increase in growth,

Ackroyd and Hopkins (24) stated that ™when arginine and histidine
are together removed from the diet of rats which have previously been
growing on a complete amino scid mixture there is a rapid loss in weight."
They also found that nutritional equilibrium was possible in the absence
of ons of these protein constituents, but not in the absence of both.
They suggested that this is because each of these amino acids can, in
metabolism, be converted into the other,

Harrow and Sherwin (25) stated that histidine §s an essential amino
acid and that arginine and histidine are ggi interchangeabls,

Rose and Cox (26) demonstrated that arginine cannot replace histidine
in the diet, They concluded that histidine is absolutely essential for
groeth and maintenance,

Cox and Rose (27) in feeding trials with growing rats found that
neither adenine, sﬁsnino, creatinine, creatine nor a combination of these
compounds is capable of reélacing histidine in the ration.

Harrow and Sherwin (25) found that imidasol lactic acid, a compound
closely related to histidiné serves as a very good substitute for histi-
dine in the diet,

Cox and Rose (28) stated that "“the addition of dl-Beta-4 imidaszole

lactic acid to the histidine-deficient diet caused an immediate resumpiion



of grewih, at & rate slighily lewer than that indunced dy the equivalent
uantity of histidine®, They suggest that such a swistitution is pessi-
Ble prodably Shrough being transformed by the eells inte the aming aeid.

Rooe and Oook (29) demensirated that arginine eeuld net replace
Ristidine in the diet. They eensluded that these twe smine acids were
. 9% interchangeadle im purine metadbelism,

Argining

Barly investigaters associated arginine and histidine very slossly
in pretein metadelism.

Aokroyd and Hepkins (24) suggested Shat in metadelism arginine and
histidine oould be eonverted eme inte the ether, and thad if one was pres-
ent in the diet the other ene was net adselutely mecessary.

Geiling (18) stated that "arginine and histidine seem %o de {nter-
shangeadle in mutritien”. -

More recent investigations, hewever, have shewn that arginine amd
histidine are mot 50 elosely assesiated in metadelism as was at rirss
suggested. '

Rese and Osck (89) eensluded that ";uhtu and histidine are net
{nterehangesdle in purine metabolisn”, and that arginine eeuld met re-
place histidine, |

Sure (30) found that 0.4 per eent of arginine added te a ratien do-
fiefent in arginine preduced insreased growth.

IS has Deen demonsirated (18), (24) that the sdditien of arginine
%o & ratfen defiefent in Whis anine acid prodused grewid,

Syresine
" sbderhalden (S51) found that degs resdily lost weight whea fed on &
Tation eentaining easein, as the souree of pretein, frem whish the $y7e-
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sins had deen remsved by orystallisation, Whea tyresins was supplied
in the reation there was a gain in weight,

Jacksen, Semmer apd Rese (32] fod & ration eemtaining gelatin as &
besal protein plus systine and tryptephane. The additien ef tyrosine
0 the diet preduced satisfactery growth in only 2 of 26 animls,

Mthews (6) points eus that gelatin camnes meet $he protein require-
ments of the human bedy, and that gelatin lacks beth tyresine ansd iryp-
tophane,

Totand (14) found that the adsensce of tyresine frem the ratiea did
aet provide & deficiensy in the ratien.

Sare (35) in attenpting 40 deternine the mutzitive valwe of lastale
Venin fod & dassl ratien of dextrinised corn stareh, agar-agar, Viseonsin
salt mixture wember 32, filtered hutterfat and an aloshelis exizest of
wheat esirye. Then lactaldumin was fed at a 9 per eent level plus eys-
100 With the dasal ratien, i% was found to be defiefent in mmtritive
valus, When $yrosine was added as B per sent of $he toial pretein of the
diet Ahe ration showed exsellent muirisive valws.

Lightvody and Kenyen (34) found ihat the adsense of Syrosine frem s
ration that was etherwise complete did met prevent growih ever & period
of 12 weeks,

Proline

Using odestine (the glodmlin frem hempseed) as & dasal pretesin, Sure
(50) added eystine, arginine and l1ysine. A% & 9 per eext pretein level
there were me signifisant isiiestions of & matritive deficiensy whem fod
o rats, When e mtohlmlmmu;m oeext, however, growth
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was retarded. The addition ef 0.4 per ceant of proline at this level
prodused mo additiensl growih.

he addition of 0.4 per eent of arginine in addition %o the pro-
1ine preduced a motioceadle insreass in growidh, Sure esncluied that as
srginine alenms, o prelins alems 4id met produse the grewih that & re-
sumption of grewih when arginine was aided should de sredited te pre-
line, Ee alse tom.thn twe male rats receiving proline im additien
10 & preline-free diet made mach better grewidh than two females ea the
prolins~free dist. These resulis weuld et seem to indicate a need for
proline in the diet of the grewing rat.

rui the review of literature presented it appears that tryptepyhens,
oystine and histidine are essential for maintenanse and grewik and thet
1ysine is essential for growth, IS alse .ﬁpms that tyresine and argi-
nap my de essential for growth.

THR DISTRIBUTION OF THR NITROGEN OF ALFALFA HAY AND SOME OF THR CRREALS

The date ssncerning the amine asid cemtent of the alfalfs plant and
the ﬁmmﬂomnry inconplete, and in many cases disagrees to &
mrked degree,

Aifalfs

Baailton, Nevens and @rindly (35) and Miller (36) fownd the fellew-
'ing mitregen distridution expressed in percemtage eof the tetal mitregen
of the alfalfs plant as determined by the Van Slyke methed,
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Hamilton, Nevens & Grindley M 1ler
- Av, of 4 samples containing Av, of 2 samples
Amino acid 2.628 per cent N
Histidine 3931 Se18
Lysine 4.434 11,30
Cystine 0.991 093

Mitchell and Hamilton (37) have compiled the following data concern-
ing the amino acid content of the green alfalfa leaf as determined by the
Van Slyke method and elassified as to protein character, Expressed as

percentages of total nitrogen.

Nitrogen
Charaster of Protein Content Arginine Histidine Lysine Cystine
Cytoplasmic proteins 15,76 16,3 el 10,0 0.8
Soluble in dilute alkali 13,60 11,0 6.3 53 0.8
Water-soluble; Sample A 13,94 18,8 6.8 5¢5 1.3
Water-soluble; Sample B 12,72 17.6 75 5e¢3 1,3

Chidnall and Nolan (38) found the following nitrogen distfibution
in the oytoplasmic protein which constitutes about 8.61 per cent of the
protein of the alfalfa leaf, The distribution is expressed in percent=
age of total nitrogen of the protein., These two investigators used the

upper 6-8 i{nches of plants which had grown to a height of two feet,



Avginine 15,32 per eent
Histidine 3,09
Lysine 9.97
Cystine 0.84
Viekery (39) iselated tyresine in very small amsunts from the juioce
of he alfalfa plamt.
Vickery and Vinsea (40) iselated appreciable amsunts of arginine,
1ysine and tyresine from the juiee of the alfalfs plaxt,
Jenes, Gersdoerff and Meeller (45) reperted the presemse of trypte-
phane iz the erude protein of the alfalfs plant,
Gora grain
Hemilies, Bevens and Grindley (38), Brewster and Alsberg (41) amd
Mllsn (43) found the follewing nitregea distridutien in serm, expressed
_ as pereentage o2 total nitregen as determined by ihe Van S1yks methed,

Yanilton, Neveas & Grindley Jrewster amd Tollan
Amine asid Av, of 6 samples comtaining Alsderg

1,407¢ gus, X,

. Arginine 8,728 7,78 16.19
Ristidine 4,038 2.46 4,45
Lysine 2.800 2,06 8.53
Cystine 1.072 1.60 4,08

s {ryptephans, tyresine and proline eoatent of the tetal protein
of eorn was met given in the literature reviewed. The amine asid eomtent
of soms of the preteins of ecorm has deen determined,
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Jonss and Osenka (43) give the distridution of nitregen in the alpha
Glxtelin of eeran as follews - average of two determinations expressed as
percentage of the tetal mitregen.

Arginine 18,11 per eent
Eistidine 2.81
Lysine 7.99
Cystine 2,04

Fbin and Denis (44) give the Syresine eentent of esorm glutelin as
6.5 per ocext. o |
™ follewing tadle shows the percentage amine asid esntent of sein,
& pretein of sorn as detarmined by & mumder of imvestigators, Omly these
‘amino asids ecnsidered as essential for grewih or maintenanes are given.
(Aceording $0 Berg (53) sein makes up abous 50 per cesmt of the eora
pretein and glutelin abeut 30 per cent of the eorm protein,)

Osborne Jomes, ders- Jolin TYolin
Amine seid and  droff amd and Hanks amd Cobn
Mandel Ipeller Mrensd Denis
(8) {45) (48) (4¥) (ad)  (48)
Proline 9,04 - o | '
Pyrosine $.85 5,88 3.686 55
Cystine 3.48 1,08
Histidine 0.82 1.28
Arginine 1,86
Lysine 0.00
Sryptephane 0,00 0,00 0,20

Browster amd Alsberg (41) give the fellewing distridution of the nit-
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rogen of the pressed corn germ, expressed as percentage of total nitro-
gen = arginine, 11,04 per cent, histidine, 5.84 per cent, cystine none,
and lysine, 5.62 per cent,
Corn leaf

Chibnall and Nolan (49) made a determination of the distridution
of nitrogen in the eytoplasmic protein of the corn leaf, Cytoplasmic
protein included 12 per cent of the leaf nitrogen of the sample studied.
The leaves were obtained about one week before tassels were observed.

Following is the nitrogen distribdution found, expressed in per cent of

nitrogon.
Amide N 7.44 per cent
Cystine o77
Arginine 14,69
Histidine 4.70
Lysine 8,78
Amino N 55,81
Non-~Amino N . 2,04

Oat grain

Hamilton, Nevens and Grindley (36) and Nollau (42) gave the follow-
ing distridbution of the nitrogen of‘thje oat grain, expressed ss percent-

age of total nitrogen as determined by the Van Slyke method.
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on, Nevens
a Grindley. iv,

Amine Lkoid of 6 samples con~ Bellan

Os ; _ X §re eats 3Spreuted oals
Arginine 11,647 11.48 12,12 11.26
Histidine 5.796 9.58 10.40 9.61
Lysine 2.841 0,00 0.00 0.70
Cystine 5 10 4.48 S.28 8.32

Banks (47) found that the sativin of eats eontained 0,74 per eent

histidine and i.u per eont tyresine expressed as peroentage of tetal

nitrogen. Ragins (50) by using the indirect vanillin - HO1 reactien

found 0,13 per mi of iryptophane as expressed in peresntage of dotal

aitregon.

Coonka (51) found that the yield of glutelin was approximately 1.9

per oent of the eat flowr. Using he Van Slyke amalysis he shewed $he
following nitrogen distribution in glutelin, expressed as the percentage

of total nitregen -

Arginine
Histidine
Lysine

Cystine

15,30 per eent

3.9
G4
1.99

Jonss, Gersderff and Noeller (48) feund that the gliadin of eats

sontained ne tryptephane and 3.48 per oent of eystine mitregen.

Mitohell and Hamilten (37) dave assendled data on the avenin of eats
inte the fellewing Sadle, expressed as the pereentage of tetal nitregen
in the variows axine asids. Three different samples are given,



[,
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Tirogen
Proteins oentent  Arginine Histidine Lysine Pryplephans Cystine

Oat avenin 15,84 14.4 7.8 W 1.5
Oat avenin 15,7Y 18,5 S.8 4.6 1.1
Oat avenin 17.53 15.8 3.5 Be4 1.0 2,0
Theat ggh

Brewster and Alsberg (41) and Grindley (5R) give the fellewing dis-
trivution of nitregen i wheat as determined by the Van Slyke methed and
expressed as the peroentage of tetal nitregen,

Amine Asid Brewster amd Alsherg arindley

Avginine 0.96 0,0
Histidine 1,73 1.7
Lysine 2.66 8.8
Cystine 0.87 1.8

Jones, Qersderff and Moeller (458), Bagins (50) and Osherne and Men~
del (5) reperted the presence of trypteyhans in the glisdin of wheat,

Osherne and Mndel (5) amd Nanke (47) repsrted tyresine in the
Slindin of the wheat greinm. |
Barley 7

Bllan (42) and Grindley (SR) gave the fellewing distridution ef
aitregen ia ke darley grain as determined by the Van Slyks method and
oexpressed as the pereentage of tetal nitregen.
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Anine Acid Bllan Grindley

Arginine : .o“ 9.5

Histidine 6.70 3.6
Lysine 0,00 8.2
Cystine 4.38 1.3

Ragins (50) by using the indirest vanillin-HO1 reaction foumd 0,60
por eoxt of tryplophans aitrogen in the hardein of darley.

Eanke (47) reperted 2,45 per eent of tyresine in the hardein of
Yarley,

IS appears frem the data presented ia the literature reviewed re-
prdu‘ the amine asid eontent of the alfalfa plant, and eern, eails,
whsat and barley, that prastieally all of the essential amine acids are
preseat in these conmen feeods, It is prodadle that seme of the amine
asids are present in sems of theoe foods in quantities so smll as to
rendor them iadividwally imsdequate for nermal growth, repreductisn and
lastation in mammls, However, the trus valws of & food san be msasured
ealy by aaimal experimentation. ’

EFFICIENCY OF THE PROTEINS OF ALFALFA, OORN, AND OATS

While 5% is net eonsidered the dest practice te feed animals mutri-
onts frem enly ome seuree, mevertheless it is the prastioe in seme see-
tions of the eouniry te feed animals largely on one hay amd one graia,
Tor this reasen iV is impertant %o know the dielegical valwe of the vari-
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ous feeds when fod alens, or when fod as the principal seuree of a
oortain slass of mmtrient,

Teeoding Trials in which Alfalfa Eay Eas Been Used as the
) Prinsipal Seurce of Pretein

Baizy Cows

" larsen, Putney and Hendersen (54) state that “alfelfa hay is one of
the very dest of reughages for dairy sattle, It is very palatable amd
has & very goed effect wpen the digestive system, as % is slightly lax~
stive in eharastsr. IS is high in pretein, and iz highest of all commen
feods in ealoiwm,”

A Viseensin inmwal Bepert (55) summrises the results of comparing
alfalfa hay and red elever hay as & reughage for dairy eews,

I% vas found that the feeding of red clover in & heme-grewn ratiea
um in addition, eera silage, and ke esreal grains, would med
mintain & positive nitregen dalanse inm high predusing dairy eews, WVhea
alfalfa hay was substituted for red slover hay, hewever, it was found pos-
sidle to maintain & aitregen Bdalance for at least 16 weeks,

MoCsndlish snd Weaver (56) eempared alfalfa hay and esrm silage with
Simethy hay and eorn fodder at the Iowa Experiment Station. The dewdle
reversal system was used., A graim mixture of 4 parts eracked ocorn, 4
parts ground eats, and ene part limseed oil msal was fod., During the
first and third pericds alfalfe and silage were fod, and timethy hay amd
ooTR fodder wers fod during the second period. While en timethy day amd
oorn fedder the animals lost 2 per oent in bedy weight, and 18 per oent
and 14 per eent in milk and Wutterfat predustion, respectively, They



esnsluded that “wilk alfalfa hay at $15,00 per ten timethy hay is werth
86 oonts per ten for feeding preducing eows™,

The Now Mexice Station (57) has reperted on $rials in whieh s ration
of alfalfa and wheat bran was sempared 1o a ratien of alfalfs hay over s
poriod of six weeks, While the additien of wheat dran caused an insrease
in nilk predustion the increase was net emough $0 pay the eest of the
wheat dran fed, - |

Prus, Vall, and Voorhies (58) found that by supplemsnting alfalfa
hay with darley they seeured greater milk predwstion, ut the exirs pre-
dustion was net exough %0 pay for the graia fed during the shert feeding
poried used, Appreciating, hewever, the residual effects of grain feed-
ing they made this statemsnt -~ "On acoount of the insreased predustien
odtained and the residwal effect of the grein feeding, as well as its
favoradle influsnse en the eondition of the cows and their offspring,
1% may bo esncluded, hewever, that the prasties of feeding grain to» ecows
on alfalfs is sesnsmically sound and may de recemmended.”

Snyder (59) fed shepped alfalfa against wheat dran for 15 day perieds.

I$ vas oonsluded $hat the chepped alfalfa was equal te the wheat dran as
& feod for dairy eows,
Nenry and Mozrisen (60) state $hat “even though alfalfa hay exsels
a8 & reughage for dairy eews, it is nevertheless a rewghage and mot & eon-
ocontrate, Hemos, whea 1% is sudbstituted for all the eencentrates in &
ration, the produstion of geod dairy eows will de decreased markedly”,
Hart, Bumphrey and Morrison (61) fed twe lots of grewing heifers,
one rbntﬂu alfalfa and the ether the cerm graim as the prinsipsl
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seources of pretein, Ths lets were alternated, These investigators came
%o the fellowing cenclusioeas;

»(a] Onm the basis of Sotal mitrogen ingested $he utilisation ef

x_litiuu for growth was as efficient when the souree was froa alfalfa

hay as vhen it came from the eora kermel,

(v) Witk the high intake of tetal digestidle pretein, which in the

ease of the alfalfs insluies the ‘amide nitrogen’, the sterage of

aitrogen was essentially alike in the twe rations.”

Eart and Rumphrey (62) feund that the pretein of the uiraltt plant
was just as efficient for milk predustion as the protein ef the eera plant,

Roed, Piteh and Cave (63) using € Helstein heifers per let fod ene
10% on alfalfs hay and cempared their growth, reprodustien and milk pro-
dustion %o similar lots fed on alfalfa and silage, and slfalfa, silage
and grain, The heifers were placed en these rations vhen very yeung,
ant earried ea threugh twe lactation periocds, Thess imvestigators een~
sluded that the exclusive feeding of alfalfa hay failed te preduce a
sstisfastery development of Holstein heifers, ner did it prove te be an
osonsmisal feed for the produstion of milk,

A% the Nevada Statien (64) 4% was found that the feeding of grainm in
addition %0 alfalfs inoreased predustion over that secured en an alfalfs
ration alens, The alfalfa ratien proved %o bes mere cesnsmionl, Pifty
pounds of grein saved only S4 peunds ef hay,

Rats

41though alfalfa hay amd alfalfa leaf meal have been fod in many
feeding trials with rats, in practieally all of them alfalfa has heen fod
with other proteins, thus edscuring its true diolegieal walus,



4% the Oregon Statien (“) soms difficulty was experienced in main-
taining animals on & high level of ihe alfalfs leafs “Growth eurves shew
that the additien of small amounts of systine %o the alfalfa leaf protein
clearly indieated an incompletensss of the protein of the alfalfa leaf”,

Movens (66) found that rats ceuld de maintained on s diet of alfalfa
Bay plus & pretein free dasal ration, Ou & biologioal basis $he preteins
of cottensesd meal, alfalfa hay and eora showed muiritive valwes eof 66,
62 and 40 per sent respectively, Nevens stated that “slfalfs hay preved
very palatadle, as all raitions of which it fermed a part were readily
oaten®,

Peeding Trials in which Corn Has Been Used as $he Prinsipal

Soures of Pretein
Dairy Cows

Bart, MoCellum, Steenboek amd Humphrey (1) studied she effect on
growth and repreduction of rations from restricted sources. They fed
heifers, S-6 months eld, en rations restricted t0 the corn, sat or wheat
plant, o7 a mixture of these eereal plants, Nour lots of 4 heifers eash
were used,

Gronp one was fed entirely on the grain and roughage of the eera plamt,

Grenp twe was fed entirely en the grain and reughage of the oat plant,

Growp three was fod entirely em the grain and rewghage of $he wheat
plant,

Group four was fed entirely ea a mixture of equal parts of the oern,
ost, and wheet plant. ‘

The varieus groups wers dalanced e the protein level of the ratien
eonsisting of the eat plant,
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™e animls in the various lots were oconfined teo their respective
zations wntil they had ealved twiee.

The investigaters eame $0 the following eenslusiens,

"Animals reseiving their mutrients from the wheat plant were waadle
%o perferm mermally asd with viger all the nermsl physielegleal presesses.

"Those receiving their mutrients frem the ocera plant were streng and
W, remained in splendid eenditien and repreduced young of great
woight and viger,

"Animls receiving their mmtrients frem the oat plant were adle o
portoi'n all the physielegical preecesses of grewth, repredustion and milk
sseretion with & eertain degree of viger, but net in the same degree as
maifested by the eern fed animals,

"Wax & nixture of all the abeve plant materials was used, the ani-
mls i’cmnul %0 the ration with less viger than teo the eerm or eats
zation, dut with mere vigor than to the wheat ration,”

The fellowing tadle summarises seme of the more important edserva-
tions on the animals of the various lets. The edservations were of &
conparative mature se that they are ranked, 1, 2, 5, 4; 1 being the best
and 4 the peerest ranking,



Conmparative Gradings
Torn  Vheat Oats

Observations reation Ratien Ration !_{xturo

Appearance 1l 4 8 2

Closeness of ealving date t0 the 1 4 -3 3
expected date

Veight of ecalves
Yiger of eslves at dirth
M1k predustion

e salves that lived
M. calves dorn dead

o = © o » o

1 2
1 2
b | t
e ealves born in 2 years 8 8
s 6
) 1
0 l

- ™ N e U Ve

e ealves doran alive, dut died

Bart and Humphrey (61) (62) fowund that the mitregen of the eorn
plant was adout squal $o the nitregen of the alfalfa plant fer feeding
grouing oy mutin dairy eatile,

Iarsen and oco-werkers (67) feund that the percentage availadility
of o1l meal and gluten foed im estadlishing & mitregea equilibriwm was
58,4 por eont for o0il meal and 76.4 per eent for gluten feed., They eon-
sluded that gluten feed protein ia mest cases showed a higher relative
valus Shan o1l meal protein,

Mats
Hogan (9) found that eora protein was mot sufficiently cemplete teo

sappers nri ﬁtbnt being supplemsnted with the amime acid tryptephane,
nor would it induoe growth in the rat witheutl deing swpplemsnted with
otk tryplephans and lysine,






Moli-, Simmonds and Pits (“) eoneluded that “the preteins of
the maise kernel eomtain all $he amime acids essential for grewth, dut
the prepertions of sems of them are such that they are not utilised te
8 high degree as the sele seurce of protein”, They obdiained adout twee
thirds mormal grewth over a period of 67 menths on & diet im whieh all
the pretein was derived frem 91 per e¢snt of ground maise in the ration,

Bovens (66) found that eern pretein had a lower dielegiecsl valne
than alfslfs when fod %o rats,

Joeding Trials in which Oats Eave Been Used as the Prinsipal
Seures of Pretein

Dairy Cows

Eart, MaOollum, Steexndeck and Humphrey (1) have found, in data ale
ready reviewed that the eat pretein is met as sstisfastory as the eexm
protein for grewtd, repreduction and lastation in dairy csws, They cen~
clwied, however, that a fair degree of officiensy was secured with the
eat pretein,

Murtman (69) was waable te sscure mermal growth, repredustien amd
lastation in uﬁy oows fod entirely on the eat plant, The animals were
uwndersised, of poer appearance and mene ¢f the ealves dorn on this diet
lived,

In these twe experiments esrtain dietary faetors prededly were as
ingertant in predusing the results odtained as was $he quality of the
pretein of the ration,
ats

MeCollum, Simmsnds and Pits (70) demonstrated that rats fod en
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rolled eats alens weuld die. it a later date MoCollum and Simmends (71)
econsluded that ihe eat protein was more efficient for maintenance tham
were the proteins of corm amd wheat. Four per eent of the eat pretein
was as eofficient in maintaining rats as was 6 per cent of the protein of
eorn or wheat, The lew esteem in whiech eats was held by NoCOellum and co-
werkers during their early investigations was dus at least in part te

the high level at which relled oats was fed. It was feound that whem fed
al lower levels ihs results edtained were mmeh mere satisfactery.

ank (72) esmecluded that "oats in the dry state or sudjected te
gormimation ’éovol 10 o an imadequate diet for yeung rats”™,

MeCollum and Simmends (73) in comparing the dielegieal value of the
oat pretein to that of milk found 1t %0 be abows 75 por eexnt as effieient,

Mitchell (74) found that whea eat protein was fed at a & per eeat
lovel it hed & dislegioal valus of 78,6, When fed at & 10 per esnt level
Ahe Biolegieal valus was 64.9 por osat., Milk proteins, wnder similar
eonditions, had dielegical valwes of 93.4 and 84.7 per eent respestively.
Tank (Y5) kept rats alive for a oonsideradble length of time en eats alene;
Wt if the eats were suteslaved the animels died at am early date. Older
rals lived longer than young rats ea t)so oat dlet,

A% the Ohie Experiment Statiom (76) mutritien stwiies made dy feed-
ing whele sats %0 rats indicated hat eats are defiofent im the essential
preteins,

Ge A. Eartwell (77) fod eat meal t0 reats and supplemented the diet
with butter and & salt mixtwre. This authority censluded that $he pre-
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tein of the catmenl was of good quality as regards growth in rats, dus
that it was not adequate for gntaiion and lactation. These defieiencies
were suppesed 30 de due to a lack of quantity ef proteim rather than te
the gmality of the pretein.

THE EFFICIENCY AND ECONOMY OF THE HOME-GROWN RATION
JOR MILK PRODUCTION

Jor mere than 25 years the imcreasing oests of high protein consen~
trates have presented a serieus prodlem to the dairy farmer, Whether the
dairy farmer sheuld duy pretein-rich eemcentrates eor feed heme-grewn feeds
will depend wponr twe things - Pirst, the efficiensy of the protein in the
heme~grewn ration when compared with purchased protein-rich eonsentrates,
and seoendly, the esensmy with which each type of feed produses milk,

Lane (78) fed 2 lots of 2 ecews each on & heme-grewn ration and &
ratien eentaining purchased feeds. The reversal method was used and the
feeding peried was for S2 days. The home-grewn ration eensisted of 13
pounds of alfalfa and SO pounds ef ocern silage per day. The ether ratien
was cenpesed of § peunds of mixed hay, 50 pownds of cora silage, & peunds
of wheat dran, and 5 pounds of dried drewer's grains., T™he home-grewn
ration centained as mach pretein, but 2,65 pounds less Sotal digestidle
mtrients than the ration eentaining the purchased protein, During the
periods the animals received the ecenesntrates in the retien, they pre-
dueed 4,15 per ocent more milk and 4,16 per ceats more butter.

Frea the standpoint of economy the alfalfa-sera silage ration showed
the better resulis. While em this retion the cows produced 100 pounds
of milk and a pound of dutter at a cost of 56.9 cents and 11,1 cents re-



spectively, while on the ratioa ocontaining the concentrates the cost was
85,9 oents and 16,7 eents for 100 pounds of milk amd one pound of butter
respectively. At the time of this trial (1902) when mixed hay was worth
$16.00 per ton, wheat bran $26,00 per ton, and dried brewer's grains
$20,00 por ton, the alfalfa hay was worth $24.52 as a substitute for the
constituenis of the eoncentrate retioa - exclusive of the corn silage,
4 smaller prefit was returned when orimsen clover was substituted for
alfalfa hay in similar trials, It mnd b pointed ous, however, that
the fast that the twe rations used in this experimsnt were net dalansed
in tefal digestidle mutrients -~ a fast that would render the results eof
1ittle valwe,
&S the same station a ration compesed eof
36 peunds ocow pea silage
10 pounds erimson slover
6 pounds eorn and oced meal -
was fod against a ration eompesed of -
36 peunis eern silage
6 pounds mixed hay
4 pounds dried drewer'’s grains
2.5 peunds cottenseed meal |
The production was adbout the same, dbut the ecomemy ef production
was in faver of the home-grown ratism, During thess trials the cews
were predueing abows 35 pounds ef milk per day.
Tame (79) fed a ration compesed of oew pea hay and cern silage
m s ration oomposed of eern stalks, ocora silage, wheat dran, dried
drewer's grains, and ocettonseed meal., The heme-grown ration centained
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14 pounds less protein, dbut 1,89 pounds more total digestible mutrients
than the ration oontaining the purchased proteins. The reversal methed
vas used, The ration containing the purchased proteins preduced 8.5 per
oent more milk and 18,2 per oent more butter than the home-grewn ratien,
The eost of producing 100 peunds ef milk and one pound of dutter was
39.8 coents and 8,82 sexts respectively for the home-grown ration, and
60,5 oonts and 12,6 cents respectively for the ratien containing the pur-
ehased protein,

Billings (80) eontinuing the werk of lLane inm a third series of trials
at the New Jersey Station, using 60 day feeding perieds and feeding s
home-grewn ronghlc' ration of alfalfa hay and cera silege against a ration
supplemented with purchased protein, found the latter te bPe more econom-
ical, These ratisns were equally Balansced im beth protein and $otal di-
gostidble muirients, Hs consluded that better results would de odtained
if home~grewn proteins eonstituted a large part, dut net all, ef the pro-
tein of the dairy eov's ration, This trial, cempared to the previeus
trials at the New Jorsey Statien (64) (506) whieh were of short duratien,
would indieate that the homs-~grown ration is most satisfactory over &
shert peried, dut net se satisfactory for a leng feeding perioed.

Caldwell (81) fed 2 lets of 6 cows each en a ration cemposed of al-
£alfa hay, corn silage, and oern mes}; and & retisn composed of eorm
silage, osra stover, wheat dran, oorn meal and cottonseed meal. HNe omn-
sluded that the two ratiens were adout equal in regard to efficiency of
produstion, The eosts were practically the same, deing & cenis less per
100 peunds of milk in faver eof the heme-grewn ration.
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Fraser and Eayden (82) studied the eomparative efficiency of alfalfa
hay and wheat bran fer milk production. A bassl ration eomposed of 6
pounds clover hay, 30 pounds of corn silage, and 6 pounds ef cora meal
was wsed, Eight pounds of wheat dran was fed against 8 pounds of alfal-
fa day. The differenee in producstion was se small as $0 de imsignifieant.
The alfalfa ration was the cheaper of the two retions, _

Deans (83) eompared a heme~grewa ration with a ration supplemented
with purchased preteins, Fifteen oews were fod for twe 50-day periods
3y the reversal msthed, The home-grewn ratien oconsisted of alfalfa May
and corn meale The ether ration eensisted of cern silage and a consen~
trate mixture of $ pounds of malt sprouts, 1 peund of linseed meal, 1
pound of gluten meal, and 1 pound ocern ohep.

In the twe 50-day perieds the cows on the alfalfa~cora ration mde
& gain of 276.8 pounds of milk ever the eews on the ether ration., The
oows were preducing ealy adout 15 pounds of milk per day,

Hart and Humphrey (2), (84), (85), (86), found that it was possidle
%o maintain a pesitive iﬁrom‘ulmu in cows preducing as mash as 3§
pounds of milk per day on & ratiom of corn silage, alfalfa hay and either
eOrR OFr darley as & eenceatrate feed.

4% the Ohie 3Station (87) twe cows fed alfalfs hay and ground oera
esmpleted their lactations and each gave dirth te a living calf, Ome of
the eews preduced 11,040 pounds ef milk and 382 pounds of dutterfat in
13 menths and gave Wirth o a 168 pound living calf, The ether oew pro-
dused 11,376 pounds of milk and 351 peunds ef fat in 12 menths ani gave
irth to a 90 pound living ealf,
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. MoOandlish, Weaver and Lundes (88) reported the use of soybeans as
& heme-grewn supplement in the dairy eow's ration. They fed 2 lots of
4 eows each for three 30-day periods. The lots were fed a basal rasion
of oorn silage and alfalfa hay, and a grain mixture of equal parss dy
woight of sreacked eorn and ground oats, During the first and $hird peri-
ods the oews received eld process linseed eil meal in addition to the
basal ration and during the seeomd period they recsived crasked seybeans
in place of the linseed 0il meal, The soYdean por;odl produced 3345
pounds of milk and 160,94 pounds of dutterfat, while the linseed o0il
meal prodused 3484.3 pounds of milk, and 149,75 peunds of dutterfas,

Aceording to the resulis of these trials, dasing saleulations en
the bdutterfat predustion, when linseed oil meal has & value of “5.00
per Son sracked seybeans are worth $60,00 per tea.

In similar trials with soybeans as & supplemens, Olson (89) ocon-
clmd, from the results of 6 trials, thal greund soybeans were 20 per
osnt mere valuable for milk predustien and 16 per cent more valuadle
for Yatterfat production than linseed meal in swpplemsnting the retion,

1% appears from the data presented im the literature reviewed that
44 1s diffiouls to maimtain high milk productien ever a comparasively
leng peried by the feeding of eorn silage, legume hay and a osneentrate
mixture somposed of the commen eeresls. It alse appears that by wsing a
preduet of logume plants as a pretein supplement for a esmeenirate mixt-
ure eonyosed of eereals, a very satisfactery ration may de secured. The
homs~grewn ration, hewever, seemed o produce milk and bdutterfat mere
esconemisally,
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THE SUPPLENENTARY VALUE OF ALFALFA, CORYN AXD OATS

McCollum (90) after studying the supplementary value of various
cereals with alfaifa leaves made the following statement, ™Among the
seeds studied, the oat kernel is best supplemented by the elfalfa leaf,
A simple mixture of 60 per cent rolled oats and 40 per cent leaf induces
in the rat nearly normal growth to the full adult size, Animals grown
on this diet have shown moderate fertility and fair success in the rear=-
ing of young. However, they were not nourished in the optimal manner,
for they fell considerably below the meximum capacity @f well nourished
animels in respect to fertility and successful rearing of young",

McCollum and Simmonds (91) found that some females would not repro-
duce when fed on a ration made up of 80 per cent oat meal and 20 per cent
alfalfa leaf, They also found that in every cese where the young could
be reared to weaning, or to the point where they could eat the food, they
made much more rapid growth than when taking the mother's milk,

Nevens (66) found that for maintenance corn and alfalfa failed to

show any supplementary values when fed together,

It appears from the literature reviewed, that the protein of the
corn plant is more efficient in animel nutrition than the protein of the
oat plant, While this was a logical conclusion at the time the work was
done, in the light of our present knowledge of necessary dietary factors
the conclusion would not be logical, The difference in the dietary fac-
tors of the two rations would be as good an explanation as the difference

in amino acid content of the rations,



I$ appears that eats and alfalfa supplement each other te a greater
degree than do eern and alfalfa, and that the alfalfa protein has &
highs> diolegical value tham the protein of the cora greinm,

Dairy eows yielded a larger amount of milk when a ratien of alfulfs
hy was supplemsnied with some eereal grain,

WATER OCONSUMPTION OF DAIRY COWS

Little is nowa regarding the water consumptien eof dairy oows, er
the offect of water comsumption on food eonsumption and milk produstien,
It seems possidle that the eonsumption of greater or lesser quantities
of alfalfa might inflwence ihe water eonsumpiien, and in this way effest
the milk predustion of dairy cews,

Soett (92) gives the fellowing water consumption data en Montans
renge eattle at differext periods during grewth. The data are dased en
estimtes.

Peried of Growih Seasen Pounds of Water Consumed Daily
Aged steer Summer 100 - 128
8 yr.-eld steer . 0 - 9
Yeoarliag steer » 80 - €0
Calf . 40 = B0 water in milk additienal
Dry eow Winter 0
8 yro.-old heifer bl 80
60

.




larsea and os-werkers (93) im stulying the role of water in the
dairy eow's ration found the follewing te de trus. l. VWhen eows were
watered omee in 24 hours they eensumed 7 peunds less hay, 2 pounds less
silage, and 7 pounds less water than when watered 3 times daily,

8. Digestidility is inereased when the watering interval is
lengthened,

3o The frequensy of watering does not seem $eo have am appreciadle
effest on the esnsistency eof the feces, Neither dees it have mush effect
on the frequemsy of voiding feces.

4. Under mermal conditions the cows voided wrine 4 $0 7 times per
day. While ea experiment they voided urine 3 te 6 times per day.

5. The amsunt of water censumed i{s directly related te the amsunt
of milk prodused, dut had me effect en the eempositien on the whele milk
or dutterfat prodwoed.

‘. Animals that were receiving limited amounts of water, or water
a8 60 dewr intervals showed mere merveusness, and a mere gaunt eenditien.

7. 4 larger amount of energy per 1000 peunds live weight was re~
quired vhen the animals were watered every €0 hours and when the water
eonswaption was limited,

It seems from the literature reviewed, that very little is kmewn
regarding the daily water consumption of lactating dairy eattle, and the
fastors affesting rate of water censumptien, Mrequensy of drinkiang and
tetal water conswmption seemed te have the erodtnt physielogical effect
on the Qairy eow,



PHYSIOLOGICAL EFFECTS OF FEEDING ALFALFA HAY

Although alfalfa hay is ene of the Dest roughages grown for the
feeding of live steck, yet there are sems indications that this feed is
0ot without some harmful physiologieal effeets, especially if fed in
oxcessive amsunis, It is credited with deing the sause of kidney trowdle
and sterility when fed excessively te faram animals,

Henry and Morrisen (60) state that if horses are allowed %0 gorge
themselves oa alfalfa hay they receive an excessive amsunt of nitregemsus
mterial, This mast de voided through the kidneys and thus everworking
then, If exoessive feeding is continued it may lead te a ehronie in-
flamsatory eondition of the kidneys.

Hart and Humphrey (62) found $hat when alfalfa hay was the sole
source ef nitrogen in the Mry cow's ration it had specific diuretie
properties. “"Its ingestion was generally followed by a marked rise im
the output of urine, The rise in remal activity caused a depression in
ailk flew which rose again when the change to the cora ration was made,
This shrinkage was 5 %0 6 pounds in 25 pounds ef milk.”

Steendock (94) studied diuresis and its relatioa to milk flow, He
administered urea in diuretie doses and found that it decreased milk flow
temporarily.,” The impoverishment of the tissuss salled for increased
water uncﬁtion, and milk flow returned %0 normal.” Steendeek found
that salt, while doth a diuretic and a laxative, canmnot produce a depress-
ing effect on milk flow because it creates a thirst that stimmlates water
consumption and maintains the water dalance in the boedy. Es consluded
"it is difficult to0 interpret the resulis sometimes obtained with alfalfa

hy as dus %0 diuresis alens if urea diuresis can de taken as a $ype”,
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Sotela (95) concluded that in general the high protein roughages
stimlated thirst,

A% the Oregon Station (96) 1% was found that cows producing a mod-
erate amount of milk while on & ration eonsisting largely of alfalfa,
wsually showed & positive ealcium balance, a nsgative phosphorus dalance,
and frequently also a negative nitrogen balance while on metadolism trials.
Whether mnitrogen was positive eor negative seemed to depend somewhat en
fhe quality of the hay fed.

Reed, Fitch amd Cave (63) found that the feeding ef an exclusive
alfalfs hay ration preduced no noticeadle reproductive troudles in the
heifers used in the trials,

A% the Nevada Station (64) it was mot possidle to determine the re-
latienship Between the feeding of alfalfs hay and sterility,

The Cslifernia Experiment Statien (97) reports that "data thns fay
eolleeted shews preporsiomately less sterility im dairy eattle fod ex-
clusively ex alfalfa than those fed partly en alfalfa er in thoss reeeiv-
ing 0 alfalfe at all; thus negativing the popular epinion that alfalfs
is the cause of sterility”.

It appears that thcri are greatly eonflieting epinions as to the
ymhlmul effects of alfalfa hay. %he following conelusions may de
drawm frem the literature reviewed,

PFirst - the consumption of large quantities of alfalfa seemed to
stimlate thirss.

Second = large quantities of alfalfa hay in the ration of dajiry eows
seemed t0 have & specifie diwretic effect,

Third - large quantities of alfalfa hay in the ration of dairy eews
and heifers does net affest the repredustive efficiency ef the saimals,
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DI’SCUSSIOI OF REVIEW OF LITERATURE

HEome~grewn rations, though very ecommonly fed to dairy ocows, are not
oonsidered adequate for high milk produstion, The chief oriticisms of
the heme-grewn ration are that the protein eontent is not high ensugh
and the quality of the pretein is net sufficient te meet the demands of
animals in heavy lactation.

The ceommen sereals fod to dairy eows prodably eontain all the amime
asids essential for maintenanse anl grewih, dut seme of $he essential
anine asids are pot present in quantities sufficient for maintemance and
growik, as shewn by dielogical determinations,

L1falfa hay eontains all the amnine acids neeessary for maintenance
and grewth, The quantities of the variows amine acids fourd im alfalfs
My are not definitely known, Alfalfa alone dees met appear to de an
officisnt feed for either cattle or rats whea fod from the time the ani-
mls are weaned until they reach maturity,

When fod as the sole source of pretein the corm plant seemed te have
& higher diolegiesl valus than the eat plant. In the light eof present-
day knowledge, however, other miritional fastors weuld prodebdbly affeet
greatly the results wvhen diets frem limited sources were fed.

Belled oats and alfalfa seem $0 supplement each other $0 a greater
degree than do eora and alfalfa,

There is sems question in regard %o the physielegical effects of
alfalfa hay on animals when fod in large quantities. Some evidenes has
beon presented to show that alfalfa, when constituting the sele seures
of protein in the animal’s ration has specific diuretic prepersies.
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ZXPERIIENTAL WORK

Ob ject

The present prices of supplementary dairy feeds make it highly de-
sirable that a ration of suitable quality for high milk production and
satisfactory reproduction be worked out for Michigan conditions through
the greater use of home-grown feeds. The present type of home-grown ra-
tion is considered too low in both quantity and quality of brotein.

The alfalfa plant furnishes a cheap source of protein on most lichi-
gan dairy farms, The leaf of the alfalfa plant is especially rich in
protein, The value of the alfalfa leaf as a supplement for the common
cereals in the feeding of dairy cows has not been studied,

Oats are a very popular cereal crop in Michigan, and ons that can
be grown in practically every section of the State, Oats are a very com-
mon constituent of the dairy ration,

It was the object of this experiment to determine the value of a
aimplé grain mixture composed of ground oats and alfalfa leaf meal when
compared to a complex grain mixture containing purchased protein.

Paralleling this feeding trial with dairy cows, a number of feeding
trials were made using rats as experimental animals, In the trials with
rats a variety of rations of a éimple nature were compared to a complex
ration made up of the same constituents included in the complex concen-

trate ration used in this experiment,
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PLAN OF EXPERIMENT

Procedure
Part I.
Peeding Experiment with Dairy Cows

Animals Used

T™he animals used in this experiment were purebred eows from the
osllege herd., Ten eows were used, They were divided inte twe groups
of five cows cach, The tnmupomhmmnomluupounp
in regard 0 age, weight, days in milk, average days im pregnancy, daily
1k yield and fat percentage. This infermation is swmarised in tadle
I Kine of the animals used in this trial were purebred Holsteimn-Friesian
oows, and the ether saimal was a puredred Erown Swiss eew,

Seasen of Year

This experiment was degun March 25, 1929, and ceneluded July 283,

1929, |
Management

Zhelter

The animals were sheltered im the maim dairy darm.
Rxareise

The oows were permitted te exercise each day in a small dry log,
and vhen the weather permitted $they were turned eus after the night milke
ing and left in the dry let until the first meraing milking,
Hiking

The eows were milked four times each 24 hours. The milking hours
were 5350 Ao Mo, 10530 A, M., 5;30 P, M., and 10:30 P, M. The eows were



milked with a De Laval milking machine, and were stripped by hand, The
total milk from each cow was weighed and recorded after each milking,
Bedding

The cows on this experiment were bedded on shavings,

Weights of Animals

The animals were weighed at eight o'clock for three consecutive
mornings just previous to the beginning of the experiment., They were
weighed thereafter at eight o'clock on the last three mornings of each
feeding period,

Laqgth of Feeding Periods

The length of feeding periods was 30 days, At the end of each 30
days the rations were reversed, This was continued for four periods,
In this way lot I was on the complex ration during the first and third
periods and on the home-grown ration during the second and fourth periods.
Lot II was on the complex ration during the second end fourth periods and
on the home-~grown ration duaring the first and third periods,
Watering

¥hile in the stanchions the cows had free access to water from water-
ing cups, There was no water available in the dry lot where the cows
exercised,

Feeds and Feeding

The feeds used to make up the complex grain ration were:; ground
yellow corn 400 pounds, groungd oats 250 pounds, wﬁeat bran 150 pounds,
cottonseed meal (choice) 100 pounds, 0ld process linseed oil meal 100
pounds, common selt 10 pounds, and special steamed bone meal 10 pounds,

The feeds used to mske up the simple, home-grown grain mixtures were;

alfalfa leaf meal 300 pounds, ground oats 480 pounds, oat meal 220 pounds,
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and cemmek salt 10 peunds. In the ease of the simple ration the greunmd
oats were supplemented with relled eats, This was dons decause the
ground oats were of very low quality, and the additiea of the relled eats
wvorld raise the pretein eontent of the feed without intreducing a new
soures of pretein, 7The Sotal digestible mntrient level of the simple
ration was assumed to de 65 per eent decause of the high fider eemtent
of e low qmlily eats.

Alfalfa hay and cera silage were fed with each ration. The digesti-
ble erwde pretein centent of the esmplex ration was 13,28 per cent, and
the tetal digestidle mxirient eentent was 75 per cent. The home-grown
zation oentained 11,1 per cent digestible erude preotein, and it was assumed
that this ration eentained 65 per eent Stotal digestidls mutrients., The
we rations were fod em an equal dasis by feeding mere peunds of the eom~
plex ration, and in every case the requirementis of the animals were met
asesrding t¢ ths Bavage Peeding Stamdard,

Beughages were fed according to the rule of feeding ene pound of
hay and three pounds of eora silage per 100 pounds live weight of eash
individwal animal, BEnough grein was fed te supply the required mirieats
sufficiont 10 Wring the total wp t0 the requiremsnis of the Savage Feed-
ing Standard.

The animals were fed grain four times each day, wsually defore milk-
inge The rewghages were fod twies daily; imn the morning just after the
£irst milking, and in the afternsen affer the afterncen milking,

e animals were fod im $individual mangers and any feed that was net
oonsumed was weighed dask each merning.
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4 summary of the graia mixtures is given in tadble II, The complex
ration is designated as :Atian‘l and the simple retien as Ration II,
Samples for Testing Nilk

Samples wers taken at ten day intervals, with the exception of the
end of the last ten day period, when, through an oversight, the samples
wore mt taken,

Mstadolism

tadelisms were run for the purpose of studying the nitrogen dale
anses en three of ths eows en experiment, One mstadolism was run while
the sows were en the eomplex ration and the ether metabelism was run
while the same eows were on the heme~grewn ration, The metadolisms were
run during the last ten days of the last two 30-day feeding periods, and
were sevean days in length. The eows were placed in metadelism stalls
and kspt there for the seven uy.; exoeDt when exsroised once each day
and when weighed enoce eash day. The urine and feces were oollected,
weighed and sampled each day. One eudbie centimeter per 100 cubie eenti-
meters of urins was takea each day in a compesite sample, and telusl was
used 40 prevent a 1oss of anitrogen. One gram per 100 grams of feces was
faken as & sample each day and preserved, by the use of telwsl, as a eom-
pesite for the feces. The grain for ths metadelism periods was therewgh-
1y mized and individual feedings were weighed and sasked separately pre-
vious 10 ths time the metadelism started., 4 sample for analyses was
taken immediately after mixing. The same precedure was followed in the
ease of the hay fed. A eompesite sample of the silage was taken dwring
cash metadelisam.






4 prepertionate sample of milk (ome or twe cubic centimeters per
pound, depending en the quantity given by individual cows) was taken at
eash milking and preserved as a ocomposite, |

The feed, feces, urine and milk were analysed for nitrogen by the
Michigan State Oellege Experiment Station chemists, The Kjeldahl methed
for nitregen determination was used.



COLLECTION OF DATA

Milk Reocerds

& daily record of each esow's production was kept during each period.
Bach milking was weighed on ordinary milk scales and recorded in pounds
and tenths of pounds,

Butierfat Records

Samples of milk were tested every ten days fer Watterfat perocentages,
The average of the three tests was used to caloulate the butterfat pre-
dustion,
Peed Reoords

4 daily recerd was kept oftummo;m, silage, and grain eon~-
sumed by ench eow during the experiment.

Tater Consumption
~ The esws used in this experiment had imdividual drimking eups. 4
water moter was attached %o the water pipes of each eup. By this methed
the amowad of water consumed by eash cov was registered in gallens by
Ahe meters. The meters registered te ons-feurth of a gallem. Readings
wers made eash 24 heurs te determine the water censumption of each eow,
The meters were read abeut 10:00 e'clock each morning. 4t shat time e
mmw out in ths let vhilo the bara was bdeing eleansd, and &
oommen drinking pause resulted which was cenvenient in separating eash
day*'s oensumption.

" %he water eonsumptien recerds were kept i an effort te determine
vhat itfoct the oconsumption of larger or smller amounts of alfalfa
might have on the water consumption,



Tespersture Reocords

In m She effect of alfalfa en the water consumption it was
nnnhry te asocertain the external Semperature., This was necessary in
order to determins whether any shanges noticed in water consumption were
due 0 the preperties of the alfalfa er dus to the sxternal temperature.
The temperature readings were odtained from the Weather Bureau at East
Lansing, Nichigan,

Metadbelism Records

The following data were kept in regard to the aitregen metabolisms -
le Veight in grams of feed consumed.

8. Veight in grams of water eonsumed.

S. Weight in grams of feces cellected,

4, Yolume in cubic oentimeters of urine cellected,

8, Veight in grams of milk produced,

6. Daily bedy weights of the oows,

Prequency of Urination

' A record was kept during each of the meiabolism periods en the mum-
ber of times eash Oow urinated. The purpose of this recerd was te dster-
nine whether or not the consumption of & large amsunt of alfalfa has &
diuretic effect on dairy esows, If sucsh an effect was really exsrted it
was theught that it might dring adeut an increase in the mmber of uri-
miisas por day. ’

Froquency of Drinking
A recerd of the frequency ef drinking was kept while the eews were

on metadelism, This was dons im order o see whether or not the sonsump-



Aion of an increased amount of alfalfa would stimulate thirst in the
oows %0 such an extent that they would take water more often,
?slttshintl of the Rations

The ocows were under observation at all times in regard to appetite.
™ theroughness with vhich the animals consumed their food was considered
as an index of the palatadility of the ration,

Bealth of Animals

The gensral helth of the animals was observed from day $e day. Any
umuswal eondition such as failure to eat, oonstipation, etc. were recorded.
Woights of Animals |

The weighis of the animals were takea three days prc.v:lm to the be-
gimning of each feeding period. Thess weights were alse used as a guide
in determining the amounts of feed to be fed during the fellowing period,
Through an eversight ths animxls were not weighed at the end of the last
feeding period.
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RXPERIMENTAL RESULTS

Milk Predustion

The milk produstien for the four periods is givea in tadles III,

IV, ¥, and YI. These $ables show the daily production per cow, the
@aily predwstien for each los, and the total produstion for each lot
for each peried., Tables VII-a and VII-h show the productiom of milk
by eash 1ot of eows during each of the feur periods., Tables VilI-a and
VIII=bd show the milk production during each peried by the cows ef eash
lot'durhls the feur periods while they were on the complex ration,
%ables IX-a and IX-d show the produstion of each eow during the four
prhu'vhuo thiy were on the home grown ration.

These tadles alse show the total production msde on each ration,
During the first and third periods the ocomplex ration prodused the great-
est amsunt of milk, while during the second and fourth periods the home-
grown ration prodused the mest milk, During the first period the ocows
or the home~grewn ration averaged 50,05 pounds of milk and the cows en
the cemplex ration aversged 50,44 pounds., During the second period the
home-growa ration prodused an average of 48,5 pounds and the eomplex
ration predused anm average of 47.44 pounds of milk, During the third
poried the home-grown ration preduced 4J.29 pounds ef milk and the com-
plex ration preduced an average of 45,01 pounds., During ths feurth period
the hems-grewn ratiom produced 38.7§ pounis of milk and the complex ration
| produced 36,31 pounds of milk, Under the conditions of this experiment

these differences prodably are net signifiocent,



During the four periods the complex ration produced 26,882,.6 pounds
of milk with a daily average of 44.8 pounds, and the home-grown ration
produced 87,186.8 pounds eof milk with a daily average of 45.3 pounds,
The home-grown ration produced S04.2 pounds more milk than the complex
ration, This is the equivalent of 5 pounds of milk per day.

Graph I shows the trend of milk production on each ration during
the four feeding periods,

Butterfat Produstion

Tadle X shows the butterfat production of each cow during each
period, the tetal butterfas production per let for each period, and the
total butterfat per lot during the four periods,

Table XI shows the butterfat produced by each cew, andi by each lot
while om the cemplex ratien.

Table XII shews the dutiterfat productiom ef each cow, and of each
let while en the ocomplex ration.

The complex ratiea produced the most fat during the first amd third
perieds, while during the seoond a.nd fourth periods the home-grown ration
produced the most fat. During the four periods the complex ratiom pre-
duced a total ef 861,13 pounds of fat, and the home-grown ration produced
882.16 pounds of fat., The complex ration produced 8,98 pounds more fas
during the feur periods,

Fat Corrected Milk

The total milk production on each ration was corrected to a four
per eent fat dasis by the fellowing formmla which was developed by Gaines
and Davidson (98) - 4 X plus 15 P equals Fat Corrected Milk; in which M
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s the quantity of milk produced and ¥ is the quantity of fat in the
normal milk, When this formula is applied the following results were
ebtained, | |
Production on Ration I (complex ration):
(22,882.6 x .4) plus (861,13 x 15) equals 23,669,99 pounds of fas oer-
rested milk, '
| Production on Ration 1I (home-grown ration):
(27,186.7 x +4) plus 852.15 x 15) equals 23,656.87 pounds of fat eorrected
milk, o |
T™he eemplex ration produced 13,02 pounds more eof four per ocent milk
during the four feeding periods., The difference in produstion, en a
four per oent milk dasis, is remarkadly small,
Jood Consumption

Tadle XIII shows the total feed consumption of each animal for each
peried during the experiment,

Table XIV shows the total feed sonswumption while the eews were on
ration I,

Table XV shows ths total feed eonsumption while the cows were on
ration II. |

Tadle XVI is & sumary of the amounts of hay, silage and graim cen-
sumed while the cews were on ration I.

Table XVII §s a suxmary of the amsunis ef hay, silage and grain con-
swned while the cews were en ration II.

The following is a eemparison of the total feed consumption dy the
eows while on each ratioa,



Eay Silage Grain

1bse 1bse 1bse
Bation I 7,121,6  21,252.4 9,041.8
Bation IY 6,843,0  20,483,0 10,185,9
Differense in faver of I . 1,144,1
Differense in faver of II 278,5 769.4

8inee approximately 30 per cent of the grain mixture of ratioa II was
alfalfs leaf meal the animals consumed a $otal of 2,712,5 pounds of leaf
meal while en this ration,

The fellewing tadle shows the amounts of digestidble crude pretein
and Setal digestidle mutrients eonsumed while the cows were en each retion.

Ration I
Bay Silage Grain Total
1bs, 1vs. 1bs. 1vs.
Protein 754,08 235,78  1,200,75 2,189.41
Total Digestible Bupriemts 3674.69 3761.67 6,761.55 14,217.71
Matien II
Pretein 725,36 285,31 1.130;63 2,081,530
Total Digestible Futrients 5530,99 5625.49  7,022.16 14,178.64

While the cows were on the complex ration they oconsumed 108,11 peunds
mre of digestidble crude pretein and 59,07 pounds mere eof total digestible
mtrients than $they consumed while they were on the homs-grown ration.

Tater canqtion

Tadles XVIII, XIX, XX, and XXI show the daily water censwmption for
each cow and the daily water consumption per lot for each feeding peried.
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Tadle IXII shews the water consumed dy each cow while on ration I,
and she tetal censumption while on ration I,

™dle IXIII shows the water consumed i:y each oow while on ration II
and the Sotal eonsumption while on ration II.

While ea the complex ration the cows drank a total of 9617.25 gallons
of water, axd while on the home-grown ration they drank 10,402.50 gallens
of water. While on the home-grown ration the cows drank 785,25 gallens
of water more than they drank while on the eomplex ration dwring the four
porieds,

Palagability of the Rations

Using ratieon I as a standard for palatability, ration II did net
seem o measure wp to mermal in palatability, The cows did not clean
the grain ration wp as quickly eor as completely as in the case of ration
1. This was espeeially trus of animals 150, 174, and 187, These three
eows were the heaviest milk producers in the experiment, and wers receiv-
ing the largest amounts of eoncentrates, Due to the bulky mature eof
zation II it may have bdeen impessidle for the ocows to consume the extra
amount of fiber supplied by the leaf meal and oats in the grain ration,
™e fast that the highest produsing oews did not clean up all of the grain
mixture at all times might indicate that a grain ration eomposed of greund
oats and alfalfa leaf meal would be too dulky for the feeding of excep-
$ienally high produnsing eews, The fact that milk flow was maintained to
approximately the nmormal rate of secretiea for the cows used in the ex~
periment would seem to indicate that such a ration would give very goed
zesulis when fed te Holstein eows producing not ever 65 pounds of milk
daily.
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The quality of the alfalfa leaf meal used seemed to influence the
palatadbility of the diet, On June 26 some poorly cured, home-grown al-
falfa leaf msal was substituted for the purchased leaves, 4lthough the
pretein eantent of the twe §mt1tioo of leaves was the same the ration
did »et seem as palatable, and animsl 187 went off feed, consuming nons
of the ratiea for three days, After that she did not clean up her feed
csmpletely until the homs-grown leaves were removed from the ration on
July 11, After this date animal 187 cleaned up her ration completely,
Health of Animals

The animals, while on ration II, seemsd to de in just as good physi-
oal eondition as they were on ration I,

Buring the fourth period while on ration I, animal 230 boo#. eon~
stipated and went completely off feed from July 16 %o July 21, Her water
eonsumptiion decreased to the point where she drank mo water at all, On
m:_'ll amd 19 she produced no milk, On July 19 she was given three
pounis of Epsom Salts, This brought about the passage of some feces.

The eow was given a eonsiderable amount of cemmon sald on July 20, This
ssemed to stimlate a desire for water and on July 21 she drank a normal
quantity of water. On July 22 she seemsd to be normal again and gave 10
pounds of milk on that day.

411 other cows used in the experiment seemed %0 bde in normal condi-
tion throughout the experiment,

Feights of Animals
' Tadle IXIV chon.iho weight at the begimning of the experiment for
mry' cow in each lot, the average weight of each lot at the beginning
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of the experiment, the weight of each cow, and the average of each lot
at 1w end of each of the first three periodss The weights on the fourth
period were not taken, A% the end of the first period there was a dif-
ferense of feur pounds in favor of the complex ration, At the end of
the seocond period there was a difference of 26 pounds in favor of the
home-grewn ration, At the end of the third period there was a gain of
29 pounds in favor of the home-grown ration,

The following is a sumeary of the weights of the two groups of ani-
mals while on the twe rations.

Velght at Weight at Weight at  Welght at

Beginning End of 1lst End of 2nd End of 3rd

of Experiment Period Period Period
Ratlons T 11 T pid T b &
ot 1 1200 1207 1220,8 1212.8
Lot II 1215 1218 1205.8 1242.8

Eitrogen Metabolism

Table XXV shows the feed consumed, milk produced, and feces and
urine exsreted during the metadolism on ration I,

Table XXVI shows the feed eonsumed, milk preduced, and urine and
fesss exsreted during the metadelism on ration II,

Table XXVII shows the nitrogen ocomposition of feeds eensumed, milk
prodused, snd wrine and feces excreted during the metabolism om ratien I.

Table XXVIII shows the nitrogen eomposition of feeds eonsumed, milk
mm, and urine and feoes exoreted during the metabolism on ratien II.

Table IXIX is & sumary of the metadolism results on the three oﬁn
while en each ration,



. 53 a

There were positive nitrogen dalances for animals 225, 226, and 229
of 32,17 gms., 18,49 gms., and 24,29 gms, respectively while on the com-
plex ration, and 20,40 gms., 35,27 gms,, and 30,57 gms, respectively
while on the home-grown ration.

dtmospheric Femperature during the Experiment

Table XXX shows the mean daily temperature during the experiment,
Graph I shows the trend of the mean temperature during the experimental
poriodi. There was a close relationship between the mean daily Sempera~
ture and the amount of water consumed per day.

Frequency of Drinking and Frequency ef Urination

Table XXXI shows the freqnancy of drinking and frequency of urina-
tion during the metabolism periode During the seven days on the complex
ration the cows drank on the average, 8,23 timpa each 24 hours and urie-
nated 7.98 times each 24 hours. During seven days on the home-grown ra=
%ioa the cows drank 5.24 times each 24 hours and urinated 6.66 $imes

each 24 hours,
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DISCUSSION OF EXPERIMENTAL RESULTS

4 simple home-grown ration and a complex ration containing purchased
protein were compared by feeding dairy cows that were producing at a high
lactation level, The home-grown grain ration consisted of ground ocats
and alfalfa leaf meal, The complex ration consisted of ground yellow
ocorn, ground oats, wheat bran, cottonseed meal, linseed meal, and bone
meal, Oats were used in this experiment because they are grown in prac-
tioally every section of lMichigan., A4lfalfa leaf msal was used, because
alfalfa is one of the most abundant and one of the cheapest sources of
pretein odtainable on the average farm, | The complex ration used was one
that was fed to the herd cows in the College herd, Both of these grain
mixtures were supplemented with alfalfa hay, corn silage, and sali,

Two lots of five cows each were used in this experiment, The feed-
ing period lasted 30 days each, and the double reversal system was used,
The experiment covered four feeding periods,

During the four feeding periods the home-grown ration produced 304.2
pounds of milk more tham did the complex ration, while the complex ration
produced 8,98 pounds more fat than did the home-grown ration, These dif-
ferences probably were not significant,

When the total milk production on each ration was converted to four
per oent milk it was found that there was a difference of 13.02 pounds of
four per oen$ milk produced by the 10 cows in favor of the complex ration
during the entire feeding period. This difference probably is not sig-

nifficant,
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While on the oomplex ration the cows consumed 278.5 pounds of alfalfa
hay and 769.4 pounds of corn silage in excess of the number of pounds con-
sumed while the cows were on the home-grown ration; dut consumed 1,144.1
pounds less grain than did the cows while en the home-~grown ration,

While the cows were on the complex ration they consumed 108,11 pounds
mere of digestible orude protein and 39,07 pounds more of total digestible
matrients than they consumed while they were on the home-grown ration,

The animals, while on ration I consumed approximately 5 per cent more
total protein than while thsy'voro on ration II,

Each ration seemed to maintain the animals in body weight and the
homs-grewn ration seemed equal to the complex ration in maintaining the
normal health conditions ef the animals,

The home-grown ration was not consumed as readily, dus in part to
palatability and in part to the greater amount of bulk supplied by the
alfalfa leaf meal and oats,.

Both rations seemed to maintain the cows in very positive nitrogen
balances, there being no significant differences bdetween the efficiency
of the two rations in this respect,

When the cows were on the home-grown ration they consumed more water
than when they were on the complex ration. This may have been caused by
the greater amount of alfalfa material in the home-grown ration. Such a
oonclusion i{s based on the belief that nitrogenous roughages stimulate
thirst to a greater extent than do carbonaceous roughages,

There seemed to be no positive relation between the amount of alfalfa

magerial in the ration and the frequency of drinking or the frequency of
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urination. No abnormal physiological effects were noticed during the
experiment,

The consumption of water while the cows were on this experiment
varied directly with the atmospheric temperature,

Dus to the high price of the alfalfa leaf meal at the present time,
the use of this material as a protein supplement in the ration of the
dairy cow would not be economical, The future possibilities of the al-
falfa leaf meal as a protein supplement, rather than its present import-
ance was the prevailing i{dea in conducting this experiment,

Michigan is the largest producer of alfalfa hay of any state east
of the Mississippi River, In some sections of the state a surplus of
alfalfa hay is produced that has a sales® value of approximately ten
dollars per ton. At such a price, if sams cheap and efficient method
were invented for removing the alfalfa leaves from the stems, the leaves
would probably furnish an economical source of protein compared to the

prices of some commonly purchased' protein concentrates.
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Part 11,
Feeding Trials with Rats

It was impossible to study the long time effects of the various
rations on growth, reproduction and lactation in the dairy cow, during
the limited period of time devoted to this problems In order that somse
knowledge mizht be gained of the effects of the various rations on
growth, reproduction, and lactation, feeding trials with rats were used
to parallel and supplement the work with dairy cows,

In the feeding trials with rats the object was to place animals on
a certain diet, and continue the animel on this diet throush growth, re-
production, and lactation, It was elso plamned to carry the offsrring
of these animals througch the same procedure, -~ thereby getting the pos-
8ible residual effects of the rations from generation to generation,

Animels Used

The rats used in this experiment were albinos and piebald, or striped
animals, While both breeds were used throuchout the experiment care was
taken that no crossbred animels were used in any case,

Previous Histogz

Part‘of the rats used in this experiment were from stock that hsd
been used for severael years in the biological chemistry laboratory at
Michigan State Colleze, Also, part of the rats were from stock that re-
cently was brought to Michigan State College., Other animals used were
offspring resulting from the crossing of the rats from the two sources

mentioned,
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Age of inimals at Beginning ef Experiment
The first animals started on experiment were approximately 28 days

of age when they were placed on the experimental diets. The offspring
from these animals, when used in the experiment, were usually weaned at
88 days of age and placed on experiment if they had attained suffiecient
sise and viger to jJustify their removal from the mother,

Management
Mathed of Comparisen

In making growth eomparisons, it was customary to place two animals,
s male and & female, from different litters, together. By this methed
males ooild de oompared with males and femsles eould be compared with
females, This method alse permitted the placing of litter mates on dif-
ferent rations, so that the effect of matrition could be studied when
heredity was held as nearly constant as possible,

VYhen all females of a litter were placed on the same diet they were
wsually all eonfined together. |
Cages Used

When lots eonsisted of only two animals they were placed in circular
wire cages abeut 10 inches in dismeter and 12 inches high. These cages
had screen bottoms t0 permit the feces and urine %0 pass through., Preg-
nant females were wsually i{solated in flat bottom maternity cages adout
18 inches square, and were bedded with filter paper., Some pregnant fe-
males were iselated in cages approximately 12" x 12" x 24", Similar
cages n.rc used where more than twe animals were placed in one lot., Wood

shavings were used for bedding in such cases.



59

Msthod of Fbediqg

Feed was kept before the animals at all times, No attempt was made
to measure the amount of food consumed by each enimal,
Jatering

Water was kert before the animals at all times,
Rations Fed

The check ration used in these feeding trials was composed of the
seme constituents as the herd ration fed to the College dairy herd, with
the exception of corn silage which was omitted,s The check ration had

the following compositiong

Alfalfa meal 20 per cent
Ground yellow corn 28 per cent
Ground rolled oats 26 per cent
wheat bran 15 per cent
Cottonseed Meal (choice) 4 per cent
Linseed oil meal 5 per cent
Speclal steamed bone meal 1 per cent
Common salt 1 per cent

This ration will be referred to as B 32,

Ration B 30, This ration was composed of:

Alfalfa meal 20 per cent
Rolled oats 79 per cent
Salt 1 per cent

lLater 50 grams of yeast was added to each 1000 grams of this ration.
Bation B 31, This ration was composed of:
Alfalfa meal 20 per cent

Ground y=llow corn 59,5 per cent



Corn gluten meal 19,5 per cent
Common salsd 1.0 per cent

Later 50 grams of yeast was added to each 1000 grams of this ration.

Bation B 45. L1falfa msal 20 per cent
Ground Yellow corn 12 per cent
Corn gluten meal 22 per cent
Ground rolled oats 15 per cent
Ground barley 15 per cent
Ground wheat 15 per cent
Common sals 1 per cent
Bation B 46 A1falfa mesal 20,0 per cent
Ground rolled oats 78.5 per cent
Cystine «5 per cent
Common sals 1,0 per cent
Ratien B 47 Adlfalfa meal 20,0 per cent
Ground rolled eats 76.5 per cent
Tyrosine «5 per oent
Comzon salt 1,0 per cent
Ration B 52 A1falfa meal 20 per cent
Ground rolled oats 70 per cent
Linseed 0il meal 5 per cent
ibxtrin 4 per oent
Common salt 1 per cent

Bation B 68 This ration is ocomposed of B 32 plus ons per cent ood
liver oil.
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Bation B 69 This ration is composed of the original ration B 30 plus
one per eent cod liver oil,

BRation B 70 This ratien is composed of ration B SO plus yeast and one
per cent cod liver oil,

All the rations fed eontained approximately 15 per cent erude protein,

Leagth of Growing Period
- The period during which growth rates were compared was frem the

time the animals were placed en the diet until the end of the eighth
week of the feeding trial,
Miing ige

The females were mated at the end of the eight weeks growing period.
In the case where the mele and females were permitted together during
ihe growing period, mating ocourred before the grewing period was com-
pleted., This oconditionm occurred im the case of females 117, 118, 119,
and 180, The growth weights of these animals were not considered,
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COLLECTION OF DATA

Yeights

!in animals were weighed, in grams, when they were placed on experi-
ment and onoe each week until they were taken off ef the experimentg,
The 1itters were weighed as soon as they were cleaned, whensver it was
}ouiblo te do so. In soms cases the young may not have deen weighed
until 18 hours after birth, dus to the fact that the animals were cared
for only emse each day. 4ll animals of a litter were weighed together
wntil they were 28 days of age. '
Growth

Greowih weights were recorded, in grams, every seven days, for both
old and young stock,

Length of Pime from Mating to Parturition
" ®he length of time from mating %o pregnancy was observed in mest
eases,
Birth Weights of Y Animals

The birth weights ef young animals were recorded in all dut a few
of the first litters deran,
Size of Litters

The mumber of young born was recorded in every case. In cases where
more than seven were bora in & single litter the mumber was reduced to
seven,

Wriality among Young Rats

The mertality among the animals was shecked on each weighing day;
the mumber of live animals being recorded for weight averages,
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EXPERIMENTAL BRESULTS

Animals Included in Experimental Results
" Data were recorded on both males and femsles until they were 28
days of age. Dus, however, %0 the fact that this experiment dealt pri-
marily vith growth, reproducstion, and lactation, the male animals were
nat eonsidered after they were 28 days of age, wvhen compiling the experi-
mextal results. Growth table XXXII shows the weekly weights, the total
o in of each animal and the average weight of the animals on each ration
during the eight weeks growing period,

The follewing is a summary of the growth made by the rats on the
varieus rations,

W, of Aversge Average Batie.of Initial
Ration Animals Initial Total Weight to Aver-
‘ Weight Gain age Total Gain
B 32 13 49,77 890;9 1:1.80
3 ” 9 51,00 72,55 131,42
B SO0 plus yeast 3 53,00 74,33 1:;1.40
338 5 52,80 5.5.50 131.26
B3l plus yeast 49,33 76,00 1:1.54
3 48 3 44,33 99,33 132,24
B 46 1 64,00 71,00 131,11
B 47 4 61.25 81,00 131,32
3R 1l 69,00 95,00 1:1.61
B 68 1 43,00 82,00 1:1.91
B 6% 2 51,00 84,00 131,65
B 70 2

50,00 112.50 132425
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The swmary reveals the fact that ration B 70, composed of alfalfa,
rolled eats, yeast, and cod liver oil, made the greatest gain, 112,50
grams, B 406, a ocomplex cereal mixture plus alfalfa was second with a
eain of 99,33 grams, and B 52 composed of alfalfa,rolled oats, and oil
meal, was third with & gain of 95 grams, Eation B 52, the check ration,
was fourth. Too much significance cannot be attached to these compari-
sons, however, because of the small number of animals on the three ra-
tions making the highest gains, The oats and alfalfa ration (B 30) amd
the ocorn and alfalfa ration (B 31) ranked decidedly lower than the check
ration (B 52). The eats and alfalfa ration (B 30) produced a total gain
of 71,75 grams, while the ssme ration with the addition of yeast produced
a total gain of 75,50 grams, The corn and alfalfa ration (B 31) prodused
a total gain of 66.60 grams, while the same ration with the addition eof
yeast prodwoed a gain of 76,00 grams,

From the standpoint of the ratie of average initial weight to the
average total gain ration B 70 ranked first with a ratio of 132,25, ra-
4ion B 45 ranked second with a ratio of 132,24, ration B 68 ranked third
with a ratie of 1:1.91, and ration 3 32 ranked fourth with a ratio of
1:1.80,

The eats and alfalfa ration (B SO) had a ratio of 1;1.48 while the
same ration with the addition of yeast had & ratio of 131,36, The corn
and alfalfa ration (B 51) had a ratie of 1:1.26, while the same ration
with the addition of yeast had & ratio of 1:1.54.

Length of Time from Mating o Parturition

The length of time from mating to parturition for animals on which
this informa$ion was tabulated is shown in Table XXXIII. In many cases
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reoords were availadble for only one mating period, while in other cases
the dats were availadle for iwo mating periods. The following summary
shews the average length in days from mating te parturition for each ru-'
tiens The number of nom bdreeders, the known resorption of embryos, and

predadble reserption of embryos are shown,

Yo, of Ko, Par- Av. Lengih Ko.Resorp-No.Prob- No.Non Rank

Ratien Animels turitions of Mating tions able Re- Breed- Short-
Periods sorptions ers est to
days Longest
Time
B 32 17 16 31,9 - 1 S 5
B 30 6 ] 49,2 1l - - 10
B 30 plus 5 8 Sl.9 - - - 4
Jeast
33 2 2 46.5 - - - 9
B 51 plus 6 10 28,3 - - 1 1
.yoast
B 45 -] 4 29,5 - - - 2
3 46 1l 1l 5640 - - - 6
B 47 3 s 51,5 - - - s
3 62 1 2 43,5 - - - 8
3 68 1 no litter at end of 57 days 12
3 69 1 1l 6740 - - - 11
B 70 2 2 57,0 - - - 7

The summary shows that the corn, alfalfa and yeast ration (B 31 plus
yoast) required the shortest mating period - 28,3 days, The complex cer-
sl ration (B 45) ranked second with 29,5 days, The ration composed of
oats, alfalfa and tyrosine (B 47) ranked third, The oats, alfalfa and
yoast ration (B 30 plus yeass) and ths} check ration (B 32) were equal,



66

with 31,9 days, The oats and alfalfa ration (B 30) required an average

of 49,2 days and the corn, alfalfa ration (B 31) required 46.5 days from
mating date to parturition, The normal gestation period of the rat is

21 days.

Sizse ef Litter, Birth Weights, and Mortality of Young Eats to 28 Days of Age

The size of litters, bdirth weights, and mortality of young rats te 28
days of age are shown in $able XXXIV. The animals are listed according to
the rations on which the mothers were fed., The average weights of tiu
young animals at 28 days of age are also given, The following is a summary

of the sise of litters, dirth weights, weight at 28 days of age, and total

mortality te 28 days of age for the litters on the various rations,

Aiv, No., in AV, Birth Av, Wt, at Total ~ Percentage

BRation Litter Weight 28 days Mortality Mortality
(12] iﬁ) gull&)

B 32 6.42 6.54 A 34.76 7 0.91
(2) (1)

B 30 5,50 8,00 - l o9
(12) (12) (6)

B 30 plus 6.42 . 5.51 , 28,21 80 64,93

yeast (2) (2) (2)

33 7.00 5,57 26,52 S 21l.42
(9) (9) (7)

3 81 plus 6.228 . 5.92 33,65 . 16 28,57

yoast (4) (4) (s)

B34S 6,00 . 5,70 538,83 14 29,17
(1) (1) (1)

3 46 6,00. 5,88 S4.17 0 00
(4) (4) (2)

B 47 B.85. . 6.16 32691 13 61,90
(2) (2) (2)

3 &2 7.00 . 5,52 32612 1l 14,28

3 68 ne litters

' (1)
B 69 7.00 5.12 not 28 days eld

(2) (2) (1)
3 70 7.00. . 5.93 35,80 2 14,28
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While the data are not complete the sumary gives a fairly good indica-
tion of the resulis odtained on the various rations, The numbers in
pareantheses in the summary indicate the number of litters included in
that particular part of the data.

Of the rations on which more than two litters were reared, the eheck
ration preduced equally as large litters, greater weight at 28 days ef
age, and much lewer mortality.
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DISCUSSION OF EXPERIMENTAL RESULTS

In feeding trials with rats several simplified rations were compared
‘s io-plox ration, having the same constitusnts as the ration fed to
the Cellege dairy herd, except that corn silage was omitted.

The simplified rations given most consideration were those composed
of ground relled cats and alfalfa meal, and ground yellow corn and alfalfa
mal, Other modifications of these twe rations were alse lMi.d.v

Young rats were siarted on the various rations at approximately 28
days of age. The first eight weeks following were considered the growing

period, and at the completion of this zrovixig period the females were
mied. PFemale offspring were contimmed on the same diets their mothers
received, Observations were taken on the growth, weight, length of time
from mating to parturition, number of young in litters, average bdirth
weight of young, weight of young rats at 28 days of age, and mortality
among the young rats from birth to 28 days of age.

The ration composed of alfalfa, corn, oats, wheat and barley (B 435)
and the ration composed of alfalfa, oats, yeast and cod liver oil (B 70)
preduced greater growth than the check ration (B 32)s The rations of al-

falfa and oats, and alfalfa and corn did not produce satisfactory growth.
The alfalfa and oats and the alfalfa and oorn rations were not favorable
for repreduction, The addition of yeast to these two rations materially
shortensd the length of $ime from mating to parturition.

The check ration gave the least mortality of any ration where more
than one litter was produced. The alfalfa and oats, and alfalfa and corn

ration, produced a high rate of mortality among the mursing young rats.
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In She ease of ocats, alfalfa and yeast the mortality among the young rats
up $0 28 days of age was 64,93 per cent in the 12 litters.

Supplemsnting rations B 32, B 30, and B 30 plus yeast with cod liver
04l did not show any improvement.

The oemplex cereal mixture (B 45) and the alfalfa, oats, and linseed
eil meal rations seemed to be a fairly satisfactory ration, though indica-
tions were based on a small number of animals studied,

411 of the experimental rations that were studied by the use of a
" reasomably large mumber of animals seemed to be defiocient in some principal
Shat is oondusive to heavy lactation., The oritical period imn the life of
the rat seemed te¢ be the first 28 days of its 1life, or while it was murs-
ing. 7The fact that in most cases a part of each litter was reared to wean-
ing age would seem t0 indicate that the milk which was secreted was of suf-
ficient quantity to sustain life and promote satisfactory growth in young
rats.

The reason for the failure of the experimental rations to stimulate
mermal lactation was not determined, The cause of the failure may have
deon due to deficiencies in the protein content, the vitamin content or
the mineral ocontent of the ration, Further study along these three phases

of the predlem would probadbly bring out some very interesting facts.
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CONCLUSIONS
Part I.

l. 4 simple home-grown ration composed of ground oats, alfalfa leaf meal,
alfalfa hg, and corn silage was practically as efficient for milk and
Jatterfat produstion as a complex ration oontaining purchased protein dur-
ing four 830-day feeding periods,
2. The simple heme-grewn retion maintained the body weights of the cows
during the experiment as satisfactorily as did the complex ration,
S, The simple home-grown ration did not seem as palatable as the complex
ration,
4. The simple home-grown ration maintained three of the cows on positive
, niirbgon dalance, equally as efficient as did the complex ratien,
8. The eonsumption of the home-grown ration esused an increased oconswmp-
Aon of water. This may have been dus to the large quantity of alfalfa
in the form of hay and leaf meal in this ration as compared te the complex
ration,
6. Atmospheric temperature seemed $0 have a positive effect on water con-
sumpiion,
7. The simple home-grown ration seemed to produce no abnormal physiologi-

oal effects,

Part II.
1. VWhen fed te greowing rats, simplified rations, did not produce growth
equal to that produced by the complex echeck ration,
8. Simple rations somposed of alfalfa and oats and alfalfa meal and corn
were not satisfactory for reproductive processes, The addition of yeast

%0 these rations gave very satisfactory results,
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3. lactating females fed simplified rations apparently were not able

%0 secrete enough milk to grow out the yohng to a satisfactory weight,
4. BEspeocially high mortality resulted among young rats whose mothsers

were on the alfalfa, oats and yeast diets,

8. The addition of vitamins & and D in the form of cod liver oil, the
apparently enly possible vitamin deficiencies, did not correct the de-
ficiencies in lactation shown by the females while on the simplified

rations,
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Tadle I, Showing Animals Used in the Experiment

Lot I.
Deys ~ Days  Daily Per cent
Animal Breed Age Weight {n in Milk Butter-
¥o. Milk Preg- Yield fat in
nancy 1lbs, Milk
168 Purebred Holstein 3I-6-18 1368 117 0 65,7 S.4
187 » bt S=7-21 1280 40 ] 63.4 J.1
8’29 » . S=6=28 1200 88 0 44.5 S.2
 31.] - » 5=2=18 1125 161 0 48,3 Sebd
286 » » 5-2-16 1008 118 o 54.6 3.5
Average 4-2=24 1200 105 0 83.3 Je27
Lot 1I.

82 Puredred Holstein 3Je4-0 1100 114 20 48.4 340
230 ol » S=6-22 1076 184 83 3847 S0

189  Purebred Brown 555 1250 45 0 48,1 4.1
Swiss

174  Purebred Holstein 5-9-27 1150 37 0 5646 5.0
180 » - 7-le2l 1500 48 0 67.6 5.5
Aversge ' 5=0-0 1215 86 20 51,9 S.41




Tadle 11, Showing Grain Rations Fed

BRation I (Complex ration)

87

Digeatible Total
Crude Digestidle
4 Protein Nutrients
Ground yellow cora 400 pounds 27,23 S26.8
Greund oats g0 * 19,62 176.0
Vheat bran 150 * 18,75 91.4
Cottonseed meal 100 - 57.00 78.2
Linseed oil meal 100 * 30,20 77.9
Commen salt 10
Steamed bons meal 10 *
Average perocentage 13.28 75.,00
Ration II (home-grown ration)
Alfalfs leaf meal 300 pounds 45.33 180,00
Ground eats 480 * - 37.68 326,40
Grounl rolled oats 220 " 28,16 163,04
Common salt 10 *
dverage percentage 11.1 68,94
Rstimated per cent total digestible matrienis due S 65,00

poor quality of oats
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Table XIII.

Total Feed Consumption

Lot I.

Tow Xind of Period Period FPeriod Period

No. Feed I 11 II1 IV
1lbs, 1lbs, lbs, 1bs,
R86 Hay 276.1 27845 298,56 293.7
.- Silege 900,0 900,0 900,0 900,0
Grain 600,0 580,6 495,0 536.2
225 Hay 344.0 S44.4 341,58 543.9
Silage 990,0 900.0 990,0 990,0
Grain 480,0 480,0 390.0 390.0
229 Hay 356.1 60,0 5590 558,9
Silage 1080,0 1080,0 1080,0 1080,0
Grain 420,0 390,0 390.0 404.0
187 Hay 361,0 S17,.9 342,0 307.9
Silage 1140,0 1118,1 1157.8 795.6
Grain 6156,0 656,49 524.,0 424,1
168 Hay 417,85 403,9 399,85 412,5
Silage 1200,0 1215,0 1212,1 1260,0
Grain 556.0 585,0 510,0 470,0

Lot 1I.

232 327,0 330,0 32645 $48,0
Silage 990.0 990.0 985,0 990,0
Grain 538.2 420,0 475,5 390,0
230 Hay S27.7 32843 S29,0 278,0
Silage 960.0 945.0 945,0 76945
Grain 435.,0 360,0 360,0 224.8
189 m 342.1 585.‘ 373 .5 388,0
Silage 1049,.8 1080,0 1080,0 1078,0
Grain 568,.1 420,0 479,0 343.0
174 Hay 299,1 342,8 336.8 558,58
Silage 983.0 1035,.0 1034,0 1035,0
Grain 631,35 480.0 584,0 3756.0
160 Bay S4l.4 422.4 419,.9 448,5
Silage 912,56 135560,0 1306.0 1350.0
Grain 673.5 565,.0 584.5 495,0
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Table XIV. Feed Consumption on Bation I
' Lot I.
Cow  Kind of DPerjod Period  Period  Period Total
No. Yeeod 1 II I1I IV
1bs. 1lbs. 1bs, 1lbs.
226 Hay 276.1 298,56 674,6
Grain 600,0 495,0 1095,0
225 Hay 344.0 S41.6 685,85
Silage 990,0 990,0 1980,0
229 Hay 366.1 359,80 714,1
Grain 420,0 390,0 810.0
187 Hay 361,0 342,0 703.,0
Sileage 1140.0 1137,.8 2277.8
Silage 1200,0 1212,1 2412,1
Grain 55540 510,0 1065,0
lot II.
2352 May 330,0 345.0 67540
Silage 990,0 990,0 1980,0
Grain 420,0 390,0 810,0
230  Hay 328,3 278,0 60643
Silage 946,0 769.5 1714.5
Gr.in 360.0 224.8 58‘.8
Silage 1080,0 1078,.0 2168,0
Grain 420,0 34340 763.,0
174  BHay 342,8 358,5 701.3
Silage 1035,0 1036,0 2070,0
Grain 480,0 375.0 856,0
180 Hay 422.4 448,56 870,9
Grain 556,0 495,0 1050,0
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Table XV, Feed Consumption on Ration II
Lot I.
Cow ¥ind of  Perlod Terlod Period Period  Total
Ko. Feed 1 II II1 IV
LBS. 1bs, 1lbs, 1bs,
226 Hay 278,5 293,7  572,2
Silage 900,0 900.0 1800,0
Grain 580,6 636.2 1116,8
228 Hay 344.4 343 .9 688.,3
Silage 900.0 990,0 1890,0
Grain 480,0 390.,0 870,0
229 Hay 360,0 358,9 718,9
Silage 1080,0 1080,0 2160,0
Grain $90,0 404,.0 794.0
187 Hay 317.9 507.9  625.8
Silage 1118,1 795,6 1913,7
Grain 656,49 424,1 1081,0
168 Hay 403.9 412.5 816.4
Silage 1215,0 1260,0 2475.0
Grain 585,.0 470.0 1055,0
Lot 1I.
252  Hay 327,0 " 526.5 653,65
Silage 990.0 985,0 1975,0
Grain 538,2 475,65 1013,7
Silege 960,0 945,0 190640
Grain 435,0 360,0 795.,0
189 Hay 342,1 3736 715,6
8ilage 1049.8 1080,0 2129,8
Grain 568,1 479.0 1047,1
174 Hay 299.1 33542 634.3
Silage 983,0 1034,0 2017,0
Grain 6313 524.0 1155.3
150 Hay S4l.4 419,.9 76143
Silage 912.5 1305,0 221745
Grain 67345 584,5 1258,0




Table XVI. Summary of Hay, Silage and Grain Consumed while on

Ration I (complex ration)

Tow

No. Hay Silage Grain
228 574.6 1bs, 1800,0 1bs, 1095.0 1bs,
225 68545 1980.0 870,0
229 714,1 2160,0 810,0
187 703.0 2277.8 1139,0
168 817.0 2412,1 1065,0
232 675.0 1980,0 810,0
230 606.8 1714,5 584,8
189 77348 2158,0 763.,0
174 701,3 2070.0 855.0
150 87049 2700,0 1050,0
Total 7,121,5 21,252.4 9,041.8

Tadble XVII. Summary of Hay, Silage and Grain Consumed while on

Ration II (home=grown ration)

Cow

oo Hay Silage Grain
226 b72.2 lbs, 1800,0 1bs, 1116,8 1lbs,
226 688,3 1890,0 870,0
829 718,.9 2160,0 794.0
187 625,8 1913,7 , 1081,0
166 816.4 2475,0 1065,0
232 65345 1975.,0 1013,7
230 65647 19056,0 795,0
1989 71546 2129,.8 1047,.1
174 634.3 2017,.0 11553
150 761.,3 2217.6 1258,0

Total 6,843,0 20,483,0 10,1859
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Tadble XXII. Water Consumption, in gallons, by the Cows while on

Ration I during each Period

104

Cow Period Period Period Feriod Total
No. I I1 IIX IV

226 434,75 473,00 907.75
225 414,00 473,00 887,00
229 413,00 466,25 879,25
187 53275 538,00 1070,75
168 573.00 580,25 1153 .25
232 449,50 484,75 934.25
230 404.50 324,00 728,50
189 430,25 441,50 871,75
174 529,25 504,50 1033,.75
150 579,60 571,50 1151,00
Total gallons 9617.25

Tadble XXIII. Water Consumption, in gallons, by the Cows while on

Ration II during each Period

Cow Feriod Perlod Period Period ~ Total
Noe. I II III IV

226 480,75 475,50 956,25
226 469,75 465,75 935,50
229 434,25 477,50 911,75
187 582,50 483,50 1066,00
168 605,00 546,25 116125
232 497,00 531,50 1028,50
230 440,00 446,25 886,25
189 467,50 528,60 996,00
174 604,25 576425 1180,50
150 662,50 638,00 1290,50

Total gallons 10402,50
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Table XXIV. Weights of Animals for First Three Periods of the

Experiment
Lot I.
Cow Initial Weight at End  Welght at End Weight &t End
No. leigrht of 1st Period of 2nd Period of 3rd Period
226 1008 1019 1035 999
225 1125 1136 1154 1139
229 1200 1205 1214 1226
187 1280 1302 1321 1315
168 1388 1375 1380 1385
Average 1200 1207 1220,.8 1212.8
Lot II.
232 1100 1117 | 1109 1132
230 1075 1076 1083 1129
189 1250 1253 1236 1275
174 1150 1143 1143 1187
150 1500 1499 1458 1491

dverage 12156 1218 1205,.8 1242,.8




Table XXV, Daily Record of Feed Consumed, Milk Produced and Feces

and Urine Excreted during the Metabolism on Ration I

—

(complex ration)

106

Body
Date Weight Grain Silqu Hay Feces Urine Milk
1lbs, &ms, gms £ms, €ms, CeCo gms,
Cow No,
2256
June 14 1130 5812 14,982 5176 32,642 10,000 16,792
15 1144 b " n 32,806 11,600 17,522
16 1137 g ol » 34,272 10,320 16,995
17 - b w " 34,405 14,500 16,379
18 1148 " " » 34,713 23,290 17,529
19 1145 o b had 31,629 19,900 17,014
20 1150 » - . 35,451 16,800 16,881
Cow No.
226
June 14 1000 7444 13,620 4540 32,303 9,650 20,884
15 1012 " » w 32,230 9,620 23,574
16 1011 hd b o 33,133 9,590 23,515
17 - » " " 31,835 10,320 21,159
18 994 w b » 30,648 10,350 19,851
19 1007 b " i 30,763 9,690 22,086
20 1006 » » " 34,848 10,085 20,034
Cow No.
229 .
June 14 1200 5812 16,344 5448 37,734 7,000 17,485
15 1225 w " » 37,448 7,000 16,921
16 1211 " » " 38,028 7,450 16,850
17 - " . » 38,7569 8,390° 16,509
18 1235 b b » 40,812 10,960 18,003
19 1213 " " w 34,927 10,900 17,606
2 1240 b » d 40,631 9,620 17,957
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Table XXVI. Daily Record of Feed Consumed, Milk Produced and Feces
and Urine Excreted during the Metabolism on Ration II
(home-grown ration)
Body
Date Weight Grain Silage Hay Feces Urine Milk
lbs, gms, gms, £ms. £ms, CsCe gm3,
Cow No.
225
July 15 1156 5992 14,982 5266 33,246 14,100 14,347
16 1190 " » - 39,246 11,770 15,213
17 1188 d d " 38,146 12,760 13,625
18 1175 w " w 38,126 12,360 12,870
19 1160 " " * 31,566 9,550 13,526
20 1180 " " " 35,816 14,350 14,004
2t 1190 " ” " 36,816 18,050 13,607
Cow No.
226
July 16 1027 8172 13,620 4540 40,736 9,700 20,068
16 1036 » hod » 36,956 8,800 19,395
17 1012 " " " 35,456 8,900 17,183
18 1020 hd " w 32,476 12,800 18,864
19 1000 . ol e 35,046 10,660 19,215
20 1004 b " w 33,676 6,000 19,713
21 1010 " " » 35,227 10,450 20,075
Cow No.
229
July 186 1222 6176 16,344 5448 35,097 8,600 16,525
. 16 1256 " bl w 38,077 11,470 15,823
17 1245 w w bl 32,257 10,650 16,187
18 1267 » » . 34,867 10,100 16,521
19 1227 " w » 33,957 8,400 14,739
20 1266 ol » bt 39,407 9,700 15,707
21 1262 » w » 37,603 8,950 15,906




Table XXVII.

Cow Ho,
225

Cow HNo,

Cow No.

Nitrogen Composition of Feeds Consumed, Milk Produced

and Urine and Feces Excreted during the Metabolism on

Material
Corn Silage
Gre Alfalfa

Grain

Feces
Urine

Mlk

Feces
Urine
Milk

Feces
Urine
Mlk

Ration I,

Nitrogen
0,408 per cent
2,210 = "

2,600 » "

04343 per cent

0.477 par>cent

0379 per cent
10,560 gm/L

0.484 per cent

0¢322 per cent
11,710 gm/L
0,507 per cent

108
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Table XXVIII., Nitrogen Composition of Feeds Consumed, Milk Produced,

Cow No.
225

Cow No,
226

Cow XNo,
229

and Urine and Peces Excreted during the Metabolism on

Ration II,
Material Nitrogen
Corn Silage 0,384 per cent
Gre Alfalfa 20300 » "
Grain 2,500 »
Feces 0.344 per cent
Urine 8,400 gm/L
Milk 0,520 per cent
Feces 0.340 per cent
Urine 11,100 gm/L
M1k 0,510 per cent
Feces 0,328 per cent
Urine 12,000 gm/L

Milk 04490 per cent
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Teble XXX, The Mesan Daily Temperature during the Four Feeding Periods
* Pirst Period Second Period Third Period Fourth Period
Day Temp., Day Temp. Day Tempe Day Temp,

Mar, 25 63 Apre 24 43 May 24 53 June 23 68

26 44 25 68 25 54 24 68
27 46 26 48 26 63 25 63
28 43 27 56 27 71 26 59
29 44 28 46 28 72 27 62
30 50 29 44 29 76 28 62
31 36 30 54 30 74 29 63
Apr. 1 34 May 1 52 31 68 30 74
2 34 2 36 June 1 60 July 1 70
S 52 S 36 2 47 2 59
4 61 4 42 3 50 3 61
5 70 5 43 4 54 4 70
6 73 6 46 6 52 6 72
7 70 7 41 6 58 6 74
8 52 8 44 7 56 7 71
9 48 9 46 8 54 8 70
10 42 10 49 9 58 9 72
11 42 11 58 10 62 10 68
12 39 12 61 11 71 11 69
13 42 13 54 12 61 12 74
14 38 14 58 13 62 13 76
16 40 15 67 14 60 14 65
16 40 16 46 156 64 15 64
17 40 17 50 16 66 16 66
18 40 18 54 17 74 17 72
19 1] 19 44 18 (44 18 66
20 42 20 44 19 74 19 58
21 46 21 50 20 72 20 59
22 47 22 52 21 67 21 68
23 48 23 60 22 68 22 71
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Table XXXI. Frequsncy of Drinking and Frequency of Urination while
| on Metabolism

BRation I. (complex ration)

Cow 225 Cow 226 Cow 229

Times Times Times  Times Tines Times
1929 Urinated Drank Urinated Drank Urinated Drank
Juns 14 7 10 6 8 5 5
15 9 11 4 8 6 8
16 10 4 5 5 L] 4
17 11 5 5 7 6 J
18 14 9 7 4 b 10
19 13 9 6 21 7 4
20 11 10 ] 15 8 10
Total 75 58 S8 71 42 44
Average 10,71 8.28 5.42 10.14 6.00 6.28

Bation II, (home-grown ration)

July 16 11 s ) 9 5 10
16 4 4 7 9 5 5
17 7 5 5 7 7 2
18 7 3 7 5 8 4
19 4 4 6 9 6 4
20 9 5 7 5 7 s
21 11 4 5 5 3 4
Total 53 29 44 49 43 32

Average 7.57 4,14 6.28 7,00 6.14 4,57
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Tadble XXXII. Growth Weights of Animals during the 8 Weeks Feeding
Period. Animals Grouped According to the Rations Fed.
Ration B 32
Inima] Initial 1st 2nd ord 4th 5th 6th 7th  8th  Total
No. 'bight Week Week Week Week Week Week Week Week Gain
€ns, gms, gms, gms, gmus, gms, MBS, M8, gLMB,
62 62 6l 80 92 104 118 124 130 140 88
68 59 74 97 118 138 150 157 154 167 108
69 54 67 86 106 125 138 144 140 146 92
84 45 60 63 70 84 96 51
85 46 83 66 77 102 109 63
87 69 84 108 110 135 149 149 152 156 87
90 63 61 77 83 102 112 118 120 130 ™
1156 56 68 70 93 112 118 126 137 145 89
116 67 59 73 101 118 125 131 145 155 98
117 86 107 116 116 112)
118 83 107 115 1156 114)
119 83 103 109 110 114) Mated
120 92 110 117 117 114)
132 39 65 76 98 107 126 137 148 109
39 65 72 94 103 120 129 139 100
39 655 70 91 98 114 129 143 104
39 67 78 99 110 1256 132 139 100
Basion B 30
58 68 75 84 98 112 120 118 127 140 82
65 50 62 79 98 118 133 144 158 166 116
k44 37 47 654 70 76 83 87 92 99 62
78 35 47 65 67 77 80 86 93 101 66
80 42 50 565 73 79 85 91 92 104 62
92 61 70 76 83 89 100 105 108 112 51
106 61 74 86 91 101 113 112 116 134 73
107 60 52 68 69 83 65 94 103 112 62
129 65 81 103 114 128 129 134 140 144 79
Average 51,00 72,65
Ration B 30 plus yeast
128 61 71 78 88 99 113 121 126 130 69
123 45 56 72 85 88 95 102 111 118 73
124 53 70 87 98 108 114 120 130 134 8l
Average 53 7433
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Table XXXII. (continued)
Bation B 31
Animal Initial 1st 2nd 3rd 4th bth 6th 7th Bth Total
No, Wo{ght Week TWeek Week Week Week Week Week Week Gain
gns, guns, gms, gms, gmM8, KBe M8, LM, SM8,
60 58 66 77 90 96 108 117 123 128 70
67 47 60 57 65 77 88 99 102 107 60
113 54 69 78 86 102 113 118 128 133 79
121 60 69 80 88 85 101 110 111 119 59
122 45 68 70 79 89 93 106 107 110 65
Average 52,80 66460
Ration B 31 plus yeast
125 51 67 70 81 96 104 115 130 130 79
126 54 65 67 79 88 97 116 128 131 77
127 43 47 657 68 75 84 92 106 115 72
Average 49,33 76,00
Ration B 45
96 53 60 73 83 112 132 145 158 162 109
138 40 62 64 72 89 92 106 123 134 94
139 40 60 66 79 95 103 116 127 135 95
Average 44,33 99,33
Ration B 46
97 64 81 93 100 103 115 120 124 135 71
Ration B 47
100 58 68 86 95 103 120 123 125 130 72
130 59 74 92 107 116 118 132 142 149 90
131 67 90 111 131 148 147 159 168 173 106
137 61 82 80 90 95 104 107 118 117 56
Average 61,25 3
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Table XXXI1I. (continued)
Ration B 52
Animal iInitial 1st 2nd 3rd 4th 5th b6th 7th Bth Total
Noe Veigrht Week Week Week Week Week Week Week Week Gain
gns. gns, gm8, L£M8, SMSe EM3e MN3e EMBe LS,
109 59 62 84 100 112 123 130 142 154 95
Ration B 68
143 43 63 67 86 96 118 123 125 125 82
Ration B 69
144 b7 75 90 106 113 133 138 140 142 85
145 45 56 77 100 113 125 130 129 128 83
Average 51, 84
Ration B 70
146 57 75 97 117 130 147 157 162 175 118
147 43 57 85 107 117 126 1356 145 150 107
Average 50 112,60




Table XXXIII.
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Length of Time from Mating to Parturition, Animals

Listed under the Various Rations Fed.

Ration B 32
Female No, Days
62 25
68 25
69 non-breeder
84 36
856 30
87 weights indicated that embryos
probably were resorbed
90 non~breeder
115 35
116 47
117 37
118 28
119 28
120 26
132 34, 30
133 29, 25
154 35, 26
135 non=breeder
Ration B 30
58 36
65 63
92 56
105 41
107 50
129 killed and examined, embryos
resorbed
Bation B 30 plus yeast
78 37
80 25, 23 -
123 31, 46
124 33, 28
128 33
Ration B 31
60 30
67 63



Table XXXIII.

(continued)

Female No,

113
121
122
126
126
127

95
138
139

97

100
130
131

109

143

144
146

146
147

Ration B 45

Ration B 46

Ration B 47

Ration B 52

Ration B 68

Ration B 69

Ration B 70

Ration B 31 plus yeast

Days
non~breeder
21, 30
39,25

S6, S0

24, 23

31, 24

32, 25
33
28

35

27
39

63, 24

no litter at 57 days

57
no litter at 657 days

117
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Table XXXIV. Size of Litters, Birth Weight, Weight at 28 Days of Age,

and Mortality of Young Rats, Grouped According to Diets.

Ration B 32
] Av, Weight at
Female No. in Litter Av. Birth Weight 28 days Mortality
. &m8 ., &ms.e -

68 (8) 7 - 25,00 3

7 7.00 40,00
120 7 5¢30 28,00
119 5 7.10 37420

5 - 41,40
118 (9) 7 64,00 35,00 1l
85 7 6,00 26,30

(8) 7 625 32457
116 a4 7,50 43,00 1
115 7 5.71 18,67 1l
84 1l 5,00 -
132 6 6.85 40,60 1l
(8) 7 737 not 28 days old
133 7 6.43 34,77
134 6 7.00 44,16
Ration B 30

58 (8) 7 - -

4 8,00 -

Ration B 30 plus yeast

80 (8) 7 5400 22,00 5

7 5.71 25,17 1

77 (8) 7 5430 - 7
78 6 6.17 21,33

(9) 7 6,00 43
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Table XXXIV. (continmed)

Ration B 30 plus yeast

Ave Weight at

Female No. in Litter Av, Birth Weight 28 Days Mortality

8ms, gms,

105 5 4.60 5

107 6 5,83 6

123 6 5.83 . 6

7 5.43 29,33 4

124 5 6.80 5

7 4.76 7

128 7 5,71 48,00 4

60 4 6.14 27,50 3
67 7 5,00 25,57

Ration B 31 plus yeast

122 6 4.83 6
6 6,00 35.40 1
121 6 5000 23,80 1

126 (9) 7 8.55 26,00
(10) 7 5.60 36433 1

127 6 7.00 33483
7 5.43 7

125 6 6.66 40,00

6 7.20 40,20

Ration B 45

95 7 5.71 36,00
7 6,00 7

139 6 5.33 J31.60
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Table XXXIV. (continued)
Ration B 46
Av, Weight at
Female No. in Litter Av, Birth Jeight 28 Days Yortality
gms. 8nse
97 6 5,83 34,17
Ration B 47
100 2 7.00 44,00
100 (sl 4 5.50
130 o 6 6433 21,83
131 6 5.83
Ration B 62
109 7 5,71 28,57
(9) 7 5.33 35,67
Ration B 68
143 no litters
Ration B 69
144 (8) 7 5.12 not 28 days old
| Ration B 70
146 (8) 7 6.00 35.8
147 A 7 6.86 not 28 days old
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