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to fi d i, 

d1ffe ent 

IHTRODUOT!OU 

following study was unde:rta.ken in order to atteJpt 

n .. rm.al blood carotene level fo r dairy calves of 

ages fed under pr actical Oklahorim -0~nditions. 

1 

ffbv1ously what 1a t ern:ed npra.ctioel Okl ~homa c onditions'' ro.ay 

vary trom. herd to herd , season to aoaaon, or year to year; 

yet, ttore should be en:,i.igh s1:nilar1ty in co.u:i)osit1on of 

feeds and. reeding pr act iees throughout the state so that 

blood carotene levels established i.n one herd should at least 

serve as a guide in others . 

Interest in carotene a ri ses from tho foot thti t it la t he 

oreourser of vitamin A ih1eh is .necessary fo r the proper 
~ . 

growth and well-being or dairy ca lves. 



EV!s:: 0. LIT:.:~.;;.T1J~? 1 

General 

In 1920 St enbocl< o.nd Bout ell 20) made the i or ant 

corro ,. tion between ·rellow color in .1.oods and cood sources 

of vita.min A. 'l'hey even went DO f ar as to sue;....,est tha t the 

pienent c arotene is the source of vitamin A. Thi'-' vie1 1 was 

not accepted by ot ier workero and the relatlon&hip remained 

2 

tmso1,,ed until decade later . Ir1 1928 von :).lier I of S eden , 

as cited by;.! yna.ra, {14} furnis~1 d c idonce th t !:.2.c:;t.ly 

purified carotene would cure re.~s exhibiting t~p1c 1 vit ain 

. c'teficiency. ~,'core {16} in 1930 v10rking with rat"' proved 

thA.t c rotene ms transformed nto vitn.ciin A in vivo .. 

In 1932 Karror in Switzerland nd Drurru"/lond in En land, 

cited by Uayna.rd (lA.), i olated a very ,ctive vitamin J,. 

fraction fro halibut liver oil , hich v,•a !=l identified us being 

an unsr:tur t ·d lcoh.ol witb the formula c20~~0o. This alcohol 

is now regarde" e vita.win;~ . Soon after ;.arrer, l':uhn , and 

others , o1ted by Maynard (14) established the formula of 

carotene as c40u56 • It is now recognized that there are four 

different carotenes which h~,t vite..11in f, activity . namely : 

)0 -, B-.-Y -, and hydroxy- B-c nroteue or krytoxant hine . On hydro­

lysis the a-carotene yields t\"Jo molecules of vitamin A wh11,e 

the rest yield only one . 

Althou h having been suspected for several years pre­

viously, it wa s not until 1926 that Jones , akles, and 

Pal mer (11) demonstrated the needs of calves for vitamin A. 

fith a skim milk• vhite corn r ation th ca lves showed typical 



; 

symptoms of an A deficiency; nanely, failure to UO"-li, 

xero~the1m.1a, respiratory trouble, diarrhea, nnd d.eath. Cod 

liver oil corrected th.eee e:r~q,toms. Beehdell, :Eckles,. Hnd 

Palmer (, 2) in U1e ~aeo year reportt.id t.tiEtt calves developed 

syoptozns ot vltatn1n A de.fic1en.cy wheu cod live·r oil w,.as not 

included in tlH,'til" e~perir1ental retion ot oorn gluten te~d • 

casein, polished rice, and butterfat... Since then ex:rH.lri­

mental vit~11in .A defieltmoy has been ~rrodueed by .w.nny in ... 

ve stigators. 

ah1p of vit.a,f1!n A to tt.e so-onlled no.ottonseed 1t:Le:al'1,.. r-oison ... 

inJ. In l 9·3-0 Halverson mul Sherwood ( s) reported a long t tJ.1G 

1nv~st18ation frcm v-,;hich it v;as oonoltitled too.t faJ.lures 1n 

ct,ttle attributed to cotton$eed meal in,1ury were prL1mrily 

t.h1$ belief has been substant1~ted. 

Although mo&t vitamin A dotieie:ne1es re.\1orted have teen. 

experh1tH1tally prmh1eed, Gu!.lbert and ?iart ('1) observed a 

oond1tion in range enttle in Csllfornia t-,!1ieh was Gttspeete4 

to be v:lta:tln A det!c iency. A nwiber or types or disturb­

ances oeeurred: (a} .rnilure of the t,er;1nle to CH)t.:;.e in estrus; 

(b) ~Qre or less frequent o<.H1urrenoes of egtrus, but \Vi.th 

tallure in terti,lizatio.n; (e) sa.t!nij and fertilization fol­

lowed by death of the fetus end Eibortion or resorption et 

various s.t.ut1ee or gest~tion; and (d) failure in lactation .• 

The ciom:U.tionB (nuld to oorrected by th~ additi.on of cod 
I 
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liver: oil or green al:ta.lf'a he.y to the ration. 

Guilbert end R&rt {8) in 1035 ;reported on n continuation 

or their s.tudies and ste,ted that the daily 3linirrmtll carotene 

req-uirc.t1.ent of tho bovine iu 26 to 35 microcrams per kil­

o~ram of body weight. 

Co:1pc:iratively little work has been done invol-;ring sctue.l 

plo.o.w?. c;:G.rote.ne levels in calves. Palmer (l7) in 1;14 made 

the observation that the blood carotene of' a nevibo:rn calf 

was ve;ry 1::)W,. He extended his studies: to blood. oaroto.ne 

levels in ~ature cottle and found a detinito correl8.·tion be­

t:wee.n the ·t.ype of ration !Gd and carotene levels.. L.Ioore ( 15} 

in 1938 reported on. plasma oarote.ne levels in calves 1::'/hieh 

were experimentally ,lepleted of vita.clin A reserves. :Pl~sma. 

oaroten.e !ell to low levels ,Nhieh we:re q_ui.okly re.:tsed by 

either supple,'.iEmt.s ot oar.crtene tu e.ottonseed Q11 or by al-

falfa hay. He coneludecl that as a rule plast"la carotene re­

m.ainecl below about 0 .. 13 micr1.}grams per c .. c .. for a oonsiderable 

period before the developi.lent ot nyctalopia and oocula:r changes. 

'.'Jhitnah,. ?ete.r.son,. Atkeson, and Cav$ ( 2l) m.ado du.ily caro­

tene determin~.tions in studying carotene balances in heifer~ 

and dairy cows. They gave evidence of u la.r·e;s daily variation. 

r~dsen and De.vie C 13} oonoluded from. blood plasm.a scun.ples 

taken trorr, several bc~er heifers that the oesree of oarotenemla 

depends upon the exogenous supply ot carotene. The vitamin A 

of the blood content :reeched a less variable physlologice,l 

level. which is m.aintained HS long as the ¢arotene supply is 

adequ~te, but which declines during the state of deficiency. 
I 
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They tound high values in pssture fed, anlmals . Phillips• 

Rupel l Oleson . e,nd Bol1stedt { 18) found no carotene in the blood 

l of a Talf 46 days old at the onset of vite.uin A deficiency. 

Semb , Bau. ann ,, and Steenbock (19} reported that twelve 

cows iI'eCeiving 140 mg . of carotene daily aver aged 5.,2 micro­

grams carotene per o . c .. of blooq plaoma . B:r feedina A. I .V. 

silage . the daily carotene int. ake warJ increased to oOO mg . 

per cow resulting 1.n nn avercge blood carotene level of 6 . 5 

micrograms per c . a. in two weeks , and G.8 micrograms in six 

weeks. They reported a decrease in blood carotene imnediately 

after parturit ion. 

Gillman and El R1di ( 6) reported that f 1 ve ,oowB on a 

winter ration averaged 0 . 40 mg . of carotene per 100 1. of 

serurn and tr::mr bulls on a ·winter r ation averaged 0.08 mg . 

On a summer ration six oows averaged 1.11 mg . per 100 ml .. ot 

serum and six bulls on a swru.11er ration averaged 0 . 42 mg . 
I 

Methods ot Analysis 

Definite id.entiflcation ot the 11poohrome of cattle serum 

as carotene v,as .m.ac1e by p·lm,er and Zokles. (17) in 1Gl4. Pre ­

viously Van de.n Bergh and Snapper, as o1ted by Po.lme.r ( 17), 

had d1stingu1sl1a"'1 the 11i;oohrom-e of cattle serum from bilirubin . 

Early workers v1ere puz:;a;led by the faot tha t Qarotene ivhloh 

as readily soluble in fat .solvents oould not lie extracted 

1l1rectly from the blood serum . Paltner { 17) showed that the 

pig" ent vJas closely bound to the protein o.f tho blood and. could 

be S$pur&ted from this union by the addition of 95% alcohol 

to tie plasma ., He took advantage of this ta.ct und. evolved a 
I 



. et 10d of a uri ng bloott c rotcne by tr · 1ng th s · 1th 

9 , alcohol, 1:xing ·i tl l • er of .P · ris n 1 extr ·' ... tine. the. 

yellm· o lor dth etrolcum t er . Yen :Jon pereil, .~llor, 

and r roek...oy r , cit d by Conner (4) !10d1!'iec1 tr:ia :..1.ethod by 

01r it .. · ng h ple ter of r· . r1., , ind e .• ,1;.n .. ing the yello col r 

to a 1/2 per c n ... solution or pot ssi "' diohro.J.\ t .:-s a 

stnnd· rd . Conno1· ( 4) ;r.oditicd th !":.ethod further . ad co p. d 

the yollo'· color to a 0 . 02,~ or o. ~ , olution o: potass1 · 

dichro.:n.ate $ ~as done in t~iz stud • 

;.t ah'.Juld b reali .,ed t.h~t tr-.e ;:r c . ng ::ethod or 

enal e1s don t d fferenti'1t be v.e.en the biologic l1y ot1v 

pip nt.s, the cer::>1,,en , and the thh r ether soluble 1',i ent< 

.:iuoh o xanthcp ylls and xantho:p yll est rs. Cuch z p!:lr t ons 

can be !!l.1.td by chrcmiatogro.phie d t r .7.ia."1.ti.nns , but thes · -::·X-O• 

oedur s ~ re ve ·" slo ~ and n t suited to rout ... ne detei·.,.11 a ions ~ 

Y:111 latter a.d Stoll , cited by P .er (l7}t in 113 d ccribed 

in ae .. ail color ...... etric et'1od for th 1u"'nto.t1ve e. tta. tion 

or carot n nnd :xanthophyll in green plant ti.s o• .es. Thy took 

dvirnt": of h fdot thz xantlr)p ylla c ou<t b re,:ov d ro · 

~ ; trol u. tt ,r uolut 1.')n y · "sr~ine ,; th , co ssi ve .... , rt1o 

ot 05 r-od o er cent et~1oyl lc.olJ l until 40 m.or c lor oou­

ro::z.:'.>Veo. . ?h corot n. wou.ld r c.sln in th p tro- m. th r 

elution . ';t.1 f'itct s b- n used in ep. rat in - the oa.:rot n . 

rrom xanthon ylls 1n blood . 

Cln.u.:.on nd '!"'cOoord { ) in 1935 ..,_.,,4,--opo ed a , etr.od or 
e p rnting th csrotinoid pi,_.m nte; .:.n blood ·1th di o ton • 

ie t d , Port r , and ·-; t rson (LO} nco:;ited a -::odifie ticn o't 



+- }, ,f:::, -'Ji l i,_' ',:·.-,-_ l_>7' 'iJ;,.;,-.l.-W - ·---~ .,,,.."-t," 



PROC:::DtJ .-:-;, OF • f A 'YSL.) 

Blood s Fupl ~ ~ v Jr e drm"n from the .., U.QUl - r vein i nto 

f asrs conta in. n lit ,heu c1trRte ns thE~ nt. -COf' ul ont. 

8 

Carotene content of tl~e plasri.a an determ .n . by sl i h t 

nodificntions of the procedure of Conner. 

The blood sa p es ere centrifug d to sep· r r. te tho pl sma 

from t:te cells. Ten ml . 1 of pl sn:m were then 1 netted into 

a 0 mA.ll-nec <:ed ce tr1fu6 e tube . Ten ml . of 95~ et 1yl alcohol 

were dded , t ! C tube tight .y corke , F1nci shaken for one "llinut e . 

Then ten ml. of Skelly solve ( petroleum. e her R. P. 90° - 94° C.) 

\'!ere .dded and the tube ag in shal-:en for one minute . Ten ml . 

of w ter2 .. ere then e.clded and the tube shaken for one F 1nute . 

Dince sever l s amples ~er treated in this manner simultan-

eously sh rt ti~e e l apsed be ween the addition of e ch re-

agent . All reagents dd d vere cold nd the small - necked 

centrifuge tubes were kept in ice water during the above pro­

c edure except \hen being sh ken . 

The D ~ple ve re then pl aced int e refri l r ntor for 

approxl m tely one halt hour until the ether layer had cleGrly 

risen to the top. Sa plea were then centrifue;ed for as ort 

time and a port on of the ether 1 yer drawn off and trans­

ferred into a ti ht ly stoppere via l . 

1 Conner originally propo'"'ed three o . c . of plas a . Ten o . c . 
ere used a t th suG0 est1on or , . D. Gallup of the Agri­

cultural Chemistry Department . 

2 \!ater used on tho recommend tion of \\ . D. Gall up . 



The yello color of th pl , 1 s co~.· d w1 h n-

nt st. nd r4s or 0 . 02 or 0 . 04· pot~ 1u 1chr (ot-

ution in a ~1 tt co or ter !th rttf1oiol 111u~ notion • 

..... 1nce the eolor1 er used in t . a study $ loc t d in th 

1gr1oult r . l Che 1•L1y n~partiient , t1. fk lly olv c r'.>t no 

sol t ion nd to b carJ-1\id fror. th iry: building to 't,hi ... 

hurst Hr-tll, dist .no of bout t o bloc': • !n l'.!1 e t r 

th v1~la ~ re ·urrou d d by loo to h lp prov nt v·por tion . 

determ1n'"'t1on in !"lost all ca.sea "ere no.de i ...,ed -

t ly art r amnles ·a r co'.l ct d . If ny ti;i· did 

lap s b t : n t ... dra dn or tl1 bloo4 end n ly!?L 1..he m.p l s 

t re kept 1n the ret':rig r,1tor . Color1:r t r reading er 

as rar1d1 y as nos ibl 1.n ord r to pre"1ent tber evaroratlon . 

Ca oul > t1ons of o rotene al · s ,,er ~ ri d fro the 

rollm·int equation! x • s in ,•,; ich , x • oonoentr tion ot 

c~roten !n ~icro~~~ s n r 100 .nl . o~ rlas~n . • c~l rea.d -

!l'ig o stand rd 1n Jl!l., R oale r ac.1n or un ~no · in ., 
d s : eoncentr~t on o t te.na. rd n st n ord ter~s. ~. lth 

th 0 .02,t noteos1\Ul diohrome te olution s : 100 end dt o.o r) 

oolut1 n s : 200. The ~ues ~ors e r adopt d rt th. 

,g,"'e ... t1nn o"' Dr. ~llup ·~ oh~ r,re111 .· 1 ch .e. d ~ •. l' -

t 5Stum die ate stP-n rd~ calnot c roteno xtraete r o~ 

t... sh t.rr en alfnl e u , 1 L e. $p.ee · ophot . · ter. 
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rurebr d calves in th Okl$ oc A. & - · College d~iry 

herd i:iclmUng J'er-eys , i":!uerns ys, m,1 .... teins, r d. Ayrshires 

.er ueed in th1s tudy. Blood caro ene d e ,ttinations •er 

t rte,.. in ebru ry and continued into J'ttl • It ls o v1ou 

that a c ntinu ts reeor d qf lood oar t no could not he kept 

on in ord r to 

secure Aata on ol er c f! lvea deter .. unuti ns ~ere started j -

ilabl cnlr sin the e • 

born uring t n cxperi..:. ·nt .1 period were inolud d 1n tJ:e tudy . 

It ·ould r,1v been o ..,irr.bl to · 1'1V hP.d ccur te .. coro. 

of f ed o, sumpt1on for each 1n i idur l. anL ,fl:l "'s .-:ell <'.i. 

e, rotene o.:mtenta .,. feed used, bu"" du t"' tl>-.e lar e ~ unt 

'J! la or -1:i_volved A.nd l e" ot tacil tl s t=-i1 ·n not don • 

Inst _ d, an et t !"pt ,~s .:;'la · , ~ to '-' rou 

to hr e , age , snd ty~e ~f r ~tion . 

niro ls in oc~r no 

These grour~ nr brief, y au o:nrize ~s f')llows: 

Grour, I. !'1tty cnlves wer.~ f d re01lar college ealr 

r t1on o::>n~,ict ng of :praire h!•y ad libitu."!' , n :.?ilk and grain 

i noc rda.n,.. e to ge ,:..n.c v· 1 · 1 t . 

Oro,p II . : even cul e uged in a f ·odi e experinent r -

oelve~ the sa:n.e general ~yp of rattcm Croup l but differ-

nt levola o nilk end 30 o . o . ~rod liver oil daily. 

Group !II. .ti v cal vos chnn · <1 tro recu .... o.r c· lf ration 

o P" tu.re . 

proup IV. ~ur caves fed defi ni te ~u ntities of frosh 

,gre not.., in adaitlon to the regul r c lf rt on. 



Group v . • our c vs f ,· ofini te gu ntities of a 

coI!1.fl1crcinl c:::.roteue pri;;;.p r ation in ..::. c..i. tion to tho eg 1 r 

co.lf r a t ion. 

Group "t.:. . l?our n:.1t11re c ows c an ed to sture f ro!il a 

r " t1o containinc pre.1 e ho. 3.S the roughn ·' ..... 

"'roup i/'II. Six m ture co D chanc;dd 1 ro. a -,ungboan 

silu6e r ation t o pcsture . 

11 

Group :TI II. Eleven o 1 ve :Jl ich c ould .,.. t be included 

in Grou;) I boc c.uea of t e uo·ss i bllit y cf 0ti O fr .;h grass . 

This ~roup i nclu ~ es 1 ost 61" tht. ca ves er one 1- on L of ug o 

nd the co.lvos tho. t ,ied d . l ng ,., he s tu y • 

. 1.s pr ov· ou ly indic t6d in t1~1s mper , a ll t-1llow c lor 

extracted from the blood plnsmc by the Dkellysolve e -

ported ns c -rot enc . i tt6n:pts to aacertair th<;; '1!! ount of 

xo.nthoDhyll p i 7 ruents in the Skellysolve c rot 1e solution 

woro t...o e only in o. tent.a ti ve so ·t of a . ,y . 

Atte:n;nts Viere m.nd t s1;;veral tir. e during the co l':3e of 

the study to extreot cot osite Skellysolve ca rotene solutions 

obtain d fro r outine carotene determination~ of anicals on 

the r gular c a lf r etion v.1 th 85 an 95 -n or oent ll ethyl lo oho 1 . 

In all atte,pts color re ov b the .Ill.ethyl alcohol ~as s o 

small tha t it ~ms not quantit tively er.ti ated. an it\ ~ 

a~sum d that the fuaj or portion of the yoll ov. color as due 

to ca rotene . h ce resul tw ·Jero not une:xpect d sine · a er 

(17} in his a rly work r ,Port thnt xanthophyll a ea r to 

pl&y vory little ptlrt ·n colo in~ t he tissu s or flu i s of 

dairy c a ttle . In 1935 Gil an nd il R1 1 (6} sta ted tha t i n 
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the met abolis of the co; carotene l s ~bs r be nr ofer ent i a l ly 

in contrast to the x~nt ophy , lut e n. 

J si1 · or1 tt n)tV1.3 ad~ 

from xanthophyll :,1;3:"len .., s in t e 

to ~ep~rate tt8 ca e 

lood of ·~as3 fed ca lve . 

Again, l ttle i f. ny G~ent ~.s r e.ov., by the meth•l alcohol . 

A s ep r tion ves o.ttG pted for the mun ·bean sil0.ce cows 

by extract in_g coo.po 1 t E'.i<ollysol ve •'oluti n fro.cu t1~ e r·ou.-

tine carotene deterill1nat ions i th d cetone. ~ho i acetone 

removed over 50% of the Di gG1ent,. r:' L1s 1 ··\y 1:: i l i.. o .·1th 

the '1ork of IIezst d , l"o t r , ru I 1et r son (10) )jho h,..ve re -

ported th ..... t sil:!.:_cs I s eci · lly hi -- cid s il c,G & 1 eonta in 

pseudoca.rotene s , that is , biolo ,ically· ina tive 1 ·nen s do­

.: ved f rom xa.nthophylls v1hich '' re very si .il r to ca rotene 

in their solubilit T in _pe trole1.l!!l th •r . ~' inc th se i,cid de ­

ri ed p i gm nts v1ere al so oeteote · in butte 1'.., .. t , it · 10ul u. 

only lo :io a l to e ~1 ect t r.a t tr. J v1ould o.l .c e foun - in the 

blood of ~nimal on a sile e r ~ticn . 

-n makine the rout ine c rotene determina tions on very 

youn c alves a yellow preci·1 ita.te was so.:neti es ap_a ront 1n 

t he pla na a lcohol ,ixture ihich cotld not· e 6irectly ex­

trac ted~ th Skellysolve. pon ac idifying ~1 th trichloroaoetio 

ao1ci , extraction of nll tbe c olor was co~pl ete . For exam le , 

Jersey calf at t roe days of age sho ed a blood caroten 

value of 35 . 3 iT1icro r uns per 100 o . c . of p l asmo . Upon acid1 ... 

f y ing duplic tc, pl asma sam. .le 'II 1th 5 c . o . of tr.ichlor a c.o·tio 

acid av lue f 2on . 3 n icro~rums was obta ined . 

The identity of the yellow precipitate ·as not ascertained . 



l e',· 
~; 

ln the i·outiac carotene c:cte tions trichloroacetic acid 
i 

vzf:'1S riot -a.6~¢.c:(1. 1:,, tl()ts.t it1.r1 i e .:tr1d.t) i!1 tl.~e- I' 

re cuch a preoipitatc occurrea. 
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vrou I 

1 nimols n thiv -::-.roup consi cted of 5 Gue.rnse"'~ , ... ~ .. :01-

tein , 12, Ayrs~:lres , end 1·- J rne s • ri:n€;in. in e-.:,e fro. l 

to 27 d.13.:,rs. ":a.ni:. se. ent end ~ ln:S ~ret<h, 1 c s :ere t-:t;; ic ~l 

o hose A ound on . an7 O' lehor::1e: fHr • 

Tho 6encrE1l ~.re.ct ice in the col 1 o~e hord · s to ~· t.ntnill 

d.r co vs in !!.n ou sl ~c p dcloc • until .... C\ d .ys atter • P-r·­

turit ton. In th earl ~ rtion ot tee perime t$l .e~iod , 

t.,es. '•ni.t1als · ere therecf, re essenti lly on dry lot feeds . 

Ho "ever, in the ", tter months of the eY.periw.ental y.ieriod oo-:e 

consu.r:i.ed cansidere.ble i:.1a.sture . C re wua ;ek n 1n th s leotion 

of Gr .. up I"" .. , include only (H1lves, which 11.l not , 0r hose 

da~s did~ t tave ,coess o r ~ reed. ~tnc tte gr ~ter . 

p rt ct t e exr,erL1ent. l period ooourred after ~ P stu1·e waa 

ve il· ble the num. er of young c~lt-es 1n Oro:•_p .... ~es 11 ited . 

ewborn eal vos ·;ere 1 .. e t \"i th their dn~. tor ?.:i bout t ur 

d .. ys nd ... l:en covad into the ta..rn wtera they received \.':hole 

milk from 'ffol~tein co" s u.ntil · out six \1ee\s of age \',hen a 

grt>.du 1 c4_ange lm"" n.a..-.k to s ~1"' nilk. . 'i""k s fed in o-

cord.n.uce ~itb tho dener _l rule or 1 po~nd ot ~11}· tor v ry 

lC ouo.dw ~r bod-~ ·.aL, !t until tota.l of 18 pounds daily :Joa 

re.ohed {9 pou.nu per feeding). Thi · llo Pno as P-int lned 

u.t ti 1 the c~.lv e were .-;e ned "fr 1:1. '"'ilk. ;Jost heifers w re 

fed ::ulk un.til about e1x months of e,..:e an the ull ~ to 4 

to 5 ~ ontha of' aee . 

The ~r In :. ... xture was o!ferec! A.t an early o.fe end ... 
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a.mount w s gradually incrensed until a maxi. t of 2~ pounds 

per day , \:; f d un1;11 the calves ~ ent to pa sttlre . mhe r .. in 

n1:xture until ... arch 1 co sisted of corn meal--4 arts, vheat 

ren--3 parts, oats--2 parts , and cotton eed mea.l- - 2 ;_)Urts . 

roa about ,larch 1 to :.:ay 25 the oottonLeed meal in t e above 

m.ixture -~as cut do~.:n to l par•· . -"ron a::iout .Jay 26 on, tl 

gr 1n riixtur consisted of 4 parts wheat bran , 3 parts barley , 

2 p rts o ts , 1 , srt corn . and 1 part cottons~e ea:. 

Qi1ce records of the feed intuke of individual c ~lves 

v:ere not kept , "na since cnroteae aJ1 lysis of th feeds were 

not made , no a+-tem._pt v: s made to calculgte the caroten in­

take of' indi -vidua.l anL a.ls . .'thile tho oe.l ves were ,. .i th their 

·da.ns '3.nd receiving colostrum t~ e carotene intake probably 

w o greator than during t.he per od i .r.1mediately follov.ring \•hen 

animals received whole mil-. According to Dann (5) carotene 

content of colostrum ma be ten to one hundred times reater 

than later milk fron tle s me cov . After being changed to 

skim milk the calves were dependent largely on pralre hay for 

their car·tene intnke . Although carotene content of the hay 

fed as not knov;n , carotene determin'°. tions ,··ere ode every 

oonth on s1 1lnr h~y by Dr . Gallup . These deternino.tions 

for hey: fe 1n T<'ebruary , .Jarch , J..pril , ..!ay and J"une v,ere 

respectively: f.3 . 0,. 10 . 2,. 6.6 ,, 9 . 0 1 ·nd 15 . 5 lligrams per 

kilogram. Fron these results it v·f.ls asm.uned t at th ha1 

fed during the p riod covered by this study was relatively 

lo ;v ln c A.rot ne . 
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Blood sa.t1ples v;ere collected as often as poeslble . For 

the jority o , nL'Tlals this resulted in a deter~ination 

every ten deys and 1n .m.sny cases £11:0l.'6 often . 

As previ,us '-'lrkers h~tJ reportec:l. n co. ider ble daily 

variation in blood carotene, six ·nim !s were c· os n :from 

Oro p I nd. !I nd daily dotar:nlnatio.n" m& e tor a sh,:,rt 

peri.od. ~ eaul ts . re !hlO\'n 1n Table 1. .~n i , s 116 ~.nd 1!4 

~re from Gro p II. 

T le 1: Daily V9r1at1on in Blood C~rotene 

tl.l d ~ V1crograms or Carotene 1 r 100 ml . p l.4sca 
rl ~Q0~~------------------------1 : ..-4 l1) 6 5-10- 39 5- 11-39 5-12-39 5- 13- 39 5-14-39 6-15-59 
~ M~~--------------------------
~ tn ~; ~ 10 \ ·r 1:30 l-'1d 

3 G 205 507 . 7 279 . 7 256 . 7 231 . 2 

116 J 176 47 . 5 50. 0 50 . 0 7. 5 

124 J 207 91.3 86 . 2 1.3 90 . 9 

l B 214 107 .o lll . l ·· 111 . l 105. 3 108.l 108 . l 

1s o 210 ie1 . o ~o7.7 320 . 0 307 .. ? 303 . 0 

12 J 270 133.J l;jl.6 126 . 6 122 . ? 12 .o 
35 J 249 14~.~ 125. 0 12 .o 12· . 2 133. 3 134 . 2 

It ls evident thnt ther oonsid rable dally ari-

t1on , yet , not as muo as a suspected . Hhet er or not 

th ze v .. r1ations could be at tribut d to exp rimental error 

wa not determined . -videnoe that th daily variation ~Y 

have be n reat r tla:n 1nd1oated in T.abl l will b pre­

sented later in this p.ner . 

lthoubn no determination et interval within the ~a-e 
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clay were :,.a.de t".e date. in T bl l 1ndion.te that such ll ::1ri-

atlon s not lorse . The tb1e o ~ay when so.t plos ere ta .. en 

as l'ecordcd n l"l0St oases but no eccount w.s t k 1l or this 

in an, iyz1ng t:h data. 

olnce t e celvea in r up ... ranged in se :fron l to 273 J.. 

days a..nd. since in no ca.so v:ere a6.!1 11les colleoted fro one 

individual J. or even L .. alt' t,l: i t l o.n.J;.i , t t becor.J.ee evi e. t that 

in ordtJr ·t J est blish oont n0t.1s rooord ..,f blood carotene 

for t·1e ull ran~e of 272 iL'iyS the determins.tions of sever l 

~nL'nal ·:1t d f . erent e-eo ,tst be combined . 
7 

An exrunole f how this combinntlon •ns .rr ~need ta hov:n 

in T ble 2 for T!olstein. ca] vea ~r. ry!.ng in age from 55 to lSO 

dayu. The dt-:tta ·mre f.' rst stumn.ari ed by .stt bl1shing Aee 

sroups with 10 de:y 1nterv la tr r1 o to nao dnys.. !n ri-,st 

oa s el"oh !nd v1 U"'t.l anL"jR 1 ha o 1:1" one detemin'"tt." ,=n1 for 

ench 10 dsy .. er od. ill ,._.. ~r.,;;e for t .e .: er :;d ~"' taken .if 

th~:re , era tv.o or ,"'tore dete innt ions . An ~vernge ,, ao then 

obte1ned err 11 anir als cf th se":te breed t.n eea. 10 day ,· ga 

g roup. 'i'he 10 ~ B..J avf3r. ges r r "11 ind f ,ri"' 1als of the same 

breed :ere then o?m ned to r:.a 1 e a 30 flay Aver ge . 

The 10 da a erae a or the f ,x1r br eds Ar sh,,wn n 
-

T ble S . !t 1s s_,nararit thr.t.t there s . de:r1 ! te rise 1u 

blood cerot n r.is a J.ves inc re.as 1 11,· • '• ' en it 1s eon-

sidared t st t~e sverage for one 10 dRy period jy be hes d 

on ~n entirely d ferent 0 roup of 

p riod, the t ere se in 11 bre da shov,•s ti. sur-,ris_na- uni­

formity. :1th.nu b nly a re ~ rnsey '"'EH"$ avc,ilable their 
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Ta.bl 2 . xampl or ethod U din S . !:\trlz1n D t 

: o . ge Result 
ot Dat in C rotene 
1- Da7s 

_&_ 
59 4- ll-v9 155 77 . 5 

4-13-39 163 60.1'1 
4- 30- 39 174 7 • 97 . 5 60 . 74-. 5 

18 3-3- ..:.,9 16 ao .o ~o .o 
3 - lf-39 170 120 . 0 ~o .o 120. 0 120 . 0 

17 2--~le--~, ~o 50 . 0 50.0 
.)- 4 - ~. 170 60 . 0 60 . 0 
~- 10-Z · 176 105. 0 
'"'-14-59 180 95. 0 'O . O so.o 100. 0 100.0 

oO 4-8-39 159 11, . 0 115 .. 0 115. 0 

5 2-21- 169 125. 0 125. 0 
2-28-J 176 80 . 0 lf .o 80 . 0 eo .o 

l 3-18-3· 161 q5. o 85. 0 
_, 9 178 c .& 85. 0 t.l6 . 5 6& . 6 

' 107 2-22-5 57 . 5 
3-3-3 55.0 61 . 3 61 • .::i 

otnl 211.5 005 . 6 382. 5 1185. 6. 

.1- V re e 78 . 5 ~7 • 78.5 84 .• ? 

rote.ne o ... ioro am.s per 100 o . o . Pl s a . 
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T bl 3 
Blo?d Carotene Lev 1~ in C lve on negul r c l.f Rat ion 

Jerseys l Holsteins ~Y-r hirQs Guernsey Jersey 2 
Ql f:· 
,0 11) 1D e 
Q i::: ~ ~ Q Q en 
..-!Qr,. \.4,-f '1.-f Q) 4-t .-1 I) \.f,..., 9..-i k<M +> 0 e8 +J o ru ~ Ot!l +) og ,e;, 0 0 0 .! C a 
~ S-i ·~ iot ...... S-i 

"" 
. ..... ,.., 

~ 
(0 ,0 c; C: 0 r:., cs i£ ~ cr., i~ e Od 
0 "c:1l 0 ,.__ ~ 0 u 0 ?El 

-10 23 . e 2 10 . 7 l 
11-20 2 10.0 1 so. l 
21- 10 . 0 l 22 . 4 
31-40 27 . 5 1 
4J.-50 40 . 0 1 
51-60 37 . 7 2 2 105. 0 l 
61-70 40.6 2 3 eo.o 1 
71-80 45 . 0 l 48 . 8 2 70 . 0 l 
81-130 2.7 5 40 . 0 2 
~1 - 100 52. 9 6 58 . 0 2 129 . 9 l l 

101-110 55.5 6 50.9 1 100 . 2 
111-120 66 . 0 3 l 113 . - 78 . 7 3 141.7 

az.5 4 2 
u..> . g 2 3 
7~ . 4 3 3 

161-170 77.1 3 "' 0 

171-180 05.7 <":I ·-
181-190 111 . 5 ., .... 
l l-200 ~ 3 . 9 5 
201-£10 1 103 . 0 2 .., go . 3 6 l I., 

03.0 2 

... 101 . 9 z 
157 . 8 4 lll . 1 l 
158 . 6 2 
130.5 l 

J rs s 1- roup J. 

" rsey 2--oroup II 

Caroten 1n ..:iorog s r 100 o .o . ,,1,,.s e. 



Table 4 Blood Carotene c,f Calves on Regular Co.lf Ra tion 

J erseyal Holstein Ayrsh1res Guernseys 

Caro- Caro- Caro- Caro-

ge 
Group 

in 
Days tene* (f' tene * '1' tene * ti' tene* tr 

0 - 30 18.8 '7.5 10 . 4 25 . 9 

31 - 60 27.5 9.3 35 . 7 30 . 3 6 . 9 

51-90 39 . 0 18 . 0 3 . 8 53 . 5 8 . 9 85 . 0 

91 - 120 58 . 6 11 . 5 54 . 3 10 . 8 61.. 9 110 . 5 

121- 150 58 . 9 19 . 2 55 . 7 8 . 6 79 . 5 144 . 5 30 . 3 

151- 180 ?3 . l 17 . 6 84 . 7 23 . 1 98 . 7 38 . 4 148 . 2 38 . 3 

181-210 91 . 1 20 . ? 98 . 4 14 . 2 132 . 9 27.~ 221 . 4 ?9 . 4 

211 · 240 125. 5 51 . 5 93 . 2 14 .1 153 . 9 40.9 227 . 0 

241 - 270 14"8 . 5 39 . 6 114 . 4 

271 - 300 130 . 5 

ft' Calculated when s ix or inore records were available for thnt period . 
1 . Jerseys on regular herd ratio . 
2 . Jerseys on .milk feed i ng exp eriment . 

iorogr ams per 100 o . c • .Plasma . 

Jerseys2 

Caro-
tene * r 

23 . 4 2.e 

3? .. 9 14 . 0 

45 . 1 1 2 . 5 

83 . 30 . 2 

N 
0 
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blood carotene lev ls were about t ice s high as in the 

other t:iree breeds ,, icr ho i d a ., , r ~ d ... 1m1lar i y . 

Table 4 and Figur l sr...o th sa111e ·atu sum;,. rized for 

30 day intervals. The stan ard .. via tlon { o- ) .. s cf.i loul ted 

if six or ore records were av ileble for iv n 30 ay period . 

6inc he vern es for th 3 d y .P ri !3 v. re C lculuted from 

all t 0 day av r ~e ... it is appa ont t ·o.t the 30 <lay c.verages 

ure ,eighted n verae1;;s . "'or xample , a given 0 day ve:r ge may 

be based on ei r;rht 10 d y vor ges., thre of t h m fro. on. an1-

mal , to ro, o.nother, nd on 'rom ach o two ore . Ther fore, 

the animal wlth three records would influence the 30 u y average 

more than any otner ingle ani 

from all 10 day a eru es • 

• Th r ~as a lso o lculated 

• a in the c lv s ohowe g definite inc ase in bloo cure-

t ne \~1th adv no1ng a~ • In only on cc se w ::; the va lue of one 

30 ay interval low rt ·a the pr oe ing int rvnl in all oa.se 

in w 1ioh suff 1oient r cor s ~·ere available to oelcul te the ,,. . 

Group II 

Group II con •i ted of "'even Je1·oey oalv· s 1' d ift r nt 

1 el o .:1 ilk . ~woo the c lves r o ived on pound 

of 1 1 dally for every ten poun of body ,ueight, thr .e of 

t· e., receive one pound of ruilk or every l ght pounds body 

~ ieht, end t1 other two received on pound of milk for 

every six pounds body v Jght . In no c se .ere more t han 

ight n pounds ted dnily .• 

The group as very sL1iilur to Group I in that th· S'J o 

prair hay was .dad libitum nd both group rec ived the 



same gr in mixture . In dd1t1on, e oh calf in Group II r -

ceived about 30 o . c . or oo liver oil daily . 

23 

n analyzing the results no slgn_ricant differ no as 

not d betw en calves on th diff rent milk ev ls . Ho,.,ever . 

~hen rec ords of all the cal ves \ere co~bi d and compared 

with th Jerseys in Group I a. very surprising difference ·as 

apparent . 

The animols in Group II , as eho ,n in Tables 3 nd 4 nd 

Figure 1 , were only bout half s high in blood carotene a 

c.1er eys of simila r aee in Group I . This differ ence is dif­

fioult to explain but ill t be due to the cod liver oil 

supplement .for otherv ise th rations · •ere ... ractically the 

s a e . It· ill be noted in Table 3 t at RS the calves pass d 

the a e of 180 days (when t~.y ·er di~continu ~d fro . th 

milk experi· nt) the caroten valu ro e to a. l vel co1 -

parable to the c roten levels of Jersey fed the regula r 

calf r ation in Group I . No explanation can be ~ v n as to 

why ood liver oil sh uld have th eftect . 

Group III 

The c lves us d to show the influence of a tur on 

blood carotene ,.ere for;n.erly in Group l on the € n ral herd 

ration . They were turned to pasture on the morning of 

ay 15 • and daily deterroin tions ~ere ade until ay 20 . 

record of the daily blood c rotene prior to ~Y 15 is sho. 

in Table l for f ur of th oal v ,. • Deter in t ion on th 

fifth oalr , n ber 55 • as start don 'ay 16. Results re 

sho n in Table 5 . 



T 5 ...-.f!'ect of l'lu.tur on Blood 

0) 
r-4 'O ~If) 

0 I 
5- 17 ... 39 5- 20- 39 C) 10 .... k ...... 

9 p:i tJ) • 10 r . , C::.:tO . 
l I 219 200 . 0 

16 G 215 ";(. 03 . 0 ~3 . 3 

12 J 275 122 . 0 125. 0 166 . 7 

'35 ;r . 2 137 . 9 1'13 . 9 21c . 2 2 .. 12. , 

5b A 2 . 1 219 . 8 l .o 209 . 4 :::5.2 

Th s .£1l•les on' • y l r· taken before tLe C lves ere 

turned out to _.Q St r e so t h# t ~hY lo tn first dny on 

:lli C anj ri se OOli b xp oted . It 0 l i !? ne tl ... t ris 

ceur d 1n ~ ry a • no, ever . all 1ncr as e , with th ex-

c pt on or tl1 ..,u rnsey c· lf, nu-.ber 16 • were so s ~ll tl at 

thy prob bly · r not s10 nific· nt . .. 11 onlves sho n 

incr .... s on y l? ov r th prev iou~ d y \ th xo ption or 

tl e ,yr hire , nu~~b r 55 . On th ollo ing d y all cnlv 

ho ct fu:::·t r !!lcr as over t h 'tire iou da • ·~i th the ex-

c pt ion of th . yrs ir • On ·laY 19 all animals noreaaed ex­

cept t e J r ·Y, nur.ber 12 . ,- 11 animals showed. add ition 1 

incr on th la t d y . 

~ e Guernsey , ev n t hough much higt .. er in blood carotene 

t the Std.rt , r ~ ct u sre-ter rte t .an any or he other 

sn:m ls . The ;-:.yrsh.ire how d. the le st resp-o ~· • It o nnot 

be stated definit ly th t these re ult"' .~o bre d dit. :renc 

in. t t t h ni ls nev r ad cc c, to pastur b tor . I+, 

1 y av t k n oo e of t.t.. c l.v s ucb longer t i to earn 

to e t . r asa t h other . t ould be xp otad t. t if the 



', 

have bet;;n :,iore 

aniHals than others. 

Gx·oup IV 

lc.h had not begun to 

bloom, in addition 'to the regula1• calf r,::ti.on. r.r'he grass 

to,].ed to green fer~d sorn,e clif'f:toul tJ?' vies enoou..nte;red in get tin(; 

the O(il ves to co.nsume the desired amount .o.f grB ~.s. Tl'le daily 

It hod been llop<H.'l. that by th.e second day tho two Ayrsll.ires 

.t~ll animn.ls showed a G,light increase ln blot)d carotene 

the liU:1:1 .follo·1;d11g inttie-tion or ~rass foedlng. 1:be general 
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Tabl 6 Effect or Grass Supplement on Blood Carotene 

Ayrshires Jerseys 
Animal 

123 29 102 23 
Age in 231 210 195 210 
days on 
5-11-59 
Date and Caro- lbs. Ce.ro- lbs. Caro- lbs. Caro- lbs. 
ti.me sam- tene* grass tene grass tene grass tene grass 
Ele taken fed :red fed fed 
5-10- 39 

141 .8 150.4 
10 A. ~ . 
5-11-39 

151 . 5 2 160 . 0 l 66 . 4 138.9 
1:30 P .M. 
5-1.2-39 

153 . 8 l 180 . 2 1 73.0 l 141.8 1 
1 ? . ~. 
5-13-39 

173.9 2 186 . 0 2 70.2 2 145.0 2 
8 :30 A. 1. 
5-14- 39 

198.0 3 192.3 3 80 . 0 2 143 . 9 2 

195.1 205 .1 3 100.0 2 200 . 0 2 
7:30 A. • 
5-16-59 

217 .4 4 229 . 9 4 100.0 2 200 . 0 2 
~ P. • 
5-17-39 

228 . 6 4 222 . 2 4 108 .l 2 200 . 0 2 
10 A;r,; . 
5-18-39 

231 . 2 4 221 . 0 4 109.3 2 160.0 2 
8 A. • 
5-19- 39 

250 .0 266 .7 133. 3 208 . 3 
1 P . M. 
5- 20-39 

250 . 0 266 .6 152.'1 205 .l 
10 A. M. 
5-21- 39 

236 .7 235 . 3 117 . 6 207 . 2 
9 A. •• 
*Carotene in icrogram.a par 100 c.c. Plasma 
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Figure 2 
EFFECS1 OF GRASS SUPPLEI rnNT OH BLOOD C.'..ROTENE 
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e caption ot nmn.ber Z3 showe~ light drop on · ey 21 •hen 

t deter inotions .ere discontinuer . 

T ble 7 sho ,;s tho difference bet ·een tlood oaroten v lues 

for each calf at the beginning end end of the grr.s~ f ding 

perio • An av r·tge of th first two det r in..:tions ,, s u ed 

f.or the besinning level ·tile the end level is an averJ}.e for 

the t ·o d ... ys immediately tollo · ing terminfltion of grass feed ­

ing. 

Table 7 Su.m.rnary of Gr ss Feeding Experiment 

Tot 1 icrogratilS 0 roten& Per Cent 
Milnal 

pounds per lJO 0 . c • r l as a 
grass Increas 
fed n ginn.in""' I.nd Incr-ase 

1 23 £.3 146 . 7 E.5-.. .o lJ3 . 3 70.4 

2~ 22 1-5.z 255 .7 1 l.~ 71 . 8 

102 13 o9 .7 14~ . o 73 . 2 105.2 

23 l t'f.. ~., 140 .4 206 . 7 55 . 3 47 . 2 

J' • r1 d sir..11 r ty 1 a •ta l 

J 

h tv.o 

y -v er very s il~ r in atual i nc eas the peroenta e 

o:t incr u tor oalt nu or lJt a ~or tan i a s 

as for the ot· er Jersey . ? rh .ps • this < ·as d e to the ot 

thet the initial level of c rot ne in oaf nu~ r l02 , ~as 

uch lo e • i oo p 1·i son of the /yrshirei.') · •ith the J r se1s 

t 

indioat th t the act 1 blood. carotene increase is ro · l:.ly 

proportion d to th6 total a .ount of s fed . 

o ta 

tough no refere ce to he c . rot ne oonten of sr n 

ound in the lit r tuie Atkeson, et al (l) re~ort d 



that :Green rye uvera.Ged ft5.l mllligraxn.s of carotene per pound. 

lt it is e.saum.ed that the oats fed in this ntud.y tffis · similar 

to rye, then addition$ ot l, 2, 3, and 4 pounds of gra.s~ 

supplement, respect tvely, inoree.sea. the carotene content of 

the regular calf' ration by 2S.l, 50~2~ 75 .. S, and l00,4 

milligrams .. 

Group V 

Definite amounts ot "Pu.retan.e ~•, a comaernial carotene 

p1"ep.mrati,:>!'.lt ·were gi".ren orally in. capeule fo:rm to five oa.lves 

in Group V in addition to the regular calf ration~ The 1?ura­

tene was guaranteed to contain a m.inimUr."ll of. 1,500,000 vitamin 

A units per pound. One unit of vitamin 11 is equivalent to 

0!'"6 mioro.grar1s of B-earotene so ttat ee.eh gram ot Purntene 

'Would contain about 1984.1 miero(srfU!lS of carotene:- The lO o .. o. 

capsules used contained approximately nine era!lls of Furatene 

whioh would be equivalent to 17.856.9 miorogra.me or 11.8 

m.illigrnma of oa.rotene. :Results are shown in Table e and 

Figure 3. 

The carotene supplements were ab<aya given in the a1orn .. 

1ng at about 9 A.::J.. and the bloo(l samples were ta.ken e,t about 

6 A,.,JJ. Daily blood ceri..1te;;:1e deterrll1ne,t1ons were made unt 11 

June 5, af'ter 'lihloh determination.a were made every other day. 

J•:ro.m June l to June a, inclusive, all ot1lves received 

10 o.o. o.f Pura.tene daily. On June t1 Jersey numbel' 54 and 

Ayrshire nu'Jlber 108 were ra.ised to 30 and 20 e.e. :respectively. 

The others were le.ft on the original level until June 21 

when jall supplementf.i,l carotene feeding wss discontinued ... 
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;In conip~1ring Group 'V to Group I\f it is evident in general i . . 

tn~t e1:tl ves fed !'1-ro.tene did .not show as great. an increase in 

hlood earotene as the grc1s~ ,fed animols.. The lower addition.al 

de.ily carotene intake of all calves reot;1.Ving ?ura.tene. ex­

ceptins the Jersey nuube.t' 54, t1ay :partially explain th1.s oon ... 

dlt:ion.. :ao,never, this e:xplanation ~J.JOl>.ld n,:,t hold true fol.' 

the Holstein v:1hi.ch maue suhstrmtial gains in blood cHu·otene 

on lO o .c. oi' Puratene daily.. :.Phe low 1n1 tinl blood .carotene 

level in the Holstein may be a f~otor .• s1noe in both Group IV 

and Grou:p V tbe highest. :percent&ga ,of gain in blood carotene 

occurred. in t.he cnl ves v;1ith the 10,,,est initial level. 

Group VI 

The daily blood carotene trend -vms :15tudietl for four cows 

in Grqup VI consisting ot two Ayrshires and two Holsteins 

which hs.d been fed dry lot rations e1nee the preceding fall. 

During the ten days previous to Msy 25 all cov1s were on 

a tull alf'alf.'a hay ratto-n e;atting at let.Hit two pounds ol"' hay 

per lOO pounds of li 'Ve weie;ht. In add.1 tlo.n to the aay the 

general nerd, o.')ncentrate mixture was fed to provide a11ple 

mutr1ents for milk production and body ,m.aintalnnnce. 

Blood siu:aples were ooll&eted between 5:50 A .. :M. and: 6 :~O 

A.M.. The animf\ls were :first turned to ,past.ure the evflning 

of Miiy 25. From then on tho oows were on pasture both night 

and day with the exception of' the tin1e spent in the barn for 

t,:1.ilking nnd fcedint:; of gr;1J;in.. Results :1.re shown in Table 10 

and Figure.;. 

jThe four anirAals were at a 

0 "0 O ·'_, _,-' , ~ ~:~1 ;:; ~',o, ~-: '.) 

ooxnparativ~~y0 J~;\'. :,a.~~~l- ·~~~~; (0°0 ~: 0 

',
0

Gl \i:'-: ~~J~ \_,t;,J-'·_/19
~JO,.JJ"l~O..,"o-';..;_ 
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bloodi carotene at tl:;,e initiation of the sttidy,. An i.ncrea:se 

in blood ourotene was evident after tho cows had been. on 

pasture for one night. Tb.is increase was greater tnr the 

two Ayrsh11~afl than the two Uolsteins.. :a't$r lt.;iay 26 all 

ani.;n~ls showed a. very :rapid 11101:ease until the study w~u~ 

diaco.ntinued. The Ayrstires ine1~eam3d at a. . greater rate 

and ton. higher level than the Holstein$. 

36 

A cons1.c1.arable <iaily variation was evident. Thia might 

have 'been du,e to e.x:.perimental error, since th.E;; ¢olo:r in tbe 

ca.rotene-Skellyaolve solutions was so m.ucb more intense than 

the standard used that any error in reading the colorimeter 

v1ould account tor a :relati.ve.ly large err{)l' in the calculated 

carotene. 

It is i.nteresting to noto thnt the cows on pastu1·e 1n­

orer,.s.ed rtmoh t~ore, rnpicUy in blood carotene thtm did the 

oalveo 1n Group III. The explanation would lot3ioally lie 

in the faet that the mature animals ltEU.·e aoou.stom.ed. to eating 

gr*':i.ss. The mature anlm.als a:tso reaohed a higher maxim.um 

level than did the calves. Tbis may not have signific!!n~e, 

since the tJtudy v,aa oon.tinued :tor a loncer length of ti:::ie 

for the oov1s. The calves :.:dso had access to hay while the 

oow.s did not. 



Group VIL 

In Group VII the daily blood oarotene is followed on 

five covi1s eho.nged from a munebev.n silage ration to pasture. 

Carot,ene deter:uin.r:rtions t;;ere maila · on l/,;;ay 24 an1:l May £5, and 

started ~gain on June l wllen tbs cows ,sere discontinued !'l"O!iJJ. 

mungbeo.n silage and ohanEod to pasture. Blood smn.ples '.'l'e.re 

t~tken at 6 "11 ... M .. 

:From :.ray 8 to I\;kay 17 t!1e cows were oLr:.q;ed . froru u 

level of -r1bG1ut. 1:'.o;i,:u,~ pounds of llay to uo hay. By lJr ... y l 7 all 

a.11ilne.ls Viiere;. getting mungboe.)l alliige as the f>(ll.9 roughage. 

In addition about fi.ve pounds or oc~ts was fed daily.. This. 

ration tJas ooritin:u:ed until the cows were tu.z."!led to pt1sture. 

Reoul ts are shovm in Table 10,., 

IZven though the initial blood carotene :v:ras \Tr;;ry high •. 

a substantial ri:3e ooeur:i.."'ed for nll r:3.nimnls the :f i.rst day 

a:fter.. bei.ng on p~:s-ture,. From then on. until tbe en.d of the 

study the trend in blood carotene was upward t'or all the oows 

excf~pt 'Mn1mette. The Guernsey and. l\.yrshire ·were higher than 

the tllree Jet·se]rs. both at .trie begirtning fllld end. nf the nt.udy. 

I.11 comparlnt: Group V wit:t1 Group I\r it is or interest 

to note th&t 1,;,he initial blood carotene ot oows on tJ.1e. m.ung­

oe,111 sil=1ge ;ration was s<Jve;rs.1 tla1es hi.eher than of tlla eov:'s 

on. the a lf alr-a hay rat i.on .. 
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~ah,.·,1.Y or sofle so1·t in tb2t ell anim.nls died about the snm.e · 

time. Blood earotene w~s as high or higher than norr:;8-! for 

all animals exoe:pt Radio Sybil where a very low value was 

apparent five da~rs bef or~ death oocur::.~ed .. 

Table 1.2 shows tho blood oa.rotene values of eal'Ve$ that 

were naintt1ined in o pasture lot fo~ sono ttme before being 

moved. into tho bs.r.n. As a general rule the ord ve.a remained 

1.'.'':lth tb.eil;- dam f~r about four da:rs so il:9.t they reo.ttiv,e<l 

colostrum m.ilk. J?rmn. then on the calves obtalned r1ilk .from 

Holstein nurse eows that were a.lao on yasture. A. fevv of t:!::t.e 

oal ves were t,;1>,;ken fro.r1 their clams and ruoved direetl v into . . . . . 
the "barn. Thece \Jere not lnolud.ed in Grot:i:p I because the 

dam.s were on past.ure .previous to parturition. Through an 

ove1'sight t;he definit.e dates on wh'.ieh several of t.lle calveo 

ln tll.e entire group of calves the blood carotene was 

(leoidedty higher than fpr oalves ot• corres1n-:>nding a3EH) in 

Group I on the rea;ular calf ration. Jtor example the Oue:rnscy, 

Jlllen,. reached r:: level of 701.7 m1crogra:1m per 100 e.o. of 

plasma at the age of' f 1fty-t::1x days wl:.lch is ooriparable to 

Vt?<luec f',:>und in mHture cows on :pasture. In general, the 

Guernseys wara higher than the Jerseys. 

The high level oan be .explained by two and pos.sibly 

three reasons. It would be expect~d tha.t the blood oarotone 

would sho•a an im.ro.edi.ste rise as soon o.a e.n ru:il~sl started to 

consume grass. This would partially explain the high valu~s 

reache4 in calves su.ah as Ellen, J'>egg.y • or Widdledly who. had 
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T bl 12 Conti u d 

Date g oaroten Date A e C roten 
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Day t> ys 
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Blood carotene levels in barn ter.1 cal vati rose gr.;:1du,:1lly 

tha.n double those c,f lfolstelns, Jersey a, or Ayrshires. 

a dry ration to 

1-t com:u.erc:ial carotene sup}Jlement ,J:td not increase the 

blood carotene as much or as 1•gpidly as r~ture. Tl1is may 

have been due to £1. hi.ghEH' oarotene !nts.ke for tll~ animals o:n 

pasture. 

in blood carotene thEm cows on a ration contr:ilning l'itlfalf~. 

hay as the roughage. 

liver oll .. 
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