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Abstract:

Fifteen samples of Montana butter produced in the Lewistown, Miles City, Havre, Ronan and Boseman
areas in the late spring, fall and late winter seasons were studied, The micrograms of beta-carotene and
vitamin A per gram of butterfat were determined on one sample from each area in each season by the
method outlined by the Technical Committee on Vitamin Research on butter and the International
Units per pound of butter (81 percent butterfat) was calculated from the beta-carotene and vitamin A
values.

The beta-carotene and vitamin A values of the butter were determined on each sample from each area
in each season, when fresh, after holding for 30 days at 40°F. and after storage for 90 days and for 180
days at 0°F.

The beta-carotene content of the fresh butters produced in the late spring was the highest of the three
seasons studied, regardless of the area in which they were produced. She vitamin A content was more
uniform in the spring season than in the other two seasons studied. This was attributed to the green
grass pastures that were prevalent in all the areas in this season.

The calculated vitamin A potency of the spring butter averaged 22,830 International Units per pound.
The ranges for the fall butter were from 20,611 to 15,908 International Units per pound and for the late
winter butter from 25,498 to 15,504 International Units per pound.

The butters showed no appreciable changes in the beta-carotene or vitamin A values when stored at
0°F. for 90 days. When stored for 180 days at this temperature, the beta-carotene values were not
noticeably changed, but the vitamin A tended to show decreases in value. This tendency was
particularly marked in the butter samples produced in the fall season.

Butter held for 30 days at 40°F. showed no significant changes in the beta-carotene content, The
vitamin A values were higher in most of the samples thus held.
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ABSTRACT

Fifoon gomples of Montana bubier preduced in the Lewistown,
Miley Olby, Havre, Ronen nand Bosemen aveas in the lage spring, £all
Bnd late vinter séamens were sbudied, The microsvams of beba-carstene
and vitemin A por grom of buhberfat were determined on one sampla from
ooeh aven in cach geason by the mothed outlinsd by the Technisal Comw
mivhee on Vitemin Regearch on Bubter 2md the Intevnational Unite pay
pound of butider (8L percent butbterfat) was csleviated from the beha-
garotens d wvitamin 4 valués.

The beta-tarotens and vitamin A values of the bulter weye detere
wined on épsh sample from cach aves in sach sesson, whon freosh, afiey
holding fow 30 doyn at MOPF. and ofter storage for 90 days and for 180
doys at 09F.

The botb-carotene gonpent of the frosh buiters produced in the
lote spring was the highest of the thred sedsons shudied, recardless
of the arca fu thich they were produced. The vwitamin A content whs
moro waiform I the spring cobsop than in the other two seasonsg sbudied.
This was atbributed to the green grass padtuirss that wope prevalent ia
a1l the arcas in this season.

The séloulated vitemin A potency of %he mpring bubter averased
22,830 International Units per pound., The ranges for the £all butter
vors from 20,611 Yo 15,908 Inpernational Units per pound ond for the
lote vinher bubiter from 25,498 4o 15,508 Internationel Unibe poy
po’(m.d.; -

The butbors showed no mpprécishle changes in the bebo-carotons
o vitenin & velues vhen sbored ay 09F, for 90 days. Vhen stoved for
180 deys o this jempevedure, the bets-corotens yalues were noh '
noticosbly changed, bubt $he vitonin A tendsd %o show decvenses in
yaluo, Thic tendency vas perbiowlarly mepked in the bulbter semples
produssd in the fall sesson. : . :

Bupbor hald Zop 30 days b MOOF, chowed no slsnificant changen
in the beta-varotene sonteént. Tho vwitamin 4 wvalunes were higher in
nost of the semples thus hold.
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LUTRODUCPION

Buttar iy recoznifed ag & food of high aubritive value, owing
%6 the fapt thab it nodh only conbaing a labge porcénbage of cnergy-
producing millk £ob, but s also 2 god source of vitamin 4, In fast,
nudxidiondsts jmegaéd tubber ao the mosh imporbant nsbural soures of
vitamin 4 in Phe amvevege Amerinbn dlet, and 1ist bulter ap one of the
opsenbiel fopds for adeguate humen auirition.

” Vhile the composition of bubter, with raspond 1‘;5 its faby and
wolwbure conbenty, is rogilated by Stabe awnd Fedoral laws, no offont
hag Yoen mads to vegulabe or phandevdize iis viliemln & content. Doubb-
lags, this hag been dus o & Ladk of mesns Loy the sgeuvabe determinge
$ion of the yitaunin 4 conteny of budtew,

In 1930, Moove (£1) prosented ovidence to show had the colorless
subshanes, vitanin A, was derived frém o yellow plant plgment, corotene,
the gonversion taling plave in _the iivers of herbivorous huimsls. Ib
has forther bepn ghown by Kerror (e4) thed smong tho vavious forms of
garobeony; beba-taretens hag .;ah.e groabest vitamin A ackivily ond ‘t:hég
sach moleenle of bela-carotiens i capsble of giving vige 'Su up mols=
culse of vitemin A, Since then, 1% hag become sppavent that & dotor-
nination of the vitemin A potency of bubder, 2n apimel produeh, noeS B
sitates jhe measuvemeny of both vitemin A, the converted materisl, |
pad beboecarotens, the unconverted precupser of vitsmin A,

Dupdng the phst Fifteen yoory, & number of studles have fsdiated
Phat the bote-carotens and vitomin A content of bubter vapies from time

$o bime. Semb, Baumann and. Stoonbock (27) have definitely shown hai
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$he vitonin A conbent of bubteyfat varies seasonally, dus Fo kind of
feed consumed by %_hé cow, end that Aifferent broeds of cows, consuming
the pame kind of feed, will sdcrote milk fad that contalnsg 4ifferent
pereontoges of v:i'%am:n A, Those investigetors alse repary thoy aous
in the eoxly stage of lactation will produse milk fa§ with a higher
vitomin A content than in the labe stags of lachation.

thile work has been dene in a fow stabes to determine the bele-
carobone and vitemin A conbent of bhe bubber they produes, no shudies
have beon made on Mondanz bubter. I would be of valus .mmmarcially
o8 well an from & wobeitionel stendpeint t6 know the vitemin A pofency
of Monbane bubter, be prodused in the differcnt aveas of vhe stabe |
é.uz'i.né the vavious measons, and affer sborsge. If those Deshs were
Lkaowm, the aubritive valune of Monkona bujber could be move Fully ovalue
ated aad possibly some correctlve measures counld he ndvanced bo produce
busber of B more uniform bebb-corobeny snd vikemin A condent.

A natienal osoperabive project for fhe determinabion of ihe witanmin
A potensy of conmorsiol ubter sold in the various stabes wag sopiovad
By the 8ipeetors of the Adsocintion of Land Geont Colleges in Novembew
1941, The projeoh wes originally repoumended by the Gommittes on Food
pad Babrition of She Nebional Besearch ﬁoumi?:, The objest was Ho
pscertain the astusl vardation in the vitamin & walues of commezeisl
bubters in tovas and eikles located in different regions of the United
States. —

In eooperation with the nablensl project, this study was under-

salten %o dotormine the beto-carobens and vitamin A conbend of bubbter




npde in differont avens of Monbons in diffevent sonsons, The effect of
holding the bubter ot different temperatnres for differvent perieds of
time way algo inecludéed in the study.

REVIEY 03 LINERATORE

Booth, Kom, Dapu and Mooge (5) found that the tobsl viienin 4
Csobivity of summer buiterfat was chovk thiee $imes zveatuer then thag
of vinter butterfat. Somb, Buumamn snd Steemboek (27). voporiing on
five diffevent breods of dadyy cubtle, ntate that the vitamiu & con-
tent of the milk fat varics scagonally with the feed. Vhen the fesd
contained & weldtively bigh eorobens conbteny the milk £a5 @lse con=
tedned o high bola-coretene znd vitomin A centent, and vhen the fesd
econtained & low corotens poatont the rosuliing nillk fab ves slso lov
in beta-corobens ond vitenin A, Kemmover and Fraps (14) debermined
the vitemin A potency of Toxas Wubters nad found some varistion fyom
month 9 month, They found the vittmin A condent renging from 42,6
Internaiional Unibe pey gram of buliter in Spril down fo 31.0 Injer-
nepional Unite in Ostober bubber, Koehw (16) investizntod the foanie
%ili{;y of winber pastures tn Alaboms and found that cove prodused milk
fa$ sy high in vitenin A potency on winter pasture ag they d4id on susmer
pasbuve, Ho compaved the cavobons tontaant of the winter pasiure grasses
vith that of the summer pasiure grostes and found no significent dif-
Farventa, |

Teom $hope peporba it oppesrs thel season 2lone does not heve ap

influence on the vijanin A potency of milk £at. Thers 8l8o peams %o Dbe
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& relafivnship bebusehn the @émﬁens in $he feed consumed by the cow -
in & particular senson. and the vifamin A potency of. the millk, fab.

Moore (22); Baumann, Steephock, Besgen and Rypel (1)} Gillam,
Heilbron, Moriaa,'- Bishop and Drummond (10)}{ and Loy, Hilten, Hilvup 2nd
Hauge (19) féuné-%ha‘b'feed of Hﬁ_igh carofens. enntené ‘inepepsed both the
 hetarcayotens ané‘.-hvi&:amin 4 gonsent of the %ésu’iﬁ'giing butber azxd shad

, fooding a low earabpne f'eejti;..fo?r ,@ﬁﬁlﬂﬂgéé:, poriods of bime decrensed hoth
the beja-carotens tnd the “?ﬁ"ﬁ&&fﬂini‘&g e ﬂ;‘s‘ furbhey ‘mppurtaﬂ, by the
worlk of ‘Hf.‘l.};,ﬁga; Wilbur 2nd Bauge (11) whe'ﬁbﬁm $het frosh lusmrlantly '.
groving pagtures end gohod @.alﬂﬁy silages and hays are ‘t‘J';z:e,. principsl,
séumsg of eavobens in thi wations of daivy @a%lm Thair study showed
thet dovs mi blug grass 394?;,%3;’911!?,'6? @?ﬂ&ﬁﬁéﬁ wilk £a% of high ‘ir_fiqixamm_.&l,
wolua, but vhep bimethy by wel substitubed for bive svass pasture,. f;hé
vitemin & yalue of mille fob. dropped. magledly. However, whet good gquelity
2lfs)0a hay vas subsbitubed £or the f?aiméﬂ;hy.my the vitamin A potency of
the milk fot wag Posbored almost bo that produged whon the gowe wers on
@agture;, Treichler, Grimes and Fraps {30), wsing vhite sud ysllow corn
ag & souped of carotene in the gowsg' vation, fovnd fhat in aé weeks tﬁha
~carotene content of the tuiterfat decrensed 99 percont when white éom
uag £64 and 97 porvesnt when yollow corn -ma' fed., Vhite and ;salléw eo:eh
proved 6 be posr sourcés of gamﬁ.ene, W;zem novwls that had been dsplepéd
6f vitemin & for 60 doys wors gyeued on green. phsture £ive houre & doy
for three days the vitemin A donbent of the milk fah’ inereased almg o
to the nowmgl level. Afber the three days on gbass feed the witenin A
conkont of the bubberfat vevied enly §1ightly with the ;«nqg;*eaéé in the
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nunber. of days on pashure, buf the belia=garolens gontont shendily ine
cressed up 49 70 hours on pasture, Krouse end Wagkbura (17}, deter-
mining the sayotens content of green legumes o be made inte silage

and their loss of gbrotenc in hendling, Found thed by the time the
elfalie hod reached the sile 27.7 pereont of the darabene had besn 1@%
Paterson, Bizd end Beason (25), inveshtisesivg the A.1.V. silnge as &
soures of deavobone, debermided $hal donbinvevs 'fsaaixsg pf A0V, sllegs
'atzrmg the vintsr montha mai,mmma&a highey beta-carolions and vitanin A
content in the milk £t than thel producsd ow hey feeds. Fodgson, Knotd,
Muper and Geaves (12) found, on o thros year Sverage, Hhos fleld euved
bay heod 15 microgpams of carobens péd grém of dry méhber, geois silage 59,
ha;v zad silage 197, ond pastures 269. Yhen theee padlons weve fod b6
Holohedn tows they prodnced hatderfots with en average beba-cayotene
céntent of 3,6, 6,5, 6.8 'émi 7.9 micrograns pés grem, respectively.

Thgsa vessarthes agaln indicate that Gheve is & direst yelation-
ship bebtwéen She aupctene donbent of the f£ebd Ted Yo vowe ond the belee
papotens and vifenin A sonteny of fhe bubberfed produced, |
The work of Suibon and Kraugs (29) indiestes they bhere sve dife

Tarences in the ubllity of "nraaé-s %o braninly feed ¢esotens inyo milk
gevotens, They found the beba-garotens content o be the highesh in
Guornoey, sodond highesh in Jevsey; noxk highesh in Holstein and lowest
in Ayrshive milk fot. The vifamin A gentent was fhe lovest in bthe
Greynsey mille Tob and highest &n the Holsbels milk £4%, The total
vitemln A potenoiss of the Holshein and Gusinsey milk fabs were appron-

imately egual, The millk fob from Holstelns and Guernseys was signifi-
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sently moye potent then thabt fxom-olther the Ayrshive or Jerpey breeds.
Hoors {22) concluded From his investigetions thab physiologiczl Facbors
deyermining the presencéd of ¢svobens in the fab will vaé;v with the beeed
pad may very bebuvsen animels of the seme broed. Vaobson, Bishep and
PMM& (31) oxperimenting with Ayrshirve and Shorthora wows, noticed
that Ayeshirs cows tubjecbed to simllapr fecds as the Shorthorn cows
rosponded similaply in covotens produstion bub ab lover lovels, Baumsan,
‘ Steorboak, Booson and Rupel ,(l}: found thoh varistions in elther parolens
op the vitamin A confent of bupterfet from fndividuwal cows of he semg
broed may deviate as much ad 100 peoveent in amount, but that definlte
tondencies in brpeeds were dominent., They found thot the corobens cofe
tent vas highest 40 Buornsey mill fab and lovesh in Holstein and Ayrehirve
fata. They slso found that the witemin A was highest in Holatein ond
Lowesh in Guernesy bm}%er; Vhop tuters from different bdreeds on the
same wadlong word compaved, inverss relotionships bebtween paretone and
yitemin A were revealed, lhon corotene was high, vitamin & bendod to
he ilow, and vhen vitamin A was high, esrobens tended to be lou,

Dophpush, Peberson and Olson (9), in comparing various grades of
Wisconsin market mills, found thed Guernsey su:ilk vag lov in vitamin &
aontent bat hizh in "oaﬁé«aamﬁeme, parhicularly during the pasture sesson,
@hé garotond conbents of the Guernsey wilk vas 17 nicyrozrams pepr gram of
millk fab in Ogtober, s compared wilth 9.9 nicrograms per gprem fopr sn
average of 385 other miwed bhreed samples for the mondhe of Seplerber
and Ostiober in the seme gesy. Eilbon, Wilbuy az;:;‘i Heige (11) summsrized
$hat wvhen delry casile graze on the same pashure or ave feod the stme

hay aﬁél giloge mabion thers will Lo no significant difference in the




«ile
S6%a2) vitamin A value of the milk fab seereled by the 4ifPorent brooda.
Tho sbove studies seem %o confiym the Pact Hhat the milk fad prodused
by the diffeyent breeds of dalyry enttle varies in hebta-coroteone and
vitanin A condont tub fhe Gohel vibenmin A potency is dboub the sume for
1% byeods, '

Eﬁ@eﬁ,mexﬁsal ¢vidense has besn presenied by Semb, Béukann and
Staonbook (27)3 Dann (8)} and Kemmeper and ¥raps (M) thet the milk
profuesd in the eaxly s‘%agss 6% dnetabion sontains » hisher gavobens
ond vitemin A conbtent thon that produced inm the later sboges of the
lacibyion peried. _ |

Some work has bosn Aone on the effect of storage, under different

condivions, on the vitanin b potensy of bubters. Olgen, Hogsted &nd

Fotorson (23) gtored huafiver ay 1£%¢. for thros vaoks, bhan held i i

the freeuing Yempevaiure for ﬁsn_&,aya and agein stored it =t 12%G, for
i doys, Those sborase porieds d4id not result in any epprécicble change
in covobens ond vitenin & values. Berl and Potorson (4){ spd Baumens
snd Steonbock (2), using Llover shorsge teompewatures; found thas hu{:ﬁa:e’
sborpd for six fo eight months &b & Yemperdiuve ronging from 096, down
10 ~23°0. did pot depresiate in beﬁa«a&&oﬁeﬁa or vitemin \gmmm Ciratre
ford, Pevry and Zilva (7) made biologicsl dstorminations and found mo
loss in vitsnip A potency of Jusbeplion snd New Zealond bubbers stopsd

from one to thves yetrs, The some investigators found o definite logs

4 the vitamin A a6bivigy in come English butbey after sborage Loy fus

years: howover, the storags tempovniurs of these bublers wae not glven,

in conuidering obher sborage condivlons, Buschardh emd Gapvelt (6) found
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that bukter cunﬂamina‘be& with eopper o with 2 Gcmbinat fon of ocopper and
mingstiese resulbed if the destruction of & aan@ai@eze;a‘fble porsion of the
‘bete-carotiens conteny of ‘the ligt;@::;(erz?a% wpon ste’wge.. The investizdtors
epparently did aoiz. deserming fhe effect of the mepals on the witamin 4
. dtabilivy. | ‘

Epokoviky, ¥llis and Perey (18) observed thes the development of
¢ily-failowy end ‘tellowy Flavays in milk fa% wag ‘é‘zedompan’iea By gorress
ponding Losges in -i;heize carstens ans. vxi:amia .és valne; and aom‘mdéﬁ
that the oxidatisn ef the double ’banas in the bets-varcbene and vibtamin A
molecules destroyed their vitemin & sebivity. Ou the other hend, Shrew-
bury ond Kyeybill (28) and Vilkis (32) found thet butber @oﬁizaiusrﬁaﬁﬁmfa&.
antioxidanys vhich provect the sarobens anii yivemin A from *t;hé destrughive
aetion of oxygen and yeys of the wug, |

Beunonn and Sisenbook (25 sud Kemmever ond Fraps -,t:il%) fornd thek
the apldity of ceeam befors churning had no sffsat on the vibanin A
sebivity of the bubter. W -éiﬁfe?enéé ‘i;zg?a,sé abssived 1n vitemin & actirity
of bulter mede f@m swoeb and séwr gyeamt. From Yhess two ghudles id
might be fnferred that déveloped seidity of fhe cveam or the amguat of
- neubyelizer us_e':si o s%aﬁaa@&iée the aptdity of the oresm befove ﬂhumiixg
doés not have any &ffsch on the ’-'v&'?samm 4 pokengy of the bubberfet in
the yesulbing bubibek. \ |

The snolbs of beba-vavotens 2ad vitanin A z’;ezé gram of milk fs%
Ffound by the %ériqné',investig%w%f i é;;t:fii‘;éz‘en,éf .parﬁ:; off the T:izzi.teel |

Biates v;a,xeiﬁﬂ oved & widée pange of vamlues, a8 reported by Bevl and

7
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Pevereon (Ui Kemmerep ond Frops (11); Dornbush, Peberson and Olgon (9):
Woshn (16); Dlson, Hegsted and Peberson (23); Hodgson, Enott, Murey znd
@roves {12); end Bsumenn and $heewbock (2)., Thess seientists Yound Yhas
$he bobomtarotene content of milk fat ravged from 1.9 micrsgvems por
grom of milk £at 4n Mereh fo 9.9 micvegrang per gram in Sepbember, The
vikomin 4 conbend ronged fyom 4,2 nicrograms per gram in Japuery to 26.8
micvograms por gram butberfat in fugust. The roasge of vitamin b for come

neveiol butter was 35 %o B Intornehional Unibs p'er gram of f£4%,

PROGIOURY
Fovroe of the Bubler Swmmples

Mfer vwovieving the varied vesule of studios mads Yhroughont the
Wablony 1% soemed dogirable %o deborming Whe viteuin & poﬁem;i oF
Hontoonn bubler to o0¢ how the resulbs compare with the gﬁemibs ebbalned
iy other parts of the Unifed Sbabes. In opded %o oblain bubter somples
that would vopraogent the different peris of Montana, “és.he gtate wad
arbitz;arily divided favo five producticn ovens, sech of vhich wad
 chosen U feprosent, 28 noarly fs possible, Feed ond ¢limaiic coaaiﬁio#s
'fc:r shat payd of bhe siate. |

The pres Y Balletin Counly cuvvounding Bovemon was selscted to
peprosent tha soubh centyal part of the wbabe. This is o gyplesl B R
gated sren, The pasturs Tfortge vonsists moinly of miwed grasses and
sone logumes. The mpjority of the pasiures ape irrigabed and producs
groon suaculent Lead fx'om' Yoy wntll eaply fall, vhen the grass becomes

mptuge ond beglns Yo dyy. Alfelfa, guved undey dvy weather condibions,
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| 'pz*adwﬁas & Ewy of B grsen color vhich 4a e primﬁ.pai hay fed ‘dusing
:fs;ma £211, winder and early apztmg; saasaxx‘a.. The Holsteit brosd of sovs
predominabes irl ﬁhis'-aﬁe”a- e cous f;*eéheﬂ éuzﬂing the re‘nt}i}zz&e e,
‘bud probably the gmeaﬁest sumbes fyeshen :m the spx'ing.
| e avea in Taks Gounty suptounding Romdn was seleched o veprasent

thab paw?i af bbe aﬁai:a 1:;?3.2% was% r.sf i;he @Qﬁtihemal E‘tivﬂ.ziéa. Ei‘aeﬁmallgr
1‘* of the a,gmwltugal setﬁﬁim i ﬁhm CYIEEY is irrig&ﬁe& and ﬁew&y =X R
| of the tredm Wﬁ&uagé‘. ih‘ﬁhi,s tiven domes fyom the isvisated farms, The |
pustures; vhich are irrigeted dusing ¥he ehtire growidg seasone, combain

éhie:ﬁ’l;;r blue grass and %-i_hi{;s‘ clovers The climdde i eameﬁaa% Bildey and

the groving season 4% & 1ibtle longer then that of Tho Bosewsn aves,
‘Fob ﬁﬂlﬁm the quemaxz; ared; the principel hay §o nish-geads alfsifs,
e pre&arﬁiﬁaﬁﬂ;ng bréods of dekry eetile in &‘:hi;é apen sve 'ﬁbigﬁgiﬁ and
Guerpsey, 'ilfhe Poue ﬁ’@eshax,z durmg 'élm entive yeam butb ps:‘zz“ba“bly‘ thé
1argesh number Freshon i ke spxwing.

The Miles Civy ares 1 Custei Goubty repmsenteé #she spsteopn pavd
of the shate, which is p;«i,m@il;g 2 Ary land aven. There is sofie ix«ﬂw
gabion &n the Yellgwshome ﬁi*mr Telley and ia some of %he fributazy
vaéglazﬁs vhere theve is sulfiplent whtey, Howsver, the majeriiy of Vhe
Topms are ok dry lapd. The dey m:s; pastires coneldh pfi’éﬁi@amﬁ-&?
“nakive grass with a Listle 'éﬁééﬁ' cléver, walle thows on 'ﬁ‘x;xéilf;_i#ﬁg&%é&
Farny e:cmsis*& of mixed gwasses an& some 1egumésq he na%‘:fﬁe g@aéﬁ" |
:gas{;uras gh 4y land am gioen and sudculent a;lkthe spring ond eusly
summekr, bub Ay the labe commer andl Yhe sarly #a1l the svaes 18 gencrally

dey and posemblos blenched hay. The fall of 1943 wag an exeepbionslly




ABe

dyy seéagen so the am«:é were on Yery pooy mmw forege for o longer
patriod than weasl. I% 1s the yraéﬁiﬁé in this ares to turn ihe cows
on the ehdbble and corn stall £1slds &fber the erops aro heyvestad and
$here ig veﬁ 158%le groen paginré feed sveilsble. The dry land hayd
couplst of sweed tzlqvey and slfalfe, doredl hays, corn fodder, milled,
sovghun ond bhe pative gress hay. On the irvigated scutione bhe hay
ig prinsipelly plfalfa, The Holstein bresd of cows preaqmﬂ.ﬁaﬁea By &
amall mwgina the vest are grade ¢ows and goms Hye of “&ﬁia beef Tyod,
Practically all of the cows in this ares freshen in the gpring.

Gonfrol Nontiana vas reprogenied by an Hved in Fergus County sure
pounding Leovistoun, vhich consisted of dvy land farms. The ared heg o
highsr punvsl rainfell thon thed of Miles Oty and growing conditionc
ave sonovbal wmo¥s feavorsble, hub the growlng season is shorjes. The
pasturss consist of nabive grass, which i@ gvesen in the spring ond quie
mer bl &W in the eayly £all. The hoy drepd ave tbont the &ome by fop
the Niles Gity diy lond section. The Holehels bised of cows predominates
by & swell movging the rest of the mill aous aye prades. The mejority
of the ¢ows freshen in dhe spring.

The Hanvpe areR I Hill COounty was selsched Yo zepresent the porth
eentral part of the siabe, wvhich is primerily & dry land ared. It ye-
eolves shoud the gome sfivesl rainfell &g bhe Miles Ciby Bies hub there
i nuoeh legs im-iga%.m in this disbries. The pasture cousichs of
native gegs, vhich ig susculent during the mpézing and early suimer, bub

dries up it the 1nte svummer ond f2ll and becomes blesched. Afber the

_crops apve harvesbed in the fall the cows 2re Yurned on tho sbubbly Lields .- =i

cof
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whe#es *'%‘Ii@m ie practioally no ér'éaesx foed, The hay im Shis srea consists
of nebive grags, ‘Gereal hay'?i, ﬁi’i'l:éi‘v and. some slfslfa, ?hé Holstsin
bresd predominsbes by & neryow ﬁza&*gﬁﬁaa“ﬁhé vost of the pilk cous ave
gradss, The najorify of the cows frechen in the sprisg..

. Conditdiens ix %ha five sveas seleched o Peprésent she shate were -
a 8004 ¢ross saction of the kinds of feods snd oliabic conditions vhich
prevelled Ln 1983, the yeaw in &hﬂ;@h the shudy was méde. The, Q;imai;&ﬁ-
-ﬁaﬁéﬁiﬁiﬁa&ﬂféﬁ the sensons shudied were 333@?3:& fox "%ﬁé 1atey winber and
late spring; Tub the Fa1i ‘geagson was 'saméwha%, dfier thap agual. whf;s.\
rosulisd iE a greateér an;aa".uﬁ,t of dry fail pasbure forage In the a#:eég ‘

shudied,.

Sampling Pyocaduye. . _

Thrse timés &ﬁf'is;g: the yesr o h"cz\%t%e;v gample, Gaﬂsi%ﬁiﬁg 6f Hwo.
pre=poynd prints of @omeﬁaiaﬁ, busber was ghbained from o gresmery fa
soh of the Pivq arens seleated in :ﬁ}hé stata, The samplés wepe always
. accompanied by & complete pa_sﬁéuﬁ:éaﬁiﬁﬁ _énd' afhﬁ#niﬁg sfge‘oi‘i&- | ,

e fivet semples cbbatnsd £rom ¢ach dred were from bubter chuined
in the early pard of April ;91@3 and pepretentsd late wintey feeding
eondibions. a@;e. setond ,gam_glaé obfalned were fiom bukier t&hﬁi‘ﬁe&‘
duping thé_"ﬂia&ie pfsr? of Juﬁé 1943, ar_td gepmaa;ga g‘i*aén gpans pashuie,
ov gpring, Feeding conditions. Thé thizd éa,mp:g'es from ¢ach ared veye |
from bubber churned during the widdle pagy of October 19M3, snd ;‘e}@féq
senbed dyy paghure. forsgs in dxy Land Zreay and some green feeds of

gresber meturity iu the irtigated sections, or £411 eonditions,
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 Yhen received, obch one-pound prind ia vhe two pound semple was
divided into ha:tf pounds, making four half-pound semples f£rom each
churping made 4n esch mres. One sample vas shslysed oy once for bela-
mm%ené aﬁ& vitanin 4 content., One somple was held in stornge fov
Shizby doys b YWOF. end Yhen snalysed. The other two samples were
shoxed ot 0°F., one being held for 90 days and the other for 180 days
befors analyses weye made for ‘their beta-cerotens snd vitemin A eenbent.
The pemperatures of the yefrigerafiors In vhich the bubter samples wéx‘e
shored were held Pairly consbemb, |

The 10 gram geuple wsed in eash determination for the bgta-carotens

and vitemin A content of the bupber was iaken iz the some memmer in all
cases. A slice of bubber one centimeter hick wss cut £rom one of the
m{zéide gurfacss of ke h_&lf pound sample dnd dlscarded. Then the
pample 4o bo bosbed wos obbalned by eutiinmg a slice of butber one sonti-
" peber wide and one and ono-helf cendimstars thick soross the hel¥ pound
gomple nexd te the freshly oub surf‘éem The pumple cud dun this nonney
ted one side ond fvo ends thet hed been oxposed b6 the parchment wrapper
ané. three siden that weys froch bubtier surface znd welghed spprogimosely
10 gvons. The velght of the semple vas adjusbed do 10 grams (I 0.01 &.)
by sdding %0 oy remevipz butber from the fresh cubt swrface. This method
of mompling vas adophbed boemuse 1% was donsidered theb it represented as
nenely ag poseible the mopney in wvhich pamﬁés of tuster ere divided for
consumpiion fn She home, The semple used Loy &eﬁeﬁining ﬁhga €25 and
moladure econbenty vao cul in the some menner As tho sample Foy the betaw

eavodone and vidamin A deteorminations,
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HEPERIMENTAL PHOCEDURE

The chemical Sests for the betascavshene anﬂf'_vi’éamiin 4 content of
the bubter vere carried oul in aacaé&qﬁas vzi*ah the method ontlined by
the Technical Committes on Vitemin Résdarch on bubter (20). Bofors |
batbecarobone 67 vitemin A veluss could be medesuped, it was nEGOBIBRTY
$o calibrets the meésﬂx*ing instrumeny; & photéclectric. ﬁaiozﬁimei‘;e?,,
wvith pure he%ascm‘mm in Skeilysolve B soluticui, pare beta-m?aratene
in a ahlorbfém solubion, and grysislline yitemin A alaahal in & éhloro-
forn solublon, énd plot a referenaa GupTs. for sach solubiod, . :

The Evalm j@hﬁﬁﬁeleﬁwim cmmmeml W ealibmt@&uwith pire
vetaecorotens” in both @hi}az*é%im 4nd Skeliysolve B Solutions. A serisce
of 12 solubions ﬁf‘ bett-cafohone was prepared in duplicate vonbaining
0.2, 0.4, 0.6, 0.8, 3.0, 1,2, 1Y, 1.6, 1.8, 2,0, 2.2, and 2.4 nioro-
grans of beta-capobene per miliiliter. The baba-cayobene roadings fop
both solvents were mede using the M0 millimieron filter in the golori-
meter, The cenber se%éing for the galyvanomedor, o the peind ,a;r} which
#he galvenomsber needle had $o be sed bvefers making & réading, vag |
debeormined for oéeh dolvent. Thism blank peading vas mé&e by ingerting
& Hube conbalning 10 mmamez»s of the pupe solvent inde the tube holderw
of tho ﬂ,m%x’amenﬁ aad sebting the gelvanometer rzeédle 8% 100, With the ‘

- Hube sad sai,vaniz removed, the point at vhich fhe galvanometeyr xieecl?..‘,a'

1, Manufectured Dy the Rubiatm Company Philac’l‘alﬁhia; Pa,

2, Capobene (Provitemin A) obtained from the Eastmen Kodak to.
{Furber 3702) Beta-tarotene 90% and Alphs-carotews 107,




i
r@eﬁe& vas $he center sebting for-thal particulasr golvens, Using the
proper conger sobting on sthe gelvanomeder, the peries of»@veiveysoluﬁions
of the beté-ctirotene wors rodd in the Goiu?imster fo find the L hho
gelvanometer readings covrespondifiz to bhese carolone concenbtrabions,

& voference cupvh Loy Beba-capobens in $kéllysa1ve B uns don-
ghructed by plobbing the 12 édolorimebric L U0 zendlsgs, oxpresssd as
2-log ¢ valnas, on the shscissa, against the respective eoncentrations
of beto-garobone in Skellysolve B gsolubion, oxprosped as micrograms
par miliiliter on the ordinate. Thig cwzve is given,i# Figuye L and
was roferred %o in aalenlaﬁing the beta-cavoiene ﬁanﬁeuﬁ in the sampies
of bubter.

A Zaghor was calotlabed from tha weference cusrve for beta-corotens
in Skellyselye B for the purpese of compaying this cupve with cupves
plabiod by other workeors, This faster was caloulited by Finding the
rotie for cach molubion read by dividing the micrograms of bota-sarshens
por milliliter of the Skeliysolve B solution by the respochive eolorie
motric L W0 poadings, exprossed ag 2-log G valugs., The sum of fhese
rablos vay divided by the muwber of solnblons read nd the restlfing |
quotient of 2.62 was the fuctor. This Pactor epplied only ho the
galvaaometer rondings above §93 becouse the eu?vé for galvenometey
roadings below 503 is not & straight line siuce the factor dncreased
progrossively with the sdditienal senceaﬁraeiog‘of betb-carebeny,. The
factoy 2.62 doev not agres with $he factor 2,93 feﬁmé by Berl and
Potardon (4) For gelvanometer rendings &BaVe‘aﬁﬁ on the curve hey

plodted. These iavestiszators celibréied the instrument they used
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with & bebo-taretona ma;{;er.ial obinined From a &i:‘é’ferem sourde, vamoly,

the Disbilietion Products Ing,, Rovhester, N. ¥. The &iffemné—e ‘b@ween

thoas iwé factors noy possibly be dus %o & 4ifference ln the bwo Betde
ohrotons materizals used, _
Tigure 2 chous the reforence Gurve for bete~-tprotone in chloyo-

" form solubion, which wae constructed in fhe seme momner as the referencd
eurve for betastarohene in Slzallyénlve B golubdon. Thip curve wat
referyed %o in the celoulation of the ﬁgﬁg»éafa?cam soncentraiion in

the w‘&amiﬁ 4 solutlons.

Tas galibretion of the phebocloetrie colovineter fopr vitemin A
vas nade by «i'sing grystalline witanln 4 sleohol? in ohlgvoform. A series
of twelve solubions wns prepeved conteining from 1 fo 12 micrsgyony of

Cikenin A 1}@2‘. niililiter of chiovoform. A blénk vending wag wade by
nixing one miliiliter of chloreforn and § nilliliders of onbimony twd-
chlopide rengend bo Find jhe sentoy conting on the galvenonoder. The
vivemin 4 veadings were muds with the 620 millimieron Filter ia Whe

- golorimeter.

Afser the instrument hod Yeon adjushed to the proper conier sel-

’aé.ng & pube condaining ons millilijer of $he propoved vitemln 4 solu-

‘shon vas ingerted inte ‘She eslorineter and 9 nilliidters 4f sndimeny
tichlowide yreageont was pepldly a,&&tad,'fram. a plpdtie and the galyans

3, Ceystelline vibamis A alcohol, obbainéd from thée Distillabion
Producks Inc., Rochester, ¥, ¥., Control K 118
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DB on
omatier poid ab the polut of hompowairy stability. This procedurs was
z*epemaé for sach of the twelvs solubions. The peferonco ewive fop
vitamin 4 vas ponstrncied by piotiing the ¢olopimotric L 620 remdings,
srprosgod ab 2-leg & volnes on bhe obaolass, againgd the rogspective
coneentrabions of vitamin A mlechol in chlovsform solution, exprossed
s micvogrems por milliliter o the sydinabe. (Migure 3)

b Pactor was saleulated Zrom this eﬁﬁa fop the purposs of com=
paving 1% with tho ourves plgati;eé‘. by other workers. This fapior o
caleuloted by finding fhe ratio for cath of the 12 golubtions, by
divi&&;zg the micyogréms of vitamis A aleohel pey milliliter of ahlc.moa
form selution by the regpestivo golvanomoter L 620 veadings, oxprossed
nf 2-kog G vhlues, The sum of thope ralics was &ividad,' by the 12 pendings,
and the roewlidng guotient of 1,38% 0,04 was $he footor, The Fagtor .
1.382 0,04 comperes fovorably with the factow 1,39% 0,06 found by Bexier
 sad Fobosen (3) of the Dizpilinbion Produets, Ine, loboratories. The
footoy 1.3ai-a,ala~ 44d not coupore so favorably wilth the fector 1.33% 0.08
Zound by Berl and Pabevson (4}, vhe used & erystalline vitamin A slechol
nekerisl, obboined from the Distillatton Produsts, Ins.

The folloting procedure for the detemminadion of befaa«aaméene and
vidamin A4 vas goreiod cul 4% room Vempevabure and in subdued 15.@%:,

A ton geom (£ 0.0 gram) somple of h@gﬁezﬂ of huown fab conjend was
pat ings & 250 nillildtey éa;pamfmaﬁxieﬁ flas;k' equiépai with 2 glass
jJoinbod refluy dondenpey snd o miméﬁm of five milliliters of sémura:’se&
pobansinm hydvoxide and Buenty mﬂl&liﬁam of choslube mothonel vas

#dded, The dPubierfat in. the mizture was peponified by heating ia o
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j@v"ﬁ?‘?’%ﬁ water bath foy fen minutes, The seponificd meteyiel yas diluted
with 40 milli14%ers of distilled waber end gosled %o room tempersbure,
This meteriol wes extracted thres bines wiih '_@fﬁh.eﬁ-im' P —
funnel. The thres ethex zmt_i;éé;s ’t;rez?g gombined and wachod with diebiiied
yatar wakdl the ynshings . were £rog fzém ‘Bllall, The washed ether extrack
wee drigd eyer anhydvons s@ﬁims-snlfaée 2 made -.ﬁpv-;im & yolume oF ~8§€§'-'
: mﬂ';a.&ili:wem wigh sther, This solubien ves «iahémughﬁiymimé} snd: diyided
Anbe bwe squal paxts., g S | | |
One h\iné-.;’i'e_ﬁ: mﬁ,;lmiteg‘s of the sther solubion wae put into em
vevamixfatiaa £lael and :ﬁhe' ebher. rensyed m@ezﬂ :.x*eé,ue:e& Pressurs. | The |
'a;ﬂa@gﬁir‘sg pesidup waé Fhen Alsselved with Sksllysolyve B and fransferred
to & sepsgatory Eﬁﬁmls.‘ '-@hﬁ gﬁmﬁ&lzéﬁﬁtellﬁfﬁﬁlvé B saluiion way @«é-
tpacted vith 25 nilliliter porticns of 92 popepnd methanel vt il the
methonol eahraghlons wers ei;?!;wl@ﬁ%ﬁ The papatine-Skellyselve B wolts -
Ydon vae Phen wadhed four Himes with Alghilled wéi;ar \aﬁ_& Syied ovew
sehydrous sodivm spifate.  Thig soluthlon wes meds up So 50 mi;llilitéx»a
in yolume and & Yen milliliter porbioh was ypad, as desowided in the
bebeoearotens ¢alibration procedurs,
The otber 100 milliliters of the obhor cxiyech was evaporsted in |

‘the geme magingr as for the h@@aﬁa&éa@em deberminagion, szcept Just aa
Ane svepovation vas sompleted, the lagk wes dmmerésd in & 7090, water
vath for 30 .saéend&a'%q TRHATS %;zvaeés of moisburs, The yemgining ?ésiu
dus wag ﬂ,iasativ,a& vith a small sélnme‘i of ehloreform and the sbluﬁi,ﬂn

made up to ten milliliters in volume. Ode millilitew of the vitsmin A




e
pedibion was nized with nive oiililibers of o 82 %o 25 poveont sebinony
twtehloriis vangent and wooings wado a5 dsceribod Ia tho ¥itouin 4
Golibuotion proceduys, ' - '

Po culewlnde Sho nicroppans of bobnetavolony poy svonm of builens
#ok fwom She aslvenonolor vonding, 1% vas Acucoaswy b6 Goswens She
givonesiotor yonding for dovladlon from the shendawd, The eomreated
3 Wi polvonometer rendlng z;;;zr.g expyassed o Belog O volug md thig
velug youd fyon the yofopenos ougve fov bolaeoawptons in Skellyseivy B
{Fioura 1), Thin gove $ho chound of Bopossemwiong in enn wiililfiver
of the tagtoy pomple solublon, Uhin velue wod thon wulbiplied by tea
B g;:g%aé ﬁhw.mﬁ%‘ﬁ; of hetasotpolong peeosat 1% oo svewn oF hubber,
shnse on ilitivers of the oolution vore squel o one gren of bublsy.
$his volue wae Afwlasd by the percent of Fub 4u bhe budler senple, vhiek
gowo the mloresyeng of botasonvobens poy gram of bubboring,

She mlepsgeomn of vibapia A pop gbam of bubloefal vets azazeszﬁma&'
£rom vho wowroutel golvanendbor sondleg cuprossel on Belog ¢ valus ond
Shin pond Feom She peercnes auvvs fop vitends & (Plegave 3. The walue
found on tho prdiaoho of tho vuwrve copveipuading fo the galvanemstes
vooding giwa Ghe gunnonizotion of viteonia 4 por wiliililoy of the
walbor wopleo selubien $n nicregvens, She velue thup §b?&iﬁ§& faaiuded
Sho vitenin b oad the bebasreratsno bhab we prosont Sn tho vitsols &
solntfon, To gab the Semo vivemdn 4 vilwe, the origlesl vitenin &
soadiny von govrocted for the bobnegnrotione ssx:mmrﬁ m oo vitenia &
Betublon, |

hi ::s’ sy fone By woeding & niubuve of one mALLLL4ter of the vifamin
































































