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INTRODUCTION

The mass of literature, scientific studies, popular articles, and
books which have been written dealing with the subjeet of vitamins dur-
ing the past twenty-five years is undisputed evidence of the popularity
that this subject has found in the minds of both secientifie workers and
the lay public as a whole. The foundation of research, comprising an
almost incredible amount of work extending over many years and into
every branch of chemistry, and carried out by some of the most able
men cf the times, has demonstrated that this popular interest in vita~
mins has a firm scientific backing, and that vitamine are essential to
the proper growth and the maintenance in health of the animal organism,
The emphasis on vitamine in food advertising, and the sale of vitamin-
packed foods and vitamin concentrates, illustrates the acceptance of
the value of vitamins by the general public.

One of the earliest articles dealt with vitamin A, and down through
the years no single one of these indispensable dietary needs has been
proven to be of greater importance than that which was first referred to
as fat-soluble A, later as vitamin A, and which is now defined by an ex=-
act chemical formula. Barly studies soon demonstrated that the primary
source of this nutritionally significant material was invariably found
in plant tissue, and later studies correlated its occurrence with the
pigmented parts of the planis. As investigators progressed further they
noted that the vitamin A aectivity of plants was centered in the yellow
fat=soluble pizments, and finally narrowed the search down to a few mem=-
bers of the group of carotenoid plant pigments. It was demonstrated
that these yellow pigments were the parent substance from which vitamin

A is derived, and that vitamin A is present in plants almost exclusively



as carotenes, Thus it is this carotene in plant material which is the
primary source of the vitamin A which is utilized and stored by animals,
Recent investigations, therefore, tend to measure the vitamin A potency
of plant foods as carotene content.

From a purely chemical standpoint carotene was known as a plant
pigment long before the existence of vitemins was postulated and the
biological sipgnificance of carotene as the precursor of vitamin A in
animal nutrition was established. The intense yellow color which now
serves so conveniently for its chromatic determination aroused the in-
terest of many investigatorz and led ™ackenroder to its isolation from
carrots in 1831. Sinee then the association of carotene with chloro=-
phyll, and later its suspeected, and finally proven, significance as a
growth factor (16) stimulated investigators to a study of its proper-
ties, structure, and transformation into vitamin A. The work of Karrer
and his associates is outstanding in the development of the structure
of [3 -carotene, first aceomplieshed in 1930, in separating and determine
ing the properties and structure of the associated carotemoids (19),
and in the determination of the structure of vitamin A (20).

The biologieal discovery of "fat=soluble A" was first announced
by MeCollum and Davis in 1913 (21), almost simultaneously with a eimi-
lar announcement by Osborne and Mendel (28). It was five years later,
in 1919, before a connection between carotens and vitamin A was sug-
gested by Steenboeck (35), and it was ten years more, in 1929, before
the conversion of carotene into vitamin A in animals was definitely
proven by von Euler (39) and T. Moore (23). They demonstrated that
carotene is transformed into vitamin A in the liver and that the liver

is the chief storehouse of both vitamin A and untransformed caroctene.



The transformation is apparently an enzymatic hydrolysis by the enzyme
ecarotenase, in which the symmeirical molecule of B-carctene is split at
the center to yield two moleculss of vitamin A (27).

Shown below:

B =Carotene (Cyggllsg)
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only one of the two eyelic groups present in each molecule is of the
same (O -ionone configuration that occurs in the formula of vitamin A.
Thus each < and ) carotene molecule can yield but one molecule of
vitamin A upon hydrolysis in the liver as compared with two for every
molecule of,4g-carotono, and therefore has but half the vitamin A
potency of ﬁ -carotene.

= ,ﬂ?, and /J carotenes are the principal naturally occurring
carotenoid pigments exhibiting vitamin A activity. The proportions of
each vary with different plant materials; however, leaf carotene is
chiofly‘/?-caroton., so that the use of pure O~-carotene as a primary
standard for estimating the carotene of forage does not introduce a
serious error,

Once in the liver the transformation of carotene into vitamin A
is nearly complete; the absorption of carotene from the intestine, how-~
ever, is far from complete, and seems less than that of vitamin A.
Widely varying coefficients of utilization are given by different in-
vestigators (2,3,5,7,15,24,44), indicating that the problem is not a
simple one, and that the absorption of carotene from the intestine is
influenced by a large number of variable factors, including the breed,
physical state, and individual peculiarities of an animal, and also
the feed in which the carotene is contained. There is strong evidence,
for instance, that the bile salts play an important part in the actual
process of absorption, and that the quantity and kind of fat present
in the diet have a marked influence upon the absorption process.

The physiological activity of carotene is accepted as being depend~-
ent upon the transformation into vitamin A; at least it has never been

demonstirated that there is any physiological activity of carotene other
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than that aitendant to the transformation inte vwitamin 4. “hile caro=-
tene hasg been credited with a certain healing effect when applied di-
rectly to cpen wounds, and is of knewn benefit when applied directly
o xeropthalmic eyes, i3 has never been shown that this beneficlal ef-
fect is not due to vitomin A formed from the scarotene,

Titamin A iz briefly described as being ecssential to growth,
vision, and % naintenance in normal condition of the epithelinl tis~
sues cf the body, and as having a conciderable effect upon the bodily
regsiagtarece to infection and the gencral staite of health. V¥hile vita-

ain 4 was the first of the vitamine to be discovered, and has been the
ohject of a large smount of intensive study, many of its functions in
tho enimel organism are not yet knowm or clearly defined, and of those
functiong which have bheon credited to the vitamin only the role it

plays in the nerception of light by the visual purple of the retina of

the eys is considered as being very thoroughly undorstood. Thus an ade=-

Iy

gucte supnly of vitamin 4 or carctene will prevent night blindness, one
of the first syuptoms of vitamin 4 deficiency.

In the system wvitamin 4 1s known to have an antagonistic action
to thyroxine, aml seoms to play some nard in the oxidation-reducilon

system of the tissues {1,40,43). The primary effect of a deficlency

b

of vitewin 4 is a general keratinization of the epithelial tissues
throushout the body. Thie koratinization, and a subsequent bacterial
infeection, of the tissues of the eyes produces the xeropthalmia srrone-
susly btermod a specific deficicncy disease. Apparently there is no
spocific diseasze which is characteristic of vitanin A deficiency.
Yassive doses of vitamin A and of carotene have proven non-ioxie,

-
G

even when conbinusd for considerable pericds of time, and result in an



increazed resistance to infection, imeluding, in the case of humans,
a slight decrease in the aumber of duration of colds. Thers is doubt
whether this protective action is due dirsctly to the vitamin iiself,
or is the result of a better state of gensral health resulting from
an abundance of vitamia A.

Receuntly a permansnt blindsess in youngz calves caused by a lack
of vitamin 4 beginning very early im life has been reported. This
blindness was produced by the constriction of the optic nerve in the
bony passage through the skull rather than by advanced stapes of
xeropthalaia (22).

A supply of vitamin A is gstored within the sysbtem, chiefly in the
livar, and when the diet contains largze amounts of carotene and/or vi-
tamin & it will be sbored in quantitiss that would Do sufficient to
moet the minimun requivenmsnts of the bhody for a conmsiderable pariod of
deficiency if it were utilized ét the minimal rate. However, in the
case of a deficieney the supply is rapidly depleted and the patholog=
ical symptoms of avitaminosis A will eventually result.

Carctene oeccurs in plant material in associztion with chloerophyll,
and its formation in the growing plant tissue parallels the formation
uf chlorophvll., Both are the rasult of vhotochemical reactions, and
carotene apparsntly plays an impordant part im plant growbth, although
just what iis funetion is in plant metabelism is known no more def-
initely tham its funciion in animal tissue. The vitamin A of planis
is almost entirely in the form of carotens. Hany roots carry stores
of carotene, of which the carret is the classical example, but for
the purposes of the feeder the lsafy sources are of primary impor-

tance. Therefore the determination of the carotene content of a feed



is an accurate measure of the vitamin 4 potency of that feed, and as
thie chemical determination of carotene is far more rapid and economi-

of witamxin A, vitaamin A potency of plants

carotene contont by colorimetric amalysis.

This colorimairic meihod, however, was necessarily pracedsd by careful

the golorimetric valus iz an aceurate

dadex or the biologileasl vilue of iths smterial analyzed, sincs the value
desired is 2ot a coler factor, wut a bislogical faetor.

Tawb carobens is a very veacilive suhstance is gvident %o the chem-
ist from laspsetion of ibs nighly wasaturated structure, ac is the fact
that this reactivity will bz wodified by a2 greater stability due to the
conjugation of the double bonds and by an iwertness characteristic of
large molecules., It iz ihe experience cf fesders that the vitamin A
nobeney of & feed descreases rapidly upown the curing and storage of

.

that fesd. "hile earotene very probably is insctivated in meny ways,

there are tue facters producing its decowmposition that are of sueh

importence that the others pay he conmsidorsd as negligible in the prep=-

W

arabion and preservatiocn of feeds of high carotene content., The one,

a chnewmical lacter, ic itho oxygen of the air, which is present in =

™

L) »

sly end ic gquite rezctive chowmically. The other

inally responzsible for the formstion of the caro-

o 74

mical reaction
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the vitamin A poteney to a very omall value

caring, they caan reduee

in a surprisingly short itime.

&

Since carotene content is knovn to be correlated with eolor of

clont tissus, waturally feedsrs would consider the inelusion of colored

o



materials in anisal rations desirable. For thai reazon cortaln green
hays have Deen sxamined for their relative carctene coatent. It was
discovered tuat the potency varied comsiderably with diflsrent speciss,
and within {the came cpeciss during the seasen. It vas also proven that
for comparable growing conditions thoere was a dirsct correlation be-
tweer the vitauin & content and the amnounl of sunsaine Thal the plant
had received, whichk is econcoruasnt witi the statement that carcteus is

ormed by a4 punoilochemical reasbion. It was found that the plants which

L

had grown in ihe favorable conditions of early spring were morse pcotent
than thuse grown in mid-sunmuner. Reports f{rom many investigators dsm=
onstrabed that the caroteme contenit of hay was less than that of an
equivalent weight of the green planl, and further, tunal itne carotsus
content of wae hay was guite variable, depending upon the method of
arying. 1in other words, Long 8Xposure to bright sunshine proved lo
be quice destruceive of the carolene conteni, while hay dried in sewi-

3

darkness was mors polbent, and the sawme hay drisd artificislly in tun-
nel drisrs was still more potent than thai dvised in the durk. Not

culy was Lhere a loss in the carciene comiend iﬁ harvesting and in dry-
ing, but it was also discovered thal the carcteae uisappeared from ihe
hay aiter being placed iu ithe mow, and, oftentimes, in siz or alght
momths alter tie curing procsss the hay was of lidile walus vo {ar as
its vitamin A posency was concernsd.

o

A lesser desbrucuion of the labile curciocng was noted inm pluat
material which had besn pregerved in she silo, iadicating that thatl
metnod of pressrvaltion somekow inhiovitsd the decomposition ui the

caroteng. 1t seesws probaole that bthe pucking and tne juices formed

an ensiling exclude the abmosphsie, and Lnat asrobic bacteria soon



utilize the oxygen present, thue preventing any greut action of oxygen
npon the carciene.

Tae results of investigmbors In other arsas arc nob direetly ap-
plicabls $o tha forage craps of this siute, because of Okxlahcma's ex~

tremely varlable typo of cliaate, wibh long growing seasons, relatively

long hours of susshine, high teapsratures, wad dry atwosphere. For
thene reasons 1t has scezed appropriate to wake a study of the caro-

tons conbtent of thoss nalurally occurring hays, grasses, aand forage
crops upon wWilech our fesders are dependent., In this study, attention
was given Lo the affect of the season of (ne year, bthe method of cut-

s

sing and drying, and the manaer of preservatiocn, in an effory te {ind

e

ghat geadliions wre productive of high initial conteant and good maine
senance of curoteno in the feeds of the slate,.

Tue prodlom ix complicabed by the nuture of Oklahoma's loug grow-

asoz, with 1ts rainy spring and fall and holt dry summer, in that
foragze crops can be growa and can reach maturity at almost any climatie
condition, varying from the most favorable to the aost uwniavorable,

A Torago may de starbed uader ideal conditions in the spring and mature
under those same idsal conditions or under unfavorable drougnt csondi-
sioms din lute spring or early suamer; inm the fail the same variety of

growing conditloas may be encouniered. This extreme scasonal varia-

tion coupled with the variaibion in the carotene coutent of a plaatb

maturity makes the grediction of the caroiene con-

¢ vary difficult.

Ay o 1 - “

An adequote supply of garotone in the feed of livestoek is of

©

o s

sriaary inporbance to tne feeder. It assurss the efficient uwiiliza-

£

ticn of o feed and rapid and normael growth of hesglihier livesiock,
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thereby giving both a greatsr gaim in welght per pound of the rslative-~

1y costly rations used in preparing livestock for market, and a better
grade anibal comssmding a higher price on the marzct. It also provides
the indirect saviug atbendant upon the greater resistawce Lo discase
and infection and the preventiun of condiitions caaracteristie of avi-
vaminosis A.
The provlem of uwhail lveds ar'e high in carciens and how She caro=-
seng i8 Vese aalntuined is thuc of cousiderable praetical iwporiance.
“his problem has received wmuch atventlon in dew Jersey {(33), Texzs (10),
Kansas {30), Caliiornias {14}, and at other agirleultural experiment sta=
vions. workers have deveramined the caroiene coutont of the various
igtic vy oheir state, and tue reaciion of this carochene
contenl to various mebdhous oi cuilag and sborage nas veen luvessigated.
in order wo provide Gowparabie und shwrucheriasiic wvalues for the
carotens content ol Lhe leeds of Oklunowa btuls luvestigavion of bue
carovene convent of ihe forage c¢rops of e svabe was underialken.
SHLTHOD
Yhne metnod adopied im thls invesilgavion waw the Poterson, Hughos,
and freeman vevision of the Juilberiy wetaod for carossase im agricule

cural waserials (2%}, and was used as presenced balows:

oVl

2 grams of euci saaple are rerfluged 30 wmiaucss wich 25 ml of sirong
aleoholic KOH (ethavl alcohol frvee from aldeiydss is used;. Cars .aust be
taken 0 Keep portions of iie sauples frosm collecieiug on the sides of

bhe i'lasks, If aay maserial does colleet 1t iy washed down wita alecochol,
After rofluting the coantents of bine [lasks are cooled, 25 ml of patro-
leum ether added, and after snaklug for a minute and allowinyg the sadi-

H8a% vo sslvle, sue pelroloun ebher-alcohol sdixsure iz decanted into
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a 1/2 liter separatory funnel. This extraction of the residue and de-
ganiation is repeated itwice more with 25 wml portions of petroleum ether;
then the residue is broken up by shaking with 5 ml of 957 ethyl alcohol
znd 15 ml of petroleum ether. After 2 or 3 additional extractions with
20 ml portions of petroleum ether, it usually comes off colorless and
the residues are discarded. Aboubt 125 ml of petroleun ether are re-
quired for the extraction.

100 ml of distilled water are next poured gently through the al=
cohiol petroleum ether solution in this separatory funnel. The alka~
line aleohol=-water solution containing most of the chlorophyllines
and flavines ceparates, is drawn from the bottom of the fumnel, and
is re~exiracted by shaking gently itwice with petrcleum ether in an~
other funnel., If an emulsion is encountersd it may be destroyed by
adding 1 ml of ethyl alcohol. The petroleum ether exitracts are com-
bined and washed with distilled water uniil free from chlorophylline
and alkali. Uashing three or four times by pouring the water through
the solution and down the sides of the flask remcves most of the al=-
kali. The remainder ig removed by gently shaking the petroleum ether
solution with 25 ml portions of wabter until the wash water no longer
gives a color with phenolphthalein,

The xanthophyll is extracted from the petreleum ethsr solutioen,
first with 85%, and finally with 90% methyl alcohol. 20 ml portions
of alcohol are used. In the first extraction with 85% methanol the
lower laysr may be cloudy. If it is, draw it off and extract with
20 ml of petroleuan ether., Add tus pebroleum ether sxtract to the
other petroleum ether fraction and continue vashing with 651 meth~

anol. About % or 6 extractions with 857 methanol, followed by 2 or
/ 3
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3 exiractions with the 907 methanol, are usually sufficient., The petro-
leun ether solutlion wust be washed until the wash alcchol comes through
colorless,

The petroleum ether layer ig finally washed with water, dried over
anpydrous Napg80,, and made uwp to 200 ml for the reading of the color.

Btayl alcchol free from aldehydes is necessary in the saponifica=
tion im order 4o vrevent any interference by aldehydes. This alcohol
is prepured froa U. 5. P. aleokol according to the following standard
procedure, Approximately 25 grams of KOH are added to each iiter of
the U. 8. P. alcohinl, and the mixiure allowed to stand 24 hours in a
woerm place. It is then distilled, and to the distillate is added 2
v0 3 grams per liter.cf m-phanylene diamine dinydrochloride,., Thiz is
allowed to stand on the steam hot plate for 48 hours with eccasiounal
shaking. It is then distilled, disearding the first 100 ml and leave

inp sidus of about 100 ml per liter distilled in the flask. The

(1
&
i)
(0]
9]

alcohel is best sitored in well filled, glass stoppered bottles.

Teshnical grade K(OH was used. The methyl aleohol used was rs=-
arent grade, fres from aldehydes. The pstroleun ebher used was Skelly-
zo0lve, B. P. 40 - 80° C.

A Bausch and Lomb universal specirophotometer was used in reading
the optical dsusity of the carotens solulions obitained im the analysis.
This instrussnt coneisis of a standard RBausch and Loab spectromsier,

a Kartens typs polariziag photometer, and an incandescent 1lighit source
souineed on a 8o0lld base.

The method given was sslected from the literature as being the

o

gimplest and wost rapid of the methods described, It avelds a sclvent

evaporation requisite in the Guilbert mnd other wethods, wiith the at-
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tendant chance of loss of carotene both by errors in manipulation and

»

by decomposition. Munsey has ecarried out an investigation of the rel-
ative ascuracy of the J. 5. Do I. method, the Guilbert method, and the
Peterson~-lughes~Freeuan mothod, and reports the accuracy of the Peoter-
san-llughes~Freeman methed to be equal to that of the Guilbsrt method,
and superior to that of the U. S. D. I. method (26).

The yellow eolor of the carotene is very difficult {to read in an
ordinary colorineter, in bthat the yellow is om impure color formsd by

£

sha absorption of hlue. The eve is reslatively insensitive tc blue, so
a change in the blue produces relutively litile sensible change in the
vellow, Various apparatuses have been dovissd to match the color with
tinsed zlasses, bul these still have some of the dilfficulty of wmatching
of whe ordinury colorimeter. The use of the specirophotoneter has a

6, both in accuracy and in sase of reading, and is the

Pl

mathed of making colorimetric readings of caroiene
solutions. A pure color ig read, the color seloclied being in the spee-
sral range of maxisum absorpilon, whers the ratio between counceniration

of dissolved caroftene and color ahsorpiion is greatest. 7ith caroiene,

this i in She deep blus. Three readings, approximately at the peak of
absorntion bauds in the blue, are taken. The reading of the opiical

density and the calceulation of the carotens concontratlon at three dif=-
ferent points on iths absorpiion curve provides a cheek upon the purity
of the »igzment in sslutien.

The uze of a spactrophotomebtsr in reading carotene has the addi~
tiopal advantage of avoiding the use of the ctandard unecessitabted by

a colorimeter, OQwing to the instabiliity of a carotens solution, and

the difficulty and cost of presaring such a standard for each set of
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readings, a solution of one or more stable materials having a yellow
color approximating that of carotene, and so prepared as to have a cer-

tain carciene sguivalsnce, is usod as a workiag standurd ia the color

O

S

conparison. With the speetrophotometer, ths optical deasity of the
solution of carolens is read, and the concenmiration camlculsied from
the absorption goefficlent previously determinsd very accurately upon
a highly puzified =ample o £/31-Varouune. The caleulation is developed
from Beer's law. This siatss that JZ' = _jz C?-AC/ s in which "I®
represents the intensity of the iransmitied light, "I ™ the intensity
of the incident light, "e" the base of nntural logarithus, “K* the ab-
sorption coefficient characteristic of u substance at a definite wave
length and in a particular solvent, "e" the conceutration of the dise
gclved substance in grame per liter, and "1" the length of the path
through the soluticn which the transmitted light travels. TFrom the
expression ] [ el the ratio __‘]7,::_ = GAC/ ig easily de=

Lo

veloped., By definition, "I" or optical density, equals /n VAR

vlc
Therefors, D=kecl and C= éz )

Ju the ingtrument the light from the source iz separated into
two parallsl beazms of equal intensity, one of whieh passes through
a solution ¢f carotene of unknown concentration, and the ovther through
the same lenghth of colveni, into a {artens type polarizing phoitometer,
Here the two beans are plane polarized at ripght angles, made adjacent
to each other by an optical system, and pacsed through an analyzing
Niecol prism into the ocular slit of & spectrometer fitted with a
shuticer eyspiece. Tho observer here sees a rectangular field ian twe

s

divisions which are matched by rotating the ansaliyzing Hiecl prism of

S

the photometer until the halves merge. The pholometer is ealibrated
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to indicats directly the optieal demsity of the unknown soclution, and
from this and the absorption cosfficient the concentration is caleu~
lated,

It is evident that, aside from sxperimental errors in the an-
alysis, the acecuracy of the carotene determinations depends upon the
acecuracy with which the absorption cosfficient has been determined,
which, in turn, depends primarily upon the purity of the carotene
gtandard, The earotene used in ths defermination of the absorption
ceefficient in this investigation wes purchased from the Ameriean
Chlorophyll, Ine., of Alexandria, Virginia, in 0.1 g. vacuum sealed
vials, and purified according to the following procedure.

0,1 ga of crystalline‘/3-carotene is dissolved in 5 ml of chloro=-
form in a smsall test tube, A wad of cotiton is twisted on the tip of
a 10 ml pipette and the dissolved carotsne drawn through the cotton
inte the wvipette. The cotton is then discarded and the carctens solu-
tion pipetted into a 50 ml centrifuge tube, 25 ml of absolute methyl
aleohol are then added to precipitate the carotene, the mixturs shaken
for a few minutes, and centrifuged. The supernatant liquid is de-
canted, and the preeipitate washed by suspending in 15 ml of wmethyl
aleohol and centrifuging and decanting as before. The precipitate is
dizsolved in 5 ml of chloroform, filtered Lhrough cotton, centrifuged,
and decanted as described. The preecipitate is then suspended in 25 ml
of methyl alcchel and poured upon a no. 50 Uhatman filter paper in a
Buehner funnel and sucked just to dryness. The ecrystals are immediate-
ly transferred to a watch glass, and dried over phosphorus pentoxide
in a vacuum desicecator for an hour,

The crystals of purified /S-carotane were weighed and dissolved
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of chloroform, which was then mado up to 1 liter with petroleum

fad

in 3 m
etiisr, TFrom this stock golulion the dilutions usged in the spectro-
photometer in determining the absorption coefficients were prepared.
Two separats purifications and determinations were made. The figures
obtzined appear in table I. The absorption curve for /3-carotene wag
deterpined upon oue of the purified samplos, and is preseanted in fig-
ure 1. The wave lengins indicated in the table are those occurring
at the poaks of the absorption curve, znd were used in reading the
optical demsity of the unknowns. The respective absorption cosffi-
clents X average were used in the calculations,.

PABLE I. Absorption Coefficient "K"
of 3 =Carctene in Petroleum Bther at 25° C.

Sample Ho. 1 Ho. 2
Carotene

Conc., Mg/Liter .692 .346 +455

Tave Length, A° Ky Kg - Kg K ave.
4550 250 252 247 250
4700 220 221 217 219
4800 | 231 230 227 229

EXPERIMENTAL

The camplee used in this investigation were all hand-harvested
from pastures and cultivaled areas in and near Stillwater, Oklahoma.

In every case tho sample was cut on a clear day, whem dry, placed in
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a paper bag, and brought immediately to the laboratory. A weighed
sample was started drying to determine the moisture content, and an
analysis run at once upon the green material. The moisture content

was established so that all analyses of the sample could be referrsd

to the same basis, and the carotene values would thus be comparable.

In several cases a weighed sample of green material was placed in alde-
hyde=-free alcohol and stored at 0° C. for later carotene determinations.
The purpose of this was to determine whether or not the alecchol=-preser-
vation commonly used as a method of storing plant tissue until it can

be conveniently anmalyzed is suitable for use in carotene determinations,
The samples which were run green and those that were stored in aleohol
were ground to a pulp in alcohol with sand prior to analysis, to insure
complete extraction of the carotene. One portion of the sample was then
dried in the sun to prepare a hay comparable to field cured hay, and an-
other portion dried in the laboratory out of direct sunlight to produce
a hay that, when compared !ith the sun dried material, would give an
indieation of the effect of sunlight upon the carotene of forage. These
dried samples were ground and placed in sealed glass jars, and stored
upon shelves in the laboratory. Portions of several samples were also
stored in a dark refrigerated room where the temperature was never in
excess of 5° F. in order to determine the effect of storage temperature
upon carotene decomposition. Samples from the same source were taken
from time to time throughout the growing season, in order that the rel-
ative potencies could be established for the season eof the year as well
as for the manner of curing. GSamples were taken at the growth stages

at which feeders would make cuttings for forage purposes. Samples of

silage were taken at the shredder as it was elevated into the silo.
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The stored samples were analyzed at intervals in order to ascertain
the effect of time of storage upon the destruction of the vitamin.

In summary, carotene determinations were made upon samples as
follows:

Green samples,

Green samples stored in alcohol at 0° C.

Samples immediately after drying in the sum.

Samples immediately after drying out of direct sunlight.

Samples dried in the sun and stored at rcom temperaturs,

Samples dried in the sun and stored at 5° F.

Samples dried out of direct sunlight and stored at room temperature.

Samples dried out of direct sunlight and stored at 5° F.

Silages.

RESULTS

Table II presents most of the data that have been obtained in a
collective form. Whenever it has been thought advisable, a smaller
table has been prepared in order to make the results and discussion
clearer, Table II, however, demonstrates the higher carotene content
characteristic of plants dried out of direct sunlight in comparison
with those dried in direct sunlight. The difference is appreciable,
and the advantage is maintained throughout the storage of the material,
but the figures reported here for the dark-dried forage are still well
below those of the New Jersey Agricultural Experiment Station (33) and
those of E. E. Gordon and W. M. Hurst of the U. S. D. A. (11) for
machine dried forage. They state that the machine dried hay is very
nearly equal in carotene content to that of the greem forage from

which it is prepared. This indicates that the speed of drying of the
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forage is a very important factor in securing a hay of high carotene
content, and that the destruction of carotene in the drying process is
relatively rapid.

Table III presents the data obtained for the alechol preserved
samples in comparison with the values of the original green forage.
While it would, in many cases, be convenient to be able to postpone
the analysis of a sample until a later time, it ie obvious that the
method of preservation in alecohol at 0° C. is unsatisfactory as far
as carotene is concerned,

TABLE TII., GCarotene Content of Samples Stored
in Alcohol at 0° C.

Carotene
Carotene of alcohol-

of green Period of stored
Date sample storage sample

Sample run ___ (p.p.m.) (days) (pepem.)
Alfalfa 6-23-37 207.3 164 60.6
Atlas so!‘ghull 6= 9-37 ".5 18‘0 "9.?
Little blue stem 7=21=-37 96.3 165 68.7
Soy beans (pod stage) 8~ 4-37 106.9 160 39.2
Mung beans (bud stage) 8- 4-37 192.6 160 32.5

A surprisingly good preservation of carotene is noted in the case
of the dried material stored at 5° F., according to figures presented
in table IV. Yhile the material stored at room temperature for a com=
parable length of time had its carotene content reduced to a very small
and practically negligible value, the carotene content of the material
stored at 5° F. retained its value with but 1ittle reduction below that
of the original dried forage. While low temperature storage is obvi-
ously impractical for forage, it may have considerable application in
maintaining a high carotene content in the case of certain more wvalu-

able concentrates.



TABLE II. The Carotene Content of QOklshoma Feeds¥®
Carotens Carotens CAROTENE OF STORED DRIED
of of FEED, IN P. P. M. ON THE
green Method dried DRY BASIS AT APPROXI=-
Kind of Date feed of feed MATE PERIODS
Feed run (pepsms)  drying (pep.ms) lmo, 3mo, 6mo. 1yr,
Alfalfa 6-23=37 207.3 Sun 80.9 54.3 38.7 255 3.7
Alfalfa Dark 106.5 72,1 50,3 36.5 5.9
Alfalfa 5-16~38 352.7 Sun 107.8 89.3 57.0 28,2
Alfalfa T-26=38 209,8 Sun 78.5 54.7 38.8 27.6
Alfalfa 9=-26-38 391.4 Sun 143,2 88.9 673 36.5
Bermuda 6= 1-37 225.5 Sun 101.9 45.3 4.8
Bermuda mk 12?. 5 54’. 3 6. 3
Bermuda Dark 123.4 T35 43.4 5.8
Bermuda 4= (=38 394.3 Sun 175.3 128.7 8l.2 40,7
Bermuda 5«16«33 373.0 Sun 184.5 147.5 112.5 46.7
Bermuda 7=26-38 258.5 Sun 121.2 87.3 67.3 24.1
Berauda 9~26-38 366.3 Sun 158.4 91,3 70.7 41.2
White 6~ 1-37 185.6 Sun 61.2 46.4 24,1 3.4
Clover Dark 88,3 65.4 35.6 4,9
S‘O.‘t 6"30-37 190.3 3“ 98.' 66-5 5.3
Clover Dark 139.8 89.7 7.2
Atlas 6- 9-37 99.5 Sun 55.6 20.3
Sorghum Dark 71.2 38.4
Sorghum 4= §=38 164.8 Sun 5T7.3 42.0 287 17.5
Sorghum 9~26~38 76.6 Sun 42.5 38.5 2643 l6.1
(mature)
Rye Grass 4- 6-38 318,3 Sun 135.2 8l1.9 62.3 31.7
Rye Grass 5«16-38 213.8 Sun 104.5 T77.8 53.4 24,8
Johnson 6=30~37 74.8 Sun 43,2 4,2
Grass (seed stage) Dark 57.5 8.9



TABLE II CONT'D. The Carotene Content of Oklahoma Feads*

Carotene Carotene CARCTENE OF STOREZD DRIED
of of mn| IN P. P, M, ON THE
green Method dried DRY BASIS AT APPROXI-
Kind of Date feed of feed MATE PIRIODS
Feed run (pepom.) dryiang (pepem.) lmo, 3mo, 6mo, 1yr,

Johnson Grass 5=16-38 117.0 Sun 62.5 43.7 32.7 20,1

(seed stage)
Johnson Grass 9~26-38 69.0 Sun 38.7 27.3 13.7 11.2

(seed stage)
Big Blue T=21=37 116.6 Sun 48,3 9.6

Stem Dark 69.4 17.6
Little Blue T=21=37 $6.3 Sun 45,2 12.7
Switeh T=21=37 73 Sun 3%.3 11.6

Grass Dark 47.8 13,%
Soy Beans 8-14"’37 108.9 Sun 48.6 33.4 6.3

(pod stage) Dark 61,2 40,7 9.3
Soy Beans (young) 9-26~338 251,3 Sun 139,.3 122,7 84.7 6.6
Mung Beans 8~ 4-37 192.6 Sun 102.4 47.9 5.3

(blﬂ ﬂt!g.) Dark 121.1 63.4 53
Mung Beans 9-28-38 249.3 Sun 154.3 12845 82.1 49,7

(bud stage)
Mung DBeans 9-28-38 98.7 Sun 64.6 51.3 35.5 24.2

(pod stage)
Theat 4~ 6-38 298.3 Sun 126.1 86.9 77.8 43,2
Theat §-16-38 181.3 Sun 96.7 79.6 61.3 28,9

#All carotene values presented in the tables in this thesis are stated in parts per million (p.p.m.)
on the dry basis. To convert to U, 8. P. XI Units and/or International Units of vitamin A per
gram of dried material divide the p.p.m. value by 0.6. To convert to U. S. P. XI Units and/or
International Units of vitamin A per pound of dry material multiply the p.p.m. value by 756,



TABLE IV. Stability of the Carotene of Dried Meals
Stored at 5° F.

Carotene Carotene STORAGE AT STORAGE AT
of of ROOM !go °° ¥,

green Method dried Stor- Caro- Stor- Caro-
Kind of Date sample of sample age tene age tene
Feed run _ (p.p.m.) drying (p.p.m.) (days)(p.p.m.)(days)(p.p.m.)

Alfalfa 6-23-37 207.3 Sun 80.9 347 3.7 342  63.4
Dark 106.5 347 $S.9 342 87.8
Bermuda 6- 1-37 225.5 Sun 101.9 369 4,8 364 80.2
Grass Dark 127.5 369 6.2 364  98.7
Bermuda 7-28-37 223.8 Sun 93.2 Nl 4,2 307  65.6
Grass Dark k4 M 5.8 307 95.2
White 6- 1-37 185.6 Sum 6l.2 369 3.4 364  42.7
Clover Dark 88.3 369 4,9 364  6l.3
Sweet 6-30-37 190.3 Sun 98.7 338 5.3 233 5.2
Clover Dark 139.8 338 7.2 333 106.5
Soy Beans 8~ 4-37 106.9 Sun 48,6 327 6.2 298  36.3
(pod stage) Dark 61.2 327 9.3 298  47.5
Hung
Beans 8~ 4-37 192.6 Sun 102.4 358 $5.3 2/  72.3
(bud stage) Dark 121,1 358 7.5 298 91.5

It has been observed in this laboratory that the carotene content
of a forage varies from high in spring to low in mid-summer and back to
high in the fall in accordance with the seasonal variation of climatic
conditions from warm and moist in the spring to hot and dry in the
summer and back to warm and moist in the fall. This observation has
been supported in the literature (4,31). The seasonal variation of
carotene content is shown in table V, A and B.

TABLE VA. Variation of the Carotene of Alfalfa
With the Season

Stage of Carotene
_Date _growth (pepems) Seasonal condition
4- 6-38 4" high 373.3 Spring
5-16~-38 First cutting 252.7 Later spring-warmer and drier
7-26~38 Summer cutting 209.6 Summer

9-26-~38 Fall growth 391.4  Fall-fall rains begun




TABLE VB. Variation of the Carotene of Bermuda
Grass With the Season

“Carotene
Date (pep.m.) Seasonal condition
4~ 6-38 394.3 Spring
5-16-38 373.0 Later spring-warmer and drier
7-26~38 258,5 Summer
9=-26-38 386.3 Fall=fall rains begum

As illustrated by table VI, there is considerable variation of
carotene content with the stage of growth of a plant. This observation
is supported in the literature by Virtanen, Hausen, and Saastamoinen (38)
who state that the carotene content of a plant inereases rapidly to the
time of blooming, and then diminishes continuously during the remaining
life of the plant. This parallelism of carotene content of a plant and
rapidity of growth may be explained by the fact that carotene is form=-
ed by a photochemical reaction concurrently and in close association
with chlorophyll (41), and is thus formed most rapidly when growth of
the plant is most rapid. This parallelism of chlorophyll and carotene
allows the green chlorophyll color of a plant to be used as a qualita-~
tive index of the relative quantity of carotene in the plant; i.e.,
the greener a plant is the higher its carotene content will be, and
conversely, plants which have faded or yellowed will be low in caro-
tene content. The bleaching of the chlorophyll in a hay also appears
to approximate rather roughly the decomposition of the carotene in
the plant, both in the curing of the hay and in the storage of the

dried hay.



TABLE VI, Variation of Carotene With Stage of Growth

Kind of Stage of Date Carotene content
Feed _growth run (pepems, dry basis)
Sorghum Young 4~ 6-38 164.8
Sorghum Mature 9=26~38 76.6
Johnson Grass Young 5=16=38 117.0
Johnson Grass Seed Stage 9=-26-38 69.0
Johnson Grass Seed Stage 6=30-37 74.8
Soy Beans Young 9-26-38 251.3
Soy Beans Pod Stage 8~ 4-37 106.9
Mung Beans Young 9-28-38 249.3
Mung Beans Bud Stage 8~ 4-37 192.6
Mung Beans Pod Stage 9-28-38 98.7
vheat Young 4~ 6-38 298.3
Wheat Started to Head 5-16-38 181.3

The values given for the silages in table VII indicate that the
carotene of silage is relatively stable over long periods of time.
This conclusion has been supported in the literature (36), with addi-
tional evidence also that the carotene content of silage preserved by
the A. I. V. method, in which the silage is brought to a pH of 3 to 4
with sulfuric or hydrochloric acid, is maintained practically unchanged
(32,37). There is evidence, however, that in silage the yellow color
in petroleum ether used as an index of carotene content in the analysis
is due to some extent to substances other than carotene, presumably pro-
duced by bacterial action., This illustrates the inherent weakness of
the analytical method used, that it is a measure of yellow color, which
may or may not be due to carotene entirely, and not a measure of biolog-
ical activity, which is what the analysis proposes to determine. That
the yellow color is due to caroteme, and that the colorimetrie method
is an accurate estimation of biological activity, has been proven for
green and dried feeds by direect comparison with bieological assay

(8425,33), but apparently this does not hold as striectly in the case



of silage. However, the carotene content of silage is well preserved
upon storage, and ensiling a feed is an excellent method of preserva=-
tion from the vitamin A standpoint (30).

TABLE VII. Carotene Content of Silages
(pepem., Dry Bagis)

Carotene Time Carotene

Date when of storage of
Kind of silage ensiled ensiled (!gqjggg silage
Corn-poor grade, burnt,
added July 1937 20 22 12.9
Kafir-shocked and headed Dec. 1938 20 6 8.6
Mung Bean-pod stage Oct. 1938 98.7 8 83.8
Cane~early maturity Aug, 1938 108.1 7 46.4

Table VIII lists the carotene content of several chicken feeds
which were analyzed in the course of routine work in the laboratory.
In all these mashes it may be noted that the carotene content of the
parent mash was zero, and that the addition of carotene-containing
supplements raised the carotene content.

TABLE VIII. Carotene Content of Chicken Feeds

Carotene
Description of Feed content
Wheat Base lfix 0
Barley and vhesat Mix 0
Bleaching Mix 0
Base Mix + 207 Yellow Corn Meal 0.2
Base Mix + 507 Yellow Corn Meal 0.4
Base Mix + 2 1/27 Alfalfa Meal 1.8
Base Mix + 57 Alfalfa Meal 2.7
Base Mix + 107 Alfalfa Meal 6.8

The range of carotene values presented in these tables does not
differ appreciably from values found in the literature (4,6,9,10,12,
17,18,33,34), and the literature also supports the conclusion that

the chief factor in securing a high carotene value in a hay is the

26



speed with which the hay is cured and removed from exposure to sun-
light and weathering (11,13,14,18,31,33). The range of carotene val=-
ues which may be expecied are summarized in table IX. The high and
low values represent the range that has been found. The high values
were found with young green fast growing plants, grown in the spring
or fall when moisture was plentiful, and run at a sufficient state of
maturity to be suitable for feeding purposes. The low valuees were for
more mature plants, and plants growing during the summer when rainfall
was slight and the temperature high. These low.valuoa were for plants
that were still green, and had not been seriously wilted by exposure
to sunlight or drought.

TABLE IX. Range in Carotene Values of Oklahoma Feeds
(111 PePsley Dry Miﬂ)

CAROTENE CAROTENE CAROTENE

__GREEN_ ____DRIED 6 0. STORAGE

Kind of Feed High Low High Low  High Low
Bermuda 375 225 185 100 85 30
Alfalfa 390 200 200 80 90 20
Sorghum 165 75 90 35 40 10
Johnson Grass 90 60 50 20 20 7
Soy Beans 250 100 140 45 120 25
Mung Beans 200 100 100 45 70 25
Theat 300 180 140 70 80 25
Vhite Clover 185 20 65 45 25 15
Sweet Clover 100 80 55 35 30 15
Biz Blue Stem 120 70 60 30 20 7
Little Blue Stem 100 65 55 30 20 7
Switeh Grass 80 50 45 25 15 5
35

Rye Grass 320 200 160 105 70

The carotene content of a dried feed is subject to so many factors
contributing to its variability that it is very difficult to predict
what its value will be (14). Besides the influence of the stage of
growth, climatic conditions and soil fertility have their effects upon

the concentration of caroteme in a green forage. The curing of the
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forage is the most important factor in determining what the carotene
content of a hay will be, with the protection given the hay in storage
and the time of storage also entering in. For reasonably good hay
making, however, the carotene content of the hay will be appreximately
half that of the green forage, and the carotene content of the hay upon
storage in a good barn for six months will drop to about one-third the
figure for the freshly cured forage.

All carotene values that have been given have been stated in parts
per million (p.p.m.) on the dry baesis. To convert into U. 8. P. XI
Units and/or International Units per gram of dried material divide the
p.p.m. value by 0.6. To convert to U. S. P. XI Unite and/or Interna-
tional Unite per pound of dry material multiply the p.p.m. value by

756.



SUMMARY

1, The carotene content of several Oklahoma feeds has been found
to have about the same range as values found in other sections of the
country, with a somewhat greater variation due to the more varied type
of elimate characterietic of Oklahoma,

2« The carotene content of a plant varies with the state of ma-
turity in accordance with the rapidity with which the plant is growing,
i.e.y the carotene content inereases to the time of blooming, and then
decreases,

3. The carotene content of a plant is influenced by the season
in accordance with the favorableness of that season for growth; i.e.,
in the spring end fall, when the moisture and temperature are right
for rapid growth, the caroteme content of plants will be relatively
high, while in the summer, when growth is retarded by the hot dry
weather carotene values will be low.

4. The exposure of forage to the sun and weather in field cur=-
ing should be as brief as possible, as these are the chief factors in
the destruction of carotene in a feed.

5. TFor a hay correctly made the carotene value will be about half
that of the green forage, and will drop to about one~third of that value
upon six months storage under good conditions.

6. The carotene of silage appears to be guite stable over long
periods of time, and may be expected to be not less than half the orig-
inal value at six months storage.

7. The green chlorophyll color of a feed is a useful gqualitative
index of the carotene content of that feed.

8. The methods and principles proposed for the preparation of a
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feed of high carotene value are identieal with those uniformly recom=
mended by agricultural experts for the curing of roughages with the
minimum loss of nutritive value and palatability. Thus the feeder
who follows the precantions recommended for the preparation of feeds
of high carotene content will reap two-fold benefits; in addition to
having & feed of higher carotene value he will also have a feed which
is of higher food value.

9. The carotene content of a feed is subject to so many variables
that it is very difficult to predict its value by inspection alone with

any degree of accuracy.
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