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ABSTRACT

The factors affecting egg yolk pigmentation were studied vith
White Leghorn hens fed diets containing dehydrated alfalfa steal as the
sole source of xanthophyll pigments. The stability of the carotenoid
pigments in the presence and absence of an antioxidant (ethoxyquin)
was determined by chemical analyses of the feeds prior to and after
storage* The biological activity of the dietary pigments was also
estimated from the relative concentration of acetone extractable pig
ments obtained in the egg yolks with the feeding of these diets*
The first study in this series was conducted during the months
of July and August. The feeding of the antioxidant in the presence of
dehydrated alfalfa meal in the diet resulted in a 53*76 per cent
improvement in egg yolk pigmentation. A partial explanation of the
improved yolk pigmentation, could have been the 32.16 per cent loss of
carotene, and 2U.01 per cent loss of xanthophylls from the feed during
the three-week storage period. However, these data also indicated a
possible in vivo activity of the antioxidant in the protection of
xanthophylls since only 21;.01 per cent of the xanthophylls were
destroyed in the feed while egg yolk pigmentation was improved by 53*76
per cent*
The effect of temperature on feed stability of carotenoida was
determined in a similar study conducted during the months of November
and December, at which time the prevailing ambient temperatures were
yii

considerably lower than during the July and August study. In this
instance, essentially no loss in carotenoid pigments from the feed
was noted during the two-*week storage period. However, an average
increase of 21.50 per cent in the concentration of acetone extractable pigment in the yolk was obtained with the feeding of the anti
oxidant in the diet*
In order to evaluate further the in vivo activity of ethoxyquin, the antioxidant was administered at the same dosage levels 3
times daily by capsule or parenterally. The administration of ethoxyquin either by capsule or injection proved to be 88 per cent as
effective as when the antioxidant was ingested with the feed. When
dietary antioxidant (ethoxyquin) was absent, 21 per cent less egg
yolk pigmentation was noted and 12 per cent of the dietary xanthophylls
were lost during the storage period.
The dehydrated alfalfa meal samples employed in these studies
contained cryptoxanthin, lutein, violaxanthin, zeaxanthin, flavoxanthin and three unidentified xanthophylls and beta-carotene by
chromatographic analyses* Analyses of feces and of egg yolks obtained
from hens fed dehydrated alfalfa meal indicated that violaxanthin,
although previously found in the feed, was completely absent from each
of these samples. Beta-carotene, cryptoxanthin, lutein, zeaxanthin,
and flavoxanthin were present to the extent of U2.19, 1.97, U2.?6,
U.70, and 8.16 per cent of the carotenoids ±a the feces as compared
to 1.96, 3«5>U, 82.31, 10.01, and 2.12 per cent of the carotenoids in
egg yolk for the respective pigments. These data indicate relatively
low absorption rates for beta-carotene aid flavoxanthin as compared
viii

to lutein, while cryptoxanthin and especially zeaxanthin were
absorbed to a relatively greater extent than was lutein.
From these data it would be expected that yellow corn, which
contains a relatively large amount of zeaxanthin, would be a more
effective source of egg yolk pigmentation than dehydrated alfalfa
meal* Yellow corn was found to be Hid per cent more effective for
coloring egg yolks than dehydrated alfalfa meal when fed to laying
hens*

- ix

CHAPTER I

REVIEW OF LITERATURE

ISS£
One of the earliest investigations with Brian pigments was
that eondncted by Stadeler (1867), who obtained a colored solution
upon extraction of the egg yolk with organic solvents. Stadeler
attributed the extracted color to the presence of bilirubin in the
fresh yolk. However, Thudicum (1869) demonstrated the unsaponifiable,
fat-soluble nature of the yolk pigments as being similar to those of
butter, corpus lutea and plant materials* Schunk (1903) isolated
several natural plant pigments, compared the absorption spectra with
those of the yolk pigments and concluded that the pigment in egg
yolk was identical with that of leaf xanthophyll (lutein). WiHstatter
and Escher (1911) prepared a crystalline pigment from eggs and proposed
the formula of C^QH^Og which was identical with that of leaf
xanthophyll (lutein)* A second pigment found in yolks in very small
quantities was identified by the same workers as carotene*
Gillam and Heilbran (1935) showed the presence of at least
three pigments in normal yolks; xanthophyll was present in the greatest
amount and the others were found to be cryptoxanthin and beta*carotene.
Eggs from hens fed a diet in which yellow corn was the predominant
grain were found to contain carotene, cryptoxanthin and other
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xanthophylls in a ratio of 1:13 f 120, respectively* The work of
Kuhn, Winterstein, and Lederer (1931) shoved that when a con
ventional diet was fed to hens, the yolk pigments consisted of a
mixture of 70 per cent lutein and 30 per cent zeaxanthin* Yolk
pigments were thus regarded as a mixture of lutein and zeaxanthin
with smaller quantities of cryptoxanthin and beta-carotene*
Peterson et al* (1939) showed that the xanthophylls were
stored in the egg mainly in the "free form" since only about 8 per
cent of the pigments were esterified* Hughes and Payne (1936)
noticed that laying hens, fed green feed (green barley or dehydrated
alfalfa) in the diet, deposited l5»7 and lf>*8 per cent of the plant
xanthophyll pigments, respectively, in the yolk* Only 2*6 per cent
of the beta-carotene from the green barley and 2*5 per cent from
dehydrated alfalfa were found to be deposited in egg yolks* Marusich
et al. (I960), employing pure carotenoids, reported a value of 13*9
per cent for the deposition of pigments from alfalfa meal and as high
as 26 per cent deposition when canthoxanthin was fed*
Various workers have shown that apart from lutein
(xanthophyll), zeaxanthin, cryptoxanthin and beta-carotene, a nunfcer
of other carotenoids fed to the laying hen were deposited to some
extent in the yolk* Brown (1938) reported that capsanthin was
deposited in the yolks from hens fed pimento peppers* Marusich
et al. (i960) tested the yolk pigmentation properties of a series
of pure carotenoids, including canthaxanthin, isozeaxanthin,
isozeaxanthin diacetate, isozeanthin dimethyl othei, capsanthin,
violaxanthin, zeaxanthin, and beta-apo-d'-carotenal and concluded
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that all of the tested pigments, except violaxanthin, were deposited
In the yolk* Earlier studies of Brockman and Volker (1934) showed
that when oil solutions of carotene, lycopene, or violaxanthin were
fed to White -Leghorn hens, carotene and lycopene were found in only
trace amounts in the egg yolks, whereas violaxanthin was apparently
not present* However, the controversy regarding the carotenoid
epoxides, violaxanthin and flavoxanthin, Wiich Karrer et al* (19U8)
have claimed were not deposited in the egg yolk, should be noted*
Skin, Fat, Liver» and Eyes
Palmer's (1919) work demonstrated that cockerels fed a
carotenoid-free ration showed only trace amounts of carotene in bo$y
tissues, but when a diet rich in xanthophylls was fed, birds showed
the presence of xanthophylls in body fat three days after feeding*
Palmer also claimed that dietary xanthophylls, but not carotenes,
occur in blood plasma, fat and skin (especially the shanks and claws)*
Lutein, the main pigment noted in these tissues, was in an esterified
form.
The main pigments of body fat and liver of turkeys and hens
was shown by Quilbert and Hinshaw (193U) to be xanthophyll (lutein).
Wald and Zussman (1938) found that cones of chicken retinas contained
oil globules which yielded a red acidic, a golden alcohol, and a
greenish yellow hydrocarbon fraction upon separation* These three
fractions were crystallized and carotenoids possessing the properties
of astacene, xanthophyll (lutein), and an unidentified hydrocarbon were
obtained* The same workers noted that neither astacene nor the retinal

hydrocarbon could be found in ohlcken egg yolk, liver, or blood serum,
Howerer, the red retinal droplets were found to appear In chick
embryos veil before hatching, even though astacene itself was absent
from the yolk. From these studies it vas concluded that astacene and
the hydrocarbon could be synthesized by ?he chicken. Later vork shoved
that the greenish yellow hydrooarbon fraction of the retinal extract
vas similar to the bacterial carotenoid, soreinene (Goodwin, 195k)•
The yellow component was a mixture of lutein and zeaxanthin in the
same ratio as found in the egg* Astacene, of Wald and Zussman (1938),
was found to be an oxidation product of astaxanthin by Goodwin (195U)*
Feathers
The colors of the feathers of a number of birds, particularly
tropical and sub-tropical birds have brilliant color (Karrer, 1950)*
Goodwin (195k) suggested that the feather carotenoids of birds, were
analogous to the carotenoids stored in the external structures of
sea-creatures, both being xanthophyllic in nature. In bird feathers,
in addition to basic blue, white, and melanin pigments, various red
and yellow lipochromes of carotenoid nature have been reported
(Karrer, 1950)* Bird feathers have been shown to contain only
earotenoids of xanthophyllic nature, viz* lutein, seaxanthin, and
capsanthin*
Brockman and Volker (193U) have also shown in feeding experi
ments that canaries which had white feathers as a result of feeding
a xanthophyll-free diet were unable to absorb beta-carotene, lycopene, or violaxanthin or to deposit these in the feathers, even
though the birds were in an otherwise healthy condition* However,
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the birds assumed their original color after feeding xanthophyll or
seaxanthin* The paprika pigments were also found to be absorbed and
deposited in the feathers, thereby imparting a red color (Karrer,
1950)* Examination of the feathers of xanthophyll-fed birds by
Brocknan and Volker (193U) shoved that apart from xanthophyll
(lutein), a transformation product of this pigment was also present
in the feathers of canaries* This pigment was named canaryxanthophyll* Karrer (1950) has suggested that xanthophyll was converted
into canaryxanthophyll in the digestive tract* However, the con
stitution of canaryxanthophyll is not known*
Metabolism
Although considerable information has become available on the
metabolism of the naturally occurring vitamin A-actlve carotenoids,
the carotenes and cryptoxanthin, the metabolism and biological
function of xanthophyUs in avian species is still obscure and the
biological significance of carotanoid pigments in b irds has yet to
be clearly ascertained* It is interesting to note that birds resemble
mammals in their ability to convert carotene to vitamin A, but store
the polyene alcohols (xanthophyll8) in liver, body fat, skin, feathers,
shanks, etc., in preference to polyene hydrocarbons (carotenes) in
contrast to the deposition of beta~earotene in mammals (Peterson
et al* 1939 ; Goodwin, 19$U)•
Palmer and Kenpster (1919) indicated that birds can be raised
on diets containing vitamin A without any xanthophyll8, and that the
absence of carotenoids from the diet from the time the birds were
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hatched through maturity had no effect on either growth or re
production. It was concluded that the transfer of carotenoid
pigments from the diet to the yolk during laying was simply an ex*
cretory process] replacing the process of accumulation and perhaps
oxidation of the pigment in the skin of the fowl during periods of
non-laying* Plimmer et al* (1923) also failed to note a relation*
ship between egg yolk color and hatchability* Capper et al* (1931)
found that vitamin A in the diet of chickens could be completely
replaced by beta-carotene* Beta-carotene did not produce pigmentation
of the beak and shanks since it was apparently rapidly converted to
vitamin A* Kline, Schultze, and Hart (1932) found that xanthophyll
(lutein) exerted no vitamin A activity viien fed to growing chicks,
bat was also non-toric at the levels fed*
While these reports did not indicate any apparent biological
function for xanthophylls, other workers have implied a biologically
important role in the chick and laying hen for their pigments*
Virgin and Klussman (1932) indicated that the hen may be able to
utilize xanthophyll (lutein) by converting it either to a pro
vitamin A or into same other growth promoting factor* Further,
Rydbom (1933) found that although rats could not be maintained in
definitely on diets in which beta-carotene has been replaced by
xanthophyll (lutein); guinea-pigs continued to grow on such diets*
Ton Euler and KLussmann (1932) concluded from a study of vitamin A
storage in pigeon liver that both b eta-carotene and xanthophyll
(lutein) were capable of increasing the liver concentration of a
substanee having an absorption at 328-330 n/fc

7

Grimbleby and Black (1950) noticed that when the carotenoid
pigments of grass were fed as the sole source of vitamin A available
to hens there vas a highly significant correlation between total
pigment and vitamin A content of individual eggs. It was concluded
from regression equations that per milligram of egg yolk pigments
there was 229, 197 f 206, and 238 I* U* of vitamin A in the livers of
the four Rhode Island Red hens of their study. In a later study the
same workers (Grimbleby and Black, 19$2) analyzed eggs from Rhode
Island Red hens maintained on a grain ration free of both pigment
and vitamin A and allowed free range over good pasture as a source
of xanthophyll (lutein), cryptoxanthin, and beta-carotene. The yolk
pigments were found to be mainly a mixture of lutein and zeaxanthin,
while crypotxanthin and beta-carotene were present only in small
quantities. The average ratio of xanthophyll (lutein), cryptoxanthin,
and beta-carotene was 1000:31:3, The presence of such quantities of
cryptoxanthin compared to the very low values for beta-carotene in
the yolk was explained as possibly being due to the fact that crypto
xanthin was not converted to vitamin A as readily as beta-carotene*
Further, since they were not able to detect cryptoxanthin in the grass,
and cryptoxanthin had not been reported as a constituent of grass, its
presence in all the eggs analyzed led them to conclude that the hen
was able to convert other carotenoid pigments to the vitamin A active
compound, cryptoxanthin. However, they were not able to determine
which carotenoid pigment acted as a precursor of cryptoxanthin*
Qoldhaber et al, (1950) found that oral supplementation of
crude xanthophylls prevented the appearance of deficiency symptoms in
in 23 out of U8 (1, e, 5Q£) chicks raised on a vitamin E-deficient
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basal diet* This protection vas attributed to antioxidant
activity of the xanthophyUs. They also noticed that addition of
20 per cent cod liver oil to a natural diet caused a narked decrease
in the plasma xanthophyll level* Vitamin E deficiency symptoms
occurred in these animals, when the plasma-xanthophyll level had de
creased to 0*1 optical density units; thus, indicating a correlation
with the destruction of xanthophyll by cod liver oil* These workers
concluded that an unknown factor (probably the unsaturated fatty
acids) in cod liver oil, as well as vitamin A contributed to the
destruction of xanthophyll, and further that the protection of
xanthophyll by tocopherol occurred only in the gastro-intestinal
tract*
XanthophyUs were found to be laid down in the skin and shanks
as esters, and mobilized in the free state into the eggs during the
laying process. This transfer occurred even when hens were maintained
on a carotenoid-free diet during the laying period (Bohren and
Thompson, 19k$)» Two groups of Rhode Island Red pullets, one reared
on a low and one on a high pigment diet, were both fed a diet of
extremely low-carotenoid content at the onset of egg production* All
egg yolks produced during the first 21 days and the U2nd, li9th, and
8Uth days following the introduction of the low pigment diet were
analyzed for carotenoids* Yolks from hens grown on a high carotenoid
diet rapidly declined in pigment for the first 10 to 12 days, after
which time the decline became more gradual. After 8U days on the low
pigment diet, the yolks from hens raised on the high pigment diet
contained two to three times the quantity of pigment found in the yolks

from hens raised on a low earotenoid diet* It was suggested that
the yolk obtained small but persistent amounts of pigment from some
source other than feed, probably boty tissues*
Bohren and Thompson (191(5) have reported that xanthophylls
disappeared gradually from the yolk when hens were maintained on a
low pigment diet during the laying period* Grimbleby and Black
(1950) showed that earotenoid pigments stored before the initiation
of laying, were transferred in high concentrations to the first few
eggs laid, and that the concentration declined rapidly as the laying
period progressed due to the exhaustion of bocfy reserves* However,
the transmission 0f xanthophylls from the feed to the yolk is a rapid
process* Heiman and Wilhelm (1937) reported that dietary xanthophylls
were transferred within 1*8 hours after feeding* Common and Bolten
(19U6) have reported that body stores of carotenoids were mobilized
into the blood by heavy doses of estrogens*
Effect of Antioxidants on the Metabolism of Xanthophylls
The effect of antioxidants on the utilization of earotenoid
pigments in rats and chicks have yielded conflicting results* High
et al* (1952) reported that a ratio of 0*5 mg* of antioxidant to 33
meg* of carotene per day increased the deposition of vitamin A in rat
livers* In a later communication, High et al* (195U) found that a
hiratio of antioxidant, 10 mg* per day of 2,5~ditertiary-fcutylhydroquinone, octylhydroquinone, or ditertiary-butyl-4|-hydroxyanisole per 33 meg* of carotene decreased vitamin A deposition from
carotene in rat liver* Large amounts (10 mg* per day) of alpha-
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tocopheryl acetate, monotertiary-butyl-hydroquinone and octylhydroquinone were without effect on the utilisation of preformed
vitamin A. and did not interfere with the absorption of carotene
from the alimentary tract* The antioxidants markedly protected
carotene against oxidative destruction in vitro# These authors,
(High et al., 195U) suggested that the site of action of anti
oxidants as well as that of vitamin E (in large amounts) was in the
intestinal wall or at the site of conversion of carotene to vitamin
A.
Potter et al. (1956) while studying the effect of antioxidants
on the utilization of carotenoid pigments by chicks found that the
addition of DPPD^to a semipurified vitamin A-low ration with alfalfa
leaf meal as the sole source of carotene, produced a substantial
increase in the amount of vitamin A and carotenoids in the blood
plasma and liver; the addition of BHT2 tinder the same conditions re
sulted in a relatively small increase. It was also noticed that a
combination of DPED and vitamin

produced substantial increases in

the vitamin A and carotenoid storage in liver and blood plasma, but
only small increases in carotenoid storage in the skin* Matterson
et al. (1956), employing growth, along with plasma, liver vitamin A,
and skin carotenoid concentrations as criteria, found that DPPD and
BHT were not significantly different in their effect on the utilization
of carotenoid pigments from alfalfa. Harms et al« (1958), in an effort

L)iphenyl - £-phenylanediamine.
2

Ditertiaiywbutyl-|>-cresol, "butylated hydroxytoluenew#
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to determine the effect of feeding DPFD in the diet, found that DPFD
significantly decreased skin pigmentation of broilers.
At the present time ethoxyquin (1,2-dihydro«^>-ethoxy-2,2,1;trimethylquinoline), commercially known as Santoquin^", is widely used
in feeds* Waldroup et al* (I960) reported that the addition of 0*0125
per cent ethoxyquin to broiler diets significantly increased the de
position of the pigment in the skin and shanks of broilers* A similar
effect in chicks, concerning the effect of ethoxyquin on the pre
servation and deposition of xanthophylls was reported by tamoser et al*
(1959).
Since there is controversy regarding the availability of the
epoxy-carotenoids, vLolaxanthin, and flavoxanthin, for deposition in
the egg yolk (Brockman and Volker 193U, Karrer et al* 191+8, Marusich
et al* I960), and since there is no available analytical data for these
types of carotenoid pigments on fecal samples, the work reported here
was undertaken to establish a qualitative relationship between carot
enoid pigments, particularly xanthophylls, in mixed feed containing
dehydrated alfalfa meal, fecal carotenoid excretion, and carotenoid
deposited in egg yolks* Further, in view of the conflicting reports
regarding the effects of antioxidants on the metabolism of the carot
enoid pigments, the effect of ethoxyquin upon the utilization of carot
enoid pigments by laying hen was studied* The relative efficiency of
feeding,parenteral administration of the antioxidant and of environ
mental temperatures were evaluated in order to determine the site of
action of the antioxidant in the protection of carotenoids,
^Registered Trade Mark Monsanto Chemical Company.

CHAPTER II

EFFECT OF ANTIOXIDANTS ON THE METABOLISM OF XANTHOFHTLLS

Introduction
The dietary source of carotenoid pigments, their chemical
nature and absorption through the gut, seem to influence pigment
deposition in skin, shank, and egg yolk. Studies relating the
effects of dietary antioxidants to vitamin A, to vitamin A pre
cursors, and to other carotenoid pigments have produced conflicting
results*
Harms et al* (1958) observed that the feeding of DPH) in
the diet significantly decreased skin pigmentation in broilers.
Increased pigmentation was noted as milo was replaced with yellow
corn or as the amount of alfalfa meal fed in the diet vas increased*
However, a significant relationship between antioxidant level and
yellow pigment deposition in the skin of broilers vas not obtained*
Potter et ajL(1956) reported that the feeding of DPFD with dehydrated
alfalfa meal as the dietary carotenoid source, produced substantial
increases in the concentrations of vitamin A and carotenoids in the
blood plasma and liver of chicks over the concentrations noted in the
same tissues without this antioxidant* Matterson et al* (1956) com
pared the influence of DPH) and BHT on the utilisation of carotenoid
pigments fron dehydrated alfalfa meal as precursors of vitamin A and
12
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sources of skin pigments* Employing growth, plana and liver vitamin
A, and skin carotenoid levels as criteria, DPPD and 6HT were not found
to be significantly different in their effects. Romoser et al* (1959)
reported that the feeding of ethoxyquin at either 0.05 per cent or
0*0125 per cent of the total diet increased skin pigmentation of
broilers fed diets containing carotenoids. Waldroup et al* (I960)
also reported that the use of 0*0125 per cent ethoxyquin in the diet
produced a highly significant increase in the intensity of yellow
pigment in the skin and shanks of broilers. Birds receiving diets
containing ethoxyquin were significantly heavier than those fed diets
containing no antioxidant, but utilisation of the feed was not affected
by the addition of ethoxyquin to the diet*
In the present studies, the quantitative deposition of
carotenoid pigments in egg yolk by laying hens was used as a criterion
of the effects of ethoxyquin feeding in a diet containing dehydrated
alfalfa meal as the sole source of carotenoid pigments*
Experimental Procedure
Feeding procedure - - ^ingle Comb White Leghorn pullets were
maintained on a low-pigment diet (Table 1) consisting of ground white
corn, soybean meal, and dried whey supplemented with vitamins and
minerals, for a four week pre-experimental period prior to the
initiation of these studies. At the end of this four week period,
supplementations with dehydrated alfalfa meal and ethoxyquin were
initiated. All of the experimental diets were balanced in protein and
energy so as to provide 16*5 per cent crude protein and 869 Calories
of productive energy per pound (Titus 1961)*

u*

Laying hens, housed in individual wire laying cages, were
distributed into 12 lots of five birds each and fed each of the
dietary treatments shown in Table 2* Feed and water were supplied
ad libitum throughout the experimental period. Eggs were collected
from the first day of the dietary alfalfa supplementation until the
19th day of feeding* The eggs were narked with lot number, date of
collection and hen number. The eggs were stored at U5-500 F and
retained for analysis* On the 20th day, the birds were returned to
the white corn diet (Table 1) and eggs were collected again on the
28th and 37th days of the experimental period, stored and treated
similarly to those collected earlier in the study.
Chemical analysis - - Experimental diets were analyzed at the
initiation and close of the study for total carotene and xanthophylls
by the method of Bickoff et al* (l?5Ua)« According to this method
a 2*00 g. sample of dehydrated alfalfa meal or an equivalent amount
of the nixed feed, ground to pass through a U0 mesh screen, was
transferred to a 100 ml* volumetric flask together with 30 ml* of a
mixture of 7:3 Skellysolve B and acetone* To this flask was then
added 0*5 ml* of water and the contents gently swirled before storing
in the dark for sixteen hours* After storage, the mixture was diluted
to 100 ml. with Skellysolve B and a 5*0 ml* aliquot was chromatographed on a column (12 x 70 mm*) of equal parts by weight of magnesium
oxide^ and Hyflo Super Gol^.

^Sea Sorb U3, tfestvaco Chemical, Minerals Products Division,
New Xork, N. I*
o
Johns Manville Corp., New York, N. I*
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The beta-carotene fraction was eluted with a mixture of 9:1
Skellysolve B and acetone followed by a 1:1 mixture of Skellysolve B
and ethanol in order to remove the xanthophylls. The concentrations
of the pigments were determined on an Evelyn photoelectric colorimeter
using a UUO filter and expressed in terms of a pure beta-carotene
standard.
The beta-carotene^ had been previously recrystallized by
dissolving it in a minimum quantity of benzene and the addition of an
equal -volume of methanol to precipitate beta-carotene. The mixture
was allowed to stand in the refrigerator for one hour to effect maximum
crystallization* The crystals were separated by filtration on a Buchner
funnel, washed with small portions of methanol and dried over phosphorus
pentoxide for one hour in a vacuum desiccator (Devine et al. 1?U5)*
In order to test the quantitative efficiency of the chromato
graphic method of Bickoff et al. (195U), 10.00 mg. of recrystallized
beta-carotene were mixed with a 2*0 g. sample of dehydrated alfalfa
meal, known to contain (by analysis) 32*21 mg. of total carotene and
125*32 mg. of xanthophyll per pound. The carotene and xanthophylls of
the mixture were then estimated separately. The concentration of
carotene in this recovery sample was I|l*75 ng« per pound, indicating a
recovery of 9$»h per cent.
The extraction of the yolk pigment was accomplished by separation
of the yolk from the white and rolling the yolk on a paper towel to re
move excess adhering albumen. The yolks from each lot on a given day

^Nutritional Biochemicals, Inc.
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were pooled end stirred veil to make a homogenous mixture. A 2 to
2.5 g« sample was extracted with acetone until the extracts became
colorless* The extract was then dried over anhydrous sodium sulfate
and the concentration of carotene and xanthophylls was then determined
as described previously* Resulting values were expressed as meg* of
acetone extractable pigments per gram of egg yolk (calculated as beta*
carotene)*
Studies vere carried out in July-August and in NovemberDecember to evaluate the effects of environmental temperatures on egg
yolk pigment deposition*
The experimental data were analyzed statistically by analysis
of variance and by Duncan's Multiple Range Test (Snedecor 1956, Duncan
195U).
Results and Discussions
A marked increase in the concentration of yolk pigment was
obtained by the addition of 0*0125 per cent ethoxyquin to diets coi>*
taining graded levels of dehydrated alfalfa meal* From 10 to 13 days
were required to reach a plateau of maximum yolk pigment concentration
in eggs from hens fed 6*25 per cent dehydrated alfalfa with or without
the antioxidant (Figure 1). About thirteen days after dietary pigment
supplementation was stopped the yolks had returned to the "creaaywhite" color of the pre-experimental period, implying a gradual de
pletion of the body reserves of the xanthophylls in the absence of
dietary sources.
A similar pattern of feeding time to maximum deposition of
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pigments in the egg yolk and depletion of the pigments from the body
was observed with the other levels of dehydrated alfalfa studied*
The sample means of yolk pigment concentration of eggs
collected over eight days (following 12 days of experimental diet
feeding and coincidental with the plateau region in Figure 1) were
subjected to an analysis of variance and the differences tested by
Duncan*s Multiple Range Test (Duncan, 1955)*
The treatment effects of ethoxyquin were significantly
different (P<0.01) from those obtained without the antioxidant at
each of the same levels of dietary dehydrated alfalfa meal feeding*
The increase in yolk pigment concentration as a result of ethaxyquin
addition to the diet ranged from 72.26 to 32,13 per cent for the
respective levels of dehydrated alfalfa meal studied (Table 3)* The
average concentration of egg yolk pigments from hens fed the different
levels of dehydrated alfalfa, with and without ethoxyquin, were
6*99 + 0.65 and U.75 +, 0.50 meg. per gram of yolk, respectively. The
overall increase in the concentration of yolk pigments ae a result of
supplementing with ethoxyquin amounted to 53*76 per cent (Table 3)*
The analysis of carotenoids In the diet after three weeks
storage during July-August I960 showed that in the presence of the
antioxidant, there was practioally no loss of either carotene or
xanthophyllsj whereas, in the absence of the antioxidant there was an
average of 32*16 per cent loss in carotene and 2U*01 per cent loss in
xanthophylls from the diet (Table U).
In order to determine the extent to which environmental
temperatures Influenced the carotenoid deposition in egg yolks, a
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a similar experiment was conducted during the months of NoveaberDecember, using 1.25, 3.75, and 6.25 per cent dehydrated alfalfa
•eal levels with and without 0.0125 per cent of the antioxidants All
other experimental procedures were identical with those described for
the previous study. The diets supplemented with 1.25, 3.75, and 6.25
per cent of dehydrated alfalfa meal contained 0.21, 0*63, 0.69 mg.
tata*carotene and 2.15* U.60, U.87 mg* xanthophylls per pound of
finished diet, respectively, when the study was initiated (Table 5).
Essentially no destruction of xanthophylls in the feed
occurred during the November-December study in the presence or absence
of the antioxidant during the tw week storage period (Table 5), as
conpared to 2U.01 per cent destruction during the July-August study
(Table U). These data indicate that at the relatively low temperatures
which occurred during Noveoiber and December, the destruction of
carotenoid pigments was retarded* Relative humidity was apparently
not an important contributing factor to feed c*rotenoid destruction
since the relative humidities for November and December were con*
siderably higher than those for July and August (Table 5)*
Even though there was essentially no destruction of xanthophylls
in the feed during the Noveniber«*Decenber study, a 19 to 23 per cent
Increase in yoUc pigmentation (Table $) was again obtained with the
feeding of ethoxyquin. Since the yolk pigments are principally
xanthophylls, it could be concluded that in the absence of the anti
oxidant (ethoxyquin) 19 to 23 per cent of the ingested xanthophylls
were destroyed in the body, as feed loss in this study was minimal*
In order to further substantiate this, the antioxidant was administered
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by different methods*
Bffect of Mode of Administration of Etho^qviln
In order to study the effect of the method of administration
of the antioxidant on carotenoid deposition In egg yolk, four lots
of fire birds each were fed the basal diet (Diet 1, Table 1),
supplemented with fire per cent dehydrated alfalfa meal. Two of the
lots were fed the experimental diet with and without 0.0125 per cent
ethoxyquin in the diet* The antioxidant was also supplied by
gelatin capsule (1*63 g* of ethoxyquin, specific gravity 1.03, mixed
with 8*35 g* of corn oil, to provide a concentration of 17 mg. of
ethoxyquin per 0.1 ml* of mixture) to Individual hens once a day in
the third lot* The last lot of birds were fed 0*0125 per cent BHT
(Butylated Hydroxytoluene) along with the experimental diet containing
five per cent dehydrated alfalfa meal* The eggs were oollected for
four consecutive days after thirteen days of dietary treatment and
were analysed for acetone extractable pigments (Table 6)*
The incorporation of ethoxyquin into the experimental diet
containing five per cent dehydrated alfalfa meal produced a measurable
increase (18*92 per cent) in the acetone extractable pigments of the
egg yolk (Table 6)* When ethoxyquin was fed by capsule at the rate of
17 mg* per hen per day only a slight improvement in egg yolk pigment
ation was obtained (3*62 per cent); this increase was not equal to
the response obtained when the antioxidant was fed. The feeding of
butylateti-hydroxytoluene (BHT) at the level of 0*0125 per cent was
as effective as the capsule feeding of ethoxyquin, but was not as

effective «s the feeding of the ethoxyquin in the diet* Since the
effect of ethoxyquin when supplied by capsule at the rate of 17 mg.
per hen per day was relatively slight, it is thought that the anti
oxidant may have been excreted quite rapidly thus not allowing
sufficient time for a beneficial effect to be obtained*
The second study in this series involved four lots of five
birds each which were fed a diet supplemented with 20 per cent de
hydrated alfalfa meal (Diet 2, Table 7). Two lots received the
experimental diet with and without 0.0125 per cent ethoxyquin in the
feed, a third received ethoxyquin in gelatin capsules at the rate of
50 mg* per dose* The ethoxyquin capsules were fed three times daily
to individual hens at intervals of four hours. In the remaining lot
each bird was injected intramuscularly with ethoxyquin (50 mg./dose)
threetimes daily at intervals of four hours. The eggs were collected
for seven consecutive days after thirteen days of dietary treatment*
A significant increase in xanthophyll deposition was obtained
by administration of the antioxidant either parenterally or by capsule
as compared to the 20 per cent alfalfa level in the absence of the
antioxidant, but not to the extent obtained by dietary administration
(Table 8). The loss of xanthophylls from the feed in the absence of
added ethoxyquin amounted to 12*0 per cent* These results imply that
oxidative destruction of xanthophylls in the alimentary tract was
negligible in this study or that the injected antioxidant was ex
creted into the gut, thereby affording protection at this locale.
High et al. (19510 reported that the site of action of antioxidants
was the intestinal wall or the site of conversion of carotene to
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vitamin A* The present studies indicate that the action of the
antioxidant against the oxidative destruction of xanthophylls was
in riro, in addition to protection in the feed*
An increase in egg yolk pigmentation, as measured by the
micrograms of acetone extractable pigments per gram of yolk, was
obtained with the feeding of additional amounts of dehydrated
alfalfa meal in the diet above the 5 par cent level (Table 8)*
The response obtained to the 20 per cent feeding level of de
hydrated alfalfa meal in the absence of ethoxyquin was only 79 per
cent of that obtained when the antioxidant was mixed in the feed*
Since 12 per cent loss in xanthophylls from the feed occurred during
the study, we may a ssume an additional loss of 9 per oent in vivo.
This postulated in vivo destruction of xanthophylls was apparently
prevented by the administration of ethoxyquin either by capsule or
parenterally (Table 6)*
The data reported in Table 6 had indicated no beneficial
effect from the administration of the antioxidant at levels of 17
mg./hen in a single oral dose daily. Ethoxyquin has been shown to
be excreted quite rapidly from the body and hence the low dosage
level and the infrequency of administration failed to maintain
sufficient concentrations of the antioxidant to produce in vivo
protection.

CHAPTER III

RELATIVE DISTRIBUTION 01?" CAROTENOIDS IN DEHYDRATED
ALFALFA MEAL, EOO YOLKS, AND FECES

Introduction
Strain (1938, 1?U8) reported the presence of beta-carotene,
lutein, violaxanthin, eeaxanthin, neoxanthin, and cryptoxanthinlike pigments in the green leaves of about fifty different species
of plants* However, Karrer et al. (19U8) were unable to confirm
the presence of neoxanthin and zeaxanthin in fresh leaves. Bickoff
et al. (195Ub) carried out a complete chromatographic separation of
various carotenoid pigments from dehydrated alfalfa meal and noticed
the presence of more than I4.O bands on the chromatographic column,
some of which were present in very low concentrations* The principle
pigments reported were beta-carotene, cryptoxanthin, violaxanthin,
zeaxanthin, flavoxanthin, neoxanthin, and their isomeric products.
Strain (1938) noticed that eggs from White Leghorn hens fed
rations of wheat bran, milk, and 20 per cent fresh alfalfa or an
equivalent quantity of freshly dried alfalfa, contained minute
traces of neoxanthin, traces of flavoxanthin-like compounds, and
considerable quantities of seaxanthin, isoleutin, and cryptoxanthin.
Although the hens had consumed large quantities of carotene, only
traces of this pigment were found in the eggs. The carotene fraction
consisted principally of beta-carotene with traces of alpha-carotene.
22
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The carotenoids present in the dehydrated alfalfa meal used in these
studies contained the following carotenoidsi Beta-carotene, cryptoxanthin (3- or U-bydroxy-beta-carotene), zeaxanthin (3>3'-dihydroxybeta-carotene), violaxanthin ($>6,5',6'-diepo3cy-Mnraiith1ii, or 5,6,
5« ,6l-diepoxy-3,3'-<iihydroxy-beta-carotene), lutein (3>U1-dihydroxyalpha-carotene), flavoxanthin (5,8-epoxylutein)*
Experimental Procedure
Separation and identification of xanthophylls of dehydrated
alfalfa —The carotenoid pigments present in dehydrated alfalfa were
extracted by the method of Bickoff et al* (195Ub). A 10 g* senile of
dehydrated alfalfa meal was placed on Whatman filter paper (#1) in a
Buchner funnel and the sample washed with warm water (500 ml* at
50° C) with suction* Bickoff et al* (195U«) have reported that this
"rehydration technique" of the dehydrated leaf meal facilitated the
entry of water-miecible solvents and the extraction of the pigments
otherwise "sealed off" or firmly absorbed. 'i-Tie sample with the filter
paper were blended at high speed for one minute with 100 ml, of
acetone. A 50 ml* aliquot of the acetone extract was added to 50 ml*
hexane and 30 ml* water in a separatory funnel* By gentle swirling
the acetone was transferred to the water layer, which was then with
drawn and discarded* The upper hexane layer was washed several times
with small quantities of distilled water to remove residual acetone*
The hexane solution was then chromatographed according to the method
of Bickoff et al*(I95iib) using a 32 x 350 mm* column of magnesium
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oxide-Hyflo Super Cel as adsorbent^ (lsl by weight). The Hyflo Super
Cel had been previously activated by heating to 100° C for about one
hour* A 35 ml* aliquot of the hexane extract was used for separation
on the column* After all the pigments were adsorbed near the top of
the column, development was accomplished with a mixture of hexaneacetone-alcohol (82.5:15:2.5)• After about one hour development,
seven bands were noted, in addition to a green band at the top of the
column as shown in Figure 2a.
The fast moving orange band (c) was eluted with the developer,
washed with distilled water to remove acetone and alcohol and filtered
through anhydrous sodium sulfate. The column was then extruded, the
bands separated and each band extracted with 95 per cent ethanol. The
ethanol used had been previously purified by distillation in an all
glass apparatus. Fraction X^ and the combined fractions of

and X^

were rechromatographed separately according to the method of Bickoff
n

et al. (195Ub) using a mixture of confectioner1s sugar and Hyflo Super
Cel as an adsorbent. The pigments present in the ethanol extract of
fraction X^ were transferred to hexane by diluting with water and the
addition of a few milliliters of saturated sodium chloride solution.
The aqueous fraction was discarded and the hexane layer washed several
times with distilled water to remove ethanol. The hexane solution was
adsorbed on a column of confectioner's sugar and Hyflo Super Cel
(32x300 mm. column) in the ratio of 1:1 by weight. The confectioner's

^Magnesium oxide - Trade Mark Sea Sorb 1*3, Vestvaco, Minerals
Products Division, New York, N. 7.
2
Spreckels Sugar Company, San Francisco, California.
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sugar was previously ground to a powder and activated by heating in
an oven at 80° C for six hours (Goodwin I960)* After all the pig
ments were adsorbed at the top of the column, development was
accomplished with a mixture of 99»$*0*5 hexane-ethanol. Three bands
were obtained as shown in Figure 2b. The column was extruded, the
bands separated and extracted with 95 per cent ethanol as previously
described*
The combined fractions

and

were similarly treated* The

pigments, in ethanol, were transferred to hexane. The hexane solution
was again adsorbed on confectioner^ sugar-Hyflo Super Cel column
(32 x 300 mm*) and developed with 99*5s0.5 mixture of hexane-acetone.
Two bands were obtained as shown in Figure 2c. The column was ex
truded, the bands separated and extracted with 95 per cent ethanol.
The absorption spectra of the various carotenoid fractions
were determined with a Bausch and Lomb Spectronic 505 recording
spectrophotometer* Concentrations of the pigments were calculated
from an Evelyn photoelectric calorimeter determination using a #14*0
filter and the concentration expressed in terms of a pure beta-carotene
standard.
Separation and Identification of Xanthophylls of Egg Yolks
Eggs were collected from White Leghorn pullets beginning twelve
days after the initiation of the experiment. The birds were fed a
diet containing 10 per cent dehydrated alfalfa meal (Diet 3> Table 9).
Egg yolks obtained from hens fed on this diet were separated from the
albumen by means of a strainer and rolled on a paper towel to remove

any adhering albumen. The yolks were pooled (186 g.) and denatured
by stirring with acetone. The creamy mass was suspended in 300 ml*
of 0*1 N ethanolic potassium hydroxide solution, shaken well several
times and left in the dark for sixteen hours. The pigments were then
extracted several times with peroxide-free ether until the extracting
solution was colorless. The combined ether extracts were washed with
small quantities of distilled water to remove alkali and ethanol and
the extract dried over anhydrous sodium sulfate* The ether was re
moved under reduced pressure and the yellow residue was dissolved in
hexane containing 1| per cent acetone. A 35 ml. aliquot of the extract
was then washed with anall quantities of distilled water to remove the
acetone and the hexane extract was then adsorbed on a column (32 x
3^0 mm.) of 1:1 by weight magnesium oxide-Hyflo Super Cel. 'J-'he
chromatogram was developed with 82.5s15j2.5 mixture of hex&ne-acetonealcohol as previously described. After thirty minutes development, the
pigments separated into seven bands similar to Figure 2a. Fraction
was rechromatographed as described before, but fractions X^ and X^ were
not*
Separation and Identification of Xanthophylls of Feces
Fecal samples were oollected from the same birds fed the
expenimental Diet 3 shown in Table 9 over a 5 day period# A 100 g.
sample of the pooled feces was suspended in 200 ml. of 0.1 N ethanolic
potassium hydroxide, vigorously shaken several times and the mixture
left over night in the dark. The pigments were repeatedly extracted
with peroxide-free ether until the extracts were colorless and the

combined ether extract, by then greenish-yellow in color, was washed
with distilled water* The aqueous layer remained green and the
ethereal layer became a clear yellow, 'itie aqueous layer was dis
carded and the ether layer washed several times until it was free
of alkali* The ether fraction was then dried over anhydrous sodium
sulfate and the ether removed under reduced pressure. The yellow
residue of the pigments was dissolved in hexane containing U per cent
acetone and a 35 ml* aliquot of the solution was washed with water
and chromatographed as described earlier (Bickoff et aU 195lib)• In
this case six bands were noted (C, Xj, X2> x-j, X^, and

or I^)»

Fraction X^ was rechromatographed as described.
Results and Discussion
The absorption maxima (Moster et al. 1952, Strain 1933) and
relative position on the chromatographic column (Bickoff et al. l?5Ub)
indicated the presence of flavoxanthin, zeaxanthin, lutein, cryptoxanthin, and beta-carotene in dehydrated alfalfa, egg yolk, and in the
fecal samples (Table 10). Although significantly present in two of
the three materials analyzed, crypotoxanthin was present in only trace
amounts in the fecal matter, and beta-carotene was present in trace
amounts in the egg yolk. -Violaxanthin which made up U.27 per cent of
total pigments in dehydrated alfalfa meal was absent from both feces
and egg yolk. Karrer et al. (l?Uli) noticed that in the presence of
very dilute hydrocholoric acid (as present in chloroform) the 5,6epoxide ring of violaxanthin was converted to a mixture of imitatoxanthin
(a 5>8~monoepoxide, a fpranoid), auroxanthin (5,8, 51,81-diepoxyzea-

xanthin) and to zeaxanthin. Such a conversion of violaxanthin into
mutatoxanthin, auroxanthin, and zeaxanthin may have occurred in the
digestive tract, due to HC1 secretion by the proventriculus. It may
also be possible that at the low pH of the gastric secretions viola
xanthin was converted principally into zeaxanthin* Zeaxanthin was
present to the extent of 11.97 per cent of the total pigments found
in dehydrated alfalfa meal and was deposited to the extent of 10.01
per cent of the pigments in the yolk and excreted in the feces to the
extent of U.70 per cent of the total carotenoids (Table 11).
Prior to the fractionation of the various carotenoid pigments
(Bickoff et al. 195Ub) gross analysis of dehydrated alfalfa, feces,
and egg yolks for beta-carotene and total xanthophylls was carried
out by the method of Bickoff et al. (195Ua). The dehydrated alfalfa
meal was found to contain 6.$$ meg. beta-carotene and 20.66 meg. total
xanthophylls per gram. The concentration of beta-carotene and total
xanthophylls in feces (on dry basis) were 3.17 meg. and 7.26 meg. per
gram, respectively. The egg yolks contained 0.37 meg. beta-carotene
and 19.99 meg. total xanthophylls per gram. Because of the small con
centration of the pigments, it was found that the discussion could be
based on the relative concentrations of the individual pigments as per
c^nt of the total carotenoid pigments.
A ratio of carotene to total xanthophylls of 1:2 was found in
the feed while a ratio of 1:1.U was found in the feces and h$0 in egg
yolk. The high proportion of xanthophylls in egg yolks may have been
due to the conversion of beta-carotene to vitamin A and to the very low
deposition of beta-carotene in egg yolk (Brockman and Volker 193U).

While it is difficult to interpret the yolk pigment values due to the
low deposition of carotene per se, the relative ease of absorption of
the various pigments and their influence on one another was obtained
by comparing the pigments of the feed and those excreted in the feces.
The relative concentration of lutein remained the same in both
feed and feces, 1*2,59 per cent and U2.96 per cent of the total
carotenoids, respectively] while the amounts of beta-carotene and
flavoxanthin in the feed increase from 33»&U and U*6U per cent to
U2.19 and 8,l6 per cent of the total carotenoids, respectively, in
the feces* From these findings it was concluded that beta-carotene
and flavoxanthin were less readily absorbed than lutein. The ex
planation of this finding may be related to the work of Vavich and
Kemmerer (1950) who noticed that feeding 100, 300, and 600 meg* of
xanthophylls r educed liver storage of vitamin A when 130 meg* of
carotene were fed to chicks* *his occurred even when the daily 130
meg* supplement of carotene was given in three doses at intervals of
3 hours* Brown (1938) has suggested that the molecular structure of
the carotenoid pigments exerts considerable influence on the de
position of pigments in the yolk, and that in order for a bird to
deposit a carotenoid in the egg yolk or body fat it is necessary that
at least one ring of the molecule contain only a single hydroxy!
group* The presence of small quantities of flavoxanthin in the yolk
(2.12 per cent of the total carotenoids), and the relatively high
proportion in the feces (8*16 per cent) further suggest that flavo
xanthin (5,8-epoxylutein) had an extremely low absorption rate com
pared to seaxanthin and lutein* The relative extents to which the
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various pigments were absorbed can be indirectly determined from
the ratio of the pigment in the feed to the fecal concentration
(Table 12)* In this case the resulting ratio for lutein was given a
value of one and the other ratios expressed in relation to the
absorption of lutein* The relative absorption was not the same for
all the pigments studied* The descending order of absorption was
found to be zeaxanthin, cryptoxanthin, lutein, beta-carotene, and
flavoxanthin. Of these pigments, maximum relative absorption
occurred with zeaxanthin, this was emphasized by increased deposition
of this pigment in the egg yolk and its low excretion in the feces
(Table 11),
Relative Effectiveness of Dehydrated Alfalfa Meal and Ground Yellow
Corn for Yolk Pigmentation
The relative efficiency of ground yellow corn as compared to
dehydrated alfalfa meal was determined by feeding 25*0 and 37*$ per
cent yellow corn as a replacement for an equivalent amount of white
corn in the basal diet shown in Table 7* Each of these levels of
yellow corn was fed with 5 per cent alfalfa supplying total xanthophylls levels of 8«27 mg* and 8*77 mg* per pound, respectively
(Table 13)* In addition, dehydrated alfalfa meal was fed as the sole
source of xanthophyll pigments at levels of 5, 10, and 20 per cent
of the diet, to supply 7.03, 13*70 and 25.90 mg* of xanthophyll per
pound of diet, respectively*
The diets containing the dehydrated alfalfa meal were employed
to obtain a standard response curve for yolk pigmentation at each of
the xanthophyll levels studied*
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The amount of acetone extractable pigments obtained with 2$
per cent and 37*5 per cent yellow corn plus 5 per cent dehydrated
alfalfa meal were 16.9 and 18.0 meg* per gran of egg yolk, respect
ively (Table 13)• The dietary xanthophyll levels for these two diets
were found to be 8*27 and 8*77 mg. per pound by analysis* However,
the effective xanthophyll level (from the dosage response curve
calculated from the 5*0, 10.0, and 20*0 per cent dietary alfalfa
supplementation) required to produce yolk pigmentation values of 16*9
and 18.0 meg. per gram as obtained in this study, were 12.0 and 12.8
mg. per pound* From these data it was concluded that yellow corn was
about 1.5 times more efficient than dehydrated alfalfa meal for yolk
pigmentation. The principal xanthophyll pigments of yellow corn have
been reported to be cryptoxanthin and zeaxanthin, with cryptoxanthin
predominating (Fraps and Kemnerer 19Ul)« From these data and from
those already described concerning the relative efficiency of ab
sorption of the xanthophylls of dehydrated alfalfa meal, it is evident
that zeaxanthin and cryptoxanthin were more efficiently absorbed and
utilized for yolk pigmentation than was lutein, which was the major
constituent of the xanthophylls of the detaydrated alfalfa meal analyzed*

SUMMARY

From 10 to 13 days were required to reach maximum egg yolk
pigmentation in eggs from hens fed dehydrated alfalfa-supplemented
diets with or without ethoxyquin. The feeding of ethoxyquin at
0.0125 per cent of the diet significantly (P< 0.01) improved the
utilization of dietary xanthophylls by laying hens, as measured by
the concentration of total acetone extractable pigments in the egg
yolk. In the absence of ethoxyquin, about 21 per cent of the
carotene and 2k per cent of the xanthophylls of the feed were
destroyed during the July-August study; their destruction in the
November-December study in the absence of ethoxyquin was negligible.
The high ambient temperatures which occurred during July and August
apparently increased carotenoid destruction in the feed under the
storage conditions employed in these studies.
Feeding of the antioxidant by capsule or parenterally (50mg./
dose, 3 times daily) increased the egg yolk deposition of dietary
xanthophylls. However, the administration of ethoxyquin by capsule
or by injection was not as effective as providing the antioxidant in
the feed. In the absence of antioxidant from 19 to 23 per cent of
the ingested xanthophylls were apparently destroyed in the body. The
antioxidant thus appeared to protect xanthophylls from destruction
not only in the feed, but in vivo as well.
The principal carotenoid pigments present in the dehydrated
alfalfa meal fed to the birds were beta-carotene, cryptoxanthin, zea32
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xanthin, violaxanthin, lutein, and flavoxanthin. Flavoxanthin, zeaxanthin, lutein, beta-carotene, and cryptoxanthin were found to be
present in both egg yolk and feces. Cryptoxanthin was present only
in trace amounts in feces and beta»carotene vas deposited in only
trace amounts in the yolk. Violaxanthin vas not found in either
feces or egg yolk carotenoids even though it vas present to the ex
tent of U.25 per cent of the total carotenoid pigments of the de
hydrated alfalfa meal. Beta-carotene and flavoxanthin vere found
in the fecal carotenoid fraction in a higher proportion (U2.19 per
cent and 8.16 per cent, respectively) than that present in the feed
(33.6U per cent and iu61i per cent, respectively)* This may be due
to the inhibitory action of the more soluble zeaxanthin, crypto
xanthin, and lutein on the intestinal absorption of b eta-carotene
and flavoxanthin, or their molecular structure is such that their
rate of absorption vas slow. The relative absorption vas not the
same for all the pigments studied* ^he decreasing order of ab
sorption vas found to be zeaxanthin, cryptoxanthin, lutein, betacarotene, and flavoxanthin*
The xanthophylls of yellov corn are more efficiently utilized
and more effective for egg yolk pigmentation than the xanthophylls of
dehydrated alfalfa meal.
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TABLE 1

Low Pigment Basal Diet (Diet 1)
Ingredient

Per Cent

White Com, ground

56*5

Soybean Meal (lib/C Protein; solvent)

21.0

Cried Whey (12% Protein)

2.0

Dicalcium Phosphate1

2.5

Vitamin Premix^

2.5

Ground Limestone

5.0

Sodium Chloride

0.5

Manganous Sulfate Pentahydrate (7056)

0.02

Test ingredient of Wheat Bran
Total

10.00
100.02

^Hynafos, International Minerals & Chemical Co., Skokie,
Illinois.
2

Supplied the following per pound of diet: U,500 I. U.
vitamin A, 700 I. C. U. vitamin D^, 2.0 mg* riboflavin,
12.5 mg* niacin, 5.0 mg. D-calcium pantothenate, 200 mg.
choline chloride, 6 meg. vitamin B12, 2*5 I. U* alphatocopheryl acetate, 1*0 mg* menadione sodium bisulfite,
2.0 mg* procaine penicillin, and 10.0 mg. chlortetracycline*
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TABLE ?

Experimental Design to 8tudjr Bthozyquln
Effect on lolk Pigmentation
Lot No,

Birds/Lot

Supplement to basal diet
Per cent Dehydrated Per cent Ethoxyquiri
Alfalfa Heal

1

5

0,00

0

2

5

1.25

0

3

5

2.50

0

U

5

3.75

0

5

5

5.oo

0

6

5

6.25

0

7

5

0.00

0.0125

8

5

1.25

0.0125

9

5

2.50

0.0125

10

5

3.75

0.0125

11

5

5.00

0.0125

12

5

6.25

0.0125
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TABLE 3

Effect of Ethoxyquin on the Concentration of Carotenold Figments
in Egg Yolks from Hens Fed Dehydrated Alfalfa Heal
as the Sole Source of Carotenold Figments
(July - August, I960)
Dietary
Dehydrated
Alfalfa Heal
(Per cent)

t
:
Per cent
Concentration of Acetone Extractable
1
: Increase
Pigments (Meg./gram of Yolk)
•
: with
•
Without Ethoxyquin : With Ethoscyquin : Ethoxyquin
•
:
(0.012556)
*

0.00

0.85 £ 0.23a ^

0.90 £ 0.22ab

1.25

1.87 £ 0.17b

3.2U £ 0.56®

73.26

2.$0

3.71 £ O.U6C

5.26 £ 0.7Ud

U2.00

3.75

5.83 £ 0.75d

9.11 £ 0.55f

60.96

5.00

6.86 £ 0.55®

11.01 £ 0.92s

60.U9

6.25

9.U0 £ 0.88f

12.k2 £ 0.95h

32.13

U.75 £ o.5o

6.99 £ 0.65

53.76

Average

•*"+ Standard deviations.
o
Means having different superscripts are significantly
different at the 0.01 level of probability*
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TABIE U

Retention of Beta-carotene and Xanthophylls in Mxed Feed After
Three Weeks Storage in the Presence of Ethoxyquin^(July - August, I960)
Dietary

With Ethoxyquin

Without Ethoxyquiu

:
beta:
xantho: beta- : xanthoAlfalfa
:
phylls
:carotene : phylls
Meal
: carotene
(Per cent) :(mg./lb.) (Per :(mg./lb.) (Per :(mg./lb.)(mg./lb.)
•
:
cent •
•
cent :
•
•
•
•
•
loss)
loss)•
•
•
•

1.25

0.69

56.87

2.53

2.50

1.13

18.12

3.72

3.75

1.U6

37.33

5.U0

5.00

1.83

6.25

2.66

Average

1.60

2.55

33.33

1.38

5.58

20.58

2.33

6.80

20.17

3.18

9.62

6.80
16.35
32.16

7.68

2U.01

Temperature"*
(°F)

Relative Humidity^
(Per cent)

Mean Max. (July-^August, i960)

102.0 - 96.0

6U.9 - 76.3

Mean Min. (July-August, i960)

77.3 - 7U.5

25.9 - 33.5

Initial values for the beta-carotene and total xanthophylls
in the nixed feed were essentially the same as reported for
the ethoxyquin containing diets*
20.0125 per cent ethoxyquin in the feed.
3
Recorded on a Hygrotherraograph. The Instrument Corporation,
Baltimore, Maryland.
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TABIE 5

Effect of Ethoxyquin on Tolk Plgnentation and Retention of Beta*
carotene and Xanthophylls In Mixed Feed after
Two Weeks Storage
(November - Decemberj i960)
Dietary Dehydrated Alfalfa Meal
•

1.25
Antioxidant1

Acetone Extractable
Pigments
g
(mcg./g. yolk)

3

2.10®
+0.1U

Initial Betacarotene (mg./lb.)

:
a
1.70 :U.U6c

+0.11* +0.10

Without With

Without

3.61I> U.8Ud
+0.10 +0.1U

U.06C
+0.10

22.5

23.5
0.21

6.25

3.75

With-s
out :With

With

Tolk Plgnentation,
Per cent increase
with ethoxyquin

i

0.21 0.63

19.2

•
0*63 :0.69
••

:

Initial xanthophylls
(mg*A*>*)
2.15

2.15 U.60

U*60 :U.87
••

Ff-il Dietary Beta.. . /bene (mg./lb*)

0.13 iO.63

0.U9 :0.66
•0
•

Pinal Dietary
xanthophylls
(mg./lb*)

0.69
U.87

:
0.27

0.59

*

:
1.89

2.06 U.69

Mean Max. (Nov.-Dec. i960)

Temperature
(°F)
73.9-68.5

Mean Min. (Nov.-Dec, i960)

U7.9-Ul.lt

U.65 :U.93

U.81

Relative Humidity
(Per cent)
78.U-82.8

36.3-37*2

^Ethoxyquin at 0*0125 per cent of the diet*
^Means of two days, calculated as beta-carotene.
^Means having different superscripts were significantly
different at the 0.01 level of probability.
+ standard deviations.
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TABLE 6
Effect of Ethoxyquin, Butylated Hydroxytoluene and Administration
Method on Egg Yolk Pigmentation
Treatment
Dietary Dehydrated
Alfalfa Meal
(Per cent)

Antioxidant

Meg. Acetone
Exbractable
Pigments per
grauLOf Egg
Yolk1

Per cent
increase
with

5

None

20.19 + 1.60^

5

+0.0125 per cent
ethoxyquin
2U.01 + 1.38

18.92

17 nig. ethoxy
quin per day by
capsule
20.92 + 1.61

3.62

+0.0125 per cent
B. H. T.
20.95 + 1.25

3.78

Analyzed for four consecutive days after thirteen days
feeding of the experimental diets.
+ standard deviations*

Uo

TABIE 7

Experimental Diet Z to Study the Effect of Mode of
Administration of Ethoxyquin
Ingredient

Per Cent

White Corn, ground

38.5

Soybean Meal (I4I4 % Protein, Solvent)

19.0

Dehydrated Alfalfa (17 % Protein)

20.0

Gluoose Monohydrate^

7.0

Dried "Whey (12 % Protein)

2.0

Animal Fat

3.0

Dicalcium Phosphate

2.5

Vitamin Fremix^

2.5

around Limestone

5.0

Sodium Chloride

o.5

Manganous Sulfate Pentahydrate (70 %)

0.02

Total

1Corn

Products Refining Co#, Argo, Illinois.
2
Same as under Table 1.

100.02

U1
TABIE 8

Effect of Ethoxyquin Administration by Different Methods on Yolk
Pigmentation with Dehydrated Alfalfa
(June - July, 1961)
Treatment
Dietary De
hydrated Alfalfa
Meal
(Per cent)

Antioxidant
Supplement

Initial
Xanthophyll _
level of diet
(mg./lb.)

Meg. of Acetone
Extractable
Pigment/g.
of Egg Yolk

5.0

0.0125*1

7.03

-3
10.1®

10.0

0.0125$

13.70

19.3b

20.0

0.0125$

25.90

35.7e

20.0

Capsule three
times daily**

25.90

31.3d (88$)*

Injected three
times daily**

25.90

31.3d (88*)5

None

25.90

28.2° (7950*

20.0

20.0

^Ethoxyquin.
2

Calculated as beta-carotene; loss during the experimental
period amounted to 12.0$ in diets without ethoxyquin added
to the feed.
%eans having different superscripts are significantly
different at the 0.05 level of probability by Duncan's (1955)
Multiple Range Test.
^Ethoxyquin - 50 mg./dose.
^Per cent response as compared to 2C# dehydrated alfalfa meal
with 0.012556 ethoxyquin as 100$.

TABLE 9

Ezperiiaental Diet 3 for Producing Pigmented Yolks
Ingredient

Per Cent

"White Corn, ground

38.5

Dehydrated Alfalfa (17# Protein)

10.0

Soybean Meal (Ul# Protein, solvent)

18*5

Dried Whey (12# Protein)

2.0

Glucose Monohydrate

luO

Wheat Bran

13*5

Animal Fat

3*0

Dicaleiura Phosphate

2*£

Vitamin Premix*"

2#5

Ground Limestone

5*0

Sodium Chloride

0*5

Manganous Sulfate Pentahydrate

0.02

Antioxidant (ethoxyquin)

0.0125

Total

"'"Same as under Table 1,

100.0325

k3
TABLE 10

Absorption Maxima of Carotenolds Isolated from Dehydrated Alfalfa
Meal, Feces, and Egg Yolks when the Diet of Hens was
Supplemented with 10 Per cent Dehydrated
Alfalfa Meal
Fraction
No.

Identified
Carotenold
Pigments

Absorption Maxima (m/*) of Pigments
Isolated from
Dehydrated
Alfalfa

Feces

Egg lolk

c

Beta-Carotene U£2,U81

U5l,U8l

trace

%

Unknown

k2$,m,kn

trace

trace

*2

CIryptoxanthin U21,Uli9,U77

trace

U21,UU9,U77

*>

Lutein

U20,UU7,U76

U20,UU6»5,
U76

U2Q,Wt7,U76

Unknown

trace

Violaxanthin

ia8,UU3,U72

absent

absent

Zeaxanthin

U23.5,W1.5, U2U,U5l,
sU8l.$
(U81.5

I3
5

Unknown

trace

absent

421,UU8,U78

x63

Flavoxanthin

401,U2U,U5l

Uoi,U2U,U5o

1|01,U2S,U$1

XU

U2U,U51,U81

^Maxima for beta-carotene determined in hexane and for
xanthophylls in 9$% ethanol.
2Violaxanthin, lutein, and traces of unknown noticed as a
single band on magnesium-oxide-Hyflo Super Cel column was
rechronatographed on confectioner's sugar column.
-'Indicates pigments found after the combined fractions of
+ Xg were rechromatographed.

1*

TABLE 11
Relative Concentration of Carotenold Figments Isolated from Dehydrated
Alfalfa Meal, Feces and Egg Yolks, When the Diet of
the Hen was Supplemented with 10
Per Cent Dehydrated
Alfalfa Meal
•
:Per Cent of Total Carotenoid
:
Pigments in:
•
:Dehydrated •
•
•
Egg
tAlfalfa
: Feces :
•
•
•
•
Yolk
: Diet 3
•

Fraction
No.

C
X1

*3
X3

* *2

Identified Caroten'oid
Pigment

Beta-Carotene

33.6U

1*2.19

1.96

Cryptoxanthin1

2.17

1.97

3.5U

U2.59

U2.96

82.31

0.71

absent

11.97

k.70

10.01

U.6U

8.16

2.12

99.99

99.98

99.9k

Lutein
Unknown
*

Zeaxanthin

O

Flavoxanthin

Total

^Total of the two fractions X^ + X2 Table 10.
^Total of the two fractions Xtj + X5 Table 10,

absent

TABUS 12
Relative Concentrations of Carotenolds In Feed and Feces
Carotenold Pigment

Per cent in Feed/
Per cent in Feces

Relative Extent
of Absorption

Carotene

0.79

0.79

Cryptoxanthin

1.10

1.11

Lutein

0,99

1.00

Zeaxanthin

2.55

2.58

Flavoxanthin

0.56

0.57

TABLE 13

Relative Effectiveness of Dehydrated Alfalfa.Meal
and Yellow Corn for Tolk Pigmentation^
•
•

Dietary
Dehydrated
Alfalfa Meal
(Per cent)

: Yellow Corn : Xanthophylls
: level of diet

:
•
e

:

(Per cent) :

(mg./lb.)

Keg. of Acetone
Extractable
Pigments/gram
of Yolk

5.0

0.0

7.03

10.1

10.0

0.0

13.70

19.3

20.0

0.0

25.90

35.7

5.0

25.0

8.27 (12.0)2

16.9 (15056)3

5.0

37.5

8.77 (12.8)2

18.0 (1W)3

diets contained 0.0125 P®r cent ethoxyqain.
p
"Effective xanthophyllsn level from dosage response curve.
Dehydrated alfalfa meal given a value of 100.
3
^Calculated percentage response over feed xanthophyll level
from dosage response curve and feed analyses*
^AU

>» 14

WITH SANTOQUIN (0.0125%)

® 10
0» 9

WITHOUT SANTOQUIN

BIRDS RETURNED TO
LOW-PIGMENT DIET

o» o

TIME IN DAYS

figure

• Average daily pigiuit> concentration of egg yolks fron hens fed 6*25 per
cent dehydrated alfalfa meal with and without Santoquin (ethoxyquin)
for the first 19 days, followed by a low pigment diet to the 37th day
of the experiment*

U8

Green
Pole yellow
Yellow

Yellow flavoxanthin
Yellow unknown

sx

Rose

3. Sugar
Deep yellow
Pale yellow, violaxantliin
Pale yellow, unknown
Deep yellow. Lufein

.Ss
Pale yellow

2. Sugar

Pale yellow

Orange

l.Mgo

Figure 2.-- Chromatographic separation of xanthophyiL.a oi
dehydrated alfalfa.
a. Developed with Hexane-acetone-alcohol (82»5:l5s2.$)
b. and c« Developed with Hexane-alcohol (99*5»0.5)
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