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BEVIEH OF LITERATURE

BJTBODUCTION

Avian species resemble mammals in the ability to convert 
carotene into vitamin A. Birds resemble marine animals and differ 
from mammals in the storage of xanthophylls in the skin, eyes, liver, 
adipose tissues and in the egg (Goodwin, 1954).

Possible physiological functions of xanthophylls were studied 
by Palmer and Kempster as early as 1919« These workers found that 
Haite Leghorn chicks reared to maturity on diets devoid of carotenoids 
displayed apparently normal physiological functions. The birds 
lacked the yellow pignents in the eye, skin and shank, but produced 
fertile eggs with colorless yolks. The carotenoid-free chicks of the 
second generation were also healthy.

In 1932, Virgin and ELussmann reported that birds were able 
to convert xanthophyll into ah unidentified provitamin, probably a 
growth vitamin, which differed from carotene. Rydbom (1933) stated 
that guinea pigs continued to grow on a diet in which carotene was 
replaced by xanthophyll but the rat did not. Goldhaber et al. (1950) 
fed chicks a vitamin B deficient diet and reported that 23 of the 
48 chicks survived when 120 mg. of xanthophyll was given three times 
a week orally by capsule. The xanthophylls were thought to act as
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an antioxidant in this study.

Utilization of Xanthophylls from Various Feedstuffs
The biological utilization of xanthophylls from different 

feedstuffs has been studied by numerous investigators employing 
coloration of skin and egg yolks as criteria. Yellow corn, dehydrated 
alfalfa meal, pimento pepper, algae meal and synthetic carotenoids 
have all been evaluated in the chicken. Heiman and Wilhelm (1937) 
reported that xanthophyll deposition in egg yolks from hens fed 
alfalfa was considerably greater than that from yellow com. The 
amount of pigment deposited from the feeding of 12 per cent dehy
drated alfalfa meal corresponded closely to that obtained with a 
combination of 20 per cent Argentine yellow com and 8 per cent 
alfalfa in the diet. A diet containing 10 per cent high quality 
alfalfa meal was more effective in producing yolk pigmentation than 
a diet containing milo or one with 30 mg. of xanthophyll added per 
pound (Holleman and Sullivan, 1959)° Williams (i960) reported that 
the principal,pigments of yellow com (zeaxanthin) and alfalfa meal 
(lutein) was utilized to an equal extent by the laying hens, but that 
the total xanthophylls of yellow com were more effectively utilized 
than the total xanthophylls of alfalfa meal. Gryptoxanthin, which is 
abundant in yellow corn, was proposed as a contributing factor to the 
difference in utilization obtained. Sunde (1962) reported that 
although alfalfa meal contained ten times more xanthophylls and 
exhibited 56 times more vitamin A activity than yellow com5 the 
alfalfa meal was only five to seven times more effective for yolk 
pigmentation. Similar levels of pigmentation in chickens were obtained



with, six to seven per cent yellow corn or one per cent dehydrated 
alfalfa meal. Anjaneyalu (1962), hy column chromatographic separation 
of the carotenoid pigments of alfalfa, egg yolk and feces, found 
flavoxanthin, zeaxanthin, lutein, cryptoxanthin and beta-carotene. 
Gryptoxanthin and beta-carotene were present in only trace amounts in 
the feces and egg yolk. Violaxanthln, which comprised 4.27 per cent 
of the total xanthophylls of the dehydrated alfalfa meal, was absent 
in the feces and egg yolk. Zeaxanthin comprised 11.97 per cent of 
the total pigments found in the alfalfa meal, was deposited to the 
extent of 10.01 per cent of the total pigments in egg yolk and was 
excreted in feces to the extent of 4.70 per cent of the total caroten- 
oids. Zeaxanthin appeared to be absorbed more readily than the other 
pigments. The relative absorptions of the pigments in descending 
order were zeaxanthin, cryptoxanthin, lutein, beta-carotene and 
f lavoxanthin.

Gillam and Heilbron (1935) evaluated the pigments in eggs from 
hens fed a heavy maize (corn) diet, and found the amount of carotene, 
cryptoxanthin and xanthophylls to be in the order of 0.015, 0.19 and 
1.79 milligrams per 100 grams of yolk, respectively, with ratios of 
1:13:120. The carotene, cryptoxanthin and xanthophyll concentrations 
of com were 0.047, 0.54 and 1.3&7 milligrams per 100 grams in ratios 
of 1:9:24. On a weight basis, com contained more carotene and 
cryptoxanthin than egg yolk. Petersen et al, (1937) fed 10, 20 and 
30 grams of com daily to hens, and reported the deposition of 
17.4, 21.4 and 23-5 per cent of the xanthophylls in the egg, respect
ively. Day and Williams (1958) found relative biological values in



broilers of 100, 37»7 and 3̂ =^ per cent for the xanthophylls from 
yellow corn, dehydrated alfalfa meal and corn gluten meal, respec
tively. For adequate pigmentation of broilers, 6.25 milligrams of 
xanthophyll per pound of diet was required when yellow corn was used.
A combination of alfalfa meal and com gluten meal gave a somewhat 
higher pigmentation value. Anjaneyalu (1962) compared the relative 
efficiency of ground yellow com and dehydrated alfalfa meal by 
feeding 25 and 37-5 per cent yellow com, combined with 5 per cent 
alfalfa meal to laying hens. She amount of acetone extractable pig
ments in egg yolks from hens fed the yellow com diets indicated that 
the relative efficiency of yellow corn was 1.5 times more than 
alfalfa meal for yolk pigmentation.

Feeding pimento pepper in large amounts as a source of 
xanthophyll for skin and egg yolk coloration has proven in most studies 
to produce a red tinge to the egg yolk. Morgan and Woodroof (1927) 
fed 0.5 gm. ground pimento pepper daily to laying hens and found that 
the pigments appeared in the eggs on the fifth day and reached a 
plateau on or after 10 days. Mien 0.75 and 1.0 grams of the pepper 
were fed, red colored yolks were noted. Brown (3,938) mentioned that 
feeding pimento pepper resulted in reddish-orange pigmentation of the 
egg yolk, adipose tissue, skin, shanks and beak. The red pigment in 
the pericarp of the red pepper was capsanthin, a dlhydroxy monoketonic 
compound. Zeaxanthin, cryptoxanthin and beta-carotene were also 
found in the pericarp. Capsanthin comprised 2 to 8.5 per cent of the 
total carotenoids deposited in the egg while only one per cent of the 
ingested capsanthin was deposited.



Synthetic carotenoids have also been studied for egg and 
skin pigmentation properties in chickens. Isler and Zeller (1957) 
showed that canthaxanthin and isozeaxanthin appeared unchanged in 
the egg yolk when fed to hens- Steinegger and Zanetti (1958) found 
that zeaxanthin and physalien produced bright yellow yolks, whereas 
Isozeaxanthin and canthaxanthin presented reddish yolks- Natural 
color was achieved with 1 or 2 per cent dried grass meal per day in 
combination with zeaxanthin or canthaxanthin»

Other studies with synthetic compounds have employed 
B-apo-68-earotenol (G32)# B-apo=4'-carotenol (C35) and B-apo-8”- 
carotenoic acid methyl ester (030)5 each produced a strong red color 
in yolks. B-apo-81-carotenol (C30) and B-apo-88-carotenoic acid 
methyl ester (C30) produced a deep natural color. B-apo-lO’- 
carotenol (Ogy) failed to produce color in egg yolks. Erom these 
data on the alcoholic and acidic xanthophyllic compounds5 the length 
of the conjugated side chain, and the group attached to the carboxyl 
group of the side chain appear to influence the pigmenting value of 
the compounds. Marusich et al. (i960) evaluated 8 synthetic compounds 
using the color characteristics of the yolk as pigmentation criteria. 
Canthaxanthin, isozeaxanthin, isozeaxanthin diacetate and eapsanthin 
imparted an orange tinge to the yolk. The average per cent of the 
daily doses of the pigments found in the plateau area of the response 
curve were 26.0, 9-6, 3-7 and 6.2, respectively. Zeaxanthin, isozea
xanthin dimethyl ether and B-apo-88 -carotenol all prod##, yellow 
colors, and the average per cent of the daily dose of the pigments



found in the plateau area were IJ.O, 12.2, 8.3, respectively. 
Violaxanthin was essentially ineffective as a pigmentation product 
since only 2.2 per cent of the daily dose of the pigment was found 
in the yolk. Canthaxanthim and zeaxanthin were more efficiently 
utilized for yolk coloration than the other compounds studied.

Factors Affecting Pigmentation in Chickens
Some common poultry feedstuffs such as meat scraps, fish 

meal and soybean oil meal have been reported to contain a factor or 
factors which inhibit the deposition of yellow pigment in the shanks 
of growing chicks (Culton, 1941). Hammond et al. (1941) found four 
different brands of fortified cod liver oil to be potent sources of 
a suppressing factor for shank and skin pigmentation in growing 
chickens. The fortified cod liver oil was free of the pigment- 
suppressing factor when heated to 230°C. in vacuo for 3 hours. In a 
subsequent study, large quantities of cod liver oil and small quan
tities of sulfur in the diet of a laying hen interfered with the 
transfer of pigment from the diet to the egg yolk (Hammonds, 1942). 
Bird et al. (1943) found that two of the three samples of meat and 
bone meal studied produced an adverse affect on yolk pigmentation. 
Bunnell et al. (1962) investigated the effect of trace minerals, 
fish meal, meat scraps, Nicarbazin, Zoalene, 3-nitro-4-hydroxyphenyl- 
arsonic acid, arsanilic acid, bacitracin and procaine penicillin on 
pigmentation and reported that these materials did not influence egg 
yolk pigmentation.



M  apparent antagonism between vitamin A and xanthophyll 
utilization in both chicks and hens was reported by Deuel et al.
(19̂ 3)♦ Chickens fed 1,000-2,000 I-U- of vitamin A per pound of diet 
showed no alteration of pigment in egg yolks; however, the feeding of
15.000 I.U. per pound of diet produced a definite decrease in yolk 
color. Serum and liver carotenoid levels were progressively lowered 
in comparison to a control group fed 1,000 l.U. vitamin A per pound of 
diet. The feeding of shark liver oil (Mattson et al. 1943) at the 
rate of 9,300 I.U. vitamin A daily to chickens markedly decreased the 
skin carotenoids in the birds. It was postulated that the high 
vitamin A feeding induced the development of a non-specific enzyme 
system which was capable of destroying not only vitamin A but carotene 
and xanthophylls as well. Higher intakes of crystalline vitamin A 
(l6,000 and 32,000 I.U. per pound of diet) were found to depress the 
total yellow pigment levels in liver and to a greater extent in the

' blood plasma (Gureay et al. 1950). Sunde (1962) reported that feeding
120.000 USP units of vitamin A per kilogram of diet (20 times the 
requirement) decreased the pigmentation of egg yolks. Mien 60,000 USP 
units of vitamin A per kg. of diet were fed, an intermediate effect 
was noted. The vitamin A continued to have an effect on yolk pig
mentation for at least 30 days after the high feeding levels were 
terminated.

The feeding of antioxidants to broilers and layers has pro
duced conflicting results as to the influence on pigmentation. High 
et al. (1954) found that 10 mg. of either 2,5 ditertiary butylhydro-



quinone, octyhydroquinone or ditertiary butyliiydroxyanisole fed with 
33 sang- of carotene per day decreased vitamin A deposition from 
carotene in rat livers. Alpha tocopheryl acetate (10 mg/day) mono- 
tertiary-butyl-hydroquinone and octyl hydroquinone did not interfere 
with either the preformed vitamin A or beta-carotene absorption from 
the alimentary tract. It was concluded that the locus of action of 
vitamin E (large amount) or the antioxidant was at the site of 
conversion of carotene to vitamin A by suppression of the oxidation 
process. Bay et al. (1958) stated that the addition of butylated 
hydroxyfcoluene to a broiler ration at levels of either 0.0125 or 
0.025 per cent appeared to reduce pigmentation in most instances, but 
the observed differences were not statistically significant.
Harms et al. (1958) used 0.0125 per cent BPPB (diphenyl-p-phenylene- 
diamine) in a corn and alfalfa meal supplemented broiler diet and 
reported that the addition of the antioxidant significantly reduced 
deposition of yellow pigments in the skin of Hew Hampshire chicks. 
Matterson, et al. (1956) added BHT and BPED to an dehydrated alfalfa 
meal supplemented chick diet to study the influence of the anti
oxidants on the utilization of earotenoid pigments as precursors of 
vitamin A. Butylated hydroxyfcoluene (BHT) and BPPB were not signi
ficantly different in their effect on skin pigmentation. Potter et al. 
(1956) showed that when BPPB was fed along with levels of 300 or 
1200 USP units of vitamin A per pound of diet, there was a substantial 
increase in vitamin A and earotenoids in the blood plasma and liver 
of chicks. BHT at the same level showed only a slight increase in the



criteria. Haen DPPD was fed in a ration low in vitamin Bio, a small 
increase in the amounts of vitamin A and carotenoids found in the 
blood plasma and liver was observed. A large increase was produced 
when DPED was fed in a ration high in vitamin Big.

In recent years ethoxyquin has been used to stabilize 
carotenoids in alfalfa meal and poultry feed. Romoser et al. (1959) 
reported that this antioxidant preserved the xanthophyll in the feed 
and also enhanced xanthophyll utilization in the chick. Walroup et al. 
(i960) in studies on broiler pigmentation showed that 0.0125 per cent 
ethoxyquin in the diet significantly increased the intensity of 
yellow color in the shanks and skin at k and 8 weeks of age. The 
addition of 0.01, 0.02 or 0.10 per cent ethoxyquin to the alfalfa 
meal containing diet increased the pigmentation values to 85, 90 and 
104 mmg. of beta-carotene equivalent per gram of yolk compared to 
the control group at 55 mmg. (Madiedo et al. 1962). Anjaneyalu (1962) 
demonstrated that the feeding of dehydrated alfalfa meal at levels 
of 0, 1.25, 2.50, 3-75; 5.00 and 6.25 per cent in laying diets in 
the presence of ethoxyquin (0.0125$) produced an average increase in 
egg yolk pigments of 53*76 per cent. It was concluded that this 
increase resulted from the prevention of loss of 24.6 per cent of the 
xanthophylls from the feed during the three week experiment and from 
an in vivo effect. In another trial, the in vivo activity of ethoxy
quin was studied. Oral and parenteral administration of ethoxyquin 
at the same dosage levels (50 mg., 3 times daily). The oral or 
parenteral administration of the antioxidant was 88 per cent as 
effective as when the antioxidant was supplied in the feed. Mien



10
the antioxidant treatment was omitted, there was 21 per cent less 
egg yolk pigment.

The addition of animal fat to poultry diets also has heen 
reported to influence utilization of xanthophylls for egg yolk and 
skin pigmentation. Day and Williams (1958) noted that 5 per cent 
stabilized beef tallow in the diet of broilers resulted in a signi
ficant increase in xanthophyll utilization. Maekay et al. (1962) 
found that 4 per cent animal fat when added to diets containing 
0, 1.09, 2.19 and 4.37 milliliters of paprika oil extract per kilo
gram of feed appeared to increase the deposition of the pigment in 
the yolk. However, Carver (1959) noted that certain samples of 
several types of feed grade fats fed at 4 per cent of the diet 
reduced pigmentation significantly in broilers.

These studies were undertaken to determine the effect of 
dietary energy level and added fat on deposition of xanthophyll 
pigments in the egg yolk. Beta-carotene and xanthophyll stabilities 
in the presence and absence of different amounts of the antioxidant, 
ethoxyquin and the effect of the antioxidant treatments on egg yolk 
pigmentation were also studied. The degree of utilization of the 
major xanthophyll components of dehydrated alfalfa meal was deter
mined by quantitative determination of these compounds.



PART I

THE EFFECT OF DIETARY ENERGY LEVELS ON THE 
UTILIZATION OF XANTHOPHYLLS

INTRODUCTION

Fat is added- to poultry rations primarily as a source of 
energy and to reduce dustiness of the feed. Day and Williams (1958) 
and Mackay et gl. (1962) have presented evidence that the addition 
of 4 per cent animal fat or 5 per cent stabilized heef tallow to 
broiler and layer feeds improved the utilization of dietary 
xanthophylls. Carver (1959) reported that certain samples of feed 
grade fats reduced pigmentation in broilers. This study was under
taken to determine the effect of dietary energy and fat on the 
deposition of xanthophyll pigments in the egg yolk.

EXPERIMENTAL PROCEDURE

A group of seventy-five 10 month old Single Comb White 
Leghorn pullets were placed on a xanthophyll-deficient diet for four 
weeks prior to the initiation of the test. After this depletion 
period, 45 of the birds were randomly divided into nine test groups 
of five birds on the basis of egg production. Egg production and 
feed consumption records were maintained for the duration of the

11



12
twenty-one day test- After ten days feeding of the test diets, eggs 
were collected for 14 consecutive days and stored under refrigeration 
at 15°G. until analyzed. Feed samples were taken before and after the 
feeding period for xaathophyll determinations.

Three basal diets were fed employing hydrolyzed animal and 
vegetable fat at levels of 0, 5 and 10 per cent of the diet- Dehy
drated alfalfa meal, as the sole source of xanthophyll pigments, was 
incorporated into each of the basal diets at levels of 2-5, 5=0 and
10.0 per cent (Table l). The energy contents of the test diets with
out fat, with 5 per cent fat, and with 10 per cent fat were 830, 910
and 995 Calories productive energy per pound of feed, respectively.

1Ethoxyquin was added at 0.0125 per cent of the mixed diets.
Beta-carotene and xanthophyll were extracted from the feed 

samples with a hexane-acetone mixture (7:3) in the dark for 16 hours. 
The pigments were separated by column chromatography (Bickoff, 1954a). 
The column (20 x 220 mm) was packed with a mixture of Super Cel̂  and 
magnesium oxide (isl). A hexane-acetone solution (9:l) was used to 
develop the chromatogram (Table 2).

-L Registered Trade Mark Monsanto Chemical Company,
St. Louis-, Mo.

2 Johns Manville Company, Mew York, M.Y.
3 Sea Sorb 43, Westvaco Mineral Products Division, Food 

Machinery and Chemical Corporation, Mew York, M.Y,



Table 1. Low Pigment Basal Diet

Ingredients Per cent

Com, Ihite-*- 55.0
Soybean Oil Meal (44$ proteinj solvent) 21.0
Dried Ihey (12$ protein) 2.0

. p . -Dicalcium Phosphate 2.5
Vitamin and Antibiotic Premix^ 2.5
Ground Limestone 5.0
Sodium Chloride 0.5
Manganous Sulfate Pentahydrate (70$) 0.02
Test Ingredient 11.50

Totals 100.02

1 Pat was added by replacing an equivalent amount of 
white corn.

2 Dynafos, International Minerals and Chemical Company, 
Skokie, Illinois.

3 Supplied the following per pound of diet: 4,500 I,U.
vitamin A, TOO I.C.U. vitamin Dg, 2.0 mg. riboflavin, 
12.5 mg- niacin, 5«0 mg. D-calcium pantothenate,
200 mg. choline chloride, ,6 ramg. vitamin Big, 2.5 I.U. 
alpha tocopheryl acetate, 1.0 mg. menadione sodium 
bisulfite, 2.0 mg. procaine penicillin, and 10.0 mg. 
ehlorot etracycline.



1Table 2. Total Carotene and Xanthophylls Extracted from Different Diets

Dietary Treatments

Milligrams of beta-carotene equivalent per pound of feed
Before After

Carotene Xanthophylls Carotene Xanthophylls
2.5% Dehydrated alfalfa meal without fat 0.92 3.09 0.78 2.72
2.5$ Dehydrated alfalfa meal with 5$ fat 0.90 2.93 0.93 3.15
2.5$ Dehydrated alfalfa meal with 10$ fat 0.86 3.28 ' 0.96 3.32

5.0$ Dehydrated alfalfa meal without fat 1.62 5.23 1.80 5.68
5.0$ Dehydrated alfalfa meal with 5$ fat . 1.20 4.34 0.94 5.83
5.0$ Dehydrated alfalfa meal with 10$ fat 1.75 6.03 1.51 5.36

10.0$ Dehydrated alfalfa meal without fat 2.97 8.92 3.39 9.48
10.0$ Dehydrated alfalfa meal with 5$ fat 3.01 9.22 3.80 10.41
10.0$ Dehydrated alfalfa meal with 10$ fat 2.88 9.09 3.04 9.34

1 Diets were analyzed at the beginning and at the completion of the feeding trial.
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The evaluation of yolk pigment deposition was "based on the 

acetone extractable pigments in the yolk (ADAC 1958). Eggs from each 
test group were "broken individually# the separated yolks from each 
test group on each day were pooled. A 2 gram sample of the pooled 
yolks was weighed, ten milliliters of redistilled acetone added, and 
the acetone extract decanted through filter paper containing anhydrous 
sodium sulfate into a 100 ml. graduated cylinder. This extraction 
process was repeated several times until the acetone extract was 
colorless. The combined acetone extract was then diluted to volume, 
and the pigment concentrations were determined at 450 mp on a Coleman 
Junior spectrophotometer. Pigment values were calculated using 
"beta-carotene as a standard.

Statistical analyses of the yolk pigment data were performed 
using analysis of variance (Snedecor, 1956) and Duncan’s multiple 
range test (Duncan, 195̂ )•

RESUDTS AMD DISCUSSION

Statistically significant improvements in egg yolk pigments 
were obtained with each increasing increment of alfalfa meal in the 
diet (Table 3)« Maximum deposition of xanthophyll pigments had 
occurred by the 11th day of feeding. It has been previously reported 
by Heiman and Wilhelm (1937) and by Brown (1938) that the deposition 
of dietary xanthophylls in egg yolks by the laying hen was a rapid 
process and that hens previously fed a carotenoid-free diet deposited 
xanthophylls in the yolk within 48 hours after the feeding of a



16
carotenold-rich diet.

The feeding of fat at levels of either 5 or 10 per cent of 
the diet failed to produce a significant increase in yolk pigmentation 
at the 2.5 per cent level of dehydrated alfalfa meal (Table 3)° 
However, highly significant improvements (P O.Ol) were obtained 
with diets containing either 5 or 10 per cent dehydrated alfalfa 
meal when supplemental fat was fed (Table 3). Although substantial 
differences existed among the respective fat levels with regard to 
productive energy content, these differences were without effect 
under the conditions of the study. The basal diet without fat con
tained 83O Calories of productive energy per pound, and the energy 
content of these diets was equalized among the different levels of 
dehydrated alfalfa meal employed. .

When 5 per cent fat was incorporated into the diet, the 
productive energy content was increased to 910 Calories per pound.
This amounted to a 9«5 per cent increase in energy. At the 5 per 
cent level of dehydrated alfalfa meal, a 12 per cent improvement in 
yolk pigmentation was obtained with the feeding of 5 per cent fat 
(Table 3)- The further increase in productive energy with the feeding 
of 10 per cent added fat amounted to 20 per cent, while the improve
ment in yolk pigmentation at this level of dietary fat in the presence 
of 5 per cent added alfalfa meal amounted to 25 per cent (Table 3)« 
Substantially, the same results were obtained at the 10 per cent 
level of alfalfa meal.
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Table 3• Total Acetone Extractable Pigment from Pgg Yolks 
from Hens Fed Various Dietary Levels of Fat 

and Dehydrated.Alfalfa Meal

Dietary Treatments
mmg. pigment per 
gram of yolk2

2.5$ Dehydrated alfalfa meal without fat 8.81{.a t 2.301
2.5$ Dehydrated alfalfa meal "with 5$ fat 9.09a ± 1-76
2.5$ Dehydrated alfalfa meal with 10$ fat 8.06a + 1.89

5.0$ Dehydrated alfalfa meal without fat 14.03^ ±1.97
5.0$ Dehydrated alfalfa meal with 5$ fat 15»73e ± 2.42
5.0$ Dehydrated alfalfa meal with 10$ fat 17.5^ + 2.64

10.0$ Dehydrated alfalfa meal without fat 23.50® + 1.-91
10.0$ Dehydrated alfalfa meal with 5$ fat 26.63s + 2.89
10.0$ Dehydrated alfalfa meal with 10$ fat 25.l8f + 2.29

1 Standard deviations.
2 Means having different superscripts are significantly different 
at the 0.01 level of probability.



Substantially no differences were observed with regard to 
beta-carotene and xanthophyll stability among the respective diets 
during the experimental period (Table 2). The dehydrated alfalfa 
meal employed in this study contained 124 mg. of xanthophylls per 
pound.



PABT II

SHE EFFECT OF ETHOXYQUIN OH THE STABILITY M D  
UTILIZATION OF BETA-CAROTEEE A3E)

XAETHOPHIHS FROM DEHYDRATED ALFALFA MEAL

IHTRODUCTIOH

Siedler et al. (1956) found that the addition of 0.1 per cent 
ethoxyquin to animal fat Increased vitamin A and "beta-carotene 
stability in chick diets. Romoser et al. (1959) noted that ethoxyquin 
stabilized the xanthophylls in poultry feed and enhanced xanthophyll 
utilization in the chick. Madiedo et al. (i960) stated that the 
addition of ethoxyquin at levels of 0.01, 0.02 and 0.1 per cent in a 
laying hen diet increased pigmentation values in egg yolk from 55 mng. 
beta-carotene equivalent to 85, 90 and 104 mmg. beta-carotene equiv
alent, respectively. Anjaneyalu (1962) added 0.0125 per cent ethoxy
quin to a laying diet with various levels of alfalfa meal and found 
an increase in egg yolk pigmentation. It was concluded that ethoxy
quin exhibited in vivo protection of xanthophylls in addition to its 
action in the feed.

Numerous studies have been reported on the utilization of 
xanthophylls from various feedstuffs. Reiman and Wilhelm (1937) 
found that the xanthophylls of alfalfa were more effective for egg
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yolk pigmentation than the pigments of com. Williams (i960), how
ever , reported that yellow corn was more effectively utilized "by the 
hen than was dehydrated alfalfa meal. Sunde (1962) indicated that 
6 to 7 per cent of yellow corn or 1 per cent of dehydrated alfalfa 
meal produced similar levels of pigmentation in chickens.

Bickoff et al. (1954b) isolated a total of more than 40 
xanthophyllic bands from dehydrated, alfalfa meal. Five pigments 
(lutein, violaxanthin, cryptoxanthin, zeaxanthin and neoxanthin) 
comprised 87 per cent of the xanthophylls in the dehydrated alfalfa 
meal. Anjaneyalu (1962) studied the individual xanthophylls in 
dehydrated alfalfa meal, egg yolks and fecal samples and estimated 
the relative absorption of the pigments in descending order as 
zeaxanthin, cryptoxanthin, lutein, beta-carotene and flavoxanthin. 
Violaxanthin, which comprised 4.27 per cent of the total dietary 
xanthophylls, was absent in the feces and egg yolk.

Dehydrated alfalfa meal in commercial channels is usually 
mixed with an antioxidant at the processing plant to stabilize the 
carotenoids. This study was undertaken: l) to determine the stabil
ity of the beta-carotene and xanthophylls in dehydrated alfalfa meal 
in the presence of different amounts of ethoxyquinj 2) to evaluate 
the effect of the antioxidant treatments on dehydrated alfalfa meal 
on egg yolk pigmentation, and 3) to determine the degree of utiliza
tion of the major xanthophyll components of dehydrated alfalfa meal 
by laying hens.
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EXPERIMMTMr PROGSDURE

Dehydrated alfalfa meal was mixed in a hatch mixer with 
ethoxyquin at levels of 0, 150, 300, 600 or 1200 parts per million, 
stored in galvanized cans for 8 weeks. After the storage period, 
the alfalfa meal samples not treated with ethoxyquin were added to a 
basal diet at levels of 5*0, 10,0, 12.5 and 15*0 per cent.
Ethoxyquin-treated alfalfa meals were fed at levels of 7° 5, 10.0 and 
12*5 per cent of the same basal diet for laying hens (Table 4). 
Complete diets containing 5? 10, 15 per cent untreated alfalfa meal 
were treated with 150 parts per million ethoxyquin (Table 4). The 
productive energy content of all diets was 830 Calories per pound.

One hundred 9 month old Single Comb ihite Leghorn pullets, 
housed in single cages, were fed a low pigment diet for approximately 
four weeks. Birds were randomly assigned diets and the twenty groups 
of 5 birds each were fed for 21 days. Feed consumption and daily 
egg production records were maintained during the test. After 
10 days on diets, the eggs were marked individually with the date, 
group number and bird number and stored in a refrigerator at 15°C. 
until analyzed.

Total carotene and xanthophylls were determined for the 
alfalfa (before and after storage), and for the diets (before and 
after test) by the method of Bickoff et al. (1954a).



Table 4. Experimental Design
22

Diet No. ppm in Feed ppm in Alfalfa Meal $ Alfalfa in Feed

1 0 0 5-0
2 0 0 7-5
3 0 0 10.0
4 0 0 12.5
5 0 0 15.0

6 150 0 5.0
7 150 0 10.0
8 150 0 15.0

9 0 150 7.5
10 0 150 10.0
11 0 150 12.5

12 0 300 7.5
13 0 300 10.0
14 0 300 12.5

15 0 600 7.5
16 0 600 10.0
17 0 600 12.5

18
19
20

0
0
0

1200

1200
1200

7-5
10.0
12.5
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Separation and Identification of Xanthophylls In Dehydrated 
Alfalfa Meal and Egg Yolk

The separation of the individual pigments from dehydrated
alfalfa meal was accomplished by the method of Bickoff et al. (l95̂ h).
A 2 gram sample of alfalfa was placed in a 250 ml. flask with 30 ml.
of hexane-acetone mixture (7:3)° The sample was swirled gently and
allowed to stand for 16 hours in the dark. A chromatographic column
(20 x 500 mm.) was packed with dry magnesium oxide-Hyflo Super Cel
(l:l) to a height of 46 cm. and topped with 2.5 cm. anhydrous sodium
sulfate. Ten milliliters redistilled hexane was poured onto the
packed column followed by a 50 ml. aliquot of the alfalfa extract.
The chromatogram was developed with a hexane -acetone -ethanol mixture
(82.5:15:2.5)° Fractions labeled A, B, C, D, E were eluted, their
volumes were recorded and the color intensities read in a Coleman
Junior Spectrophotometer at 450 mp. Each fraction was evaporated
and the pigments were dissolved in redistilled hexane. Fraction A,
beta-carotene, was not rechromatographed. Fractions B and D were

1rechromatographed on a calcium hydroxide -Hyflo Super Cel (l:l) 
column (20 x 220 mm.) with A hexane -acetone mixture (9:l). A single 
band was observed in Fraction D. Fractions C and E were rechromato
graphed on a powdered sugar^-Hyflo Super Cel (l:l) column (20 x 220 mm.) 
with a hexane ethanol mixture (99.5 - 0.5)° Three bands were observed 
in each of the two fractions. Each pigment obtained from the four

1 Mallinckrodt Chemical Works, Hew York, H.Y.
^ California and Hawaiian Sugar Refining Corporation,

San Francisco, California.



major fractions was dissolved in ethanol after the original solvents 
were evaporated tinder vacuum. The volumes of the pigments in alcohol 
were recorded, and the color intensities read on the Coleman Junior 
Spectrophotometer at 450 mp. The pigments were identified "by their 
absorption spectra determined on a Bausch and Lonib Spectrophotometer 
(spectronic 505) and by their positions on the column.

The color intensities of the egg yolks were determined as 
acetone extractable pigments as described earlier (AOAC 1958). The 
acetone extracts of the egg yolks were pooled from duplicate test 
groups and the acetone removed. The pigments were dissolved in 
hexane and an aliquot was chromatographed according to the method of 
Bickoff et al. (1954b).

RESULTS AM) DISCUSSION

Stability of Carotenoids in Dehydrated Alfalfa Meal and Mixed Feed
Improved retention of beta-carotene and xanthophylls in 

dehydrated alfalfa meal was obtained with all levels of ethoxyquin 
at the end of 8 weeks storage (Table 5)- The use of 150, 300, 600 
and 1200 ppm of ethoxyquin in the dehydrated alfalfa meal resulted 
in beta-carotene retentions of 42.0, 47.0, 57-5 and 6l.O per cent 
more than the untreated meal, respectively, Xanthophylls were also 
retained to a greater extent in the presence of the antioxidant 
(Table 5).



Table 5° Effect of Ethoxyquin on the Stability of Beta-carotene and
Xanthophylls in Dehydrated Alfalfa Meal During 8 Weeks Storage

Ethoxyquin Initial After Storage After Storage
Level in 
Dehydrated 
Alfalfa 
Meal

Beta-carotene
mg/lb

Xanthophyll
mg/lb

Beta-carotene
mg/lb

! Xanthophyll 
mg/lb

% retained 
0 X

0 115.7 183.3 57.0 124.7 49.2 68.0
150 ppm 110.2 175.9 81.1 .,

(42.0)1
142.6
(14.2)1

73-6 81.1

300 ppm 114.6 185.3 83.6
(47.0) 149-5(20.0)

73.0 80.7

600 ppm 117.9 188.8 89.8
(57.5)

. 158.3; (27.0)
76.1 83.9

1200 ppm 110.1 180.1 91.7(6l.0) 153.7
(23.5)

83.3 85.3

1 Per cent increase in retention compared.to the -untreated dehydrated alfalfa meal groups.
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The average increase in retention due to ethoxyquin amounted 
to 52-0 per cent for beta-carotene and 21-2 per cent for xanthophylls. 
During the 8. week storage period, the antioxidant preserved beta- 
carotene to a greater extent than xanthophylls (Table 5)« An average 
of 10 per cent more beta-earotene was retained with the use of either 
600 or 1200 ppm ethoxyquin than when 150 or 300 ppm of the antioxidant 
was used (Table 5)- The higher levels of the antioxidant (600 and 
1200 ppm) were 7 per cent more effective than the two lower levels 
in preserving the xanthophylls in dehydrated alfalfa meal.

The beta-carotene and xanthophyll concentrations of mixed 
feeds determined at the start and end of the feeding period indicated 
an average loss of beta-carotene during the four week experimental 
period which amounted to 24-5 per cent when the untreated dehydrated 
alfalfa meal was incorporated into the diet. Essentially no loss 
(less than Vfo) in beta-carotene occurred when 150 ppm ethoxyquin was 
incorporated directly into the diet with the dehydrated alfalfa meal 
(Table 6). Among the dehydrated alfalfa meal samples treated with 
ethoxyquin prior to incorporation into the basal diet, the greatest 
stability of beta-carotene was obtained with the 1200 ppm ethoxyquin 
treatment (Table 6). Under commercial conditions, a level of 150 ppm 
ethoxyquin is used in the processing of dehydrated alfalfa meals.
The incorporation of the dehydrated alfalfa meal containing this 
level of the antioxidant (150 ppm) resulted in an average loss of 
12.8 per cent in beta-carotene during the four week storage period- 
Although this represents some improvement over the alfalfa meal in
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the absence of the antioxidant, there was still an appreciable loss 
compared -with the antioxidant treatment of the feed or the use of 
higher levels of ethoxyquin in the dehydrated alfalfa meal samples 
(Table 6).

Losses,of dietary xanthophylls from the mixed feed in the 
absence of ethoxyquin amounted to an average of 26.2 per cent (Table j) 
The use of 150 ppm of the antioxidant in the feed reduced this loss 
to 17.3 per cent. These data indicate that the anti oxidant under 
the conditions of this study was more effective in preserving beta- 
carotene than xanthophylls in the mixed feed with the use of 150 ppm 
ethoxyquin in the diet.

Treatment of dehydrated alfalfa meal with ethoxyquin, prior 
to incorporation into the diet, indicated that the use of either 600 
or 1200 ppm resulted in maximum stability of xanthophylls (Table 7)*

The major individual carotenoid pigments present in dehydrated 
alfalfa meal were isolated at the initiation of the storage period 
and after eight weeks for the samples containing 0 and 1200 ppm 
ethoxyquin. The more labile pigments in the absence of the antioxidant 
appeared to be flavoxanthin, violaxanthin, beta-carotene and neo- 
xanthin; while cryptoxanthin, lutein and zeaxanthin were more stable 
and were retained to the extent of 72-77 per cent even in the absence 
of ethoxyquin (Table 8). The incorporation of 1200 ppm ethoxyquin 
into the dehydrated, alfalfa, meal sample prior to storage improved 
the retention of carotenoids.



Table 6. Stability of Beta-carotene in Mixed Feed ■with
Bthoxyquin-Ereated Dehydrated Alfalfa Meal

Dehydrated 
Alfalfa Meal 
Ethoxyquin 
Level

Per cent Dehydrated Alfalfa Meal in Diet
5.0 7.5 10.0 12.5 15.0 Average

Carotene
Loss
t

Carotene
loss
*

Carotene
loss

Carotene
loss
i

Carotene
loss
i

Carotene
loss
1o

0 21.7 19.4 24.4 27.3 29.5 24.5
0, 150 ppm in feed 0.0 6.8 “ ■ + 5.2 0.8
150 ppm in alfalfa - 3.9 22.4 12.0 - 12.8
300 ppm in alfalfa *- . 0.0 + 3.1 13.0 - 5.0
600 ppm in alfalfa - 10,0 + 2.8 7.6 - ■ 4.9
1200 ppm in alfalfa - 3.4 + 5.0 2.4 - 0.4



Table 7° Stability of Xanthophylls in Mixed Feed with 
Ethoxyquin-Treated Dehydrated Alfalfa Meal

Dehydrated 
Alfalfa Meal 
Ethoxyquin 

Level
5.0

Per cent Dehydrated Alfalfa Meal in Diet
7.5 10.0 12.5 15.0 Average

Xanthophyll
Loss
i

Xanthophyll
loss
*

Xanthophyll
loss

Xanthophyll
loss
■t

Xanthophyll
loss
* .

Xanthophyll
loss

0 . 28.8 28.4 22.6 23.0 28.2 26.2
0, 150 ppm in 

feed 15.0 - 15.2 *=» - 21.6 17.3
150 ppm in 

alfalfa - 12.0 23.6 23.2 - 19.6
300 ppm in 

alfalfa 7.0 15.5 35«8 - 19.4
600 ppm in 

alfalfa -  ■ 19.7 1-5 13.8 - 11.4
1200 ppm in 

alfalfa - 17.6 6.9 18.5 - 14,3



Table 8. Effect of Efchozyquin Treatments on the Stability of Individual 
Garotenoids in Dehydrated Alfalfa Meal after 8 Weeks Storage

Garotenoids
Average Initial 
Values mg/lb.

0 ppm Ethoxyquin 1200 ppm Ethoxyquin
After Storage 

mg/lb.
Retained After Storage 

mg/lb.
Retained

$

Beta-carotene 109.5 53.6 49.0 80.2 73.3
Cryptoxanthin 6.1 4.8 77.6 6.9 100 > .
Lutein 86.0 62.6 72.8 78.7 91.5
Violaxanthin .31.5 12.6 4o.o 15.1 48.0 .
Zeaxanthin 7.2 5.2 72.8 5.6 . 78.0
Flavoxanthin 2.9 . 0 0 0 0
Unknown - =1 4.3 -
Weoxanthin 17.4 9.3 53.3 13.6 78.0

Total xanthophylls 151.0 94.4 62.5 124.0 82.2
Total of all pigments 260.6 148.0 , 55.6 204.2 77.0
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Effect on Yolk Pigmentation

The average acetone extractable yolk pigments from hens fed 
the various dehydrated alfalfa meal samples are presented in Table 9= 
Efchoxyquin added either to the diet at the 150 ppm level or to the 
ethoxyquin-treated alfalfa meal enhanced yolk pigmentation- The 
addition of 150 ppm of ethoxyquin to the diet produced an average 
improvement of 10-3 per cent over the untreated alfalfa meal (Table .9)* 
Since xanthophyll concentrations should have been the same for these 
two treatments, this 10-3 per cent improvement of yolk color indicates 
that the antioxidant preserved the pigments in the feed; or in vivo- 
All levels of ethoxyquin-treated dehydrated alfalfa meal increased 
yolk color over that obtained with untreated alfalfa- Increased 
yolk color would be expected since the xanthophylls were preserved 
in the alfalfa meal during the pre-experimental eight week storage 
period. The 300 and 600 ppm ethoxyquin levels produced similar 
yolk coloration (Table 9)« The greatest improvement in yolk color, 
40.4 per cent, was obtained with dehydrated alfalfa meal which had 
been treated with 1200 ppm ethoxyquin-

In order to evaluate the relative effectiveness of the major 
xanthophyll components of dehydrated alfalfa meal for yolk pigmen
tation, samples of egg yolk and feed were collected for analyses. 
Cryptoxanthin, lutein and zeaxanthin comprised the major portion of 
the xanthophyll present in egg yolk. These pigments accounted for 
60-62 per cent of the total xanthophylls present (Table 10). On 
the basis of feed consumption, egg production and xanthophyll



Table 9° Effect of Ethoxyquin-Treated Dehydrated Alfalfa 
Meal1 on Egg Yolk.Pigmentation

Dietary Level of Dehydrated 
Alfalfa Meal (%) Average

Treatment Xanthophyll Source 5.0 7.5 10.0 12.5 15.0 Improvement
$

Egg Yolk Acetone Extraetable Pigments"1"
Untreated D.A.M,^ 10.7 15.9 26.5 34.4 ■35.1 -
Untreated D.A.M. with Bfchoxyquin in 

feed @ 150 ppm 13-9 28.8 38.9 10.3
Ethoxyquin~treated D.A.M. 150 ppm - 28.4 31.0 38.0 29.O
Ethoxyquin-treated D.A.M. 300 ppm - 26.3 32.3 41.8 ■- 36.7
Ethoxyquin-treated D.A.M. 600 ppm - 31.7 35.7 - 37.6
Ethoxyquin-treated D.A.M. 1200 ppm . 28,2 33.6 41.2 - 40.4

1 Calculated as micrograms of beta-carotene acetone extraetable pigment per gram of yolk, 
^ D.A,M, - Dehydrated alfalfa meal.



Table 10. Deposition of the Major Garotenoid Pigments of 
Dehydrated Alfalfa Meal in Egg Yolk

Oarotenofds

0 ppm Ethoxyquin 1200 ppm Ethoxyquin
Consumed 
per egg, 
mmg

Deposited Deposited 
. per egg, $ 

mmg
Consumed 
per egg, 
mmg

Deposited Deposited per egg, $ 
mmg

Beta-carotene 1700 25.4 1.5 3500 4.8 o .i4

Cryptoxanthin 248 43.2 17.4 ' 328 68.5 20.9

Lutein 3240 276.0 8 .5 3750 305.0 8.2

Violaxanthin 660 - 718 - -
Zeaxanthin 269 97.5 36.2 264 n 4 .o 43.2

Others 503 . 271.3 .. 53.9 840 336.5 4o,o

Total xanthophylls 4920 688.0 14.0 5900 824.0 13.9

Diets contained dehydrated alfalfa meal at the level of 12.5 per cent.



composition the average intake of individual xanthophylls per egg 
was calculated (Table 10). These figures were used in combination 
with those for egg yolk composition to arrive at an estimate of the 
percentage deposition of the xanthophylls which were consumed. The 
most efficient utilization occurred with zeaxanthin which was 
deposited to the extent of 36-43 per cent. Poorest utilization 
occurred with lutein which was deposited to the extent of only 
8 per cent (Table 10). These data indicate that zeaxanthin was 
utilized 4-5 times and cryptoxanthin two times more effectively than 
was lutein. Total xanthophylls present in the feed were deposited 
in the egg yolk to the extent of 14 per cent (Table 10).

Marusich et al. (i960) have reported the feeding of pure 
samples of a number of xanthophylls and presented the percentage 
deposition figures for these pigments. Zeaxanthin was deposited 
in egg yolk to the extent of 14-20 per cent; while the total 
xanthophylls of dehydrated alfalfa meal were deposited to the extent 
of 13.9 per cent. Marusich and co-workers did not report values 
for either lutein or cryptoxanthin.



SUMMARY

In the first experimentthree "basal diets containing 0, 5 
and 10 per cent fat ■with 2.5j> 5»0 and 10.0 per cent dehydrated 
alfalfa meal, respectively, were fed for 21 days to k-5 laying pallets 
and the acetone extractahle pigments from egg yolks determined.

Fat in the diet failed to increase yolk pigmentation at the 
lowest level of dehydrated alfalfa meal; however, highly significant 
increases in pigmentation (P <^0.01) were obtained with diets con
taining either 5 or 10 per cent dehydrated alfalfa meal supplemented 
with fat.

In a second experiment, the stabilities of beta-carotene 
and xanthophylls in dehydrated alfalfa meal in the presence of 150, 
300, 600 and 1200 ppm ethoxyquin were compared after 8 weeks storage. 
The average increase in retention due to the ethoxyquin amounted to 
52.0 per cent for beta-carotene and 21.2 per cent for xanthophylls. 
Mien laying pullets were fed the ethoxyquin-treated alfalfa meals, 
an improvement in yolk color was obtained.

The relative effectiveness of the major xanthophyll components 
of dehydrated alfalfa meal for yolk pigmentation was determined. 
Zeaxanthin was most efficiently utilized and was desposited to the 
extent of 36-43 per cent of that consumed, and lutein showed the 
poorest utilization being deposited to the extent of only 8 per cent.
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Total xanthophylls present were deposited in the egg yolk to the 
extent of 14 per cent.

The average losses of heta-carotene and xanthophylls from 
the mixed feed during the 4 weeks experimental period were reduced 
by the antioxidant. The most labile carotenoids in the absence of 
the antioxidant appeared to be flavoxanthin, violaxanthin, beta- 
carotene and neoxanthin. Cryptoxanthin, lutein and zeaxanthin were 
present to the extent of 72-77 per cent in the absence of ethoxyquin.
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