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Doctor of Philosophy

ABSTRAcr

Niceas Carlos Vilchez

Animal Science (Nutrition)

MATERNAL DIETARY FATrY ACIDS: EFFECfS ON REPRODUCTION

AND EMBRYO LIPID METABOUSM IN JAPANESE QUAIL

(Cotumix cotumix jaoonica)

Japanese quail hens were uscd to study the effeet of feeding palmitic, oleic or

linoleic acids on the reproductive performance, tissue fatty acid composition and

embryo lipid metabolism. Quail fed palmitic acid consumed more feed than those fcd

either oleie or linoleie acids. The highest level of reproductive performance was

observed in quail fed palmiti-:: acid followed by tho~ fed oleie and linoleic acids. The

highest level of embryo survival, observed in the palmitic acid fcd group, was

associated with more rapid mobilization and assimilation of yolk material by the

embryo during incubation and it was not related to changes in eggshell quality. High

levels of oleic and linoleic acids were found in egg yolk, plasma and liver lipids from

quail fed oleic and linoleic 'lcids, respectively. However, feeding palmitic acid resultcd

in elevated levels of palmitoleic acids in ail three tissues. The fatty acid profiles of

phospholipid, triglyceride and cholesterol esters of embryonic tissues were consistently

influenced by the fatty acid composition of the yolk lipids and the stage of

development. Feeding palmitic acid promoted more retention of labelcd fatty acids

in embryo lipids. Labeled oleic acid was preferentially esterilied in the cholesterol

ester fraction of yolk sac membrane lipids, and it appears that this fatty acid is

utilized to a great extent by the quail embryo during its development.
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Résumé

Niceas Carlos Vilchez

Zootechnie (Nutrition)

LES ACIDES GRAS DANS L'ALIMENTATION DE LA MERE: EFFEI'S SUR

LA REPRODUCTION Er LE MEfABOUSM DES LIPIDES DE L'EMBRYON

CHEZ LA CAILLE JAPONAISE (Çotumix cotumix japonica)

L'ajout alimentaire d'acide palmitique, oléique ou linoléique a été expérimenté

chez dl~s cailles japonaises en ponte afin d'en déterminer les performances

reproductives et d'examiner 1::. ~,,'ilposition tissulaire d'acides gras et le métabolisme

lipidique de l'embryon. Les cailles nourries avec l'acide palmitique ont consommé

plus d'aliment que celles ayant reçu de l'acide oléique ou linoléique. La meilleure

performance reproductive a été obtenue chez les cailles nourries avec l'acide

palmitique, suivi de celles avec l'acide oléique et enfin, celles avec l'acide linoléique.

Le meilleur taux de survie des embryons, issus de mères nourries avec l'acide

palmitique, était associé avec une mobilization et une assimilation plus rapide du

jaune de l'oeuf par l'embryon durant l'incubation; cette survie n'était pas function de

modifications de la qualité de la coquille. Des concentrations élevées d'acide oléique

et linoléique ont été déposées dans le jaune de l'oeuf, le plasma et les lipides

hépatiques chez les cailles supplémentées avec l'acide oléique ou linoléique,

respectivement. Cependant, l'ajout d'acide palmitique alimentaire se réfléta par des

concentrations élevées d'acide palmitoléique dans ces trois tissus. Les profils d'acides

gras des phospholipides, des triglycérides et des esters de cholésterol des tissus

embryonnaires furent régulièrement influencés par la nature des acides gras des

lipides du jaune de l'oeuf et par le stade de développement. L'ajout d'acide

palmitique favorisa une rétention accrue des acides gras radioactifs dans les lipides

de l'embryon. L'acide oléique radioactif se fit incorporer particulièrement dans la

fraction du cholésterol estérifié des lipides membranaires du sac vitellin; il semblerait

que cet acide gras soit abondamment utilisé par l'embryon de la caille durant son

développement.
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RFSUMEN

Niceas Carlos Vilchez

Ciencia Animal (Nutrici6n)

ACIDOS GRASOS EN LA DIErA MATERNA: EFECfOS EN REPRODUCCION

y METABOUSMO DE LIPIDOS EN EMBRIONES DE CODORNICES

(Cotumix coturnix japonica)

Effectos de la inclusi6n de acido palmftico, oleico 0 linoleico en la dicta

materna sobre la perfomance reproductiva, la composici6n de acidos grasos de los

tejidos y el metabolismo de Ifpidos en los embriones fueron determinados en

codornices en reproducti6n. Codornices alimentadas con acido palmftico consumicron

mas que aquellas que recibieron acido oleico 0 linoleico. Mejor perfomancc

reproductiva se observ6 en codorniccs alimentadas con acido palmftico seguidos por

el acido oleico y Iinoleico. La mejor tasa de sobrevivencia embrionaria obtenido con

el acido palmftico estuvo asociado con una mayor movilizaci6n y asimilaci6n de la

yema por el embri6n durante la incubaci6n y no fué influenciado por la diferencia

en la caIidad de la cascara deI huevo. Altos niveles de acido oleico y Iinoleico sc

observaron en los Ifpidos de la yema, dei plasma y dei hfgado de codornices

alimentadas con acido oleico y Iinoleico, respectivamente. La inclusi6n de acido

palmftico en la dieta result6 en altos niveles de acido palmitoleico en los tres tejidos.

La composici6n de acidos grasos de los fosfolfpidos, triglicéridos y ésteres de

co!esterol de los tejidos embrionarios fueron influenciados por la composici6n de los

acidos grasos de la yema y por el estado de desarrollo deI embri6n. La inclusi6n de

acido paImftico en la dieta promovi6 una mayor retenci6n de acidos grasos

radioactivos en los Ifpidos dei embri6n. El acido oleko radioactivo fué esterificado

preferentemente con el colesterol y este acido graso fué utilizado en alto grado por

el embri6n durante su desarrollo.



ThIS thesis is presented as a series (.f 5 papers corresponding to Sections III.l

to III .5. McGiIl University Guidelines Conceming Thesis Preparation state: "While

the inclusion of manuscripts co-authored by the candidate and others is not

prohibited by McGill, the candidate is wamed to make an explicit statement on who

contributed to such work and to what extent, and supervisors and others will have to

bear witness to the accuracy of such c1aims before the oral committee. Il should be

noted that the task of the extemal examiner is made more difficult in such cases, and

it is the candidate's interest to make authorship responsibilities perfectly clear."

Section ilL 1 and 111.2 and Section 111.3 were published and Section IlIA was

accepted for pubhcation and is in pr§!i. Sections III. l, 111.2 and 111.3 are authored by

C. Vilchez, S. P. Touchbum, E. R. Chavez, and C. W. Chan. Section IlIA is authored

by C. Vilchez, S. P. Touchbum, E. R. Chavez. and P. C. Lague. Drs. S. P

Touchbum and E. R. Chavez were the student's co-supervisors. Dr, P. C. Lague

provided valuable advice in measuring eggshell quality. Mr. C. W. Chan, Research

Msociate, provided valuable guidance in the management of the incubators and in

gas-Iiquid chromatography techniques. Section III.5 will be submitted for publication

with the student's supervisors as co-authors.



TABLE OF CONTENTS

Acknowledgments

Claim of originality and contribution to knowledge

List of tables

1. GENERAL INTRODUCTION

II. REVIEW OF LITERATURE

2.1. Dietary fat effect on egg production and egg weight

2.2. Dietary fat effect on fertility and hatchability

2.3. Dietary fat and egg yolk lipid composition

2.4. Dietary fatty acids and plasma lipoproteins

2.5. Lipid metabolism in the avian embryo

2.6. Dietary fat and changes in membrane

composition and function

III. EXPERIMENTAL SECTION

1. DIETARY PALMITIC AND LINOLEIC ACIOS AND
REPRODUCTION OF JAPANESE QUAIL (Cotumix
cotumjx jawnica)

ABSTRACT

INTRODUCTION

MATERIALS AND METHODS

Page

ii

IV

4

4

8

12

14

17

19

22

23

24

26



RESULTS 29

DISCUSSION 32

ACKNOWLEDGEMENT 37

2. EFFECT OF FEEDING PALMITIC, OLEIC, AND
LINOLEIC ACIOS TO JAPANESE QUAIL HENS
(Co\urnjx co\urnix japonica>. 1.
REPRODUCTIVE PERFORMANCE AND TISSUE
FATTY AClOS 46

ABSTRACT 46

INTRODUCTION 47

MATERIALS AND METHODS 49

RESULTS AND DISCUSSION 54

ACKNOWLEDGEMENTS 63

3. EFFECT OF FEEDING PALMITIC, OLEIC, AND
LINOLEIC AClOS TO JAPANESE QUAIL HENS
(Co\urnix co\urnix japoniça). 2.
MATERNAL DIETS AND STAGE OF INCUBATION
ON THE LIPIO METABOLISM OF QUAIL EMBRYOS 72

ABSTRACT 72

INTRODUCTION 73

MATERIALS AND METHODS 75

RESULTS AND DISCUSSION 78

ACKNOWLEDGEMENTS 88

4. RESEARCH NOTE:EGGSHELL QUALITY IN JAPANESE
QUAIL FED DIFFERENT FATTY AClOS 96

ABSTRACT 96



INTRODUCTION

MATERIALS AND METHODS

RESULTS AND DISCUSSION

ACKNOWLEDGEMENT

5. METABOLISM OF [1-14C]-PALMITATE. -OLEATE.
AND -LINOLEATE IN INTACT QUAIL EMBRYOS AS
AFFECTED BY MATERNAL DIET

ABSTRACT

INTRODUCTION

MATERIALS AND METHODS

RESULTS AND DISCUSSION

IV. GENERAL DISCUSSION

V. CONCLUSIONS

VI. LITERATURE CITED

97

98

99

101

103

103

104

106

108

117

122

125



ACKNOWLEDGMENfS

The author gratefully acknowledges the invaluable advice, assistance, patience,

friendship and economical support of Ors. S. P. Touchbum and E. R. Chavez

throughout the course of this program. The advice and friendship of Dr. S. Kubow

of the School of Dietetics and Human Nutrition is a1so to be noticed.

My sincere appreciation to MT. C. W. Chan for his encouragement, assistance and

friendship.

Thanks to Dr. P. Lague for providing me the opportunity to use the facilities of the

Poultry Unit, for the French version of the abstract and for his willingness to help.

Thanks to Dr. V. Gavino of the Université de Montréal and Dr. S. Sparace of the

Department of Plant Science (McGilI University) for their advice and assistance for

the duration of Experiment 5.

Thanks to Carroll Themba Khombe for typing the tables.

Acknowledgment is a1so given to the staff and fellow graduate students of the

Department of Animal Science for their friendship and ongoing encouragement.

Thanks to the Ministère de L'Enseignement supérier et de la Science du Québec,

The consulate of Peru in Montreal and the Department of Animal Science for their

contribution to grant me the tuition fee waiver

Finally, my deepest gratitude to my wife Gladys and my son Paul for their support,

patience and encouragement during the course of my studies;

i



CLAIM OF ORIGINALITY AND CONTRIBlITION TO KNOWLEDGE

To the author's knowledge, the following aspects of this study constitlltc

original contributions to knowledge:

1. Development of a semipurified diet and management practices which facilitated

near-maximal egg production and fertility of Japanese quai!.

2. The use of Japanese quail as an animal model for poultry to study the effecls of

fats or fatty acids on reproduction and embryo lipid metabolism.

3. Development of a method 10 separate monoglycerides from phospholipids by Ihin

layer chromatography.

As far as the author is aware, the following findings have not been previollsly

reported and expand the knowledge of the nutrition of Japanese quai!:

1. Demonstration that reproductive performance was not impaired when diets

containing .7 to .8% of linoleic acid were fed.

2. Report showing an exceptionally high rate of egg production and ferti!ity over a

long-lerm experimenl.

if



3. Demonstration that feeding palmitic acid, a saturated, non-essential fatty acid,

enhanced the rate of egg production, egg mass output, synthesis of lipoproteins,

embryo survival and hatchability of fertile eggs.

4. Demonstration that mobilization of yolk lipids to the embryo during incubation was

affected by the type of fatty acid fed to the hen.

5. Report of the effects of dietary fatty acids on fatty acid composition of egg yolk,

plasma and liver lipids of the hen.

6. Report of the effects of maternai diet and stage of embryonic development on the

fatty acid composition of the lipid classes of yolk sac membrane and extrahepatic

embryonic tissues.

7. Report of the effects of the type of fatty acid included in the diet on eggshell

quality.

8. Demonstration that there was a preferential mobilization from the yolk to the

embryo, oxidation by the embryo and incorporation into lipid classes of embryonic

tissues during incubation when labeled fatty acids were injected into the egg yolks.

Hi
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I. G~ ThITRODUCTION

Dietary fat plays at least two main roles for the living animal: 1) it is a

concentrated source of metabolizable energy, and 2) it supplies fatty acids which are

essential components of ceU membranes as weU as esse:-tial precursors for the

synthesis of eicosanoids.

Many investigations in poultry have shown improvements in rate of growth,

ralp. of egg production, efficiency of feed utilization and increased egg weight

resulting from the addition of fat to the diets. In recent studies here with turkey hens

(Vilchez ~ al., 1990; De Henau ~ al. 1985) and broiler breeders (Gilbert ~ al., 1991)

it was observed that isocaloric replacement of a portion of the carbohydrate by fats

or oils in the breeder diets reduced embryonic mortality during the latter stage

incubation, thus improving hatchability of fertile eggs.

ln spite of the amount of research done on the effectiveness of adding fat to

the diets of poultry, the role of a particular fatty acid on a given reproductive

parameter has not been identified. Among fatty acids, linoleic acid has been the most

studied (Balnave, 197Ia). In fact, the dietary requirement of chicken, turkey, quail,

and other species of poultry for linoleic acid has been established by the National

Research Council (NRC, 1984), but there is no information conceming the dietary



requirements of these species for fatty acids other than linoleic acid. Experiments

carried out by Whitehead (1981), Scragg l:1 ID. (1987) and Vilchez l:1 ID. (I990a)

indicate the possibility that supplemental dietary fatty acids su\:h as palmitic or olcic

acids, may be as good as linoleic acid in maintaining appropriate reproductive

performance.

The composition of dietary lipids significantly influences the composition of

egg yolk lipids, with the polyunsaturated fattyacids (PUFA) having the most dramatic

effects (Noble, 1987a). Futher, in recent years many studies have demonstrated the

effects of dietary fat on the composition of membrane phospholipids, which is

accompanied by changes in different membrane-bound enzyme activities (Spector and

Yorek, 1985). Therefore, as the avian embryo depends entirely on the yolk lipid

during its development, it may be assumed that modification of the fatty acid

composition of the yolk lipids, particularly of the phospholipids, by dietary means

would alse alter the activities of different enzymes in embryo tissue affecting its

development and livability.

The general objectives of the present research are outlined as follows:

1. To detem.ine the effects of the inclusion of fatty acids differing in the degree of

saturation and essentiality on reproduction of Japanese quail hens.
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2. To delermine the appropiate fatty acid composition of the diets of quail hens

which, in turn, will influence the faUy acid composition of the egg yolk lipids in order

to maximize the reproductive performance.

3. To examine the effects of the maternai diet on the lipid metabolism of quail

embryos during incubation.
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D. REVIEW OF LITERATURE

2.1 Dietary fat effect on egg production and egg weight

The addition of fats and oils to the diets of chicken or turkey hens results in

variable responses in feed efficiency, egg production and egg weight depcnding on the

source of the supplemental fat or oil. In sorne cases, the addition of fat irnprovcd the

energetic. efficiency of egg production (Jackson ~ al., 1969; Rosebrough ~ ill., 1980;

Harms and Wilson, 1983). In other cases the energetic efficiency was not significantly

changcd (Horani and Sell, 1977) or was rcduccd (Sell ~ ill., 1979). Thesc responscs

are probably relatcd to the plane of r.Jtrition of the hen in a particular expcrirnenl.

Thus, when fat is addcd to correct an energy deficiency, the energy consurncd will be

used productively, improving the energetic efficiency. Conversely, when the addition

of fat increases the caloric content excessively in relation to the nutrient content of

the diet, it will result in an over consurnption of energy by the Ï'en, resulting in a

graduai increase in body fat content and a decline in energetic efficienr:y.

Nurnerous studies concerning the effectiveness of corn oil on egg production and

egg weight have becn conducted since Jensen ~ ill. (1958) reported that both cgg

production and egg weight could be irnproved by the addition of corn oilto practical

and semi-purified carbohydrate-based diets. Thus, the addition of corn oil to diets

containing different sources of carbohydrates significantly increased egg weight
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regardless the source of grain. Egg production, however, was not affected by dietary

treatment (Shutze ~ ill., 1962). Furthermore, the addition of 5% of either corn, taH

or safflower oils to a semipurified low-fat laying hen diet improved egg weight

(Shutze and Jensen, 1963).

Feeding laying hens diets containing corn oil (5 %) or a combination with

menhaden oil (50:50) resulted in ail increase in egg weight and egg production rate

when compared to diets 10w in 1inoleic acid (Marion and Edwards, 1964). In a similar

experiment, Bray (1967) demonstrated that the inclusion of 8 parts of corn oil for 20

parts of slarch increased egg weight. Il was postulated that the increased egg weight

may be due to an accelerated lipid deposition in the growing follicle because of the

availability of fatty acids abso.oed from the gut, and that corn oil had an effect which

was not attributable to the difference in dietary energy (Edwards and Morris, 1967).

ln this regard, laying hens fed a diet supplemented with corn slarch produced more

eggs than the equivalent (in terms of calories) addition of corn oil; however, egg size

was greater with the corn oil supplementation (Balnave, 1971a). Recently, March and

Macmillan (1990) hypothesized that linoleic acid, or longer-chain fatty acids of the

linoleic-acid family are required for the synthesis of the lipoproteins that can be

transported to the ovary for uptake by the deve10ping ova.

Balnave and Weatherup (1974) observed that the addition of corn oil to the diets

of laying hens resulted in a smali increase in egg weight when birds were fed
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conventional rearing diets. Supplements of linoleic acid in excess of the requirement

have littie effect on egg weight in birds with adequate reserves of linoleic acid

(Balnave, 1982). Furthermore, once the requirement for linoleic acid had becn met,

part of the extra linoleate may be used by the bird as a source of energy, which

would explain sorne results where linoleic acid supplementation had a beneficial

effect on both egg production and egg egg weight (Bainave, 197Ib).

The linoleic acid in excess of the requirement for normal body funclions is nol

specifically required for maximum egg size (Shannon and Whitehead, 1974), which

would suggest that egg size ClIn not be maximized if the amount of linoleic acid

available is not adequate to support maximum rate of synthesis of lipoproteins

(March and McMillan, 1990). However, unsaturated fa[s rich in other fally acids, such

as oleic acid, might have a ber,,:ficial effect on egg weight or egg production or both.

Thus, egg production rate and average egg weight of laying hens fed a diet

supplemented with 3% of olive oil were similar to those receiving the same amount

of corn oil. Therefore, it appears that the parameter egg weight does respond to the

presence ofreadilyabsorbable fatty acids such as linoleic and oleic acids (Whitehead,

1981; Scragg ~ i!!., 1987).

Egg production rate was not significantly affected when hens were fed isocaloric

and isonitrogenous diets containing 0,3, or 6% animal-vegetable fat blend (A-V fat)

(Sell ~ i!!., 1987). In the same study, a similar response was obtained when hens wcre
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fed non isocaloric diets containing either 3 or 6% A-V fat. The inclusion of A-V fat

or crude soybean oil, at 1 and 8% levels, in the diets of laying hen diets aIso resulted

in no significant difference in egg production, but egg weight tended to be heavier at

the higher dietary fat level (Huyghebaert, 1988). Likewise, the inclusion of graded

levels of palm oil (0, 3, 6 and 9%) in the laying hen diets did not affect egg

production and egg weight. Contrary to these observations, Pourreza ~ l!!. (1988)

reported that the inclusion of 3% of palm oil and 3.2 %of olein in the diets of brown

egg layers resulted in an increased egg output and lipid content of the yolk. Fat

supplementation (the high fat diet containing 8.7% total fat) prior to the onset of

scxual maturity of laying hens (Hoyle and Garlich, 1987) resulted in higher initiaI egg

weights than for birds fed a diet with no added fat (high carbohydrate diet, 0.99%

total fat); however, egg production rate was not affected by dietary treatment.

The addition of either A-V fat, corn oil or olive oil to the diets of turkey hens

had no significant effect on egg production rate (Grizzle ~ l!!., 198:<'; Whitehead and

Herron, 1988; Vilchez ~ l!!., 1990) or an improved response (Harms and Wilson,

1983) when compared with their respective control diets without added fat. Average

egg weight from turkey hens fed 5% of corn oil was heavier than those fed 5 % of

olive oil (Vilchez ~ l!!., 1990), but Whitehead and Herron (1988) found no difference

in egg weight from turkey hens fed diets containing 3% of either corn oil or olive oil

added.
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Calvert (1969) reported that both egg production and egg weight were

significantly reduced by feeding a linoleic acid deficient diet to adult Japanese quai\.

Likewise, quail fed a semi-purified low-fat basal mix (0.6% of linoleic add) plus 3%

corn starch had significantly lower egg production and egg weights than quail fed the

same basal diet but supplemented with 3% of either corn oil, palmitic, oleic or

linoleic acids (Vilchez ~ al., 1990a).

In summary, the addition of corn oil to the laying hen diets, in most cases,

resulted in an improvement of egg weight, but not neeessarily of egg production. The

positive effeet of corn oil on egg weight has becn attributed to its linoleic acid

content. However, sorne studies indicated that egg weight can also respond to the

presence of other fatty acids such as palmitic or oleic acids. This fact opens the

possibility to re-evaluate the nutritional properties of the sa-called non essential fatty

acids on both egg production and egg weight.

2.2. Dietary fat effect on fertility and hatchability

The possibility of the presence of an unidentified factor in corn oil neeessary for

fertility and hatchability was indicated by Jensen ~ al. (1958). Subsequent

investigations conducted by Marion and Edwards (1962) demonstraled lhal lhe

addition of corn oillO a low-fal diel significanlly increased halchabilily of fertile eggs.

Jensen and Shutze (1963) and Menge ~ al. (I965a) reported depressed halchabilily
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of eggs from hens suffering a esential fany acid (EFA) deficiency. They concluded

that the linoleic acid present in corn oil is the factor necessary for reproduction since

fertility and hatchability increased as the Iinoleic acid increased in the diet of the

breeder hens.

Increased levels of linoleic acid supplied by safflower oil had a significant

stimulatory effect on the reproduction of the EFA-deficient hens (Menge ~ lll.,

1965b). In the same study it was found that the addition of menhaden oil promoted

an even greater response than did safflower oil. Since the Iinoleic acid contents were

the same in both dietary treatments, the response was assigned to the

polyunsaturated fany acids (PUFA) present in the menhaden oil. On the other hand,

a high incidence of embryonic mortality and nearly zero hatchability was found in

eggs from EFA-deficient hens. Il was hypothesized that a deficiency of Iinoleic acid

produces a malposition in the embryo and also a lack of strength to completely break

out of the shell (Calvert, 1967).

Menge (1968) indicated that approximately 1% of Iinoleic acid is required for

hatchability of fertile eggs. This author reported, however, that only 0.125% of

linoleic acid is required for production of fertile eggs. Two different studies (Ba/nave,

1971a; Whitehead, 1981) reported that the specific requirement of laying hens for

Iinoleic acid is not greater than 0.9% of the diet, while the National Research Council

(NRC, 1984) Iists the requirement of chicken, turkey and quail hens for Iinoleic acid
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as 1% of the diet. This reeommendation also includes the male breeders.

Feeding graded levels of tallow (2.5,5,7.5,10 and 12.5%) to turkey breeder hens

resulted in no significant differences in fertility or hatchability that could be attributed

to the dietary fat (Creger ~ ID., 1970) A similar response was obtained by

Rosebrough ~ ID. (1980) when they fed turkey hens with diets containing different

levels of fat substituted isocalorica1ly for corn mea1. The addition of 6% A-V fat

(potter ~ ID., 1978) or 4% A-V fat (Grizzle ~ ID., 1982) to the diels of turkey hens

had no significant effeet on hatchability of fertile eggs when compared with the

control diels containing no added fat. The addition of corn oil to the diel of turkcy

hens, already containing 1.2%of linoleic acid, did not further improve the rate of egg

production or hatchability (Cooper and Bamet, 1968).

The addition of 8% of animal fat to the diets of turkey hens significantly

improved percent of fertility when compared to the control diet (without added fal)

or the 4% added fat diet (Harms and Wilson, 1983). Hatchability of fertile eggs was

not affeeted by dietary treatment. A further study conducted by Harms ~ ;J. (1984)

demonstrated that feeding 3% of animal fat to growing turkeys (12 to 32 wceks of

age) improved hatchau;iity of fertile eggs during the laying period when compared to

those fed a oiet without added fat during the same experimental period, but fertility

was not affeeted by dietary treatments during the growing period.
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Studies with turkey hens involving different protein levels, calorie:protein ratios

and supplemental A-V fat demonstrated that the inclusion of 3.5 % A-V fat in the

diet significantly improved hatchability of fertile eggs (De Henau ~ &., 1985). Since

feed intake was not affected by dietary treatment, it was suggested that fat ~ ~ has

some physiological effect other than its caloric contribution to the diet. A subsequent

study (Vilchez ~ al., 1990) showed that the isocaloric inclusion of either A-V fat, corn

oil or olive oilto the diets of turkey hens decreased embryonic mortality, particularly

during the latter stage of incubation, when compared to the control diet without

added fal. Hatchability of fertile eggs was not significantly different among

treatments, but it was observed that hatchability in birds fed olive oil tended to be

higher than those fed either A-V fat or corn oil. A similar observation was obtained

by Whitehead and Herron (1988) when turkey breeder hens were fed diets

containing 3% of either corn oil or olive oil.

When Japanese quail were fed a semi-purified low-fat basal mix (0.6% of linoleic

acid) plus 3% of corn oil, palmitic acid, oleic acid or linoleic acid the levels of

hatchability of fertile eggs were not significantly different among treatments, but they

were all significantly higher than that of quail fed the same basal mix plus 3% of corn

starch. Percent fertility was not affected by any of the dietary treatments (Vilchez ~

al., 1990a)

ln summary, the parameters. fertility and hatchability are severely affected only
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when birds are fed a Iinoleic acid deficient diet for a long period. These paramelers

are not affected when birds are fed conventional diets supplemented wilh differenl

sources of fat. However, the addition of fats or oils to the diets of turkey hens result

in a reduced embryonic mortality between 8 and 28 days of incubation. Further,

adding different commercial fatty acids to a semi-purified low-fat basal mix resulted

in a response similar to those obtained when corn oil was added, which would

indicate the need for an evaluation of the importance of each fatty acid on

pararneters such as fertility and hatchability.

2.3. Dietary fat and egg yolk lipid composition

Manipulation of dietary Iipid composition can, in most cases, be readily

translated into effects on yolk Iipid profile. Thus, the proportion of Iinoleic and

Iinolenic acids in the egg yolk Iipids increased with increasing amounts of these acids

included in the diets (Marty and Reiser, 1961). Eggs from laying hens fed 15%

hydrogenated coconut oil contained considerable quantities of Jauric, myristic and

myristoleic acids, and significantJy less arachidonic acid than eggs from hens fed 15%

safflower oil (Christie and Moore, 1972).

Incorporation of a range of vegetabJe oils rich in oleic acid, Iinoleic acid or

PUFA of the n-3 series into the diets of laying hens (Yu and Sim, 1987; Guenter ~

~., 1971; Sel1 ~ ~., 1968; Donaldson, 1967; Thomsen, 1966; Chen, 1964), turkey hens
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(Vilchez ~ ill., 1990; Couch ~ ill., 1973), and quail hens (Vilchez ~ al., 1990a)

resulted in a significant increase in their concentrations in the yolk lipid. However,

changes in the levels of PUFA are commonly balanced by proportional changes in

the level of mono-unsaturated fatty acids, such as palmitoleic and oleic acids. Thus,

Sim ~ ill. (1973) reported that palmitoleic and oleic acid available for egg yolk

formation are reduced by the presence of a large quantity of linoleic acid, suggesting

that a homeostatic mechanism in the Iiver inhibits the de !!QYQ synthesis of these

mono-unsaturated fatty acids. Furthermore, it appears to stimulate the synthesis of

saturated fatty acids in order to maintain a specific ratio of saturated-to-unsaturated

fatty acids during a period of high PUFA ingestion. A similar observation was

reported by Vilchez ~ ill. (l990a) in egg yolk lipids of Japanese quail fed linoleic or

linolenic acids.

ln summary, of the major Iipid constituents, fatty acid profile is most readily

altered by the diet. In addition, if the diet contains a high concentration of PUFA,

the proportions of mono-unsaturated fatty acids are reduced. This indicates that the

bird has a mechanism to maintain an appropriate saturated-to-unsaturated fatty acid

ratio compatible with the embryonic development. In fact, the impact of the fatty acid

composition of egg yolk Iipids on the hatchability of fertile eggs has been suggested

(Tullett, 1990; Vilchez ~ ill., 1990; Vilchez ~ ill., 1990a; Donaldson and Fites, 1970).

The mechanism(s) by which yolk fatty acid composition affects hatchability has not

been determined.
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2.4. Dietary fatty acids and plasma Iipoproteins

There is a considerable body of information on qualitative and quantitative

aspects of the serum lipoproteins in avian species, primarily in the chicken. but also

in turkeys, geese and, to a limited extent, in Japanese quai1 (Chapman. 1980). The

main source of nutrients for the developing embryo in egg-laying species is the egg

y01k. Egg y01k proteins are synthesized under control of estrogen in the liver.

Estrogens permit the hepatocyte to transcribe apoprotein II, and ail very 10w density

lipoproteins (VLDL) have this added characteristic (Miller and Lane. 1984).

Estrogens also augment total hepatic VLDL formation by increasing the !k: !1m!Q fatty

acid synthesis (Dashti ~ lll., 1983).

Studies carried out with the fow1 indicate that plasma VLDL and vitellogenin

are the two main precursors of yolk lipid components (Perry and Gilbert, 1979;

Patterson ~ lll., 1962). It has been postu1ated that VLDL, vitellogenin and the

vitarnin-binding proteins are deposited into the y01k by a receptor mediated

endocytosis (Griffin ~ lll., 1984). Lipoproteins that are synthesized by the liver in

response to estrogens are thought to be deposited main1y in the ova because other

tissues of the body appear to be limited in their ability to use them (Gormall and

Kuksis, 1973; Griffin ~ lll., 1982). In fact, a recent evidence indicates that the

presence of apolipoprotein VLDL-II on VLDL inhibits lipo1ysis of these triglyceride­

rich lipoproteins in the 1aying hen (Schneider ~ lll., 1990).
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The effects of dietary fats and oils on the quaiity and quantitity of plasma

lipoproteins and cholesterol have been intensively studied in mammaiian species.

Recent data indicate that much attention has been put on individuai lipoproteins:

VLDL, high density lipoproteins (HDL) and low density lipoproteins (LDL).

Saturated fatty acids and cholesterol have been demonstrated to raise the LDL levels

with palmitic acid being considered the major cholesterol-raising saturated fatty acid

in the diet (Grundy and Denke, 1990). However, replacing lauric acid plus myristic

acid from coconut oil with paimitic acid as paim oil induced a significant increase in

HDL-cholesterol with a trend toward a decrease in LDL, suggesting that paimitic acid

may enhance HDL production (Lindsey ~ iY.., 1990).

Feeding mono-unsaturated fatty acids, Le.oleic acid, showed favourable effects

when substituted for saturated fat acids in the diet. Mono-unsaturated fatty acids

reduce LDL-cholesterol, but do not lower HDL-cholesterol (Grundy, 1989). There

is no report indicating that oleic acid decreases the VLDL levels. Dietary linoleic acid

has been reported to reduce concentrations of VLDL (Grundy, 1975). Like PUFA

from fish oil, linoleic acid aiso decreases the formation of VLDL but to a lesser

extent.

Unlike in mammaiian species, limited reports exist concerning the effects of

dietary fats and oils on the quaiity and quantity of plasma lipoproteins in avian

species. Thus, a negligible amount of VLDL was found in the plasma of chickens fed
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a ration cOrlt.1.ining 10% corn oil when compared with those fed the same diet but

supplemented with 1% of cholesterol. The VLOL in plasma from the cholesterol fed

group was the predominant lipoprotein and carried 72 % of the total plasma lipids.

The VLOL was very low in triglycerides (6%) and high in total cholesterol; the level

of LDL was not changed, but the concentration of total lipids and phospholipids in

the HDL fraction decreased significantly in the cholesterol-fed group (Kruski and

Narayan, 1972).

An experiment conducted with laying hens (Evans ~ al., 1977) showed that

the percentage of plasma VLDL of hens fed 2.5 % cottonseed oil was higher (80 vs

22.3 %) than that of the control group. The opposite figure was observed in the

percentage of plasma LDL (8.5 vs 65.9%). The percentage of HDL was not affected

by the diets. The higher percentage of LDL was associated with increased levels of

stearic acid in their lipids.

In summary, it has been demonstrated in mammalian species that the plasma

VLDL concentration is influenced by the type of fat or fatty acids fed to the

experimental animais. Thus, saturated fatty acids are considered to increase

lipoprotein synthesis whereas PUFA are considered to cause the opposite effect.

Further, it is also known that plasma VLDL is considered to be the yolk precursor

in egg-Iaying species. However, there is limited information conceming the effects of

different types of fatty acids on the levels of lipoproteins in poultry breeders and the
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relationship of these effects with reproduction.

2.5. Lipid metabolism in the avian embryo

The avian embryo contains only a small amount of t.::rbohydrate; thus, the

embryonic diet is a low-carbohydrate, high fat diet (Donaldson ~ al., 1971). Thus, the

avian embryo derives over 90% of ils caloric requirement from fatty acid oxidation.

Il also requires fatty acids for synthesis of phospholipids for membrane formation and

synthesis of triglyceride for energy storage. The exact mechanism of lipid absorption

from the yolk by the developing embryos still not weil defined.

Noble and Moore (1964) reported that the amount of Iipid transported in the

first 13 days of incubation of chicken eggs is about 350 mg whereas in the last week

of incubation, the uptake of lipid accelerates dramatically to reach about 1 g per day.

At the 17th. day of incubation, the distribution of membrane triglycerides of the yolk

sac membrane is virtually identical with that of yolk triglicerides (Noble and Moore,

1967a). The latter suggests not only the absorption of intact molecules but also that

that is the major method of absorption. Furthermore, the uptake of phospholipids

seems not to require hydrolysis (Noble and Moore, 1967b). The uptake of intact

molecules is enhanred as incubation progresses (Siek and Newburg, 1965).

ln arcordance with ils possible role in Iipid uptake by the yolk sac membrane,
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Noble ~ ll!.. (1984) demonstrated the ability of the yolk sac membrane 10 synthesize

cholesterol esters, in particular cholesteryl oleate. Previous work (Noble and Moore,

1967a) has shown that during the period between days 13 and 17 of incubation, the

proportion of oleic acid within the cholesterol esters of the membrane dramalically

increased, but that there were no further changes in falty acid composition during the

last 4 days of incubation.

The yolk sac membrane exhibits high levels of both stearyl-CoA and linoleyl­

CoA desaturases. The high raie of desaturation due to the high levels of lhese two

desaturases in the yolk sac membrane, increases the accumulation of mono­

unsaturated falty acids and PUFA in the liver of the embryos (Noble and Shand,

1985). The activity of both enzymes is reported to decrease with the approach of

hatching.

The lipids absorbed by the yolk sac membrane are transported by the blood

stream to the embryo where they can be utilized for growth or the production of

energy. Moreover, the lipids can also be modified and new classes of lipids formed

in order to maintain a given ratio of saturated to unsaturated falty acids (Donaldson,

1981). The fatty acids of the embryo lipids are more saturated than those of the yolk

from which the embryo developed. The latter is thought to be due to the low level

or absence of the desaturase activity in the embryonic liver (Donaldson ltlll!.., 1971).
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Comparative studies of the fatty acid composition of the phospholipid classes

within the yolk, yolk sac membrane, liver, and extrahepatic tissues (Abad ~ ID., 1976;

Nakagawa, 1982) are consistent with an extensive degradation of yolk phospholipids

following assimilation and resynthesis into products which are either utilized for

embryonic development or as a source of energy (Budowski ~ ID., 1961; Donaldson,

1981 ).

ln summary, the yolk lipid constitutes a source of both energy and essential

tissue components such as phospholipids for the developing embryo. The accelerated

transfer of lipids from the yolk to the embryo during the latter stage of incubation is

reflecled in the lipid composition of embryonic tissues. Limited information exists on

Iipid metabolism in developing embryos of species other than chickens. The effects

of matemal diet and stage of development on the utilhation of the )'olk material and

their effect on Iipid classes of embryonic tissues have not been adequately addressed.

2.6. Dietary fat and changes in membrane composition and

function

Il is weil established that the fatty acid composition of the membrane

phospholipids can be modified in vivo by both dietary means and by intensive

mechanisms such as desaturation and elongation reactions (Spector and Yorek, 1985).

Feeding rats diets rich in PUFA was shown to increase the content of these fatty

acids in a variety of membranes such as endoplasmic reticulum (Hammer and Wills,
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1979) and plasma membrane (Morson and Clandinin, 1986).

The raIe of dietary fat on membrane structure and cell function has been

documented (Berdanier, 1988; Clandinin ~ ID., 1985; Clandinin ~ ID., 1991). The

changes in the extent of membrane fatty acid unsaturation result in a decrease in the

phase transition temperature of membrane lipids (lnnis and Clandinin. 1981).

Membrane functions which are influenced by membrane fluidity include the insulin

receptor sensitivity (Ginsberg ~ ID., 1982), sodium-potassium ATPase activity

(Solomonson ~ ID., 1976), glucagon-stimulated adenylate cyclase activity (G-SACA)

(Morson and Clandinin, 1986), calcium-ATPase acitivity (Hidalgo ~ ID., 1986) and

transport of hexoses (Legendre ~ ID., 1980; Thomson ~ ID., 1987).

Modifications in the dietary ratio of saturated to PUFA (Thomson ~ al., 1987)

have ear1y (3 days) effects on intestinal transport function in rats. Thus, jejunal

uptakes of glucose, lauric, stearic, oleic and linoleic acids are greater in rats fed fed

high PUFA than high saturated fatty acids. Thomson ~ al. (1989) reported that

changes in the dietary PUFA to saturated fatty acid ratio influence the activity of

intestinal 1ipid metabolizing enzymes which alter the type of fatty acid incorporated

Into membrane phospholipids.

The G-SACA was significantly influenced by the type of fatty acid present in

the phospholipids (Nœlands and Clandinin, 1983). Thus, as the level of oleic acid and
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total mono-unsaturated fatty acids in phosphatidylcholine and

phosphatidylethanolamine increased, a corresponding inc.-ease in G-SACA was

observed. On the contrary, total n-6 unsaturated fatty acids in phosphatidylcholine

inversely correlated with G-SACA. A decreased G-SACA in plasma membrane was

assodated with high dietary levels of linoleic and linolenic acids (Clandinin ~ l!l.,

1985).

In rodents, utilization of dietary fats high in very long chain mono-unsaturated

fatty acids has been correlated with changes in energetic efficiencyand rate of oxygen

consumption (Homstra, 1972). Changes in efficiency in mitochondrial energetics and

whole body conservation of energy in chicks fed diets containing high or low erucic

acid rapesecd oils was also demonstrated by Renner ~ l!l. (1979). These studies and

others (Clandinin, 1978) indicate the existance of a dynamic mechanism which

associates changes in dietary fat, membrane structure and metabolic conservation of

dietary energy.

ln summary, dietary fat significantly influence~ the fatty acid composition of

the membrane lipids. Changes in fatty acid profile of total phophospholipids and their

different classes are associated with changes in the membrane-bound enzyme

activities. Therefore, it is possible to modulate the activity of a given enzyme by

feeding different type of fats and oils according to a particular purpose.
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1. DIETARY PALMITIC AND LINOLEIC ACIDS AND REPRODUCTION

OF JAPANFSE QUAIL lColumix cotumix jaoonica)l

C. VILCHEZ, S.P. TOUCHBURN, E.R. CHAVEZ, and C.W. CHAN

Department of Animal Science, Macdonald College of McGilI

University, and McGill Nutrition and Food Science Centre

Ste. Anne de Bellevue, P.Q., Canada, H9X ICO

ABSTRACf An experiment was conducted to evaluate the effects of two diets

containing 3% of either palmitic acid (Diet P) or Iinoleic acio (Diet L) ;:m the

sensitivity of the reproductive performance, fattyacid composition of both plasma and

yoIk Iipids and total plasma phosphorus of Japanese quail. A 9-wk production period

was divided into three phases of 3 wk each: 1) 7 to 10 wk, 2) 10 to 13 wk, and 3) 13

to 16 wk of age. Eighty male plus female pairs of quail were used. The response to

dietary treatments appeared not to be influenced by diet fed in the preceding phase.

When data were pooled by diet fed in each phase, feed consumption in Phases 2 and

3 was higher (P < .05) in birds fed Diet P than those fed Diet L. In Phase 2, egg

production was higher (P < .05) in the groups fed Diet P than those fed Diet L. In

Phase 3, birds feè Diet P exhibited lower embryonic mortality and higher hatchability

1 As published, 1990 Poultry Sci. 69:1922-1930.
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(P < .05) than those fed Diet L. Fatty acid compositions of plasma and egg yolk lipids

from birds fed Diet L had higher (P < .05) levels of linoleic acid than those fcd Diet

P. In contrast, those fed Diet P did not show higher levels of palmitic acid in their

plasma or yolk lipids. Instead, they exhibited higher (P < .05) levels of palmitolcic and

oleic acids. These results indicate that Diet P, which had only .8% linoleic acid,

appeared to be sufficient for overall reproductive performance, suggesting tha. this

level satisfied the requirement of linoleic acid or that oleic acid apparently dcrived

from palmitic acid is sparing the function of linoleic acid for normal reproduction.

(Key words: quail, free fatty acids, plasma, yolk, reproduction)

INTRODUCTION

Considerable information has been published concerning the influence of the

addition of a source rich in linoleic acid on the reproductive performance of chickcns

(Menge gtgl.,196S;Calvert, 1967;Balnave, 1971) and Japanese quai! (Calvert, 1969).

In most cases, the responses of hens fed the diets containing linoleic acid werc

compared with those fed either fat-free diets or fat-containing diets but deficient in

this essential fatty acid. Better performances were often obtained with hens fed diets

supplemented with linoleic acid.

Likewise, there is evidence that indicates that saturated fatty acids are less
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digestible and absorbable than the unsaturated fatty acids (Garrett and Young, 1975),

which, in turn, would result in a deereased availability of metabolizable energy to the

birds. Howevwer, very few reports have dealt with the use of saturated fatty acids on

the performance of laying or breeding hens. Thus, Machlin and Dudley (1962)

reported that high levels of myristic acid (15 %) in the diet significantly depressed egg

production and hatchability of fertile eggs. The depression in egg production, but not

hatchability, was reversed by the addition of 1.4% of linoleic acid to the diet.

More reeently, Alteh and Leeson (1985) observed no significant differences in egg

production and egg weight of laying hens fed diets supplemented with 8% of either

palmi tic acid, oleic acid or a 50:50 mixture of palmitic and oleic acids. In addition, a

previous study in the authors' laboratory (Vilchez et ll!.., 1990) has shown that the

addition of 3% palmitic acid to the di.et of Japanese quail resulted in a performance

similar to those fed diets containing 3% of either corn oil, oleic acid or linoleic acid.

From the results of severa! studies carried out with rats, it was postulated that

polyunsaturated fatty acids (PUFA) promote oxidation, whereas saturated fattyacids,

such as palmitate, promote lipid storage and liver lipoprotein synthesis (Beynen and

Katan, 1985). Bacon ~ ll!.. (1982) stated that total plasma phosphorus is a good

measure of the plasma very low density lipoprotein fraction, which is a yolk lipid

preeursor (Bacon, 1981) of quail hens. However, there is no information on the effeet

of dietary free fatty acids on the yolk lipid precursor of quail hens.
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The objectives of this experiment were to deterrnine 1) the response of Japanese

quail fed a semipurified low-fat basal diet supplemented with either palmitic or

linoleic acids, as free fatty acids, at different phases during the reproductive period,

and 2) the changes in fatty acid compositions of both plasma and egg yolk lipids and

total plasma phosphorus in relation to these treatments.

MATERIALS AND METIlODS

Reproductive Performance

At 4 wk of age, 80 male plus female pairs of Japanese quail, divided into two

groups of 40 pairs each, were placed in wire quail cages (one pair per cage). Each

groupwas fed a diet containing 97% semipurified low-fat (1.3% fat containing .8%

linoleic acid) basal mix plus 3% of either palmitic acid (Diet P) or linoleic acid (Diel

L) from 4 to 7 wk of age. The composition of the low-fat basal mix and the analyzed

fatty acid composition of the experimentai diets are presented in Tables 1.1 and 1.2,

respectively.

A 9-wk production period, starting at 7 wk of age, was divided into three phases

of 3 wk each: 7 to 10 wk, 10 to 13 wk, 13 to 16 wk of age. In Phase l, quail

continued on the same diets as used from 4 to 7 wk of age. In Phase 2, each group

of Phase 1 was divided into two groups. One continued on the same diet; the other
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switched to the aItemate diet. In Phase 3, each group was further divided into two

groups. One continued on the same diet as in Phase 2, the other switched to the

aItemate diet. The distribution of the treatment groups and the number of animaIs

in each phase are shown in Table 1.3.

Plasma and Yolk Fatty Acids and Total Plasma Phosphorus

In a second experiment, 96 femaIe and 48 maIe Japanese quai!, at 4 wk of age,

were placed in a battery brooder.2 In Phase 1, they were divided into two groups

with 48 femaIes and 24 maIes each; In Phase 2, they were divided into four groups

with 24 femaIes and 12 maIes each; in Phase 3, they were further divided into eight

groups of 12 femaIes and 6 maIes each. These birds received the same dietary

treatments as indicated in Table 1.3.

IndividuaI blood samples from 16,8 and 4 femaIe quail in each treatment group

(Table 1.3) were collected at 10, 13 and 16 wk of age, respectively. Approximately

2 mL of blood were taken by heart puncture into heparinized tubes and centrifuged

at 5 C at 1500 x g for 15 min to separate the plasma. The plasma lipid was extracted

by using the method of Folch ~ lll. (1957) modified by the addition of .01 % of

butylated hydroxy toluene. Methyl esters of the lipid extract were prepared according

to Morrison and Smith (1974). Fatty acid compositions of plasma lipids were

2Petersime Incubator Co., Gettysburg, OH 45328.
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determined by gas-liquid chromatography (Bitmann ~ ill., 1984). Fally acids were

identified by comparison of retention limes with standards and expressed as

percentages of fatty acid methyl esters distributions. Total plasma phosphorus was

determined following the procedure indicated by Strong ~ ill. (1978).

Twenty, 10 and 5 eggs from birds of each treatment group (Table 1.3) were

randomly collected at 10,13 and 16 wk of age, respectively. Each egg was broken out

and the yolk separated. Individual yolk lipid was extracted, methylated and analyzed

for fatty acid composition following the same procedures as for the plasma.

General Procedure

The birds were provided 14 h of light daily during the breeding period. Feed

and water were available lll:! libitum. To prevent lipid peroxidation, the experimental

diets were mixed every 10 days and stored at 5 C. The hens were mated naturally.

Eggs from pair-mated hens were collected daily, identified, weighed and stored for

incubation. The sound-shelled eggs were set weekly. Because the quail egg shell is

colored, tinted and blotched, accurate assessment of the condition of the embryo by

candling is not possible. Thus, instead of candling, unhatched eggs were opened on

Day 18 and examined macroscopica\ly to identify the apparent infertility and early (0

to 7 days of incubation) and late (7 to 18 days of incubation) embryonic mortalities.
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Individual records were obtained for egg production, fertility, hatchability, and

embryonic mortality at 7 and 18 days of incubation. Body weight and feed

consumption were recorded for each 3-wk phase. Only the female body weights are

presented. The feed consumption was the record of both female and male in the

same cage assuming that they consumed the same amount of feed. The dietary effects

on males were not considered in this experiment.

Statisticai Analysis

Treatment differences in Phase 1 and the pooled data by diet within Phases

2 and 3 were subjected to analysis of variance using the general linear model (GLM)

procedure in SAS (1986). Ali percent data were subjected to arcsin transformation

prior to analysis. Linear contrasts were used to test the switch-over effects in Phases

2 and 3 (Steel and Torrie, 1980).

RESULTS

Reproductive Performance

Because the analysis of variance used to determine the significance of the

interactions among phases was significant for some parameters (data not included),

the results are presented for each phase independentiy. Data on the reproductive
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performance of quail fed diets containing palmitic and linoleic acids from 7 10 10 wk

(phase 1), 10 10 13 wk (phase 2) and 13 10 16 wk of age (Phase 3) are presenled in

Tables 1.4,1.5 and 1.6, respectively.

In Phase l, feeding eilher Diel P or Diel L had no significanl effecl (P> .05)

on any measured parameter (Table 1.4). In Phase 2 (Table 1.5), birds fed Diel P in

Phase l, then switched to Diel L, exhibited significanlly lower (P < .0 Il feed

consumption and egg production than those maintained on Diet P. The olher

reproductive parameters were not affected. In contrast, birds fed Diet L in Phase 1

and then switehed to Diel P had significantly higher (P < .05) feed consumption Ihan

those maintained on Diet L. The other parameters were not affected.

Data pooled by diet fed during Phase 2 (Table 1.5) indicaled that birds

receiving Diet P had significantly higher (P < .05) feed consumption and egg

production than those on Diet L. There were no significant differences in any of the

other parameters.

In Phase 3 (Table 1.6), quail fed Diet P during Phases 1 and 2 then switched

to Diet L showed 10wer (P< .01) feed consumption and egg weight than those

maintained on Diet P. No effects were observed in the other parameters. When birds

were fed Diet P and Diet L during Phases 1 and 2, respectively, then switched to Diet

P, they exhibited significantly higher (P< .01) feed consumption, embryo livability
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from a to 7 days of incubation, and halchability !han !hose !hat continued on Diet L.

Likewise, quail fed Diet L during Phases 1 and 2 then switched to Diet P showed

increased (P < .a 1) feed consumption as compared to !hose !hat continued on Diet L,

but no other differences were observed. Data pooled by diet fed during Phase 3 show

that birds fed Diet P exhibited higher feed consumption, higher embryo livability from

7 to 18 days of incubation and higher hatchability !han !hose fed Diet L (p< .05).

Fatty Acid Composition of Plasma and Egg Yolk Lipids

Fatty acid compositions of plasma and yolk lipids among la (Phase 1), 13

(Phase 2), and 16 wk of age (Phase 3) were not significantly different among

treatment groups receiving the same diet in each phase (See Table 1.3 for

experimental design). Therefore, the data were pooled by diet (P or L) across the

three phases for plasma and yolk lipids (Table 1.7).

Plasma concentrations of myristic and palmitic acids were not significantly

different (P> .05) between diets. Birds fed Diet P had significantly higher (P < .05)

levels of palmitoleic and oleic acids, but lower (P < .0S)stearic and linoleic acids than

those fed Diet L. Higher concentrations of palmitoleic, oleic and linolenic acids

(P < .05), but low~r myristic, palmitic, stearic, and linoleic acids (P < .05), were

observed in yolks from birds fed Diet P!han in yolks from birds fed Diet L. The

arachidonic acid concentrations were not influenced by dietary treatment.
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Total Plasma Phosphorus

The total plasma phosphorus contents in Phases 2 and 3 were not significantly

different among treatment groups receiving the same diet. Therefore, data pooled by

diet fed in each phase are presented in Table 1.8.

Dietary treatment had no significant effect (P> .05) on the total plasma

phosphorus throughout the experiment (Table 1.8). However, plasma from birds fed

Diet P had consistently higher total phosphorus than those fed Diet L, and the values

decreased as the age of the birds increased.

DISCUSSION

Feed consumption was not affected by dietary treatment during Phase 1

(Table lA); however, it was significantly influenced in Phase 2 (Table 1.5) and in

Phase 3 (Table 1.6). An increased feed consumption was observed in ail but one

group of quail fed Diet P as compared with those fed Diet L. The greater feed

consumption in birds fed Diet P may be due to an apparent lower energy value

because of the well-known low absorbability of palmitic acid (Garrett and Young,

1975). Atteh and Leeson (1985) a1so found that laying hens fed a diet supplemented

with only palmitic acid (8 %) consumed more feed than birds on diets supplemented

with oleic acid (8%) and a mixture (50:50) of palmitic and oleic acids. They
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concluded that laying hens could not utilize palmitic acid efficiently when it is the

major source of fat in the diet. They a1so reported that feeding palmitic acid resulted

in a significant loss of body weight of hens over a 7-wk period. In the present study,

however, such a loss of body weight was not observed in any of the 3-wk phases as

indicated in Tables lA, 1.5 and 1.6. It is possible that the level of palmitic acid used

in the present experiment (3 %) was not high enough to cause any detrimental effect

because the energy deficit was compensated by a significant increase in feed

consumption.

Egg weight was commonly considered to be sensitive to the level of Iinoleic

acid present in the diets of chickens (Balnave, 1971; Whitehead, 1981; Scragg et lll.,

1987). In most cases, average egg weight was increased as the level of Iinoleic acid

in the diet increased. The results of the present study do not support those

observations since the average egg weight from quail fed Diet P (.8% Iinoleic acid)

was not significantly different from those on Diet L (2.7% Iinoleic acid). Similar

observations were previously obtained in quail (Vilchez ~ lll., 1990a) and in laying

hens (Atteh and Leeson, 1985) when diets containing palmitic acid were compared

with diets comaining linoleic and oleic acids, respectively.

In Phase 2, switching from Diet P to Diet L or from Diet L to Diet P resulted

in no significant changes in fertility, embryonic mortality and hatchability as

demonstrated by linear contrasts (Table 1.5). Egg production ,however, decreased
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considerably when birds were switched from Diet P to Diet L. The authors have no

explanation for this response considering that egg production of this particular group

was high and not statistica\ly different in Phase 3 (Table 1.6) when they were fed

either Diet P (Treatment 3, poL-Pl or Diet L (Treatment 4, P-L-L).

In Phase 3, egg production, fertility and late embryonic mortality were nol

affected by switching from Diet P to Diet L or from Diet L to Diet P (Table 1.6).

Embryo mortality increased, however, from 0 to 7 days of incubation and halchabilily

was reduced in birds on Treatment 4 (P-L-L) as compared with those on Treatment

3 (P-L-P). Although these were the only p;:;rameters to reach statistical significancc,

a close observation of the data indicate that most groups of birds fed Diet P tended

to have high egg production, lowembryonic mortality. (particularly from 7 to 18 days

of incubation), and high hatchability as compared with those receiving Diet L. In facl,

data pooled by diet fed in Phase 3 (Table 1.6) clearly show these tendencies. lt also

shows late embryonic mortality to be significantly lower, resulting in betlcr

hatchability, than those birds fed Diet L. The increased livability of emb-yos from

birds fed Diet P may be due to the high levels of oleic acid present in their yolk lipids

(Table 1.8). Donaldson and Fites (1970) demonstrated the significance of oleic acid

in eggs on embryo survival. Likewise, Noble (1987b) indicated the role of cholesterol

esters of oleic acid on lipid transport and assimilation from the yolk during embryo

development. Therefore, in this experiment, a high level of oleic acid in the yolk

together with the ability of yolk sac membrane to synthesize cholesterol esters (Noble
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~ al., 1984) may have enhanced the formation of Iipoprotein complexes required for

the lipid transport from the yolk to the embryo. This enhancement of formation of

lipoprotein complexes may have resulted in a better utilization of the yolk material

given that it is estimated that more than 90% of the energy requirement for embryo

dcvclopment is derived from oxidation of yolk Iipid fatty acid (Freeman and Vince,

1')74).

It has long been demonstrated in chickens that tt~ fatty acid compositions of

both plasma and egg yolk Iipids reflect the fatty acid composition of their diets

(Machlin ~ al., 1962; Thomsen, 1966). The results of the present study with quai1

agree with those carly observations. The levels of Iinoleic acid in both plasma and egg

yolk (Table 1.7) were significantly influenced by the concentration of this fatty acid

present in the diet (l'able 1.2). Decreased concentrations of palmitoleic and oleic

acids as weil as increased proportions of mydstic, palmitic and stearic acids were also

observed in plasma lipids and, more particularly, in yolks from birds fed Diet L.

Thcse observations are in accordance with those reported in chickens (Thomsen,

1966; Balnave, 1968; Sim~ al., 1973) in which the synthesis ofmonounsaturated fatty

acids is considerably reduced, whereas the synthesis of saturated fatty acids is

increased in order to maintain a specifie saturated to unsaturated ratio during a

period of PUFA ingestion.

Higher concentrations of palmitoleic and "ieic acids were observed in both
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plasma and egg yolk Iipids of birds fed Diet P as compared with those fed Diet L.

These higher levels may be due to the availability of their immediate precursor,

palmitic acid, which will undergo desaturation to form palmitoleic acid or elongation

and desaturation to form oleic acid (Vance and Vance, 198:"). As indicated earlier.

these differences may also be due to the ingestion of a relatively high level of PUFA

(Diet L). From this experim~.lt, it is not possible to determine which of the two

alternatives is the predominant one. Linolenic acid in egg yolks from birds fed Diet

P was higher than from those fed Diet L throughout the experiment. This difference

may De due to the relatively high content of this fatty acid in Diet P (Table 1.2).

However, a similar tendeney was also observed in eggs from laying hens fed a diet

containing hydrogenated eoconut oil (with 0% Iinolenic acid) as compared to those

from hens fed safflower oil (Machlin ~ ill., 1962).

In conclusion, the results of this experiment show that feeding quail a

semipurified low-fat basal mix supplemented with 3% palmitic acid (Diet P) resulted

in increased feed consumption as compared with consumption by quail fed the same

basal mix supplemented with 3% Iinoleic acid (Diet L). In spite of the fact that Diet

P had lower Iinoleic acid (.8%) than recommended for breeder quail (1 %; National

Research Council, 1984), the performance of quail fed Diet P equaled and even

surpassed those fed Diet L. Switching from Diet P to Diet L did not result in any

significant change in most parameters, except lowered feed consumption (in each

phase) and reduced egg production (Treatment B, Table 1.5). However, switching
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from Diet L to Diet P had no significant effect in any parameter except feed

consumption, which increased in aIl cases. Fatty acid composiuons of both plasma

and egg yolk lipids from birds fed Diet L had high concentrations of linoleic acid. In

contrast, birds fed Diet P showed less paImitic acid in their yolk lipids and elevated

palmitoleic and oleic acids in both plasma and yolk lipids. The observed elc."ated egg

yolk oleic acid coupled with its importance in synthesis of cholesteryl oleate for

transport across the yolk sac membrane (Noble, 1987b) provides a likelyexplanation

of the improved embryonic livability and hatchability on the paImitic acid

supplemented diet. Total plasma phosphorus was not affected significantly by dietary

treatment. Thus, differences due to diet cannot be attributed to increased yolk

precursor output from the liver.

ACKNOWLEDGEMENT

This research was supported by the Ministere de l'Agriculture des Pecheries

et de l'Alimentation du Quebec.



TABLE 1.1. Composition of low-fat basal mix and analysis of experimental did,

Ingredient and analysis

Ground yellow corn

Corn starch

Alfalfa meal (15% CP)

Isolated soybean prote in (67.8% CP)

Calcium carbonate (38%)

Calcium phophate, mono-basic (21 % P)

Choline chloride (70%)

DL-Methionine (98%)

Vitamin-mineral premix'

Sodium chloride

Determined analyses

Crude protein, %

Calcium, %

Total phosphorus, %

Ether extract, %

Palmitic acid, %'

Linoleic acid %',

(%)

24.0

30.6

10.0

26.0

4.8

3.6

.3

.2

.3

.2

Experimental diets'

P L

19.3 IlJ.6

2.5 2.5

.7 .7

4.3 4.4

2.7 .3

.8 2.7

1 Provides the following per kilogram of diet: vitamin A, 8000 lU; vitamill D" 1,700
ICU; DL-a-tocophery acetate, 5.6 mg; menadione sodium bisullïte, 1.2 mg; vitamill
8", .005 mg; biotin, .16 mg; folacin, 1.26 mg; thiamine, 2 mg; pyridixine, 4 mg;
niacin, 70 mg; ribotlavin, 5 mg; calcium pantothenate, 20 mg; iron, 20 mg;
manganese, 54 mg; cupper, 7 mg; zinc, 6H mg; iodim:, 1.035 mg; selenium, .llJ mg;
butylated hydruxylUluene, IOU mg.

, Palmitic acid (Diet P): 97% basal + 3% palmitic acid; linoleic acid (Diet L): lJ7%
basal + 3% linoleic acid.

, ICN 8iomedicals, Inc., Cleveland, OH 1412H. Purity: palmitic acid, 92.2%, linoleic
acid, 64.4%.
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TABLE 1.2. Analyzed fatty acid composition of the experimental diets l

Fatty acid

Laurie

Myristic

Palmitic

Paimitokic

Stearic

Okic

Linokic

Linoienic

p

.52

3.10

63.27

1.86

8.74

19.44

2.13

L

3.34

6.40

.29

1.46

22.84

61.10

1.51

1 As percentage of total methyl esters.

, P = tliel containing 3% palmitic acid; L = diet containing 3% linoleic acid.
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TABLE 1.3. Distribution of the:: tre::atme::nt groups and numhe::r of animais
in e::ach re::production phase::.

Phase 1 Phase:: 2 Phase:: 3

7 to 10 wk of age:: 1010 13 wk of age:: 13 10 16 wk of age

Treatment'
,

Tre::atme::nt Tre::atme::ntn- n Il

P 40 A (P-P) 20 1 (P-P-P) 10

L 40 B (P-L) 20 2 (P-P-L) 10

C (L-P) 20 3 (P-L-P) 10

D (L-L) 20 4 (P-L-L) 10

5 (L-P-P) 10

6 (L-P-L) 10

7 (L-L-P) III

Il (L-L-L) 10

1 P = diet containing 3% palmitic acid; L = diet containing 3% Iinolcic aCÎd.

, n = llumbe::r of fe::male:: qU'IiI.
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TABLE 1.4. Reproductive performance of quail fed diets containing 3% palmitic (P)
or 3% Iinoleic acid (L) l'rom 7 ta 10 wk of age (Phase 1)

Embryo
mortality

Die! Fe' BWI EW EP FER 7-day 18-day Hatch

(g/day) (g per (g) %
phase)

l' 20.H~ 13.0 10.6 82.6 92.6 15.4 11.4 74.0

L 20.3 12.\1 10.4 84.2 \13.8 13.2 15.8 71.0

SEM .2 3.0 .2 2.6 1.3 1.5 1.9 2.4

1 Fe = t"et:ù consumption; BW( = body weight increase; EW = egg weight;
El' = egg proùuction; FER = fertility; Hatch = hatchability.

c' Values are means of 40 observations.
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TABLE 1.5. Reproductive performance of quail fed diets containing 3% palmitic (l')
or 3% linoleic acid (L) from 10 III 13 wk of age (Phase 2) with analysis.

Embryo
mortality

Treatment Fe' BWI EW El' FER 7-day I!!-day Hatch

(g/day) (g per (g) %
phase)

A (l'-l') 2~ ?:? 3.1 11.6 90.!! 93.9 5.0 7.9 H7.l.>.-

B (p-L) 21.4 5.7 11.5 77.2 95.0 H.3 Ill.! !!1.6

e (L-p) 23.1 6.3 UA 88.1 94.1 6.!! IO.S S2.7

D (L-L) 22.3 404 11.6 89.0 94.S 5.6 13.1 S1.3

Analysis ofvariance

Source of

variation

Linear contrast Probability

A vs B ". NS NS "" NS NS NS NS

e vs D • NS NS NS NS NS NS NS

Data pooled by diet

fed during Phase 2':

l' 23.1" 4.7 11.5 S9A' 94.(J 5.6 9.3 S4.S

L 21.0" S.I ll.6 S3.3" 94.9 6.S 11.7 SIA

SEM .2 2.lJ .OS 2.S 1.6 1.3 1.5 2.0

"." Means within columns with no common superscripts differ signifïcantly (l'<.OS J.
1 Fe = feed consumption; BWI = body weight increase; EW = egg weight;

El' = egg production; FER = fertility; Hatch = hatchability.
~ Values are means of 20 observations.,

Values are means and SEM of 40 observations.
1'<.05.
P<.(J1.
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TABLE 1.6. Reproductive performance of quail fed diets containing 3% palmitic (P)
or 3% linoleic acid (L) from 10 to 13 wk of age (Phase 2) with analysis.

Embryo
mortality

Treatment Fe' BWI EW EP FER 7-day 18-day Hatch

(g/day) (g per (g) %
phase)

1 (1'-1'.1') 25.(12 2.2 12.2 95.8 93.1 9.7 6.6 83.7

2 (P-P-L) 22.2 2.6 11.4 88.6 94.1 12.2 11.3 76.5

3 (P-L-p) 23.9 2.1 12.0 96.4 93.8 4.1 4.5 91.4

4 (p-L-L) 22.6 1.5 12.2 88.9 95.2 12.6 9.6 77.7

5 (L-p-p) 23.9 .7 11.6 83.3 93.9 8.2 8.2 83.6

6 (L-p-L) 23.7 3.8 11.7 90.0 95.0 8.9 14.2 77.0

7 (L-L-P) 24.9 ·1.8 11.7 91.9 94.8 9.1 8.8 82.1

8 (L-L-L) 23.4 ·3.9 12.1 84.3 94.2 8.2 16.1 75.7

Source of Probability

variation

LiI1l~ar contrast

1 vs 2 "'* NS •• NS NS NS NS NS

3 vs 4 •• NS NS NS NS • NS •
:; vs 6 NS NS NS NS NS NS NS NS

7 vs Il " NS NS NS NS NS NS NS

Data pooled hy diet fed during l'hase':

l' 24.4 .8 11.8 91.5 93.9 8.1 7.3 84.6

L ')' ') .3 11.9 87.9 94.6 JO.3 12.7 77.0--'.-
SEM .2 .4 .08 2.0 1.2 1.4 1.5 2.0

oI.h
Mt'.lll\ ""1111111 ~'tllunlh~ wilh nt' (omnIlJl\ .ul'C'~ripl tJitr~r lignific:.nlly (1'<.05).

~ H' .. 1«11 ül11~umJllil'n: HWI = ~ldy wci~hl inne.ut'; EW = cr:. wdghl: ël' = cg,:, produclion; FER = !c"ilily; Balth = h3lch.1bility.
• \',1lul.'\ .u ... ml'.an\ \l( ~) \'~(\',1liulI\

~ \'0I1u,'1o .lIt' 1ll,'o1ll\ Jnd SE~1 ", .H1 \I!l:o,'(\'JIIUll\

1'0,; U~
l', tll

!
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TABLE 1.7. Effect of dietary palmitic (P) or Iinoleic (L) acids on the fatty acid
composition of plasma and egg yolk lipids of Japanese quail hcns
(pooled data of Phases 1. 2 and 3)

Sample and Fattyacid'

diet C",o Clh,O Clh" CI•O C.." CI." CI." C:,,,

Plasma'

P 6.5 25.7 5.0' SA· 41.5' 13.0·

L 7.5 26.3 3.6· Y.2' 30.Y" 22.7'

SEM .6 A .2 .2 .5 .3

Yolk'

P 8.0" 25.8" 7.()'t 6.Y" 41.2' 6.y6 .2U' 1.5

L 9.0' 2Y.8' 6.76 SA' 30.2" BA' .156 1.5

SEM .3 .2 .2 .1 A .2 .01 .02

,,6Means within coJumns and samples with no common superscripts differ significantly
(P<.05).

'Values are percentage of total methyl esters.
'Values are means of 48 observations per diet.
'Values are means of 60 observations per diet.
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TABLE IX Efkct of dit:tary palmitic (l') or linoleic (L) acids
on total plasma phosphorus of Japanese quail hens.

Diet
Phase

l'hase l' L mean SEM

(Mg/ml)

453' 411 432 26

2 432 409 420 28

3 363 355 359 15

'Values arc means of 16 observations.

4S
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2. EFFECT OF FEEDING PALMlTIC, OLEIC, AND LINOLEIC Acms

TO JAPANF.'lE QUAIL HENS (Cotumix cotumix japonica). l.

REPRODUCTIVE PERFORMANCE AND TISSUE FATrY Acms·

C. VILCHEZ, S. P. TOUCHBURN, E. R. CHAVEZ, AND C. W. CHAN

Department of Animal Science, Macdonald College of McGiII

University, and McGiIl Nutrition and Food Scien~'" Centre,

Ste. Anne de Bellevue, Quebec, H9X lCO, Canada.

ABSTRACT A study was conducted to evaluate the effects of diets containing ~l %

of either palmitic acid (Diet PA), oleic acid (Diet OA), and Iinoleic acid (Diet LA)

on reproductive performance, fatty acid composition of egg yolk, plasma, and liver,

and total plasma phosphorus of Japanese quai!. Each diet was fed to 20 individually

caged hens from 5 wk of age. A 24-wk production period started at 8 wk of age.

Fertile eggs for incubation were obtained by placing at random a male in the cage

with the female for 15 to 20 min twice per week. The males were kept in separate

individual cages and fcd a turkey grower diet throughout. Feed consumption, egg

production, egg output, and the number of chicks per hen were higher (P < .05) in

birds fed Diet PA than in those fed Diet OA or Diet LA. Hatchability was not

1 As published, 1991 Poultry Science 70:2484-2493.
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different (P> .0S)between Diet PA and Diet OA, but they were higher (P< .0S)than

that of Diet LA. Quail weight at hatch from birds fed Diet LA was heavier (P< .05)

than those from Diet OA, but not different (P> .05) from those fed Diet PA. TotaI

plasma phosphorus concentration was higher (P< .05) in birds fed Diet PA than in

those fed Diet LA. High levels of oleic and IinolEic acids were found in egg yolk,

plasma and liver Iipids from birds fed Diet OA and Diet LA, respectively. Feeding

Diet PA resulted in elevated levels of palmitoleic acid in all three tissues. The highest

overall reproductive performance on Diet PA suggests that palmitic acid has sorne

physiological role in reproduction. The sustained near-maximal levels of egg

production and fertility achieved in this trial indicate the superiority of the mating

procedure, which would also permit testing the response of male and female birds

while minimizing injuries incurred by the females.

(Key words: quail, reproduction, fatty acids, plasma, liver)

INfRODUCI10N

ln contrast to reports on the effect of feeding different oils and animal­

vegetable fat blend to chickens, few reports have dealt with the use of saturated fatty

acids on the performance of laying or bl~eding hens. Machlin and Dudley (1962)

reported that high levels of myristic acid (15 %) in the diet significantl} depressed egg

production and hatchability for fertile eggs. The depression in egg production, but not

hatchability, was reversed by the adliition of 1.4%of Iinoleic acid. Atteh and Leeson
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(1985) observed no significant differences in egg production and egg weight of laying

hens fed diets supplemented with 8% of either palmitic acid, oleic acid or a 50:50

mixture of palmitic and oleic acids. In a low-linoleic acid diet of Japanese quail, the

inclusion of 3% palmitic acid resulteè in a performance similar to those fe<! diels

containing 3% of either corn oi!, oleic acid, or linoleic acid (Vilchez ~ al., 1990a). In

a subsequent switch-over experiment, Vilchez ~ al. (1990b) compared the effect of

the inclusion of 3% of either paimitic acid or linoleic acid in the diets of breeding

Japanese quai!. Their data showed that feeding 3% palmh;' acid resulted in a higher

reproductiv;; performance than f~ing 3% linoleic acid. The duration of the above

mentioned experiments was less than 10 wk. Therefore, it seemed important to

measure the effects of feeding fatty acios of different saturation to laying or breeding

hens for a longer period of time.

The objective of the present experiment was to investigate further the

response of Japanese quail hens to a semipurified low-fat low-linoleic acid basal diet

supplemented with either paimitic, oleic, or linoleic acids in terms of 1) reproductive

performance; 2) changes in fatty acid compositions of egg yolk, plasma, and liver

lipids; and 3) total plasma phosphorus and yolk cholester· li content in relation to

these treatments.
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MATERIALS AND ME1HDDS

Reproductive Performance

At 5 wk of age, 60 female Japanese quail (mean BW of 126 + .38 g) divided

into three groups of 20 birds each, were placed one per cage in wire quail laying

cages (152 x 229 x 175 mm). Each group was fed a diet containing 97% semipurified,

low-fat (1.3% fat containing .7% linoleic acid) basal mix plus 3% of either palmitic

acid (Diet PA), oleic acid (Diet DA), or linoleic acid (Diet LA) from 5 to 32 wk of

age. The composition of the low-fat basal mix and the analyzed fatty acid composition

of the experimental diets are presented in Tables 2.1 and 2.2, respectively.

Twenty male quail of the same age (5 wk) were placed in individual wire quail

cages (one per cage) located in the same room as the females. They were fed a

commercial turkey grower diet (23 % CP) thoroughout the experimental period.

The birds we:e provided 16 h of light daily during the breeding penod. Feed

and water were available for il!! libitum intake. To prevent lipid peroxidation, the

experimental diets were mixed every 10 days and stored in sealed containers at 5 C.

Birds were fed fresh feed daily.

Starting at 7 wk of age. birds wen: ,è;;d natnrally, but unlike the previous



50

experiments (Vilchez ~ lU., 1990a,b), this was accomplished by placing al random a

male in the cage with the female for 15 to 20 min. Each female was mated every 3rd

day. At this rate each male was used once a d::y, sb times per week. Starting at 8 wk

of age, eggs were collected daily, identilit:d, weighed, and stored for incubation. The

sound-shelled eggs were set weekly. Because the quail eggshell is colored, tinled, and

blotched, accurate assessment of the condition of the embryo by candling is

impossible. Therefore, unhatched eggs were opened on Day 18 and examint:d

macroscopica1ly to identify the apparent infertility and early (0 to 7 days of

incubation) and late (7 to 18 days of incubation) embryonic mortality.

Individual records were obtained for egg production •fertility, hatchability, and

em"ryonic morta1ity at 7 and 18 days of incubation. Body weight was recorded al the

beginning and the end of the experiment. Feed consumption was recordcd daily.

Body weights at hatch of quail chicks from each group of hens fed the experir entai

diets were recorded every second hatch until the :2ù~h hatch.

Cholesterol Content and Fatty Acid Composition of the Yo1k Lipids

Eggs from 10 individual hens per treatmenl were collected for 2 consecutive

days (20 eggs per treatment) at 18 wk of age. Eggs from the same bird were broken

out and the albumen and yolk separated. The last traces of albumen were removed

by rolling the yolk on tilter paper. Yolk wei~ht was recorded. After the yolk maleriaJ

was thoroughly mixed using a glass rod, 1 g of yolk sample was freeze-dricd to
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determine its dry matter content. Yolk total Iipid content was determined

gravimetrically in the freeze-dried yolk sample after extraction using

chloroform: methanol (2: l, vol/vol) solution (Folch ~ lll., 1957). The remaining fresh

yolk material of each bird was pooled, resulting in 10 yolk samples per treatment that

were used to determine both the cholesterol content and the fatty acid composition

of the egg yolk Iipids.

Lipids of .2 g yolk was extracted by the method of Folch ~ lll. (1957),

modified by the addition of .01 % of butylated hydroxytoluene to the

chloroform:methanol (2: l, vol/vol) solution. Methyl esters of the Iipid extract were

prepared according to Morrison and Smith (1974). Fatty acid composition of yolk

lipids was determined by gas-liquid chromatography (GLC) using a Hewlett-Packard

5711A gas chromatograph (GC), fitted with automall': sampler 7671A, integrator

3380S, and FlD detector.1 Separation of fatty acid methyl esters was achieved using

a glass column about 2 m long packed with 10% SP-2340 on 100/120 mesh

Chromosorb W-AW.3 Fany acid methyl esters were identified by comparison of

retention times with standards4 and expressed as percentages of methyl esters.

For the determination of the egg cllolesteroI content, .2 g yolk sample was

~Hewlen Packard Co., Avondale, CA 1931 I.

3Supelco Inc., Bellefonte, PA 16823.

4Nu-Chek-Prep, Elysian, MN 56028.
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used. The total lipid was extracted (Washburn and Nix, 1974), hydrolyzed (Heuck

~ i!!.., 1977), trimethylsilylated (Marcel and Vezina, 1973), and analyzed for

cholesterol by GLC (Marcel and Vezina, 1971) using B-sitosterol as internai standard.

The characteristics of the GC were described .in tfle previous section. The separation

of B-sitosterol and cholesterol was achieved l',ing a glass column about 1 m long

packed with 3% OV-I on 80/100 mesh Chromosorb W-AW.3

Fatty Acid Compositions of Plasma a.'ld Liver Lipids and Total Plasma Phosphorus

At the end of the experiment (32 wk of age), individual quail BW were

recorded. Individual blood samples from 16 femalt~ qua;1 in each treatment were

collected. Approxim"tely 2.J mL of blood were taken by heart puncture inlo

heparinized tubes and centrifuged at 5 C at 1,500 rpm for 15 min to separale the

plasma. After blood sample was collected, the birds were killed by cervical dislocation

and the Iivers removed, blolted with paper towel, and their weights recordcd.

Plasma (.1 mL) and Iiver (.1 g) sampies from eight birds of each dietary group

were used to determine the fatty acid composition of both plasma and liver Iipids.

Fatty acid methyl esters we·': prepared following the method indicated by Lcpage

and Roy (1986). Fatty acid composition wrlS determincd by GLC using the GC

described in the preceding section. Fatty ~dd methyl esters were separated by using

a Supelcowax 10 fused silica capillary column (30 m, .53 mm ID, 1.0 ym film).3 Falty
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acid methyl esters were identified by comparison of retention times \Vith standards4

and expressed as percentages oi falty acid methyl esters.

Total plasma phosphorus concentration was determined using a modification

of the method of Strong ~ al. (1978). A .1-mL sample of plasma was diluted to .6

mL in saline and 2 aliquots of .2 mL each were transferred to micro-Kjeldahl flasks.

The diluted sampies were wet ashed until clear and co10rless using 2 mL of 70%

nitric acid and .5 mL of 70% perchloric acid. Standards containing known amounts

of phosphorus WI ~ prepared and ashed in the saIne manner. Four mHiliter of

vanado-molybdate reagent (Association of Official Agricultu;":lI Chemists, 1965) were

added to each flask and the absorbance was determined at 400 nm with a Beckr~~n

DU-50 spectrophotometer.S

Statistical Analyses

The statistical model for the repr~'<!uctive performance data was a randomized

complete block design in a split plot arrangement, where dietary treatment was the

main plot unit and age was the sub-plot unit (Steel and Torrie, 1980). For the ~her

parameters evaluated in this experiment, the statistica! mode1 was a randomized

complete block design. Analysis of variance was carried out on data using the

General Linear Models (GLM) procedure (SAS Institute, 1986). Significant

SBeckman INstruments, Inc.• Fullenon, CA 92634.
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differences of means were tested using Duncan's multiple range test (Duncan, 1955).

Ali percentage data were subjected to arc sine transformation prior io analyse~.

RESULTS AND DISCUSSION

Data on the reproductive performance of quail fed diets containing palmitic,

oleic and Iinoleic acids, over a 24-wk production period, are pre:;ented in Table 2.3.

Neither fertility nor late embryonic mortality were significantly affected by dietary

treatment (p> .05).

In agreement with earlier observations (Vilchez ~ ID., 1990a,b), feeding

palmitic acid to quail hens resulted in an increased feed consumption as compared

with those fed either oleic or linoleic acids (Table 2.3). However, the average feed

consumption in the current e'tperiment is higher than those previously reported. The

difference may be due to the fact that data reported in the present study ref-'rcsent

feed consumption of single female quail, whereas the values in previous experiments

were calculated on a bird-day basis because of the presence of a male bird in each

cage (\'lIchez ~ ill., 1990a,b). Il is recognized that the female would consume more

than the male. Thus, an average feed consumption of 15.5 g per bird per day was

reported when adult male Japanese quail were fed il!!. libitum consumption (Shapira

~ ill., 1978). On the contrary, feed consumption of laying Japanese quail was

reported to vary from 20 to 26 g per bird per day (Santoma, 1989).
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The greater feed consumption in birds fed Diet PA may be related to an

apparent lower energy value of the feed because of the lowabsorbability of palmitic

acid (Garrett and Young 1975). In laying hens, Atteh and Leeson (1985) also found

that birds fed diets supplemented with palmitic acid consumed more feed than those

fed oleic acid or a 50:50 mixture of palmitic and oleic acids. They concluded that

laying hens could not utilize palmitic acid efficiently when it is the major component

of fat in the diet. In fact, in the present study, an analysis of quail feces for the total

fat content as well as its fatty acili composition by the method of Sukhija and

Palmquist (1988) showed that feces from quail hens fed Diet PA had sixfold more fat

(2.65%) than those fed either Diet OA (.44%) or Diet LA (.41 %); moreover, the

palmitic acid in the fat cf feces of quail fed Diet PA represented around 90% of the

total fatty acid methyl esters.

Japanese quail are capable of maintaining a rather high rate of egg production

under optimum conditions, but that production is very sensitive to dietary and

environmental changes (Wilson ~ lI!., 1961). In the present study, a high rate of egg

production was observed with the highest corresponding to those fed Diet PA

(96.0%), followed by those fed Diet OA (93.2%), and Diet LA (87.5%) (Table 2.3).

High rates of egg production are also reported in the literature: 90% over a 45-day

production period (Yamane ~ lI!., 1980); 94.3% over a 35-day production period

(Allen and Young, 1980); 94.3% over a 6O-day production penod (SaJ{jJrai, 1981).

Unlike these previous studies, however, the values reported in the r-..esent stü:Jy
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represent the average egg production of a 168-day productiol1 period. To the authors'

knowledge this is the tirst report showing a high rate of egg production over a long

terrn feeding experiment '''ith Japanese quail breeder hens.

The high average egg weight observed in birds fed Diet LA are consistent with

the data reported in chickens (Balnave, 1971; Whitehead, 1981; Scragg ~ al., 1987).

In most cases, average egg weight increased as the level of linolé: acid in the die.

increased. However, the results of the present study do not support the data

previously reported in quail (Vilchez ~ 1Il., 1990a,b) as weil as in laying hens (Atteh

and Leeson, 1985) where diets containing palmitic acid were compared with diets

containing oleic and linoleic acids. On the contrary, a comparison of the estimated

weight of egg produced per hen on a daily basis (Table 2.3),clearly shows that quail

hens fed Diet PA had the highest egg output (10.85 g), followed by those fed Diel

OA (10.53 g) and then Diet LA (10.06 g). Similar observations have not becn

reported in poultry.

In the present study, embryonic mortaIity from 0 to 7 days of incubation was

higher than that occurring from 7 to 18 days of incubation. These figures contrast

with previous reports (Vilchez ~ al., 199Oa,b) in which late embryonic mortality was

higher than early o:ombryonic mortaIity. Explanation for this difference is not readily

apparent. However, a response similar to our present results has becn reported by

Narahari ~ al. (1988).
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The high total embryonic mortality and low hatchability of fertile eggs

observed in birds fed Diet LA a< compared to those fed either Diet PA or Diet DA

(Table 2.3) contrast with those reported by Vilchez ~ ill. (l990a) who found no

significant differences in these paramelers when quail were fed diets containing either

palmitic, oleic or linoleic acids. However, the data of the present study support those

reported by Vilchez ~ al. (l990b) in which qucil fed a diet supplemented with

Iinoleic acid resulted in lower hatchability when compared with those fed a diet

supplemented with palmitic acid. They suggested the increased Iivability of embryos

from birds fed palmitic acid may be due to the high levels of oleic acid present in

their egg yolk Iipids.

Donaldson and Fites (1970) demonstrated the significance of oleic acid in eggs

on quail embryo survival. Tullett (1990) reported that hatchability was adversely

affected when stearic acid represented more than 12 % and the oleic Jcid less tilan

40 % of the total fatty acids in the yolk and when the ratio of stearic to oleic acid

exceeded .25.1.1 addition, Noble (1987b) indicated the role of cholesterol esters of

oleic acid on Iipid transport and assimilation from the yolk during embryo

development. Therefore, in the present study, the high levels of oleic acid and lower

stearic to oleic acid ratios in egg yolks from birds fed Diet PA and Diet DA (Table

2.4), logether with the ability of the yolk sac membrane to synthesize cholesterol

esters (Noble ~ al., 1984), may have enhanced the formation of Iipoprotein

complexes required for the lipid transport from the yolk to the embryo. Freeman and
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Vince (1974) indicated the significance of the yolk fally acids as energy source during

embryonic developmenl.

ln the current study, the estimated number of quail chicks per hen was

significantly different among treatments (Table 2.3). The highest value corresponded

to the group fed Diet PA (122 chicks), followed by those fed Diet OA (115 chicks),

and Diet LA (100 chicks). The low number of chicks per hen observed in the group

fed Diet LA is related to both ils low egg production rate and its low hatchability of

fertile eggs as compared with the other two treatmenls, 'l'ne avemge body weight of

quail chicks at hatch was higher for those from hens fed Diet LA than those from

hens fed Diet OA, but it was not different from those fed Diet PA. The heavy body

weight of quail chicks from hens fed Diet LA can be allributed to the high average

egg weight observed in this group. ln chickens, hatching weight is highly correlated

with egg size at setting (Shanawany, 1984). In quail, significant correlations among

egg, embryo, and hatch weighls have been reported (Marks, 1975). However,

Yannakopoulos and Tserveni-gousi (1987) indicated that egg weight did not affect the

hatching weight if egg weig:1t was above II g.

Average yolk weight, ils dry matter content and total lipid content were not

significantlyaffected by dietary treatment (Table 2.5). However, the vailles obtained

in this experiment are in agreement with those reported for the JapaneStl quail by

Roca ~ al. (1984), It has been demonstrated in chickens that the percentage of total
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lipid content of egg yolk is not significantly infIuenced by the type or amount of

dietary lipids (Marion and EdwArds, 1962; Vogtmann and Clandinin, 1975). Likewise,

cholesterol content in egg yolks was not different among treatments (Table 2.5), but

the values reported herein are similar to those indicated in previous studies (Bitman

and Wood, 1980). Il was reported that dietary fat has little effect on cholesterol

depo5ition in the egg yolk. Thus, when laying hens were fed diets containing corn oil,

lard, or hydrogenated coconut oil (Chung ~ &., 1965) there was no increase in egg

yolk cholesterol. However, feeding cholesterol to laying hens in most cases results in

an increase in egg yolk cholesterol levels. Hebert ~ &. (1987) demonstrated no

difference in egg yolk cholesterol when laying hens were fed diets supplemented with

6% of either oleic or linoleic acids. The type of fally acid fed did not affect egg yolk

weight.

Dietary treatment significantly affected the total plasma phosphorus

concentration (Table 2.6). The lipids synthesized in the liver of the laying female are

transported by the plasma in the form of lipoprotein complexes to the ovary where

they are deposited intact in the follicles (Christie and Moore, 1972; Hillard ~ &.,

1972). Bacon ~ &. (1982) stated that total plasma phosphorus is a good measure of

the plasma very low density lipoprotein fraction, which is a yolk lipid precursor

(Bacon, 1981) of quail hens. Beynen and Katan (1985) indicated that polyunsaturated

fally acids promote oxidation, whereas saturated fally acids, such as palmitate,

promote lipid storage and liver lipoprotein synthesis. In fact, Hood (1990)
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demonstrated that liver from quail given a diet containing saturated fat (beef fat)

synthesized significantly more fatty acids than quail fed a diet containing

polY"nsaturated fatty acids (tuna oil).

It is weil recognized in chickens that the fatty acid composition of plasma, egg

yolk, and liver lipids reflect the fatty acid composition of their diets (Machlin ~ iÙ"

1962; Thomsen, i966). More recently, Vi1chez ~ iÙ. (1990a,b) demonstraled that

dietary fatty acids significantly infll'ence the fatty acid composition of both plasma

and egg yolk lipids of Japanese quai!. The results of the present study confirm those

carly observations.

The level.s of linoleic and oleic acids in egg yolk (Table 2.4), plasma (Table

2.7) and in the Iiver Iipids (Table 2.8) were significantly influenced by the

concentrations of these fatty acids in Diet LA and Diet OA, respectively (Table 2.2).

Increased concentrations of palmitic and stearic acids as weil as decreased

concentrations of palmitoleic and oleic acids were also observed in yolk lipids from

birds fed Diet LA. A similar tendency was observed in the fatty acid composition of

the plasma and liver Iipids. lt Vias previously reported in chickens that feeding diets

containing high levels of polyunsaturated fatty acids resuIt in decreased synthesis of

monounsaturated fatty acids and inc.reased synthesis of saturated fatty acids,

respectively (Balnave, 1968; Sim ~ il!.. 1973).
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High<;~ concentrations of oleic acid were observed in yolk, plasma, and liver

lipids in hens fed Diet PA as compared with those fed Diet LA, but they were lower

than those fed Diet OA (fables 2.4,2.7, and 2.8). Feeding Diet PA resulted in high

concentrations of palmitoieic acid in yolk and plasma lipids only. The high levels of

palmitoieic and oleic acids in tissues from birds fed Diet PA may be due to the

presence of their immediate precursor, palmitic acid, which will undergo desaturation

to form palmi'.oleic acid or elongation and desaturation to form oleic acid (Vance and

Vance, 1985). The presence of a high level of arachidonic acid in the liver lipids of

birds fed Diet PA is surprising since the level of its immediate precursor, linoleic acid,

in Diet PA is aImost 4 times lower than that in Diet LA (fable LI). There are two

possible explanations for this response. First, it is probable that under a situation of

low linoleic acid ,the synthesis of arachidonic acid in the hepatic tissue may be more

efficient or maximized; howevcr, there is no evidence to support this hypothesis.

Second, feeding diets high in saturated fatty acid, such as Diet PA, may increase the

synthesis of polyunsaturated fatty acids in order to maintain an appropriate saturated

to unsaturated ratio in the tissue lipids. The latter would be an opposite situation to

those reported in cases of feeding diets high in polyunsaturated fatty acids (Balnave,

1968; Sim ~ al., 1973).

ln summary, the inclusion of 3% of either palmitic or oleic acids in the diets of

quail breeder hens results in an improved reproductive performance when compared

with those fed a diet supplemented with 3% linoleic acid. The high egg production
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rate observed in hens fed Diet PA may be due to their high concentrations of

Iipoproteins as indicated by ,Ota! plasma pho~phorus. Noble (1987b) indicated the

importance of the synthesis of cholesterol ester of oleic acid for the lipid transport

across the yolk sac membrane. In the present study, the low ~tearic to oleic acid ratio

in the egg yolk lipids was coupled with elevated egg yolk oleic acid. The above

provide a likely explanation of the improved embryonic Iivability and hatchabi!ity

obtained in hens fed diets supplemented with either palmitic or oleic acids. The falty

acid compositions of egg yolk, plasma, and liver Iipids were significantly influenced

by the fatty acid composition of the diets. Parameters such as yolk weight, yolk lipi::

content, yolk cholesterol content, final body weight, Iiver weight were not significantly

affected by dietary treatments.

The results of the present ~xperiment a1so suggest that maintaining female and

male quail in separate individual cages, and mating each female twicc a week for only

15 to 20 min, maximize egg production rate and fertility. This improvement may be

due to a reduction in the stress caused by the aggressive sexual activity of the male

resulting in injury to the hen when housed in pairs (personal observations) and to the

agonistic behaviour leading to establishment of peck orders commonly observed in

quail maintained in colony cages (Gildersleeve ~ ill., 1987). Moreover, the quai!

husbandry followed in the present fl,udy would a1low the isolation and identification

of each bird when used in experiments designed 10 test the response of either the

female or the male quai!.
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TABLE 2.1. Composilion of lhc IOw-ral hasal mix and analysis of "xpcrimctllal diclS.

Ingredienls and analyses

Ground yellow corn

Corn slarch

Alfafa meal (15% CP)

Isolaled soybean prnlein
(67$% CP)

C<dcium carhonale (3gSé Ca)

Calcium phosphalc.
mono·basic (21 % l' 1

Vilamin-mincral premix'

Cholinc chloridc (70%)

DL-melhioninc ('J!l'ié)

Sodium chloridc

Basal
diel

24.11

IlW

26.0

1.11

.:;

.2

PA

Expcrimetllal ,liels1

OA

('" )

LA

Delermincd analyses

Crude pralein

Calcium

Tolal phosphorus

Ether exlract

Palmilic acid'

Oleic acid'

Linaleic acid'

1'J.7 19.6 IIJ.1{

2.5 2.5 2.5

.7 .7 .7

4.4 4.1 4.1

3.2 .4 .1

.1 2.1 1.11

.7 1.1 2.6

1 Diel PA =97% basal mix plus 1% palmitic acid; Diel OA =97% hasal mix plus 1% oil:ic
acid; Diel LA = 97% basal l1Iix plus 3% linoleic acid.

'Provides the following per kilogram or diel; vilamin A. H,OOOIU; cholecalciferol, \,700 ICU;
DL·a-locopheryl acelale. 5.6 mg; menadione sodium bisullïLe, 1.26 mg; vilamin BI;" .005 mg;
biOlin.. 16 mg; folacin, 1.26 mg; lhiamine, 2 mg; pyridoxine, 4 mg; niacin, 70 mg; rihol1avin,
5 mg; calcium panlOlhenale, 20 mg; iron, 20 mg; manganese. 54 mg; l;opper, 7 mg; zinc, 61{
mg; iodine, 1.035 mg; selenium.. 19 mg; bUlylated hydroxyloluene, 120 mg.

'ICN Biomedicals, Inc, Cleveland. OH 14128. Purily: palmilic acid, ')7.2%; oleic acid, (>5.4%;
linoleic acid, 64.6%.
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TABLE 2.2. Analyzed fally add composition of the experimental diets'

Diet'

Fally acid' PA OA LA

('1-1 Il .67 1.94 .98

CI',I. 71.40 10.28 6.59

('1), Il 1.60 2.05 1.34

('10\ Hn 'Il 7.72 52.37 24.06

('P;!w fo) 16.35 25.68 61.00

CHi \111 Il 1.54 2.44 1.8]

1As a percentage of total methyl esters.
.'Fally acitls are designated hy the carhun chai., Iength, number
01 douhle honds antl the position of the t'irst double hond l'rom the methyl end of
lhe nllllceule.

'Diel l'A = 'J7% basal mix plus 3% palmitic add; Diet OA = 97% basal
mix plus 3% oleic acitl; Diet LA = 97% basal mix plus 3% linoleic acid.
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TABLE 2.3. Errect of palmitic. ol~ic. and linoleic acids on the reproductive
p~rformance of Japan~s~ quai! hens l'rom Hto 32 wk of age (24-wk
production p~riod)

Diet'

PA OA LA SEM

2H.40' 26.20" 26.40" .OH

'.16.00' 'J3.20" H7.50' ,SO

11.30" 11.30" 11.50" .02

JO.HS·' 1O.5:~" lll.O6' .OS

%.70 %.30 'JS.70 .40

M~asur~m~nt'

F~~d consumption;

Egg production, %

Egg w~ight. g

Estimat~d wdght of
~gg pnll1uced·1

F~rtility. %

Embryonic mortality

7 d'lYS. %

IR days, %

Total. %

Hatchability, %

Estimat~d numb~r of quail
chicks produced,

chicks p~r hen per period

Quai! weight al hatch, g'

II.HO"

\0.10

21. 'JO"

7H.IO·'

122.0(1"

7.73'"

13. \0" 1H.40'

JOAO JO.30

23.50" 2H.70'

76.S0' 71.30"

11S.00" JOll.OO'

7.62" 7.H'J'

.HO

.()()

1.02

L02

2.00

.OH

""Means "",;thin a row with no common superscripts diffcr significantly (P<.OS J.
'Values represent ov~rall means of 24-wk production periml of 20 quail Ill:ns pcr

die!.
lDiet PA='!7% bas", mix plus 3% palmitÎc acid; Diet OA='!7% hasalmix plus 3%
oleic acid; Diet LA='J7% basal mix plus 3% linolt:ic acid.

;Grams per hen per day.
'Overall means of IO measurements of 80 quail chicks per die!. Each measurement
was recorded every second hatch up lU the 20th hatch.
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TABLE 2.4. Effect of palmitic. oleie. and linoleie acids on the fatty acid composition
of egg yolk lipids of Japanese <.juail'.

Diet3

Fally Ilcid' PA OA LA SEM

CI~O .78'" .71 h .86' .04

CH", 30.63h 27.57' 33.84' .49

CI" 1111-71 8.26' 6.98b 6.12' .44

('11.. 0 1>.32b 8.29b 11.04' .28

('I~ !t1l"1 4300" 47.64' 31.84' .66

C'S.'III.hl :.31;" 7.13" 14.57' .28

C~lI"ln'''1 1.63 1.68 1.73 .08

C'XII:C'XIIII.111
.\ .19h .17" .35" .02

"'Means within a row with no common supt:rscripts differ significantly (P<.05).
1As pt:rœntagt: of total mt:thyl t:stc:rs.
'Fally acids arc designt:d by the carbon chain It:ngth, numbt:r of doublt: bonds, and
the position of the t'irsl doubk bond from the mt:thyl end of the molt:cuk.

'Diet PA = 97% basal mix plus 3% palmitie acid; Dit:t OA = 97% basal mix plus
YYo o1eic acid; Diet LA = 97% basal mix plus 3% Iinoleic acid.

'VaIlles are mt:ans of two pookd yolks of 10 quai! per die!.
'Stearic ln olt:ic acid ratio.
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TABLE 2.5. Effect of palmilic. oldc. and linoleic acids (~n the wcight. dry malter.
100ai Iipid. and cholesterol content nI' egg yolb nI' Japallcsl' lJuail

Diet'

Measuremenl l PA GA LA SEf\·!

y olk weighl. g 3.49 3.51 3.65 .0-

Dry malter, % 54.10 54.62 54.42 .2<>

Total lipid, % 36.1;9 3"1.5<> 3(l.97 .45

Chnlesterol, <ré' 12.9(J 13.:W 12.X(J .3X

IValues are means of 2(1 individual yolks pel' diet.
20iel PA = ':)7% basal mix plus 3% palmitic acid; Diet GA = 97% h:lsal mix plus
3% oleic acid; Oiet LA = 97% basal mix plus 3% Iinoleic acid.

3Percentage of total lipids.
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TABLE 2.6. Elleet 01 palmitie. oieie, and linoleie aeids on th>: final body weight.
liver weight, and total plasma phosphorus of Japanese quail'

Diet3

Measurement~ PA DA LA SEM

Final body weight, g 209.40 218.70 209.00 5.90

Live! weight, g 6.42 6.42 6.97 .33

Liver weighl, %BW 3.07 2.99 3.32 .15

Tolal plasma phosllllrus. /LglmL 620.3H' 554.61'" 511.26" 27.84

"''Means within a row with no common leuers ditfer signifieantly (P<.05).
'At 32 wk 01 age.
'Values are means of 16 observations per die!.
'Die! PA = 97% basal mix plus 3% palmitic aeid; Diet DA = 97% basal lllix plus
3(;; oleie acid; Die! LA = 97% basal lllix plus 3% linoleie acid.
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TABLE 2.7. Efft:ct of palmitic. oleic. anu linoleic acids on tlll" major raity acids
uf bloou plasma lipius of Japanese quail'.

Oiet·1

Fa:tyacid' PA OA LA SEM

C1tllI 31.25" 26.54" 31.97' J02

C1b,llu o 7) 6.2Y 5.54' 4.14'" .3'15

CI"O 9.62" 9.79'" 12.24' Ail)

Clti-l\l1 o 'll 39.26'" 44.9()", 29.24' .43X

Cls_~ln'lJl 7,94h 7.64'" 16.65' .237

C)l<i:3Iu o J) .2/l' .2211 .31' .020

C~O'~lll.61 2.60 2.46 2.49 .I(,X

""Means within a row with no coITImon superscripts uiffer signilïcantly (P < .OS).
'As percentage of total methyl esters. Values uo not auu III ](JO% because minor
perccmages wer~ not incluueu.

'FallY acius are designeu by the carhon chain length, number of uouble bonus. and
the position of the Iïrst uouble bonu l'rom the methyl enu of the lllolecuie.

30iet PA = 97% basal mix plus 3% palmitic adu; Oiet OA = 97% basal mix plus
3% oleic acid; Oiet LA = 97% basal mix plus 3% linoleic aciu.

'Values are means of eight observations per uie!.
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TABLE 2.K Eff~ct of palmitic, ol~ic, and Iinoleic acids on th~ major fatty acids
of liv~r lipids of Japan~s~ quai/ I

•

Diet'

Fatty acid' PA OA LA SEM

C'j(,u 31.56" 27,17b 32,11' .378

Cllo11U.71 7.00 6.4S 5.9S .439

CHIO 9,lS 9.23 10.96 .534

C1h 1III 'Il 3S.S4" 47.33' 34.13' Ul75

CPi:!lll'hl 6.06" 4.92" 12.22' .473

CU;"lld) .1S' .12" .1S' .019

C2(14 111. tll 3.78' 2.28b 1.68" .272

'''Means wilhin a row with no common sup~rscripts differ significantly (P<.05).
1As perccnwge of total m~thyl ~st~r~. Values do not add ta 100% because minor
percentag~s w~r~ not includ~d.

'Fatty aciùs ar~ d~sign~d hy the carhon chain I~ngth, number of double bonds, and
the position of the t'irst douhle bond l'rom th~ m~thyl end of the molecul~.

'Diet PA=1.)7% hasal mix plus 3% palmidc acid; Di~t OA = 97% basal mix plus 3%
oicic aciù; Di~t LA= 1.)7% hasal mix plus 3% linol~ic acid.
'Valu~s ar~ means of ~ight obs~rvations p~r diet.
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3. EFFECf OF FEEDING PALMlTIC, OLEIC, AND UNOLEIC AClDS

TO JAPANFSE QUAIL HENS (Coturnix coturnix j3J!Onica>. 2.

MATERNAL DIEI'S AND STAGE OF DEVELOPMENT ON THE UPID

METABOUSM OF QUAIL EMBRYOSI

C. VILCHEZ, S. P. TOUCHBURN, E. R. CHAVEZ, and C. W. CHAN

Department of Animal Science, Macdonald College of McGiIl

University, and McGiIl Nutrition and Food Science Centre

Ste Anne de Bellevue, Québec, H9X ICO, Canada

ABSTRACT An experiment was conducted to evaluate the effects of diets

containing 3% of either palmitic acid (Diet PA), oleic acid (Diet OA) or linoleic acid

(Diet LA) and three stages ofdevelopment (Days Il, 13 and 15 of incubation) on 1)

weights of yolk plus yolk sac membrane (TY), yolk sac membrane (YSM), yolk,liver,

and extrahepatic tissue (ET); and 2) the fally acid composition of phospholipid,

triglyceride, and cholesterol ester fractions of YSM and ET of quai! embryos.

Embryos frùm birds fed Diet LA had the highest (P < .05) weights of TY and yolk

followed by those from birds fed Diet OA and Diel PA. The weight of ET was the

highest (P< .05) in embryos from birds fed fed Diet PA followed by those from birds

lAs published, 1992 Poultry Science 71:1032-1042.
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fed Diet LA and [Iiet OA. The weights of YSM and liver were not affected by the

maternai diet (P> .05).The weight of TY decreased whereas the weights of liver and

ET increased as incubation progressed (P < .05).The weight of YSM was maximum

at Day 13 of incubation. In the phospholipid, triglyceride, and cholesterol ester

fractions of both YSM and ET of embryos, the fatty acid present at the highest level,

except palmitic acid, was the one added Il 1 the maternai diet. In phospholipids of

both YSM and ET the oleic acid content decreased and linoleic acid increased as

incubation progressed. In triglycerides and cholesterol esters of both YSM and ET,

the levels of palmitic acid increased, but oleic and linoleic acids decreased with

advancing embryonic development. The results of the present study indicate that

embryos from birds fed Diet PA mobilize more yolk material and produce heavier

ET than embryos from birds fed Diet OA and Diet LA. The fatty acid profiles of

phospholipid, triglyceride, and cholesterol esters of embryonic tissues are consistentiy

influenced by dietary fatty acid and the stage of development.

(~ ~: quail, maternai diet, incubation, embryo, lipids)

INTRODUCTION

Lipid metabolism of chick embryos has been the subject of numerous studies

(Donaldson , 1981; Noble, 1987b). Il is recognized that most of the yolk lipid content

is mobilized and absorbed into the embryonic tissue of the chick and that these

events take place mainly in the last 7 days of incubation (Romanoff, 1960; Noble and
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Moore, 1964). Egg yolk fatty acids were found to be altered slightlyat 0,8, 12, 16.

and 20 days of incubation. Il was observed, however, that the fatty acids of embryonic

Iipids were more saturated than those of the Iipids of yolk from which the embryos

developed (Donaldson, 1964). Noble and Moore (1967) reported that during the

period of intense yolk uptake, there were increasing leve1s of cholesterol esters in the

yolk sac membrane (YSM). Noble ~ ID. (1984) found that the accumulation of

cholesterol esters, mainly cholesterol oleate, that occurred within the liver during

embryo development arose from synthesis in YSM. The latter suggests that

cholesterol ester of oleic acid plays an important role in Iipid transport and

assimilation from the yolk during embryo development (Noble, 1987b).

In spite of the num.:rous studies on lipid metabolism of chick en:bryos, very

few reports deal with the effect of the fatty acid composition of the maternaI diet and

stage of incubation on embryonic Iipid metabolism. Studies with chick embryos

(Donaldson, 1967) and turkey embryos (Couch kt iIl., 1973) demonstrated that both

the fatty acid composition of the maternai diet and the stage of development affect

the fatty acid composition of the embryo.

Previous studies with quail hens showed that the fatty acid composition of diets

significantly influenced the fatty acid composition of the egg yolk lipids (Vilchez ~

ill., 1990a,b). On the other hand, it has also been suggested that the fatty acid

composition of the egg yolk Iipids affects the hatchability of fertile eggs in poultry
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(Donaldson and Fites, 1970; Tullett. 1990; Vilchez ~ al., 1990a,b). However, the

effect of yolk lipid composition on the fatty acid profile of the individual lipid classes

during embryonic development has not been investigated.

The objectives of this experiment were to determine in Japanese quail the

effects of maternai diet and stage of development on 1) changes in weights of yolk,

YSM, and embryonic tissues; and 2) the changes in the fatty acid profiles of

phospholipid, t";~lyceride, and cholesterol esters of the embryonic tissues and YSM

during the last week of incubation.

MATERIAlS AND METHODS

Sixty Japanese quail hens were housed in individual cages and fed diets

containing 97% semipurified low-fat basa! mix plus 3% of either p:Jmitic acid (Diet

PA), oleic acid (Diet DA), or linoleic acid (Diet LA). The composition and the fatty

acid analyses of the diets were previously described (Vi1chez ~ al., 1991). Briefly, the

low-fat basal mix contained ground yellow corn (24%), corn starch (29.8%), isolal~

soybt'<111 protein (26%), a1iillfa meal (10%), calcium carbonate (4.8%), calcium

phosphate (3.6%), vitamin-mineral premix (1 %), choline chloride (.3%), DL­

Methionine (.3%) and sodium chloride (.2%). The proportions ofpalmitic, oleic and

Iinoleic adds in Diets PA, OA, and LA were, respectively, 71.4%,52.4%, and 61 %

of the total methyl esters.
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Thirty-two eggs from each dietary group were removed from the incubator

after Il, 13, and 15 days of incubation. The eggs were then broken and the yolk sac

and its contents carefully excised from each embryo. The weights of both the yolk sac

plus its contents (TY) and the embryo were recorded separately. An incision was

made in the YSM, the liquid yolk removed, and the YSM repeatedly washed with

.9% saline solution until the yolk material had been completely removed. The wei

weight of the YSM was recorded. The weight of the yolk was obtained by substracting

the weight of the YSM from the weight of TY. The liver was excised and its weighl,

and that of the extrahepatic tissue (ET) were recorded separately. Eight YSM and

eight (ET) were pooled before analysis, resulting in four YSM and four ET samples

per dietary treatment and stage of development.

The lipids from YSM and ET were extracted with chloroform:methanol (2: l,

vol/vol) solution (Folch ~ al., 1957) modified by the addition of .01 % butylated

hydroxytoluene. Aliquots of the lipid extracts (35 to 45 mg) were fractionated into

phospholipids, unesterified fatty acids, triglycerides and cholesterol esters on thin

layer chromatoplates of silica gel GF (20 x 20 cm, .5 mm)2 using a solvent system

of hexane:diethyl ether:acetic acid (80:20:2, vol/vol/vol). Because the phospholipid

and monoglyceride fractions were not weil separated with this solvent system, the

complete separation was achieved by developing the same plate (after being dried

under nitrogen for 15 min) in the same direction using a solvent system of

2Analtech Inc., Newark, DE 1971 I.
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acetone:acetic acid:water (100:2: 1. vol/vol/vol)just up to 2 cm from the origin. The

plates were then removed irom the developing tank and dried again under nitrogen

for about 15 min. Standards of each Iipid class3 were processed in the .'i\mc way.

Fo!lowing visualization under iodine vapor. the areas eorresponding to phospholipids.

triglycerides, and cholesterol esters were scraped into culture tubes (16 x 125 mm).

and the methyl esters of the fally acids were prepared by a modification of the

method reported by Sukhija and Palmquist (1988).

One milliliter of benzene and 3 mL of freshly prepared 5 % methanolic HCI

(prepared by slowly adding 10 mL of acetyl chloride to 100 mL of anhydrous

methanol) were added to eaeh of the tubes containing the silica gel GF with the Iipid

fraction scraped from the TLC. After being tightly capped, the culture tubes were

swirled vigorously for 30 s at low spced so that the material remained 2 to 3 cm from

the bollom. The tightly capped tubes were heated for 2 h in a water bath at 70 C.

After the contents were cooled to room temperature, 5 mL of 6% K1C03 were

added, followed by .5 mL of benzene. The contents of the tube were swirled

vigorously for 30 s and then centrifuged for 10 min at 400 x~. The benzene (upper)

layer containing methyl esters was transfered with a Pasteur pipet to a 1 mL

autosampler vial for analysis by gas-liquid chromatography (GLC).

Fatly acid analysis was done on a Hewlell-Packard 571 lA gas-liquid

3Sigma Chemical Co., St. Louis, MO 63178-9916.
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chromatograph filled with automatic sampler 7671 A, integrator 3380S, and FlD

detector.4 Separation of fally acid methyl esters was achieved using a Supelcowax

10 fused silica capillary column (30 m x .53 mm ID, 1.0.l!m film).s Fatty acid methyl

esters were identified by comparison of retention limes with standards6 and

cxprcssed as percentages of tC:l1 methyl esters.

Statistical Analisis

The data were analyzed in a 3 x 3 factorial arrangement of treatments (three

dictary treatments and three stages of development) and subjected to analysis of

variance using the General Linear r,'lodels (OLM) procedure (SAS Institute, 1986).

Significant differences of means were tested using Tukey's Studentized Range (HSD)

test (Steel and Torrie, 1980).

RFSULTS AND DISCUSSION

Data on the effects of maternai ~iet and stage of development on the weights

of TY, YSM, yolk, Iiver, and ET are presented in Table 3.1. Maternai diet

4Hewlell-Packard Co., Avondale, PA 19311.

sSupelco, Inc., Bellefonte, PA 16823.

°Nu-Ckek-Prep; Elysian, MN 56028.
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significantly (P<.OS)affected the weight ofTY. The highest weight correspond~d to

the embryos l'rom birds fed Diet LA, !ol1owed by those fed Diet OA, and Diet PA.

Because there was no statistical difference (P> .05) in the weights of YSM among

treatments, the difference observed must be due to the difference in the amount of

yolk used by the embryo during development. The amount of yolk in t!le group fed

Diet LA was significantly (P< .05) higher than that of the other treatments (Table

3.1). Feeding either Diet PA or Diet üA resulted in high levels of C18:I(n.9) in the

YSM lipids as compared with those fed Diet LA (Table 3.2). However, dry malter,

yolk weight, or the total lipid of the yolk of unincubated eggs was not altered (Vilchez

~ ;il., 1991). On the other hand, Noble ~ ill. (1984) demonstrated the signiticance

of the YSM in synthesizing cholesterol esters, panicularly cholesterol oleale.

Recently, Noble (1987) indicated the role of the cholesterol ester of oleic acid on

lipid transpon and assimilation l'rom the yolk during embryonic development.

Therefore, the low weight of TY observed with both Diet PA and Diet OA in the

present study reflects a more rapid transpon of yolk material to the embryos in thesc

two groups than that observed with Diet LA. Less yolk was consumed during

development byembryos l'rom hens fed Diet LA.

A small but significant difference in he weights of TY between Diel PA and

Diet OA was also observed (Table 3.1). Explanation for this difference is not readily

apparent. Il is possible that the level of CI8 :l(n.9) in the egg yolk is crilical or that

palmitic acid itself has sorne physiological effects that cannol be elucidaled l'rom this



80

cxperimenl.

The weight of ET of the embryos was also affected by maternai diet (Table

3.1). The ET of embryos from birds fed Diet PA was heaviest followed by those fed

Diet LA and Diet OA. This result would indicate that embryos from birds fed Diet

PA deposited more ET than the other treatment groups. The heavy weight of ET in

the group fed Diet PA may be the result of a better assimilation of the yolk material

as discussed above. However, the low weight of ET of embryos of birds fed Diet OA

can not be explained on the same basis. Other factors may be involved in this

response. The low weight of ET of embryos from birds fed Diet LA is surprising

bccause it was expected that embryos from birds fed an adequate or high level of

C I8:2(n-6) would be heavier than those fed a marginal or deticient level of this

essential fatty acid (Menge and Richardson, 1968). To the authors' knowledge, this

is the first report to indicate that the transfer of yolk material to the embryo and the

weight of ET are influenced by the type of fatty acid fed to quail breeding hens.

The weights of TY and yolk signiticantly decreased (P < .05) as incubation

progressed (Table 3.1). This was due to the increased <'Jsimilation of yolk material

as development proceeded (Noble and Moore, 1967). Likewise, the weight of YSM

signiticantly increased from Day II to Day 13, and decreased (P < .05) by Day 15 of

incubation. It has becn previously shown in chick embryos that the weight of YSM

increased progressively during the tirst 16 days of incubation, but then decreased
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markedly during the period between Day 16 and Day 21 (unpublished data). Noble

and Shand (1985) reported that a large increase in total Iipid content of YSM

occurred between Day 15 and Day 17, but it declined between Day 17 and Day 19

of incubation.

The level of C16:11n.7) in YSM phospholipids of embryos fed Diet PA was

higher (P < .05) than in those fed Diet LA (Table 3.2). Feeding Diet OA produced

YSM phospholipids with the highest and the lowest levels of C18:11n.9) and C 16:0,

respectively. On the contrary, embryos from birds fed Diet LA showed YSM

phospholipids with the highest levels of C16:0 and C18:2(n.6)' but with the lowest levels

of CI8:11n.9) and C 22:6(n.3) as compared with the other two treatments.

The C 18:l(n.9) content significantly decreased whereas the C 2o:4(n.6) increased

from Day Il to Day 15 of incubation (Table 3.2). The level of C16:0 was higher at

Day Il, but decreased by Day 13, and remained constant by Day 15. The CI8 :2(n.6)

increased from Day II to Day 13 and remained constant by Day 15 of incubation.

With exceptions of C 16:l(n.7) and C 18:l(n.9)' the results of the present study ?gree with

those reported in developing chick embryos (Noble and Moore, 1967). Noble and

Moore (1967) found that C 16:l(n.7) and C 18:l(n.9) in YSM phospholipids increased in

concentration as development proceeded. Analysis of variance showed significant

interactions of maternai diet and embryonic development for C 16:0 , C I8:l(n.91' C I8:2(n.

6)' and C22:6(n.3) in YSM phospholipids.
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Embryos from birds fed Diet PA showed ET phospholipids with levels of C I6:0•

CI6:l(n-7)' C18:0 , C I8:2(n-6)' C2o:4(n-6)' and C22:6(n-3) similar (P> .0S)to those fed Diet OA

(Table 3.3). However, these levels were either lower (C16:0, C18:o, C18:2(n-6» or higher

(C22:6(n-3») when compared with those fed Diet LA. Feeding Diet OA produced ET

phospholipids with the highest level of C18: I (n-9) (P < .OS). This increase was

accompanied bya significant decrease in the level of CI6:0• Similar observations were

reported in chick embryos from hens fed a diet containing 10% of oleic acid

(Donaldson, 1967). On the other hand, feeding Diet LA resulted in ET phospholipids

with the lowest levels of C I8 :l(n-9) and C22:6(n.3)' The level of C20:4(n-6) was higher in

those fed Diet LA as compared with those fed Diet OA, but it was not different than

in those fed Diet PA.

The levels of C I6:1(n-7) and C18:l(n.9) decreased and the level of C18:0 increased

in ET phospholipids as incubation progressed (Table 3.3). The C16:0 content was not

different (P> .0S)be.tween Day Il and Day 13 of incubation, but decreased by Day

IS. The C18:2(n-6) content was lower (P< .0S)at Day Il than at Day 13, and this level

did not change by Day IS of incubation. Data on the fatty acid profiles of chick

embryos (Noble and Moore, 1964), whole embryo phospholipids (Donaldson, 1967),

and turkey embryo polar lipids (Couch ~ al., 1973) showed similar trends to those

observed in the current experiment. Analysis of variance showed no significant

interaction between maternai diet and embryonic developmet (Table 3.3).
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For ail diets and throughout development, the fatty acid composition of 'l'SM

phospholipids was different from that of ET phospholipids. The 'l'SM phospholipids

(fable 3.2) contained more C16:1(n-7), C18:0, CI8:1(n-9) and CI8:1(n.6l' and less C Ib:O'

C10:4(n-6) and C11:6(n-3) than did ET phospholipids (fable 3.3). A comparison betwecn

the fatty acid compositions of 'l'SM phospholipids (Noble and Moore, 1967) and ET

phospholipids (Noble and Moore, 1964) of developing chick embryos shows similar

differences in fatty acid composition of the phospholipids betwecn thesc Iwo tissues,

which agree with the results of the present study with developing quail embryos.

The fatty acid composition of 'l'SM triglycerides of embryos from birds fed Diet

PA showed the highest level of CI6:I(n-7) (fable 3.4). The C16:0 and CI8:1ln.9) was the

lowest and the highest (P< .05),respcctively, in 'l'SM triglycerides of embryos from

birds fed Diet OA. The C16:0, CI8:0• CI8:1(n-6) and C20:4(n-6) were the highest (P < .05)

in 'l'SM triglycerides of embryos from birds fed Diet LA as compared with the other

two groups.

The level of C16:0 decreased and the level of C I8:2(n.6) increased in 'l'SM

triglycerides from Day II to Day 15 of incubation (fable 3.4). There were no

significant differences (P>.05)in the levels ofCI6:1ln-7) and CI8:1ln.9) betwecn Day Il

and Day 13, but the levels of these fatty acid decreased and increased, respcctively,

by Day 15 of incubation. The C20:4(n-6) content increased from Day Iito Day 13 and

remained constant by Day 15 of incubation. With the exception of C20:4(n-6)' the fatty
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acid composition of YSM triglycerides of developing quail embryos follows the

pattern reported by Noble and Moore (1967) in YSM triglycerides of developing

chick embryos.

Feeding Diet PA resulted in a significantly higher (P< .05)level of C 16:l(n-7) in

ET triglycerides than feeding either Diet OA or Diet LA (Table 3.5). The ET

triglycerides of embryos fed Diet OA had the highest and lowest (P < .05) contents of

C18:l(n-9) and C16:0• respectively. Similar observations were reported in whole chick

embryo triglycerides by Donaldson (1967). The ET triglycerides of embryos from

birds fed Diet LA showed the hignest (P< .05)levels of C18:2(n-6)' C18:o•and C 16:0 as

compared to the other two dietary groups. The C20:4(n-6) content was n\lt different

(P> .05)between Diet OA and Diet LA. but both were higher than in those fed Diet

PA.

The C 16:0 and C22:6(n.3) contents decreased whereas the CI8:2(n-6) increased in

ET triglycerides as development proceeded (Table 3.5). The levels of C 16:1(n-7) and

C20:4(n-6) were not different (P> .05) between Day II and Day 13 Of incubation. but

they decreased by Day 15. The level of C18:0 was different at Day 13 and Day 15, but

both were not different than that at Day II. With the exception of C I8:0 • the fatty

acid profiles of ET triglycerides of developing quail embryos agree with the results

reported by Noble and Moore (1964) and Donaldson (1967) in triglycerides of ET

and whole chick embryos, respectively. Analysis of variance indicated significant diet
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by development interactions fûr C I6:\in.7)' CI8:~ln~)' and C~~:oln.31' Thus. C10 \i1l71

content in ET triglycerides decreascd with increasing age of the embryo more rapidly

when the hens were fcd Diet PA than when they were fcd Diet GA or Diet LA. In

contrast. the CI8:~(n~) content increased more rapidly and the C~~:O(n.3) dL'Creascd

more rapidly when the hens were fcd Diet LA than when they were fcd Diet PA Of

Diet GA.

For ail treatments. the fally acid composition of YSM triglycerides (Table 3.4)

showcd considerably higher contents of C18:l(n.9). but lower levels of C I6:0• CI8:~(J1'61'

ard C~~:6(n.3) tl1an those observcd in ET triglycerides (Table 3.5). The levels of

CI6:\in.7) and C18:0 tendcd to be similar in the triglyceride fraction of both tissues.

Contrary to ET triglyceiides. only negligible amounts of C~~:6(n.3) were observed in

YSM triglycerides of developing quail embryos. A similar observation was reportcd

in chick embryos (Noble and Moore. 1967).

The C16:I (n.7) content was the highest (P< .05) in YSM cholesterol esters of

embryos from birds fcd Diet PA (Table 3.6). The highest level of C'8:l(n.9) and the

lowest levels of CI6:l(n.7) and C18:0 were observcd in YSM cholesterol esters of

embryos from birds fcd Diet GA. Likewise. feeding Diet LA resultcd in YSM

cholesterol esters with the highest levels CI8:2(n~) and CI8 :0• and the lowest level of

CI8 :1(n.9)·
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The C 16:0 and C 18:0 contents decreased and the CI8:1(n-9) content increased (P < .OS)

in YSM cholesterol esters as incubation progressed (Ta~~.: 3.6). The level of CI8:2(n-6)

increased from Day II to Day 13, and remained constant by Day IS of incubation.

Noble and Moore (1967) also reported a significant decrease in C 16:0 and C18:0 but

the level of Cn :Hn-9) increased significantly in YSM cholesterol esters in developing

chick embryos. The ability of YSM to synthesize cholesterol esters, in particular

cholesteryl oleate, in developing chick embryos was previously reported (Noble etl!!.,

1984). Analysis of variance showed a significant diet by development interaction for

C18:2(n.6) (Table 3.6).

The level ofCI6:Hn_7) was the highest in ET cholesterol esters ofembryos from

birds fed Diet PA (Table 3.7). Feeding Diet OA produced ET cholesterol esters with

the highest (P < .OS) level of C I8:l(n.9)' but the lowest levels of C16:0 and C18:0

compared to those in the other treatments. The ET cholesterol esters of embryos

from birds fed Diet LA showed the highest (P< .0S)levels of C I8:2(n-6) and C18:0 , but

the lowest (P < .0S)level of C I8:1(n-9)' The C20:4(n-6) content was higher (P < .0S)in ET

cholesterol esters of embryos from birds fed Diet LA than in those fed Diet PA, but

it was not different (P> .OS) from those fed Diet OA.

The C I6:I(n.7) and CI8:Hn.9) contents significantly decreased (P< .0S)as incubation

progressed (Table 3.7). There were no significant differences (P> .0S)in the levels of

C18:0 and C20:4(n-6) embryos of Il and 13 days of incubation, but they were lower
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(P < .05)than those of 15 days of incubation. The C I8 :Z(n-6) content decreased (P < .05>

From Day Il to Day 13, but remained constant by Day 15 of incubation. Significant

increases in the C18:0 and C I8:1(n-9) contents as weil as a decrease in the C16: l(n-7: level

were reported by Noble and Moore (1964) for ET cholesterol esters in developing

chick embryos. The patterns for C16:0, CI8:Z(no{» and CZO:4(n-6) observed in the CUITent

study do not agree with those reported by Noble and Moore (1964). Analysis uf

variance showed significant diet by development interactions for C 16:0 and C I8 :\(n-9)

(Table 3.7). Thus, the C16:0 content in ET cholesterol esters increased more rapidly

with increasing age of the embryo when the hens were fed Diet PA than when they

were fed Diet OA or Diet LA. ln contrast, the CI8:1(n-9) content decreased Icss

rapidly when the hens were fed Diet OA than when they were fed Diet PA or Dict

LA.

At ail stages of development and for ail diets, the fatty acid composition of YSM

cholesterol esters was considerably different From that of ET cholesterol esters. The

YSM cholesterol esters (Table 3.6) contained more C I6:1(n-7) and C I8:1(n-9)' and

significantly less C16:0 and C I8:2(n-6) than did ET cholesterol esters (Table 3.7). With

the exception of Day 15 of incubation, a similar pattern was observed in the C18:0

content. Furthermore, a comparison of the data reported for YSM cholesterol esters

(Noble and Moore, 1967) and ET cholesterol esters (Noble and Moore, 1964) in

developing chick embryos also shows the difference in fatty acid profiles between

YSM and ET as observed in the present study with developing quai! embryos.
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TABLE 3.1. Effect of materndl diet (MD) and stage of dcwlllpmcnt (DEV) '"1 thc
weights of yulk plus Yllik sac membrane (TY). yolk sac memhrane (YSr--,'I).
yolk. liver. and extrahepatic tissues (ET) of quail ell1hryos.

MD' DEY TY YSM Yolk Livcr ET

days (g)

PA 11 2.78' .74 2.04 .061 2.71

GA 11 2.88 .71 2.17 .057 2.5H

LA Il 2.98 .70 2.21-: .058 2.5')

PA 13 2.411 .87 1.59 . III7 ·1.31
GA r' 2.71 .B3 I.HH ,09H 4.0S.'
LA 13 2.82 .78 2.04 .IOS 3.95

PA 15 1.74 .57 1.17 .149 h.24

GA 15 1.83 .60 1.23 .144 5.7h

LA 15 1.96 .61 1.35 .150 6.14

mean :t 2.46 :t .06 .71 :t.m 1.75 :t .Oll . IOh .003 4.26 :t.07
SEM

Source of l'robabilitics
variaI jon(df)

MD (2) <.01 .156 <.01 .031 <.01

DEV (2) <.01 <.lI 1 <.01 <.01 <.lI 1

MD by DEV (4) .647 .025 .2 .717 <.01

Comhined dfccts of MD and DEY

MD

PA 2.33' .73 1.60' .106 4.42'

GA 2.47" .71 1.75" .100 4.13'

LA 2.59' .70 UN' .104 4.23"

DEV

11 2.HW .n" 2.16" .05')' 2.()3'

13 2.66" .83' UB" .103" 4.10"

15 1.84' .59' 1.25' .148' (dIS'

a-cMeans within a column and variable with no common superscripls
differ significantly (p< .(5).

IDiets containing 97% basal mix plus 3% of: Diel PA, palmilic acid;
Diet GA, oleic acid; and Diet LA, linoleic acid.

2Yalues are means of 32 observations.

~-,-,
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TABLE 1.2. Major phospholipid rally acids or yolk sac membrane of quai! embryos
'" allccled by maternai diel (MD) and stage of uevelopement (DEY)

Fally aciu

MD' DEY CIl>!J C1fd CIRO C",) CUI;::! C"", C::!2;(,

uays (% of total methyl esters)

l'A Il 26.62 1.0 19.8 32.9 9.0 4.8 .93

UA Il 21>.5 2.4 20.0 35.7 8.3 3.6 .82

LA Il 30.7 ~ , 21.7 26.7 11. 1 3.7 044... :~

l'A 13 24.5 2.X 19.1> 31.5 9.7 6.1 1.22

UA 13 21.4 2.1 21.0 32.7 lU. 1 7.2 1.44

LA 13 25.5 2.2 20.1 25.2 14.8 5.2 .90

l'A 15 2404 204 23.0 29.R 9.2 8.1 .74

UA 15 20.8 2.0 23.1 32.3 8.8 7.6 .82

LA 15 24.7 1.7 23.9 2U) 15.1 7.6 .70

meall :!: SEM 25.0 23 ± 21.4 :!: 29.8 :!: lU.7 :!: 6.0 ± .89 ±
:!: AI .I~ .55 040 .29 .61 .06

Source 01" Prohahililies
v,"ialioll (dl')

MD (2) <.01 <.01 .01>6 <.01 <.01 .21 <.01

DEV (2) <.01 <.01 <.01 <.01 <.01 <.01 <.01

MD hy DEV (4) <.01 .904 .224 <.01 <.01 .263 <.01

Combineu effecls of MD anu DEY

MD

l'A 25. 1" 2.7" 20.8 31.4" 9.3" 6.3 1.0

GA 22.9' 2.i' 21.3 :rt6,1 9.1" 6.2 1.0'

1.1\ 27.0" 2.1 h 21.9 24.3' 1:;.7;\ 5.5 .7"

D\'V

Il 27.Y·' 2.6'· 20.5" 31.8" 9.5" 4.0' .7"

13 23.Xh 2.4" 20.2" 29.8h Il.5'' 6.2" 1.2'

15 23.3" 2.0" 23.3' 27.7" 11.0' 7.8' .8"

., '~lcans wilhin a Clliumn anu variahle \Vith no Cllmmon superscripls uilTer
signilïcantly (p < .051.

1 DiclS cOlllaining 'J7"é hasal mis plus 3~é of: Diet PA. palmilic aciu: Diet DA. oleie acid:
and Dicl LA. linoi<:,< acid.

-' Valucs arc Illcans of lùur ohscrvations (eighl pooled yolk sac membranes l'cr
llhscf\'alillll ).
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TABLE 33. Major phŒpholipid fally aciJs of <:xlrah<:pali<: tissu<: of '1uail <:mbryos
as aff<:ctcd hy mat<:rnal di<:t (MD) and stag<: of d"vdop<:m<:nl (DEV)

Fallyacid

MD' DEV C,.,,, C'.J CI8:11 C"J Cu;::! C~I' C~~f'

days (% of tOlal m<:thyl <:sl<:rs)

PA Il 27.7' 2.5 15.0 20B 5.0 13.5 S.X

GA II 27.0 2.4 15.0 21.6 5.7 13.4 h.(}

LA II 27.H 2.2 16.0 17.4 S.71 1~.5 3.S

PA 13 27.5 I.h IS.5 lKH 6.S 13.5 5..12

GA 13 26.6 1.6 18.0 19.9 6.7 13.3 5.h~

LA 13 28.4 I.h 18.4 15.4 9.6 13.7 3.5

PA 15 26.0 13 IKS IK2 6.7 12.S 1>..1

GA 15 26.0 l.3 IK8 IK7 6.3 12.7 7.0

LA 15 27.(> 1.2 19.8 I~.I Ho7 n.o ~.2

m<:an ± SEM 27.2 1.7± 17.6 ± 18.3 ± 7.1 ± 13.4± 5.4 ±
± .:n .07 .27 .22 .:\2 .30 .2X

Sourœ of Probabililks
vari"lion (dO

MD (2) <.01 ll.Oü! <.01 <.01 <.01 .034 <.01

DEY (2) <.0] <.01 <.01 <.01 <.01 <.01 <.01

MD by DEV (4) .179 .395 .302 .388 .1~6 .612 .625

Combin<:d cffeels of MD and DEV

MD

PA 27.0" 1.8"' 17.5" 19."2" , ..,11 13.3"''' 5.'1"',J._

GA 26.5h 1,7'111 17.3" 20.1" ( ')11 13.1" h.4",.-
LA 27 .<)"' 1.6" 18.1" 15.6' 'J.lt' 13.H' .1.H"

DEV

II 27.5"' 2.4" 15.4' 19.9" 6.5b I3.W 5.1~h

13 27.5"' 1.6" HU" IKO" 7.7" 13.1," 4.')"

15 26.5" 1.2( 1').2"' H,.')' 7")" 12.H" 5.7'.-
""Means wilhin " column "nd vmi"blc wilh no common superscripts differ

signilïcanlly (1' < .05 j.
'Diels conl"ining 97o/c b""d mix plus 3% of: Diel PA. palmilic "cid: Diel OA, oleic acid;
"nd Diel LA. linoieic "cid.

"Values are means of four observations (eigbl pooled exlrahepalic lissues per
observation).
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TABLE 1.4. Major triglyœride fan)' acids of yolk sae membrane of quail embryos as
allcclCd hy maternai diel (MD) and stage of developement (DEY)

Fauyaeid

MD' DEY CI(Jl) Curt CIS,o C IS '! CIS'~ C::!o:~

(days) (% of lolal methyl esters)

l'A Il 10.'i~ 6B 6.7 48.6 5.0 .21

OA Il 2KO 5.1 6.6 53.5 4.8 .18

LA Il 16.0 5.1 9.3 37.6 9.7 .20

l'A 13 2'!.2 63 6.6 50.3 5.6 .26

OA 13 26,(, 5.4 6.2 54.1 5.6 .23

LA 13 33.5 5.6 8.1 37.9 12.0 .34

l'A 15 27.2 5.7 7.3 5L8 6.1 .22

OA 15 24.2 4.1 6.'! 57.0 5.8 .21

LA 15 31.2 5.0 g,g 37.3 15.2 31

mean :!: SEM 29.6 5.5 :!: 7.4 :!: 47.6 :!: 7.8 :!: .24 :!:

:t .3X .22 .29 .60 "? .03..,-
Souree of Prohabilities
varialion (dl')

MD (2) <.(JI <.01 <.01 <.01 <.01 <.01

DEY (2) <.lJl <.01 <.01 <.01 <.01 <.01

MD hy DEY (4) .5lJ5 .lM) .310 .013 <.01 <.(JI

Combined dfeels of MD and DEY

MD

l'A 29.1" 6.2,1 6.9" 50.2" 5.6" .23h

OA 2b.'" 4.9h 6.6h 54.9' 5.4h .21 h

LA :rt6" 5.3h R8" 37.6' 12Y .28;'

DEY

Il :; I.h" 5$" 7.5,h 46.6h 6.5' .20h

l' 29.Xh S.H" 7.0h 47.4h 7.7h .27".'
15 275' 4.9" 7.7" 48.7" 9.0' .25"

., 'Means \l'ithin a column and variahle \l'ith no common superscriplS dilTer
signilkanlly (P<.OS).
'Diets containing 'i7'ié hasal mix plus 3% of: Diel PA. palmitic acid: Diel OA. (lleie acid;
and Diet LA. linolcic acid.

!Valucs arc means of four ohsclValions (cight pooled yolk sac membranes per
llhsc["valilln ).
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TABLE 3.5. Major triglycerid.: fally acids of ,:xlrah.:palic tissu.: of quail .:mhryos as
arfecled by mat.:rnal diel (MD) and slag.: of d.:vdop.:m.:nt (DEV)

Fallyacid

MD' DEY C1btl C1hl C11U1 C,,' Cu.. ~ C.," ('.'! h

days ('è of lotal m':lhyl .:st.:rs)

PA Il 34.1 ~ h.'! (l.:! 43.4 55 .75 .4h

OA Il 31.h 5.2 7.1 4h.h 5.5 .7~ .:\ 1

LA Il 3K9 5.2 K~ J2.1 11.2 .72 .7h

PA 13 31B hA h.55 45.'! 5.7 .h4 .27
OA 13 28.'1 SA 6.1 4'1.7 6A .KO .3'J

LA 13 36.0 5.6 7.'1 34.0 13.0 .KI .1')

PA 15 30.'J 5.6 7.4 4(l3 7.0 .5h .17

OA 15 27.6 4.7 7.3 50.h h.K .h7 .21

LA 15 34.1 5.1 K5 34.0 15.1 .hh .10

mean :!: SEM 32.7 5.h :!: 7.2 ± 42.5 :!: X5 ± .71 :!: .32 ±
± .25 . 1'1 .27 .3h .20 .ln .04

Source of Probabilities
variation (dl)

MD (2) <.01 0.061 <.01 <.01 <.01 .034 .17'1

DEY (2) <.01 <.01 <.01 <.01 <.01 <.01 <.01

MD by DEY (4) .075 .025 .130 .11 'J <.01 .05h <.01

Combin,~d dTects of MD and DEY

MD

PA 32.3" 6.3"' 6.7" 45.2" 6.1" .h5h JO

GA 2'1.4' 5.1" 6.tJh 4'1.0"' ( ")11 .75' .30l._

LA 36.3"' 53h IP" 33.4' 13.1' .73"' .35

DEY

II 34.'1"' 5.X'· 7.2~h 40.7" 7.4' .75' 51"

1:1 32.2" 5.W 6.Hh 42.2" H.4" .75" .2HII

15 30. 'l' 5.1" 7.7' 43.h·' '1.7" .h3" . 1f>'

""Means wilhin a column and variable wilh no common supcrscripls dilTer
signilïcanlly (P<.05).

'Diels conlaining '17% basal mix plus ,'" ',f: Diel PA, palmilic acid; Dicl GA, oleic acid;
and Diel LA, Iinoleic acid.

2Yalues are means of four observations (eighl pooled eXlrahepatic lissues pcr
observation ).
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TABLE 1.(,. Major cholesterol ester fallY acids of yolk sac membrane of quail
emhrvos as allccted hy maternai diet (MD) .md stage of developement (DE\!\

FallY acid

MD' DEY CHJll CUI! C,",u C,"" C18:2

days (% of total methyl esters)

l'A II IS.7~ 4.2 R5 63.9 6.7

GA Il 12.X 1.2 7.7 69.3 5.6

LA Il IS.X 3.5 1004 58.2 11.1

l'A 11 11.5 4.2 6B 69.0 6.2

GA 11 9.6 3.2 6.2 72.3 6.7

LA 11 1204 3.7 !l.2 59.5 13.8

l'A 15 liA 3.9 6.4 71.0 6.6

GA 15 K4 3.0 5.7 76.0 6.2

LA IS 12.4 3.5 7.2 62.9 14.8

mean ± SEM 12.2 3.6 ± 704 ± 66.9 ± 8.6 ±
± 049 .17 .29 .80 .52

Source of Prohahilities
variation (dl)

MD (2) <.01 <.01 <.01 <.01 <.01

DEY (2) <.01 .261 <.01 <.01 <.01

MD hy DEY (4) .514 .962 .323 .21X <.01

Combined effects of MD and DEY

MD

l'A 12$'1 4.1" 7.2h 68.0b 6.5b

GA IO.~h 3.2' 6.5' 72.5' 6.2b

LA 12.9" 3.4" 8,(,' 60.2" 13.2'

DEY

II 14,H" 3.7 !l.9' 63.8' 7.8"

11 11.2" 3.7 7.1" 66.9b 8.9'

15 ilL 1' 3.5 604' 70.0' 9.2'

., 'lvlcans within a column and variable with no common superscripts dilTer
signilïcantly (1'<.05).
'Diets containing 97c;é basal mis plus 3% of: Diet PA. pa\milic acid: Diel CA.
olci<: aeid; and Diet LA. lino\eic aeid.
~Values arc means of four observations (eight pooled yo\k sac membrane per
observation ).

94



TABLE :'.7. Major cholesterol cstcr fatly acids of extrahclMi( tissuc of 'Iuail cmhryos
as alTccted by maternaI diet (MD) and stage of devclopemcnt (DEY)

Fatlyacid

MD' DEY CltI,n C1bl C1till C,., Clg~ C~loI

days (% of total methyl esters)

PA Il 15.'1' :tB 4.h 57.:: 13.1 35

GA 11 143 33 4.:: 5'J.h 1::.:: :'.'1

LA Il 17.h :'.5 5.6 46.X 20.'1 4.1

PA U 27.5 3.1 5.0 47.h !lUi :\.1

GA U 26.6 I.'J :'.S 51.4 <J.'J :lA

LA 1:; 28.4 2.H 6.0 41.0 17.1 :'.5

PA 15 27.X I.lJ K~ 44.h IlI.X 5.lI

GA 15 21.7 1.7 7.7 50.2 1lI.0 4.')

LA 15 24.4 I.h KX :'7.:. Ih.2 5.4

mean :!: SEM 22.6 2.6 ± 6.0 :!: 48.4 :!: I:.J :!: 4.tI :!:

:!: .66 .22 31 .7:. 3X .2:'

Source of Probabililies
variation (dl)

MD (2) <.01 <.01 <.01 <.(1I <.01 .lW)

DEY (2) <.01 <.01 <.tli <.01 <.tli <.01

MD by DEY (4) <.01 .156 36t1 .047 .074 .7h4

Combincd clTecls of MD a.,d DEY

MD

PA 2:..(r' 2.9,1 6.0" 4'J.X" 113" 1.«i'

GA 20.lJ" 23" 5.2" 5:'.7' 10.7" 4.0""

LA 2:'.4' 2.6Jh 6.X" 41.7' 17.lJ" 4.Y

DEV

11 15.8' :'.5" 4.Hh 54.5' 15.2' 1.Hh

U 27.5" 2.6h 4.lJ" 46.7" 123" :'3"

15 24.6" J. 7' KJ' 44.tI' 123" 5.1"

""Means within a column and variablc wilh no corn mon superscripts dilTer
signilïcanUy (P <.05).
'Diets containing 97% basal mix plus :.% of; Diel PA, palmitic acid; GA olcic acid; and Diet
LA. Iinoleic acid.

'Yalues arc means of four observations (eighl pooled eXlrahepalic tissue per
observation).

95



96

4. RESEARCH NOTE: EGGSHEL QUALITY IN JAPANESE QUAll..

FED DIFFERENT PATIY ACIDS·

C. VILCHEZ, S. P. TDUCHBURN, E. R. CHAVEZ, AND P. C. LAGUE

Department of Animal Science, Macdonald Campus of McGill

University and McGill Nutrition and Food Science Centre,

Sainte. Anne de Bellevue, Québec, H9X ICO, Canada.

ABSTRACT The purpose of the present study was to determine the effects of diets

containing 3% of pal:nitic acid (Diet PA), oleic acid (Diet DA), or Iinoleic acid (Diet

LA) on shell quality of eggs of Japanese quai!. Each diet was fed to 10 hens

maintained individually in wire quail laying cages. There was no difference (P> .05)

in feed consumption between hens fed Diets DA and LA, but hens of both groups

consumed less (P < .05) feed than those fed Diet PA. Egg weight, shell weight and

thickness of shell plus membrane were not influenced by dietary treatment (p> .05).

However, specific gravity of eggs from hens fed Diet DA was significantly higher

(P< .05)than those fed either Diet PA or Diet LA. Comparison of these data with

hatchability data obtained in a previous experiment conducted under similar

conditions suggests that the differences in hatchability would not be explained by

differences in eggshell quality.

1 As aceepted for publication. 1992 Poultry Sei. 71:ln press.
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(Key wollls: quail, fatty acids, shell quality, egg specific gravity)

lNfRODUCTION

The influence of eggshell quaiity on hatchability of avian embryos has becn

reported by severa! researchers (McDaniel ~ lll., 1979; Brake ~ lll., 1989; Peeblcs

and Marks, 1991). The eggshell is the major determinant of respiratory gas cxchangc

of the developing avian embryo (Rahn ~ lll., 1979) and its porosity is essential for

embryonic metabo!ism and development (Burton and Tullett, 1983). Hamilton (1982)

indicated that egg specific gravity (SG), which estimates eggshell thickness (Harms

~ lll., 1990), is one of the most widely used methods to assess shcll quality.

Reductions in SG have been associated with depressed hatchabi!ity; however, in eggs

with SG higher than 1.080, there appears to be !ittle relationship between SG and

hatchability (McDaniel ~ lll., 1979).

Among the factors influencing eggshell quality (Wolford and Tanaka, 1970;

Washburn, 1982), dietary components were the most intensively investigal~. Studi:ls

on calcium (Hamilton and Cipera, 1981), protein and energy (Roland, 1980), vitamin

D3 ( cholecaIciferol, Wyatt ~ lll., 1990), vitamin C (Bell and Marion, 1990), and

phosphorus (Roland, 1990), among others, were conducted to determine their effects

on eggshell quaiity. Brake ~ lll. (1989) found that feeding 5% of poultry fatto broiler

breeders resulted in a significantly higher SG and shell weight in one of two
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cxperiments whcn comparcd with eggs from a control group that did not receive

supplemental fat.

Il was reportcd recently (Vilchez ~ ID., 1991) that hatchability of fertile eggs

from Japancse quail hens fcd a low-fat basal mix plus 3% of linoleic acid was lower

than in those fcd the same basal mix plus 3% of either palmitic or oleic acids.

Thcrefore, this study was undertaken to evaluate the effects of dietary fatty acids on

shell quality and to determine whether the diffen:nces in hatchability observcd in the

groups fcd these three fatty acids (Vilchez ~ ID., 1991) were associatcd with changes

in eggshell quality.

MATERIALS AND MErHODS

Thirty individually cagcd Japanese quail hens 5.5 mo in lay were uscd in this

sludy. The animais were dividcd into three groups of 10 birds each. Each group was

fcd a diel containing 97% semipurificd, low-fat basal mix plus 3% of either palmitic

acid (Diet PA), oleic acid (Diet OA) or linoleic acid (Diet LA). The composition of

the low-fat basal mix, the analyzcd fatty acid composition of the experimental diets,

and the husbandry of the animais were similar to those previously describcd (Vilchez

~ al., 1991). The animais uscd in this study were those maintaincd for metabolic

studies in quail embryos, and they were on the experimental diets for 6 mo by the

time the present experiment was conductcd.
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Eggs from each hen were collected dai!y at 0800 h during 6 to 7 consecutive

days (total of 50 eggs per dietary treatment; five eggs per hen). Each egg was

identified, weighed and its SG determined immediately after collection. The sa was

determined using a series of saline solutions adjusted to a range of 1.056 to 1.084 g

per mL in .004 g per mL increments. After the collection period, ail eggs were

broken, the contents removed and the shells IÏnsed thorough!y with warm running tap

water, dried at 70 C ovemight, cooled, and weighed individually. The thickness of the

shell plus membrane was measured at the equatorial region to .001 mm accuracy Wilh

a digital outside micrometer.2 The statistica1 mode! for this experiment was: Yijk =

U + Ti + H(T)j:i + Dk + eijk; where: Yijk = individua! observation; u = overall

mean; T = dietary treatment (i = 1,2,3); H = hens (JI = lO,j2 = 10,h = 10); D

= day of collection (k = 1 to 5); e = the random errur. In this model, T and H were

considered fixed and random effects, respectively. Analysis of variance of the data

was performed using the General Linear Models (GLM) procedure of SAS software

(SAS Institute, 1986). Means for dietary treatments were separated by Tukey's

studentized range (HSD) test using H(T)j:i as experimental error (Steel and Torrie,

1980).

RESULTS AND DISCUSSION

There was no significant differenee (P> .05) in feed consumption between

2Mitutoyo Manufacturing Co., Lld., Tokyo.
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quail hens fed Diet OA and Diet LA, but hens of both groups consumed significantly

less (P < .05) feed than those fed Diet PA (Table 4.1). The greater feed consumption

in birds fed Diet PA may be due to an apparent lower energy content of this diet

because of the low absorbability of palmitic acid (Garrett and Young, 1975) as

demonstrated by the an,lysis of the feces of quail fed Diet PA for total filt and its

fatty acid composition (Vilchez ~ &., 1991). With the exception of the SG, dietary

treatmenl had no significant effect (P> .05)on the weight, shell weight and thickness

of shell plus membrane of the eggs collected during this trial (Table 4.1). Thus, the

SG of eggs from quail fed Diet PA and Diet LA were similar (P> .05),but both were

lower (P < .05) than those fed Diet OA.

Because there is no information, as far as the authors are aware, on the effects

of dietary fats or fatty acids on eggshell quality of Japanese quail, the results of the

present study can only be discussed in relation to data on chicken eggs. The addition

of 5% of poultry fat to the diet of broiler breeders improved both SG and shell

weight in one of two experiments (Brake ~ &., 1989). They explained that the higher

SG and shell weight in one of tht;;ir trials was probably due to a slightly higher intake

of calcium. The greater SG of egg~. from quail fed Diet OA observed in this study can

not be explained by the difference in feed consumption since this was lower than Diet

PA and similar to Diet LA. However, thcre is evidence in chickens that SG increases

as egg weight decreases (Roland, 1990; Frost ~ &., 1990). Although the differences

were not statistically significant, the mean egg weight was the lC)w,~st while the shell
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weight and thickeness of shell plus membrane were the highesl in eggs from hens fed

Diet DA. These may have accoun:ed for the higher SG in this group (Table 4. l). The

results of the pr::sent investigation suggest that feeding either palmitic or Iinoleic

acids had the same effect on eggsheli quality ,which wouId not have been expected

because of the interference of saturated fatty acids, like palmitic acid, with minerai

metabolism (Gardiner and Whitehead, 1976). Atteh and Leeson (1985) found no

significant differences in eggshell minerais in laying hens fed diets supplemented with

8% of palmitic acid, oleic acid or a 50:50 mixture of palmitic and oleic acids.

The data presented in this study demonstrate that feeding oleic acid 10 quail

hens resulted in eggs with SG values higher than those fed either palmitic or Iinoleic

acids. Eggshell quality did not differ between groups fed either palmitic or linolcic

acids. Mean hatchability values from a 24-wk period in a previous experiment

(Vilchez ~ al., 199!) are included in Table 4. 1.The present studyemployed the same

type and source of quail, feed ingredients and diets, so thal comparison of these data

appears justified. This comparison suggests that differences in hatchabilily would nol

be explained by differences in shell quality, particularly in egg SG.
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TABLE 4.1. Efrect of palmitic. oleic. anù linolt:ic aciùs on ft:t:d consumption, and on
egg weight, specific gravity, and thicknt:ss of sht:1J plus mt:mbrant: of eggs of
Japant'st: quail

Diet'

Measuremt:nt PA OA LA SEM

Feeù consumption, g' 27.85"' 26.18h 26.56h .320

Egg weight, g' 12.()4 11.55 12.02 .286

Shell weight. g' .883 .886 .844 .025

Thickness of shell
plus membrane, mm' .178 .184 .176 .004

Specific gravity' 1.066h 1.072' 1.065h .001

Ilatchability. %' 78.10' 76.50' 71.30h 1.020

"" Mcans within a row with no common supt:rscripts differ significantly (P<.05).
, Diet PA = 1)7% basal mix plus 3% palmitic acid; Dit:t OA = 97% basal mix plus

YJi oJci<: acid; Dkt LA = 97% hasal mix plus 3% linolt:ic acid .
. grams per hen per day. Values arc means of 10 hens per dietary treatmt:nt.
\ Values arc means of individualmeasurements of 50 eggs pt:r dietary treatmt:nl.
1 Data from Vilchez t:t al. (11)1)1 J.
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S. METABOUSM OF [1-14C]-PALMITATE, -oLEATE, AND ·UNOLEATE

IN INTACT QUAll.. EMBRYOS AS i\FFECTED SY MATERNAL DlET

ABSTRACT The present study was contucted to delermine the effects of fany acid

composition of egg yolk of Japanese quail fed a semipurified low-fat basal mix plus

3% of palmitic acid (Diet PA), oleic acid (Diet DA), or linoleic acid (Diel LA) on

1) the utilization of [1_14C]-palmitic, -oleic and -Iinoleic acids by developing quai!

embryos, and 2) the distribution of the radioactivity of the labeled fatty acids in the

Iipid classes of both yolk plus yolk sac membrane (TY) and embryo lipids. Twenty

fertile eggs per dietary treatment and per labeled fatty acid were injected with .05 uCi

of each labeled fatty acid, and incubated for IS days. MaternaI diet did not influence

(P> .OS) the apparent :lxidation of the labeled fatty acids, but Diet PA promoted

more (P< .0S)retention of radioactivity in embryo Iipids. Among labeled fattyacids,

[1 )4C]-0Ieic acid showed a high rate of disappearance (P < .OS) whereas [1 )4C]­

Iinoleic acid was less mobilized from the yolk to the embryo. The results also indicale

that there was a preferential incorporation of labeled fatty acids into a particular lipid

c1ass.

(Key words: quail, materna! diet, embryo, fatty acid, oxidation)
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INTRODUCTION

Almost the entire lipid content of the yolk is metabolized and absorbed into

the chick embryo during the last 7 days of its 21-day period of incubation (Noble and

Moore, 1964). During this period intensive fau)' acid desaturation and elongation in

embryonic tissues also occur in order to provide adequate amounts of

polyunsaturated faUy acids (PUFA) necessary for the developing embryo (Bordoni

~ al., 1986). Quantitative and qualitative measurements of these changes have becn

obtained by studies involving radiolabeled fauy acids (Miyamoto ~ al., 1967; Noble

and Shand, 1985).

Thus, when [1-14C]-linoleic acid was injected into the yolk sac of lO-day old

chicken embryos, arachidonic and docosatetraenoic acids were found to be the major

radiadve PUFA (Miyamoto et !li., 1967). ln contrast, with [1-14C]-linolenic acid,

eicosapentaenoic, docosapentaenoic and docosahexaenoic acids were found to be the

major PUFA in the embryonic brain. Ali these faUy acids were associated with the

phospholipid fraction of the total lipid. In the same study (Miyamoto ~ !li., 1967) it

was reported that with the injection of either [1 )4C]-acetate, -myristate, -palmitate

or -steareate, the radiactivity was found mainly in the saturated fauy acids of the

brain phospholipids and was localized primarily in palmitic or stearic acids. Another

study carried out with chicken embryos demonstrated that the rates of oxidation of

[1_14C]-palmitic and -oleic acids by intact embryos and embryo-liver homogenates
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were similar, suggesting that there is no selective oxidation of unsaturated falty acids

by the chick embryos (Donaldson and Mueller, 1971).

In general, it is suggested that dietary inclusion of unsaturated falty acids

inhibits desaturation and the long-chain fatty acids inhibit elongation (Donaldson.

1968). In fact, recently Vilchez ~ III (1992) reported that the yolk ~~c membrane and

extrahepatic tissues of quail embryos from hens fed a diet containing 3% of linolcic

acid showed significantly lower levels of palmitoleic and oleic acids than embryos

from hens fed 3% of palmitic acid. Likewise, experiments with whole quail embryo

homogenates Donaldson (1968) observed a reduced relative incorporation of[ 1.l4C]­

acetate into unsaturated long-chain fatty acids when hens were fed a diel high in

unsaturated fatty acids. Further, relative acetate incorporation into Cl8 fatly acids in

embryo tissues decreases as the dietary level of C18 fatly acids increases.

The present study was undertaken to determine the effects of fatly acid

composition of egg yolk of Japanese quail fed a semi-purified low-fat basal mix plus

3% of either palmitic, oleic or linoleic acids on 1) the 'Jtilization of[I-14C]-palmitic, ­

oleic and -linoleic acids by developing quail embryos, and 2) the distribution of the

radioactivity of the labeled fatty acids in the lipid classes of both yolk plus yolk sac

membrane (TY) and embryo lipids.
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MATERIALS AND MEI'HODS

Thirty 32-wk old female Japanese quail were placed individually in wire laying

cages. The animais were divided into three groups of 10 birds each. Each group was

fed one of the experimental diets containing 97% of semipurified low-fat basal mix

plus 3% of palmitic acid (Diet PA), oleic acid (Diet OA) or linoleic acid (Diet LA).

In addition, fifteen 32-wk old male Japanese quail were also placed individually in

wire quail laying cages in the same facilityand fed a commercial turkey grower diet.

The composition of the experimental diets and the husbandry of the animais were

reported earlier (Vilchez ~ ;ll., 1991).

Twenty unincubated fertile eggs from birds receiving each experimental diet

were injected with the [l )4C]-labeled fatty acids following a modification of the

procedure reported by Donaldson and Mueller (1971). Each egg received .05 uCi of

either [1-14C]-palmitic acid (8.4 mCi/mmol), -oleic acid (56 mCi/mmol), or -linoleic

acid (50 mCi/mmol)l bound to fatty acid-free bovine serum albumin.2 The

injection was made directly into the yolk and the shell puncture was sealed with

plastic cement.

lNew England Nuclear, NEN; Du Pont Canada Inc., Ontario.

2Sigma Chemical Co., St. Louis, MO 63178.
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After 15 days of incubation,3 the eggs were removed, opened and the TY

were removed from the embryos. Lipids from both whole TY and embryo were

extracted using separatory funnels (60 and 250 mL capacity, respectively) with a

chlorofonn:methanol (2: 1; v/v) solution (Folch ~ lll., 1957).

One-mL and five-mL aliquots of the TY and embryo lipid extracls,

respectively, were taken into plastic counting mini vials.4 Twenty uL of SN HCL

were added to each vial and evaporated to dryness on a water bath under a stream

of nitrogen. Five mL of emulsifier/scintillator UNIVERSOL (ICN) were added to

each vial containing the samples and the radioactivity was counted in a Iiquid­

scintillation LS5801 spectrometer.s Total Iipids from eight unincubated, [1-'4C]

labcled fatty acid-injected egg yolks were extracled and processed as indicated above.

Aliquots of both TY and embryo Iipid extracts were fractionated into lipid

classes by a slight modification of the procedure reported by Vilchez ~ lll. (1992). In

the present study, .25 mm instead of .5 mm thin layer chromoplates of silica gel GF

(20 x 20 cm)6 were used. Bands corresponding to each Iipid c1ass (phospholipid,

monoglyœride, diglyœride, free fatty acid, triglyceride and cholesterol ester) were

3RolI-X incubator; Lyon Electric Co., Inc., CA 920II.

4ICN, Biomedicals Inc., Cleveland, OH 14128.

sBeckman Intruments, Ire., Fullerton, CA 92634.

6Analtech Inc., Newark, DE 19711.
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scraped into counting vials. Five mL of emulsifier/ scintillator UNIVERSOL (ICN)

were added to each vial and the radioactivity counted as above.

Statisticai Analysis

The data were analyzed on a 3 x 3 factorial arrangement in a complete

randomized design with three maternai diets (Diets PA, OA and LA) and three [1­

14c]-labeled fauy acids (palmitic, oleic and linoleic acids). Analyses of variance were

performed on data using the generaJ linear models (GLM) procedure (SAS Institute,

1986). Significant differences of means were tested using Tukey's Studentized Range

(HSD) test (Steel and Torrie, 1980).

RFSULTS AND DISCUSSION

Maternai diet showed a significant effect (P < .05)on incorporation of labeled

fauy acid into embryo lipids after 15 days of incubation ; however, no significant

differences (P> .05) in either the percentage of 14C dose remaining in TY or the

apparent oxidation of the labeled fauy acids were observed (Table 5.1). Diet PA

promoted the highest (P < .05) retention of radioactivity in embryo lipids foliowed by

Diet OA and Diet LA. An explanation of this difference is not readily apparent. Il

may be possible that the yolk composition ~ ~, in which the embryo develops, is

responsible for this result.
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There was a significant difference (P < .OS) in apparent oxidation among the

three labeled falty acids used in this study (fable S.I). The apparent oxidations of

both [1_14C]-palmitic acid and [1_14C]-linoleic acid were similar (P> .0S),bUI lower

(P < .0S)than those observed with [1_14C]-0Ieic acid. This difference may be explained

by the statement of Bordoni ~ lll. (1986) that oleic acid is considered to be the fally

acid mainly used for energy. More recently, Vilchez ~ ID. (1992) reported that the

content of oleic acid significantly decreases in phospholipid, triglyceride and

cholesterol ester fractions of quail embryo Iipids as incubation progresses, regardless

of the maternal diet.

The results of the present study differ from those reported by Donaldson and

MueHer (1971) who found no difference between incorporation of [l)4C]-palmitic

acid and [1_14C]-0Ieic acid into chick embryo Iipids after 20 days of incubation. In

addition, they did not include [1-14C]-linoleic acid in their study. The difference

between the two reports may be due to species difference or to methodology foHowed

during Iipid extraction. Data in Table 1 also show that after IS days of incubation,

significantly more (P < .OS)[I)4C]-linoleic acid remained in the TY lipids than [1 )4C]­

palmitic acid or [1_14C]-0Ieic acid. This observation would indicate that a selective

uptake of fatty acids from the yolk had occurred. Il is in conflict with the reports by

Donaldson (1964, 1967) that there is no selective uptake of saturated acids from yolk

and by Bordoni ~ ID. (1986) that Iipid resorption from the yolk sac does not favoT

any fatty acid.
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Data on the distribution of the radioactivity of the labeled fatty acids in the

TY lipid classes are presented in Table S.2. The maternai diet had a significant effect

(P < .OS) on the distribution of the radioactivity only in the phospholipid and

diglyceride fractions. Phospholipid and diglycerides of TY lipids from quail fed Diet

DA showed the highest (P<.OS)radioactivity compared to those fed either Diet PA

or Diet LA. The reason for this difference is not clear. There is evidence in rats,

however, which indicates that the amount of labeled unsaturated fatty acids, mainly

[l-'4C]-arachidonic acid, was incorporated into the phospholipid fraction of Iiver

lipids to a greater extent when the animais were fed an oleic acid-rich diet than when

rats were fed partially hydrogenated soybean oil or a mixture of Iinseed oil:coconut

oil:cocoa butter (Zevenbergen and Houtsmuller, 1989). The latter observation would

indicate that the type of fat or fatty acid in the diet does affect to sorne degree the

amount of radioactivity that is incorporated into a particular Iipid class as observed

in the present study (Table S.2).

[1-'4C]-palmitic acid was found to be preferentially incorporated into the

triglyceride fraction ofTY Iipids. In contrast, [1 14C]-0Ieic acid and [l_14C]-linoleic acid

were incorporated into both triglyceride and cholesterol ester fractions of TY Iipids

(Table S.2). The amount of radioactivity from [l-'4C]-0Ieic acid in the cholesterol

ester fraction was the highest (P< .0S)followed by [1-14C]-linoleic and -palmitic acids.

The differences may be due to the fact that acyl-CoA:cholesterol acyltransferase

esterifies cholesterol preferentially with unsaturated long-chain fatty acids (Ochoa ~
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il!.., 1990). ln addition, Noble ~ il!.. (1984) reported that although oleic acid is one of

the major fatty acids in alilipid classes of yolk sac membrane, its concentration in lhe

cholesterol ester constituted about 70 to 80% of ail long-chain faUy acids associa:ed

with the cholesterol ester fraction. The same figure was observed by Vilchez ~ al.

(1992) in the yolk sac membrane of developing quail embryos.

Il is also interesting to note that there was no significant difference (P> .05)

in the amount of radiactivity deposited into the phospholipids when [1 )4C]-palmitic

or [1-14C]-linoleic acids were injected ; however, they were higher (P < .05)than those

observed when [1_14c]-0Ieic acid was injected. Lands (1979) and Blomstrand and

Svensson (1983) indicated !hat both oleic and linoleic acids can occupy the 1- and 2­

positions of phospholipids, and they cornpete with each other for incorporation into

phospholipids. This may explain the low linoleic acid in phospholipids of yolk sac

membrane of quail embryos from quail hens fed an oleic acid-rich diet (Vilchez ~

il!.., 1992). In the present study, however, the comparison among labeled fauy acids

was made across maternai diets; therefore, the low radioactivity in the phospholipid

fraction when [1_14C]-0Ieic acid was injected may be due to a preferential

esterification with either [1 )4C]-palmitic or -linoleic acids rather than with -oleic acid

(Table 5.2).

Significant interactions between maternai diet and labeled faUy acid were

observed for phospholipid, monoglyceride and cholesterol ester fractions ofTY lipids
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(Table 5.2). Thus, Jess radioactivity from [l)4C]-palmitic acid was present in

phospholipids when hens were fed Diet PA than when they were fed Diet OA or

Diet LA. In contrast, more radioactivity from [I)4C]-linoleic acid was observed in

phosphoJipids when hens were fed Diet PA or Diet OA than when they were fed

Diet LA. In the case of monoglycerides, the highest level of labeled fatty acid

incorporation occurred when the fatty acid injected corresponded with that of the

maternai diet. On the other hand, when [l)4C]-0Ieic acid was injected, the

cholesterol ester fraction of embryos from hens fed Diet PA showed a higher

incorporation of radioactivity than in those fed Diets OA and LA. Il should be

emphasized that the incorporation of labeled oleic acid was the highest level among

the three labeled fatty acids injected regardless of maternai diet.

The effects of maternai diet and labeled fatty acid on the distribution of the

radioactivity in embryo lipid classes are presented in Table 5.3. The amount of

radioactivity in each lipid class was not significantly affected (P> .05) by the type of

fatty acid fed to quail hens, but it was influenced by the type of labeled fatty acid

injected into the yolk. Thus, (1)4C]-linoleic acid was preferentially incorporated into

the phospholipid fraction of embryo lipids followed by -palmitic acid and -oIeic acid.

More radioactivity from [1)4C]-palmitic acid was present in the triglyceride fraction

than from -oleic and -linoleic acids. In contrast, more radioactivity from [1 )4C]-0Ieic

acid was present in the cholesterol ester fraction than from -palmitic and -linoleic

acids.
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The distribution of radioactivity in the phospholipid. triglyceride and

cholesterol ester fractions of the embryo lipids (fable 5.3) follows the pallern

observed in the same lipid classes ofTY lipids (fable 5.2). However, the percentages

of radioactivity in the phospholipid and cholesterol ester fractions of embryo lipids

are higher and lower, respectively. than those observed in the same lipid classes of

TY lipids. It is also important to indicate that the relative distribution of the

radioactivity in the diglyceride fraction of embryo lipids was higher than those

observed in the diglyceride fraction of TY lipids (fable 5.2).

In conclusion, the results of the present study indicate that maternai diet did

not influence the apparent oxidation of labeled fatty acids, but Diet PA promoted

more retention of radioactivity in embryo lipids. Among labeled fatty acids, [l.l4C)­

oleic acid showed a high rate of disappearance, presumably via oxidation whereas [1­

14C)-linoleic acid was less mobilized from the yolk to the embryo. The data also show

that there is a preferential incorporation of a particular fatty acid into a particular

lipid class.



TABLE 5.1. OxidatiDn of 1-"C-palmilale.:. -ole.:ate.:. and -linoleate by quail ~mbryos l'rom hens
fe.:d diels containing diffcrenl fally acids.

Male.:rm,1 % uf "c dose.: re.:maining l

die.:l (MD)~ Volk lipid Embryo lipids

I.I'C-palmitale

Apparenl %
oxidation3

PA
OA

LA

13.2'

14.1

14.(J

12.7

11.4

10.8

I-I'C-oleale

74.1

75.5

75.2

PA
OA

LA

PA
OA

LA

me.:an ± SEM

Source.: of

varia lion (dl')

RJ'(2)

MD(2)

RI hy MD(4)

RI
l'e_pA

"C-OA

"C-LA

MD

PA
OA

LA

14.1 10.4 75.5

12.3 9.6 78.1

15.(J 8.1 76.6

1-1'C-linDleale

14.S 12.5 72.7

15.6 11.2 73.2

16.0 9.8 74.7

14.3±.3S 10.7±.48 75.1 ±.55

Prohabilities

.114 < .01 < .(JI

NS < .(JI NS

NS NS NS

Combined effects of RI and MD

13.8" 11.6' 74.6"

I.lS" 9.5h 76.7'

15.5" 11.2' 73.4h

14.0 11.9" 74.1

14.(J 10.7" 75.3

15.0 9.7' 75.4

·"'1\okans within a column and variable.: with ùifferent superscripls diller significanlly (1'<.05).
.'As percenlage of the original dose remaining afler 15 days of incubation.
·'ncé low·fat hasal mix plus 3% of eilher palmitie acid (Diel PA). oleie aeid (Diet OA) or

linolcic acid (Diel LA).
'Calculaled hy suhlracling lhc sum of yolk Iipid and embryo Iipids l'rom 100.
'Values an: means of cighl ohser.'alions pcr dielary treillmenl.
'11."Cj-labcl<:<l fallv acid.
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TABLE 5.2. Distrihution or radioaclivit)' l'rom I-"l-palmitate. ·okate. ami ·linl1kale in 11ll"
yolk plus )'olk sac lipid dasses or qua il emh!)'os l'rom hens reù diels wnlaining
different fall)' adds.

Maternai Lipid dasses' (%)
diet (MD)~ PL MG DG FFA TG CE

1-"C·palmitate

PA 9.383 1.82 1.49 1.18 81.51 4.51

GA 16.71 1.40 2.34 1.61 71.76 h.20

LA 10.45 1.65 1.19 1.64 77.84 7.59

1- "C-okate

PA 5.52 2.25 2.39 1.91 46.90 41.41

GA 5.52 4.29 3.50 L'Xl 50.29 34.H4

LA 6.39 2.85 3.05 1.59 52.82 33.2h

1-"C-Iinoleale

PA 14.52 3.0C> 4.89 1.51 55.34 20.6X

GA 13.26 3.24 5.50 1.66 56.56 19.74

LA 9.64 4.39 334 \.10 5S,05 23.34

mean :!: SEM IO.15:!:U4 2.77 3.0H 1.57 61.23:!:4.IH 21.29
:!: .36 :!: .4X :!: .09 :!:4.4h

Source of

variation (df) l'rl1hahilities

RI'(2) <.01 <.0] <.01 <.01 <.01 <.01

MD(2) <.01 .20 .03 .55 .27 .50

RI hy MD(4) <.01S .02 .42 .67 .09 .04

Comhined cffecls or RI and MD

RI

"C·PA 12.18" 1.62" 1.51>' 1AH" 77.(l4" 6.12'

"C·GA 5BI" :U3" 2.9Xh 1.58' 5(l,(KI' 36.50'

"C-LA 12.48" 3.56" 4.58' 1.42' 56.71" 21.25"

MD

PA \U;)" 2.38 2.92;lh 1.53 61.25 22.11

GA 11.83' 2.98 :U8 1.72 59.65 20.21>

LA 8.82" 2.96 2.52 1.44 62.X6 21.4lJ

""Mcans wilhin H column Hm.! vmiahlc with diffcrcOi !\upcr!\cript!\ Lliffcr !\ignilü.:antly (P<.(J)J.
'PL = phospholipid; MG = mllnllglyccflde; DG =dlglyccride; FFA =Iree lany aeid;
TG = lriglyceride; CE =Chlliesieroi ester.
~7'h. law·fm basal mix plus:\'" of either palmilie aeid (Diel PA). oleie acid (Diel OA) or Iinoleie aeid
(Diel LA).

3Valucs arc rncan'i of cight ob!icrvatium. per diclary trCj]lmcnt.
'1I.I'q.labclcd Cauy aeid. 115



TABLE 5.1. Distrihulion of radioactivity l'rom 1-"C-palmilate. -oleate. and -linolealc in
emhryo lil'id dasses of 'luail emhryos l'rom hens fed diels containing differenl fally acids.

Maternai Lipid classes' (%)
diet (MD)' PL MG DG FFA TG CE

1."C.palmitate

PA 24.603 3.01 4.04 2.60 61.81 3.91

OA 26.62 3.20 3.99 3.10 58.22 4.84

LA 29.39 1.71 4.29 4.10 56.76 3.70

1-"C-oleate

PA 20.20 2.44 9.56 2.14 54.08 1134

OA 20.X9 2.40 8.72 2.91 53.01 12.00

LA 21.26 1.95 9.64 2.11 52.66 12.44

1- "C·linoleate

PA 37.0H 2.90 9.11 3.62 40.00 7.19

OA 3KI9 2.3H 9.62 4.34 38.68 7.08

LA 31.7H 33H 8.38 3.66 44.24 8.50

Illcan ± SEM 27.7H 2.60 7.48 3.20 51.05 7.89
:t 2.27 :t .19 :t.S6 :t.26 :t2.73 :t1.14

Sourcl of

varialion (dl') Prohahilities

RI'(2) <.01 .07 <.lll <.01 <.01 <.01

MD(2) N) .25 .94 .37 .56 .37

RI hy MD(4) .OH <.01 .54 .35 .34 .38

Comhined elTects of RI and MD

RI

"('-PA 26.H7h 2.64.:1h 4.14b 3.27'b 58.93' 4.15'
•'C-OA 20.7H' 2.26h 9.28" 2.45b 53.25b 11.92'

"C·LA ~5.6H·' 2.HHJ 9.04' 3.88' 40.86' 7.59b

MD

PA 27.29 2.7S 7.57 2.85 51.93 7.48
OA 2K57 2.6h 7.45 3.45 49.87 7.97
LA 27.4S 2.34 7.40 3.29 51.22 8.21

.• "Means \Vithin a column and variahie \Vith different superscripts differ significantly (1'<.05).
'1'1.= Phospholil'ids: MG = Monoglycerides: DG=Diglycerides; FFA=Free fally acids:
TG =Tri~lvœrides: CE=Choleslerol esters.

'<)7''(' low~f;1l ha:;al mix plus 3cr of CÎther l'almitic acid (Diel PA). oleic acid (Diet DA) or
linoleic acid (Diet LA)., 'Values ;ln: means of eighl ohservalions l'er dictaI)' lreatmenl.:4

'11-"C1.laheied f;llly add.
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IV. GENERAL DISCUSSION

The inclusion of palmitic acid in the diets of quail hens consistently resu!led

in an increased feed consumption as compared with the inclusion of linoleic acid

(Experiment 1) and with the inclusion of either oleic or linoleic acids (Experiment 2).

A similar observation was reported earlier (Vilchez l,;l ill., 1990b). Il was suggesled

that the greater feed consumption in birds fed palmitic acid may be relatw to an

apparent lowenergy value of the feed because of the lowabsorbalility of the palmitic

acid (Hurwitz l,;l ill., 1973; Garrett and Young, 1975), and is thought 10 be utilized

1ess efficiently when it is the major component of the fat in the diet (AUeh and

Leeson, 1985). The resu1ts of the analyses of quail feces for the total fat content and

its fatty acid composition (Experiment 2) support the above statements.

A high egg production rate was observed in quail hens fed palmitic acid in

Experiments 1 and 2. This result may be associated with the highest total plasma

phosphorus in birds fed palmitic acid as compared with those fed either oleic or

lino1eic acids. Total plasma phosphorus has been reported to be a good measure of

the plasma VLDL fraction (Bacon l,;l ill., 1982) which is the yolk lipid precursor

(Bacon, 1981). The significance of saturated fatty acids, unlike the PUFA, in

promoting lipid storage and 1ipoprotein synthesis was documented earlier (Beynen

and Katan, 1985). Furthermore, dietary linoleic acid has been reported to reduce

concentrations of VLDL (Grundy, 1975).
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The importance of lino1eic acid in increasing average egg weight has been

documented in chicken (Balnave, 1971; Whitehead, 1981; Scragg ~ ill., 1987). In the

present study, average egg weight of quai! fed lino1eic acid was heavier than those of

hens fed either palmitic or oleic acids (Experiment 2); however, the positive effect

of linoleic acid was not manifested in Experiments 1 and 4, in which average egg

weight was similar to those receiving diets containing either palmitic acid (Experiment

1) or palmitic and oleic acids (Experiment 4). The differences in response observed

among experiments may be due to differences in the duration of each experiment.

An estimation of weight of egg produced, egg output in g per hen per day,

clearly indicates that quail hens fed palmitic acid had ~he highest egg output followed

by those fed oleic and 1inoleic acids (Experiment 2). Although egg output was not

reported in Experiment l, observation of the data show agreement with the results

of Experiment 2.

Hatchability of ft:rtile eggs was significantly i:âlu~nccd by the type of fatty acid

fed to the quail hen. Feeding palmitic acid consistently resulted in higher hatchability

as compared with those fed linoleic 3.cid (Experiments 1 and 2). However, when oleic

acid was included in the diet of quail hens, hatchability of fertile eggs was similar to

those observed when hens were fed palmitic acid, but higher than those fed lino1eic

acid (Experiment 2).
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The increased livability of embryos from birds fed palmitic acid or oleic acid

may be due to the high levels of oleic acid present in their yolk lipids as compared

with those fed linoleic acid (Experiments 1 and 2). The significance of oleic acid in

eggs on quail embryo survival was stated by Donaldson and Fites (1970). It was also

reported that hatchability was adversely affected when the ratio of stearic to oleic

acid exceeded .25 (Tullett, 1990). In the present study, the fatty acid composition of

yolk lipids of (Experiments 1 and 2) showed that yolk lipids of birds fed either

palmitic or oleic acids had a decreased stearic to oleic acid ratio than yolk lipids from

quail hens fed linoleic acid.

The high levels of oleic acid in yolk lipids of hens fed either palmitic or oleic

acids, together with the ability of the yolk sac membrane to synthesize cholesterol

esters of oleic acid (Noble, 1987b) may have enhanced the lipid transport and

assimilation from the yolk during embryo development, resulting in an improved

hatchability. In this regard, data of Experiment 3 support the latter suggestion

because it was found that embryos from birds fed either palmitic or oleic acids

mobilized more yolk material than those fed linoleic acid . Further, it was found that

labeled oleic acid is preferentially esterified in the cholesterol ester fraction of yolk

sac membrane lipids; moreover, it appears that labeled oleic acid is utilized to a great

extent by the quail embryo during its development (Experiment 5).

The fatty acid composition of the lipid classes of both YSM and ET as
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affected by maternai diet and stage of development were investigated in Experiment

3. The falty acid composition of the yolk lipids consistently influenced the fatty acid

profile of each lipid class in both YSM and ET. Thus, the high levels of palmitoleic,

oleic and linoleic acids observed in egg yolks from hens fed, respectively, Diets PA,

OA and LA (Experiment 2) were also reflected in the fatty acid composition of each

lipid class of the tissues in ques~ion. It is also important to note that the inclusion of

linoleic acid in the diets of qua.H hen~ resulted in a significant increase in the

synthesis of saturated fatty acids such as palmitic and stearic acids, and the decreased

synthesis of palmitoleic and oleic acids. This pattern was observed in each lipid class

reported in Experiment 3, as weil as in the fatty acid profiles of egg yolk lipids

(Experiments 1 and 2), plasma and liver lipids (Experiment 2).

The stage of development also had a signifi.-.1l1t effect on the fatty acid profile

of lipid classes of both YSM and ET (Experiment 3). With the exception of the

cholesterol ester fraction of ET, the level of palmitic acid decreased and that of

linoleic acid increased in the lipid classes of both YSM and ET from Day II to Day

15 of incubation. The level of oleic acid, however, followed a different pattern

depending on the lipid fraction. Thus, as incubation progressed, its level decreased

in phospholipids of both YSM and ET. The opposite pattern was observed in the

triglyceride fraction of both tissues. On the other hand, the level of oleic acid in

cholesterol esters increased in YSM and decreased in ET from Day II to Day 15 of

incubation. This would reflect the stalement by Noble ~ lll. (1984) that the formation
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of the cholesterol ester of oleic acid is important in the transport across the YSM but

that the ester is rapidly separated in the embryo liver.

Overall, the positive response of palmitic acid in improving the reproductive

performance of Japanese quail observed in this investigation suggests that this

saturated, non-essential fatly acid, has a physiologica1 raie for reproduction :hat needs

further investigatl'd.
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V. CONCLUSIONS

From the results of these experiments. in which a semipurified low-fat (1.3%

fat containing .7 to .8% linoleic acid) basal mix were used, the following conclusions

can be drawn:

The level of .7 to .8% of linoleic acid in the diet of quail breeder hens appears to

be sufficient for overall reproductive performance.

Feeding palmitic acid to quail hens results in a high rate of egg production and a high

level of egg mass output.

Quail hens fed an oleic acid-rich diet produced eggs with high specific gravity.

Feeding palmitic acid promoted a high concentration of lipoproteins, measured as

total plasma phosphorus.

Fertility is not affected by the three fatty acid included in the diet of quail hens in this

study.

Feeding paImitic acid resulted in a high hatchability of fertile eggs and high estimated

number of quail chicks produced per hen.
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Feeding linoleic acid to quail hens resulted in increased gross weight of eggs and

chicks at hatch, but they were similar to those fed a palmitic acid-rich diet.

The percentages of dry matter, total lipid and cholesterol of eggs were not affecled

by the type of fatty acid fed to quail hens.

Adult body weight, liver weight and liver weight expressed as percentage of body

weight were not influenced by the type of fatty acid included in the quail diet.

Embryos from quail hens fed a diet containing palmitic acid mobilized more yolk

material and produced the heaviest extrahepatic tissue by Day 15 of incubation.

The weight of yolk sac membrane of quail embryos was maximun at Day 13 of

incubation.

High levels of oleic and linoleic acids were found in egg yolk, plasma and liver Iipids

from birds fed diets containing oleic and linoleic acids, respectively. However, a high

level of palmitoleic acid was observed when birds were fed palmitic acid.

In phospholipid, triglyceride and cholesterol ester fractions of yolk sac membrane and

extrahepatic tissues of quail embryos, the fatty acid compositions corresponded to

those observed in the yolk lipids.
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In phospholipids of both yolk sac membrane and extrahepatic tissues of quail

embryos, the oleic acid decreased while linoleic acid increased as incubation

progressed.

In triglyceride and cholesterol esters of yolk sac membrane of quail embryos, the level

of palmitic acid decreased, but oleic and linoleic acids increased with advancing

embryonic development.

Preferential mobilization of labeled fatty acids from the yolk to the embryo and

preferential oxidation of these fatty acids by the embryo occurred during

development.
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