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Three experiments were conducted to study the influence of dietary fatty acids

on the production performance and immune response of chickens. In experiment I,

forty day-old broiler chicks were fed diets containing 5% of either animal fat +

conjugated linoleic acid (CLA) (Diet I), sunflower oil (Diet II), flax oil (Diet III) or

fish oil (Diet IV). No significant differences (P>0.05) were observed between the live

weight of birds. The liver tissue total fat content was lower (P<0.05) in treatment I and

II. The fatty acid composition of breast and thigh muscle, liver, heart, pericardial fat,

plasma, splenocytes and gut associated lymphoid tissue differed (P<0.05) between

treatments. The thiobarbituric acid reactive substances (TBARS) of breast and thigh

muscle, liver and heart tissue were lower (P<0.05) in Diet I fed birds. Serum antibody

activity was decreased (P<0.05) in Diet II fed birds.

In experiment II, 120 day-old broiler chicks were fed diets containing 3.5 % of

either animal fat + conjugated linoleic acid (CLA) (Diet I), sunflower oil (Diet II),

linseed oil (Diet III) or fish oil (Diet IV). Body weight gain was higher (P<0.05) in
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Diets III and IV compared to Diets I and II fed birds. Feed intake was increased

(P<0.05) in Diet IV fed birds. Birds fed Diets III and IV had higher (P<0.05) n-3 fatty

acids in all tissues studied. A preferential incorporation of CLA was observed in

spleen mononuclear cells. TBARS were higher (P<0.05) in the breast and thigh

muscle of Diet IV fed birds. Serum anti-BSA antibody content was higher (P<0.05) in

birds fed Diets III and IV. Delayed type hypersensitivity (DTH) response was

increased (P<O.05) in Diets IV and III fed birds. Lymphocyte and spleen mononuclear

cell CD4, CD8 and IgM cell population did not differ (P>0.05) among treatments.

In experiment III, 120 layer birds were fed diets containing 3% of

CLA+animal fat (Diet I), sunflower oil (Diet II), canola+flax oil (Diet III) or fish oil

(Diet IV). Egg production, feed consumption and feed efficiency did not differ

(P>0.05) among treatments. Birds fed Diets III and IV had higher content of n-3 fatty

acids in eggs. Eggs from hens fed Diet I incorporated higher (P<0.05) CLA and

saturated fatty acids with a concomitant reduction in (P<0.05) monounsaturated fatty

acid content. A preferential incorporation of CLA was observed in eggs over other

tissues. TBARS were higher (P<0.05) in breast and thigh muscle of Diet IV fed birds.

Egg TBARS content did not differ (P>0.05) among treatments. Serum and yolk anti-

BSA antibody contents were higher (P<0.05) in birds fed Diets III and IV. DTH

response was increased (P<0.05) in Diets IV and III fed birds. Lymphocyte and spleen

mononuclear cell CD4, CD8 and IgM cell population did not differ (P>0.05) among

treatments. Feeding n-3 fatty acids increased antibody mediated immune response

while n-6 fatty acids and CLA increased cell mediated immune response.
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DIETARY POLYUNSATURATED FATTY ACIDS AND IMMUNE

RESPONSES IN POULTRY

1. INTRODUCTION

Trends towards formulating high-energy rations for broiler chickens make it

necessary for inclusion of fats and oils up to 10% in broiler feeds. Fats and oils are

rich sources of energy containing 9.4 Kcal/g gross energy (4.15 Kcal/g in

carbohydrate). Fat serves to cushion organs against shock, provides thermal insulation,

acts as a store for fat-soluble vitamins and is a constituent of nerve tissues. The

composition of dietary fat influences the composition of fat in body tissues. Diets high

in saturated or unsaturated fat result in deposition of more saturated or unsaturated

triglycerides, although considerable modification (saturation, desaturation and chain

elongation) of ingested fats occurs. The composition of dietary fat influences the

immune system by altering the availability of fatty acids in cell membrane

phospholipids, which are precursors of prostaglandins (PG), leukotnenes (LT) and

thromboxanes (TX).

Development, maintenance and optimal function of the immune system depend

on balanced and adequate nutrition. Among the different nutrients, fatty acids are of

special importance to immune tissues as they have many diverse functions in immune

cells. Fatty acids are principle energy sources and contribute to fluidity of membranes,

ion substrate transport, receptor functioning and activities of membrane bound
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enzymes. Membrane fatty acids such as arachidonic acid, eicosapentaenoic acid (EPA)

can act as precursors for eicosanoids. Eicosanoids are metabolites of 20 carbon

polyunsaturated fatty acids (PUFA) and are involved in release and mediation of

cytokines such as PG, TX, LT and lipoxins. Eicosanoid activity and immune responses

depend on the content and ratio of n-3 and n-6 parent fatty acids. Saturated fatty acids

(SFA) increase pro-inflammatory cytokines and are immunosuppressive in vivo

(Calder et al., 1990a) while monounsaturated fatty acids (MUFA) decrease the release

of pro-inflammatory cytokines (Yaqoob, 1998).

Modulation of immune response is affected by the position of double bonds in

PUFA. Diets rich in n-3 fatty acids are anti-inflammatory and diets rich in n-6 fatty

acids are pro-inflammatory (Calder, 1996). Recently a great interest in immunity

enhancing effects of conjugated linoleic acid (CLA) has been reported. CLA includes

sixteen different positional and geometric isomers of linoleic acid among which c9,

ti 1 and tb, c12 isomers are major components. CLA has been reported to reduce the

release of PGE2 and inhibit formation of TXA2, followed by a strong inhibition of

platelet aggregation (Eder et al., 2002). CLA reduces interferon-gamma (IFN-y),

tumor necrosis factor alpha (TNF-a) and PGE2 (Yu et al., 2002). Minimizing the

amount or activity of inflammatory cytokines following the engagement of the

immune system might be a useful strategy for increasing the growth rate of broiler

birds (Kiasing and Korver, 1997).

Immune functions are performed by different phenotypes of immune cells.

Potential diet-induced changes in immune response can be measured by studying the
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distribution of various phenotypes of immune cells. Adaptive immunity is mediated by

B-lymphocytes (Ig phenotype) which produce humoral responses and by T cells

(CD4 and CD8) which produce cell-mediated responses. Measuring the percentage

of CD4/CD8 cells is indicative of the cytokines produced by these cells.

Investigation into the fatty acid profile of immune tissues will elucidate the

mechanism by which fats are metabolized and incorporated by different immune

tissues.

Increasing the PUFA and CLA content of broiler muscle tissue can provide an

alternative source of these fatty acids to human diets. However, alterations in cell

membrane PUFA may lead to increased susceptibility to oxidation. Hence, lipid

oxidation products were also quantified as thiobarbituric acid reactive substances

(TBARS) to monitor the storage quality of CLA and PUFA-enriched tissues. In this

context, the objectives of the present study were to study the influence of dietary CLA,

n-3 and n-6 fatty acids on:

I. Immune responses

+ + . .2. CD4 ICD8 distnbution

3. Tissue fatty acid incorporation

4. Production performance.
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2. REVIEW OF LITERATURE

2.1 LIPID CONSTITUENTS OF BIOLOGICAL MEMBRANES

All biological membranes contain lipid as a major constituent. Lipid molecules

have highly polar head groups and two carbon tails. The four major classes of

membrane forming lipids are glycerophospholipids, sphingolipids, glycosphingolipids

and glycoglycerolipids. Cholesterol also forms a significant part of biological

membranes.

Glycerophospholipids (or phosphoglycerides), the major class of

phospholipids, are lipids with phosphate head groups. All glycerophospholipids are

derivatives of glycerol-3-phosphate. Their properties vary with hydrophilic acyl side

chain in the R3 position. The names of glycerophospholipids are derived from

phosphotidic acid, viz., phosphotidylcholine (PC), phosphotidylethanolamine (PE) and

phosphotidylinositol (P1). Sphingolipids are the second major class of membrane

constituents and are built on long chain amino alcohol sphingosine. In ceramides, fatty

acids are linked via an amide bond to the NH2 group. The head group of some

sphingolipids contains saccharides. These glycosphingolipids include cerebrosides,

gangliosides and anionic glycosphingolipids containing one or more sialic acid

residue. Glycoglycerolipids are less common in animal membranes but are widespread

in plant and bacterial membranes.
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2.2 COMMON FATTY ACIDS

The source, systemic name and abbreviation of commonly available fatty aids

are presented in Table 2.1.

2.3 FAT UTILIZATION

Neutral fat refers to triacyiglycerols, which form the bulk of lipid in most

organisms. In animal systems, fat is stored in adipocytes, where fat globules occupy

most of the intercellular space. Triacylglycerols are derived from three primary

sources:

1. The diet

2. De novo biosynthesis in liver

3. Storage depots in adipocytes.

Lipids are hydrophobic and need bile salts for digestion and absorption. Most

digestion occurs through the action of pancreatic lipase, which digests fats into a

mixture of glycerol, free fatty acids, monoacyiglycerols and diacylglycerols. Less than

10% of the original triacylglycerol remains unhydrolyzed. In general, fats containing

substantial amounts of unsaturated fatty acids, such as oleic and linoleic acids tend to

be liquid at body temperature and are relatively easily absorbed. Lipids containing

mostly SFA, such as palmitic and stearic acids are digested and absorbed more slowly.



Table 2.1 Fatty acid nomenclature and sources

Common name Systemic name Abbreviation Source

Capric n-decanoic 10:0 De novo synthesis, milk

Launc n-dodecanoic 12:0 De novo synthesis, coconut oil

Myristic n-tetradecanoic 14:0 De novo synthesis, milk

Palmitic n-hexadecanoic 16:0 De novo synthesis, milk, eggs, animal fats, meat, cocoa butter,
palm oil (other vegetable oils contain less amounts), fish oils

Stearic n-octadecanoic 18:0 De novo synthesis, milk, eggs, animal fats, meat, cocoa butter

Palmitoleic cis-9-Hexadecenoic 16:ln-7 Desaturation of palmitic acid, fish oil

Oleic cis-9-octadecenoic 18:ln-9 Desaturation of stearic acid, milk, eggs, animal fats, meat,
cocoa butter, most vegetable oils especially olive oil

Linoleic cis,cis-9,12 octadecadienoic 18:2n-6 Cannot be synthesized in mammals. Milk, eggs, animal
fats, meat, green leaves, most vegetable oils especially maize,
sunflower, safflower and soybean oils

u-Linolenic aIl-cis-9,12,15-octadecatrienoic 18:3n-3 Cannot be synthesized in mammals. Green leaves, some
vegetable oils especially soybean, rape seed and linseed oils

y-Linolenic 6,9,12-Octadecatrienoic 18:3n-6 Synthesized from linoleic acid, borage and evening primose oils



Table 2.1 Fatty acid nomenclature and sources (Continued)

Common name Systemic name Abbreviation Source

Mead 1 1,14,17-Eicosatrienoic 20:3n-9 Synthesized from oleic acid, indicator of essential fatty acid
deficiency

Dihomo-y- 8,11,1 4-Eicosatrienoic 20: 3n-6 Synthesized from y-linolenic
-linolenic

Arachidonic 8,11,14,17-Eicosatetraenoic 20:4n-6 Synthesized from linoleic acid via y-linolenic and dihomo-y-
-linolenic acid

Eicosa- 5,8,1 1,14,17-Eicosapentaenoic 20:5n-3 Synthesized from ct-linolenic acid, fish oils
pentaenoic

Docosa- 4,7,10,13,16,19-Docosahexaenoic 22:6n-3 Synthesized from u-linolenic acid, fish oils
hexaenoic



2.4 SYNTHESIS AND METABOLISM OF POLYUNSATURATED FATTY
ACIDS

2.4.1 Essential fatty acids

Fatty acids in diet undergo metabolic transformations including elongation to

18-carbon atoms or greater and desaturation, but only towards the carboxyl group.

18:2n-6 and 18:3n-3 are not synthesized in animals, although both are elongated and

desaturated to n-6 and n-3 PUFA with 20 or more carbon atoms. As these fatty acids

are not synthesized de novo, they are termed essential fatty acids and deficiency

causes numerous metabolic disturbances (Friedman and Sklan, 1995).

2.4.2 De novo synthesis of long chain polyunsaturated fatty acids

All mammals can synthesize fatty acids de novo from acetyl CoA. The end

product of the fatty acid synthetase enzyme is palmitic acid (16:0), which can be

elongated to steanc acid (18:0). Since cell membranes need unsaturated fatty acids to

maintain their function, a mechanism for the introduction of double bonds to

synthesized or existing SFA is available. Introduction of a single double bond between

C-9 and C-10 is catalyzed by A desaturase, which is present in both plants and

animals. t desaturase converts stearic acid to oleic acid (18:ln-9). Plants, unlike

animals can insert additional double bonds into oleic acid between the existing double

bond at the C9 position and the methyl terminus of the C chain; A'2 desaturase

converts oleic acid into linoleic acid (18:2n-6), while A'5 converts linoleic acid into a-



linolenic acid. Many marine plants, especially unicellular algae in phytoplankton,

carry out elongation and desaturation of a-linolenic acid to yield 20 or 22 n-3 PUFA

with 5 or 6 double bonds. Animal cells can convert a-linolenic acid to EPA and

docosahexaenoic acid (DHA) as shown in Figure 2.1. As result of A9 A'2 and A'5

desaturase enzyme activities, four families of unsaturated fatty acids family exist: n-9,

n-7, n-6 and n-3. These fatty acid families are not metabolically inter-convertible in

mammals.

2.4.3 Release of arachidonic acid and other polyunsaturated fatty acids from
cell membranes

2.4.3.1 Arachidonic acid

PUFA are normal constituents of phospholipids in cell membranes and are

important for maintaining membrane fluidity. PUFA are esterified to phospholipids in

the 2-acyl position. Arachidonic acid is the most abundant precursor acid in all tissues.

A variety of stimuli lead to the liberation of arachidonic acid from phospholipids,

mainly through phospholipase A2 hydrolysis. The concentration of free arachidonic

acid in unstimulated cells is normally low and liberation of arachidonic acid is the rate

limiting step in biosynthesis of PG and other metabolites of arachidonic acid.

In resting tissues, arachidonic acid is rapidly esterified with CoA, at the

expense of ATP and transferred to the 2-acyl position of phospholipids. Free

arachidonic acid is in equilibrium with its arachidonyl esters and the formation of the
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Fig 2.1 Pathways for biosynthesis of polyunsaturated fatty acids (Calder,
1996)
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latter is preferred. It is possible that in stimulated cells, a decrease in the formation of

these esters may contribute to an increased level of arachidonate. In cells stimulated

by thrombin, bradykinin, ischemia or by other means, there is an increased release of

arachidonic acid derived from hydrolysis of phospholipids (PC, PE and P1). PE and

PC are hydrolyzed by phospholipase A2, whereas P1 is hydrolyzed by phospholipase

C. Hydrolysis of P1 is of special importance owing to its high concentration in many

tissues (platelets, brain, liver and pancreas). Release of arachidonic acid from

membrane phospholipids is shown in Figure 2.2.

2.4.3.2 n-3 fatty acids

n-3 fatty acids EPA and DHA competitively inhibit the oxygenation of

arachidonic acid by cyclooxygenase. In addition, EPA is able to act as a substrate for

both cyclooxygenase and 5-lipooxygenase. EPA gives rise to 3-series of PG and TX

and 5-series of LT. Dihomo-y-linolenic acid (DHGA) competes with arachidonic acid

for cyclooxygenase and decreases the production of cyclooxygenase products from

arachidonic acid, while favoring the production of 1-series of PG and TX for which it

is the precursor. DHGA is converted into 3-series LT via 5-lipoxygenase; the 15-

lipoxygenase converts it to 15-hydroxy- DHGA, which can inhibit 5-lipoxygenase

activity. Prostanoids derived from DHGA and EPA have different functional

properties from those generated from arachidonic acid. End products of arachidonic

acid and EPA metabolism are shown in Figure 2.3.



Fig 2.2 Mechanism of arachidonic acid release from membrane
phospholipids (Calder, 1997)
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Fig 2.3 Release of arachidonic acid and EPA from membrane phospholipids and
their metabolism to eicosanoids (Calder, 1997)
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2.4.4 Metabolism of 20 carbon fatty acids

Released arachidonic is metabolized by either autooxidation to hydroperoxides

or by the following enzymes:

1. By lipoxygenase to form hydroperoxyeicosatetraenoic acids (5 and 12 series) and

hydroperoxytetraenoic acid.

2. By fatty acid cyclooxygenase to form PG endoperoxides.

3. By monooxygenases, which metabolize arachidonic acid by ni and n2

hydroxylation and by n6, n9 and n12 epoxidation.

The first two routes produce compounds of biological importance, viz., the PG,

TX, prostacyclins and LT. Cyclooxygenase converts arachidonic acid into two main

endoperoxides, PGG2 and PGH2. Peroxides are unstable with a half-life of 4-6 mm

and are converted either enzymatically or nonenzymatically into classical PG, PGE,

PGD and PGF. The endoperoxides are reduced to form PGF or isomerized to form

PGE and PGD. Isomenzation to PGE occurs in the lung, renal medulla and many

other tissues. Isomerases that transform endoperoxides to PGE have been found in

cytosol of tissues in central nervous system. Formation of PGD2 also occurs in mast

cells and platelets. PGF is formed to a large extent by non-enzymatic reduction of the

endoperoxides.

2.4.5 Synthesis and metabolism of prostaglandins

Arachidonic acid, EPA, DHA and some other essential fatty acids are

precursors of many different biologically active compounds like PG, LT, TX and
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prostanoids. Systemic nomenclature of PG and PG metabolites is based on prostanoic

acid, a monocarboxylic acid with 20 carbon atoms, arranged as two side chains with 7

and 8 carbons, respectively, linked to a central cyclopentane ring. PG has functional

groups with oxygen at carbons 9, 11 and 15 of prostanoic acid and also one, two or

three double bonds in the side chains. PG of 1 series have a trans double bond in A13

position and are derived from prosta-13-trans-enoic acid, while the PG of 2 and 3

series have, in addition, a cis double bond at AS or cis double bond at both AS and

A17, respectively. PG of 2 and 3 series are derived from prosta-5-cis andl3-trans-

dienoic acid respectively. Monoenoic, dienoic and trienoic PG are biosynthesized

from precursor acids 20:3n-6 (DHGA), 20:4n-6 (arachidonic acid) and 20:5n-3 (EPA),

respectively. Other fatty acids may also act as a substrate for PG synthesizing enzymes

in some tissues (Neyderger and Deenen, 1990). For example, in renal tissues PG are

derived from adrenic acid. Furthermore, primary PG all have a 1 5(S)-hydroxyl group,

which is important for their biological activity. PG are named A to I based on the

functional groups of the cyclopentane ring structure. PG of A, B and C type can be

obtained from PGE by dehydration and isomerization of the introduced double bond.

The suffixes Fct and F of PG indicate the orientation of the 9-hydroxyl group. PGE2,

PGF2a and PGF of the 1 and 3 series are referred to as primary PG.

PG can be metabolized by one or two steps by J3-oxidation. Carbon 20 of PG

may be oxidized to a carboxyl group and this side chain may also be
1

oxidized to

shorter compounds. These metabolites are named differently, but are generally

referred to as C18 and C16 metabolites.
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2.5 CYTOKINES

Cytokines are secreted proteins with central paracnne functions in

inflammation and proliferation. They comprise families of interleukins (IL), TNF-a,

IFN and monokines produced by monocytes. Cytokines are broadly classified, based

on their ability to stimulate either T helper-i (Th 1) and cytotoxic lymphocytes (CD8)

or T helper-2 (Th2) lymphocytes, as either promoting cell mediated or antibody

mediated responses. Thi cells promote a cell mediated immune response by secreting

IFN-y, lymphotoxin and TNF-a. These cytokines activate macrophages to release

TNF-J3, IL- and IL-6. A Thi response is induced by IL-2 and inhibited by IL-b and

IL-4. Alternatively, Th2 cells promote a humoral response by secreting IL-4, 5, 10 and

13. These cytokines direct B cells to switch immunoglobulin (Ig) isotypes to IgG and

IgE and inhibit macrophage activation. Cytokines IL-i, IL-ia, IL-1, TNF-a, IL-12,

IFN-y and, to a certain extent, IL-6 act to promote cell mediated responses and are

considered as proinflammatory cytokines. Of these, IL-i potentiates procoagulant

activity and increases the production of plasminogen activator and endothelin, as well

as formation of eicosanoids. PGE2 mediate the catabolic and anorectic action of IL-i

and TNF-a. PGE2 increases leukocyte adhesion by increasing the expression of

adhesion molecules and permeability.

2.6 IMMUNE TISSUES AND CELLS OF IMPORTANCE IN POULTRY

Immune system of the body deals with abnormal cells of self and foreign

origin. Effector function of the immune system is carried out by tissues such as bone
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marrow, lymph nodes, spleen, germinal centers, thymus, bursa of Fabricius, reticular

connective tissue and lymphatic vessels and cells such as macrophages, lymphocytes,

neutrophils, natural killer (NK), langerhan, dendntic and plasma cells.

2.6.1 Tissues of immune system

2.6.1.1 Bone marrow

Bone marrow is the principal source of immunologically active cells. It

contains a large and variable number of lymphocytes, macrophages and plasma cells.

The marrow supplies the thymus with precursors of T lymphocytes and the body with

B cells and macrophages. It is the source of lymphocytes with Ig surface determinants

(B cells). The marrow contains a disproportionately large number of stem cells.

2.6.1.2 Lymph nodes

Lymph nodes are small chambers through which lymph flows enroute to its

junction with blood. Lymph nodes filter lymph and ingest foreign materials in lymph.

Lymph nodes represent a junction between lymphatic stream and blood stream.

Immunological capacity of lymph nodes is dependent upon their ability to sequester

antigens and immunologically competent cells, to provide a site for interaction and to

release cellular and humoral products.
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2.6.1.3 Spleen

Spleen receives antigens, macrophages, antigen reactive cells, antibody

producing cells and their precursors from blood and supports their interactions, which

result in humoral and cell mediated immune response.

2.6.1.4 Germinal center

Germinal centers produce antibodies. They occur in lymph nodes, spleen,

tonsils, payer's patches, in pulmonary, genital and urinary lymphatic and only

unusually in the thymus. They are collections of lymphocytes and related cells that lie

within the primary lymphatic nodules. Germinal centers are concerned with

immunological memory.

2.6.1.5 Thymus

Thymus is the principal source of circulating T cells. It is needed for

maintenance of the immune system and imparting T cell tolerance to self-antigen. T

lymphocytes are concentrated in thymus. Immunological actions of thymic cells are

expressed after leaving the organ.

' I

Bursa of Fabricius is a lymphoepithelial organ distinctive to birds. The bursa

controls the development of B lymphocytes and production of humoral antibody. The

bursa undergoes atrophy at puberty (4 months of age in chicken).
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2.6.2 Cells of immune system

Cells of immune system involve two classes of lymphocytes (T cells and B

cells), macrophages, neutrophils, basophils, eosinophils, NK and dendritic cells.

Lymphocytes are central cells in specific immunity responsible for antibody

production, cellular immunity and tolerance. B cells are involved in antibody

production. T cells can be further classified into Th 1 cells involved in activating

macrophages, Th2 cells involved in helping B cells to produce antibodies, Tc

(cytotoxic T cells) involved in cell mediated immune response and Ts (suppressor T

cells) involved in suppressing T cell activity. Thi and Th2 cells are CD4, while Tc

and Ts cells are CD8.

2.7 DIET FATS AND TISSUE FATTY ACIDS

Friedman and Sklan (1995) reported an increase in 18:2 fatty acids and

decrease in 18:1 fatty acids in serum, lymphoid organs and liver with an increase in

dietary SFA. Changes in dietary fatty acid had no effect on 20:4 fatty acid.

Decreasing the dietary SFA decreased serum 16:0 and had no effect on 18:0.

Changes in myocardial phospholipid PUFA resulted from dietary n-3 or n-6

fatty acids supplementation, sunflower oil increasing linoleic acid content and fish oil

increasing DHA content. Fish oil feeding decreased arachidonic acid content

compared to sunflower oil. Ratio of n-3 to n-6 fatty acids in tissues reflected dietary n-

3:n-6 ratio (Abeywardena et al., 1991). Similar to the report of Friedman and Sklan
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(1995), Abeywardena et al. (1991) reported only a slight change in SFA, as compared

to changes in PUFA.

In contrast with above findings, Olomu and Baracos (1991) reported that the

fatty acid composition of phospholipids was not a strict reflection of dietary lipids.

Changing the dietary SFA content from 18 to 30% did not influence tissue SFA.

Though the total level of PUFA varied from 25 to 53%, total phospholipid variation

was small. Only phospholipid MUFA decreased with a decrease in dietary MUFA. In

general, feeding fish oil increased the index of unsaturation of phospholipids. The

discrepancy observed could be attributed to the fact that in this study, only total PUFA

and SFA were taken into account rather than the individual fatty acids. The same

author reported a depressed level of 20:4 fatty acid in the fish oil fed group.

Feeding linoleic acid increased 1 8:3n-3 and 20:5n-3 content in total lipids,

triglycerides (TG), PE and PC of all tissues except brain. Enrichment of 18:3n-3 was

mainly in TG. Long chain n-6 and n-3 fatty acids were incorporated in PE.

Arachidonic acid and MUFA were reduced in PE and PC of all tissues except brain.

The 22:6 n-3 content of brain was not altered by dietary 18:3n-3, indicating a

resistance of brain tissue to dietary manipulation (Cherian and Sim, 1995). The same

authors have reported a preferential accumulation of n-3 fatty acids in the brain of

chicks hatched from eggs enriched with n-3 fatty acids (Cherian and Sim, 1992).

Incorporation of DHA and EPA was mainly in the PE fraction as compared with the

PC fraction of brain tissue.
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Feeding menhaden oil increased n-3 fatty acids and decreased 20:4 content of

bone compared to that of soybean oil. Feeding butter oil increased SFA and MUFA

content of bones in poultry (Watkins et al., 1997). Effects of different dietary fatty

acids on tissue fatty acids can be explained by the competition between n-3 and n-6

fatty acids for desaturase enzymes (Calder, 1997).

2.8 MODULATION OF IMMUNOLOGICAL STRESS

2.8.1 General strategies

Minimizing the amount or activity of inflammatory cytokines following the

stimulation of the immune system might be a useful strategy for increasing growth

rates in poultry and livestock. Many approaches have been attempted to modify the

immunological responses. Attenuation of immunologic stress by decreasing the

synthesis of pro-inflammatory cytokines, blocking the action on cells, infusion of

soluble receptors for TNF-a or IL-i or IL-receptor antagonists are effective. Another

method of modulating the level of inflammatory cytokines is to induce a Th2 type

response that down regulates macrophage activation. Dietary fatty acids influence the

type and amount of eicosanoids released during an immune response. Dietary

inclusion of n-3 fatty acids at the expense of n-6 fatty acids results in the incorporation

of n-3 fatty acids into cell membrane where they can act as a precursor for eicosanoids

(German et al., 1988). Certain eicosanoids derived from n-3 fatty acids (LTB5, PGE3)
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are released in smaller amounts and are less potent than those derived from n-6 fatty

acids (LTB4, PGE2) in response to the same stimulus (Lee et al., 1984).

2.8.2 Dietary fat and immune response

In mammals, the fatty acid composition of phospholipid membranes in

immune cells can affect the degree of inflammatory response to a challenge with an

immunogen, either in vitro (Prescott, 1984; Billiar et al., 1988) or in vivo (German et

al., 1988). Membranes of immune cells enriched with n-3 PUFA at the expense of n-6

PUFA, release smaller amounts as well as less potent mediators of inflammation

(Prescott, 1984; Billiar et al., 1988). These mediators, the eicosanoids, are involved in

the release of pro-inflammatory cytokines such as IL-i (Knudsen et al., 1986) and

TNF-a (Scales et al., 1989). Modulatory effects of dietary n-3 fatty acids are reflected

as increased antibody response to antigens and decreased mitogen-induced

proliferation of lymphocytes (Korver and Kiasing, 1997), whereas n-6 fatty acids

resulted in lower and less persistent antibody levels (Friedman and Sklan, 1995).

It is hypothesized that dietary n-3 fatty acids can enhance immune response

and disease resistance in poultry by reducing eicosanoid production, particularly PGE2

(Fritsche et al., 1991). The importance of increased antibody production by dietary

manipulation is of particular significance in laying hens, where increased serum Ig is

passed on to the egg, providing the chick with early resistance to pathogens (Wang et

al., 2000).
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SFA do not influence immunological indices as directly as PUFA. SFA in diet

act by replacing PUFA in tissues and thereby preventing the effects of PUFA. SFA

can also act by increasing the cholesterol content of blood, thereby increasing

atheroscelerotic plaques causing the animal to become more prone to inflammation

(Han et al., 2002).

2.9 MEASURES OF DIETARY MODULATION OF IMMUNE RESPONSE

Different measures of immune response have been investigated to determine

the effect of dietary fatty acids on immune cells. Approaches to measure immune

response can be broadly classified into in vitro and in vivo tests.

2.9.1 In vitro methods

In vitro methods isolated lymphocytes (proliferation, cytolytic activity and

antigen presentation), monocytes, macrophages, neutrophils, NK cells and platelets.

2.9.1.1 Lymphocytes

a. Lymphocyte pro! jferation

Cellular immunity can be assayed in vitro by mitogen-induced lymphocyte

proliferation. n-3 fatty acids suppress lymphocyte proliferation to polyclonal mitogen

stimulation (Kollmorgen et al., 1979; Kelley et al., 1988.;. Fritsche et al., 1991;

Meydani et al., 1991; Yaqoob et al., 1994). In monkeys, feeding EPA and DHA
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decreased the percentage of T, Th and Ts cells and increased mitogen stimulated

proliferation of T cells (Wu et al., 1996). Lymphocyte proliferation varied based on

the type of mitogen used. In the absence of mitogen, lymphocyte proliferation was

higher in corn and canola oil than in linolenic acid and fish oil fed chicks. Response to

lipopolysaccharide (LPS) stimulation was also poor (Fritsche et al., 1991). Feeding

low cholesterol, low fat and high n-3 fatty acids resulted in a lower CD4: CD8 ratio

in peripheral blood lymphocytes, with the proportion of CD3 unaffected in humans

(Meydani et al., 1993). Shapiro et al. (1994) reported a decreased percentage of T cells

(CD4 and CD8) in spleen of mice fed n-3 fatty acids. Huang et al. (1992) observed

that mice fed n-3 fatty acids had a greater percentage of T cells, but the percentage of

B cells was unaffected. Spleen lymphocyte proliferation was lower in hens fed fish oil

when compared to those fed sunflower oil (Wang et al., 2000). EPA has the greatest

effect in reducing lymphocyte proliferation and increasing the ability of the antigen-

presenting cells (Fuzikawa et al., 1992). EPA and DHA inhibited the proliferation of

lymphocytes in rats (Calder et al., 1 990b) and humans (Virella et al., 1991). In these

studies involving lymphocyte proliferation a variety of mitogens, including Con-A,

phytohaemagglutinin (PHA), LPS, anti-CD3 monoclonal antibody and cytokines (IL-

hi, IL-2) have been tested. Of all the fatty acids studied, EPA has the greatest

inhibition on lymphocyte proliferation (Calder, 1996). CLA addition to porcine

lymphocyte cultures in vitro increased mitogen induced lymphocyte blastogenesis,

lymphocyte cytotoxic activity and murine macrophage killing activity (Michal et al.,

1992). Increased PHA stimulated blastogenesis was noted in CLA-fed chicks
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challenged with LPS (Cook et al., 1993). SFA differ based on their chain length in

inhibiting lymphocyte proliferation. SFA causes less inhibition than PUFA. Medium

chain SFA, including lauric and myristic show a lack of inhibition, and stearic acid is

the most potent among the SFA in inhibiting lymphocyte proliferation, causing a

degree of inhibition similar to oleic acid (Calder, 1995).

Differences observed among the above results could be attributed to the

differences in species studied and presence or absence of autologous serum in culture

media (Kollmorgen et al., 1979). Part of this serum effect is due to lipid components,

particularly fatty acids and cholesterol (Traill and Wick, 1984). Effect of dietary fatty

acid source on lymphocyte proliferation is due to changes in phospholipid composition

brought about by different fatty acids. Status of vitamin E in the diet and the presence

or absence of mitogen are of importance in determining T cell proliferation response

(Wu et al., 1996).

b. Lymphocyte mediated cytolysis

Lymphocyte mediated cytolysis of target cells are performed by cytotoxic T

lymphocytes and NK cells. Gill and Clark (1980) and Bialick et at. (1984) reported

that SFA suppressed, whereas oleic and linoleic acid enhanced cytolytic activity.

Richieri et al. (1990) showed that oleic, linoleic and a-linolenic acids inhibit the

extracellular release of granules responsible for target cell killing by rat splenocytes

and thereby inhibit cytolytic activity. Feeding n-3 fatty acids reduced the cytolytic

activity of I lymphocytes (Fritsche and Cassity, 1992).
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c. Antigen presentation

The antigen presenting ability of splenocytes was reduced in mice fed EPA

(Fujikawa et al., 1992). Hughes et al. (1996) reported that either dietary

supplementation of n-3 PUFA or cultivation with EPA or DHA reduced the surface

expression of MHC class II molecules on human monocytes. Different fatty acids

impede intracellular interaction involved in antigen recognition by T cells and antigen

presenting cells and influence cell mediated and antibody mediated response

differently (Sasaki et al., 2000).

2.9.1.2 Monocytes and macropha2es

Monocytic cell line proliferation was inhibited by addition of fish oil to cell

cultures (Watson et al., 1990). n-3 fatty acids have been shown to influence the

production of cytokines by monocytic cell lines and human peripheral blood

monocytes (Baldie et al., 1993). DHA inhibited IFN-y-stimulated tumoricidal action of

murine peritoneal macrophages (Dustin et al., 1990). DHA inhibited IL-4 or IFN-7

induced cell surface expression of MHC class Ia on mouse peritoneal macrophages.

DHA was more inhibitory than EPA and other C20 fatty acids (Khair-el-din et al.,

1995). The phagocytic effects of peritoneal macrophages have been reduced following

fish oil feeding (Somers et al., 1989). The differences observed among various studies

can be attributed to the differing protocols used in the studies, for example species,

anatomical site of cell origin (liver, lung and peritoneal cavity), state of activation of

the cell (resident, inflammatory and activated), stimulus used to elicit cytokine
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production (LPS, Ca ionophore and other cytokines), nature of culture (presence or

absence of serum, serum source and duration of culture), level and duration of the fat

fed (Calder, 1996). CLA has been reported to decrease macrophage activity (Michal et

al., 1992) and macrophage phagocytosis (Wong et al., 1997). SFA feeding has been

shown to reduce membrane fluidity, increase macrophage adhesion and decrease

phagocytosis, whereas PUFA has been shown to increase macrophage phagocytosis

(Calder et al, 1 990a).

2.9.1.3 Neutrophils

Poulos et al. (1991) reported that both EPA and DHA increased superoxide

production and increased the response to neutrophil agonists by human neutrophils.

But Chen et al., (1994) showed that EPA and DHA suppressed phorbol-ester

stimulated superoxide generation by neutrophils. Feeding n-3 fatty acids reduced the

chemotactic efficiency of neutrophils (Lee et al., 1985).

2.9.1.4 Natural killer cell activity

n-3 fatty acids are reported to cause a change in NK cell activity. A reduction

in fat intake is associated with an increase in NK cell activity in humans (Barone et al.,

1989). This is supported by Morrow et al. (1985), but not by Leung and Ip (1986).

Increasing the amount of n-3 fatty acids in rat lowers NK cell activity when compared

with n-6 fatty acids (Jeffery et al., 1997). Spleen NK cell activity is also reduced by

feeding fish oil, when compared to feeding saturated and n-6 fatty acids (Meydani et
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activity was suppressed by EPA and DHA (Purasiri et al., 1997). Feeding fish oil has

an inhibitory effect on NK cell activity both in vitro and in vivo (Hamazaki et al.,

1987). In humans, feeding low fat and low PUFA leads to increased NK cell activity.

Feeding 9 % lard caused a decrease in NK cell activity (Morrow et al., 1985). Dietary

fats alter the synthesis of PG 2 series from arachidonic acid and thereby affect NK cell

activity (Barone et al., 1989).

2.9.1.5 Platelet ag2re2ation

In vitro incorporation of 22 :6n-3 into platelets decreased platelet aggregation

(Bayon et al., 1995). Linolenic acid incorporation decreased platelet adhesion. DHA is

a more potent inhibitor of platelet aggregation and platelet adhesion than EPA and

may reduce the risk of cardiovascular disease (Ferrier et al., 1994).

The hydroxy and hydroperoxy derivatives of various fatty acids determine the

potency and activity of platelets. 22C n-3 fatty acids are potent inhibitors compared to

n-6 fatty acids. Submicromolar levels of DHA and hydroxy and hydroperoxy

derivatives of DHA antagonize the platelet aggregating effect. The chain length

(22C>20C), double bond position (n3>n6) and double bond number (6>5>4) influence

the degree of inhibition of arachidonic acid induced aggregation of human platelets

(Karanian et al., 1996). Mammalian platelets have high lipoxygenase activity and

produce hydroxylated products of n-3 and n-6 fatty acids. These hydroxylated
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metabolites interfere with TXA2 or PGH2 receptors (Mais et at., 1990) and thereby

changes cell function (Karanian et al., 1994).

In vitro, OH-20:4n-6 has been shown to weakly inhibit TXA2/PGH2 induced

aggregation by interference at receptor level (Mais et al., 1990). 22C n-3 fatty acids

have been shown to inhibit both platelet aggregation and TXA2 binding (Swann et al.,

1990). A dose dependent inhibition of TXA2 binding in platelets incubated with 14-

OH-22:6n-3 has been observed (Karanian et al., 1996).

2.9.2 In vivo methods

In vivo measurement of immune function involves monitoring cytokine

production, antibody production, delayed type hypersensitivity (DTH), acute

inflammatory responses, host vs. graft and organ transplantation (graft vs. host

response).

2.9.2.1 Effect of dietary fatty acids on cytokine production

Dietary modification of fatty acid composition of tissue phospholipids and TG

is well documented (Olomu and Baracos, 1991). Due to the mammalian inability to

inter-convert n-3 and n-6 fatty acids, the composition of phospholipids in cellular

membranes are determined by nutritional intake. Fatty acids found in the membrane

bi-layer are substrates for production of PG and LT, which are essential for many

biological activities including modulation of inflammatory and immune parameters.
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a. n-6 (arachidonic acid) fatty acids

It has been postulated that while dietary n-6 unsaturated fatty acids are

essential and beneficial, elevated intakes may contribute to pathologies associated with

a number of chronic diseases. It has been suggested that long chain n-3 PUFA may

ameliorate some of the effects by influencing eicosanoid metabolism. The changes

brought about by n-3 fatty acids over n-6 fatty acids are shown in Figure 2.4.

PGE2 synthesis in isolated skeletal muscle was depressed by feeding fish oil

(Whelan et al., 1991). A rise in PGE2 due to increased intake of n-6 fatty acids may

decrease IL-2 production and can inhibit the response of T cells to IL-2 and could

enhance Ig production by B cells or plasma cells (Santoli and Zurier, 1989). In

monkeys, feeding both n-3 and n-6 fatty acids reduced the synthesis of PGI2 and

TXA2, both differing in their ability to reduce the above eicosanoids, when compared

to feeding saturated fat. Compared to n-6 fatty acids, n-3 fatty acids bring about an

increased reduction in TXA2. n-3 Fatty acids had more effects on TXA2 than PGI2.

Supplementation of exogenous arachidonic acid to n-3, n-6 and SFA rich diets

resulted in increased TXA2 production in n-6 and SFA fed groups, but not in the n-3

fatty acids fed group. This indicates depression of TX synthetase by n-3 fatty acids.

Reduced TX synthetase activity reduces pro-inflammatory TXA2 and redirects PG

endoperoxides to synthesize beneficial PG including PGI2 (Abeywardena et al., 1991).

Corn oil consumption increases the production of free radicals and cyclooxygenase

metabolites such as TXA2 and LTB4. Feeding fish oil inhibits PGE2 production and

are anti-inflammatory (Robinson et al., 1993).
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Fig 2.4 Modulatory effects of fish oil and vegetable oils on generation of
proinflammatory leukotrienes from arachidonic acid (Ziboh, 1996)
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The A pathway illustrates the metabolic transformation of dietary linoleic acid
which results in tissue generation of 1 5-HETE and proinflammatory leukotrienes by
PMNs. The B pathway represents the epidermal transformation of dietary GLA and
DGLA and tissue generation of 15-HETE and PGE1. The C pathway represents the
metabolic transformations of dietary EPA intol5-HEPE and LTB5. Therefore it could
be speculated that metabolites from B and C pathways could inhibit in vivo generation
of local tissue proinflammatory leukotrienes from arachidonic acid.



Arachidonic acid and eicosanoid production are affected by competition

between n-6 and n-3 fatty acids for binding sites of PG synthetase (Crawford et al.,

1976). In mammals, 18:3n-3 PUFA inhibit conversion of 18:2n-6 PUFA to

arachidonic acid (Brenner, 1984). n-3 fatty acids change membrane phospholipid fatty

acids and inhibit arachidonic acid derived PGE2 (Willis et al., 1974). Macrophages

incubated with n-3 PUFA and macrophages from mice fed n-3 PUFA produced lower

amounts of PGE2, but higher amounts of IL-i and TNF when compared with

macrophages fed corn oil (Lokesh et al., i986). Feeding butter oil diet increased

insulin like growth factor-i as compared to soybean oil. This effect of soybean oil is

brought by reduced PGE2 induced insulin-like growth factor binding protein-5

production, as less arachidonic acid was produced in butter oil fed groups (Pash and

Canalis, 1996).

b. n-3 (eicosapentaenoic and docosahexaenoic acid) fatty acids

EPA can be metabolized through cyclooxygenase and 5-lipoxygenase

pathways to form different end products. EPA is metabolized to PGE3, a compound

with less inflammatory activity than PGE2. PGE2 is a potent inflammatory cytokine in

that it causes bone resorption and vascular permeability in a synergistic effect with

seratonin and bradykinin (Robinson et al., 1988). Effects of n-3 fatty acids in altering

eicosanoid metabolism are of importance in immune and inflammatory diseases. n-3

fatty acids can inhibit the synthesis of arachidonic acid from its linoleic acid substrate

through competition for the 2-position occupied by arachidonate in membrane
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phospholipids (Holman, 1964). EPA will also directly compete with arachidonic acid

as a substrate for cyclooxygenase and inhibits its metabolism into eicosanoids. n-3

fatty acid ingestion decreases the production of biologically active arachidonates

(Simopoulos et al., 1986). Ingestion of EPA is usually associated with production of

LI with 5 double bonds such as LTB5, which has attenuated pro-inflammatory

activities (Lee et al., 1984).

With increased production of LTB5 by fish oil feeding, production of LTB4

decreases and neutrophil chemotaxis is suppressed in fish oil fed groups. n-3 fatty

acids inhibits phospholipase A2 activity on alkyl phospholipids and decreases platelet

activating factor (PAF) generation in monocytes (Lee et al., 1985). PAF can stimulate

TNF as well as other cytokines in endothelial tissue and is 1000 times more potent

than histamine in inducing changes in vascular permeability (Kremer, 1996). PAF can

modulate T cell and monocyte function. n-3 fatty changed the fatty acid profile of

cellular lipids. Supplementation with fish oil resulted in a 33% decrease in neutrophil

arachidonic acid content and enhanced EPA content by twenty-fold compared to pre-

supplement values. n-3 fatty acid ingestion changed biochemical composition of cell

membranes and production of the metabolic end products in neutrophils and

monocytes (Kremer, 1996). Feeding fish oil for 7 days inhibited PGE2 synthesis in

skeletal muscle (Olomu and Baracos, 1991). In humans, feeding marine oil reduced

the production of IL-la and IL-1 (Endres et al., 1989). Feeding n-3 fatty acids

reduced IL-i 3 production by reducing IL-i J3 gene transcription or increasing the rate

of shutting down of this gene, once it has been transcribed (Robinson et al., 1995).
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c. Conjugated linoleic acid

CLA modification of the immune system is through IL-2 modulation. IL-2 is

known to be produced exclusively by Thi cells, which stimulates a predominantly cell

mediated response rather than an antibody mediated response (Tizard, 1996). CLA has

been reported to increase IL-2 production (Wong et al., 1997; Yamasaki et al., 2000).

The effect of CLA on IL-2 production has been suggested to be brought about by

decreased arachidonic acid production and therefore decreased PGE2 production in

CLA fed animals, as PGE2 has suppressive effect on IL-2 production and T cell

proliferation (Goodwin and Web, 1980). Feeding CLA increases lymphocyte

proliferation to PHA (Wong et al., 1997) and con-A (Hayek et al., 1999) but not to

LPS (Wong et al., 1997). The ability of CLA to increase lymphocyte proliferation to

concavalin-A and PHA, but not to LPS suggests that the response targeted is Th 1

rather than Th2 type response. CLA feeding has been reported to decrease the

concentration of EPA and DHA content of lipids (Du et al., 2000) and is expected to

suppress the effects of EPA and DHA.

2.9.2.2 Antibody production

Prickett et al. (1984) reported enhanced production of IgG and IgE to

ovalbumin in rats fed fish oil when compared to tallow. Fritsche et al. (1991) showed

that chickens fed fish oil produced a higher level of antibodies to sheep erythrocytes

than those fed lard or maize oil. In contrast, Kelley et al. (1988) found no effect of

feeding flax oil or fish oil to rabbits on production of antibody against albumin.
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Modulatory effects of dietary n-3 fatty acids are reflected as increased antibody

response to antigens (Korver and Kiasing, 1997), whereas n-6 fatty acids resulted in

lower antibody levels (Friedman and Sklan, 1995). Feeding sunflower oil reduced the

Ig content of egg when compared to linseed oil (Wang Ct al., 2000). Decreased

antibody response of n-6 fatty acid feeding agree with the results of Calder et al.

(1992), who reported a general inhibition of immune response and with that of Friend

et al. (1980) who found a decreased antibody response when n-6 fatty acids were fed.

Lefkowith (1990) reported decreased immune responses in mammals with decreased

n-6 fatty acids. This could have been due to a very low deficient supply of n-6 fatty

acids and subsequent low eicosanoid levels, rather than n-6 fatty acid influence of

immune response. Further a high n-6 inhibition of antibody response has been claimed

to be a noneicosanoid-related phenomenon related to membrane phospholipid fluidity

or oxidative damage (Yaqoob and Calder, 1993). In contrast to above findings,

Parmentier et al. (1997) reported increased antibody titer with linoleic acid feeding.

This difference could be attributed to differences in genetics of the lines studied, as the

same author reported a decreased antibody response, when linoleic acid was fed to a

different line. Phetteplace et al. (1989) reported no difference in antibody response

when chickens fed soybean oil were compared to those fed fish oil. Kelley et al.

(1988) reported no difference in antibody levels in rabbits fed soybean oil, fish oil or

safflower oil. Virella et al. (1989) reported reduced circulation of Ig after feeding fish

oil. Atkinson and Maisey (1995) reported reduced anti-rat erythrocyte antibodies in

mice fed fish oil. CLA increased IgG and 1gM production of spleen lymphocytes in a



dose dependent manner and these changes reached a plateau at 0.25% CLA (Yamasaki

et al., 2000), but Kelley et al. (2000) reported that antibody titers were not affected by

feeding CLA to humans.

2.9.2.3 Delayed type hypersensitivity test

Kelley et al. (1989) reported a decreased DTH response following fish oil

feeding in rats. Meydani et al. (1993) reported a diminished DTH response in human

beings fed fish oil. Feeding high levels of linoleic acid increased DTH response to

Mycobacterium butyricum compared to linolenic acid (Sijben et al., 2000). In studies

with mammals, high fat diets reduced DTH response and among high fat diets, DTH

response was lower in diets high in PUFA than diets high in SFA (Friend et al., 1980).

In PUFA rich diets, fish oil reduced DTH more than safflower oil. CLA has been

reported to increase DTH response (Yoshino and Ellis, 1987).

2.9.2.4 Acute inflammatory response

n-3 fatty acids compete with arachidonic acid for cyclooxygenase and

lipoxygenase, and decrease the production of inflammatory cytokines. Reddy and

Lokesh (1994) reported that rats fed fish oil had lowered inflammatory response.

Nakamura et al. (1994) showed that feeding rats EPA and DHA reduced footpad

swelling. In contrast, Yoshino and Ellis (1987) found that feeding EPA and DHA to

rats did not affect the indices of induced inflammatory response though pro-

inflammatory cytokines synthesis was decreased.
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2.9.2.5 Graft vs. host response

The popliteal lymph node (PLN) assay is used for measuring graft vs. host

response. Graft vs. host response involves the polyclonal activation and subsequent

proliferation of host T cells, although NK cells may also be involved. Host vs. graft

reaction is a T cell mediated response, in which cytolytic T cells of the host recognize

MHC antigens of the injected cells. In both cases, the enlargement in PLN size (more

than fifteen-fold in graft vs. host and four-fold in host vs. graft response) is due to

proliferation of activated host cells (Calder, 1996). Mertin et at. (1985) reported that

both responses were depressed following fish oil feeding. This is in accordance with

reduced in vitro T cell proliferation, NK cell activity and Tc cell activity reported

elsewhere in this chapter.

2.9.2.6 Organ transplantation (host vs. graft response)

Both cell mediated (T-cell) and antibody mediated (B-cell) rejection of

transplanted organs have been observed, although the role of I cells has been more

implicated as a cause of graft rejection. n-3 fatty acids modulate the level and type of

eicosanoid produced and influence T and B cell function and graft survival. Grimm et

al. (1993) reported an increased survival rate of a transplanted graft when fish oil was

infused intravenously in rats. Heide et al., (1993) found an increased rate of graft

survival in humans with renal transplant with fish oil feeding for 12 months.



3. EFFECT OF FEEDING POLYUNSATURATED FATTY ACIDS ON
TISSUE FATTY ACID COMPOSITION AND ANTIBODY PRODUCTION IN

BROILERS

Fats and oils are included up to 10% in broiler feeds. Based on the location of

the first unsaturated bond counting from the methyl end of the fatty acid chain, fatty

acids can be classified into n-3 and n-6 fatty acids. These fatty acids are not

metabolically inter-convertible in animals.

Dietary fatty acids influence the type and amount of eicosanoids released

during immune response by changing the fatty acid composition of immune tissues.

Eicosanoids derived from n-3 fatty acids (LTB5, PGE3) are released in lower amounts,

are less potent and have different actions on immune cells than those derived from n-6

fatty acids (LTB4, PGE2) in response to the same stimulus (Lee et al., 1984).

Decreased production and potency of these eicosanoids can lead to a decrease in the

growth-suppressive effects of inflammation. An inflammatory response can decrease

feed consumption and muscle protein accretion and increase metabolic rate, synthesis

of acute phase proteins and organ mass relative to body mass. The inflammatory

response results in systemic effects such as decreased appetite, skeletal muscle

accretion and growth. This change in the partitioning of nutrients away from growth

and towards processes associated with acute phase response is evident as decreased

feed efficiency. Strategies that minimize the diversion of nutrients away from growth

and muscle deposition are important in animal production. The modulatory effects of

dietary n-3 fatty acids are reflected as increased antibody responses to antigens but

decreased inflammatory response, whereas n-6 fatty acids resulted in a lower and less
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persistent antibody levels (Kiasing and Korver, 1997). CLA has been reported to

alleviate undesirable metabolic and physiological changes induced by immunological

stimulation in male broiler chicks (Takahashi et al., 2002). The study was proposed

with the following objectives

1. To study the influence of dietary fatty acids on tissue fatty acid composition

2. To study the influence of dietary fatty acids on serum antibody activity

3. To study the influence of dietary fatty acids on production performance

3.1 MATERIALS AND METHODS

3.1.1 Diets

The experimental rations were formulated with 3.5% animal fat + 1.5% CLA

(SFA and trans fat- Diet I), 5% sunflower oil (n-6 fatty acids- Diet II) or flax oil (18 C

n-3 fatty acids- Diet III) or fish oil (>20 C n-3 fatty acids- Diet IV). The experimental

diets had 22% crude protein, 3000 Kcal/Kg feed and were isocaloric and

isonitrogenous. Calcium, phosphorus, lysine, methionine and cystine + methionine

content were provided as per NRC (1994).

A total of 40 day-old commercial broiler chicks were weighed individually,

wing banded and distributed randomly to four treatments (10 chicks per treatment).

The chicks were reared in deep litter. Water and feed were provided ad libitum.

Standard management practices were followed uniformly for all the treatments.
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3.1.2 Bird performance evaluation

Body weight was documented at 0, 21 and 42 days of age. Feed consumption

was measured at 21 and 42 days of age and feed efficiency was calculated.

3.1.3 Sample collection

At six weeks of age 6 birds per treatment were selected randomly and

harvested for breast and thigh muscle, liver, heart, spleen, plasma and gut associated

lymphoid tissue (GALT). GALT was collected by teasing the submucosal layer of the

intestinal wall with a sterile scalpel after sloughing off the mucosal layer. The cells

were collected in normal saline. The cells were layered over 5 ml of lymphocyte

separation medium, density 1.077 (Histopaque-1077') and centrifuged at 400 x g for

15 minutes. The cells at the interface between the density separation medium and the

saline solution were collected and washed twice with saline. The cells were pelleted

by centrifuging at 400 x g for 15 mm.

3.1.4 Antibody activity

At 42 days of age, blood was collected from the birds through heart puncture

and allowed to clot. Serum was separated by spinning at 1000 x g for 20 mm. Serum

was analyzed for total IgG activity by ELISA. IgG activity was measured by

modifying the procedure of Sunwoo et al. (1996). A 96 well microtitre plate was

coated with 150 tL of 1:5000 dilution of rabbit anti-chicken IgG' [(in 0.01 M

phosphate buffer saline-(PBS)] and incubated for 2 hours at 22 C and washed with
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0.01 M PBS-tween (PBST). The wells were blocked using 150 .tL of 1% bovine

serum albumin' (BSA) in 0.05 M carbonate buffer for 30 mm to preclude the

nonspecific association between serum Ig and polystyrene matrix of the microtitre

wells. The plate was washed in PBST and incubated with 150 t.tL of 1:32000 dilution

of chicken serum in PBS. 150 jiL PBS was used as negative control. The plate was

incubated for 3 hours at 22 C. The plate was washed with PBST and incubated for 1 h

with 150 jiL of 1:20,000 dilution of rabbit anti-chicken IgG peroxidase conjugate' in

0.01 M PBS. The plates were washed with PBST and incubated with 1% 2,2'-azino-

bis' (3-ethylbenzthiazoline-6-sulphonic acid) in 0.05 M citrate buffer with 0.03%

sodium perborate for 30 mm at 22 C. Color development was measured at 405 nm

using an ELISA plate reader against the negative control. Antibody activity was

expressed as blank corrected absorbance.

3.1.5 Total lipid extraction

The lipid content of breast and thigh muscle, liver, spleen, heart tissue, GALT

and plasma were analyzed as per Folch et at. (1957). Approximately 2 g of minced

breast muscle, thigh muscle, liver, spleen and heart tissue and plasma were each

homogenized in 30 mL of Folch-I solution (chloroform: methanol 2:1; Folch et at.,

1957) using a polytron2. The sample was filtered, 0.88% NaCL added and allowed to

phase separate. The bottom layer was stored in a glass vial at -20 C tilt further use.

Total lipid content was determined gravimetrically. The total lipids of the
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experimental diets, GALT and splenocytes were also extracted in the same way but

their total lipid content was not quantified.

3.1.6 Fatty acid analysis

3.1.6.1 Preparation of fatty acid methyl esters

Three mL of lipid extract was dried under nitrogen, resolubilized in 3mL boron

trifluoride-methanol (10% wtlwt) and esterified by heating to 90 to 100 C in a water

bath for 60 mi Fatty acid methyl esters were extracted with hexane and quantified by

gas chromatography as per Cherian and Sim (1992).

3.1.6.2 Gas chromatography

A fused silica capillary column (30 m x 0.25 mm i.d)3 on an Agilent-6890 gas

chromatograph4, equipped with an autosampler and a flame ionization detector, was

used to separate and quantify the fatty acid esters. The initial column temperature was

set at 110 C, held for 30 sec, increased by 20.0 C/mm to 190 C and held for 20 mm.

The temperature was then increased by 30.0 C/mm to 230 C and held for 3.0 mm

(Cherian et al., 2002a). Inlet and detector temperatures were 250 C. Helium was used

as the carrier gas at a flow rate of 1.0 mL/min. Fatty acid methyl esters were identified

by comparison with retention times of standards5. Peak areas and percentages were

calculated using Agilent Chemstation software4. The fatty acid content was reported as

a percentage. Unknown fatty acids were also included in the calculation.
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3.1.7 Thiobarbituric acid reactive substances

Keeping quality was measured by the content of lipid oxidation products

(TBARS) in the breast and muscle tissue, liver and heart tissues. Approximately 2 g of

minced tissue were homogenised in 18 mL 3.86% perchloric acid and 50 jtL 4.5% BI-IA

(in ethanol) and filtered. Two mL of the filtrate was mixed with 2 mL 20 mM

thiobarbituric acid (TBA) in distilled water and incubated for 14-16 hours in darkness. A

blank was made with 2 mL perchloric acid, 50 jtL BHA and 2 mL 20 mM TBA. Blank

corrected absorbance was measured at 531 nm. The amount of TBARS in the solution

was calculated from the standard graph plotted with absorbance of known concentration

of TBARS solution against their concentration. The TBARS values were expressed as

milligrams of malonaldehyde per Kg tissue (Cherian et al., 1996).

3.1.8 Statistical analysis

The effects of dietary fat source on production performance, fatty acid profile

and antibody activity were analyzed by one way ANOVA using SAS (version 8.2)

(SAS institute). Student-Newman-Keuls multiple range test was used to compare

differences among treatment means (P <0.05). Mean values and SEM were reported.

Sigma chemicals, Missouri 63103
2

Brinkmann Instruments Type PT1O/35, Westbury, New York, NY 11590.
Supelco, Bellfonte, PA 16823-0048.
Agilent Technologies, Inc. Wilmington, DE 16808-16 10.

5Nuchek, Elysian, MN 56028.
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3.2 RESULTS

The fatty acid composition of the diets reflected dietary fat source (Table 3.1).

Total n-3 fatty acids were 2.2, 3.3, 27.9 and 8.2% for Diets I, II, III and IV

respectively. The increase in n-3 fatty acids in Diet III was due to a-linolenic acid

(18:3n-3) from flax oil. Long chain n-3 fatty acids 20:5n-3, 22:5n-3 and 22:6n-3

constituted 0.2, 0.7 and 3.7% respectively in Diet IV. Oleic acid was the predominant

fatty acid in Diets I and II. Linoleic acid constituted 36.1% in Diet II. The n-6:n-3 ratio

was 9.8, 11.2, 1.0 and 2.8 in Diets I, II, III and IV respectively.

The live weight of birds on day-42 was 1.8, 1.8, 1.7 and 1.8 kg for Diet I, II, III

and IV respectively (P>0.05). Total fat content of breast and thigh muscle, heart tissue

and plasma was not altered (P>0.05) but liver tissue fat content was lower (P<0.05) in

treatments I and II. (Table 3.2).

Diets I and IV fed birds had increased SFA acids content in breast (Table 3.3)

and thigh (Table 3.4) tissues. Diet II increased (P<0.05) the 18:2n-6, 20:4n-6 and

22:4n-6 fatty acids content and Diet III increased (P<0.05) the 18:3n-3 fatty acid

content in both tissues. Diets III and IV increased the long chain n-3 fatty acids

content of both tissues. Total PUFA was increased (P<0.05) in Diets II and III fed

birds. Diet II fed birds showed the highest inclusion of total n-6 fatty acids and Diets

III and IV showed the highest inclusion of total n-3 fatty acids. Compared to Diet III

and IV, Diet I fed birds increased total MUFA and Diet II decreased total MUFA.

Inclusion of CLA resulted in tissue enrichment of CLA in Diet I fed birds and was not

detected in other treatments.
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TABLE 3.1 Fatty acid composition of experimental diets

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV

(%) -------------------------
C16:0 19.4 9.7 12.8 19.9
C16:1 1.3 0.0 0.0 7.1
C18:0 10.0 2.6 5.3 4.6
C18:1 36.4 46.3 26.4 22.4
C18:2n-6 21.2 36.1 26.9 21.3
C18:3n-3 2.2 3.3 27.9 3.8
CLA 4.4 0.0 0.0 0.0
C20:4n-6 0.0 0.0 0.0 0.3
C20:5n-3 0.0 0.0 0.0 0.2
C22:5n-3 0.0 0.0 0.0 0.7
C22:6n-3 0.0 0.0 0.0 3.7
TSFA 29.4 14.0 18.1 29.3
TMUFA 40.4 46.3 26.4 35.4
TPUFA 23.4 39.7 55.5 30.8
Tn-6 21.2 36.5 27.6 22.6
Tn-3 2.2 3.3 27.9 8.2
n-6:n-3 9.8 11.2 1.0 2.8

Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid fat, Diet 11-5% sunflower oil,
Diet 111-5% flax oil, Diet IV-5% fish oil; CLA- conjugated linoleic acid. TSFA Total
saturated fatty acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total
monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total
polyunsaturated fatty acids include 18:2 (n-6), 18:3 (n-6, n-3), 20:2 (n-6), 20:3 (n-6),
20:4 (n-6), 20:5 (n-3), 22:4 (n-6), 22:5 (n-3), 22:5 (n-3). Tn-6 and Tn-3 Total n-6
and n-3 fatty acids includes components of TPUFA as indicated in parenthesis.
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TABLE 3.2 Tissue total lipid (%) content of birds fed diets containing conjugated
linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Organs Diet I Diet II Diet III Diet IV SEM

Breast muscle 1.12 1.05 1.17 1.12 0.2
Thigh muscle 2.13 2.36 2.45 1.89 0.3
Liver 316b 303b 3.67a 4.00 0.2
Heart 3.14 3.16 2.96 3.00 0.3
Plasma 0.46 0.40 0.32 0.34 0.1

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid, Diet II-
5% sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil; SEM - Standard error of
means.
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Table 3.3 Breast muscle fatty acid composition of birds fed diets containing
conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
C16:0 20.3a 173b 167b 20.7a 0.4
C16:1 17b 15b 4.6a 0.3
C18:0 ll.9a 106ab 100b 103ab 0.4
C18:1 25.4a 17.7c 210b 196bc 0.5
C18:2n-6 32.3a 203b 15.0c 0.6
CLA 1.2a 00b 00b 00b 0.2
C18:3n-3 14b 14.la 31b 05
C20:4n-6 77a 3.6 2.4c 0.4
C20:5n-3 0.4c 0.Ic 17b 39a 0.2
C22:4n-6 07b 2.Oa 0.0c 0.0c 0.2
C22:5n-3 10b 3.la 3.Oa 0.3
C22:6n-3 12bc 0.6c 8.1 0.3
TSFA 349a 307b 354a 0.6
TMUFA 28.4a 19.0c 225b 245b 0.6
TPUFA 31.3c 477a 46.la 366b 0.5
Tn-6 272b 44.6a 255b 18.6c 0.5
Tn-3 4.1c 3.1c 20.6a 180b 0.4
n-6:n-3 67b 14.5a 1.2' l.0' 0.3

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid, Diet II-
5% sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil; SEM - Standard error of
means; TSFA Total saturated fatty acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0,
24:0; TMUFA- Total monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1;
TPUFA - Total polyunsaturated fatty acids include 18:2 (n-6), 18:3 (n-6, n-3), 20:2 (n-
6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4 (n-6), 22:5 (n-3), 22:5 (n-3). Tn-6 and
Tn-3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.



Table 3.4 Thigh muscle fatty acid composition of birds fed diets containing
conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
C16:0 20.4a 156b 14.2c 19.9a 0.2
C16:1 18b 22b 55a 0.1
C18:0 11.9a 81b 101b 0.3
C18:1 28.la 20.1c 238b 20.3c 0.4
C18:2n-6 21.8c 40.8a 236b 0.2
CLA 1.la 00b 00b 00b 0.4
C18:3n-3 1.3c 1.9c 20.2a 38b 0.3
C20:4n-6 38b 5.la 1.8c 2.1c 0.1
C20:5n-3 ØØC 0Oc 3.6a 0.1
C22:4n-6 03b 1.la 0.0c 0.0c 0.1
C22:5n-3 0.9 0.6c 2.2a 0.1
C22:6n-3 06b 00b 08b 6.8a 0.3
TSFA 34.la 262b 253b 359a 04
TMUFA 32.Oa 22.0c 261b 258b 0.5
TPUFA 300d 51.oa 476b 35.0c 0.4
Tn-6 272b 48.4a 24.1c 185d 0.5
Tn-3 2.8c 2.6c 23.4a 165b 0.4
n-6:n-3 97b 18.4a 1.0c 1.1c 0.4

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid fat, Diet
11-5% sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil; SEM - Standard error of
means; TSFA Total saturated fatty acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0,
24:0; TMUFA- Total monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1;
TPUFA - Total polyunsaturated fatty acids include 18:2 (n-6), 18:3 (n-6, n-3), 20:2 (n-
6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4 (n-6), 22:5 (n-3), 22:5 (n-3). Tn-6 and
Tn-3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.



The liver fatty acid profile is presented in Table 3.5. Liver showed the highest

amount of long chain fatty acids of both n-6 and n-3 fatty acids in all treatment groups

indicating that liver is the major site for long chain fatty acid synthesis. Compared to

breast and thigh muscle, liver MUFA was replaced by long chain fatty acids. The

arachidonic acid content of liver tissue (15.1 to 3.5%) was higher when compared to

breast (7.7 to 2.4%) and thigh muscle (5.1 to 2.1%). The SFA content and total MUFA

did not differ between the treatment diets indicating that fatty acids are desaturated in

liver. The n-6:n-3 fatty acids ratio showed pattern similar to that of breast and thigh

muscle.

Palmitic acid was lower (P<0.05) in cardiac tissue of birds fed Diets II and III

fed birds lipids (Table 3.6). No difference was observed in the content of 18:0.

Linoleic acid (18:2n-6) was the major fatty acid of the total lipid followed by

arachidonic acid. Together, these two fatty acids constituted 30 to 44% of total lipids.

AA deposition was reduced in Diets Ill and IV fed birds and was replaced by long

chain n-3 fatty acids. The content of 20:5n-3, 22:5n-3 and 22:6n-3 was higher in Diets

III and Diet IV compared to Diets I and II fed birds. Incorporation of flax oil resulted

in a significant increase in 18:3n-3 to 5.4% in Diet 3. The n-6:n-3 ratio of cardiac

tissue varied from 2.4 to 36.1 and was significantly affected by dietary treatments.

The pericardial fatty acid composition (Table 3.7) of all treatments reflected

the feed fatty acid composition much more than any other tissues studied. No long

chain fatty acids were observed in pericardial fat except for low levels of 22:6n-3

(2.2%) and 22:5n-3 (1.2%) in fish oil fed groups.
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Tabk 3.5 Liver tissue fatty acid composition of birds fed diets containing
conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
C16:0 159b 159b 19.2a 0.5
C16:1

13b 2.3a 0.3
C18:0 23.1 23.5 23.5 22.1 0.6
C18:1 13.0 8.5 13.4 10.9 0.8
C18:2n-6 204b 24.5a 18.2c 142d 0.5
CLA 0.8a 00b 00b 00b 0.1

C18:3n-3 0.8c 0.6c 53a 18b 0.4
C20:4n-6 100b 15.la 57C 0.5
C20:5n-3 05b 00b 45a 5.6a 0.5
C22:4n-6 0.7 1.6 1.0 0.5 0.4
C22:5n-3 1.3c 1.1c 27b 34a 0.3
C22:6n-3 2.6c 1.6c 49b I1.4a 0.5
TSFA 416ab 398b 398b 42.4a 0.5
TMUFA 15.6 10.1 14.9 13.5 0.8
TPUFA 38.7c 47.6a 4l.8 0.8
Tn-6 335b 443a 26.8c 196d 0.5
Tn-3 5.2c 3.2c 22.2a 0.6
n-6:n-3 65b 13.9a 1.6c 0.9c 0.4

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid fat, Diet
11-5% sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil; SEM Standard error of
means; TSFA Total saturated fatty acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0,
24:0; TMUFA- Total monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1;
TPUFA - Total polyunsaturated fatty acids include 18:2 (n-6), 18:3 (n-6, n-3), 20:2 (n-
6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4 (n-6), 22:5 (n-3), 22:5 (n-3). Tn-6 and
Tn-3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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Table 3.6 Heart tissue fatty acid composition of birds fed diets containing
conjugated linoleic acid, n-6 or n-3 fatty acids

Fatty acid (%) Diet I

Dietary treatments

Diet II Diet III Diet IV SEM

C16:0 15.3a 135b

C16:1 10b 09b

C18:0 17.9 18.2
C18:1 13.1' 101b

C18:2n-6 205b 26.6a

CLA o.7a 00b

C18:3n-3 07b 07b

C20:4n-6 16.6a 17.6a

C20:5n-3 0.2c 0.0'
C22:4n-6 1.8a

C22:5n-3 0.7'
C22:6n-3 04b o.oc

TSFA 35.8a 339b

TMUFA 15.3a

TPUFA 427d 50.oa

Tn-6 402b 48.6a

Tn-3 2.5c 1.4c

n-6:n-3 166b 36.V'

(%) --------------------------
15.6a 0.36

09b 1.9 0.23
17.5 17.1 0.41
12.7a 12.la 0.47
24.9a 185b 054
00b 00b 0.21
54a 12b 0.37

115b 0.62
17b 6.3a 0.34
0.2c 0.0c 0.22
15b 0.23
06b 3.6a 0.23
333b 35.6a 0.43
15.la 14.9a 0.13
475b 45.1c 0.52

31.9c 0.49
93b 13.3a 0.39
43C 2.4' 0.60

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid fat, Diet
11-5% sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil; SEM - Standard error of
means; TSFA Total saturated fatty acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0,
24:0; TMUFA- Total monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1;
TPUFA - Total polyunsaturated fatty acids include 18:2 (n-6), 18:3 (n-6, n-3), 20:2 (n-
6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4 (n-6), 22:5 (n-3), 22:5 (n-3). Tn-6 and
Tn-3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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Table 3.7 Pericardial fat fatty acid composition of birds fed diets containing
conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%)--------------------------
C16:0 23.6a 13.2c 12.7c 188b 0.3
C16:1 28b 27b 31b 9.2a 0.2
C18:0 95a 43C 37d 52b 0.3
C18:1 36.8a 26.4c 288b 26.1c 0.4
C18:2n-6 19.3c 48.la 222b 173d 0.5
CLA 1.oa 00b 00b 00b 0.2
C18:3n-3 2.8c 26.5a 58b 0.3
C20:4n-6 0.0c 06a 03b o.6a 0.1
C20:5n-3 ØØC 3.6a 0.1
C22:4n-6 00b 00b 00b 0.la 0.1
C22:5n-3 0.0c ooc l.2a 0.1
C22:6n-3 00b 00b 00b 2.2a 0.1
TSFA 339a 17.9c 16.9c 279b 0.4
TMUFA 41.Oa 32.0c 359b 0.4
TPUFA 219d 52.6a 31.3c 0.5
Tn-6 20.0c 49.8a 229b 18.6c 0.5
Tn-3 2.8c 27.oa 128b 0.2
n-6:n-3 106b 17.9a 0.8c 1.5c 0.3

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid fat, Diet
11-5% sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil; SEM - Standard error of
means; TSFA Total saturated fatty acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0,
24:0; TMUFA- Total monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1;
TPUFA - Total polyunsaturated fatty acids include 18:2 (n-6), 18:3 (n-6, n-3), 20:2 (n-
6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4 (n-6), 22:5 (n-3), 22:5 (n-3). Tn-6 and
Tn-3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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The pattern of changes in the plasma fatty acid profile (Table 3.8) brought

about by dietary treatment was similar to the fatty acid profile changes in breast and

thigh muscle. However the major fatty acid in plasma was 18:2 compared to 18:1 in

muscle. Highest plasma incorporation of 18:2n-6 was observed in Diet 11(42%),

which was replaced partially by 18:3n-3, 20:5 n-3, 22:5 n-3 and 22:6 n-3 in Diets III

and IV fed birds. Diet IV increased the total SFA content of plasma. The n-6:n-3 fatty

acids ratio was the widest among all the tissues studied (50.1 to 1.2).

The fatty acid profile of spleen tissue and GALT are presented in Table 3.9 and

3.10 respectively. SFA formed the major group of fatty acids in GALT cells whereas

in spleen tissue, PUFA was predominant. Spleen tissue showed higher (P<0.05)

incorporation of 20:4 in Diets I and II and 22:5 and 22:6 in Diet IV fed birds. Total

MUFA content (17.6-14.1%) was lower when compared to breast and thigh muscle.

With an increase in unsaturated fatty acids of tissues, an increase in free radical

stimulated lipid peroxidation can be expected. Reactive oxygen species (ROS) react

with biological molecules and destroy the structure of cells and eventually causes free

radical-induced lipid oxidation. The TBARS value of different muscle is presented in

Table 3.11. The TBARS of breast and thigh muscle, liver and heart tissue was

increased (P<0.05) Diets II, III and IV than in Diet I fed birds.

Serum total antibody activity was increased in Diet IV, compared to Diet II.

(Fig 3.1). The absorbance of color developed in the ELISA plate increased from 0.96

in Diet II, to 1.00, 1.06 and 1.11 in Diets I, III and IV fed birds respectively.
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Table 3.8 Plasma fatty acid composition of birds fed diets containing conjugated
linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%)--------------------------
Cl6:0 200b 189b 188b 23.la 0.4
C16:1 12b 2.6a 0.2
C18:0 16.8a 160ab 156b 14.6c 04
C18:1 16.2a 97C 134b 11.1c 05
C18:2n-6 313b 42.2a 28.6c 238d 0.6
CLA 1.Oa 00b 00b 00b 0.1
C18:3n-3 1.0c Ø9C 9.6a 0.2
C20:4n-6 57b 9.2a 0.0c 0.0c 0.3
C20:Sn-3 ØØC 94a 0.3
C22:5n-3 02b 1.6a 1.5a 0.3
C22:6n-3 1.1c 00d 22b 6.4a 0.3
TSFA 370b 349C 375b 41.2a 0.4
TMUFA 18.7a 11.5c 151b 13.6c 0.5
TPUFA 414d 53.6a 465b 43.6c 0.5
Tn-6 386b 52.5a 29.1c 240d 0.5
Tn-3 2.7c 19.6a 04
n-6:n-3 5o.la 1.7c 1.2c 1.2

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid fat, Diet
11-5% sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil; SEM Standard error of
means; TSFA Total saturated fatty acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0,
24:0; TMUFA- Total monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1;
TPUFA - Total polyunsaturated fatty acids include 18:2 (n-6), 18:3 (n-6, n-3), 20:2 (n-
6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4 (n-6), 22:5 (n-3), 22:5 (n-3). Tn-6 and
Tn-3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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Table 3.9 Spleen tissue fatty acid composition of birds fed diets containing
conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%)--------------------------
C16:0 184b 178b 20.4a 0.4
C16:1 04b 03b 04b l.9a 0.2
C18:0 16.5a 16.2a 16.6a 154b 0.3
C18:1 15.9a 13.5c 16.la 151b 0.3
C18:2n-6 15.6c 22.8a 172b 136d 0.4
CLA l.3a 00b 00b 00b 0.1
C18:3n-3 0.4c Ø3C 44a 0.2
C20:4n-6 12.4a 13.2a 83b 54C 0.3
C20:5n-3 0.5c 01d 35b 6.2a 0.2
C22:4n-6 34b 1.4c 09d 0.2
C22:5n-3 l.9c 13d 40b 43a 0.2
C22:6n-3 1.3c 06d 57a 0.2
TSFA 377bc 36.5c 383b 40.Oa 0.6
TMUFA 17.6a 14.1c 171ab 0.3
TPUFA 373d 46.3a 426b 38.7c 0.4
Tn-6 332b 44.la 28.7c 213d 0.4
Tn-3 4.1c 23d 138b 17.4a 0.3
n-6:n-3 82b 19.6a 2.1c 1.2c 0.5

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid fat, Diet
11-5% sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil; SEM - Standard error of
means; TSFA Total saturated fatty acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0,
24:0; TMUFA- Total monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1;
TPUFA - Total polyunsaturated fatty acids include 18:2 (n-6), 18:3 (n-6, n-3), 20:2 (n-
6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4 (n-6), 22:5 (n-3), 22:5 (n-3). Tn-6 and
Tn-3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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Table 3.10 Gut associated lymphoid tissue fatty acid composition of birds fed
diets containing conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
C16:0 25.2a 205b 23.7a 0.5
C16:1 2.0 1.1 1.2 2.5 0.4
C18:0 19.9 17.7 18.9 17.4 0.5
C18:1 19.Oa 14.3c 165b 159b 0.4
C18:2n-6 13.6c 21.8a 13.1c 05
CLA 00b 00b 0.3
C18:3n-3 0.3c 0.4c 33a 09b 0.2
C20:4n-6 5.1c 10.5a 69b 43C 04
C20:5n-3 0.2c 0.3c 25b 39a 0.3
C22:4n-6 37a 11bc Ø7C 0.3
C22:5n-3 08b 10b 3.2a 3Øa 0.2
C22:6n-3 Ø3C 0.4c 37a 0.3
TSFA 48.2a 40.1c 425b 447b 0.5
TMUFA 22.la 16.1c 185b 0.5
TPUFA 233d 40.8a 360b 30.8c 0.6
Tn-6 81bc 16.9a 6.2' 0.5
Tn-3 21b 1o.4a 11.5a 0.4
n-6:n-3 58b 79a Ø9C Ø5C 0.5

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid fat, Diet
11-5% sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil; SEM - Standard error of
means; TSFA Total saturated fatty acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0,
24:0; TMUFA- Total monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1;
TPUFA - Total polyunsaturated fatty acids include 18:2 (n-6), 18:3 (n-6, n-3), 20:2 (n-
6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4 (n-6), 22:5 (n-3), 22:5 (n-3). Tn-6 and
Tn-3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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TABLE 3.11 Thiobarbituric acid reactive substance content of tissues of birds fed
diets containing conjugated linoleic acid, n-6 or n-3 fatty acids

TBARS value (mg malonaldehyde/Kg)

Tissues Diet I Diet II Diet III Diet IV SEM

Breast muscle 1.1
1b 1.47a 1.53a 1.74a 0.2

Thigh muscle l.21c 165b 1.92a 0.3
Liver 154b 1.80a 1.92a 2.ola 0.2
Heart 085b 1.23a 1.31a 1.29' 0.2

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid fat, Diet
11-5% sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil; SEM - Standard error of
means.
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Fig 3.1 Serum antibody activity of birds fed experimental diets

1.2

ab
b

ab a

I H
Diet I Diet II Diet III Diet W

Mean of six observations. Bars with different superscripts differ significantly
(P<O.05). Diet 1-3.5% animal fat + 1.5% conjugated linoleic acid fat, Diet 11-5%
sunflower oil, Diet 111-5% flax oil, Diet IV-5% fish oil.
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4. EFFECT OF DIETARY FATTY ACIDS ON IMMUNE RESPONSE AND

PRODUCTION PERFORMANCE IN BROILER BIRDS

Results of chapter III showed that immune tissue fatty acid composition and

immune responses could be manipulated by dietary fatty acids. Fatty acids are

important constituent of cell membranes, where they are essential for maintaining

membrane fluidity, cell integrity, biomolecular transport and membrane structure

according to the double lipid layer model. In chapter III, potential effects on immune

response was measured as total antibody content of serum. Immune response directed

against a particular antigen is considered a better index of immune function.

Quantifying the amount of antibody produced in response to a particular antigen is a

quantitative measurement that can be compared between treatments. In this chapter the

antibodies against BSA were quantitated.

Changes in immune responses could be induced by changes in cytokine

production by different lymphocyte sub-population in blood and cell populations in

spleen. One of the factors that determine the level of inflammation is the ratio of CD4

or CD8 type of lymphocytes and spleen mononuclear cells. Measuring the percentage

of the CD447CD8 cells will be indicative of the cytokines normally produced by

respective cells.

DTH is a reaction exhibited by cells involved in cell mediated immunity

(CMI), namely Tc (CD8), macrophages and natural killer cells, though Th cells



(CD4) are involved in CMI activation. Measuring qualitatively the DTH reaction in

birds fed different fats is a clinical index of the CMI response.

Previous studies have shown that diets rich in n-3 fatty acids are anti-

inflammatory while diets rich in n-6, trans fatty acids and SFA are pro-inflammatory

and immunosuppressive in vivo (Sijben et al., 2001). CLA has been reported to

alleviate undesirable metabolic and physiological changes induced by immunological

stimulation (Takahashi et al., 2002). However literature reported for both in vivo and

in vitro tests reveal a significant level of discrepancies. Extensive work has been

carried out in rats, human and primates on the influence of fatty acids on immune

system. It is not known whether similar immunomodulatory effects for dietary fatty

acids are present in poultry also. The objectives of chapter IV were as follows

1. To study the influence of dietary CLA, n-3 and n-6 fatty acids on immune

responses such as DTH, antibody response and CD4/CD8 distribution

2. To study the incorporation patterns of dietary fatty acids in different body tissues.

3. To study the influence of dietary fatty acids on production performance

4.1 PROCEDURES AND METHODS

4.1.1 Diets

Ingredient composition of the basal broiler ration is given in Table 4.1.

Experimental rations were formulated with 2.0% animal fat and 1.5% CLA (Diet I),

3.5% sunflower oil (Diet II), 3.5% flax (Diet III) or 3.5% fish oil (Diet IV). All
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experimental diets were isocaloric (3200 Kcal/Kg feed in broiler starter and finisher

diets) and isonitrogenous (22% crude protein). Calcium, phosphorus, lysine,

methionine, cystine + methionine content were provided as per the NRC (1994).

A total of 120 day-old commercial broiler chicks were weighed, wing banded

and distributed randomly to four treatments (3 replications of 10 birds per replication).

The chicks were reared in deep litter. Water and feed were provided ad libitum.

Standard management practices were followed uniformly for all treatments.

4.1.2 Bird performance evaluation

Body weight was documented at 0, 21 and 42 days of age. Feed consumption

was measured at 21 and 42 days of age and feed efficiency was calculated.

4.1.3 Delayed type hypersensitivity reaction

DTH test was measured against Mycobacterium butyricum (Calbiochem, CA)

as per Sijben et al. (2001). At 3 weeks of age, nine birds per treatment (three birds

from each replication) were injected subcutaneously in the neck region with M.

butyricum antigen (0.1 mg in 0. lml of PBS). Fourteen days after the first injection,

same birds were injected with M. bacterium (0.1 mg in 0.1 ml of PBS) in the flat

surface of the right wing-web and 0.1 ml of normal saline in the left wing-web. DTH

response was measured at 0, 4, 16, 24 and 48 hours after the second injection using a

micrometer (Welch mc, IL) as follows

Response = (Right wing-web thickness) (Left wing-web thickness)
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Table 4.1 Composition of experimental diets

Ingredients Percent

Corn 45.0
Soybean meal 18.2
Wheat middling 30.4
Limestone 1.6
Dicalcium phosphate 0.5
Salt 0.3
Oil source* 3.5
Broiler premix' 0.5

Calculated composition

ME (Kcal/Kg) 3200
Crude_protein (%) 22

*Oil source include 2.0 % animal fat + 1.5 % conjugated linoleic acid (Diet I), 3.5 %
sunflower oil (Diet II), 3.5 % flax oil (Diet III) and 3.5 % fish oil (Diet IV).

'Supplied per Kg feed: Vit A-12,500 IU; Vit D3-4000 IU; Vit E-25 IU; Vit B12 0.0 14
mg; Riboflavin-8 mg; Pantothenic acid-12 mg; Niacin-40 mg; Menadione-2.5 mg;
Choline-500 mg; Thiamine-1.75 mg; Folic acid-0.75 mg; Pyridoxine-2 mg; d-biotin-
0.15 mg; Ethoxyquin-2.5 tg.



63

4.1.4 Antibody response

Primary sensitization (21 days of age) and secondary booster sensitization (10

days after primary sensitization) of six birds (two birds from each replication) in each

treatment with BSA was done by injecting BSA intramuscularly (0.25 mg per bird in

0.1 ml of PBS) in the right thigh muscle. At 42 days of age blood was collected and

serum separated. Serum anti-BSA antibody content was quantified by ELISA from a

standard curve drawn by plotting the absorbance of the serial dilution of known

concentrations of chicken Ig against the concentration as follows: IgG content was

measured by modifying the procedure of Sunwoo et al. (1996). A 96 well microtitre

plate was coated with 150 tL of 1:5000 dilution of rabbit anti-chicken IgG' (in 0.01 M

PBS), incubated for 2 hours at 22 C and washed with 0.01 M PBST. The wells were

blocked with 150 tL of 1% BSA' in 0.05 M carbonate buffer for 30 mm. The plate

was washed in PBST and incubated with 150 tl of chicken IgG' solutions serially

diluted so that a concentration range of 1000 to 0.004 jig/mi was obtained. The

negative control was 150 tl of PBS. The plate was incubated for 3 hours at 22 C,

washed and further incubated for 1 h with 150 tL of 1:20000 dilution of rabbit anti-

chicken IgG peroxidase conjugate' in 0.01 M PBS. The plate was washed with PBST

and incubated with 100 tl of 1 % 2,2'-azino-bis' (3-ethylbenzthiazoline-6-sulphonic

acid) in 0.05 M citrate buffer with 0.03% sodium perborate for 30 mm at 22 C. Color

development was measured at 405 nm using an ELISA plate reader against the

negative control. Blank-corrected absorbance was plotted against chicken IgG

concentration and a logarithmic regression line was fitted to the scatter plot.
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Serum was diluted to 1:500 in 0.01 M PBS and absorbance was measured as

the procedure mentioned above with the exception of 1 % BSA replaced anti-chicken

IgG in the first incubation and the prediluted serum with no further serial dilution was

used instead of chicken IgG for the third incubation. Serum anti-BSA antibody

concentration was quantified using the regression equation from the standard curve.

4.1.5 Sample collection

At 42 days of age a total of 24 birds, (six birds per treatment, two birds from

each replication, selected randomly) were sacrificed by decapitation and spleen, liver,

breast and thigh muscles were harvested.

4.1.5.1 Lymphocyte separation

Blood (20 ml) was collected from six birds (two birds from each replication,

selected randomly) by heart puncture. Lymphocytes were collected as per Wang et al.

(2000). Blood was spun at 1000 x g for 20 mm and the buffy coat was mixed with 10

ml of cell culture medium (CCM). Buffy coat-CCM mixture was laid over 5 ml of

lymphocyte separation medium, density 1.077 (Histopaque- 1077') and centrifuged at

1100 x g for 15 mm with no brakes. Cells at interface between density separation

medium and CCM were collected, washed twice with CCM and resuspended in 5 %

fetal bovine serum-CCM (FBS-CCM). The resuspended lymphocytes were counted

using a haemocytometer and cell suspension was diluted to a final concentration of

1 x l0 cells in 5 % FBS-CCM.
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4.1.5.2 Spleen mononuclear cell separation

Spleen mononuclear cells were collected as per Field (1995). Spleen tissue

from six birds (two birds from each replication) from each treatment was cut into

small pieces and cells were disrupted using a tissue sieve with 80-mesh stainless steel

screen. Cell clumps were broken by washing with CCM. Spleen mononuclear cells

from the cell suspension were separated using density separation medium as said for

lymphocytes. The cells were washed with CCM and resuspended with 5% FBS-CCM

to a final concentration of 1 x i07 cells in 5 % FBS-CCM.

4.1.6 Lymphocyte and spleen mononuclear cell phenotyping

Lymphocytes and spleen mononuclear cells were phenotyped as per Robinson

and Field (1998) using single color direct immunofluroscence flow cytometry. CT-42

recognizes T- helper lymphocytes (CD4), CT-82 recognizes 1- cytotoxic/suppressor

lymphocytes (CD81) and M-12 recognizes IgM cells. 50 tL of cell suspension (5 x

i05 cells) was added to V bottom microtitre plate wells and spun at 900 x g for 2 mm

at 4 C. The supernatant was poured off and 50 tL of fluroscein isothiocyanate

conjugated to the above antibody (8 pg/ml in 5%FBS-CCM) solution was added to

separate wells, vortexed and incubated for 50 mm at 4 C. The wells were centrifuged

at 900 x g for 2 mm at 4 C. For blank, 50tL of 5 % FBS-CCM was added. The

supernatant was poured off and the cells were washed three times with 200 tL of

FBS-PBS by centrifuging at 900 x g for 2 mm at 4C. The cells were identified using a

Coulter® Epics- XLTM flow cytometer (Beckman Coulter Inc., CA) at 488 nm.



Resulting percentages were corrected for background fluorescence determined with

blank wells. Dead cells were identified by phycoerythrin staining and debris were

identified by forward and side scatter and excluded from subsequent analysis by

electronic gating of viable spleen and blood lymphocyte populations.

4.1.7 Fatty acid analysis

4.1.7.1 Preparation of fatty acid methyl esters

Total lipids of breast and thigh muscle, liver tissue, plasma were extracted,

quantified and methyl esterified as described in chapter III. Total lipid of the

experimental diets and spleen mononuclear cells were extracted and methyl esterified

in the same way but the total lipid content was not quantified.

4.1.7.2 Gas chromato2raphy

A fused silica capillary column (100 m x 0.25 mm i.d)3 on an Agilent-6890 gas

chromatograph4, equipped with an autosampler and a flame ionization detector, was

used to separate and quantify' the fatty acid methyl esters. Initial column temperature

was set at 110 C, held for 1.5 mm, then increased by 20.0 C/mm to 200 C and held for

50 mm. The temperature was then increased by 10.0 C/mm to 230 C and held for 5.0

mm (Cherian et al., 2002a). Inlet and detector temperatures were 250 C. Helium was

used as the carrier gas at a flow rate of 1.0 ml/min. Fatty acid methyl esters were

identified by comparison with retention times of standards5. Peak areas and
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percentages were calculated using Agilent ChemStation software4. Fatty acid content

is reported as a percentage.

4.1.8 Thiobarbituric acid reactive substances

The methodology for the breast and thigh muscle TBARS content estimation was

as described in chapter III.

4.1.9 Statistical analysis

The effects of dietary fat source on production performances and immune

response measurements were analyzed by one way ANOVA using SAS (version 8.2)

(SAS institute). Student-Newman-Keuls multiple range test was used to compare

differences among treatment means (P<O.05). Mean values and SEM were reported.

Sigma chemicals, Missouri 63103
2 Southern Biotechnology Assoc., Birmingham, AL.

Supelco, Belifonte, PA 16823-0048.
Agilent Technologies, Inc. Wilmington, DE 16808-1610.
Nuchek, Elysian, MN 56028.
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4.2 RESULTS AND DISCUSSION

4.2.1 Diet fatty acid composition

Diets I and IV were high in total SFA compared to Diets II and III. Diet II was

high in n-6 fatty acids when compared with Diets I, III and IV (Table 4.2). The total n-

3 fatty acids were higher in Diets III and IV when compared to Diets I and II. a-

linolenic acid (18:3 n-3) from flax oil and long chain fatty acids in fish oil contributed

to high content of n-3 fatty acids in Diets III and IV. The MUFA content of the diets

did not differ. Diet I had 5.5% c9, ti 1 and 1.7% tlO, c12 isomers of CLA which were

not present in other diets. The n-6:n-3 fatty acids ratio differed from 62.6 to 1.2 as

influenced by the composition of different dietary oils.

4.2.2 Production performance

The body weight gain was higher (P<O.05) in Diet IV and III than in Diet I and

II (Table 4.3). There was no difference in body weight gain between Diet I and II

(P>O.05) fed birds. Similar increase in body weight gain by feeding n-3 fatty acids as

compared to n-6 fatty acids and SFA has been reported by Kiasing and Korver (1997)

as n-3 fatty acids are efficient in ameliorating the following effects of n-6 fatty acids

viz., production of proinflammatory cytokines and their catabolic effects on skeletal

muscle, induction of anorexia, increased basic metabolic rate, increased acute protein

synthesis in liver, increased adipocytic lipolysis and enhanced osteoclastic bone

resorption. Hellerstein et al. (1989) reported that anorexia induced by immune



TABLE 4.2 Major fatty acid composition of experimental diets

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV

(%) --------------------------
C16:0 16.2 10.5 10.8 18.0
C16:1 0.7 0.0 0.5 6.7
C18:0 5.0 3.6 2.9 3.7
C18:1 26.4 21.8 21.2 18.2
C18:2 33.2 60.2 35.6 30.4
C18:3n-3 5.5 0.0 28.7 2.9
c9 ti 1 CLA 5.5 0.0 0.0 0.0
tb c12 CLA 1.7 0.0 0.0 0.0
C20:5n-3 0.0 0.0 0.0 5.9
C22:5n-3 0.0 0.0 0.0 0.9
C22:6n-3 0.0 0.0 0.0 4.6
TSFA 22.7 15.6 14.0 27.2
TMUFA 29.4 21.8 21.6 24.9
TPUFA 47.5 62.6 64.3 47.9
TCLA 7.2 0.0 0.0 0.0
Tn-6 34.4 62.6 35.6 31.8
Tn-3 5.9 0.0 28.7 16.1
Tn-6:Tn-3 5.8 62.6 1.2 2.0

Mean of six observations. Diet 1-2.0% animal fat + 1.5% conjugated linoleic acid, Diet
11-3.5% sunflower oil, Diet 111-3.5% flax oil, Diet IV-3.5% fish oil; CLA- Conjugated
linoleic acid; TSFA Total saturated fatty acids include 14:0, 15:0, 16:0, 18:0, 20:0,
22:0, 24:0; TMUFA- Total monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1,
24:1; TPUFA Total polyunsaturated fatty acids include 18:2 (n-6), c9 til CLA, tb
c12 CLA, 18:3 (n-6, n-3), 20:2 (n-6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-
3), 22:5 (n-3). TCLA- total conjugated linoleic acid includes c9 ti 1 (CLA) and tb c12
(CLA). Tn-6 and Tn-3 Total n-6 and n-3 fatty acids includes components of TPUFA
as indicated in parenthesis.
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Table 4.3 Body weight, feed consumption and feed efficiency of birds fed
experimental diets (0-6 W)

Treatment Body weight (g) Feed consumption (g) Feed efficiency

Diet I 1640c 3074b 1.93a

Diet 1691b 179b

Diet III 3044b 180b

Diet IV 1850a 3578a 179b

SEM 94 115 0.15

Mean of three observations. Means with different superscripts within a column differ
significantly (P<0.05). Diet 1-2.0% animal fat + 1.5% conjugated linoleic acid fat, Diet
11-3.5% sunflower oil, Diet 111-3.5% flax oil, Diet IV-3.5% fish oil; SEM Standard
error of means
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stimulation could be prevented by feeding fish oil. Feed intake was reduced (P<0.05)

in birds fed Diets I, II and III from that of Diet IV. Diets II, III and IV produced better

(P<0.05) feed efficiency over Diet I. It should be noted that inclusion of CLA in Diet I

could also have contributed to reduced body weight, as CLA has been shown to reduce

body weight in rats (MacDonald, 2000). The effect of CLA on poultry body weight is

an important economic factor to be considered in feeding CLA to broiler birds.

Reduced body weight gain in Diet I-fed birds could also due to the decreased ability of

birds to absorb SFA, especially during the first 3 weeks of life when only 51% of SFA

acids are absorbed (Renner and Hill, 1961).

4.2.3 Breast and thigh muscle fatty acid composition

The fatty acid composition of breast and thigh muscle is presented in Table 4.4

and 4.5 respectively. The magnitude of fatty acid changes differed between the two

muscle tissues. The major fatty acids of breast and thigh muscles were 16:0, 18:1 and

18:2n-6. Diet II fed birds had higher content (P<0.05) of 18:2n-6 and 20:4n-6 than

other treatments. Diets III and IV had higher (P<0.05) n-3 fatty acids than Diets I and

II fed birds in breast and thigh muscle. The major n-3 fatty acids in the breast and

thigh muscles of Diet IV fed birds consisted of 205n-3, 22:5n-3 and 22:6n-3, while in

Diet III fed birds 1 8:3n-3 was present in addition to above fatty acids. The presence of

20:5n-3, 22:5n-3 and 22:6n-3 in all treatment groups irrespective of their absence in

experimental diets (except for Diet IV) indicates the presence of elongases and

desaturases in the chicken. CLA enrichment was observed only in Diet I
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Table 4.4 Fatty acid composition of breast muscle in broiler birds fed diets
containing conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
Total fat 1.01 0.94 0.90 0.95 0.06
C16:0 24.7a 216b 229ab 0.21
C16:1 18b 20b 44a 0.15
C18:0 15.Oa 126b 116b 0.19
C18:1 190b 192b 24.5a 199b 0.27
C18:2 24.3a 22.9a 168b 13.4c 0.23
C18:3n-3 02b 03b 3.2a 06b 0.13
c9 ti 1 CLA 0.6a 00b 00b 00b 0.09
tb c12 CLA Ø4a 00b 00b 00b 0.07
C20:4n-6 48b 95a 45b 2.9c 0.18
C20:5n-3 0.0c 00c 3.6a 0.10
C22:4 06b 2.4a 0.2c 0.0c 0.09
C22:5n-3 0.5c 0.5c 30b 3.6a 0.12
C22:6n-3 0.1c 0.4c 32b 8.la 0.14
TSFA 44.8a 397b 390b 0.25
TMUFA 27.la 25.9a 0.30
TPUFA 38.4a 340b 330b 0.26
TCLA 1

a 00b 00b 00b 0.11
Tn-6 323b 37.la 23.0c 0.26
Tn-3 0.8c 1.3c 109b 15.9a 0.16
Tn-6:Tn-3 30.la 29.oa 054

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2.0% animal fat + 1.5% conjugated linoleic acid, Diet II-
3.5% sunflower oil, Diet 111-3.5% flax oil, Diet IV-3.5% fish oil; SEM - Standard error
of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty acids include
14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total monounsaturated fatty acids
include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total polyunsaturated fatty acids
include 18:2 (n-6), c9 tll CLA, tb c12 CLA, 18:3 (n-6, n-3), 20:2 (n-6), 20:3 (n-6),
20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA- total conjugated linoleic
acid includes c9 tl 1 (CLA) and tb c12 (CLA). Tn-6 and Tn-3 Total n-6 and n-3
fatty acids includes components of TPUFA as indicated in parenthesis.
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Table 4.5 Fatty acid composition of thigh muscle in broiler birds fed diets
containing conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
Total fat (%) 2.68 2.67 2.57 2.54 0.18
C16:0 26.8a 222b 193b 221b 0.28
C16:1 18b 29b 6.8a 0.18
C18:0 13.4a 90b 100b 0.22
C18:l 23.8" 246b 3Ø3a 230b 0.31
C18:2 249b 30.6a 222b 198b 0.33
C18:3n-3 0.4C 0.0c 8.la 0.13
c9 ti I CLA 0.4a 00b 00b 00b 0.11
tlO c12 CLA 0.7a 00b 00b 00b 0.10
C20:4n-6 31b 54a 25b 19b 0.24
C20:5n-3 0.0c 0.0c 06b 33a 0.10
C22:4 03b 1.la 00b 00b 0.12
C22:5n-3 0.0c 0.0c 14b 2.Oa 0.09
C22:6n-3 0.0c 0.0c 15b 44a 0.11
TSFA 41.8a 363b 30.1c 346b 0.32
TMUFA 263b 267b 33.6a 324ab 0.36
TPUFA 31.9 37.1 36.3 33.0 0.40
TCLA 1.la 00b 00b 00b 0.13
Tn-6 294b 37.la 24.7' 21.6c 0.41
Tn-3 04b 00b 11.6a 11.3a 0.17
Tn-6:Tn-3 293b 375a 2.2c 1.9' 0.90

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2.0% animal fat + 1.5% conjugated linoleic acid, Diet II-
3.5% sunflower oil, Diet 111-3.5% flax oil, Diet IV-3.5% fish oil; SEM - Standard error
of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty acids include
14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total monounsaturated fatty acids
include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total polyunsaturated fatty acids
include 18:2 (n-6), c9 til CLA, tb c12 CLA, 18:3 (n-6, n-3), 20:2 (n-6), 20:3 (n-6),
20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA- total conjugated linoleic
acid includes c9 ti 1 (CLA) and tlO c12 (CLA). Tn-6 and Tn-3 Total n-6 and n-3
fatty acids includes components of TPUFA as indicated in parenthesis.
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fed birds. Breast and thigh muscle total SFA in Diet I fed birds were higher (P<0.05)

than other diets. Total PUFA and n-6 fatty acids in thigh muscle were higher in Diet II

fed birds compared to other treatments. This was expected, as Diet II was rich in

PUFA and n-6 fatty acids. Though feed PUFA content of Diets II and Diet III were

near equal, Diet II fed birds had higher breast muscle PUFA than Diet III fed birds

indicating a certain level of inhibition of z-6 desaturases by a-linolenic acid in Diet

III. Cherian and Sim (2001) have previously reported a similar decrease of PUFA

content in liver microsomes in chicks hatched from eggs rich in n-3 PUFA. The n-6 to

n-3 fatty acids ratio differed from 30.1 to 1.1 in breast muscle (Table 4.4) and from

37.5 to 1.9 % in thigh muscle (Table 4.5). MUFA content of breast and thigh muscle

was higher compared to that of spleen mononuclear cells (Table 4.6) indicating that

MUFA are preferably stored in muscle tissues than immune tissues. The total lipid

content of breast and thigh muscles did not differ among treatments. CLA has been

reported to reduce rat muscle total lipids (Azain et al., 2000). No change in tissue total

lipids observed in this experiment could be due to the presence of SFA in animal fat,

which has been reported to increase carcass fat content (Sanz et al., 1999). This

opposite effects of SFA and CLA could have neutralized the expected changes in the

total lipid content of the carcass with CLA feeding.

4.2.4 Immune cells fatty acid composition

Palmitic acid (16:0) was the major fatty acid in spleen mononuclear cells

(Table 4.6). Total long chain fatty acids (LCFA) (>20 carbon fatty acids) in the spleen
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mononuclear cell contributed over 32% in the treatments. The preferential

accumulation of LCFA in the spleen mononuclear cells could be due to their

involvement in immune-related function. Spleen mononuclear cells and lymphocytes

are immunologically active cells and LCFA are precursors of cytokines. Cytokines are

messengers of immune responses. Tissue-specific differences in n-6 and n-3 fatty

acids have important consequences with regard to their role in eicosanoid formation.

CLA content of spleen mononuclear cells is higher than other tissues examined.

Preferential accumulation of CLA in spleen mononuclear cells indicates the need for

CLA in spleen mononuclear cells compared with other tissues. Immune tissues are

preferably stored with PUFA, which are precursors for arachidonic acid derived-

cytokines.

4.2.5 Liver and plasma fatty acid composition

Fatty acid composition of liver (Table 4.7) and plasma (Table 4.8) was very

similar indicating that the major source of plasma fatty acids in birds was liver tissue.

The major fatty acids found in liver and plasma were 16:0, 18:0 and 18:2. Liver tissue

CLA content did not differ (P>0.05) among treatments. Compared to other tissues,

liver CLA was low. The reason for this is not clear. Among the tissues studied, liver

has the highest content of 20:4n-6, 20:5n-3, 22:5n-3 and 22:6n-3 indicating that liver

is the major site of synthesis of LCFA. Plasma had a higher CLA content than liver,

which is an indication of immediate transfer of CLA from liver.



76

Table 4.6 Fatty acid composition of spleen mononuclear cells in broiler birds fed
diets containing conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%)--------------------------
C16:0 24.la 23.5a 223b 24.3a 0.16
C16:1 37b 32b 37b 45a 0.12
C18:0 17.3a 16.8a 139b 15.7a 0.19
C18:1 13.1c 14.0c 22.2a 178b 0.20
C18:2 14.9a 15.4a 126b 0.21
C18:3n-3 04b 00b 2.8a 04b 0.13
c9 ti 1 CLA 1.4a 00b 00b 00b 0.06
tlO c12 CLA 0.9a 00b 00b 00b 0.06
C20:4n-6 122b 13.9a 75C 49d 0.20
C20:5n-3 Ø5C 00d 23b 5.8a 0.09
C22:4 35b 4.8a 1.4c 07d 0.13
C22:5n-3 0.9c 0.7c 23b 35a 0.08
C22:6n-3 Ø5C Ø5C 39a 0.08
TSFA 44.6a 435a 392b 42.9a 0.24
TMUFA 18.8c 19.7c 27.8a 245b 0.21
TPUFA 36.5a 36.8a 330b 327b 0.23
TCLA 2.3a 00b 00b 00b 0.07
Tn-6 321b 355a 23.7c 190d 0.23
Tn-3 3.2c 93b 13.6a 013
Tn-6:Tn-3 103b 28.5a 2.5' 1.4c 0.29

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2.0% animal fat + 1.5% conjugated linoleic acid, Diet II-
3.5% sunflower oil, Diet 111-3.5% flax oil, Diet IV-3.5% fish oil; SEM Standard error
of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty acids include
14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total monounsaturated fatty acids
include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total polyunsaturated fatty acids
include 18:2 (n-6), c9 til CLA, tb c12 CLA, 18:3 (n-6, n-3), 20:2 (n-6), 20:3 (n-6),
20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA- total conjugated linoleic
acid includes c9 tl 1 (CLA) and tb c12 (CLA). Tn-6 and Tn-3 Total n-6 and n-3
fatty acids includes components of TPUFA as indicated in parenthesis.

L
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Table 4.7 Fatty acid composition of liver tissue in broiler birds fed diets
containing conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
Total fat (%) 5.20a 5.22a 489ab 471b 0.09
C16:0 24.4a 206b 24.3a 0.20
C16:1 09b 09b 10b 1.7a 0.09
C18:0 23.6a 22.5a 22.la 200b 0.21
C18:1 11.3 12.1 13.0 11.4 0.19
C18:2 224b 25.4a 16.5c 0.21
C18:3n-3 00b 00b 2.2a 04b 0.11
c9 ti 1 CLA 0.1 0.0 0.0 0.0 0.06
tb c12 CLA 0.1 0.0 0.0 0.0 0.06
C20:4n-6 110b 12.8a 8.4c 39d 0.19
C20:5n-3 0.0c 0.0c 34b 45a 0.13
C22:4 07b 1.2a 0.4c Ø3C 0.08
C22:5n-3 0.9c 0.7c 18b 2.7a 009
C22:6n-3 1.2c 1.2c 83b 13.7a 0.18
TSFA 48.sa 436bc 42.7c 449b 0.20
TMUFA 13.2 14.3 15.1 14.4 0.22
TPUFA 384b 42.2a 42.2a 40.6a 0.21
TCLA 0.2 0.0 0.0 0.0 0.09
Tn-6 361b 4Ø3a 25.9c 189d 0.22
Tn-3 2.1c 1.9c 162b 21.8a 0.15
Tn-6:Tn-3 175b 21.8a 1.6c 0.9' 0.18

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2.0% animal fat + 1.5% conjugated linoleic acid, Diet II-
3.5% sunflower oil, Diet 111-3.5% flax oil, Diet IV-3.5% fish oil; SEM - Standard error
of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty acids include
14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total monounsaturated fatty acids
include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total polyunsaturated fatty acids
include 18:2 (n-6), c9 til CLA, tb c12 CLA, 18:3 (n-6, n-3), 20:2 (n-6), 20:3 (n-6),
20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA- total conjugated linoleic
acid includes c9 ti 1 (CLA) and tlO c12 (CLA). Tn-6 and Tn-3 Total n-6 and n-3
fatty acids includes components of TPUFA as indicated in parenthesis.



Table 4.8 Fatty acid composition of plasma in broiler birds fed diets containing
conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
Total fat (%) 0.34 0.36 0.36 0.27 0.04
C16:0 20.5c 21.5c 25.4a 0.20
C16:1 10ab 05b 06b 1.6a 0.14
C18:0 19.8a 18.9a 170b 157b 0.20
C18:1 1o.1c 120b 14.7a 018
C18:2 28.4a 28.la 219b 200b 0.31
C18:3n-3 04b 00b 2.la 02b 0.09
c9 ti 1 CLA 0.5a 00b 00b 00b 0.04
tb c12 CLA 0.6a 00b 00b 00b 0.05
C20:4n-6 104b 13.2a 6.9c 47d 0.23
C20:5n-3 0.5c 1.4c 75a 0.23
C22:4 06b 0.8a 0.0c 0.0c 0.05
C22:5n-3 0.7c 0.6c 14b 1.9a 0.11
C22:6n-3 1.1c Ø9C 59b 8.6a 0.25
TSFA 437a 404b 0.19
TMUFA 16.8a 15.8a 0.24
TPUFA 448ab 46.2a 430b 0.22
TCLA 1.la 00b 00b 00b 0.04
Tn-6 40.6a 433a 291b 247b 0.37
Tn-3 3.1c 2.9c 139b 18.2a 0.33
Tn-6:Tn-3 13.2a 15.sa 21b 0.27

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2.0% animal fat + 1.5% conjugated linoleic acid, Diet II-
3.5% sunflower oil, Diet 111-3.5% flax oil, Diet IV-3.5% fish oil; SEM - Standard error
of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty acids include
14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total monounsaturated fatty acids
include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total polyunsaturated fatty acids
include 18:2 (n-6), c9 til CLA, tb c12 CLA, 18:3 (n-6, n-3), 20:2 (n-6), 20:3 (n-6),
20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA- total conjugated linoleic
acid includes c9 tI 1 (CLA) and tb c12 (CLA). Tn-6 and Tn-3 Total n-6 and n-3
fatty acids includes components of TPUFA as indicated in parenthesis.
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4.2.6 Thiobarbituric acid reactive substances

The TBARS content of breast and thigh muscle is shown in Figure 4.1. Fish

oil-fed birds had higher levels of TBARS than other treatments in breast and thigh

muscle. Similar results were reported in chapter III. In Diet IV, the TBARS value was

higher in breast muscle than thigh muscle, though the lipid content of the thigh muscle

was higher than the lipid content of breast muscle. This could be explained based on

the fatty acid profile of the breast and thigh muscle. The Diet IV LCFA content of

breast and thigh muscle was 18.2 (Table 4.4) and 11.4% (Table 4.5) respectively. With

increase in the LCFA content [especially 22:6 (6 unsaturated bonds) and 22:5 (5

unsaturated bonds)] and therefore higher amount of unsaturated bonds, breast muscle

could be expected to have higher amount of TBARS values. TBARS value is an

indication of lipid oxidation. Reactive oxygen species react with biological molecules

and cause free radical-induced lipid oxidation. Increasing the degree of unsaturation

by n-3 PUFA has been reported to increase the production of free oxygen radicals and

increase the production of lipid oxidation products (Murphy et al., 1999).

4.2.7 Antibody response

The standard curve for the IgG content of chicken serum is presented in Figure

4.2. A regression equation for chicken IgG concentration (j.tg/ml) and absorbance was

obtained as Absorbance = 0.1823 Ln (IgG concentration) + 0.6552 with a correlation

coefficient (R2) of 0.86. The anti-BSA antibody concentration of chicken serum is

shown in Figure 4.3. The serum anti BSA antibody concentrations in Diets I, II, III



Fig 4.1 Thiobarbituric acid reactive substances content of breast and thigh
muscle in broiler birds fed diets containing conjugated linoleic acid, n-6 or n-3

fatty acids
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Fig. 4.2 Standard concentration curve for immunoglobulin assay
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Fig. 4.3 Anti-BSA antibody content of chicken serum in broiler birds fed diets
containing conjugated linoleic acid, n-6 or n-3 fatty acids
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and IV were 11, 20, 55 and 68 mg/mI respectively. The serum anti BSA antibody

content was higher (P<0.05) in birds fed Diets III and IV compared to Diet I and II. A

similar increase in antibodies by feeding n-3 fatty acids compared to feeding n-6 fatty

acids has been reported (Friedman and Skian 1995; Wang et al., 2000; Sijben et al.,

2001). Fritsche et al. (1991) reported an increased antibody titer against BSA in laying

birds fed fish oil but not linseed oil. Wang et al. (2000) reported an increase in total

antibody production in birds fed linseed oil, but not fish oil. The increased antibody

production in n-3 fatty acids fed birds can be attributed to the cytokine production

profile that could be expected with the fatty acid content of the immune tissues

observed in the current experiment. The spleen mononuclear cells from n-3 fatty acids

fed birds had a higher content of long chain n-3 fatty acids and lower amount of

arachidonic acid and a decreased n-6:n-3 fatty acids ratio (Table 4.6). Arachidonic

acid is the precursor for the PGE2 cytokine. n-3 fatty acids competitively inhibit the

conversion of 18:2n-6 fatty acids to arachidonic acid (Horrobin, 1991) and decrease

the production of PGE2 (Willis, 1974), IL-113 (IL-1f3) (Robinson et al., 1995) and IL-2

production ((Santoli and Zurier, 1989) contributing to decreased antibody production

(Tizard, 1996). The ratio of n-6:n-3 fatty acids is very important to the level of

antibody production as the strength of competition between n-3 and n-6 fatty acids for

desaturases differ with differing ratios (Sijben et al., 2001). Further the high n-6 fatty

acid inhibition of antibody response has also been claimed to be a noneicosanoid-

related phenomenon and to be related to membrane phospholipid fluidity or oxidative

damage (Yaqoob and Calder, 1993).



CLA has been reported to reduce the in vitro IgG production (Yamasaki et al.,

2000). CLA modifies the immune system by increasing IL-2 production (Yamasaki et

al., 2000; Wong et al., 1997). IL-2 is known to be produced exclusively by Thi cells,

which stimulate predominantly cell mediated response rather than antibody mediated

response (Tizard, 1996). CLA feeding has been reported to decrease the concentration

of EPA and docosahexaenoic acid (DHA) content of lipids (Du et al., 2000) and is

expected to suppress the effects of EPA and DHA. This, along with SFA, could have

brought about a decreased antibody production in Diet I fed birds.

4.2.8 Delayed type hypersensitivity reaction

The effect of dietary fatty acids on the DTH response is presented in Table

4.9. No signs of inflammation were noticed up to 24 hours post injection. At 48 hours

after injection initial signs of inflammation were noticed in the M. butyricum injected

area as a soft to hard indurated swelling. This progressively increased and reached a

maximum at 72 hours. Diets III and IV exhibited less wing-web thickening (P<0.05)

at 48 and 72 hours compared to Diets I and II. In Diet IV, the maximum skin thickness

was observed at 48 hours after which no increase in swelling was observed. The wing

web skin thickness increased (P<0.05) from 0.71 and 0.98 mm in Diets IV and III

respectively to 1.19 and 1.44 mm in Diets I and II respectively.



Table 4.9 Differences observed between the wing-web thickness of broilers
injected with saline and Mycobacterium butyricum at different hours after

injection

Dietary treatments

Hours Diet I Diet II Diet III Diet IV SEM

O HR -0.10 -0.05 -0.13 0.07 0.08
4 HR 025ab 030ab 045b 0.09
8 HR 0.09 -0.01 -0.03 0.00 0.06
16 HR -0.01 0.01 0.01 0.06 0.06
24 HR 0.02 -0.02 -0.06 0.03 0.06
48 HR 091ab 1.Osa 082b 071b 0.07
72 HR 119b 1.44a O.98c 071d 0.06

Mean of nine observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2.0% animal fat + 1.5% conjugated linoleic acid, Diet II-
3.5% sunflower oil, Diet 111-3.5% flax oil, Diet IV-3.5% fish oil; SEM - Standard error
of means;
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In studies with mammals, Friend et al. (1980) reported a lower DTH response

by feeding PUFA when compared to SFA. Among the PUFA, fish oil reduced DTH

more than n-6 fatty acids (Yoshino and Ellis, 1987). A decreased DTH response

following fish oil feeding in rats (Kelley et al., 1989) and humans (Meydani et al.,

1993) has been reported. The proliferation of lymphocytes depends on the production

of IL-2. Due to the reasons given previously feeding n-3 fatty acids decreased the

PGE2 and IL-2 production, which could have led to the decreased DTH reaction in

these birds.

4.2.9 Immune cells phenotyping

The number of lymphocyte CD4 and CD8 positive cells and the spleen

mononuclear cells CD4, CD8 and IgM cells did not differ between treatment

groups (Table 4.10). Similar results showing no difference between layer birds fed n-3

and n-6 fatty acids have been reported by Wang et al. (2000). Kelley et al. (1991)

reported no change in human peripheral cells from n-3 fatty acids supplementation.

But Huang et al. (1992) and Shapiro et al. (1994) reported changes in blood CD4,

CD8 count with feeding n-3 fatty acids though their results were in opposite

direction.

With no difference in the CD4/CD8 cell population in spleen and blood

lymphocytes, immune changes such as alterations in antibody and DTH responses

observed in the current experiment cannot be explained based on the CD4, CD8 and

IgM cell populations.



Table 4.10 CD4 and CD8 lymphocyte and spleen mononuclear cell distribution
in broiler birds fed diets containing conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Cells Diet I Diet II Diet III Diet IV SEM

Lymphocytes
CD4 (%) 14.4 14.0 18.7 16.5 2.1

CD8(%) 54.8 48.3 48.6 51.8 3.1

Spleen mononuclear
cells
CD4 (%) 21.9 19.5 20.2 19.1 1.0
CD8(%) 59.3 58.3 51.2 51.8 2.9
IgM (%) 16.9 20.4 16.9 16.6 1.7

Mean of six observations. None of the means differ significantly (P>0.05). Diet I-
2.0% animal fat + 1.5% conjugated linoleic acid, Diet 11-3.5% sunflower oil, Diet III-
3.5% flax oil, Diet IV-3.5% fish oil; SEM - Standard error of means.



The discrepancies observed in the results between this experiment and other

earlier work could be due to the insufficiency of CD4 and CD8 population data

alone as a measure of immune response or as a determinant of immune response.

CD4 and CD8 cell populations are poorly defined populations as Th- 1 and Th-2

cells are included in the CD4 population and Tc and Ts are included in the CD8

population. It should be noted that Th- 1 and Tc have effects opposite to that of Th-2

and Ts cells respectively. It is possible that even though the total number of the CD4

and CD8 cells did not change, an increase in one arm and subsequent decrease in the

other arm of cells could have brought about changes in the cytokines these cells

produce and therefore changes other observed immune responses. In such cases,

measuring T and B cell response in vivo through antibody and DTH response is more

meaningful. Another possibility is that the dietary fatty acids did not directly change

cytokine production by influencing the number of CD4 and CD8 cells, but changed

the fatty acid profile of these cell membranes and thereby altered the cytokines

produced during immune responses. The increased body weight and decreased DTH

response in n-3 fatty acids fed birds suggest a possibility for change in cytokine

production. However it is not clear from the present study how the change was

produced. Further in vitro tests such as mitogenic response, antigen blastogenesis,

cytokine assays, lysis of target cells or in vivo tests like development of Tc response in

vivo should be attempted. It can be concluded that n-3 fatty acids increase production

performance, antibody production and decrease cell mediated response while n-6 fatty

acids and CLA-SFA have opposite effects.



5. EFFECT OF DIETARY FATTY ACIDS ON IMMUNE RESPONSES AND

PRODUCTION PERFORMANCE IN LAYER BIRDS

Layer birds are prolific egg producers and show a dramatic decrease in egg

production in response to even mild stress. Stress causes inflammation, changes

cytokine production and results in decreased egg clutch size. Identification of nutrients

that could influence the stress response in a beneficial way is important in layer bird

management. Dietary oils and fats have been reported to change the inflammatory

response to stress. Certain fatty acids such as CLA and n-3 PUFA have immune health

enhancing properties in poultry (Sijben et al., 2001). The pathway through which

dietary fat could influence the inflammatory response is by modulating cytokine

production (Figure 2.3, Chapter II). Diet modification strategies such as alteration of

immune responses by lipids in poultry have been investigated (Kelley, 2001).

Result from chapters III and IV showed that tissue fatty acid composition,

serum antibody content and immune responses of broiler birds could be influenced by

dietary fatty acids. Immunoglobulin content of the egg increases the survival rate of

neonatal chicks by increasing immune health and resistance to infection (Lung et al.,

1996). Optimizing the immune response of newly hatched chicks is important for

maintaining bird health. In laying hens, during oogenesis, Ig in the blood is efficiently

transferred across follicular epithelium to the yolk. Egg yolk IgY is continuously

absorbed by the embryo during embiyogenesis until the 2nd d after hatching, providing

evidence of passive immunization protection. The total amount of IgY transferred



from egg yolk to embryos depends on maternal or yolk supply. Wang et al. (2000)

reported a significant decrease in yolk and hen serum IgG when the diet was high in

sunflower oil suggesting a unique role of PUFA in modulating yolk IgY. The role of

maternal dietary PUFA and CLA in modulating the fatty acid content of newly

hatched chick has been documented (Cherian et al., 1991; 1997; Latour et al., 2000).

Addition of olive oil produced a significant increase in hatchability of CLA-rich eggs

suggesting a role for fatty acids in hatchability (Aydin et al., 2001).

Flaxseed oil used in experiments 1 and 2 (chapters III and IV) being costly,

identification of oils having similar composition and effects is very critical from an

economic viewpoint. In this experiment flaxseed oil was partly replaced by canola oil

in one of the treatments. Earlier reports have shown that the ratio of n-3 to n-6 fatty

acids is more important than the absolute content of individual fatty acids (Sijben et

al., 2001) as interactions between n-3, n-6, SFA and CLA have been reported. The

experiment was designed with low levels of n-3 fatty acids in all treatment groups

interacting with high and low levels of n-6 fatty acids or CLA. Hence the present

study was done with the objective of studying the changes in yolk fatty acid

composition, lipid composition, total IgY content, layer bird production performance,

immune and other tissue fatty acid composition and immune responses.
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5.1 PROCEDURES AND METHODS

5.1.1 Diets

Ingredient composition of the basal layer ration is given in Table 5.1. The

experimental rations were formulated with 2% animal fat and 1% CLA (Diet I), 3%

sunflower oil (Diet II), 1% flax oil + 2% canola oil (Diet III), 3% fish oil (Diet IV).

CLA contained 75% free fatty acid (34.9% and 35.9% of c-9, ti 1 and t-10, c-12

isomers respectively). All experimental diets were isocaloric (2900 Kcal/Kg feed) and

isonitrogenous (16% crude protein). Calcium, phosphorus, lysine, methionine, cystine

+ methionine content were provided as per NRC (1994).

A total of 120 thirty-week-old single comb white leghorn laying hens layers

were weighed and distributed randomly to four treatments (3 replications of 10 birds).

The birds were reared in cages. Water and feed were provided ad libitum. Standard

management practices were followed uniformly for all the treatments. The experiment

was conducted for 80 days.

5.1.2 Bird performance evaluation

Body weight was documented at the start and the end of trial. Daily egg

production was recorded and hen day egg production was calculated. Biweekly feed

consumption was recorded and feed efficiency calculated.
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Table 5.1 Composition of experimental diets

Ingredients Percent

Corn 38.5
Wheat middling 29.5
Wheat grain 10.0
Soybean meal 9.0
Limestone 6.5
Dicalcium phosphate 2.5
Salt 0.5
Oil source* 3.0
Layer premix' 0.5

Calculated composition

ME (Kcal/Kg) 2900
Crude protein (%) 16

*Oil source include 2% animal fat + 1% conjugated linoleic acid fat (Diet I), 3%
sunflower oil (Diet II), 1% flax oil + 2% canola oil (Diet III) and 3% fish oil (Diet IV).

'Supplied per Kg feed: Vit A-12,500 IU; Vit D3-4000 IU; Vit E-25 IU; Vit B12-0.014
mg; Riboflavin-8 mg; Pantothenic acid-12 mg; Niacin-40 mg; Menadione-2.5 mg;
Choline-500 mg; Thiamine-1.75 mg; Folic acid-0.75 mg; Pyridoxine-2 mg; d-biotin-
0.15 mg; Ethoxyquin-2.5 tg.
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5.1.3 Delayed type hypersensitivity reaction

DTH response was measured against Mycobacterium bulyricum (Calbiochem,

CA) as per Sijben et al. (2001). After 65 days on experimental diet, nine birds per

treatment (three birds from each replication, selected randomly) were injected

subcutaneously in the neck region with M. butyricum antigen (0.1 mg in 0.lml of

PBS). 14 days after the first injection, the same birds were injected with M. bulyricum

(0.1 mg in 0.lml of PBS) on the footpad of the right leg and 0.1 ml of normal saline

on the left leg footpad. The response was measured as an increase in thickness of the

footpad at 0, 4, 16, 24 and 48 hours after the second injection using a paper thickness

micrometer (Welch mc, IL) as follows

Response = (Right wing-web thickness) (Left wing-web thickness)

5.1.4 Antibody response

Primary sensitization of six birds (two birds from each replication, selected

randomly) in each treatment with bovine serum albumin (BSA) was done after 65 days

of feeding experimental diets. The secondary booster dose was done after 10 days of

primary sensitization. Primary and secondary sensitization was done by injecting

BSA intramuscularly (0.25 mg per bird in 0.1 ml of PBS) in the right thigh muscle.

After 80 days on experimental diets, eggs and blood were collected from the birds.

Blood was allowed to clot and serum was separated by spinning at 1000 x g for 20

mm. The anti-BSA antibody content of the serum was quantified by ELISA from a
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standard curve as reported in chapter IV except that serum was diluted to I : 15000 with

0.OIM PBS.

5.1.5 Total yolk immunoglobulin content

Immunoglobulin of yolk was isolated as a water soluble fraction (WSF) and

the content was estimated by ELISA.

The yolk IgY was separated as a WSF by the method described by Akita and

Nakai (1992). Egg yolk was separated from the egg white using an egg yolk separator.

Egg yolk was rolled on wet paper towels to remove adhering white. Yolk was

punctured and yolk contents without yolk membrane was mixed with six volumes of

acidified water (pH 2.5). This mixture was adjusted to pH 5.0 with 0.1 N hydrochloric

acid, allowed to remain at 4 C for 6 hours and centrifuged at 12,100 x g at 4 C for 15

mm. The supernatant was filtered through Whatman filter paper No.1 to get WSF. The

volume of WSF was recorded. WSF was diluted 334 times to obtain a 1:2000 dilution.

1:2000 diluted WSF was used for incubation instead of serum in the procedure

described for measurement of serum antibody in chapter IV.

5.1.6 Sample collection

After 80 days of feeding the experimental diets, a total of 24 birds, (six birds

per treatment, two birds from each replication, selected randomly) were sacrificed by

decapitation and spleen, liver, breast and thigh muscle were harvested.
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5.1.7 Lymphocyte and spleen mononuclear cell phenotyping

The methodology for lymphocytes and spleen mononuclear cells collection and

phenotyping was as reported in chapter IV.

5.1.8 Total lipids and fatty acids analysis

Breast and thigh muscle, liver tissue, plasma, egg, spleen mononuclear cells,

lymphocytes, feed total lipid and fatty acid content were estimated as described in

chapter IV.

5.1.9 Thiobarbituric acid reactive substances

Breast and thigh muscles TBARS content were estimated as described in chapter

III. Approximately 2 g of egg yolk was used to estimate the TBARS content in the

same procedure used for thigh and breast muscle.

5.1.10 Statistical analysis

The effects of dietary fat source on production performance and immune

response measurements were analyzed by one way ANOVA using SAS (version 8.2)

(SAS institute). Student-Newman-Keuls multiple range test was used to compare

differences among treatment means (P < 0.05). Mean values and SEM were reported.



5.2 RESULTS AND DISCUSSION

5.2.1 Diet fatty acid composition

Fatty acid composition of the diets was influenced by the supplemented oil

source (Table 5.2). CLA content of Diet I lipids was 7% and n-3 fatty acids content

was 12.5%. Linoleic acid (18:2n-6), followed by oleic acid was the major fatty acid in

Diet II. n-3 fatty acids content of Diet II was 2.1%. Diet III had a higher amount of

1 8C n-3 fatty acids. The MUFA content of Diet III was the highest among all the

treatment diets. 9% of fatty acids in Diet IV was constituted by >20 carbon fatty acids.

Except for Diet IV, >20 carbon fatty acids were not present in any of the experimental

diets. The n-6:n-3 fatty acids ratio ranged from 26.6 to 2.9.

5.2.2 Production performance

Hen-day egg production, feed consumption and feed efficiency did not differ

(P>0.05) among treatments (Table 5.3). A similar report of no difference in egg

production when linolenic acid was supplemented up to 1.15% in the diet has been

reported by Grobas et al. (1999). Karunajeeva et al. (1987) reported no increase in egg

production when SFA were replaced by sunflower oil. Whitehead (1981) reported no

increase in production performance when linolenic acid content was increased in the

diet. Peebles et al. (2000) reported no change in egg production of broiler breeders fed

diets containing lard, corn oil or poultry fat.
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TABLE 5.2 Major fatty acid composition of experimental diets

Dietary treatments

Fatty acid Diet I Diet II Diet III Diet IV

(%) ---------------------------
C16:0 16.3 12.9 12.0 20.5
C16:1 0.0 0.0 0.0 7.2
C18:0 4.4 4.1 2.8 4.7
C18:1 26.4 20.8 32.2 18.2
C18:2 32.5 55.2 35.0 29.5
C18:3n-3 2.1 2.1 11.9 2.5
c9tll CLA 4.1 0.0 0.0 0.0
t1Oc12CLA 2.9 0.0 0.0 0.0
C20:5n-3 0.0 0.0 0.0 4.4
C22:5n-3 0.0 0.0 0.0 0.8
C22:6n-3 0.0 0.0 0.0 3.4
TSFA 21.5 19.5 17.2 31.9
TMUFA 26.4 20.8 32.2 25.5
TPUFA 52.0 57.2 46.9 41.9
TCLA 7.0 0.0 0.0 0.0
Tn-6 32.5 55.2 35.0 30.9
Tn-3 12.5 2.1 11.9 11.0
Tn-6:Tn-3 2.6 26.6 2.9 2.8

Mean of six observations. Diet 1-2% animal fat + 1% conjugated linoleic acid, Diet II-
3% sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-3% fish oil; CLA-
Conjugated linoleic acid; TSFA Total saturated fatty acids include 14:0, 15:0, 16:0,
18:0, 20:0, 22:0, 24:0; TMUFA- Total monounsaturated fatty acids include 16:1, 18:1,
20:1, 22:1, 24:1; TPUFA - Total polyunsaturated fatty acids include 18:2 (n-6), c9 ti 1
CLA, tb c12 CLA, 18:3 (n-6, n-3), 20:2 (n-6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4,
22:5 (n-3), 22:5 (n-3). TCLA- total conjugated linoleic acid includes c9 ti 1 (CLA) and
t 10 ci 2 (CLA). Tn-6 and Tn-3 Total n-6 and n-3 fatty acids includes components of
TPUFA as indicated in parenthesis.



Table 5.3 Hen day egg production (HDEP), feed consumption and feed efficiency
of birds fed experimental diets

Treatment HDEP (%) Feed consumption (g)
per bird per day

Feed efficiency
per dozen eggs

Diet I 91.3 107 1.44
Diet II 88.5 107 1.46
Diet III 90.8 106 1.41

Diet IV 90.9 106 1.41

SEM 2.4 1.2 0.12

Mean of three observations. None of the means differ significantly (P>0.05). Diet I-
2% animal fat + 1% conjugated linoleic acid, Diet 11-3% sunflower oil, Diet 111-1%
flax oil + 2% canola oil, Diet IV-3% fish oil; SEM - Standard error of means



5.2.3 Breast and thigh muscle fatty acid composition

The breast and thigh muscle fatty acid composition reflected dietary fatty acid

composition (Tables 5.4 and 5.5). Breast muscle showed higher incorporation of >20

carbon n-3 fatty acids than thigh muscle. In Diet II fed birds, breast muscle had 1.5 %

n-3 fatty acids, while thigh muscle showed low incorporation of n-3 fatty acids.

Similar results were observed in chapter IV. The reason for the incorporation of n-3

fatty acids in the breast muscle but not the thigh muscle of birds fed low levels of n-3

fatty acids is not clear. The 20:4n-6 content was lower (P<0.05) and 22:5, 22:6n-3

content was higher (P<0.05) in thigh muscle of birds fed Diet IV than other

treatments. CLA incorporation was seen only in Diet I fed birds. The n-6:n-3 fatty

acids ratio ranged from 33.2 to 4.1 in breast muscle and from 38.1 to 4.5 in thigh

muscle. The lipid content of the breast and thigh muscle did not differ among

treatments. Similar results were observed in chapter IV.

5.2.4 Immune cells fatty acid composition

The fatty acid profile of spleen mononuclear cells and lymphocytes are

presented in Tables 5.6 and 5.7, respectively. Spleen mononuclear cells and

lymphocytes differed in their ability to incorporate 20:4 fatty acid. Spleen

mononuclear cells showed higher incorporation of 20:4 than lymphocytes. A similar

result of higher spleen mononuclear cell 20:4 incorporation has been reported by

Wang et al. (personal communication). Compared to other tissues, >20C fatty acids

are preferentially incorporated in spleen mononuclear cells and lymphocytes. Spleen
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Table 5.4 Fatty acid composition of breast muscle in laying birds fed diets
containing conjugated linoleic acid, n-6 or n-3 fatty acids

Fatty acid (%) Diet I

Dietary treatments

Diet II Diet III Diet IV SEM

(%)--------------------------
Total fat 1.42 1.55 1.29 1.26 0.11
C16:0 22.6 19.7 20.1 24.0 0.35
C16:l 2.9 3.0 2.6 3.1 0.16
C18:0 12.la 87b 100ab 0.27
C18:1 26.3 29.1 29.4 26.0 0.39
C18:2 207b 25.7a l8.6 15.9c 0.31
C18:3n-3 06b 03b 1.9a 07b 0.13
c9 ti 1 CLA 1.Oa 00b 00b 00b 0.08
tb c12 CLA Ø4a 00b 00b 00b 0.06
C20:4n-6 5.9 6.2 7.3 5.5 0.28
C22:4 07b 05b 04b 0.10
C22:5n-3 0.4c 0.3c 07b 1.la 0.09
C22:6n-3 0.6c 0.7c 20b 4Øa 0.19
TSFA 38.8ab 326b 361ab 40.8a 0.43
TMUFA 29.9 33.2 32.5 29.8 0.42
TPUFA 34.2a 314b 294b 0.27
TCLA 1.3a 00b 00b 00b 0.08
Tn-6 277b 32.7a 268b 23.2c 0.23
Tn-3 2.2c 1.5c 46b 6.la 0.20
Tn-6:Tn-3 133ab 33.2a 58b 41b 0.84

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2% animal fat + 1% conjugated linoleic acid, Diet 11-3%
sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-3% fish oil; SEM -
Standard error of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty
acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total
monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total
polyunsaturated fatty acids include 18:2 (n-6), c9 ti 1 CLA, tb c12 CLA, 18:3 (n-6, n-
3), 20:2 (n-6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA-
total conjugated linoleic acid includes c9 til (CLA) and tb c12 (CLA). Tn-6 and Tn-
3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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Table 5.5 Fatty acid composition of thigh muscle in laying birds fed diets
containing conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
Total fat 1.97 1.72 1.68 1.97 0.12
C16:0 22.5a 19.3c 17.9c 209b 0.23
C16:1 27b 23b 32ab 43a 0.21
C18:0 12.9a 110ab 98b 107ab 0.28
C18:1 28.3 26.5 32.8 29.5 0.36
C18:2 31.2a 254b 22.2c 0.25
C18:3n-3 Ø4C 0.0c 2.9a 12b 0.13
c9 ti 1 CLA 1.Oa 00b 00b 00b 0.07
tIOc12CLA 0.6a 00b 00b 00b 0.10
C20:4n-6 41ab 54a 40ab 30b 0.22
C22:5n-3 00b 00b 0.9a 0.08
C22:6n-3 0.1c 0.0c 3.Oa 0.11
TSFA 37.6a 329bc 30.1c 343b 0.33
TMUFA 314ab 290b 36.3a 349ab 0.42
TPUFA 31.1c 38.la 336b 30.8c 0.29
TCLA 1.7a 00b 00b 00b 0.07
Tn-6 285b 38.la 294b 25.2c 0.30
Tn-3 Ø9C 00d 5.6a 0.17
Tn-6:Tn-3 274b 38.la 7.1c 45C 0.56

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2% animal fat + 1% conjugated linoleic acid, Diet 11-3%
sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-3% fish oil; SEM -
Standard error of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty
acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total
monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total
polyunsaturated fatty acids include 18:2 (n-6), c9 tl 1 CLA, tb c12 CLA, 18:3 (n-6, n-
3), 20:2 (n-6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA-
total conjugated linoleic acid includes c9 til (CLA) and tb c12 (CLA). Tn-6 and Tn-
3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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Table 5.6 Fatty acid composition of spleen mononuclear cells in laying birds fed
diets containing conjugated ilnoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%)--------------------------
C16:0 22.6a 211b 208b 22.3a 019
C16:1 46b 54a 0.12
C18:0 19.Oa 145b 0.20
C18:1 16.4c 24.6a 23.8a 0.30
C18:2 133b 17.4a 133b 0.25
C18:3n-3 0.0c 0.0c 1.2a 04b 0.08
c9 ti 1 CLA 0.8a 00b 00b 00b 0.10
tb c12 CLA 0.6a 00b 00b 00b 0.08
C20:4n-6 14.la 13.Oa 110b 8.0c 0.22
C20:5n-3 2.4a 00b 06b 2.la 0.17
C22:4 03d 2.9a 19b 1.1c 0.11
C22:5n-3 0.5c 00d 08b 1.4 0.09
C22:6n-3 0.6c 0.8c 24b 39a 0.12
TSFA 43.8a 39.1c 379C 402b 0.23
TMUFA 22.3c 256b 30.2a 30.4a 0.28
TPUFA 340b 353a 31.9c 294d 0.22
TCLA 00b 00b 0.13
Tn-6 287b 345a 27.0c 0.22
Tn-3 38b 0.8c 48b 7.8a 0.22
Tn-6:Tn-3 104b 44.Oa 56b 28b 0.54

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2% animal fat + 1% conjugated linoleic acid, Diet 11-3%
sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-3% fish oil; SEM -

Standard error of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty
acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total
monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total
polyunsaturated fatty acids include 18:2 (n-6), c9 ti 1 CLA, tb c12 CLA, 18:3 (n-6, n-
3), 20:2 (n-6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA-
total conjugated linoleic acid includes c9 ti 1 (CLA) and tlO c12 (CLA). Tn-6 and Tn-
3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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Table 5.7 Fatty acid composition of lymphocytes in laying birds fed diets
containing conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%)--------------------------
C16:0 22.4a 19.4c 204b 21.9a 0.18
C16:1 42b 35C 42b 49a 0.13
C18:0 16.5a 10.4c 136b 132b 0.27
C18:1 195b 28.6a 0.39
C18:2 149b 23.4a 0.29
C18:3n-3 03b 0.09
c9 ti 1 CLA 1.Oa 00b 00b 00b 0.05
tlO c12 CLA 00b 00b 00b 0.07
C20:4n-6 I 1.7a 77b 10.4a 72b 0.28
C20:5n-3 0.3c 0.1c 05b 1.8a 0.08
C22:4 2.3a 17b 16b Ø9C 0.14
C22:5n-3 0.5c Ø4C 08b 1.3a 0.09
C22:6n-3 0.6c Ø5C 23b 4.Oa 0.11
TSFA 42.oa 32.6c 382b 394ab 0.32
TMUFA 247b 32.5a 29.9a 30.sa 0.37
TPUFA 334ab 349a 31.9c 301b 0.24
TCLA 1.sa 00b 00b 00b 0.07
Tn-6 298b 33.8a 27.0c 225d 0.19
Tn-3 2.1c 49b 76a 0.16
Tn-6:Tn-3 148b 33.6a 5.6' 3ØC 0.47

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2% animal fat + 1% conjugated linoleic acid, Diet 11-3%
sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-3% fish oil; SEM -

Standard error of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty
acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total
monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total
polyunsaturated fatty acids include 18:2 (n-6), c9 ti 1 CLA, tb c12 CLA, 18:3 (n-6, n-
3), 20:2 (n-6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA-
total conjugated linoleic acid includes c9 til (CLA) and tb c12 (CLA). Tn-6 and Tn-
3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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mononuclear cells and lymphocytes had the highest content of 22:4n-6 among other

tissues studied. Although no difference was noticed in the n-3 fatty acids content of

Diets III and IV, spleen mononuclear cells and lymphocytes showed higher

incorporation of n-3 fatty acids in the Diet IV fed birds. The 18:2n-6 fatty acids

content was lowest in spleen mononuclear cells and lymphocytes than all other tissues

studied. This indicates that feeding >20C n-3 fatty acids is more efficient in enriching

immune cells with PUFA than parent 1 8C fatty acids. PUFA content of spleen

mononuclear cells and lymphocytes were increased in Diet II fed birds. PUFA were

replaced by MUFA and SFA in Diets III and IV fed birds. This can be explained based

on the preference of desaturases to n-3 fatty acids than n-6 fatty acids (Sijben, 2000).

With increase in the n-3 fatty acids in Diets III and IV, an increase in the desaturase

activity can be expected. Unlike in chapter IV, no change in the spleen mononuclear

cell CLA content was observed. It is not known whether the diversion of CLA into

eggs caused the layer bird spleen mononuclear cell CLA content to be lower than that

of broiler birds.

5.2.5 Liver and plasma fatty acid composition

Liver PUFA composition was the lowest among all tissues studied (Table 5.8).

The major fatty acids of liver were 16:0 and 16:1. SFA content was the highest

(P<0.05) in Diet I fed birds. Liver total lipid content was higher (P<0.05) in Diet I fed

birds than other treatments. This result corroborates the work of Cherian et al.

(2002b), who reported increased liver lipid content in birds fed CLA. The
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Table 5.8 Fatty acid composition of liver tissue in laying birds fed diets
containing conjugated linoleic acid, n-6 or n-3 fatty acids

Fatty acid (%) Diet I

Dietary treatments

Diet II Diet III Diet IV SEM

(%)--------------------------
Total fat 15.19a 615b 560b 713b 0.2
C16:0 35.la 236b 22.1c 242b 0.21
C16:1 09b 07b 33a 0.17
C18:0 27.Oa 169b 14.9c 14.4c 0.24
C18:1 25.6c 299b 35.oa 374a 0.38
C18:2 92d 20.8a 165b 13.3c 0.30
C18:3n-3 00b 00b 1.3a 02b 0.09
c9tll CLA 0.5 0.0 0.0 0.0 0.12
C20:4n-6 6.2a 4.8a 22b 0.23
C22:4 00b 1.Oa 00b 00b 0.12
C22:6n-3 ØØC 08b 37a 4.2a 0.15
TSFA 62.sa 406b 369C 38.6c 0.25
TMUFA 265b 306b 36.3a 41.la 0.41
TPUFA 11.0c 28.9a 26.8a 203b 0.39
TCLA 0.5 0.0 0.0 0.0 0.12
Tn-6 105d 28.oa 213b 15.6c 0.37
Tn-3 00b 08b 55a 4.8a 0.17
Tn-6:Tn-3 105b 28.2a 39C 34C 0.34

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2% animal fat + 1% conjugated linoleic acid, Diet 11-3%
sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-3% fish oil; SEM -
Standard error of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty
acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total
monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total
polyunsaturated fatty acids include 18:2 (n-6), c9 ti 1 CLA, tb c12 CLA, 18:3 (n-6, n-
3), 20:2 (n-6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA-
total conjugated linoleic acid includes c9 tl 1 (CLA) and tlO c12 (CLA). Tn-6 and Tn-
3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.



106

increased lipid content can be expected to reduce lipid synthesis by a feed back

mechanism. This can be correlated with the lowest amount of >20 C fatty acids in the

Diet I fed birds. The CLA content of liver was lower than other tissues. A similar

result was observed in chapter IV. It is not known why CLA causes such changes only

in liver tissue but not in other tissues though the concentration of liver CLA is lower

than other tissues. The SFA and MUFA content was higher than other tissues

indicating that liver is the major site for lipogenesis. Fatty acid compositions of

plasma (Table 5.9) and liver were similar. The 18:3 n-3 fatty acids content of plasma

was 0.4% in Diet I and was not present in plasma of Diets II, III and IV fed birds. Diet

III 18:3 n-3 content was 11.9%. The reason for low level of 18:3 n-3 fatty acids was

possibly be due to the rapid turnover rate of 18:3 n-3 fatty acids. The total fat content

of the plasma did not differ between treatments. CLA content was the highest in the

plasma than other tissues studied.

5.2.6 Egg fatty acid composition

Egg fatty acid composition reflected dietary fatty acid (Table 5.10). Yolk CLA

content (2.6%) was higher than other tissues studied. With yolk lipid content being as

high as 32%, incorporation of CLA into eggs is a suitable way for supplementing CLA

to human diets. SFA content was higher (P<0.05) and MUFA content was lower

(P<0.05) in Diet I fed birds. Ahn et al. (1999), Cherian et al. (2002b) and Raes et al.

(2002) reported increased egg SFA and decreased MUFA content in CLA fed birds.



107

Table 5.9 Fatty acid composition of plasma in laying birds fed diets containing
conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
Total fat 0.26 0.29 0.26 0.27 0.04
C16:0 335a 235b 252b 271b 0.39
C16:1 16b 17b 34a 0.12
C18:0 20.la 22.la 101b 0.67
C18:1 239b 299b 44.6a 395a 0.49
C18:2 14.5 20.1 12.4 12.5 0.46
c9 ti 1 CLA 1.7a 00b 00b 00b 005
tb c12 CLA Ø7a 00b 00b 00b 0.04
C20:4n-6 13b 2.5a 07b 0.18
C22:6n-3 0.2c 0.2c 24b 4.la 0.12
TSFA 53.8a 457ab 353b 386b 056
TMUFA 263b 316b 46.6a 434a 0.50
TPUFA 19.8 22.7 18.1 18.1 0.50
TCLA 2.4a 00b 00b 00b 0.06
Tn-6 16.0 22.6 15.7 14.0 0.49
Tn-3 1.4c 02d 41a 0.13
Tn-6:Tn-3 24.la 6.4c 35C 0.45

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2% animal fat + 1% conjugated linoleic acid, Diet 11-3%
sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-3% fish oil; SEM -

Standard error of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty
acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total
monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total
polyunsaturated fatty acids include 18:2 (n-6), c9 tI 1 CLA, tb c12 CLA, 18:3 (n-6, n-
3), 20:2 (n-6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA-
total conjugated linoleic acid includes c9 ti 1 (CLA) and tb c12 (CLA). Tn-6 and Tn-
3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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Table 5.10 Fatty acid composition of eggs in laying birds fed diets containing
conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Fatty acid (%) Diet I Diet II Diet III Diet IV SEM

(%) --------------------------
Total fat 31.20 31.08 30.00 31.62 0.25
C 16:0 32.8a 258b 24.0c 265b 0.18
C16:1 2.5c 33b 4.2a 0.16
C18:0 20.Oa 108b 91C 108b 0.14
C18:1 25.2c 42.8a 41.7a 0.20
C18:2 154b 22.6a 12.3c 0.15
C18:3n-3 0.0c 0.00 2.6a 03b 0.08
c9 ti 1 CLA 0.7a 00b 00b 00b 0.14
tb c12 CLA 1.8a 00b 00b 00b 0.13
C20:4n-6 13b 2.la 0.6c 0.08
C22:6n-3 0.0c 0.0c 3Øa 0.07
TSFA 52.8a 366b 33.1c 372b 0.18
TMUFA 27.1c 387b 46.2a 46.3a 0.18
TPUFA 24.7a 206b 16.5c 0.18
TCLA 2.6a 00b 00b 00b 0.09
Tn-6 168b 24.7a 166b 12.8c 0.15
Tn-3 07b 0.0c 4.oa 37a 0.13
Tn-6:Tn-3 159b 24.7a 4.1c 3.6' 0.18

Mean of six observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2% animal fat + 1% conjugated linoleic acid, Diet 11-3%
sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-3% fish oil; SEM -

Standard error of means; CLA- Conjugated linoleic acid; TSFA Total saturated fatty
acids include 14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0; TMUFA- Total
monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1; TPUFA - Total
polyunsaturated fatty acids include 18:2 (n-6), c9 ti 1 CLA, tb c12 CLA, 18:3 (n-6, n-
3), 20:2 (n-6), 20:3 (n-6), 20:4 (n-6), 20:5 (n-3), 22:4, 22:5 (n-3), 22:5 (n-3). TCLA-
total conjugated linoleic acid includes c9 til (CLA) and tb c12 (CLA). Tn-6 and Tn-
3 Total n-6 and n-3 fatty acids includes components of TPUFA as indicated in
parenthesis.
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The increase in SFA content and decreased MUFA of CLA fed birds can be

due to the depression of zY desaturases by CLA. A desaturase is the enzyme

responsible for converting 16:0 and 18:0 to their corresponding MUFA. But contrary

to the findings of Raes et al. (2002), tb, c12 isomer of CLA was deposited in higher

amounts than c9, ti I isomer in this experiment. 22:6n-3 was in very low concentration

birds fed Diets I and II. The presence of 22:6n-3 in other tissues of birds fed Diets I

and II, but not in eggs, is an indication of the requirement for 22:6n-3 in body tissues

and only when present in excess (as in Diet IV) would be transferred to eggs. MUFA

content was higher (P<0.05) and PUFA content was lower (P<0.05) in Diets III and IV

fed birds.

5.2.7 Thiobarbituric acid reactive substances

TBARS content of breast muscle was 0.35, 0.43, 0.40 and 0.45, thigh muscle

was 0.28, 0.25, 0.32, 0.56 and egg was 0.38, 0.53, 0.55, 0.46 mg mabonaldehyde per

kg tissue in birds fed Diets I, II, III and IV respectively (Figure 5.1). Though the total

PUFA content of the breast and thigh muscle of Diet II was higher than that of Diet IV

fed birds, TBARS content of Diet IV fed birds was higher (P<0.05) than all

treatments. This could be explained based on the higher (P<0.05) amount of >20 C

fatty acids and therefore larger number of double bonds in Diet IV. In the case of Diet

II, the major fatty acid was 18:2, which has only 2 double bonds as compared to 22:6

in Diet IV which has 6 double bonds.
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Fig 5.1 Thiobarbituric acid reactive substances content of breast, thigh muscle
and eggs from laying birds fed diets containing conjugated linoleic acid, n-6 or n-

3 fatty acids
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Mean + SEM (Standard error of means) of six observations. Means with different
superscripts within a block differ significantly (P<0.05). Diet 1-2% animal fat + 1%
conjugated linoleic acid, Diet 11-3% sunflower oil, Diet 111-1% flax oil + 2% canola
oil, Diet IV-3% fish oil.



Egg TBARS content did not differ (P>0.05) among treatments. The >20 C

fatty acid content of egg ranged from 1.3 to 2.6%, whereas in breast muscle it ranged

from 7.6 to 11.9% and in thigh muscle it ranged from 4.1 to 6.9%. With a higher

amount of SFA and lower amount of >20 C fatty acids than breast and thigh muscle,

eggs could be expected to have lower TBARS content. It is also possible that eggs had

a higher amount of antioxidants than breast and thigh muscle and thereby protecting it

from oxidation radicals (Cherian et al., 1996). Grinding of tissues increases the

oxidation and TBARS content. Yolk being in liquid form is subjected to less grinding

than breast and thigh muscle. Further, yolk being inside a hard egg shell is subjected to

less exposure for oxidation.

5.2.8 Antibody response

The serum and yolk antibody content of layer birds fed treatment diets are

presented in Figure 5.2 and 5.3 respectively. Serum and yolk antibody content of Diets

III and IV fed birds were higher (P<0.05) than Diets I and II fed birds. A similar result

of increased serum and yolk antibody production in layer birds by feeding linseed oil

has been reported by Wang et al. (2000). On the contraty, the same authors reported

no increase in antibody content of fish oil-fed birds. This difference could be

attributed to the measurement of antigen specific antibodies in this experiment, as

differing from the total antibody production measured in other works.
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Fig 5.2 Anti-BSA antibody content of chicken serum from laying birds fed diets
containing conjugated linoleic acid, n-6 or n-3 fatty acids
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Mean + SEM (Standard error of means) of six observations. Bars with different
superscript differ significantly (P<O.05). Diet 1-2% animal fat + 1% conjugated
linoleic acid, Diet 11-3% sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-
3% fish oil.

Fig 5.3 Anti-BSA antibody content of yolk from laying birds fed diets containing
conjugated linoleic acid, n-6 or n-3 fatty acids
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Mean + SEM (Standard error of means) of six observations. Bars with different
superscript differ significantly (P<O.05). Diet 1-2% animal fat + 1% conjugated
linoleic acid, Diet 11-3% sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-
3% fish oil.
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Friedman and Skian (1995) reported an increased antibody titer against BSA in

broiler birds fed with fish oil but not with linseed oil. Fritsche et al. (1991) reported

increased antibody titer in >20C rich fish oil fed birds than I 8C rich linseed oil fed

birds. No such effect was observed in this experiment. CLA feeding has been reported

to decrease the concentration of EPA and DHA content of lipids (Du et al., 2000)

whereas fish oil increases the EPA and DHA concentration in the blood (Prickett et

al., 1984). Antibody modification effect of n-3 fatty acids is brought about by changes

in the cytokine production by Th-1 and Th-2 type cells as well as the ratio of the Th-I

and Th-2 type cell population. Increased antibody response by n-3 fatty acids was

observed in this experiment as well as in earlier works (Friedman and Sklan, 1995;

Wang et al., 2000). With decreased n-3 fatty acids synthesis with CLA feeding, the

antibody production was lower in Diet I fed birds. The materno-fetal Ig transport is

through Fc'y membrane receptor mediated endocytosis in rats and rabbits (Laliberte et

al., 1984). With the PUFA's ability to modify membrane structure and consequently

membrane receptor function (Arrington et a]., 2001) a change in the transport of the

antibodies to egg can be expected by feeding different fatty acids. It is not clear

whether the same mechanisms of Ig transfer in rats and rabbits also exist in the

chicken. The increased IgY content is of practical significance in increasing the

hatchability of eggs and survival of neonates.
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5.2.9 Delayed type hypersensitivity reaction

DTH response was higher in Diet I followed by Diet II at 72 hours of injection

than Diets III and IV fed birds (Table 5.1 1). Similar increased DTH response was also

observed in chapter IV. Reports of DTH response in layer birds as influenced by

dietary fats are not present. Sijben et al. (2001) reported increased DTH response in

broiler birds fed a lower amount of n-3 fatty acids along with a higher amount of n-6

fatty acids. This was the case in Diet II, which had higher n-6 and lower n-3 fatty

acids. Hayashi et al. (1998) reported a lower DTH response in rats fed n-3 fatty acids.

Han et al. (2002) reported no changes in DTH response in humans fed n-3 and n-6

fatty acids. Wander et al. (1997) reported decreased DTH response in dogs fed n-3

fatty acids. The reason for the decreased DTH response by n-3 fatty acids is not clear.

Meydani and Dinarello (1993) reported decreased IL-i a, TNF and IL-6 production by

fish oil feeding. Decreased cytokine production might contribute to decreased antigen

presenting cell activity and decrease DTH response. An effective DTH response may

also be blunted by n-3 fatty acids feeding as dietary fats influence MHC class II

antigen expression on cellular membranes and T cell proliferation. Lipid peroxidation

products have been reported to reduce the DTH responses (Meydani et al., 1993).

Zoschke and Messner (1984) reported decreased production of PGE2 by human

lymphocytes when lipid peroxidation products were increased. Increased TBARS

content was observed in breast and thigh muscle of birds fed Diet IV. Therefore

decreased DTH response in Diet IV fed birds observed in this trial could be due to

increased lipid peroxidation products.



115

Table 5.11 Differences observed between the wing-web thickness in laying birds
injected with saline and Mycobacterium butyricum at different hours after

injection

Hours Diet I

Dietary treatments

Diet II Diet III Diet IV SEM

0 HR 0.00 0.10 0.15 -0.02 0.08
4 HR 0.02 0.03 -0.02 0.01 0.06
8 HR 0.04 0.00 0.06 0.01 0.04
16 HR 0.05 0.03 0.04 0.02 0.04
24 HR 0.03 -0.01 0.04 0.06 0.05
48 HR Ø53a 0.48a 012b 0.26c 0.06
72 HR o.73a 054b 0.27c 0.19c 0.06

Mean of nine observations. Means with different superscripts within a row differ
significantly (P<0.05). Diet 1-2% animal fat + 1% conjugated linoleic acid, Diet 11-3%
sunflower oil, Diet 111-1% flax oil + 2% canola oil, Diet IV-3% fish oil; SEM -
Standard error of means;
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5.2.10 Immune cells phenotyping

The number of lymphocyte CD4 and CD8 cells, and spleen mononuclear

CD4, CD8 and IgM cells did not differ between treatment groups (Table 5.12).

Similar results of no difference between layer birds fed n-3 and n-6 fatty acids have

been reported by Wang et al. (2000) and Sasaki et al. (2000). Kelley et al. (1991)

reported no change in human peripheral cells by feeding n-3 fatty acids. However

Huang et al. (1992) and Shapiro et al. (1994) reported changes in blood CD4/CD8

count with feeding n-3 fatty acids though their results were in the opposite direction.

The changes brought about in immune response of layer birds fed CLA, SFA,

n-6 and n-3 fatty acids cannot be explained based on CD47CD8 cell population.

Spleen mononuclear cells cultured in the presence of DHA had decreased expression

of CD8 epitope (Jenski et al., 1995). Hughes et al. (1996) reported that either dietary

supplementation of n-3 PUFA or cultivation with EPA or DHA reduced the surface

expression of MHC class II molecules on human lymphocytes. Different fatty acids

impede intracellular interaction involved in antigen recognition by T cells and antigen

presenting cells and influence cell mediated and antibody mediated response

differently (Sasaki et al., 2000). One another possibility is the differences in the level

of activation of CD4/CD8 positive cells without affecting their absolute numbers

could have brought this effect. Arrington et al. (2001) reported that dietary n-3 fatty

acids down-regulated IL-2 driven Th-1 (CD4) and CD8 activation, while up-

regulating the activation of the Th2 (CD4) T-cell subset. Thus, the anti-inflammatory

effects of n-3 fatty acids may result in both the direct suppression of IL-2-induced Thi
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Table 5.12 CD4 and CD8 lymphocyte cell distribution in laying birds fed diets
containing conjugated linoleic acid, n-6 or n-3 fatty acids

Dietary treatments

Cells Diet I Diet II Diet III Diet IV SEM

Lymphocytes
CD4(%) 13.5 12.7 11.6 16.6 2.0
CD8 (%) 40.8 50.0 47.1 46.8 2.9

Spleen mononuclear
cells
CD4 (%) 24.1 22.9 24.0 24.6 0.8
CD8(%) 55.5 56.6 53.6 51.9 2.6
IgM (%) 16.5 18.5 16.5 15.2 1.0

Mean of six observations. None of the means differ significantly (P>0.05). Diet 1-2%
animal fat + 1% conjugated linoleic acid, Diet 11-3% sunflower oil, Diet 111-1% flax
oil +2% canola oil, Diet IV-3% fish oil; SEM - Standard error of means.
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cell activation and the indirect suppression of Th 1 cells by the enhanced cross-

regulatory function of Th2 cells.

It could be concluded that feeding CLA, SFA and n-6 fatty acids increased

DTH response and decreased antibody production, while n-3 fatty acids had opposite

effects. Production parameters and CD4, CD8 and IgM cell population were not

affected by any of the fatty acids studied. Replacing flax seed oil by canola oil did not

change any of the results observed in chapter IV. Further experiments wherein the

cytokine production could be quantified are warranted for better understanding of the

mechanisms of these changes.
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6. CONCLUSIONS

In broilers, feeding n-3 fatty acids increased serum antibody content. In laying

birds, feeding n-3 fatty acids increased serum and yolk antibody content. Feeding n-6

fatty acids and CLA had opposite effects to that of n-3 fatty acids. In broiler and

laying birds feeding n-3 fatty acids decreased DTH, while n-6 fatty acids and CLA

increased DTH response. Dietary fatty acids did not influence CD4/CD8 cell

populations in lymphocyte and spleen mononuclear cells. Feeding n-3 fatty acids

increased antibody mediated immune response while n-6 fatty acids and CLA

increased cell mediated immune response.

Feeding n-3 fatty acids increased body weight gain in broiler birds. The ratio

of n-6:n-3 fatty acids is more important than total n-6 and n-3 fatty acids content. Fatty

acid composition of meat tissues and eggs can be enriched with CLA, n-6 or n-3 fatty

acids. Feeding 3.5% fish or flax oil enriched broiler thigh meat with 300 mg n-3 fatty

acids while 3.5% sunflower oil enriched 1000 mg n-6 fatty acids per 100 g fresh meat.

Layer birds fed 1.5% CLA produced eggs with 160 mg of CLA per egg. PUFA

enriched eggs and meat can provide an alternate source of PUFA to humans.

Enriching PUFA reduces the storage quality of broiler meat, but not that of eggs.

Replacing flaxseed oil with canola oil up to 66% did not change production

performance and immune response.

Efforts to modify immune response should be applied with extreme caution, as

this division of protective responsibilities between different types of response is
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balanced and regulated to afford a viable tradeoff between quick responsiveness to

novel pathogens and slower but highly specific responses for longer protection against

repeated challenges.
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