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ABSTRACT

The response of Brown laying hens to palmitic, stearic,
oleic and linoleic acids was investigated. Five experimental
diets were obtained by supplying the above fatty acids up to
30 g kg-! each to an inadequate protein and sulphir amino
acid (SAA) diet. Each diet was fed to 24 individual hens from
39 to 50 weeks of age. Only supplemental palmitic acid
increased egg production and egg output significantly. Egg
weight was increased by added linoleic acid significantly.
Supplemental palmitic acid improved the efficiency of
protein, SAA and energy utilization.
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INTRODUCTION

The composition and to some extent the config-
uration of dietary fat have a significant effect on
digestion and absorption processes. Short chain and
unsaturated fatty acids are digested and absorbed
better than long chain and saturated fatty acids
(16). Increased unsaturated fatty acids in the diet
raised the absorption of saturated fatty acids

24



which indicated synergistic relationships in fatty
acid utilization (5). Highly saturated ~fats are
resistant to hydrolysis in the chicken digestive
tract and therefore, are less digestible (6). In-
creased egg “weight is mainly attributed to
increases in the linoleic acid content of the diet
(12), but some reports indicated a rise in egg size
due to increases in the oleic acid content of the
diet (11). Data indicating the effect of saturated
fatty acids in increasing egg weight are contra-
dictory with many points needing clarification in
this respect.

The purpose of the present experiment was to
determine: 1) The effect of different fatty acids
and fatty acid mixtures with constant unssaturated
to saturated ratios on the performance of laying
hens with equal feed, protein, sulphur amino acids
(SAA) and energy intakes. 2) The importance of
unsaturated to saturated ratios on the response of
egg production to added fatty acids.

MATERTALS AND METHODS

One hundred and twenty Ross Brown layers at 38
wk of age were used in this experiment. Daily egg
production was recorded for 4 wk before starting
the experiment. The birds were randomly divided
among 120 individual cages (24.5 cm wide and 47.0
cm high). Each experimental diet was fed to 24
birds (8 birds per tier) along the bank of cages
from 39 to 50 wk of age. The house temperature
control system was set to maintain a daily minimum
of 219C at the middle tier level.

The five experimental diets were prepared by
mixing appropriate portions of the summit and
dilution diets and the addition of different fats
and fatty sacids. Fats and fatty acids were substi-
tuted in lieu of glucose and cellulose which were
used as inert compounds. The composition of the
summit and dilution diets is presented in Table 1.
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Teble 1. Composition of summit end dilution diets.

Ingredients & k.s_i Unit Summit

Whesat 488.0 -
Maize 100.0 -
Full fat soya 48.0 =
Soybesn meal, 44X protein 188.0 -
Fish meal, BE5X protein 36.2 -
Corn oll 4.4 28.0
Oat hulls - iee.2
Maize starch - 480.0
Glucossa = 1893.0
Ground limestone 103.0 103.0
Dicalcium phosphate 13.2 13.2
Salt . 3.o 3.0
Vitamin & mineral mpplement.:f 5.0 5.0
Yolk oolorunt.§ 0.8 0.8
Tryptophan supplement a.8 0.8
Total 100C .0 1000.0

Calculated snelyels per kg

ME MJ 11.2 11.3
Protein - i8e.0 —
Caloium = 43.2 43.2
Total phosphorus = 7.5 7.5
Total fat -3 28.0 28.0
Linclele acic & 13.2 13.2

Tcontained 1li:*12 digestible protein.

TProvided the following wvitsmins snd minerels per kg of diet:
Vit. A, 5.5 mg; Vit. D3, 0.075 mg; Vit. E, 18 mg; vit. K,
4 mg: Riboflavin, B mg; Pantotheniec acid, € mg; Choline, 200
mg; Nicotinie scid, 20 mg; Bl12, 8 ug; Mn, 120 mg; Zn, 120

mg; Fe, BO mg; Cu, 8 mg; Co, 0.4 mg; Iodine,
mg; Antioxident, 145 mg.
Ecmtninad Carophyll orange as coloring asgent.

1.0 mg; Se, 0.2



The composition of the experimental diets is shown
in Table 2. Diets two to five contained 30 g kg-1
of palmitie, stearic, ~oleic and linoleic acids,
respectively. The ratio of unsaturated to saturated
fatty acids in diets two and three was 0.8, which
increased to 9.4 in diet four and to 9.8 in diet
five. The fat contents of diets were 25.2, 70.9,
71.3, 70.7 and 70.2 g kg—1, respectively. The fats
and Jatty acids used were palmitic acid, stearic
acid, palm o0il, sunflower o0il, soybean o0il and
coconut 0il. The calculated fatty acid composition
of diets is shown in Table 3.

Teble 2. Composition of experimentsel diets.

Diet No.

Ingredients

= k.—l 1 2 3 4 5
SuuunitT 750.0 750.0 750.00 750.0 750.0
Dilucion! 140.0 140.0 140.0 140.0 140.0
Glucosea 1i10.0 8.0 8.4 - 3.0
Cellulose - 58.3 55.5 B84.5 82.0
Palmitic acid - 21.2 - - L
Stearic scid = = 30.0 - -
Olein - - = 34.5 8.0
Sunflower oil - - o - 7.0
Palm oil - 20.0 8.8 8.0 -
Soybeean oil - - 7.3 5.0 28.0
Coconut oil = 4.5 . - -

TFor composition =ee Teble 1.

All diets were isoenergetic and calculated to
contain 11.6 HJ kg-1 metabolizable energy, 142 g
kg-1 protein and 4.62 g kg—1 SAA.

The hens were fed 110 g day-1 of a diet in
order to control SAA intake to about 500 mg day-1.
Egg weight of three days accumulation of normal
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Teble 3. The caloulated fatty scid compomition of experi-—
mental diets.

Diet No.
Fatty acid
a kg""l | 2 3 < 5

Palmitioc Cl8 1.9 30.° 5.8 4.2 4.4
Steeric ClB O.4 3.5 30.0 o.8 0.4
Oleic cla:1 3.2 10.1 7.4 30.0 17.0
Linoleiec Cl18:2 10.1 ir.B 14.85 15.3 30.0
Totel unsstureted 13.3 21.9 21.8 45.3 47.0
Total satursted 2.3 35.8 36.3 4.8 4.8
Unsaturated/

saturated (ratio) 5.8 0.8 0.8 2.4 =5.8

eggs for each bird was determined every week. The
data for egg production, egg weight, egg output,
feed intake and feed efficiency were analyzed by a
computerized program (9).

RESULTS

The results of feed intake, egg production,
egeg weight and egg output are presented in Table 4.
Only supplemental palmitic acid significantly
(P<0.05) increased egg production, however, oleic
acid was numerically superior to stearic and
linoleic acids.

Egg weight was increased significantly
(P<0.05) only by supplemental 1linoleic acid (diet
5). Improvement in egg output was significant
(P<0D.05) only due to added palmitic acid (diet 2).
There were no significant differences in feed
intake and feed efficiency (Table B6) between
treatments. Daily feed intake was less than 110 g.



Table 4. Exg production, egs welght snd egs output of hens
fed on diets contsining different mources of fatty

acids.
AddeaT  saa? Feed Egg Esm Egg
Diet fatty inteke inteke produc— weight output
No. aocid mst/hen/d a/hen/d tion %X 4 £/ hen/d
*k

1 None 430 102e 87.9a Bl.4b 41.8a

2 Palmitic <440 108a 76.0b 8l1.8bc 47.0b

3 Staarilc 430 102a 88.8ab B0.2a 41.3a

<4 Olelc 430 102a 70.2eb B0.0s 42.2sb
LSD 7.8 0.8 5.2

*Dlstex’y content of each fatty acid under investigation wes
30 g/kst.

?sm intekes were calculated on the besie of determined SAA
content of the summit diet.

**Velues followed by the seme letters in esch column are not

different (P>0.05).

Teble 5. Body weight during the experimentel period.

Body welght (&>

weak
Diet
No. ag Cheange t 47 ‘Chenge t 50
1 18806** -s5.0 1740e +0.8 1757a
2 2138b -8.5 1878 +0.7 18858
3 1980eb -5.8 1822a +0.4 1844a
4 20008k -8.7 17568 +0.8 17726
5 1858 -B.0 1790a +0.7 18108
LsD 154.5
Ta/nensa.

**yelues followed by the seme letters in esch column sare not
different (P>0.05).
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It seems that the amount of 110 g feed per day was
overestimated. All hens lost weight during the
first 8 wk of the experiment (Table 5). There were
no significant differences between body weight
changes during the last 4 wk of the experiment.

The efficiency of feed, protein, SAA and
energy utilization is presented in Table 6. Only
palmitic acid improved the utilization of protein,
SAA and energy. Improvements in efficiencies of
protein, SAA and energy utilization were about
2.6%, B% -and 1.8%, respectively.

Teble 8. Efficlency of utilisstion of protein, sulphur amino
scide, energy end feed for egg output.

. Efficiency+
Diet Added
No. fatty acid Protelin SAA Energy Efficiency
% ® x & feed/

F- -7 - —

1 None a1.2¥ 57.2 20.4 2.48

2 Pelmitic 33.8¢2.8) B63,2(6.0) 22.2(1.8) 2.32

3 Stearic 31.2 56.7 20.2 2.57

4 Oleic 31.2 57.7¢0.5> 20.7 2.48

5 Linoleic 30.0 56.8 20.0 2.58

Tprotsin. SaA snd energetic efficlencies were celculated on
the begie of 0.108 g, 5.91 mg end 0.0058 MJ of protein, SAA
end energy contente per gram of shell egd, respectively

(14D,

TFisureB in pearentheses represent percent changes in the
protein, SAA end energy efficiencles of corresponding diets
without esdded lipids. Only improved dete are indiceted.



DISCUSSION

- Daily SAA intake was nearly the same for all
treatments. The egg production during the 2 wk
before the experiment was not significantly
different from each other (90.5, 88.1, 87.5, 88.1
and 86.3 ¥ for treatments one to five. respect-
ively). Also the body weight changes during the
First 8 wk and the last 4 wk of the experiment were
in the same trend for all treatments (Table 5.
Therefore, the egg production and egg weight
response were attributed to the effect of added
palmitic and linoleic acids, respectively.

The data on egg production indicated that some
saturated fatty acids, specially medium chain fatty
aclids, can improve egg production due to improved

ME concentration of the diet (5). Stearic acid did
not increase e=gg production probably due to its
chain length and form of inclusicon. Stearic acid

was added in the form of free fatty ascid snd when
the free fatty acid content of the diet was high
absorbability and utilization of fats and fatty
acids may be reduced. The effect of increasing
free fatty acid content of the diet in depressing
absorbability has been reported (10}, which is in
agreement with this result. Wiseman and Cole (15)
observed that when dietary free fatty acid content
was raised the digestible energy of added fat was
reduced, which indicated the depressing role of
dietary free fatty acids in utilization of supple-
mental fat.

A part of palmitic acid was supplied by pure
free fatty acid and another part by palm oil. An
increase in egg production and egg output due to
added palmitic acid indicated that when an included
saturated fatty acid was mixed with other fats, its
absorbability increased and hence better utilized.
This suggests a synergism between different sources
of fatty acids and fats. Atteh and Leeson (2)
reported better wutilization of palmitic acid when
mixed with oleic acid which is congruous with these
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results. Their report disagrees with the results of
this experiment as far as the beneficial effect of
palmitic acid in increasing egg production is con-
cerned. Ketels and DeGroote (4) observed that
palmitic acid from lard was utilized better than
palmitic acid in the tallow, because of the posi-
tional arrangement on the glycerol molecule.

The data showed that oleic acid was not as
effective as linoleic acid in increasing egg weight
and it caused only a slight increase in egg
production. Similar observations for the
ineffectiveness of oleic acid 1in raising egg size
has been reported (2). In contrast, linoleic acid
was the only fatty acid which increased egg weight,
suggesting that polyunsaturated fatty acids are
involved in inereasing egg size, apparently due to
their effects on plasma very low density
lipoproteins (VLDL) and also by increasing blood
estrogen. Akiba and Jensen (1) reported a rise in
blood estrogen due to added corn oil. Also the
effect of increasing dietary corn oil on increased
VLDL and their incorporation in yolk fat has been
suggested (3). The results of this experiment
support the reports of Shutze et al. (13) and Menge

- et al. (7) considering the egg weight response to

linoleic acid.

Comparing egg production response due to
supplemental palmitic acid and egg weight response
due to added linoleic acid it became clear that
different fats and fatty acids have different
metabolic effect on egg production and that the
ratio of unsaturated to saturated fatty acids is
not important in increasing performance. Linoleic
acid increased egg weight, probably by being
incorporated into the VLDL and increasing volk fat
content. Palmitie acid by improving protein, SAA
and energy utilization efficiency (Table B6)
increased egg production rate. This is important as
far as public-health and yolk fat is concerned,
because production can be improved by manipulating
dietary fat and fatty acids without =a significant
increase in yolk fat content.



In conclusion, the results indicated that some
saturated fatty . acids, specially shorter chain
fatty acids, can be well wutilized if mixed with
other fats. Polyunsaturated fatty acids are more
effective than saturated fatty acids in raising egg
weight. Some fats and fatty acids increase produc-
tion by improving dietary nutrient wutilization
rather than by increasing yolk fat content, which
is important from public health point of view. The
type, level, and form of inclusion of fats and
fatty acids are more important than the ratio of
unsaturated to saturated fatty acids in increasing
the performance of hens.
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