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Abstract. The effects of feeding various fractions of oats (whok: oats, dehulled cats and oat hulls) in a wheat
di¢t on the production, yolk cholesterol and yolk fatty acid concentrations of three strains of laying birds were
studied for 12 weeks. There was no significant difference between birds fed the different oat fractions in
weight gain, egg production, egg weight, daily cholesterol output or yolk concenteation of palmitic, stearic or
oleic acids or yolk unsaturated:saturated fatty acid mtioBirds fed whole ont grain (WO) had lower yolk
cholesterol concentration and content than those fed the wheat diet. Birds fed the dehulled oats (DO) diet
significantly increased their yolk weight and yolk oleic to linoleic acid ratio when compared with those fed the
WO. When oat hulls {OH) were substituted for some of the DO, birds significanly increased their yolk volor
and caused a noasignificant reduction in their production parameters so that they were not significandy
different from birds fed the WO diet. The addition of OH to & wheat based diet significantly increased feed
consurnption, There were differences amang strains of birds in weight gain, fesd consumption, rate of lay, ¢gg
weight, yolk weight, yolk color, and yolk cholesterol but not in egg mass, yolk fatty acid concentrations o
daily cholestervl outpul. It was concluded that WO did not significantly alter egg production parameters or
daily yolk cholesterol cutput but did significantly d yoik chol I concentration. Two strains of
Inyers produced eggs with lower yolk cholesterol than the thind suain.

Introduction
Whole oat grains (WO) have been used as the only grain in laying hen diets without

affecting egg production [1). Dietary oats in layer diets have been shown to reduce yolk
cholesterol concentration [2, 3]. Oat hulls (OH), dehulled oats (DO), vat starch, oat oil
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and oat gum have been extracted from WO, however the contribution of each of these
fractions in the lowering effects of yolk cholcsterol has not been determined. The
addition of 15% OH to wheat based diets reduced yolk cholesterol, feed efficiency and
egg size [4]. Various components of cats have been found to have cholesterol-lowering
effects in chicks. Fisher and Griminger [S] reported that OH was better than either WO,
or DO in lowering blood cholesterol of chicks fed hypercholesterolemic diets. Oals
starch and cat oil in hypercholesterolemic diets had no chelesterol-lowering effect,
Chenoweth and Bennink [6] reported that WO and defaited oats had cholesterol-lowering
cffccts, whereas defatted-defibered oals and defatted-defibered-degummed oats had no
cholesterol-lowering effects. Qureshi ei al. [7] confirmed that WO had cholesterol-
lowering cffects in chicken,

This experiment examined the effects of DO and OH on egg production and yotk
cholesterol of three commercial strains,

Materials and Methods

Three commercial strains of 38-week old birds were uscd and started on the
experimental dicts. A total of 180 from each strain of birds were used. Birds from the
same strain were housed in a block of six cages with two birds per cage. Each block was
treated as an experimental unit. Egg production and feed intake were recorded for the
entire group as a replicate. Feed and water were available ad libitum. Diets were
supplied as mash. A photoperiod of 14 h commenced when the birds were caged at 22
weeks of age and was maintained throughout the trial.

The experiment was & 3 x 5 factorial, the variables being strain of bird and oat
fractions,  The oat fractions tested were DO, OH, DO plus OH and WO. The WO and
oat fractions substituted half the wheat ina 75% wheat basal diet. Each experimental
diet was fed to three replicates. The composition of the basal diets is shown in Table 1,

The experiment lasted 12 weeks, Calculations were based on a 4-week period for
feed consumption and egg weight (based on the weight of a complete egg collection for
onc day each week). Yolk color was based on a sample of 5 eggs from each replicate for
one day each week and calculations were based on 4-week periods. Egg cholesterol and
fatty acids were determined every 2 weeks starting from the third week of the
experiment. Two eggs were randomly sampled from each replicate, weighed and then the
yolk was separated, weighed, homogenised and placed in an airtight container prior to
analysis. Cholesterol mass was calculated using the egg production data starting from the
third week of the experiment parallel to cholestero] analysis.



The Effect of Oat Fractions and Strain...... 97

Tablc 1. The compesition of the basal diets (gkg)

Basal diet

1 r 3 4 5
Ingredient
Wheat 753.6 376.8 6759 768 376.8
Oals - - - - 376.8
Dehulled outs - 376.8 - 2991 -
Oat hulis - - 77 7 .
Meatmeal (53% protein) 100 100 100 100 100
Cottonseed mesl 40 40 40 40 40
Seybean meal 30 30 30 30 30
Limestone 70 70 kit Hn 0
Salt 2 2 2 2 2
L-lysine hydrochloride 17 1.7 1.7 1.7 7
DL-Methionine 0.7 0.7 0.7 07 07
*Vitamin/mineral premix 2 3 2 2 2
Analysis
Crude protein (g/kg, N x 6.25) 177 184 17t 181 173
Calculnted metabolizable energy (MIkg) 115 114 10.7 106 0.7
Fibre% 3.2 1.5 5.0 5.3 6.2

*The compasition of vitamins and minerals in the premix :

Retinol, 4.8 mg; cholecalciferol, 1.6 mg; riboflavin, 0.8 mg, menadione sodium bisulphite, 0.2 mg,
manganese sulfate, 16 mg; ethoxyquin, 44.8 meg; zinc bacitracin, 4 mg: zinc oxide. 6 mg; apocaroiennic
ester (% 10), 9.75 mg; canthaxanchin (%10}, 3.75 mg; carrier (pollard) made up t1©c 2 g.

Yolk color score was measured by using a Roche Color fan (Roche Chemicals Pty
Ltd). was extracted by the method of Folch et af. |8] and faity scid concentrations were
determined by gas-liquid chromatography [9]. Cholesterel was determined by the method
of Ishikawa et al. [10]. Data collected were subjected to analysis of variance [11]. When
significant variance ratios were detected, differences between treatment means were
tested vsing the least significant difference procedure.

Results

There was no significant difference among diets in bird weight gain, rate of lay, egg
weight or daily cholesterol output (Tables 2 and 3). Birds fed the WO or OH diets
consumed significantly (P < (1.0S) more feed 'than those fed the W basal diet. Birds fed
the WO significantly (P < 0.05) produced lower egg mass than those fed DO diets.
There was no significant difference between birds fed the W, DO or DO plus OH in feed
consumption or egg mass. Eggs from birds fed the W, DO or OH diets had significantly
(P < 0.01) lighter yolk color than those produced by birds fed WO or DO plus OH (Table
3). There was no significant difference between the yolk colors of eggs produced from
feeding the WO or the DO plus OH based diets. Eggs from birds fed the DO diet had
significantly (P < 0.05) heavier yolks than those produced by birds fed any of the other
diets, Eggs from birds fed the WO diet had a significantly lower yolk chulesterol
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concentration than those from birds fed the W diet. Yolk cholesterol content was
significantly (P <0.01) lower in eggs from the WO weatment than in eggs produced by
birds fed the DO or W diets. The inclusion of OH or OH plus DO, in the diets did not
significantly decrease yolk cholestercl concentration or content.

Tahle 2. Effects of oat fractions and strain of bird on the performance of laying hens

Feed Rate
Welght gain  consumption of lay Egg weight Egg

. (g) (g) (egg/heniday) ® {g)
Type of grain'
w 130.0 1o7° 083 56.2 466"
W+ DO 128.3 136" 0.84 57.1 480"
W+ UH 109.6 119.1°* 0.82 56.2 461"
W+ DO + OH 121.0 114,83 % (.83 558 483%
W+ WO 101.1 118.1* 0581 559 453"
LSD? (P < 0.05) 585 6.8 0.04 17 26
Strain
| 1347¢ 114.3"° 0.85* s4.4P 46.1
2 g22t 105.4" 0.81° 57.8° 6.7
3 13744 1)9.7* 0.2k 56.8° 46.6
LSDY (P < (.05) 41,5 47 001 1.2 1.8

W="Wheat, DO=Dehulled oats, OH=0ar hulls, WO=Whole oats.
Least significant differences (P < 0.05) with 112 degrees of freedom for all
messurements except for body weight gain which had 58 degrees of freedom.
™ Treatment means within columns followed by different letters are significantly different (P < 0.05).

Table 3. Effects of oals und strain of bird on yolk calor, yolk weight and yolk cholesterol content

Treatment Yolk color Yolk weight Chal ol

score® ® ation ontput*

(mg/g yolk} (rg/yolk} {(mg/dey)

Type of grain '
W 133" 176" 120" 2114 175.3
W+ N0 133" 18.4* 5= 211.6* 177.7
W + OH 13.4° 17.7° 116" 205.3% 168.3
W+ DO+ OH 138" 17.4"% 1g® 205.7% 170.7
W+ WO 137" 17.2" 11.4* 196.1° 1588
LSD® (P < 0.05) 0.2 06 06 150 231
Strain
1 13.5° 17.2% 1L4* 196.0" 166.5
2 1350 181" n.2° 203.9* 165.6
3 137" 17.8* 12.2* 2172 178.1
LSD? (P < 0.05) 0.1 0.4 04 10.1 153

" Yolk color score was measured by using a Roche calor fan_

Cholesterol daily outpat was enleulated using the cgg production data starting from the third week of
the experiment parallel 1o yolk cholesterol sampling procedure as described in the materials and methods,
* Treatment means within columns followed by different leners are significantly different (P < 0.05).
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Eggs [tom birds {ed the DO dict had a significantly (P < 0.05) higher yolk oleic to
linoleic acid ratio than those fed the WO diet (Table 4). There was no significant
difference in yolk oleic to linoleic acid ratio between eggs produced from birds fed
wheat, OH or DO plus OH trecatments. Dietary treatment did not significantly alter yolk
unsuturaled (oleic plus linoleic) 1o saturaled {palmitic plus stearic) latly acid ratio, nor
the concentrations of palmitic, stearic, oleic and linoleic acids in the yolk. Significant
ncgative correlations were tound between rate of lay and cgg weight (r = -0.66, P <0.01)
and yolk weight (r =-0.41, P <0.01) and significant positive correlations found between
yolk cholesterol concentration and egg weight (r = (.31, P <0.05).

Table 4. Effects of oats and strain of bird on volk fatty scid ation

Treatment Fatty aclds Uns/sat 18:1/18:2

16:0 18:0 18:1 18:2 ratio’ ratio®
{% of total methyi esters of yolk lipid}

Type of grain

w 22,93 9.06 36.11 I1.56 0.67 3.16%

W+ DO 23.80 9.44 38.04 11.60 0.67 3.29¢

W+ Ol 23.01 8.67 3o.93 11.98 0.65 R i

W+ DO + OH 372 878 37.52 1L.87 0.66 3.20%

w0 2271 2.13 16.56 12.17 0.65 0°

LS (P < 005) 1.80 01.89 2.59 069 .05 0.23

Strain

| 23.31 9.12 37.16 11.88 .66 3.16

2 2291 8.99 37.76 12.10 U.64 314

3 21.68 9.00 3697 12.21 0.47 3.05

LSD (I < 0.05) 1.25 0.62 1.80 048 0.04 0.16

' The peaportion of unsaturated [oleic {18:1) and linoleic (18:2)] to

saturated [palmitic (16:0) and stearic {18:0)] fatty acid in yolk lipid.

The proportion of monounsaturated (oleic) to polyunsaturated (linoleic) fatty acid in yolk lipid.
Lenst significant differences (P « 0.05) with 46 degrees of frecdom,

* Treatment means within columas followed by different letters are significantly differeat at P < 0.U5.

2
1

The strains of birds responded differently to the diets (Tables 2,3 and 4), Strain 2
had a significantly (P < 0.05)} lower body weight gain than the other strains, Strain | had
a significantly (P < 0.01) greater rate of lay than other strains. Feed consumed by strain
3 was significantly (P < 0.01) greater than that of other strains. There was no significant
difference between strains of birds in egg mass. Strain 1 had significantly (P < 0.01)
lighter eggs and yolk weight than the other strains. There was no significant difference
between strains 2 and 3 in rate of lay, cgg weight or yolk weight, but yolk color produced
by strain 3 was significantly (P < 0.05) darker than that produced by either strain 1 or 2.
Egg yolk cholesterol concentration and yolk cholesterol content produced by strain 3
were significantly (P < 0,05 and P <0.01, respectively) higher than those produced hy
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strain 1. There was no significant difference between strains 1 and 2 in yolk cholesterol
concenlration or content. Sirain of bird did not significantly affect daily cholesterol
output or yolk fatty acid concentrations.

Discussion

Egg production, egg weight and egg mass were not significantly affected by the
substitution of half the wheat in a 75% wheat diet with oat or oat components. This is in
agreement with the findings of Duncan ef af. [1]. While dehulled oats increased the size
of egg yolk, they did not affect the size of the egg. The ratio of yolk weight to egg
weight was therefore greater ineggs produced by birds fed the DO than those fed other
diets. The increase in feed consumplion of birds fed the OH and WO diets may have
been due to the lower metabolizable energy and higher fiber contents.

There was some variation ameng the WO and oat fractions in ther ability to reduce
yolk cholesterol. The addition of WO grains reduced yolk cholesterol concentration and
content, whilst the addition of oat fractions decreased yolk cholesterol below that
produced by the wheat basal diet. It appears that a cholesterol lowering fraction may be
tliminated during the dehulling process as neither the DO, OH nor DO plus OH were as
effective in lowering yolk cholestero! as WQ. The fraction of oats that canses cholesterol
reduction in eggs was not identified in this trial. Despite the effects of oat fractions on
yolk cholesterol concentration and content, there was no significant change in daily yolk
cholesterol output. The effect of oats on yolk cholesterol may be related (o the amount of
fiber present in the grain. Kritchevsky and Story [12] reviewed the mechanisms by which
dietary fiber may influence cholesterol metabolism, These include possible interactions
between dietary fiber and bile salts with a consequent increase in cholesterol cxcretion.

Genetic variations among strains of birds in egg yolk cholesterol content were
related to differences in the proportion of egg yolk and egg production |13,14]. Within
strains, the fluctuation in egg yolk cholesterol was related to changes in egg weight, yolk
weight and egg production rather than cholesterol output. Yalk cholestero] is controlled
both by the amount of daily cholesterol produced and the egg production rate. Our
results show that egg yolk cholesterol and the proportion of egg yolk appear to have
separale genetic conrols. The difference in yolk cholesterol content between the strains
2 and 3 was not due to a difference in yolk weight but mainly to a difference in yolk
cholesterol concentration. The difference in yolk cholesterol content berween strains
and 3 was due to a combination of differences in the yolk weights and yolk cholesterol
concentrations. Previous reports of a relationship between yolk weight and yolk
cholesterol are not consistent. Nichols et al. [L5) reporied an inverse relationship
between yolk weight and yolk cholesterol content; Turk and Barnett [4] reported that
yolk cholesterol content increased with egg sizc; and Menge er al. [16] found no
correlation between yolk weight and yolk cholesterol content. The inconsistent
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relationship reported between yolk weight and yolk cholesterol content in different
strains is probably due to the independence of inheritance of these two characters.

The relationship between yolk cholesterol and egg production was in agreement
with Washburn and Marks [17] who found that variation in yolk cholesterol content was
associated with a variation in egg production between low and high cholesterol lines.
However, when the average daily egg cholesterol was calculated, the negative correlation
tesulted in no change in daily cholesterol mass between the low and high cholestrol lines.
In contrast, Harris and Wilcox [18} reported no correlation between yolk cholesterol and
egg production in different strains. The finding that average daily cholesterol output is
not affected by strain of hirds suggests that strain of bird may have an indirect effect on
egg cholesterol concentration and content. This conclusion helps to explain the
variability in previously reporied resulis. Lower yolk cholesterol was associated with
lower egg and yolk weights and higher rate of lay in strain 1 birds. Higher yolk
cholesterol was associated with higher egg and yolk weights and lower rate of fay in
strain 3 birds. Based on these results selection of birds for higher egg weight may be
expected to increase yolk cholesterol content while selection for higher cgg production
may be expected to decrease yolk cholesterol content.

It was concluded that whole oats reduced yolk cholesterol apparently through the
effect of decreased yolk cholesterol concentration. The oat fraction causing the lower
cholesterol concentration was not identified as the inclusion of DO and OH, separately or
together, did not produce yolk cholesterol concentrations as low as did WO. However
several of the oat fractions decreased yolk cholesterol below that produced by the wheat
based dist. Two strains of layers produced eggs with lower yolk cholesterol than a third
strain.
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