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ABSTRACT

The effect of different levels of oats and B-glucanase supplementation in a corn-soya based
diet was investigated using a 5x2 factorial arrangement. Oats was included in lieu of corn at
levels of 0.0, 10, 20, 30 and 40%. B-glucanase was added at levels of 0.0 and 5600 BGU/kg of
diet. Body weight (BW), feed intake (FI), feed conversion ratio (FCR), abdominal fat (AF),
ileal digestibility of fat and protein, and plasma cholesterol and triglyceride concentrations were
determined. Increasing oat content of the diet significantly (p<0.01) reduced BW, FI, AF, fat
and protein digestibility as well as plasma cholesterol and triglyceride levels. Feed conversion
ratio was increased significantly (P<0.05). The lowest BW, Fl, AF, digestibility of fat and
protein, plasma cholesterol and triglyceride levels and highest FCR were observed at 40% oat
inclusion. Supplemental B-glucanase improved (P<0.05) BW, Fl, and digestibility of fat and
protein. Enzyme addition increased (P<0.05) plasma cholesterol and triglyceride levels, and
AF. Males had higher plasma cholesterol levels than females, whereas AF was higher in
females (P<0.05).
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INTRODUCTION

The negative effects of oat-containing diets for broiler chickens on performance,
digestibility of nutrients and apparent metabolizable energy (AME) content of the diets are well
known (24). It is well established that the non-starch polysaccharides (NSPs) of oats and barley
have anti-nutritive effects. The NSPs in cereal grains and their by-products reduce the nutrient
digestibility and availability; hence, lower their nutritional value.

The B-glucan present in oats and barley increases the digesta viscosity, reducing the
feeding value of these grains for poultry (4, 14). Results of many experiments indicate that
enzyme supplementation of poultry diets improve the nutritional value of cereal grains.
Improvement in AME (2) and starch digestibility (6) due to added enzymes have been reported.
Improved performance and normalization of consistency of the feces due to supplemental
p-glucanase to barley- and oats- based diets have also been reported (5, 7, 12). Increased overall
nutrient digestibility and performance has been attributed to a reduction in intestinal viscosity
(9, 10, 23). It has been shown that barley has hypocholesterolemic effects in both humans and
male broiler chicks (17, 18). Several investigators have demonstrated a favorable effect of oats
and oat bran on blood cholesterol (8, 15). This has bé&en attributed to increased fecal excretion
of bile acids, thereby leading to an enhanced conversion of cholesterol to bile acids (15, 23).
Also, the absarption of fat and cholesterol may be reduced (29). The objective of the present
study was to evaluate the effect of P-glucanase in improving the nutritional value and

performance of broiler chicks fed with diets containing different levels of oats. In addition, the
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effect of oats on plasma triglyceride and cholesterol was investigated.

MATERIALS AND METHODS

Birds, diets and recording

Four hundred and eighty (480) 1-d-old Arian broiler chicks (mixed sex) were divided
into 30 groups of sixteen. Ten isoenergetic and isonitrogenous mash form diets were formulated
(Table i) and each diet was given to three replicates from one to 56 days of age. The birds were
reared in 1x1.2 m’ floor pens in an environmentally controlled, windowless house. Food and
water were available ad libitun and the chicks had access to 24-h light throughout the
experimental period.

In a corn-soya-based diet, oat grain was included at levels of 0, 10, 20, 30, and 40% in
lieu of corn. SAFIZYM GP500 (Lesaffre, France), was used at levels of 0.0 and 0.1% in order
to provide 5600 BGU/kg of diet. B-glucanase was prepared from Trichoderma longibrachiatum
CNCM MAG6-10W. For estimations of glucanase activity of the enzyme preparation, the
measurement was based on the reducing sugar release from B-glucan as a substrate. One unit
(IU) of enzyme activity is defined as the amount of enzyme producing Ipmol reducing sugar
(as glucose equivalent) per minute at 60°C and at pH =6.0. Diets were formulated according to
the NRC (16) recommendations. Body weight (BW), feed intake (FI), and feed conversion ratio
(FCR) of each pen were measured at 21, 42, and 56 days of experiment. On these days, two
males and two females from each pen were selected and from wing vein of each bird 7 ml of
blood were collected in heparinized tubes; plasma was further separated by centrifugation.
Sampling was performed between 9-11 am. Samples from each sex were pooled and placed in
refrigerator for further analysis. The chicks were slaughtered and eviscerated and abdominal fat

was separated and weighed.

Chemical analysis

The nitrogen content of the diets and excreta was determined by the Kjeldahl
procedure (3) using an automatic analyzer. Crude fat was determined with a Soxhlet apparatus
(3). Blood samples were centrifuged at 2000 rpm for 5 minutes and plasma samples were
analysed for trigyceride and cholesterol using Ziest-Chemi kits (Ziest -Chemi Diagnostics,
Tehran, Iran, Cat. No. 10-508, 525). Chromic oxide content of the diets and excreta was

measured according to Fenton and Fenton (11).
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Ileal digestibility of protein and fat

Chromic oxide was added at a level of 0.1% to the diet as an indigestible marker from
days 49 to 56. On day 56, four birds (two males and two females) from each pen were killed by
cervical dislocation, dissected, and the ileum and jejunum were ligated to avoid post mortem
digesta movement. Ileal contents (from Meckel’s diverticulum to 4 cm above ileocaecal
junction) were removed and pooled to obtain enough materials; the materials were frozen at -

20°C for further analysis.

Statistical analysis

Data on BW, FI, FCR, and protein and fat digestibility coefficients were analyzed in a
completely randomized design with a 5x2 factorial arrangement using Proc GLM of SAS (25).
Data on plasma triglyceride and cholesterol levels were analyzed using a 5x2x2 factorial
arrangement (oats, enzyme, and sex effects). Interaction effects were compared using MSTATC

when the F test was significant.

RESULTS

The effect of inclusion of oat and B-glucanase on performance parameters is presented
in Table 2. The effect of dietary oats on BW was significant (P<0.05). The greatest reduction in
live body weight (P<0.05) occurred with the diet in which oats were included at a level of 40%.
The relationships between dietary oats and 21st-day BW and FCR, 42nd-day BW and 56th-day
BW and FCR (Table 2) were linear and significant (P<0.05). Added P-glucanase had a
significant effect (P<0.01) on BW, FI, and FCR. Enzyme supplementation improved the
aforementioned criteria except for FI at 6 weeks of age and F1, and FCR at 8 weeks of age. The
interaction effects of enzyme and oats on BW, FI, and FCR were not significant.

Plasma cholesterol was affected significantly (P<0.01) by dietary oats. Supplemental
enzyme had a significant (P<0.05) effect on plasma cholesterol and triglyceride (Table 3).

-Plasma cholesterol was influenced significantly (P<0.01) by sex. Males had higher cholesterol
than females. Plasma triglyceride was not affected by sex. There was no significant interaction
between oats, enzyme, and sex for plasma cholesterol and triglyceride concentrations (Table 3).
Included oats showed linear and significant (P<0.01) relationship with 21st- and 56th-day

plasma cholesterol and AF in males, females, and in both sexes (Table 3).
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Abdominal fat (A.F) was influenced significantly (P<0.01) by oats, enzyme, and sex
(Table 3). Increasing dietary oats reduced AF in both sexes. Added enzyme increased AF in
males and females. The effect of sex on AF was significant and females had higher AF than
males. No significant interaction was detected between oats, enzyme, and sex for AF.

The effect of oats and enzyme on digestibility of fat and protein is presented in Table
4. Protein and fat digestibility coefficients were affected significantly (P<0.01) by dietary oats
and enzyme supplementation. No significant interaction was detected between oats and enzyme
regarding fat digestibility. The digestibility coefficients of fat and protein reduced with
increased dietary oats. The greatest reduction in fat and protein digestibility coefficients
occurred with the diet in which oats was included at a level of 40%. The relationships between
dietary oats and digestibility coefficients of protein and fat were significant (P<0.01) and linear
(Table 4).

DISCUSSION

Similar BW and FCR of chicks fed with diets containing 20% oats compared to
control chicks was observed by Vetesi et al. (30) but higher levels of oats reduced BW and
FCR. Results of the present study confirm the findings of these investigators. f-glucan present
in oats increases intestinal viscosity, resulting in reduced nutrients availability and, finally,
lower BW. Enzyme supplementation reduced the negative effect of B-glucan by increasing
nutrient digestibility with the result that there was less substrate available for microbial
fermentation in the gut. Results obtained in this study are in agreement with the findings of
many experiments regarding the positive effect of B-glucanase on BW, FI, and FCR (4, 12).

Several investigators (21, 22) have reported the hypocholesterolemic effects of barley
and oats. The hypocholesterolemic effect of oats is due to its unsaturated fatty acids and fiber.
Presence of fiber and NSPs in the gut impairs fat digestibility and absorption, therefore, bile
acid secretion and flow is enhanced, which requires more cholesterol necessary for bile acid
production; thus reducing plasma cholesterol, in turn (23 , 29).

Plasma cholesterol and triglyceride levels tended to increase when the diets containing
oats were supplemented with enzyme, Enzymes reduced the negative effects of NSPs, therefore,
absorption of fat and cholesterol increased. As a result of increased absorption of fat and
cholesterol, less bile acid is required and conversion of cholesterol to bile acids is reduced,

which leads to higher plasma cholesterol. The results reported herein confirm the findings of
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Table 2. Body weight, feed ption and feed ion ratios of chickens fed with diets containing different levels of oats with

and without supplemental B-glucanase.

0-3 weeks 0-6 weeks i 0-8 weeks

Body Feed Feedto  Body Feed Feedto  Body Feed Feedto

weight consumption  gainratio  weight  consumption  gain ratio weight  consumption  gain ratio

i (g) (gh/d) (ffg) & (ghid) (frg) (8 (g/h/d) ]
Main effects
Oats (%)
0 540 946" 1.748%  1460° 3204 2.188 2090* 5278 2527
10 546 951" 1.740° 14627 3195 2.191 2138 5326 2492

.
20 532 947" 1.760"" 1436 3183 2216 21047 5339 2.540
30 535 943" 1.769%  1445° 3186 2204 2066" 5254 2543
) 515 940" 1817*  1392° 3160 2270 1994¢ 5232 2.627
Non-entyme 520° 937 1.802a  1417b 3148 2.23% 2059b 5264 2.563
Enzyme 548 954* 1.740b 1469 3224~ 2.166b 2099a 5308 2528
Pooled SEM 114 12.66 00283 2570 78.37 0.0403 2391 76.54 0.0455
Probabilities

Sourge of variation
Oals in diet (OD) o 3 . & NS NS . NS NS
Linear (OD) * NS - N NS NS » NS »
Quatiratic (OD} NS NS NS Ns NS NS NS NS NS
Enzyme (E} . . . - NS * - NS NS
ODXE NS NS NS NS NS NS NS NS NS

a-c. Mean values within a column for oats or enzyme with common superscripts do not differ significantly (P>0.05).
1. Enzyme was added to the diet at a level of 0.1%.

NS. Non-significant.

# P<0.05, »+ P<Q.01.
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Table 3. Plasma concentrations (mg dI") of cholesterol and triglyceride and abdominal fat (relative weight) of chickens fed with diets

containing different levels of oats with and without suppl | B-glucanase.
Cholesterol Triglycerides Abdominal fat
Main effects Male Female Both Male Female Both Male Female Both
Qats (%)
0 1204 118.0°  1194° 78.0 82.6 80.3 1.690° 1816  1.753°
10 118.0%  1120% 150" 69.0 809 78.4 1.584® 2047 1732
20 116.4% 1044  1104° 727 84.0 74.9 1305~  1.843 1574
30 105.6™ 95.8° 100.7° 74.6 726 73.6 1.260% 1754 1.557%
40 1034  955° 99.5° 71.0 67.0 688 138 1435 1.408°
Non-enzyme 1104 102.0 106.2° 62.2° 70.7° 68.5° 1323 1.691  1.437°
Enzyme' 115.1 108.4 1.7 799 84.1° 82.0° 1.566" 1.867  1.736
Sex 112.8 105.2° - 73.1 773 - 1.444° 1.766" -
Pooled SEM 6.00 5.00 5.47 8.68 8.46 8.36 0.132 0.136  0.168
Probabilities
Source of variation
Oats in diet (OD) * - o NS NS NS * * *
Linear (OD) * e ** NS NS NS - ** »
Quadratic (OD) N$ NS NS NS NS NS * * NS
Enzyme (E) NS NS * * * *x ** NS %
Sex (8) - - ** - - NS - - -
ODxE NS NS NS NS NS NS NS NS NS
ExS . - NS - - NS < - NS
ODxS = - NS - - NS . - NS
OD=ExS - - NS - - NS = - NS

a-c. Mean values within a column for oats or enzyme (except for sex) with common superscripts do not differ significantly (P>0.05).
1. Enzyme add to the dicts at a level of 0.1%.

NS. Non-significant.

» P<0.05, *= P<0.01.

9
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Table 4. Digestibility coefficients of protein and fat in chickens fed with diets containing different levels

of oats with and without supplemental B-glucanase.

Digestibility coefficients (%)

Main effects

Protein Fat
Oats (%)
0 76.5" 79.8°
10 78.5° 761"
20 76.3° 75.2%
30 72.3% 69.8
40 68.00° 65.4¢
Non-enzyme 71.9° 68.8°
Enzyme 76.6° 77.6*
Pooled SEM 3.38 3.95

Probabilities

Source of variation

Oats in diet (OD) * *
Linear (OD) *ok wo
Quadratic (OD) NS NS
Enzyme (E) * .
ODxE NS NS

a-c. Mean values within a column for oats or enzyme with common superscripts do not differ
significantly (P=0.05).

1. Enzyme was added to the dicts at a level of 0.1%.

NS. Non-Significant.

* P<0.05, =+ P<0.01.
10
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Schrijver et al. (26); and Pettersson and Aman (20), regarding the effect of enzyme
supplementation on increasing plasma cholesterol and triglyceride.

Results of the effect of oats and enzyme supplementation on AF in this experiment are
consistent with those in Vetesi ef al. (30). Polyunsaturated fatty acid content of oats might be
the cause for reduction in AF (22, 27). Also, reduced fat absorption and plasma cholesterol due
to dietary oats may affect AF. The effect of enzyme in increasing AF may be attributed to its
effect on fat and cholesterol absorbability.

Oats and barley reduce the activity of digestive enzymes, consequently, the
digestibility of nutrients including fat and protein will decrease. Supplementing diets containing
these grains with enzymes increases the activity of digestive enzymes; hence, the digestibility
of fat and protein increases (1, 13). The results obtained in the present study are in agreement
with the observations by other investigators, who indicated lower fat and protein digestibility
coefficients under the influence of B-glucanase of barley and oats as well as improvements in
their digestibility due to supplemental B-glucanase (19, 26).

Correlation between fat digestibility and plasma cholesterol was significant (P<0.01)
and positive (r=0.77) which indicated that digestibility of fat increased as plasma cholesterol
rose. This explains the effect of added enzyme on increasing plasma cholesterol. Correlation
between digestibility of fat and plasma triglyceride was significant (P<0.001) and positive
(r=0.88), which justifies the enzyme effect on increasing plasma triglyceride. Also, the
correlation between fat digestibility and AF was significant (P<0.01) and positive (r=0.86),
which indicates that as fat digestibility increased by supplemental enzyme, AF increased

correspondingly.
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