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ABSTRACT

The effects of some ingredients on energy utilization in White 
Leghorn laying hens were studied„ A Lactobacillus acidophilus culture 
and an antibiotic mixture of neomycin-’terramycin had no effect on the 
efficiency of metabolizable energy conversion to net energy for main
tenance and production (59.38% and 60.42% respectively vs. 60.94% ob
tained with the basal diet). However, an increase in energetic 
efficiency was observed with the use of a bacterial enzyme preparation 
(67.67% vs 60.94%), and a Streptomyces fermeatation residue (64.81% vs 
60.94%), in comparison with the basal diet. Due to the limited number 
of birds per feeding level (5), no statistically significant differ
ences (p < .05) were obtained in feed intake, feed conversion, %
production, egg weight, or ME intake.

75The hens had a maintenance feed requirement of 30.01 g/W^g /
.75day and a maintenance ME requirement of 79.41 kcal/W^  /day.

The supplementation of 20% wheat bran to the basal diet re
sulted in a decrease in energetic efficiency of the conversion of ME 
to NE (53.80% vs 56.56%) in comparison with the basal diet. Hens fed
a diet containing wheat bran had a higher heat increment (115.3 vs 

.75108.2 kcal/W^ ), and a lower maintenance ME requirement (128.46 vs
134.8 kcal) than hens fed the basal diet.

The experimental procedure allowed the evaluation of the net 
energy of wheat bran as 0.804 kcal/g.

vi



CHAPTER I

INTRODUCTION

Several reasons support the study of energy in poultry nutri
tion. First9 it appears that birds eat basically to satisfy their 
energy requirement, therefore, the energy concentration of the diet 
determines the amount of diet that must be fed (amount consumed); this 
in turn determines nutrient concentration of the diet. Secondly, the 
greatest part of the cost of a balanced poultry diet is incurred in 
providing energy. So, to discover the relative economy of using dif
ferent energy sources, an accurate and valid energetic evaluation 
system of poultry feeds is essential to compose the most economical 
rations. Third, optimizing egg production in laying hens depends 
primarily on how much energy from the food is devoted to production. 
Here we are talking of the utilization of energy in laying hens, and 
more specifically, of the efficiency of the conversion of metabolizable 
energy to net energy for maintenance and production. In this regard, 
the present studies concern the efficiency of food energy utilization 
by White Leghorn laying hens, and the effects of some ingredients on 
this energetic efficiency. In the first experiment, the effects of 
some feed additives were tested, while in the second one, the effect of 
wheat bran, a high fiber ingredient, on energy utilization was studied.

1



CHAPTER II

LITERATURE REVIEW

Efficiency of the Utilization' 
of7the Energy of Feed

The efficiency with which birds utilize their feed for produc
tion depends upon the efficiency with which they digest the food 
offered and that with which they use the digested feed for production. 
Due to the relative constancy of the values of metabolizable energy, 
it appears that efficiency mostly concerns the conversion of metaboliz
able energy to net energy for maintenance and production. The evalua
tion of this energetic efficiency, which is a. good way of optimizing 
egg production, has been little studied. In an early study, Titus 
(1929) fed a diet containing, as energy sources, maize 24.4%, wheat 
28.0% and oats 13%, and found that White Leghorn hens of 1630 g live 
weight used 65.2 g feed daily for maintenance, 39.2 g feed per eggs, 
and 3.5 g feed per g increase in live weight. These data were derived 
from feeding periods of one month duration. Recently Burlacu, Baltac 
and Paraschiv (1970) found that growing Leghorn chickens utilize feed 
with an efficiency for growth of 66.2-78.1% as net energy (related to 
metabolizable energy), He pointed out that the poorest utilization of 
feed energy occurs in one month old chickens and the best at three 
months of age. A year later Burlacu and Baltac (1971) used the same 
White Leghorn hens to evaluate the efficiency of utilization of the



energy of food for egg production. The ration, with a gtoss energy of 
4469 kcal/kg DM, had a metabolizable energy of 80,1 ± 1.7% of the 
gross energy, and a net energy of 78.5 ± 5.3% of the metabolizable 
energy; this last figure is a little higher than that for growth (66.2- 
78.1%). Bore recently, Reid, Valencia and Maiorino (1977), using White 
Leghorn pullets in colony cages reported that maintenance and produc
tion have essentially the same efficiencies (.619 and .628, respective
ly). These results agree with those of DeGroote (1974). They also 
found that the net energy of the diet for either maintenance or produc
tion was identical at 1.70 kcal/g and 1.72 kcal/g, respectively.

The efficiency of the use of different pure nutrients (carbo
hydrate, proteins and lipids) was studied by Burlacu et al. (1969) who 
studied the efficiency of the utilization of casein energy in adult 
Plymouth-Rock cocks both for maintenance and lipogenesis. They found 
that casein was utilized fur maintenance with an efficiency of 66.6 ± 
1.3% of the gross energy and of 83.7 ± 1.4% of the metabolizable 
energy. For lipogenesis, efficiencies were 51.6 ± 2.15%, and 61.3 ± 
2.6%, respectively. In the same year, the same group, Burlacu et al. 
(1969), using Rhode Island Red cocks, reported the efficiency of 
utilization of the energy of starch. The net energy was 97.21 ±
1.3% of the metabolizable energy for maintenance, and 77.5 ± 6.81% 
for lipogenesis. Starch utilization for maintenance was higher than 
that for lipogenesis, which also holds true for the casein studies 
mentioned above. In a recent experiment, DeGroote, Reyntens and Galli 
(1971) conducted an experiment with growing chicks and found that the



metabolic efficiency of ME utilization for maintenance and growth to
gether was higher for different fats (animal and vegetable) compared to 
glucose. He also concluded that no important differences exist between 
the commonly used vegetable and animal fats concerning the utilization 
of their ME for maintenance plus growth by chicks. More recently 9 
Fuller and Rendon (1977) have come to this same conclusion except for 
poultry fat which consistently exhibited greater efficiency of utiliza
tion and lower heat increment than other fats. Thus, all nutrients are 
used with specific efficiency. But from a practical viewpoint, one is 
more concerned with the effect of a particular ingredient on the 
energetic efficiency of the diet.

In this regard Carew, Hopkins and Nesheim (1964) and Carew and 
Hill (1974) conducted many studies to determine the influence of fats 
on the efficiency of energy utilization by chicks. In a recent ex
periment, he studied tissue composition and tissue energy gains of 
chicks receiving equal intakes of metabolizable energy and all other 
nutrients, from diets containing 2.5, 12.5 and 22.5% com oil sub
stituted isocalorically for glucose. He concluded that replacement of 
dietary carbohydrate with corn oil increased the metabolic efficiency 
of energy utilization by chicks. However, no significant effect of 
corn oil on growth rate was observed, indicating an inverse correla
tion between tissue fat deposition and water retention. Not only fats, 
but other factors such as temperature are important. Emmans (1974) 
examined the relationship between performance and temperature with hens 
fed equal quantities of nutrients. According to his results, the ef
fects of different constant temperatures in the range of 10 to 30°C on



the output of birds with equal nutrient intakes are generally small. 
Also, the net efficiency with which ME is converted to egg or carcass 
energy did not vary with temperature.

Effects of Fiber on Energy 
Utilization by Poultry

The nutritive value of dietary fiber for ruminants is well 
known, but its importance in the nutrition of non-ruminant animals is 
very low. Earlier studies on chickens,. pigs and rabbits have all in
dicated that there is little contribution from coecal microbial fermen
tations of dietary fiber to the overall energy budget of monogastries. 
Matterson, Spandorf and Tlustohowicz (1972) reported that the addition 
of 6% kaolin or cellulose to the diet of broilers did not affect weight 
gain. However, the addition of kaolin significantly improved feed con
version. Spandorf, Matterson and Hall (1972) also reported that the 
addition of kaolin to the diet of laying hens significantly improved 
utilization of feed. On the other hand, Deaton, Reece and Coh (1977) 
reported that, with increased dietary fiber, there was no effect on 
body weight, hen-day production, egg weight and efficiency of food con
version. Hedge et al. (1978) used wheat bran, wheat straw and bagasse 
to investigate the importance of fiber in the nutrition of chicks. The 
chicks were given a low-residue diet with or without fiber supplementa
tion. Addition of wheat bran resulted in improved growth and.increased 
feed conversion efficiency. Wheat straw and bagasse did not improve 
growth rate, suggesting the presence of a growth promoting factor in 
wheat bran.



6
Growth 9 feed conversion and production are not the only elements 

affected by dietary fiber. Energy utilization by poultry has been noted 
to change with dietary fillers. Early in 1961 Sibbald, Slinger and 
Ashton (1961b) fed growing chicks a diet diluted with 0-42% of either 
Alphacel or kaolin and observed small increases of metabolizable energy 
due to the diluents. They reported that the diluents cannot be taken as 
sources of energy„ but rather as physical diluentss the materials may 
allow small increases in the utilization of the energy contained in the 
diets with which they are combined. These results were supported in 
1974 by Harms et al. who reported that fillers improve utilization of 
energy. They used solka floe, kaolin and sand as dietary diluents and 
found that with laying hens, energy utilization was improved by more 
than 7%8 while with chickss the improvement was 6,55%. These findings 
agree with a previous report by Hill and Dansky (1954). who found that 
lowering the energy level of the diet resulted in a decreased amount 
of energy required to produce a gram of body weight gain. Harms et al. 
(1974) also indicated that the addition of kaolin to the diet of laying 
hens resulted in reduced amounts of energy required to produce an egg. 
This finding agrees with Spandorf et al.’s (1972) report which indi
cated that the addition of kaolin to the laying diet resulted in im
proving feed conversion. Working with turkey poults, Voitle and Harms 
(1976) have come to the same conclusion. They reported that substitut
ing sand or kaolin for an equal amount of basal diet resulted in re
ducing the amount of energy required to produce a gram of gain. The 
greatest improvement in energy utilization was obtained with a diet



containing 2.5% sand. As can be noted9 nothing was mentioned about 
energetic efficiency of conversion of metabolizable energy to net 
energy. An experiment was conducted at the Poultry Experimental Sta
tion (University of Arizona) using wheat bran as a dietary diluent in 
order to investigate the conversion of dietary energy (ME) to net 
energy (NE).

Effects of Feed Additives on 
Energy Utilization

Several studies have been done on the effects of antibiotics 
on energy utilization» but still there is controversy as to whether 
antibiotics improve ME derived from the diet. Nelson, Jensen and 
McGinnis (1963) reported that some antibiotics increased the metabo
lizable energy of a chick diet and that this increase was correlated 
with growth stimulation. Gorril9 Bell and Williams (1960) concluded 
that increased energy digestibility in swine was related to increased 
growth due to antibiotic supplementation. These results were confirmed 
recently by March9 Soong and MacMillan (1978) who observed an increase 
of 7.2% in ME from diets containing virgiaiamycin.

On the other hand, Sibbald, Slinger.and Ashton (1961a) in 
studies with chicks and poults9 found no significant effects on dietary 
metabolizable energy attributable to antibiotic additions to the diet.
A year later9 Slinger et al. (1962) reported that the addition of anti
biotics to turkey starting diets had no influence on their metaboliz
able energy values, Recently, Begin (1971) found a similar result with 
chlortetracycline added to inbred-hybrid male chicks* diets.



The purpose of our experiment was not to confirm any of the 
above findings, but to investigate the effects of antibiotics and other 
feed additives on the energetic efficiency of metabolizable energy con
version to net energy in the laying hen.



CHAPTER III

THE EFFECTS OF SOME FEED ADDITIVES 
ON ENERGY UTILIZATION IN LAYING HENS

Experimental Procedure 
One hundred White Leghorn hens were housed in individual cages 

in an open-sided house. They were divided into five treatment groups 
of 20 birds each. The basal diet, the composition of which is shown in 
Table 1, was used for the first treatment, The second group of birds 
was fed the basal diet supplemented with a Lactobacillus acidopholus 
culture (LBC), A bacterial enzyme preparation (BEP) obtained from the 
fermentation of Aspergillus oryzae and Bacillus subtjlus was added to 
the basal diet for the third treatment, while for the fourth, an anti
biotic mixture (AM) of neornycin-terramycin (220 g each kg) was mixed 
with the basal diet. The last experimental diet was supplemented with 
a Streptomyces fermentation residue (SFR), a concentrated source of un
identified nutritional factors. The mixing amounts of these four ex
perimental diets are shown in Table 2 and the nutrient composition of 
the basal diet in Table 3.

In each treatment there were four levels of feeding, ranging 
from 25 g/bird/day to ad libitum, in increments of 25 g. Five birds 
were fed each of these levels for each diet. This was to provide a 
response with sufficient range for regression analyses. In order to 
allow acclimation to the feed, the birds were fed their respective diets
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Table 1. Experiment I. Basal diets % composition.

Ingredients %

Milo 54.25
Soybean meal 26.25
Meat scraps 3.00
Dehy, alfalfa meal 5.00
Animal fat 1.00
Calcium carbonate 7.00
Dical. phosphate 0.75
Salt 0.50
Trace min. mixa 0.10
Vit. Pr-9b 2.00
DL-Methionine 0.05

Cr2°3 0.20
Total 100.10

^Supplied the following per kg of diet: 3$960 I.U. vitamin A$ 615
I.G.U. vitamin Dg$ 1.76 mg riboflavin, 11.0 mg niacin, 4.4 mg calcium 
pantothenate, 5.3 mg artamin BJ2, 2.2 I.U. d-alphatocopheryl acetate, 
0.9 meg menadione sodium bisulfite, 175 mg choline chloride, and 50 
mg ethoxyquin.
bSupplied the following in ppm: 20 Fe, 60 Zn, 60 Mn, 4 Cu, and 1 Mo.



Table 2. Experimental diets» % composition.
11

ingredients
Treatments

1 2 3 4 5

Basal 100 100 100 100 100
LBC - 0,0375 — - -
BEP - - 0.10 - -
AM ■ - - - 0.05 -
SEE — — 0.05



Table 3. Nutrients composition of the experimental diets.
12

Nutrient Amount

Protein % 20.43
Metabolizable energy» kcal/g 2.67
% Ca 3.30
% P 0.65
% Arginine 1.45
% Lysine 1.18
% Meth. + Cyst. 0.73
% Trypt. 0.26
% Glycine 1.09
% Phe. + Tyr. 1.88
% Valine 1.10
% Leucine 1.97
% Isoleucine 1.04
% Threonine 0.81
% Histidine 0.50
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during the 14 days prior to the start of the experiment which lasted two 
weeks. Egg production and egg weight were recorded on a daily basis, 
and body weight at 14 day intervals»

Chromic oxide (C^O^) was included in all diets as an inert 
marker, and classical metabolizable energy determined from gross energy 
values of feed and fecal samples collected during the last three days 
of the two week experimental period.
Thus:

% Cr 0 Feed 
ME = GE Feed - (% Q a,ces x GE Feces)

ME = metabolizable energy 
GE = gross energy 

Energy retention (balance) was calculated according to the 
formula: E.R. = (g egg/day) (1.6) + BW change (g/day) (5.0)
which assumes that an egg has an energy value of 1.6 kcal/g and that
1 g of body weight change is equivalent to 5 kcal. This value for
egg energy was reported by Hoffman and Schiemann (1973) and Davis,
Hassan and Sykes (1972), who also estimated that 1 g in body weight 
change is equivalent to 5 kcal.

Regression analyses were used in this experiment in order to 
determine different parameters. For instance, metabolizable energy 
was regressed as an independent variable on energy retention (ER)»
The regression equation resulting from this plot, in the form of Y = 
ax - b, predicts the maintenance energy requirement as the intercept 
on the X-Axis (x = ~) and the Fasting Heat Production (FHP) as the,, in
tercept on the Y-Axis (Y = -b for x = o). The slope of the regression



14
line (a) gives the efficiency of ME conversion to NE. A similar regres
sion plot using feed consumption as the independent variable gives the 
net energy of the diet as the slope of the line, the maintenance feed 
requirement as the intercept on the X-Axis and again the fasting heat 
production as the intercept on the Y-Axis, This regression technique 
was the one used by Farrell (1974),

Results and Discussion 
The effects on performance of the different experimental diets 

are given in Table 4 for the groups of birds fed ad libitum. No statis
tically significant differences were obtained in the production criteria 
reported in this table. In fact, the limited number of birds used in 
the ad libitum fed groups (5) and the short experimental period did not 
provide sufficient numbers for statistical differences to occur. Energy 
retentions were improved with the use of LBC (104.57 vs 90,6), BEP 
(98.57 vs 90.6), and SFR (104.68 vs 90.8) in comparison with the basal 
diet. However, birds fed AM had a lower energy retention (85.3 kcal vs 
90.6) even though they consumed an increased amount of feed (103.14 vs 
98.54) in comparison with the basal diet. The figures for gross effi
ciency of production consequently were higher with LBC, BEP, SFR, and 
lower with AM (38.87%, 39.3%, 42.5% and 31.5%, respectively), as com
pared with the basal diet (34.4%). A better feed conversion was ob
tained with BEP (1.81 vs 1.94), and the poorest with AM (2.06 vs 1.94). 
No change was obtained with LBC and SFR,

Regression analyses results are shown in Table 5. Feed intake 
per kg physiological body weight, regressed on energy retention yielded’



Table 4. Effect of feed additives on performance (ad-libiturn fed groups).

Criteria Basal LBC BEP AM SFR

g Feed/bird day 98.54 101.44 93.05 103.14 95.12
'ME/bird/day 263.59 269.01 251.13 270.94 246.95
% Production 92.86 96.114 90.00 85.72 89.28
Egg weight (g) 54.83 54.42 57.00 58.27 54.67
A BW, g/bird/day 1.87 4.19 3.33 1.27 5.36
g Egg/day 50.90 52.30 51.30 49.95 48.81
Egg energy/bird/day 81.44 83.68 82.08 79.92 78,09
A Body energy/bird/day 9.36 20.92 16.64 6.35 26.78
Energy retention/bird/day 90.63 104.57 98.57 85.30 104.68
ME (kcal/g feed) 2.675 2.65 2.699 2.627 2.591
Feed conversion (g feed/g egg) 1.94 1.94 1.81 2.06 1.95

Gross eff. of production, % 34.4% 38.87 39.3 31.5 42.5
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Table 5o Experiment. I. Results of regression analyses: energy 

balance on ME intake and energy balance on feed intake.

/BW°-75 Basal LBC BEP AM SFR MEAN

Maintenance feed (g) 30.09 27.66 30.69 30.33 31.29 30.01
Maintenance ME (kcal) 80.47 73.37 82.81 79.31 81.07 79.41
NEp (kcal/g) 1.63 1.575 1.826 1.58 1.679
Fasting HP (kcal) 49.04 43.57 56.04 47.92 52.54 49.82
Energetic efficiency9 (%) 60.94 59.38 67.67 60.42 64.81
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an estimation of dietary net energy (kcal/g). An improvement in NE re
sulted from supplementation with BEP (1,826 vs 1,63 kcal/g) in com
parison with the basal diet. A slight nonsignificant increase was also 
observed with SEE. supplementation (1,68 vs 1.63 kcal/g). No signifi
cant difference was obtained with diets supplemented with LBC and AM 
(1.57 and 1.58 vs 1.6 kcal/g). The average fasting heat production ob
tained from these regressions was 49.82 kcal/^j.g"Vday. Lower values 
resulted from birds fed LBC and AM (43.57 and 47.92 vs 49.04), and 
higher values with birds fed BEP and SEE (56.04 vs 49.04 kcal/W^^ ). 
Eegression of metabolizable energy consumption on energy retention gave 
an estimation of energetic efficiency for the conversion of ME to NE 
for maintenance and production. Again birds fed diets supplemented 
with BEP and SEE had higher energetic efficiencies (67.67% and 64.81% 
vs 60.94%) in comparison with birds fed the basal diet. This confirms 
the predicted- result, since the same groups of birds had higher dietary 
net energy. Accordingly, no significant change was obtained in 
energetic efficiency with birds fed LBC and AM (59.38% and 60.42% vs 
60.94% for the basal diet). The above data also suggest that hens used
in this experiment had an average maintenance feed requirement of 30.01 

.75g/day/W^ ; while their maintenance metabolizable energy requirement 
was 79.41 kcal/day/W^g^. The highest value of maintenance ME (82.81 
kcal) resulted from the diet supplemented with BEP:and the lowest 
(73.37 kcal) from the LBC supplemented diet.

The results presented here concerning the productive perfor
mances of the birds are in agreement with those of Sibbald et al» 
(1961a) and Slinger et al. (1962) who reported that there was no
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significant effect on weight gain and feed efficiency attributable to 
antibiotic supplementation. Begin (1971) also found that there was no 
effect on the amount of ME derived from the diet or on the total in
take of feed due to chlortetracycline supplementation»

The energetic efficiency of the conversion of ME to NE in this 
experiment was 67.67% with BEP supplementation. Burlacu and Baltac 
(1971) found a higher value 78.5 ± 5.3% and ,BeGroote (1974), even 
mentioned values as high as 86%. Under the experimental conditions 
provided during this study (i.e., temperature ranging from average
minimum of 22.4°C to average maximum of 37.8°C), the hens had a main-

.75tenance ME requirement of 79.41 kcal/W° ; while Burlacu and Baltac
75(1971) reported a value of 125.8 kcal/day/W^ with White Leghorn hens 

weighing 1.723 ± 48.5 kg. However, he did not report the range of 
temperature in his work.

Summary
Different feed additives were used in this study in order to 

test their effect on energetic efficiency of metabolizable energy con
version to net energy of maintenance and production. No effect was ob
served with the supplementation of a Lactobacillus culture (LBC) and 
an antibiotic mixture (59.38% and 60.42% respectively vs 60.94% ob
tained with the basal diet). An improvement resulted with hens fed 
diets supplemented with a Bacterial enzyme preparation (BEP) (67.67% 
vs 60.94%) and a Streptomyces fermentation residue (SFR) (64.81% vs 
60.94%) in comparison with the basal diet. However, no statistically 
significant differences were obtained in the following production
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performance criteria; feed intake» feed conversion, % production, egg 
weight, ME intake and energy retention.

With 22.4°C average minimum temperature and 37.8°C average 
maximum, the White Leghorn laying hens had a maintenance feed require-* 
ment of 30.01 g/day/W^'* and a maintenance metabolizable energy re
quirement of 79.41 kcal/day/Wj^.



CHAPTER IV

EFFECTS OF WHEAT BRAN ON ENERGY 
UTILIZATION IN LAYING HENS

Experimental Procedure
Fifty-four White Leghorn hens were kept in individual cages in 

an open-sided house. They were divided into three treatment groups of 
18 birds each. Birds from the first treatment were fed the basal 
diet» the composition of which is shown in Table 6. The second group 
received the basal diet supplemented with 10% wheat brans while in the 
third treatments, 20% wheat bran was supplemented to the basal diet.

In each treatment» there were three feeding levels with six 
birds per level. The amount of feed increased with wheat bran supple
mentations, so the three levels of the first treatment received 80, 90 g 
and ad libitum feed. With 10% wheat bran, the amounts were 84 g, 95 g 
and ad libitum feed, while with 20% wheat bran supplementation, the 
respective amounts increased to 88, 100 g and ad libitum feed. This 
increase in feed intake was to allow birds to meet their nutrient re
quirements since the diets supplemented with wheat bran had lower 
nutrient composition, as compared to the basal diet. This is shown in 
Table 7.

Egg production and egg weight were recorded on a daily basis, 
while body weight was taken at the beginning and at the termination of
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Table 6. Experiment II. Basal diet» % composition.

Ingredients %

Milo 59.25
Soybean meal 21.25
Meat scraps 3.00
Dehy. alfalfa meal 5.00
Animal fat 1.00
Calcium carbonate 7.00
Meal, phosphate 0.75
Salt 0.50
Trace min. mixa 0.10
Vit. mix^ 0.20
DL-Methionine 0.05

Cr2°3 0.20

^Supplied the following per kg of diet: 3,960 I.U. vitamin A, 615
i.C.U. vitamin 1.76 mg riboflavin, 11.0 mg niacin, 4=4 mg calcium 
pantothenate, 5.3 mg artamin 2.2 I.U. d-alpbatoeopheryl acetate,
0.9 meg menadione sodium bisulfite, 175 mg choline chloride, and 50 
mg ethoxyquin.
^Supplied the following in ppm: 20 Fe, 60 Zn$ 60 Mn, 4 Gu, and 1 Mo.
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Table 7. Calculated nutrient composition of diets„

Nutrient
Treatment no.

1 2 3

Protein, % 17.6 17.44 17.3
ME, kcal/g 2.64 2.51 2.37
Ca, % 3.32 3.15 2.99
P, % (total) 0.64 0.61 0.58
Meth, + Cysto, % 0.61 0.59 0.57
Lysine, % 0.92 0.89 0.86
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of the experiment which lasted two weeks. Physiological body weights

75were calculated as weight in kilograms to the 3/4 power (W£ ).
Chromic oxide (C^O^) was included in all diets as an inert 

marker and apparent metabolizable energy values calculated from feed 
and fecal (C^Og) ratios and gross energy values of feed and fecal 
samples. Energy retention was determined according to the formula 
described in the previous experiment. The regression technique used 
for the determination of net energy and energetic efficiency for ME 
conversion to NE, was the one of Farrell (1974). This is also fully 
explained in the previous experiment.

Results and Discussion 
The effects on performance of the different experimental 

diets are shown in Table 8. Statistical analysis showed no signif
icant differences in the following production criteria: feed consump
tion, ME/bird, % production and egg weight. However, significant 
differences were obtained in body weight change and the energy re-
tention/bird/day. In fact, the hens fed the diet supplemented with

' -

10% wheat bran showed a loss in body weight (-1.49 g/bird/day).
Since those fed the 20% wheat bran Supplemented diet had a gain in 
body weight (2.79 g/bird/day), the above loss becomes unpredictable 
and questionable. This loss in body weight, resulting from unex
plained experimental factors, produced the significant difference in 
body weight change and energy retention observed between the birds 
fed 10% wheat bran supplemented diet and the other groups. Therefore, 
in further discussion, the above mentioned treatment group will not be



Table 8. Effect of wheat bran on performance (a.d-lLbitum fed groups)

Criteria Basal +10% Wheat Bran +20% Wheat Bran

Feed/bird/day (g) 130.95 132.4 132.03
ME/bird/day 381.17 371.7 361.89
% Production 94.23 86.15 84.62
Egg weight (g) 58.30 58.08 60.10
ABW, g/bird/day 1.98** -1.49b 2.79*
g egg/day 54.94 50.04 50.85
Egg energy/bird/day 87.90 80.06 81.36
A body energy/bird/day 9.91* -7.46b 13.92*
Energy retention/bird/day 97.98* 72.16b 95.43
ME (kcal/g feed) 2.91 2.81 2.74
Feed conversion 2.38 2.64 2.59

*Means not having common letter superscripts are significantly different (p < 0.05).
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given consideration« The dietary metabolizable energy decreased with 
the supplementation of wheat bran (2.91 kcal/g feed for the basal vs 
2.74 with 20% wheat bran). Similarly, feed conversion increased with 
the addition of wheat bran (2.38 vs 2.59).

Table 9 shows the results of the regression analyses. Feed in-
e 75 o 75take/W^g regressed on energy retention/W^ yielded an estimation of

dietary net energy. There was a decrease in net energy with the addi
tion of wheat bran, from 1.65 with the basal diet to 1.48 kcal/g with 
the 20% wheat bran supplemented diet. Fasting heat production (FBEP) 
was obtained from these regressions as the intercept on the If-Axis.
Birds fed the 20% wheat bran supplemented diet had a lower FHP (69.11
vs 76.25 kcal), in comparison with those fed the basal diet. Metabo-

© 75lizable energy per physiological body weight (ME/W^ ) regressed on 
energy retention/W^^ gave an estimation of the energetic efficiency 
for the conversion of ME to NE of maintenance and production. Birds 
fed the basal diet had a higher energetic efficiency (56.56% vs 53.80%), 
as compared to those fed 20% wheat bran diet. The above data also sug
gested that hens used in this experiment had nearly the same mainten
ance feed requirement (46.24 and 46.63 g of feed for the different 
groups)= However, there was a decrease in maintenance ME requirement 
(134.81 kcal for hens fed the basal diet vs 128.46 for those fed 20% 
wheat bran supplemented diet). Heat increment was calculated in order 
to investigate this decrease in maintenance ME.

The percentage of ME used as heat increment plus activity (HI 
+ Act.) was determined from the energetic efficiency of birds fed the 
basal diet as 100 - 56=56 = 43.44%. Knowing the metabolizable energy



Table 9. Experiment II. Results of regression analyses: energy balance on ME intake and energy
balance on feed Intake.

ZBH0'75
Diets

Basal +10% Wheat Bran +20% Wheat Bran

Maintenance feed (g) 46.24 49.87 46.63
Maintenance ME (kcal) 134.81 141.85 128.46
NEp (kcal/g) 1.649 1.519 1.482
Fasting HP (kcal) 76.25 75.75 69.11
Energetic efficiency, P (%) 56.56 53.40 53.80

ox
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(2.91 kcal/g feed) and the daily feed consumption (130.95 g feed), HI 
+ Act. was calculated as follows:

43.44% x 2.91 kcal/g feed x 130.95 g feed = 165 kcal/bird/day and 
per physiological body weight it became,

165 =108.2 kcal/W°75/day1.525   —  "kg
The results for the hens fed the experimental diets are shown in Table

. 7510. As can be seen, there was an increase in HI + Act./W^ with the 
addition of wheat bran. For instance, hens fed the 20% wheat bran

7 Ssupplemented diet had a higher Hi + Act. (115.3 vs 108.2 kcal/W” ) as
compared to those fed the basal diet. Table 9 shows that the group of
birds fed 20% wheat bran had a lower maintenance ME requirement of
128.46 kcal. In other words, hens with a higher heat increment 

75(115.3 kcal/W^ ) had a lower maintenance HE requirement of 128.46 
kcal. This can be explained since the study was conducted during 
winter with temperatures ranging from an average min. of 4.80C to a 
max, of 18.4°C. Thus, part of the high heat increment due to the ad
dition of wheat bran to the diet, was used in order to maintain body 
temperature, and thus, lowering the value of maintenance energy require
ment. ‘ . ,

The experimental procedure of this study also offered a way 
for the determination of the ME and the HE of wheat bran. The percent 
added wheat bran, as independent variable, was regressed on the ME and 
the HE of different diets respectively. The results are shown in Table 
11.
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Table 10. Heat increment plus activity of hens (ad-libitum fed groups).

Diets
Basal

Basal + 10% 
Wheat Bran

Basal + 20% 
Wheat Bran

% ME used as HI + Act. 43.4 46.6 46,2
HI + Act. kcal/g feed 1.26 1.31 1.27
HI 4- Act,/bird/day 165.0 173.4 167.7
HI -5- Act. kcal/W^/day 108.2 111.3 115.3

Table 11, Regression analyses of X added wheat bran on ME and NE,

% Added Wheat Bran vs.
Correlation
Coefficient Slope Intercept

ME (kcal/g feed)
EE diet (kcal/g feed)

0.993 
0.952 „

-0.0084
-0.0083

2.904
1.634
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The dietary ME was decreased by 0.0084 for each 1% wheat bran 

added to the diet, predicting a ME value for wheat bran of 2.064 kcal/ 
g. Similarly, the dietary net energy decreased by 0.0083 with each 
addition of 1% wheat bran to the diet, thus predicting a net energy 
value for wheat bran of 0.804 kcal/g. Consequently the energetic ef
ficiency of wheat bran for the conversion of ME wheat bran to ME of 
maintenance and production would be x 100 = 39.18%

This study showed no improvement in feed conversion with the 
addition of wheat bran to the diet. This is in agreement with the re
ports of Hedge and others (1978) who found that feed conversion effi
ciency (FOE),was not affected by the addition of wheat straw; however, 
they reported an increase in FCE with the addition of 10% wheat bran.
In terms of body weight, egg weight, egg production and feed conver
sion, the results of this study are supported by the findings of Deaton 
et al. (1977) who reported that, with increased dietary fiber, there 
were no effects on body weight, egg weight, hen-day production and feed 
conversion.

In fact, in this experiment, wheat bran did not seem to improve 
the energy utilization of the diets. Voitle and Harms (1976) reported 
an improvement in energy utilization with diet containing 2.5% sand. 
Earlier, Harms et al. (1974) also found that the efficiency of energy 
utilization was improved with the addition of solka floe to chick 
diets.
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Summary

A study was conducted to determine the effect of wheat bran sup
plementation on energy utilization in White Leghorn laying hens. The 
addition of wheat bran to the diet did not significantly affect feed 
intake, % production, egg weight and feed conversion. However, there 
was a decrease in the energetic efficiency for the conversion of ME to 
HE of maintenance and production, (56,56% for the basal diet vs 53.80% 
for the 20% wheat bran supplemented diet). Hens fed diets containing 
20% wheat bran had a lower maintenance ME requirement (128.46 kcal vs
134.8 kcal) than those fed the basal diet, and a higher heat increment 

75(115.3 kcal/W^ vs 108.2) than those fed the basal diet.
The wheat bran used in this study has a ME value of 2.064 kcal/ 

g, a HE value of 0.804 kcal/g and consequently an energetic efficiency 
of 39.18%.



CHAPTER V

CONCLUSIONS

The techniques used in these experiments for the study of energy 
utilization in laying hens offer many advantages. First, they allow the 
determination of the energetic efficiency of a dietary ingredient, as 
well as a nutrient. Secondly, they allow short term studies which are 
eased by different factors: the use of chromic oxide as an inert
marker avoids the complete collection of feces for the determination of 
its gross energy; the use of energy balance without carcass analysis 
based on energy value per gram of body weight change and per gram of 
egg produced. The techniques also offer a way for the determination of 
the metabolizable energy and the net energy of an ingredient»

In the first experiment, the effects of antibiotics, an enzyme 
preparation and other feed additives on energy utilization were tested. 
The homogeneity of the results obtained in the production performance 
criteria suggests that, in order to obtain statistically significant 
differences (p < 0.05) , the number of. birds at each feeding level should 
exceed five. BEP (a bacterial enzyme preparation) and SFR (a strepto- 
myces fermentation residue) were shown to have a positive effect on 
energy utilization by increasing the energetic efficiency for the con
version of ME to NE ,m + p

The second experiment reported here was part of an investigation 
into the importance of fiber in energy utilization in laying hens.
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Wheat bran <) used as dietary fiber» diluted the energy density of the 
experimental diet» as shown by the lower net energy and energy effi
ciency obtained with the supplementation of 20% wheat bran. However„ 
heat increment increased with the addition of dietary fiber, thus 
lowering the maintenance energy requirement of birds. The experimental 
procedure allowed the evaluation of the net energy of the wheat bran 
used in this study as 0.804 kcal/g.
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