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Energy utilization in broilers as influenced by supplementation of enzymes containing phytase or carbohydrase activities was investigated. Day-old

male broilers (480) were allocated to four slaughter groups, thirty broilers in the initial slaughter group and 150 broilers in each of the final slaugh-

ter groups on days 7, 14 and 21. Broilers in each of the final slaughter groups were allocated to five treatments in a randomized complete block

design, each treatment had six replicate cages of five broilers per replicate cage. The diets were maize–soyabean based with wheat as a source of

NSP. The treatments were: (1) positive control that met nutrient requirements of the day-old broiler chick; (2) negative control (NC) deficient in

metabolizable energy and P; (3) NC plus phytase added at 1000 FTU/kg; (4) NC plus cocktail of xylanase, amylase and protease (XAP); and (5)

NC plus phytase and XAP. Gain and gain:food were depressed (P,0·05) in the NC diet. Phytase improved (P,0·05) gain at all ages and gain:food

at days 0–14 and days 0–21. There was improvement (P,0·01) in net energy for production, energy retained as fat and protein from days 0 to 14

and from days 0 to 21 in phytase-supplemented diet compared with the NC diet. Net energy for production was more highly correlated with per-

formance criteria than metabolizable energy and may be a more sensitive energy utilization response criterion to use in evaluating broiler response

to enzyme supplementation.

Energy utilization: Phytase: Carbohydrase: Broilers

Exogenous enzymes used in poultry diet have usually resulted
in improved growth performance, enhanced flock uniformity
as well as reduction of nutrient waste being released to the
environment. The improvement in performance is closely
associated with improvement in nutrients and energy utiliz-
ation which is primarily related to availability of more nutri-
ents and energy from the feed ingredients. Energy utilization
in poultry is usually expressed in terms of metabolizable
energy (ME) which accounts for energy loss in the excreta.
Though improvements in animal performance and bone miner-
alization have been reported, the influence of phytase on ME
has not been consistent1 – 4. Similarly, a large number of
studies reported an improvement both in performance and
ME when carbohydrases were used in diets based on wheat,
rye or barley5 – 7. In some studies in which carbohydrases
were used however, improvement in growth performance
was reported without improvement in ME8,9.

Net energy (NE) is another measure of energy utilization,
this response criterion considers the efficiency of ME utiliz-
ation, and hence it has been argued that it might be more sen-
sitive than ME for determining efficiency of energy use in
poultry10 – 12. NE is the amount of energy that is available to
the animal after ME has been used to support the heat

increment of feeding. This NE is available both for mainten-
ance and production (NEp). There is the possibility that
NEp can be used as a more sensitive measure of energy util-
ization by the chickens receiving enzyme because it takes into
account the efficiency of utilization of ME for growth.

NE can be determined using the carbon–nitrogen method or
by the comparative slaughter technique. The carbon–nitrogen
method for NE determination was used in evaluating the effi-
cacy of endo-b-D-mannanase in a recent study13 using chick-
ens. The comparative slaughter approach has been used
recently for determination of NE for ruminants14,15, pigs16,
fish17 and chickens12,18.

The objective of the present experiment therefore was to
evaluate the use of NEp, determined using the comparative
slaughter method, in studying the effectiveness of enzyme sup-
plementation of broiler feed. In addition, the study related the
effect of enzymes on energy utilization to the age of the broilers.

Materials and methods

Enzymes

The enzymes used had phytase, xylanase, amylase and
protease activities. An Escherichia coli-derived phytase
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(Phyzyme XP; Danisco Animal Nutrition, Marlborough, UK)
was used and was supplemented in the diet to provide
1000 FTU/kg diet (as-fed basis). The enzyme cocktail used
had xylanase, amylase and protease (XAP) activities (Avi-
zyme 1505; Danisco Animal Nutrition). It was added to pro-
vide per kg diet (as-fed basis) 650, 1650 and 4000 U of
xylanase, amylase and protease, respectively. One phytase
unit (FTU) was defined as the quantity of enzyme required
to liberate 1mmol inorganic P/min, at pH 5·5, from an
excess of 15mM-sodium phytate at 378C. One unit (U) of xyla-
nase was defined as the quantity of the enzyme that liberates 1
mmol xylose equivalent/min. One unit of amylase was defined
as the amount of the enzyme catalysing the hydrolysis of 1
mmol glucosidic linkage per minute and one protease unit
was defined as the quantity of the enzyme that solubilized 1
mg azo-casein/min.

Animals, diets and experiment design

Day-old male broiler chicks (480) were used for the present
study. At 1 d old, the chicks were allocated into four slaugh-
ter groups of similar average body weight (48·1 (SD 0·02) g)
consisting of 30, 150, 150 and 150 chicks. The similar
initial body weight for all slaughter groups ensured that
each group was representative of the other groups. One of
the slaughter groups comprising thirty chicks constituted
the initial slaughter group killed at day 0. The thirty birds
in the initial slaughter group were further allocated into
six replicate cages of equal body weight, with five birds
per replicate cage.

The remaining three slaughter groups of 150 chicks each
made up the final slaughter groups that were killed by CO2

asphyxiation at days 7, 14 and 21. On day 0, 150 broilers in
each of the remaining slaughter groups were allocated to five
dietary treatments in a randomized complete block design, the
chicks were blocked by body weight. Each treatment had six
replicate cages with five chicks per replicate cage. The dietary
treatments were: (1) a positive control (PC) diet that was formu-
lated to meet National Research Council19 nutrient requirement
for broilers, (2) a negative control (NC) diet formulated to meet
94 % of ME and 53 % of non-phytate P requirement, (3) NC diet
plus an E. coli phytase, (4) NC diet plus XAP, and (5) NC plus
phytase and XAP. The diets were maize–wheat–soyabean
based and were fed as a mash, the wheat served as an additional
source of NSP. Chromic oxide was added to the diets as an indi-
gestible marker to enable determination of digestibility. The
compositions of the PC and NC diets are presented in Table 1.

Body weight and feed intake data of the birds were recorded
weekly. Grab excreta samples were collected from each cage
in the last 3 d of each week to enable determination of ME.
The excreta were immediately frozen before being dried in a
forced air oven to a constant weight. Excreta were pooled
within each pen and ground prior to analyses. Chickens
were killed in four phases. Thirty broiler chicks that were
used as the initial slaughter group were not fed but were
killed at day 0 by CO2 asphyxiation. Every 7 d thereafter
150 chicks were killed by CO2 asphyxiation to serve as the
final slaughter group for days 7, 14 and 21. On slaughter
days, after weighing the birds, feed was withdrawn for about
4 h before asphyxiation by CO2. The birds were subsequently
frozen after slaughter and prior to processing. All animal

handling procedures were approved by the Purdue University
Animal Care and Use Committee.

Chemical analysis

The diets were analysed for enzyme activity and nutrient
composition. Excreta and diets samples were analysed for
gross energy in order to determine the ME. Samples were
dried at 1058C in a drying oven (Precision Scientific Co.,
Chicago, IL, USA) for 24 h for DM determination. Gross
energy was determined in bomb calorimeter (Parr 1261;
Parr Instruments Co., Moline, IL, USA) using benzoic acid
as a calibration standard. Chromium concentration in the
diets and excreta samples was determined using the method
of Fenton and Fenton20.

The whole intact chicken (feathers, head, feet and all organs)
was frozen immediately after being killed and later processed.
All the chicks in the same cage were processed together, after
chopping and coarse-grinding individual chickens, they were
thoroughly mixed and two subsamples (approximately 200 g
each, wet weight) were taken, finely ground and freeze-dried.
The two subsamples were mixed together after drying and
ground again. Hence chemical analysis was on one sample
from each cage and not from individual chickens. The ground
carcase samples were analysed for gross energy, diethyl ether
extractable fat and nitrogen. Nitrogen was determined using a

Table 1. Ingredient composition of the experimental control diets

Positive control Negative control

Ingredients (g/kg)
Maize* 519·0 455·2
Wheat 52·4 140·0
Soyabean meal 320·0 320·0
Soyabean oil 50·0 42·0
Dicalcium phosphate 17·5 5·0
Limestone (38 % Ca) 15·0 11·7
Salt 4·0 4·0
Chromic oxide marker† 15·0 15·0
Vitamin–mineral premix‡ 3·0 3·0
DL-Methionine 3·0 3·0
Lysine HCl 1·1 1·1
Total 1000·0 1000·0

Calculated nutrients and energy
Protein (g/kg) 213·5 222·1
ME (MJ/kg) 13·1 12·6
Lysine 12·4 12·0
Total sulphur amino acids 9·8 10·0
Threonine 8·0 7·5
Ca (g/kg) (analysed) 11·6 6·4
P (g/kg) (analysed) 6·0 4·8
Non-phytate P (g/kg) 4·5 2·4
Ca:P 1·9 1·3

FTU, phytase unit.
* Danisco phytase (Phyzyme XP) premix formulated to contain 100 FTU/g and

Danisco XAP (Avizyme 1505) premix formulated to contain 65, 165 and 400 U/g
xylanase, amylase and protease, respectively, replaced ground maize in the NC
diet at the rate of 10 g/kg providing per kg diet 1000 FTU, 650, 1650 and 4000 U
phytase, xylanase, amylase and protease, respectively.

† Prepared as 1 g chromic oxide added to 4 g ground maize.
‡ Vitamin–mineral premix contained per g premix: retinol, 548mg; cholecalciferol,

22mg; DL-a-tocopherol, 3·34 mg; menadione sodium bisulphite, 1·46 mg; cyanoco-
balamin, 13·2 mg; biotin, 18·4 mg; choline chloride, 257 mg; folic acid, 330mg; niacin,
14·69 mg; D-pantothenic acid, 3·67 mg; pyridoxine hydrochloride, 1·1mg; riboflavin,
1·83 mg; thiamine mononitrate, 735mg; Cu (as copper sulphate), 1·48 mg; I (as cal-
cium iodate), 370mg; Fe (as ferrous sulphate), 14·69 mg; Mn (as manganese
oxide), 22·02 mg; Se (as sodium selenite), 100mg; Zn (as zinc oxide), 14·69 mg.
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combustion method (Leco FP analyser model 602600; Leco
Corp., St Joseph, MI, USA) with EDTA as a calibration standard.

Calculations

ME (MJ/kg) was calculated as follows:

ME ¼ GEi 2 GEo £ Ci=Co

� �� �

where GEi is gross energy (MJ/kg) in feed; GEo is the gross
energy (MJ/kg) in excreta, Ci is the concentration of chro-
mium in the diets; and Co is the concentration of chromium
in the excreta.

Net energy for production (NEp) was calculated as follows:

Initial GE of carcase ðkJÞ ¼carcase GE ðkJ=gÞ

£ body weight of bird ðgÞ ð1Þ

Final GE content of carcase ðkJÞ ¼ carcase GE ðkJ=gÞ

£ body weight of bird ðgÞ ð2Þ

NEp ðkJÞ ¼ ð2Þ2 ð1Þ

Heat production (HP), which consists of the heat increment of
feeding and fasting HP is calculated as the difference between
NEp and ME intake:

HP ðkJÞ ¼ MEI 2 NEp

where ME intake (MEI) was calculated using the following
formula:

MEI ðkJÞ ¼ ME ðkJ=gÞ £ feed intake ðgÞ:

Energy retained as fat (REf) and as protein (REp) were
calculated as follows:

REf ðkJÞ ¼ Carcase fat ðgÞ £ 38·2 kJ=g

REp ðkJÞ ¼ Carcase crude protein content ðgÞ £ 23·6 kJ=g:

The values 38·2 and 23·6 kJ/g are energy values per gram of
fat and protein, respectively, and were according to Larbier
and Leclercq21.

Because excreta were collected the last 3 d of each week,
ME intake was determined for each week (days 7, 14 and
21). The ME intake for chickens killed at day 7 was calcu-
lated as shown earlier using days 0–7 feed intake. The ME
intake for chickens killed at day 14 was calculated by
adding the ME intakes from the 0–7 and 8–14 d periods.
The ME intake for chickens killed at day 21 was calculated
by adding the ME intakes from the 0–7, 8–14 and 15–21 d
periods.

Efficiency of ME use for energy retention ðKREÞ

¼ NEp=MEI

Efficiency of ME use for lipid retention ðKREfÞ

¼ REf=MEI

Efficiency of ME use for protein retention ðKREpÞ

¼ REp=MEI:

Statistical analysis

Data on growth performance of broilers were analysed as a
randomized complete block design using the General Linear
Model procedures of SAS22. The last four treatments in the
experiment were analysed as a 2 £ 2 factorial arrangement of
treatments to elucidate the main effects of phytase, XAP and
possible interactions. Because of the possibility of influence of
ME intake on other energy utilization response criteria, ME
intake was used as a covariate in the analysis of energy utiliz-
ation response data. The data on efficiency of ME intake use
for energy retention, energy retained as fat and as protein were
first arcsine transformed before analysis by the General Linear
Model procedures of SAS. The relationships among energy util-
ization responses were determined by correlation using the
CORR procedure of SAS. Data were obtained on energy utiliz-
ation responses at three different periods (days 7, 14 and 21) and
hence it is possible to compare the response of chickens to the
dietary treatments at these periods. Therefore, means are pre-
sented for main effects of five diets and three periods and poss-
ible diet £ period interactions. Where there are no significant
diet £ period interactions, only the main effects means are pre-
sented, whereas simple effects means are presented when there
are significant interactions. Means of PC and NC diets were
compared using orthogonal contrasts to elucidate the effect of
the dietary treatments.

Results

Analysed phytase activity was 894 and 1208 FTU/kg feed,
respectively for treatments 3 and 5. For treatments 4 and 5,
respectively, the analysed enzyme activities (U/kg) were 575
and 634 for xylanase; 1862 and 1987 for amylase; and 3166
and 3279 for protease. The analysed activities of xylanase,
amylase, protease and phytase were #100 U/kg in treatments
1 and 2.

Table 2 shows the data on growth performance of the broiler
chickens used. Feeding the nutritionally marginal NC diet to
the broilers depressed (P,0·05) both weight gain and gain:
food at all periods. There were significant effects of diets
and periods (P,0·001) on both weight gain and gain:food.
Weight gain increased with age in all treatments whereas gain:
food decreased with age. There was diet £ period interaction
(P,0·001) only for weight gain. Phytase improved (P,0·05)
weight gain at all periods, there were no effects of XAP at
any period, but there was XAP £ phytase interaction
(P,0·05) only in the 0–14 d period. The interaction at this
period was explained by phytase improving weight gain
more in the absence than in the presence of XAP. There
were no effects of XAP nor phytase £ XAP interaction on
gain:food at any period but phytase improved (P,0·05) gain:
food at the 0–14 and 0–21 d periods.

Table 3 shows the result of MEI and NEp of the experimen-
tal broilers. There were effects (P,0·001) of diet and period
on MEI and NEp as well as diet £ period interaction
(P,0·01). The interactions observed were due to the differ-
ences in the effects of the enzymes at different periods as
described later. For example, effects of XAP on MEI and
NEp were only observed in the 0–7 d period. There were no
effects of phytase supplementation alone or in combination
with XAP on MEI from 0 to 7 d. In the 0–14 and 0–21 d
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periods, however, MEI was higher (P,0·01) in phytase-sup-
plemented diet and there was a trend (P,0·10) towards
phytase £ XAP interaction for MEI and NEp only in the
0–21 d period. Phytase supplementation improved (P,0·01)
NEp in the 0–14 and 0–21 d periods.

Table 4 shows the result of partitioning of the energy
deposited into that deposited as fat or protein in the carcase.
Carcase energy deposited as fat increased as the chicken
matured (P,0·01) and there was a diet £ period interaction
(P,0·01) for this response criterion as the following expla-
nation of the simple effects shows. Energy deposited as fat

was lower (P,0·05) in the broilers receiving XAP only in
the 0–7 d period. In the 0–14 and 0–21 d periods, phytase
supplementation increased REf (P,0·01) and had a trend
(P,0·10) to decrease REf in the 0–7 d period; there were
no phytase £ XAP interactions in any period. Also REf

was lower (P#0·001) in NC compared to PC treatment in
the 0–14 and 0–21 d periods. There were no effects of
any dietary treatment on energy retained as protein in
0–7 d. Carcase energy deposited as protein increased as
the chickens matured (P,0·01) and there was diet £ period
interaction (P,0·05) for this response criterion. The source

Table 3. Metabolizable energy and net energy for production of broilers receiving phytase or cocktail of
xylanase, amylase and protease (XAP) individually or in combination

(Mean values for six replicate cages with five broilers per replicate cage)

Treatments* Metabolizable energy intake (kJ/d) Net energy for production (kJ/d)

Period Period

Phytase XAP 0–7 d 0–14 d 0–21 d 0–7 d 0–14 d 0–21 d

0 2 (NC) 238·9 402·2 598·8 91·3 151·1 223·4
þ 219·9 406·2 649·1 81·7 164·1 235·6

1000 2 249·0 474·5 754·9 87·3 186·8 294·1
þ 218·0 457·6 713·1 81·5 182·5 274·2

PC 236·2 470·0 735·3 81·6 199·6 294·1
Pooled SEM 10·8 10·1 24·9 3·4 4·5 8·0
P for main effects and interactions

Phytase 0·711 ,0·001 0·001 0·552 ,0·001 ,0·001
XAP 0·037 0·531 0·866 0·040 0·351 0·642
Phytase £ XAP 0·592 0·319 0·084 0·579 0·077 0·067
Diets ,0·001 ,0·001
Period ,0·001 ,0·001
Diets £ Period 0·003 0·001

P for contrast
PC v. NC 0·849 ,0·001 0·001 0·106 ,0·001 0·002

NC, negative control; PC, positive control.
* See Table 1 for details of control diets.

Table 2. Growth performance of broilers receiving phytase or cocktail of xylanase, amylase and protease
(XAP) individually or in combination

(Mean values for six replicate cages with five broilers per replicate cage)

Treatments* Gain (g) Gain:food (g/g)

Period Period

Phytase XAP 0–7 d 0–14 d 0–21 d 0–7 d 0–14 d 0–21 d

0 2 (NC) 87·7 261·3 553·9 0·78 0·72 0·69
þ 88·5 284·6 594·3 0·78 0·75 0·69

1000 2 95·7 327·2 715·1 0·80 0·77 0·73
þ 92·7 316·7 684·3 0·80 0·77 0·74

PC 96·8 341·2 712·4 0·83 0·80 0·74
Pooled SEM 3·31 11·2 24·9 0·02 0·01 0·01
P for main effects and interactions

Phytase 0·002 ,0·001 ,0·001 0·182 ,0·001 0·012
XAP 0·523 0·375 0·850 0·881 0·139 0·831
Phytase £ XAP 0·290 0·024 0·179 0·915 0·133 0·750
Diets ,0·001 ,0·001
Period ,0·001 ,0·001
Diets £ Period ,0·001 0·803

P for contrast
PC v. NC 0·001 ,0·001 ,0·001 0·021 ,0·001 0·026

NC, negative control; PC, positive control.
* See Table 1 for details of control diets.
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of diet £ period interaction was the observation that phytase
supplementation improved (P,0·01) REp only in the 0–14
and 0–21 d periods and there was a trend for phytase £ XAP
interaction (P,0·10) for REp in 0–21 d only. In addition,
REp was greater (P#0·01) in PC compared to NC treatment.

HP of the broilers receiving the experimental diets is
shown in Table 5. There were effects (P,0·05) of diet and
period as well as diet £ period interaction on HP. HP of
the broilers increased as broilers matured (P,0·01), the
diet £ period interactions are explained as follows. Sup-
plementation of XAP decreased (P,0·01) HP in both the
0–7 and 0–14 d periods only, phytase tended to increase

HP (P,0·10) only in 0–14 d period and there were
phytase £ XAP interactions (P,0·05) only in the 0–7 and
0–14 d periods. Phytase increased HP in the 0–14 and
0–21 d periods (P,0·01). Phytase £ XAP interaction in the
0–7 d period is explained by the observation that phytase
alone increased HP but the combination of phytase and
XAP decreased HP; whereas in the 0–21 d period phytase
increased HP more in the absence of XAP than in the pre-
sence of XAP. HP was greater (P,0·05) in PC compared
to NC treatment in the 0–14 and 0–21 d periods, but there
were no differences in HP between the two treatments in
the 0–7 d period.

The data on efficiency of use of MEI for NEp, REp or REf

are shown in Table 6. In general, efficiency of MEI use for
NEp, REp and REf increased (P,0·01) as broilers matured.
There was significant (P,0·05) diet effect on KREp in the
0–14 d period, this is due to the improvement in KREp

observed in the treatment with XAP supplementation during
the same period. No other dietary treatment effects were
observed for the efficiency of MEI use data. In Table 7 are
the ME values of the diets for the chicks at different periods.
The overall trend was that ME increased (P,0·01) with age
in all the treatments. There was also significant (P,0·01)
diet effect as well as diet £ period interaction (P,0·01).
Although phytase supplementation improved (P,0·05) ME
at all ages, ME was lower (P,0·01) in diets supplemented
with XAP in the 0–7 and 7–14 d periods, whereas in the
14–21 d period, XAP supplementation tended to increase
ME (P,0·10) thus accounting for the interactions observed
for diet and period. There were no phytase £ XAP inter-
actions on ME at any age of the broiler chicks. There were
no differences between the ME in PC and NC treatments
at any period.

Table 8 shows the correlation coefficients among the var-
ious energy utilization response criteria. Body weight was
more highly correlated with NEp (r 0·999) compared with

Table 4. Carcass energy deposition as fat and protein in broilers receiving phytase or cocktail of xylanase,
amylase and protease (XAP) individually or in combination

(Mean values for six replicate cages with five broilers per replicate cage)

Treatments* Energy retained as fat (kJ/d) Energy retained as protein (kJ/d)

Period Period

Phytase XAP 0–7 d 0–14 d 0–21 d 0–7 d 0–14 d 0–21 d

0 2 (NC) 32·4 63·2 86·6 41·7 70·7 115·0
þ 26·8 68·8 95·9 41·5 77·9 130·2

1000 2 28·3 79·0 119·7 40·3 90·4 158·5
þ 22·4 78·2 112·3 43·2 93·9 148·5

PC 26·4 85·4 127·6 39·2 94·9 150·8
Pooled SEM 1·8 2·0 5·6 2·1 3·3 5·9
P for main effects and interactions

Phytase 0·066 ,0·001 0·001 0·931 ,0·001 0·001
XAP 0·018 0·248 0·861 0·137 0·132 0·667
Phytase £ XAP 0·960 0·127 0·161 0·281 0·582 0·051
Diets ,0·001 ,0·001
Period ,0·001 ,0·001
Diets £ Period 0·001 0·015

P for contrast
PC v. NC 0·101 ,0·001 0·001 0·394 ,0·001 0·010

NC, negative control; PC, positive control.
* See Table 1 for details of control diets.

Table 5. Heat production (kJ/d) in broilers receiving phytase or cocktail
of xylanase, amylase and protease (XAP) individually or in combination

(Mean values for six replicate cages with five broilers per replicate
cage)

Treatments* Period

Phytase XAP 0–7 d 0–14 d 0–21 d

0 2 (NC) 147·6 251·1 375·4
þ 138·2 242·1 413·6

1000 2 161·7 287·8 460·8
þ 136·5 275·1 438·8

PC 154·5 280·3 440·7
Pooled SEM 3·2 4·5 7·7
P for main effects and interaction

Phytase 0·092 ,0·001 ,0·001
XAP ,0·001 0·031 0·332
Phytase £ XAP 0·036 0·698 0·002
Diets ,0·001 ,0·001 ,0·001
Period ,0·001
Diet £ Period 0·018

P for contrast
PC v. NC 0·553 0·028 0·005

NC, negative control; PC, positive control.
* See Table 1 for details of control diets.
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ME (r 0·666). HP was less highly correlated with NEp
(r 0·980) compared with ME intake (r 0·997). Energy retained
as protein was more highly correlated with NEp (r 0·988) than
energy retained as fat (r 0·950). All correlations were
significant (P,0·01).

Discussion

The experimental diets (except for the PC diet) were formu-
lated to be marginally deficient in ME, P and Ca and because
these would be limiting for growth, the effects of enzymes that
are capable of enhancing energy and P utilization would be
expected to be more pronounced. The improvement in per-
formance observed when phytase alone or combined with
XAP were used has been reported in the literature2,23,24. It is
noteworthy that the enzymes were effective early in age in
improving growth performance especially because at this
age the birds might be limited in their capacity to produce
the digestive enzymes25. Exogenous enzyme supplementation
can reduce the energy needs for producing some of the diges-
tive enzymes as has been observed for chicks receiving sup-
plemental amylase and protease26. Enzyme supplementation
did not improve gain:food from day 0 to 7 but phytase
improved the response criterion in the 0–14 and 0–21 d
periods, however, weight gain was improved by phytase
alone at all ages.

The use of NEp as a measure of energy utilization response
to enzyme supplementation is predicated on the premise that
the quantity of feed consumed and body weight gain can be
measured in energy terms (ME intake and NEp, respectively).
NEp can be determined as the difference between the gross
energy content of the body at the end of a specified period
and the gross energy content of the body at the beginning of
the period. Also, because energy can not be lost but be con-
verted into other forms, differences in energy intake and
energy deposited can be accounted for in energy used for
maintenance of the animal. There is a dearth of information
in poultry on the response to phytase using the NE approach.
Daskiran et al.13 using the carbon–nitrogen method showed
that a carbohydrase improved NE in a maize–soyabean
meal without any change in ME. However, addition of the
enzyme to the same diet with added guar gum did not lead
to any improvement in NE.

The results from various experiments have not been consist-
ent with regards to the influence of phytase or carbohydrases
on ME, whereas some have reported improvement in ME in
response to phytase1,2,27 or carbohydrases28,29 others did not
see an improvement in ME when the enzymes were used3,30.
Interestingly, in most of these studies, there were improve-
ments in weight gain and nutrient utilization. In the current
study, phytase supplementation alone or in combination with
XAP improved NEp and REp. The improvement in energy
utilization may be due to improvement in nutrient and
energy availability because additional energy and nutrients
made available would be deposited in the carcase and hence
improvement in weight gain would represent an improvement
in energy deposited in the tissues gained, this energy would be
deposited either as fat or protein. Boekholt et al.31 observed
that when protein is not limiting in the diets of broilers,
extra energy available in the diet is used for both fat and pro-
tein retention.

NE for production has accounted for ME used for HP and
maintenance, this may be the reason for the differences in
the effect of the enzymes on ME and NEp as observed in
the current study. For example, phytase supplementation
improved ME at the 0–14 and 0–21 d periods and tended to
improve ME at the 0–7 d period in the present study, phytase

Table 6. Efficiency of metabolizable energy (ME) use for tissue energy
deposition in broilers as influenced by supplementation of phytase or
cocktail of xylanase, amylase and protease (XAP) individually or in com-
bination

(Mean values for six replicate cages with five broilers per replicate
cage)

Treatments* Efficiencies of ME use for energy retention

Phytase XAP KRE KREp KREf

0 2 (NC) 0·377 0·181 0·146
þ 0·381 0·194 0·146

1000 2 0·377 0·187 0·145
þ 0·386 0·204 0·143

PC 0·387 0·189 0·155
Pooled SEM 0·007 0·005 0·005
P for main effects and interaction

Means for periods
0–7 d 0·365 0·178 0·116
0–14 d 0·398 0·192 0·168
0–21 d 0·382 0·203 0·156

P for main effects and interaction
Phytase 0·715 0·142 0·729
XAP 0·402 0·007 0·754
Phytase£XAP 0·730 0·693 0·827
Diet 0·751 0·028 0·425
Period ,0·001 ,0·001 ,0·001

P for contrast
PC v. NC 0·397 0·363 0·468

KRE, efficiency of ME use for carcass energy retention; KREf, efficiency of ME use
for energy retained as fat; KREp, efficiency of ME use for energy retained as pro-
tein; NC, negative control; PC, positive control.

* See Table 1 for details of control diets.

Table 7. Metabolizable energy (MJ/kg DM) concentration of diets fed to
broilers receiving phytase or cocktail of xylanase, amylase and protease
(XAP) individually or in combination

(Mean values for six replicate cages with five broilers per replicate cage)

Treatments Period

Phytase XAP 0–7 d 7–14 d 14–21 d

0 2 (NC) 14·3 16·2 15·9
þ 13·3 15·8 16·1

1000 2 14·7 16·7 16·3
þ 13·7 16·3 16·5

PC 14·6 16·4 15·5
Pooled SEM 0·2 0·1 0·1
P for main effects and interaction

Phytase 0·041 0·001 0·007
XAP ,0·001 0·004 0·092
Phytase £ XAP 0·977 0·910 0·866
Diets ,0·001
Period ,0·001
Diet £ Period 0·008

P for contrast
PC v. NC 0·611 0·233 0·132

NC, negative control; PC, positive control.
* See Table 1 for details of control diets.
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did not improve NEp in the first week of the study. Further-
more, although ME was lower in XAP treatment in the 0–7
and 8–14 d periods the same effect was not observed for
NEp. Similarly, Daskiran et al.13 reported that carbohydrase
improved NE in a maize–soyabean meal diet without improv-
ing ME.

An indication of the possibility of a higher sensitivity of
NEp as a measure of energy utilization compared to ME
was the higher correlation between NEp and body weight in
comparison to correlation between ME and body weight.
Macleod32 similarly reported a high correlation between HP,
MEI and energy retention in their study. Intuitively, the
relationship between NEp and body weight seems obvious
and a strong relationship between the two is expected. How-
ever, it should be noted that NEp is a product of both body
weight and the gross energy of the carcase. In the current
study, gross energy content of the carcase explained approxi-
mately 60 % of the variation in NEp, showing a strong
relationship between the two. Hence, NEp is not only depen-
dent on body weight but also on the amount of energy depos-
ited in the carcase which is an indication of how effectively
the enzyme used facilitated energy utilization.

HP was higher in broilers receiving phytase or a combi-
nation of phytase and XAP in comparison to those receiving
NC diet. Energy costs involved are those for tissue respiration
which include those tissues like muscles as well as those for
energy-dependent nutrient transportation like Na-K ATPase.
Spratt et al.33 noted that vital organs like the liver, respiratory
tissues as well as the gastro-intestinal tract may consume up to
30 % of the fasting HP and that the total cost of maintenance
may take up to 75 % of total fasting HP. Experimental evi-
dence point to the fact that the use of enzymes usually leads
to reduction in the weight and relative proportion of energeti-
cally active organs like the gastro-intestinal tract and pancreas
as shown in data from pigs34,35 and poultry9,36. Hence it would
seem that the cause of higher HP in enzyme treatments in the
current study would be due to maintenance of skeletal muscles
and fat as well as energy associated with energy-dependent
nutrient and mineral absorption processes35.

The use of phytase leads to the release of nutrients and min-
erals which need to be transported and used by the animals
and this may increase expenditure of energy. Johnson37

pointed out the fact that higher HP usually accompanies a
higher plane of nutrition. Hence, both in the PC diet as well
as those with added phytase, which both had higher planes

of nutrition in comparison with the NC diet, it would be
expected that HP would be higher in broilers receiving these
diets. Interestingly, Johnson et al.38 demonstrated that the
weights of liver and gastro-intestinal tract expand or contract
in response to metabolic demands. Also, part of HP is the ther-
mic effect of feeding which is the quantity of energy yield as a
result of various processes that accompany feeding. Perhaps
the most significant for broilers will be the conversion of var-
ious energy sources in the diet into the primary energy store in
the animal, namely fat. Van Milgen et al.39 reported that the
efficiency of using nutrients for lipid deposition in the body
was in this order: lipid . starch . protein. Hence, the phy-
tase-induced increase in digestibility of nutrients would
increase the nutrients available for energy storage in the
body; this may increase the energy required for these physio-
logical processes.

Energy deposited as protein was higher than energy depos-
ited as fat in the current study and this may be another reason
for the high HP observed in the enzyme treatments. It requires
more ATP to deposit 1 kcal protein than it does to deposit the
same quantity of energy as fat therefore it is likely that the
high proportion of energy deposited as protein is responsible,
at least in part, for the high HP in the current study. The ener-
getic efficiency of protein deposition is generally between 0·40
and 0·60 whereas that for fat deposition is between 0·44 and
0·8021,40. The efficiency of ME intake utilization for protein
and fat deposition is lower in the present study than reported
earlier because whereas the energetic efficiencies reported by
Larbier and Lerclecq21 and Lawrence and Fowler40 are for ME
intake above maintenance requirement, in the current study
the efficiencies of total MEI for fat and protein deposition
were determined. Macleod32 similarly found that HP was
higher in broilers receiving high-protein diets. Because fat tis-
sues contribute less to HP than muscle41, high protein accre-
tion by the broilers in the current study engendered by
enzyme supplementation may have contributed to high HP
observed in enzyme-supplemented diets. Macleod et al.42

reported that fasting HP was higher in broiler lines selected
for leanness compared with those selected for fatness which
is indicative of higher maintenance energy requirement in
the chickens selected for leanness.

However, the high HP observed is not a disadvantage
because the broilers retained considerable portion of
energy intake in muscle deposition. The efficiency of protein
retention should not be confused with efficiency of lean

Table 8. Correlation matrix for the energy utilization response criteria of broilers to supplementation of carbohydrases or phytase indivi-
dually or in combination*

GE (MJ/kg) NEp (kJ/d) ME (MJ/kg) MEI (MJ/d) HP (kJ/d) BW (g) RE (kJ/d) REf (kJ/d)

GE (MJ/kg) – 0·603 0·627 0·573 0·549 0·575 0·563 0·665
NEp (kJ/d) – 0·666 0·993 0·980 0·999 0·988 0·950
ME (MJ/g) – 0·664 0·657 0·664 0·639 0·758
MEI (MJ/d) – 0·997 0·994 0·986 0·923
HP (kJ/d) – 0·984 0·977 0·890
BW (g) – 0·990 0·945
REp (kJ/d) – 0·924
REf (kJ/d) –

BW, body weight; GE, carcass gross energy; HP, heat production; ME, metabolizable energy; MEI, metabolizable energy intake; NEp, net energy for pro-
duction; REf, energy retained as fat; REp, energy retained as protein.

*Correlation was run on ninety observations.
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tissue gain. Because deposition of lean tissue necessitates
accretion of water, this makes it more efficient to use feed
energy to deposit lean rather than fat tissues43. It is signifi-
cant that energy deposited as protein in the current study
was numerically higher than energy deposited as fat. On
one hand, 1 g fat contains more joules than 1 g protein,
thus a higher quantity of energy deposited as protein indi-
cates a higher proportion of protein being deposited in the
carcase in comparison to fat being deposited. On the other
hand, because it is more efficient to utilize feed energy to
deposit lean tissue as opposed to fat, the higher energy
being deposited as protein indicates that the phytase used
promoted efficient utilization of feed energy.

Lopez and Leeson44 reported that broilers deposited more N
in their body compared with other birds of intermediate
growth potential. Leeson and Summers45 showed that gener-
ally, fat deposition increases with age whereas protein depo-
sition decreases with age in broiler carcase. Sanz et al.46

and Bregendhl et al.47 reported higher content and retention
of protein than fat in broilers up to 21 d of age similar to
what was observed in the current study. The reason for the
higher proportion and retention of protein than fat in those
studies and the current one is likely because the broiler
chicks at that age (0–21 d) were still actively growing and
have not reached the stage at which fat deposition can over-
take protein deposition.

It is also noteworthy that the carcase energy deposited as
fat was lower in broilers receiving enzyme-supplemented
diets in comparison with those receiving the PC diet
whereas energy deposited as protein in phytase-sup-
plemented diets was similar to that observed in the PC
diet. In fact the ratio of REp:REf was increased with phytase
supplementation; this may indicate a preference for protein
retention and it also may indicate that the enzyme preferen-
tially promoted lean tissue gain in contrast to fat gain.
Energy deposited as protein explained approximately 99 %
of the variation in NEp whereas energy deposited as fat
explained 95 % of the variation. Hence, whereas the two
response variables were very strongly correlated with NEp,
the higher correlation between NEp and REP is an indication
that deposition of protein was favoured over deposition of
fat in the current study. All these point to the possibility
that phytase supplementation may actually enhance the effi-
cient utilization of dietary energy by broilers. Hellwing
et al.48 similarly reported a higher energy retained in protein
compared to energy retained in fat in broilers receiving bac-
teria protein meal. Obviously, modern broilers have the gen-
etic potential to deposit more lean tissue compared to fat
and hence the phytase used in the current study seems to
enhance the ability of the broilers to meet that potential.

In conclusion, although ME and NEp are both measures of
energy utilization, data in the current study suggest that NEp
may be more sensitive than ME when assessing energy utiliz-
ation response to phytase in broilers. Phytase alone or combined
with XAP improved NEp in the current study. Furthermore,
determination of NEp by comparative slaughter technique
allows the partitioning of energy deposition and hence allows
the assessment of the effect of enzyme use on efficiency
of energy utilization. In view of the laboriousness of the
comparative slaughter technique, however, the use of less inva-
sive methods for quantifying body composition may make it

appealing to use NEp as a measure of energy utilization in
response to dietary interventions.
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