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ABSTRACT  1 

Nine hundred and sixty male Ross 308 chicks (day-old) were used to investigate the effect of age 2 

on the relationship between metabolizable energy (ME) and digestible energy (DE) for broiler 3 

chickens. Bird growth variables, nitrogen retention (NR), nitrogen digestibility (ND), as well as 4 

the relative weight of liver, pancreas and the gastrointestinal tract (GIT) were determined. Practical 5 

diets that compared two cereals (corn and wheat) and exogenous xylanase (0 or 16,000 BXU/kg) 6 

were evaluated at five ages (7, 14, 21, 28 and 35 d) in a 2 × 2 ×5 factorial arrangement of treatments 7 

with 8 replicates per treatment and started with 30 birds per replicate. A randomized block 8 

ANOVA analysis of repeated measures was performed and a 2 × 2 × 5 factorial structure was used 9 

to investigate the 2 dietary treatment factors (cereal type and the presence of xylanase) within the 10 

5 bird ages (7, 14, 21, 28 and 35 d), and their interactions. Apparent metabolizable energy (AME) 11 

increased linearly from 7 until 28 d of age, but (P < 0.05) decreased at 35 d of age. DE was high 12 

at 7 d of age, then dropped and remained similar (P > 0.05) from 14 to 35 d of age. The AME: DE 13 

ratio was lowest (P < 0.05) at 7 d of age but there were no (P > 0.05) differences thereafter. Cereal 14 

type and xylanase supplementation did not (P > 0.05) change the ME: DE ratio. The results 15 

indicate that determining ME before 14 d of age may give absolute values that are lower than 16 

would be obtained with older birds. ME values that are determined on older broiler chickens may 17 

overestimate the energy availability of practical feeds used in broiler starter feeds. 18 

 19 

Key words: age, broiler, metabolizable energy, digestible energy, diet  20 
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INTRODUCTION 21 

Determining the energy availability of a feed ingredient and practical feeds is important in order 22 

to evaluate their nutritional and economic value for poultry. The most common method used to 23 

measure energy availability is metabolizable energy (ME). ME is defined as energy that is 24 

available for use by the animal once the energy losses in the faeces, urine, and combustible gases 25 

have been subtracted. ME is commonly used for poultry because of the simplicity to collect 26 

droppings since poultry void faeces and urine through a common cloaca, and also because the 27 

assay can be carried out on large numbers without sacrificing the birds (Zaefarian et al., 2013). 28 

Metabolizable energy does not measure digestibility but rather energy metabolisability, because 29 

urine that contains energy is voided with the faeces in the droppings of birds. Poultry ME values 30 

may be corrected to a state of nitrogen equilibrium (MEn). However, the droppings also include 31 

endogenous losses, so the determination is an apparent metabolizable energy (AME). The ME 32 

values determined include the energy losses due to microbial fermentation in the caeca. However, 33 

the chickens does not derive as much as it’s total AME from fermentation as the other farm animals 34 

(Apajalahti and Vienola, 2016; JøRgensen et al., 1996).  35 

Payne et al. (1968) suggested the use of distal ileal contents to measure the digestion of nutrients. 36 

This requires the collection of the ileal digesta and the analysis of energy and an inert marker to 37 

calculate the digestible energy (DE). Inert digestibility markers, such as titanium dioxide, chromic 38 

oxide or acid insoluble ash (AIA), are used. The determined DE of some poultry feeds are now 39 

available in the literature. 40 

Although, ME and DE are both used to estimate energy availability in poultry feeds, the ratio 41 

between ME and DE may not always be the same. A major difference between ME and DE is that 42 

ME is postcaecal and DE is precaecal (Ravindran et al., 1999). Therefore, ME values that estimate 43 

energy availability incorporate some energy loss that has occurred during fermentation in the caeca. 44 

Recently hatched chicks have relatively small numbers of bacteria in their gastrointestinal tracts 45 

and the numbers then increase with age (Amit-Romach et al., 2004; Geyra et al., 2001; Olukosi et 46 
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al., 2007). The contribution of bacterial fermentation may be affected by age. In addition, the 47 

relationship between ME and DE may also vary with the dietary constituents. Practical diets vary 48 

in their contents of non-starch polysaccharides (NSP), which may be primarily fermented within 49 

the gastrointestinal tract (Xie et al., 2017). Furthermore, practical poultry feeds commonly include 50 

exogenous enzymes that may hydrolyse a proportion of NSP, reducing viscosity and so reduce the 51 

amount of fermentation in the small intestine (Choct et al., 2004; Pirgozliev et al., 2013; Lei et al., 52 

2016; Madsen et al., 2018) but enhance caecal fermentation through provision of oligosaccharides 53 

(Choct et al., 1996). 54 

The aim of the present study was to determine and compare the effect of bird age (7, 14, 21, 28 55 

and 35 d), cereal type (corn- and wheat-based diet) and exogenous xylanase supplementation (with 56 

or without xylanase) on ME and DE of two nutritionally-complete, practical broiler chicken feeds. 57 

The dietary effects on bird growth variables, as well as the relative weights of liver, pancreas and 58 

the gastrointestinal tract were also determined.  59 

 60 

MATERIALS AND METHODS 61 

Ethics Statement  62 

The trial was conducted under the direction of the Harper Adams University Animal Ethics 63 

Committee. 64 

Animals and Experimental Design  65 

Nine hundred and sixty day-old male Ross 308 chicks were obtained from a commercial 66 

hatchery and randomly divided into 32 pens with 30 birds in each. Each of the pens had a solid 67 

floor covered with cardboard bedding material. The square cardboard product was corrugated 68 

cardboard, which was a material consisting of a fluted corrugated sheet and two flat linerboards. 69 

Two diets in which the main cereal component was either corn or wheat were formulated and 70 

mixed (Table 1). The experimental diets were formulated to meet or exceed the nutritional 71 

requirement of broiler chickens as recommended by the NRC (1994). Each diet was then split into 72 
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two equal portions, one portion had 100 g/tonne units of xylanase (Econase XT 25, AB Vista, 73 

Marlborough, UK) added. The analysed xylanase activity of the Econase XT 25 was 160, 000 74 

BXU/g. This resulted in 4 dietary treatments that included eight replicates per treatment and started 75 

with 30 birds per replicate. Celite (Diatom Retail, Leicester, UK), a source of AIA was added to 76 

all diets at 5 g/kg as an indigestible marker. Exogenous phytase was added to all of the 77 

experimental feeds because this is now frequently done with all commercial broiler chicken feeds. 78 

The diets were pelleted (Target Feeds Ltd, Whitchurch, UK) with steam-conditioning at 50 °C to 79 

60 °C for 20 s. The pellet diameter was 3 mm. Each of the four diets were fed to 8 pens of birds 80 

and the pen of birds was considered to be the experimental unit. During the first 4 d the diets were 81 

provided in crumb form (pelleted feed that was then mechanically broken to small particle sizes). 82 

Whole pellets were fed from 4 d until the end of the feeding period. Each pen was equipped with 83 

a separate feeder and drinker. Feed and water were offered ad libitum to birds throughout the 84 

experiments.  85 

The room temperature was approximately 32 °C at day-old and was gradually reduced to 20 °C 86 

at 21 d of age, and was kept the same until the end of the study. A standard lighting programme 87 

for broilers was followed which decreased from 23h: 1h (light: dark) at day old to 18h: 6h (light: 88 

dark) at 7 d of age that was maintained until the end of the study. The relative humidity was 89 

maintained between 50-70%.  90 

Sample Collection and Laboratory Analysis  91 

Feed intake (FI) by pen was measured on a daily basis and body weight (BW) was recorded at 92 

7, 14, 21, 28 and 35 d of age. Average daily feed intake (ADFI), average daily gain (ADG) and 93 

feed conversion ratio (FCR) were calculated every week, and mortality was recorded as it 94 

occurred.  95 

At d 6, 13, 20, 27 and 34, the solid floor of the pen was removed and replaced by a wire mesh 96 

floor. Clean droppings trays were placed under each cage. After 24 h a clean (free of feed and 97 

visible feather contaminants) sample of droppings (the mixture of faecal material and urine) was 98 
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collected (250 mL specimen jar) and immediately oven dried (65 °C) for 48 h, ground (0.5-mm 99 

screen), and stored for analysis. The solid pen floor was then replaced. 100 

At d 7, 14, 21, 28 and 35, one bird from each pen was selected randomly and placed separately 101 

in a metabolic cage with food deprivation for 12 h. The birds were weighed, and then slaughtered 102 

by cervical dislocation. The following variables were weighed: liver, gizzard and proventriculus, 103 

pancreas, small intestine (sum of duodenum, jejunum, ileum) and caeca.  104 

In addition, 10 birds at d 7, 5 birds at d 14, 4 birds at d 21, 3 birds at d 28 and 3 birds at d 35 105 

from each pen were selected randomly and killed by cervical dislocation. The intestinal tract was 106 

removed and the contents of the tract from Meckel’s diverticulum to the ileal-caecal-colon junction 107 

were gently squeezed directly into 250-mL specimen cups. The contents from the individual birds 108 

in each pen were pooled to get enough weight of ileal digesta sample for later laboratory analysis. 109 

Ileal digesta were immediately oven dried (65 °C) for 24 h, ground, and stored for analysis. 110 

Diets, droppings, and ileal digesta samples were analysed for dry matter (DM), nitrogen, gross 111 

energy (GE) and AIA concentration. DM was determined by drying of samples in a forced draft 112 

oven at 105 °C to a constant weight (AOAC, 2000; method 934.01) (NRC, 1994). Nitrogen was 113 

determined by the combustion method (AOAC, 2000; method 990.03) using a Leco (FP-528N, 114 

Leco Corp., St. Joseph, MI). GE was determined in a bomb calorimeter (model 6200; Parr 115 

Instrument Co., Moline, IL) with benzoic acid used as the standard. The AIA content was measured 116 

after ashing the samples and treating the ash with boiling 2 M hydrochloric acid (Scott et al., 1997). 117 

The content of non-starch polysacchrides (NSP) of the diets was measured using the method 118 

proposed by Englyst et al. (1994) (Englyst Fiberzym Kit for Colorimetry, Dunn Nutrition Centre, 119 

Cambridge, UK). The procedure included an enzymatic-chemical method to separate the starch 120 

from the NSP. The amount of soluble of NSP was obtained as a difference between total NSP and 121 

insoluble NSP. All the colorimetric measurements were performed on Beckman DU-640 122 

Spectrophotometer (Beckman Instruments, Inc., USA). 123 
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The pellet durability index (PDI) was determined in duplicates using a Holmen Pellet Tester 124 

(New Holmen NHP100 Portable Pellet Durability Tester; TekPro Ltd, Willow Park, North 125 

Walsham, Norfolk, UK). Clean pellet samples (100 g), with no fines, were rapidly circulated in an 126 

air stream around a perforated test chamber for 30 s. Fines were removed continuously through 127 

the perforations (2 mm in diameter) during the test cycle. After the test cycle, the remaining pellets 128 

were ejected and weighed manually. The PDI was calculated as the ratio of the weight of the pellets 129 

not passing through the perforations after test to the weight of the whole pellets at the start. Pellet 130 

hardness, expressed as the force required to break an individual pellet (Newton), was determined 131 

with a force tester (Instron 5543, CAE, Austin, US) using, for each diet, 10 intact pellets of similar 132 

length that did not show any visible deformation. 133 

Calculations  134 

(1) The AME was calculated, using AIA as indigestible marker (Hill and Anderson, 1958), as 135 

shown below: 136 

Dry matter retention (DMR)=(AIAdroppings-AIAfeed)/AIAdroppings 137 

AME(MJ/kg)=GEfeed- [(1-DMR) ×GEdroppings] 138 

Where DMR is the dry matter retention; AIAdroppings is the concentration of AIA in the droppings 139 

(g/kg); AIAfeed is the concentration of AIA in the feed (g/kg); GEfeed is the gross energy in the feed 140 

(MJ/kg); GEdroppings is the gross energy in the droppings (MJ/kg). 141 

 (2) The N-corrected apparent metabolizable energy (AMEn) value of the experimental diets 142 

was determined following the method of Hill and Anderson (1958) calculated as described by 143 

Lammers et al. (2008). 144 

AMEn=GEfeed-(GEdroppings × AIAfeed)/AIAdroppings-(34.39 × N Retained)/1000 145 

Where AMEn (MJ/kg) is the N-corrected apparent metabolizable energy content of the diet; GE 146 

feed is the gross energy in the feed (MJ/kg); GEdroppings is the gross energy in the droppings (MJ/kg); 147 

AIAfeed is the concentration of AIA in the feed (%); AIAdroppings is the concentration of AIA in the 148 
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droppings (%); 34.39 (MJ/kg) is the energy value of uric acid; N Retained (g/kg) is the N retained 149 

by the birds per kilogram of diet consumed. The N retained was calculated as 150 

N Retained=Nfeed-(Ndroppings × AIAfeed)/AIAdroppings 151 

Where Nfeed and Ndroppings (g/kg) are N contents of the feed and droppings, respectively. 152 

(3) The nitrogen retention (NR) was obtained as described below (Lammers et al., 2008). 153 

NR=(Nfeed/AIAfeed-Ndroppings/AIAdroppings)/( Nfeed/AIAfeed) 154 

Where Nfeed is the nitrogen of the feed (g/kg); AIAfeed is the concentration of AIA in the feed (g/kg); 155 

Ndroppings is the nitrogen of the droppings (g/kg); and AIAdroppings is the concentration of AIA in the 156 

droppings (g/kg). 157 

(4) The DE was calculated, using AIA as indigestible marker, as shown below (González-158 

Ortiz et al., 2016). 159 

DMD=(AIAdigesta-AIAfeed)/AIAdigesta 160 

DE(MJ/kg)=GEfeed- [(1-DMR) ×GEdigesta] 161 

Where DMD is the dry matter digestibility; AIAdigesta is the concentration of AIA in the ileal digesta 162 

(g/kg); AIAfeed is the concentration of AIA in the feed (g/kg); GEfeed is the gross energy in the feed 163 

(MJ/kg); GEdigesta is the gross energy in the ileal digesta (MJ/kg). 164 

(5) The nitrogen digestibility (ND) was obtained as described below (Lammers et al., 2008). 165 

ND=(Nfeed/AIAfeed-Ndigesta /AIAdigesta)/( Nfeed/AIAfeed) 166 

Where Nfeed is the nitrogen of the feed (g/kg); AIAfeed is the concentration of AIA in the feed (g/kg); 167 

Ndigesta is the nitrogen of the ileal digesta (g/kg); and AIAdigesta is the concentration of AIA in the 168 

ileal digesta (g/kg). 169 

Statistical Analysis  170 

Statistical analysis was performed using the GenStat 18 statistical software package (IACR 171 

Rothamstead, Hertfordshire, UK). A randomized block ANOVA analysis of repeated measures 172 

was performed and a 2 × 2 × 5 factorial structure was used to investigate the 2 dietary treatment 173 
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factors (cereal type and the presence of xylanase) within the 5 bird ages (7, 14, 21, 28 and 35 d), 174 

and their interactions. Differences were reported as significant at P < 0.05. 175 

 176 

RESULTS 177 

Bird Growth Performance  178 

Mortality data were transformed before analysis. Mortality was low (<1%) and there were no 179 

treatment effects. The mean weights of the birds at 7, 14, 21, 28 and 35 d of age were 175, 480, 180 

916, 1, 430 and 2, 122 g respectively and these were 10 to 15% below to the Ross 308 broiler 181 

target weights for commercial flocks. The birds were kept in small groups in research facilities 182 

and the reduced performance compared to large commercial flocks was expected. The ADG, ADFI 183 

and FCR increased with age from week 1 to week 5 (P < 0.05) (Table 2). ADG and ADFI for the 184 

birds fed on wheat-based diets were significantly higher than those receiving corn-based diets (P 185 

< 0.05). Dietary treatment had no effect on FCR (P > 0.05). For ADFI, there was a significant 186 

cereal type×xylanase interaction (P = 0.037). ADFI was not affected by xylanase addition in the 187 

corn-based diets, but was decreased (P < 0.05) by 12% with xylanase supplementation in the 188 

wheat-based diets. 189 

Postcaecal Nutrient Retention and ME Determination  190 

Dry matter retention, AME and AMEn increased with bird age and there was a significant 191 

quadratic response to age (P < 0.05) (Table 3).  DMR, AME and AMEn increased linearly from 7 192 

until 28 d of age but there was a small, but significant (P < 0.05) decrease at 35 d of age comparing 193 

to earlier bird age. NR did not change (P > 0.05) from 7 to 28 d of age but also decreased between 194 

28 and (P < 0.05) 35 d of age.  195 

Birds fed on wheat-based diets had higher (P < 0.05) DMR, AME and NR compared to those 196 

receiving corn-based diets. Xylanase supplementation improved DMR, AME and AMEn 197 

compared to non-supplemented diets in both corn- and wheat-based diets (P < 0.05). No two or 198 

three-way interactions were observed for these variables (P > 0.05). 199 
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Precaecal Nutrient Retention and DE Determination  200 

There was a significant quadratic response to age (P < 0.05) in DMD and DE (P = 0.003 and P 201 

< 0.001 respectively) and a significant effect of age (P < 0.001: neither linear or quadratic) for ND 202 

(Table 4). In each of these variables, the greatest value (P < 0.05) was observed in the birds at 7 d 203 

of age and it was decreased thereafter with few (P > 0.05) differences between the later ages.  204 

Birds fed on wheat-based diets had higher DMD, DE and ND than those receiving corn-based 205 

diets (P < 0.05). The supplementation of xylanase increased the values of DMD, DE and ND in 206 

both the corn-based and wheat-based diets (P < 0.05). There was an interaction (P = 0.046) 207 

between cereal type and xylanase in DE. DE was not affected by xylanase addition to the corn-208 

based diets, but was increased (P < 0.05) with xylanase supplementation of the wheat-based diets. 209 

The Ratio Between ME and DE  210 

There was a quadratic response (P < 0.001) to increasing age in the AME: DE and AMEn: DE 211 

ratios (Table 5). The AME: DE ratio was lowest (P < 0.05) at 7 d of age but there were no (P > 212 

0.05) differences thereafter. In comparison, the NR: ND ratios were similar from 7 to 21d of age 213 

and then decreased (P < 0.05).  214 

The AMEn: DE ratio was higher in birds fed on corn-based diets than those fed on wheat-based 215 

diets (P < 0.05) however, the ratio of NR: ND was higher in birds fed the wheat-based diets (P < 216 

0.05). There were no (P > 0.05) effects of exogenous xylanase addition in any of the variables and 217 

no (P > 0.05) two or three-way interactions were observed. 218 

Organ Development 219 

There was a quadratic response with age (P < 0.001) in the relative weights (to body weight) of 220 

liver, gizzard and proventriculus, small intestine and caeca (Table 6). The relative weights of liver, 221 

gizzard and proventriculus peaked at day 14, followed by a continuous decline from 14 to 35 d of 222 

age (P < 0.05). Although the absolute weight of small intestine and caeca increased continuously 223 

from 7 to 35 d of age (P < 0.05), the relative weights of pancreas, small intestine and caeca 224 

decreased in a quadratic form with bird age (P < 0.05).  225 
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 The relative weights of the gizzard and proventriculus in the birds fed the corn-based diets were 226 

higher than those fed on wheat-based diets (P = 0.047). The absolute and relative weights of the 227 

caeca were higher in birds fed the wheat-based diets in comparison to the corn-based diets (P < 228 

0.05).  Significant interaction was detected among age and cereal on the relative weight of small 229 

intestine (P = 0.049) (Figure 1). Further, there was a significant interaction between age and 230 

xylanase on the relative weight of the caeca (P = 0.010) (Figure 2). 231 

 232 

DISCUSSION 233 

The experimental diet series were formulated to be typical of a practical, commercial broiler 234 

chicken feed using two different cereal types. The determined AME for the two diets were 235 

approximated their predicted values. However, the two diets were formulated to have the same 236 

AME and, unexpectedly, the results showed that the wheat-based diet had 0.18 MJ/kg higher AME 237 

than the corn-based diet. This difference, although statistically significant, was relatively small 238 

and understandable because practical feed ingredients were used in the study and it was highly 239 

unlikely the predicted AME values used for individual feed ingredients in the two formulations, 240 

would result in exactly the same determined AME value. The addition of exogenous xylanase gave 241 

an improvement in the determined AME and this is consistent with other published data 242 

(Pirgozliev et al., 2015; Munyaka et al., 2015). The growth performance of the birds fed the wheat-243 

based diets was superior to those fed the corn-based diets. Other published studies (Liu et al., 2014; 244 

Abdollahi et al., 2010a) have commonly observed similar or better growth performance in broilers 245 

fed corn-based diets. However, in the present study, the lower expected AME of wheat was 246 

balanced by a higher inclusion of soy oil in the wheat-based diet. The evaluation of these diets in 247 

the experiment showed that this resulted in the AME of the wheat diet being higher than the corn 248 

diet. This may have been a contributory cause of the higher growth performance of the broilers 249 

fed the wheat-based diet.   250 
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When practical broiler feeds are being formulated generally just one AME is used for each 251 

ingredient regardless of the bird age. However, our results showed that AME and AMEn increased 252 

linearly with bird age from 7 to 28 d of age for chicks. Batal and Parsons (2002) found that AMEn 253 

increased with age, although a regression analysis indicated a plateau after 14 d of age. Scott et al. 254 

(1998) also found that determined AME values of a range of cereal ingredients were higher at 16 255 

days of age than that at 8 days. In the present study, there was a significant reduction in AME at 256 

35 d, however this was only reduced to the same value obtained with the bird age at 14 d of age. 257 

The increase in ME with age is probably primarily due to the increasing microbial fermentation of 258 

the digesta in the caeca (Shires et al., 1980). Betal and Parsons (2002) compared the effect of age 259 

on the determined ME of a practical corn and soybean meal-based diet with the determined ME of 260 

a purified dextrose-casein diet. The dextrose-case in diet would have contained very little 261 

undigestible yet fermentable material, such as NSP. They found that the determined ME of the 262 

dextrose-casein did not change with age (2 to 21 d of age) whereas the determined ME of the 263 

practical diets increased up to 14 d of age, suggesting fermentation is a component of this effect.  264 

Non-starch polysaccharides are the major part of the dry matter content of the digesta that would 265 

be fermented in the caeca. In the present study, the wheat-based diet had a somewhat higher NSP 266 

content than the corn-based diet (11.1% vs 9.0%). However there was no interaction detected with 267 

bird age and cereal type in AME. Tancharoenrat et al. (2013) also found that there was no 268 

interaction (P > 0.05) between cereal type and age of broilers for AME.  269 

The addition of supplementary exogenous xylanase would be expected to reduce the amount of 270 

fermentable NSP entering the caeca (Vries et al., 2013). Although exogenous xylanase improved 271 

dietary AME in the present study, there was no bird age × xylanase interaction. Alamo et al. (2008) 272 

and McCracken and Quintin (2000) also found no change in the effect of exogenous xylanase on 273 

ME when measured in broiler chicks of different ages. 274 

 If part of the age effects on AME were caused by differences in caecal fermentation energy 275 

losses, then it follows that the use of digestibility estimates might provide a better comparison of 276 
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energy availability at different ages. DMD and DE values were both very high at 7 d of age, then 277 

dropped and remained similar (P > 0.05) from 14 to 35 d of age. The determined DMD and DE 278 

were apparent values and included the energy contribution from endogenous losses. One 279 

possibility for the unexpected high value at 7 d of age was there may have been only small amount 280 

of endogenous losses within the gastrointestinal tract into the digesta of these relatively newly 281 

hatched chicks. In the recently hatched chick, as in neonatal mammals, the small intestinal mucosa 282 

is relatively immature with less need for cell replacement and regeneration and so probably has 283 

less endogenous loss from this source (Mitjans et al., 1997). The young chicks may also more be 284 

able to digest large protein molecular nutrients at this early stage, as is the case with other farm 285 

animals (Da Costa et al., 2004), and so these molecules may be more easily digested at this age. 286 

The results of the present study have shown that the determined ME values of feeds increase 287 

with age yet the determined DE values of the same feeds were very high at 7 d and then reduced 288 

and remained relatively constant thereafter. The AME: DE ratio was therefore low at 7 d of age, 289 

resulting from higher DE and lower ME. Apajalahti et al. (2002) and Wronkowska et al. (2017) 290 

have shown that not only do the numbers of microbes in the caecal and ileal digesta increase during 291 

the first days post hatching but also the relative dominance of different species within microbiome 292 

changes during the first week. These changes involve the gradual increase in numbers of bacterial 293 

species that are able to ferment the undigested component of the ileal digesta. It is possible that 294 

the caecal microbiome of 7 d old broiler chicks is not yet effective in fermenting the undigested 295 

residues from the intestinal tract.  296 

The AME: DE ratio remained approximately constant after 14 d of age and the overall ratio for 297 

this period was 1.019. O’Neill et al. (2012) determined the ratio of the ME to DE in 18 d old 298 

broilers fed practical feeds comparing a number of different cereals at 18 d in broilers and reported 299 

a mean ratio of 1.012. González-Ortiz et al. (2016) also found the AME: DE ratio to be 1.020 in 300 

24 d broilers. The AME: DE ratio was less than 1.0 at 7 d of age. This probably indicates that there 301 

is also a high contribution of urinary energy losses at this age. Interestingly, Applegate et al. (2009) 302 
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found that the ratio of the ME to DE was 0.950 for laying hens at 20 weeks of age. These were 303 

adult, mature birds that had a relatively low egg production rate and it is also possible that these 304 

birds had a protein intake that was significantly in excess of their requirements and so had a high 305 

urinary energy losses.   306 

Although the wheat-based diets had a higher NSP content, there was no (P > 0.05) difference 307 

with the corn-based diets in AME: DE ratio. The growth rates of the birds fed the wheat-based 308 

diets were greater than those fed corn-based diets and the greater body protein deposition rate 309 

probably explains the large difference in the NR: ND ratio between the wheat and corn-based diets. 310 

There was no (P > 0.05) change in the AME: DE with the addition of exogenous xylanase 311 

although the ratio was numerically lower. The calculated ME: DE ratio from the data of O’Neill 312 

et al. (2012) was 1.0206 and 1.0032 for broilers supplemented with 0 and 16 000 BXU/kg xylanase, 313 

respectively. If this is a real effect then it appears from these data that it is likely due to 314 

proportionately more energy being recovered from the ileum at the caecal level, suggesting a shift 315 

of digestion more caudally with xylanase use (Applegate et al., 2009). Further work is warranted 316 

to examine whether addition of exogenous xylanase has a repeatable effect. 317 

In the present study, the relative weights of liver and gizzard and proventriculus peaked at 14 d 318 

of age, and then decreased until 35 d of age. The peak of the relative weight of liver and pancreas 319 

was in accordance with Ivanovich et al. (2017). The rapid growth of the intestine reaches a 320 

maximum between 6 and 10 d and declines thereafter (Sklan, 2001). We also observed a higher 321 

relative weight of gizzard and proventriculus in the birds fed on corn-based diets than those fed on 322 

wheat-based diets, this was probably due to the lower pellet hardness of the wheat-based diets. In 323 

the present study, A higher inclusion of soy oil in the wheat-based diet reduced the PDI of the 324 

diets. Hard, particulate feeds have been shown to stimulate the growth of the gizzard and 325 

proventriculus (Abdollahi et al., 2010b). The higher weight of caeca in the birds fed the wheat-326 

based diets may relate to the higher fiber content of wheat and the higher NSP content of wheat as 327 

compared to corn.  328 
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In conclusion, the present study was designed to examine whether the age of broiler chickens 329 

had an effect on the determination of energy availability in practical broiler feeds. We examined 330 

two major variables that frequently differ between commercially available practical feeds – the 331 

type of cereal used in the formulation and the addition of exogenous xylanase. Our findings 332 

indicate that bird age had significant effect on the relationship between ME and DE for broiler 333 

chickens. Determining ME before 14 d of age may give absolute values that are significantly lower 334 

than would be obtained with older birds. ME values that are determined on older broiler chickens 335 

may overestimate the energy availability of practical feeds used in broiler starter feeds, especially 336 

if they contain large amounts of poorly digested but fermentable material. However, our results 337 

indicate that two major variables in commercial, practical feed formulations – cereal type and 338 

exogenous xylanase - do not interact with the relationship between ME and DE. 339 

Funding 340 

This study was financially supported by Project of Priority Academic Program Development 341 

of Jiangsu Higher Education Institutions and Leading Research Program of Jiangsu Province 342 

(North Jiangsu Science Project) (SZ-SQ2017046). 343 

ACKNOWLEDGEMENTS 344 

Authors greatly acknowledge AB Vista, Marlborough, Wiltshire, UK for financial support. 345 

All authors contributed to the planning of the study. Z. Y. was involved in the design and execution 346 

of the study and also drafting of the manuscript. V. P. and S. W. performed the experiments and 347 

collected samples. S. P. R., H. M. Y., Z. Y. W. and M. R. B. were involved in the design and 348 

revision of the manuscript. The authors declare that there are no conflicts of interest in the present 349 

study. 350 

Competing financial interests 351 

This authors declare no competing financial interest. 352 

Conflicts of interest 353 

None. 354 



16 
 

REFERENCES 355 

Abdollahi, M. R., V. Ravindran, T. J. Wester, G. Ravindran, and D. V. Thomas. 2010a. Influence 356 

of conditioning temperature on performance, apparent metabolisable energy, ileal 357 

digestibility of starch and nitrogen and the quality of pellets, in broiler starters fed maize-and 358 

sorghum-based diets. Anim. Feed Sci. Technol. 162:106-115. 359 

Abdollahi, M. R., V. Ravindran, T. J. Wester, G. Ravindran, and D. V. Thomas. 2010b. Influence 360 

of conditioning temperature on the performance, nutrient utilisation and digestive tract 361 

development of broilers fed on maize-and wheat-based diets. Br. Poult. Sci. 51:648-657. 362 

Alamo, A. G., M. W. A. Verstegen, L. A. Den Hartog, P. P. De Ayala, and M. J. Villamide. 2008. 363 

Effect of wheat cultivar and enzyme addition to broiler chicken diets on nutrient digestibility, 364 

performance, and apparent metabolizable energy content. Poult. Sci. 87:759-767. 365 

Amit-Romach, E., D. Sklan, and Z. Uni. 2004. Microflora ecology of the chicken intestine using 366 

16S ribosomal DNA primers. Poult. Sci. 83:1093-1098. 367 

Apajalahti, J. H. A., H. Kettunen, A. Kettunen, W. E. Holben, P. H. Nurminen, N. Rautonen, and 368 

M. Mutanen. 2002. Culture-independent microbial community analysis reveals that inulin in 369 

the diet primarily affects previously unknown bacteria in the mouse cecum. Appl. Environ. 370 

Microbiol. 68:4986-4995. 371 

Apajalahti, J., and K. Vienola. 2016. Interaction between chicken intestinal microbiota and protein 372 

digestion. Anim. Feed Sci. Technol. 221:323-330. 373 

Applegate, T. J., G. Schatzmayr, K. Pricket, C. Troche, and Z. Jiang. 2009. Effect of aflatoxin 374 

culture on intestinal function and nutrient loss in laying hens. Poult. Sci. 88:1235-1241. 375 

Batal, A. B., and C. M. Parsons. 2002. Effects of age on nutrient digestibility in chicks fed different 376 

diets. Poult. Sci. 81:400-407. 377 

Choct, M., R. J. Hughes, J. Wang, M. R. Bedford, A. J. Morgan, and G. Annison. 1996. Increased 378 

small intestinal fermentation is partly responsible for the anti-nutritive activity of non-starch 379 

polysaccharides in chickens. Br. Poult. Sci. 37:609-621. 380 



17 
 

Choct, M., A. Kocher, D. L. Waters, D. Petterson, and G. A. Ross. 2004. Comparison of three 381 

xylanases on the nutritive value of two wheats for broiler chickens. Br. J. Nutr. 92:53-61. 382 

Da Costa, N., C. McGillivray, Q. Bai, J. D. Wood, G. Evans, and K. C. Chang. 2004. Restriction 383 

of dietary energy and protein induces molecular changes in young porcine skeletal muscles. 384 

J. Nutr. 134:2191-2199. 385 

Englyst, H. N., M. E. Quigley, and G. J. Hudson. 1994. Determination of dietary fibre as non-386 

starch polysaccharides with gas-liquid chromatographic, high-performance liquid 387 

chromatographic or spectrophotometric measurement of constituent sugars. Analyst 388 

119:1497-1509. 389 

Geyra, A., Z. Uni, and D. Sklan. 2001. The effect of fasting at different ages on growth and tissue 390 

dynamics in the small intestine of the young chick. Br. J. Nutr. 86:53-61. 391 

González-Ortiz, G., O. Olukosi, and M. R. Bedford. 2016. Evaluation of the effect of different 392 

wheats and xylanase supplementation on performance, nutrient and energy utilisation in 393 

broiler chicks. Anim. Nutr. 2:173-179. 394 

Hill, F. W., and D. L. Anderson. 1958. Comparison of metabolizable energy and productive energy 395 

determinations with growing chicks. J. Nutr. 64:587-603. 396 

Ivanovich, F. V., O. A. Karlovich, R. Mahdavi, and A. I. Egorov. 2017. Nutrient density of 397 

prestarter diets from 1 to 10 days of age affects intestinal morphometry, enzyme activity, 398 

serum indices and performance of broiler chickens. Anim. Nutr. 3:258-265. 399 

JøRgensen, H., X. Q. Zhao, K. E. Knudsen, and B. O. Eggum. 1996. The influence of dietary fibre 400 

source and level on the development of the gastrointestinal tract, digestibility and energy 401 

metabolism in broiler chickens. Br. J. Nutr. 75:379-395. 402 

Lammers, P. J., B. J. Kerr, M. S. Honeyman, K. Stalder, W. A. Dozier, T. E. Weber, M. T. Kidd, 403 

and K. Bregendahl. 2008. Nitrogen-corrected apparent metabolizable energy value of crude 404 

glycerol for laying hens. Poult. Sci. 87:104-107. 405 



18 
 

Lei, Z., Y. Shao, X. Yin, D. Yin, Y. Guo, and J. Yuan. 2016. Combination of xylanase and 406 

debranching enzymes specific to wheat arabinoxylan improve the growth performance and 407 

gut health of broilers. J. Agric. Food Chem. 64:4932-4942. 408 

Liu, S. Y., D. J. Cadogan, A. Péron, H. H. Truong, and P. H. Selle. 2014. Effects of phytase 409 

supplementation on growth performance, nutrient utilization and digestive dynamics of starch 410 

and protein in broiler chickens offered maize-, sorghum-and wheat-based diets. Anim. Feed 411 

Sci. Technol. 197:164-175. 412 

Madsen, C. K., D. Pettersson, K. A. Rasmus Hjortshøj, and H. Brinch-Pedersen.  2018. Superior 413 

growth rates in broilers fed wheat with low in vitro feed-xylanase inhibition. J. Agric. Food 414 

Chem. 66:4044-4050. 415 

McCracken, K. J., and G. Quintin. 2000. Metabolisable energy content of diets and broiler 416 

performance as affected by wheat specific weight and enzyme supplementation. Br. Poult. 417 

Sci. 41:332-342. 418 

Mitjans, M., G. Barniol, R. Ferrer. 1997. Mucosal surface area in chicken small intestine during 419 

development. Cell Tissue Res. 290:71-78. 420 

Munyaka, P. M., N. K. Nandha, E. Kiarie, C. M. Nyachoti, and E. Khafipour. 2015. Impact of 421 

combined β-glucanase and xylanase enzymes on growth performance, nutrients utilization 422 

and gut microbiota in broiler chickens fed corn or wheat-based diets. Poult. Sci. 95:528-540. 423 

National Research Council. Nutrient Requirements of Poultry, 9th ed.; National Academies Press: 424 

Washington, DC, 1994. 425 

Olukosi, O. A., A. J. Cowieson, and O. Adeola. 2007. Age-ralated influence of a cocktail xylanase, 426 

amylase, and protease or phytase individually or in combination in broilers. Poult. Sci. 86:77-427 

86. 428 

O’Neill, H. V. M., N. Liu, J. P. Wang, A. Diallo, and S. Hill. 2012. Effect of xylanase on 429 

performance and apparent metabolisable energy in starter broilers fed diets containing one 430 



19 
 

maize variety harvested in different regions of China. Asian-Australas. J. Anim. Sci. 431 

25(4):515-523. 432 

Payne, W. L., G. F. Combs, R. R. Kifer, and D. G. Snyder. 1968. Investigation of protein quality-433 

-ileal recovery of amino acids. Federation Proceedings 27:1199-1203. 434 

Pirgozliev, V., and M. R. Bedford. 2013. Energy utilisation and growth performance of chicken 435 

fed diets containing graded levels of supplementary bacterial phytase. Br. J. Nutr. 109:248-436 

253. 437 

Pirgozliev, V., S. P. Rose, T. Pellny, A. M. Amerah, M. Wickramasinghe, M. Ulker, M. Rakszegi, 438 

Z. Bedo, P. R. Shewry, and A. Lovegrove. 2015. Energy utilization and growth performance 439 

of chickens fed novel wheat inbred lines selected for different pentosan levels with and 440 

without xylanase supplementation. Poult. Sci. 94:232-239. 441 

Ravindran, V., L. I. Hew, G. Ravindran, and W. L. Bryden. 1999. A comparison of ileal digesta 442 

and excreta analysis for the determination of amino acid digestibility in food ingredients for 443 

poultry. Br. Poult. Sci. 40:266-274. 444 

Scott, T. A., and F. Boldaji. 1997. Comparison of inert markers [chromic oxide or insoluble ash 445 

(Celite)] for determining apparent metabolizable energy of wheat-or barley-based broiler 446 

diets with or without enzymes. Poult. Sci. 76:594-598. 447 

Scott, T. A., F. G. Silversides, H. L. Classen, M. L. Swift, and M. R. Bedford. 1998. Comparison 448 

of sample source (excreta or ileal) and age of broiler chick on measurement of apparent 449 

digestible energy of wheat and barley. Poult. Sci. 77:456-463. 450 

Shires, A., A. R. Robblee, R. T. Hardin, and D. R. Clandinin. 1980. Effect of the age of chickens 451 

on the true metabolizable energy values of feed ingredients. Poult. Sci. 59:396-403. 452 

Sklan, D. 2001. Development of the digestive tract of poultry. World Poult. Sci. J. 57:415-427. 453 

Tancharoenrat, P., V. Ravindran, F. Zaefarian, and G. Ravindran. 2013. Influence of age on the 454 

apparent metabolisable energy and total tract apparent fat digestibility of different fat sources 455 

for broiler chickens. Anim. Feed Sci. Technol. 186:186-192. 456 



20 
 

Vries, S. D., A. M. Pustjens, M. A. Kabel, S. Salazar-Villanea, W. H. Hendriks, and  W. J. Gerrits. 457 

2013. Processing technologies and cell wall degrading enzymes to improve nutritional value 458 

of dried distillers grain with solubles for animal feed: an in vitro digestion study. J. Agric. 459 

Food Chem. 61(37):8821-8828. 460 

Wronkowska, M., M. Soral-Śmietana, Z. Zduńczyk, J. Juśkiewicz, M. Jadacka, A. Majkowska, 461 

and F. J. Dajnowiec. 2017. Effect of acid whey-fortified breads on caecal fermentation 462 

processes and blood lipid profile in rats. Br. J. Nutr. 118:169-178. 463 

Xie, C., Y. Li, J. Li, L. Zhang, G. Zhou, and F. Gao. 2017. Dietary starch types affect liver nutrient 464 

metabolism of finishing pigs. Br. J. Nutr. 118:353-359.  465 

Zaefarian, F., L. F. Romero, and V. Ravindran. 2013. Influence of a microbial phytase on the 466 

performance and the utilisation of energy, crude protein and fatty acids of young broilers fed 467 

on phosphorus-adequate maize- and wheat-based diets. Br. Poult. Sci. 54:653-660. 468 

  469 



21 
 

Figure 1: Interactions among age and cereal on the relative weight of small intestine  470 

 471 

Figure 2: Interactions among age and xylanase on the relative weight of the caeca 472 

473 
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 Table 1: Ingredient composition of the experimental diets 474 

Ingredient Corn diet % Wheat diet % 

Corn 63.99 0.00 
Wheat 0.00 62.58 

Soybean meal 30.07 28.50 

Wheat bran 1.77 2.00 

Soy oil 0.75 3.71 

Salt 0.35 0.32 

DL-Methionine 0.30 0.28 

Lysine HCl 0.25 0.25 

Threonine 0.02 0.04 

Limestone 0.87 1.01 

Monocalcium phosphate 1.12 0.80 

Phytase (500 FTU/kg diet) 0.01 0.01 

Vitamin mineral premix1) 0.50 0.50 

Total  100.00 100.00 

Calculated analysis (as-fed basis)   

ME (kcal/kg) 3, 025 3, 025 

Lysine (%) 1.25 1.25 

Methionine + Cysteine (%) 0.95 0.95 

Calcium (%) 0.95 0.95 

Phosphorus (%) 0.77 0.74 

Analysed values (as-fed basis)   

Crude protein (%) 19.02 20.53 

Crude fat (%) 3.2 4.0 

Total NSP (%) 9.0 11.1 

Soluble NSP (%) 1.9 2.5 

Insoluble NSP (%) 7.1 8.6 

Main constituents of NSP    

Arabinose (%) 1.8 2.1 

Xylose (%) 2.1 2.9 

Mannose (%) 0.6 0.8 

galactose (%) 1.5 2.1 

glucose (%) 2.3 2.5 

Pellet quality   

PDI (%) 93.8 90.3 

Pellet hardness (Newton) 30.0 27.8 

NSP, Non-starch polysaccharide; PDI=Pellet durability index. 475 

1)The premix provided (units/kg diet): retinol, 12, 000 IU; cholecalciferol,5, 000 IU; α-tocopherol, 476 

34 mg; menadione, 3 mg; thiamine, 2 mg; riboflavin, 7 mg; pyridoxine, 5 mg; cobalamin, 15 μg; 477 
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nicotinic acid, 50 mg; pantothenic acid, 15 mg; folic acid, 1 mg; biotin, 200 μg; 80 mg Fe as iron 478 

sulfate (30%); 10 mg Cu as a copper sulfate (25%); 100 mg Mn as manganous oxide (62%); 80 479 

mg Zn as zinc oxide (72%); 1 mg I as calcium iodate (52%); 0.2 mg Se as sodium selenite (4.5%); 480 

and 0.5 mg Mo as sodium molybdate (40%).  481 
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Table 2. The effect of cereal type, xylanase supplementation and bird age to broiler chickens on, 482 

average daily gain (g), average daily feed intake, and feed conversion ratio (data based on 483 

feeding period from d 1 to 35) 1)                                         484 

Bird age  ADG (g/b/d) ADFI (g/b/d) FCR 

  Week 1  15.1 17.7 1.17 
  Week 2  42.0 59.2 1.42 

  Week 3  62.0 99.7 1.63 

  Week 4  71.3 130.3 1.86 

  Week 5  86.6 164.6 1.94 

  SEM (df=112)  2.20 5.48 0.068 

Treatment     

  Cereal Xylanase    

    Corn no 52.1 87.7 1.63 

    Corn yes 53.2 90.9 1.61 

   Wheat no 59.8 106.0 1.62 

   Wheat yes 56.6 92.6 1.55 

    SEM (df=21)  2.60 5.26 0.061 

Main factor     

  Corn  52.6 89.3 1.62 

  Wheat  58.2 99.3 1.59 

  SEM (df=21)  1.84 3.72 0.043 

Xylanase     

  no  56.0 96.8 1.63 

  yes  54.9 91.8 1.58 

  SEM (df=21)  1.84 3.72 0.043 

Probabilities     

  Bird age  <0.001 <0.001 <0.001 

    Form of response     

             Linear  <0.001 <0.001 <0.001 

            Quadratic  <0.001 0.095 0.085 

Cereal  0.006 0.014 0.433 

Xylanase  0.562 0.187 0.308 

Cereal × Xylanase  0.250 0.037 0.545 

Bird age × Cereal  0.198 0.186 0.728 

Bird age × Xylanase  0.088 0.138 0.969 
Bird age × Cereal × Xylanase  0.825 0.146 0.194 

ADG, average daily gain; ADFI, average daily feed intake; FCR, feed conversion ratio; SEM, 485 

pooled standard error of means. 486 

1)There were eight observations per treatment. Week 1 performance data were based on 30 birds; 487 

Week 2 performance data were based on 20 birds; Week 3 performance data were based on 15 488 
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birds; Week 4 performance data were based on 11 birds; Week 5 performance data were based on 489 

8 birds.   490 
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Table 3. The effect of cereal type, xylanase supplementation and bird age to broiler chickens on 491 

postcaecal nutrient retention and metabolizable energy determination (data obtained from 7, 14, 492 

21, 28 and 35 d old birds) 1) 493 

Bird age  DMR (g/g) AME (MJ/kg) AMEn (MJ/kg) NR (g/g) 

   7 d 1)  0.753 12.61 11.87 0.688 
  14 d  0.765 12.88 12.15 0.664 

  21 d  0.776 13.09 12.35 0.679 

  28 d  0.784 13.17 12.46 0.656 

  35 d  0.762 12.85 12.19 0.609 

  SEM (df=112)  0.0061 0.0950 0.0870 0.0126 
Treatment      
  Cereal Xylanase     

  Corn no 0.745 12.59 11.93 0.628 

  Corn yes 0.773 13.07 12.39 0.654 

  Wheat no 0.769 12.87 12.11 0.674 

  Wheat yes 0.784 13.16 12.39 0.680 

SEM (df=21)  0.0057 0.091 0.0840 0.0113 

Main factor      

  Corn  0.759 12.83 12.16 0.641 

  Wheat  0.776 13.01 12.25 0.677 

  SEM (df=21)  0.0040 0.0650 0.0590 0.0080 

Xylanase      

  no  0.757 12.73 12.02 0.651 

  yes  0.779 13.11 12.39 0.667 

  SEM (df=21)  0.0040 0.0650 0.0590 0.0080 

Probabilities      

 Bird age  <0.001 <0.001 <0.001 <0.001 

    Form of response      

              Linear  0.007 <0.001 <0.001 <0.001 

             Quadratic  <0.001 <0.001 <0.001 0.011 

Cereal  <0.001 0.009 0.137 <0.001 

Xylanase  <0.001 <0.001 <0.001 0.058 

Cereal × Xylanase  0.111 0.127 0.135 0.215 

Bird age × Cereal  0.653 0.756 0.801 0.431 

Bird age × Xylanase  0.683 0.637 0.630 0.676 

Bird age × Cereal × 

Xylanase 
 0.616 0.574 0.541 0.466 

DMR, dry matter retention; AME, apparent metabolizable energy; AMEn, N-corrected apparent 494 

metabolizable energy; NR, nitrogen retention; SEM, pooled standard error of means. 495 
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1)There were eight observations per treatment.   496 
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Table 4. The effect of cereal type, xylanase supplementation and bird age to broiler chickens on 497 

precaecal nutrient retention and digestible energy determination (data obtained from 7, 14, 21, 28 498 

and 35 d old birds) 1) 499 

Bird age  DMD (g/g) DE (MJ/kg) ND (g/g) 

  7 d  0.795 13.27 0.841 
  14 d  0.763 12.55 0.804 

  21 d  0.778 12.88 0.828 

  28 d  0.776 12.81 0.825 

  35 d  0.774 12.73 0.818 

  SEM (df=112)  0.0070 0.1370 0.0079 

Treatment     

  Cereal Xylanase    

    Corn no 0.750 12.40 0.807 

    Corn yes 0.786 13.01 0.821 

    Wheat no 0.776 12.85 0.828 

    Wheat yes 0.797 13.13 0.837 

  SEM (df=21)  0.0054 0.1110 0.0071 

Main factor     

  Corn  0.768 12.70 0.814 

  Wheat  0.787 12.99 0.832 

  SEM (df=21)  0.0038 0.0790 0.0051 

Xylanase     

  no  0.763 12.62 0.818 

  yes  0.791 13.07 0.829 

  SEM (df=21)  0.0038 0.079 0.0051 

Probabilities     

  Bird age  0.003 <0.001 <0.001 

    Form of response     
Linear  0.066 0.010 0.153 
Quadratic               0.022 0.017 0.122 

 Cereal  <0.001 0.001 0.002 

 Xylanase  <0.001 <0.001 0.041 

 Cereal type × Xylanase  0.051 0.046 0.618 

 Bird age × Cereal  0.223 0.692 0.623 

 Bird age × Xylanase  0.666 0.329 0.135 

Bird age × Cereal ×  Xylanase  0.174 0.320 0.380 

DMD, dry matter digestibility; DE, digestible energy; ND, nitrogen digestibility; SEM, pooled 500 

standard error of means. 501 

1)There were eight observations per treatment.   502 
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Table 5. The effect of cereal type, xylanase supplementation and bird age to broiler chickens on 503 

the relationship between metabolizable energy and digestible energy (data obtained from 7, 14, 504 

21, 28 and 35 d old birds) 1) 505 

Bird age  AME: DE AMEn: DE NR: ND 

  7 d  0.954 0.897 0.819 
  14 d  1.027 0.971 0.828 

  21 d  1.018 0.961 0.820 

  28 d  1.029 0.973 0.796 

  35 d  1.011 0.959 0.745 

  SEM (df=112)  0.0133 0.0123 0.0177 

Treatment     

Cereal Xylanase    

  Corn     no 1.019 0.966 0.780 

  Corn     yes 1.005 0.953 0.797 

  Wheat     no 1.000 0.946 0.816 
  Wheat     yes 1.003 0.944 0.814 

   SEM (df=21)  0.0086 0.0080 0.0142 

Main factor     

  Corn  1.012 0.959 0.788 

  Wheat  1.004 0.945 0.815 

  SEM (df=21)  0.0061 0.0057 0.0100 

Xylanase     

  no  1.012 0.956 0.798 

  yes  1.004 0.949 0.806 

  SEM (df=21)  0.0061 0.0057 0.0100 

Probabilities     

  Bird age  <0.001 <0.001 <0.001 
      Form of response     
              Linear  <0.001 <0.001 <0.001 

              Quadratic  <0.001 <0.001 0.005 

Cereal  0.186 0.019 0.015 

Xylanase  0.203 0.215 0.457 

Cereal type × Xylanase  0.346 0.303 0.350 

Bird age × Cereal  0.843 0.848 0.506 

Bird age × Xylanase  0.310 0.313 0.369 

Bird age × Cereal × Xylanase  0.601 0.644 0.412 

AME: DE, apparent metabolizable energy: digestible energy; AMEn: DE, N-corrected apparent 506 

metabolizable energy: digestible energy; NR: ND, nitrogen retention: nitrogen digestibility; 507 

SEM, pooled standard error of means. 508 

1)There were eight observations per treatment.  509 
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Table 6. The effect of cereal type, xylanase supplementation and bird age to broiler chickens on the relative weight (%)1) and absolute weight of 510 

organs and gastrointestinal tract (GIT)  (data obtained from 7, 14, 21, 28 and 35 d old birds)2) 511 

Bird age  

Relative 

weight of 

liver % 

Relative weight of 

gizzard and 

proventriculus % 

Relative 

weight of 

pancreas % 

Absolute weight 

of small intestine 

g 

Relative weight 

of small 

intestine  % 

Absolute 

weight of 

caeca g 

Relative 

weight of 

caeca % 

  7 d (BW=0.160 kg)  3.414 1.783 0.457 9.83 6.24 1.34 0.842 
  14 d (BW=0.466 kg)  4.302 4.350 0.383 24.45 5.25 3.90 0.839 

  21 d (BW=0.961 kg)  3.477 2.730 0.316 38.83 4.05 7.83 0.819 

  28 d (BW=1.418 kg)  3.318 2.024 0.253 43.34 3.15 11.16 0.785 

  35 d (BW=2.256 kg)  3.063 1.473 0.223 65.27 2.96 15.39 0.636 

  SEM (df=112)  0.1775 0.1135 0.0425  1.660 0.160 0.573 0.0504 

Treatment         

  Cereal Xylanase        

  Corn   no 3.688 2.536 0.316 36.03 4.35 7.50 0.758 

  Corn   yes 3.546 2.602 0.373 34.63 4.30 7.01 0.677 

  Wheat   no 3.403 2.271 0.316 37.90 4.26 8.87 0.861 

  Wheat  yes 3.421 2.478 0.300 36.80 4.42 8.32 0.841 

SEM (df=21)  0.1546 0.1305 0.0423 1.399 0.174 0.568 0.0525 

Main factor         

  Corn  3.614 2.569 0.345 35.33 4.32 7.26 0.717 

  Wheat  3.421 2.375 0.308 37.35 4.34 8.59 0.851 

  SEM (df=21)  0.1090 0.0923 0.0299 0.990 0.123 0.401 0.0371 

Xylanase         

  no  3.546 2.404 0.316 36.97 4.30 8.18 0.809 

  yes  3.483 2.540 0.337 35.72 4.36 7.66 0.759 

  SEM (df=21)  0.109 0.0923 0.0299 0.990 0.123 0.401 0.0371 
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Probabilities         

  Bird age  <0.001 <0.001 <0.001 <0.001 <.001 <.001 <.001 

     Form of response         

               Linear  <0.001 <0.001 <0.001 <0.001 <.001 <.001 <.001 

             Quadratic  <0.001 <0.001 0.414 0.280 <.001 0.073 0.024 

Cereal  0.075 0.047 0.234 0.054 0.914 0.003 0.002 

Xylanase  0.574 0.153 0.492 0.221 0.656 0.208 0.187 

Cereal × Xylanase  0.471 0.453 0.238 0.883 0.420 0.945 0.429 

Week × Cereal  0.435 0.508 0.214 0.682 0.049 0.338 0.620 

Week × Xylanase  0.088 0.099 0.382 0.241 0.424 0.111 0.010 

Week × Cereal × 

Xylanase 
 0.822 0.104 0.432 0.101 0.178 0.985 0.837 

BW, body weight; SEM, pooled standard error of means. 512 

1)The relative weights of each organ intestinal segment were calculated as a ratio of live body weight (g/100g body weigh). 513 

2)There were eight observations per treatment. 514 
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