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Abstract 1. Feed intake and performance of birds given sequential or loose-mix feeding was
investigated from 19 to 42 weeks of age. A complete diet was fed as control (C). A balancer
diet (50) was fed either sequentially (S50) or in a loose-mix (L50) with wheat. This diet was
formulated to provide a similar nutritive value as C assuming a 50:50 diet and wheat intake.
Another balancer diet (25) was fed sequentially (S25) or in a loose-mix (L25) with wheat. The
diet was to provide a similar nutritive value as C assuming 75:25 diet and wheat intakes. In
sequential feeding, only wheat was fed in the morning (4h after lights-on) and the balancer
diet in the late afternoon (4h before lights-off). In the loose-mix treatment, a mixture of the
two diets was fed throughout the 16-h daily light. Each treatment was given ad [libitum to 25
birds in individual cages.

2. Birds fed on L25 had lower total feed intakes than those receiving C, S50 or S25. Protein
intake was reduced with L25 compared to C, S50, S25 and L50. ME intake was, however,
similar among all treatments. Egg production and weight were reduced with L25 compared to
S50 and S25. BW was lowered with L25. However, there was high individual variation in all
variables.

3. Feeding system (sequential vs loose-mix) had no effect on ME intake. However the loose-
mix treatment reduced feed and protein intake due to lower balancer diet intake. It also
resulted in low egg production, egg and body weights compared to sequential feeding. The
weights of pancreas and gizzard were heavier with sequential and loose-mix compared to the
control.

4. The loose-mix treatment reduced egg-laying performance. Sequential feeding resulted in
similar egg-laying performance to conventional feeding and thus could be used to advantage

in situations where it is applicable.
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INTRODUCTION

The use of whole cereal grain in poultry feeding is a popular practice in Northern Europe. The
reason has been the economic benefit as well as the local availability of these feedstuffs. In
countries where the cost of feed mixing hinders production, direct incorporation of cereal
grains could be an alternative. Although the benefits depend on the relative price of cereals, it
is important to have a clear knowledge of the impact of incorporating cereal grains in poultry
feeds on bird performance. Different methods such as choice feeding, loose-mix feeding and
sequential feeding can be used to offer cereal grains to poultry (Noirot et al., 1998). Choice
feeding is the simultaneous feeding of grains and a protein-mineral concentrate placed in
different containers. Loose-mix feeding is the distribution of these dietary components in a
single container. Sequential feeding involves the distribution of the two dietary components
separately at different times of the day. Choice feeding using cereal grains is accompanied by
an improvement in feed utilisation because it allows a degree of feed selection by the animal
(Forbes and Covasa, 1995; Noirot et al., 1998). It has, however, the inconvenience of
requiring more than one feed trough to offer the different diets. Loose-mix and sequential
feeding, however, could be practical alternatives since only one trough is required.

Studies evaluating sequential and loose-mix feeding in laying hen are limited. Loose-
mix feeding of laying hens was reported to reduce both feed and protein intakes when a
mixture of whole wheat, whole barley, kibbled maize and pellet protein concentrate was
offered (Blair et al., 1973), or when fed on a (50:50) mixture of high energy/protein Ca diets
(Lee and Ohh, 2002). Although the former observed similar egg production and egg weight to
conventional feeding, the latter reported a decrease in egg weight, which was related to a
decrease in energy intake. Loose-mix feeding of 60% barley and a protein concentrate was
reported to increase feed, energy and protein intakes, but to reduce egg production while

increasing egg weight (Bennet and Classen, 2003). However, when the quantity of whole
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wheat in a loose-mix diet was limited to 20%, similar intakes and egg production were
observed (Kermanshashi and Classen, 2001; Maclsaac and Anderson, 2007).

Sequential feeding of a mixture of whole cereals followed by a pelleted protein
concentrate resulted in increased feed and protein intakes while maintaining similar energy
intake, egg production and egg weight compared to a control diet (Blair et al., 1973).
Nevertheless, sequential feeding was reported to reduce feed, energy and protein intakes when
birds were fed on a protein concentrate in the morning followed by whole oats in the
afternoon (Robinson, 1985), or when fed on high-energy diet in the morning and protein
concentrate in the afternoon (Leeson and Summers, 1978; Reichmann and Connor, 1979; Lee
and Ohh, 2002). Except for the work of Blair et al. (1973), all the other studies have reported
that sequential feeding results in lower egg production and egg weights.

Recent investigations on the sequential and loose-mix feeding of whole wheat and a
protein-mineral concentrate in laying hen revealed that sequential feeding was more efficient
compared to loose-mix and the conventional feeding of a complete diet (Umar Faruk et al.,
2010). However, it was possible that this increased efficiency was linked to the experimental
protocol used. Feed intake was controlled by feeding a limited quantity (121 g/bird/d) of a
diet that contained 60.5 g each of whole wheat and concentrate. Birds were kept in groups and
this can facilitate social interactions among individuals and modify the birds' feeding patterns
through imitation (Meunier-Salaiin and Faure, 1984). This management system also prevents
the study of individual responses to sequential and loose-mix feeding, since only the average
cage values could be measured.

The objective of the present experiment was to investigate the impact of sequential and
loose-mix feeding of birds kept in individual cages and given the diets ad [ibitum.
Furthermore, the study investigated the ability of birds under these feeding systems to adapt

their feed intake according to their requirements.
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MATERIALS AND METHODS

Pre-experimental period (weeks 16 — 18)

A total of 149 ISA Brown layer hens were trained (Forbes and Covasa, 1995) from week 16
to 18 to get them habituated to the feeding systems studied. The specific objective was to
adapt the sequentially-fed birds to whole-wheat intakes before they reached point of lay
(Umar Faruk et al., 2008). The animals were housed in a three-tier battery having individual
cages (25 x 38cm). Each cage was equipped with a feed trough (20 cm per hen) and a nipple
drinker. A complete diet, named 'control habituation' (Table 1) and containing 160 g CP /kg
and 11.7 MJ/kg, was fed to a group of 33 birds as control (CH). Another diet, named 'balancer
diet habituation' and containing 180 g CP /kg and 11.0 MJ/kg, was fed sequentially (SH) with
wheat (13.0 MJ/kg) to another group containing 58 birds. Hens in this group were given
access to whole wheat (Triticum aestivum) in the morning and to the balancer diet in the
afternoon. The same diet, 'balancer diet habituation', was mixed with whole wheat and fed in a
loose-mix (LH) to another group containing 58 birds. The 'balancer diet habituation' was

formulated on the assumption that if the birds consumed 65% of it and 35% whole wheat,

they would ingest an equal amount of nutrients as those receiving diet CH.

Table 1 near here

Birds were fed ad libitum in line with the breeders’ guidelines (ISA Hendrix Genetics,
2007). The total quantity of diet offered was progressively increased to account for the
increase in feed intake of a growing bird; it was increased from 70 g/bird/d in week 16 to 83
g/bird/d in week 18. In sequential feeding, the duration for which birds were given access to
wheat was increased in equal amounts from 3 h/d (week 16) to 7 h/d (week 18). The
photoperiod was 10 h at week 16 and reached 16 h at week 18. Water was given ad libitum
throughout the study.

Experimental period (weeks 19 - 42)
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Five treatments were introduced at 19 weeks of age. Each of the sequential and loose-mix
groups was divided into two groups to form 4 treatments of 25 birds each. The other 25 birds
from the CH group formed the control treatment. During the experimental period, the birds
were housed in the same house and kept in the individual cages that were used during the
habituation period. Body weight (BW) was used as criterion for the placement of the birds so
as to obtain a similar intra treatment BW. However, due to limited number of birds habituated
and the random choice of birds dissected for the measurement of the digestive organs, initial
BW for the treatment L50 was lower than C, S50 or S25. Photoperiod was 16 h and
temperature was maintained at 20.6+1.8°C throughout the experimental period.

A complete diet (Tablel) containing 175 g CP /kg and 11.5 MJ/kg was fed ad libitum
as the control treatment (C). To investigate the ability of laying hens to adapt their intake
according to their energy and protein requirements, the balancer diet B50 (232 g CP /kg, 10.0
MJ/kg) was formulated to provide a similar nutritive value to C and assuming that the birds
would ingest equal quantities (50:50) of the diet and whole wheat. This diet was fed to two
experimental groups either sequentially (S50) or as a loose-mix (L50). Another balancer diet
B25 (195 g CP /kg, 11.0 MJ/kg) was formulated to provide similar nutritive values as C and
assuming that the birds would ingest it on a 75:25 basis with wheat. It was fed to the other
two groups either sequentially (S25) or in loose-mix (L25). Diets were fed ad libitum
containing equal amount of each of the fractions (wheat/protein mineral concentrate). Birds
fed on the B50 diet were expected to have a 50% wheat intake, while only 25% wheat intake
was expected for those fed on the B25 diet. Calcium carbonate (Ca) was ground and
incorporated in the balancer diet since the separate provision of granular Ca is not a
prerequisite when birds are fed on nutrient-fractioned diets (Balnave and Muritasari, 1990).

Measurements
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Feed intake was measured weekly. In the two S fed treatments, wheat and balancer diet
intakes were determined separately. During the experimental period, wheat intake in L was
measured after manual separation using a sieve (2 mm ).

Eggs were collected daily and weighed individually. The weight of egg components
(yolk, albumen and shell) was determined on a daily sample every 4 weeks, starting at week
21. The albumen and the chalazae were separated using forceps prior to weighing the yolk.
The shells were washed and dried for 12 h in a drying oven at 70°C and then weighed.

Birds were weighed individually at 16, 19, 26 and 37 weeks of age. The weight of the
digestive organs was recorded at the end of the pre-experimental (week 19) and experimental
(week 42) periods to assess the effect of the feeding system on these organs. The birds were
weighed before being injected with sodium pentobarbital solution (1ml/kg body weight). The
abdominal cavity was opened and the digestive tract dissected and separated into
proventriculus, gizzard, duodenum, pancreas, jejunum and ileum. The segments were first
emptied and dried using a paper towel before weighing. The proventriculus and the gizzard
were placed in an ice container (-4°C) for 3 h to facilitate the removal of the surrounding fat.
The organs were emptied prior to weighing.

Metabolisable energy (kJ/b/d) and protein (g/b/d) intakes were estimated as a product
of feed intake and ME and protein contents of the experimental diets respectively. ME
requirement was estimated according to Sakomura (2004)

ME (kJ/b/d) = W*%(165.74 — 2.37*T) + 6.68*WG + 2.40*EM
where, ME = energy requirement (kJ/bird/d), W = Body weight (kg), T = Temperature (°C),
WG = weight gain (g/d), EM = Egg mass (g/bird/d).
Protein requirement was estimated according to Sakomura et al., (2002)

PB = 1.94%*W" + 0.480*G + 0.301*EM
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where, PB = protein requirement (g/bird/d), W = body weight (kg), G = daily weight gain
(g/d) and EM = egg mass (g/bird/d).
Statistical analysis
Individual values from cages were analysed using StatView (version 5, SAS Institute Inc.,
Cary, NC). A one-way ANOVA was performed using the GLM model to test the treatment
effect on feed intake, egg production, egg weight, body weight, digestive organs weight, ME
intake and requirements. A 2x2 factorial ANOVA was carried out to test the effect of feeding
system (loose-mix vs sequential) and balancer diet effect (50 vs 25). Results were considered
significantly different if P <0.05 and Bonferroni-Dunnet pairwise comparison was used to
compare differences between means. Repeated measures ANOVA was performed on BW,
feed and wheat intakes, and egg mass to test the effect of treatment over time.
RESULTS

During the habituation period, no differences in total feed intakes were observed between the
treatments (62.4, 62.5 and 62.4 + 0.3 g/bird/d for CH, LH and SH respectively). The wheat
intakes of the birds given the SH treatment increased from 13.0 to 40.0 g/bird/d from week 16
to 18 respectively. Their balancer-diet intake, however, decreased with increasing age and
wheat intake from 51.6 g/bird/d in week 16 to 40.0 g/bird/d in week 18. This increase in
wheat intake with the resulting decrease in balancer diet intake during this period suggested a
successful adaptation to wheat intake for SH-fed birds. There were no differences in BWG
between week 16 and week 18 (8.1, 8.3, and 8.6 £ 0.1 g/bird/d for CH, LH and SH
respectively).

During the experimental period, the mean total feed intake was lower for birds given
the treatment L25 than C, S50 and S25, although it was similar to L50 (Table 2). Figure (b)
shows the weekly change in feed intake according to treatment from 19 to 42 weeks. There
was a significant increase in feed intake in all treatments with time, although birds fed on L25

8
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and L50 had lower feed intakes from week 30 of age but with a higher weekly variability than
the other three treatments. Wheat intake was higher for birds given L50, L25, S50 and S25
(Table 2). There was a progressive but significant decrease in wheat intake over time,
especially with treatments S25 and S50 (Figure c).

Egg production and egg weight were reduced with L25 compared with S50 and S25
(Table 2). Egg production and weight were, however, not statistically different between L25,
L50 and C. Birds in treatment L25 had a significantly smaller egg mass and lower egg yolk
weight compared with the other 4 treatments. Egg mass in this treatment was progressively
reduced from week 23 and was generally low through out the experimental period (Figure d).
Eggshell weight was significantly reduced with L25 when compared with S25, S50 and L50.

There were no significant treatment differences for albumen weight. Feed conversion ratios

(FCR) were similar among all treatments. Table 2 and Figure near here

BW at week 19 was significantly lower for birds receiving L50 than for C, S50 and
S25, although they were similar to L25 (Table 2); this was associated with the low BW of the
treatment group upon arrival at week 16 (Figure a). Although L50 was initially low in BW,
the final BW (week 42) was lower for L25 compared with C, S25 and S50. The Figure (a)
shows that the birds which received L50 had a similar growth rate to the other treatments.
Conversely, L25, which was similar in BW to all treatments at the beginning of the
experiment, had reduced growth, thus having a lower BW than C, S50 and S25 at the end of
the experiment.

Feeding system affected the birds’ feed intakes and egg-laying performance and the
birds fed sequentially had higher total feed intakes than those fed on the loose-mix (Table 2).
The latter had higher wheat intakes. Hens fed sequentially had higher egg numbers, egg

weight and albumen weight than those fed on the loose-mix. BW was higher in the birds fed
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sequentially than with those fed on loose-mix and this was associated with the higher initial
BW. FCR and BWG were similar for the two systems.

Birds receiving balancer diet optimised for 25% wheat intake had lower mean total
feed and wheat intakes compared with those receiving diet optimised for 50% (Table 2). Egg
numbers, egg weight, egg albumen weight, FCR and final BW were similar for these two
diets. However, BWG was higher in the birds fed on balancer diet optimised for 50% wheat
intake compared with that optimised for 25%.

There was a similar ME intake for all treatment groups (Table 3). Estimated ME
requirement for treatment L.25 was lower than that of C, S50 and S25 but similar to L50. The
difference between ME intake and ME requirement was higher for birds fed on L25 than S50,
S25 or C, although it was similar to LS50, indicating a surplus in ME intake of birds in these
treatment groups. Protein intake was reduced with L25-fed birds compared with the other 4
treatments. Protein intake of birds fed on L50 was lower than C and S50 but similar to S25.
The estimated protein requirement was reduced in birds fed on L25 compared with C, S50

and S25 but similar to L50. The difference between protein intake and requirement was small

for birds fed on L25 and S25 compared with those fed on S50. Table 3 near here

ME intake was similar for the sequential and loose-mix systems (Table 3). Estimated
ME requirement of sequentially fed birds was significantly higher than the loose-mix group.
The difference between ME intake and estimated requirement was lower for birds fed
sequentially. Both intake and estimated requirement of protein were significantly higher in
birds fed sequentially than in those fed on loose-mix.

ME intake and estimated requirements and the differences between ME intake and
estimated requirement were similar between the two balancer diets (Table 3). Protein intake

was low for birds receiving the balancer diet formulated for 25% wheat intake relative to

10
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those receiving the diet with balancer formulated for 50%. Protein requirement was similar
for the two diets.

At the end of habituation period (week 19), similar relative weights of proventriculus,
liver and pancreas were observed between CH, SH and LH (Table 4). The relative weight of
the duodenum was lower for birds in the LH group than SH. The relative weight of the ileum
was heavier for birds in SH group than with those in LH and CH. There were significant
differences in gizzard and jejunum weights between the treatment groups, but the differences

were not proven using the Bonferroni-Dunnet pairwise comparison test due, probably because

of the limited number of birds killed (8/treatment). Table 4 near here

At the end of the experimental period (week 42), the proventriculus was heavier in the
birds given S than the C and L treatments; the gizzard was heavier for the S and L treatments
compared with C; the duodenum was heavier for S compared with C; the liver was heavier
with the L treatment compared with C and the pancreas was heavier for S and L treatments
compared with C. There were no significant differences in the weights of the jejunum and
ileum between the three treatments.

DISCUSSION
None of the 4 treatments receiving whole wheat had a daily wheat intake that met the
expected 25 or 50% of the total daily feed intake. The birds receiving the diet formulated for
50% wheat intake consumed slightly less wheat (47%) than anticipated, whereas those fed on
the diet formulated for 25% wheat intake consumed more wheat (41%). However, no
treatment differences in ME intake were observed, which suggests that there was an
adjustment by the sequential and loose-mix fed birds to consume a similar ME to those fed on
the complete diet C. This lends support to work of Blair er al. (1973), Kermanshashi and
Classen (2001) and MaclIsaac and Anderson (2007), who reported similar ME intakes in birds

fed on a loose-mix or complete diet. However, in sequential feeding, Leeson and Summers

11
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(1978), Reichmann and Connor (1979), Robinson (1985), and Lee and Ohh (2002) reported a
decrease in ME intake, along with a reduced feed intake, which was not the case in the present
work.

Birds fed sequentially had higher feed intakes compared with the loose-mix treatment,
but this was not in accordance to our earlier work with birds housed in groups (Umar Faruk et
al., 2010), where a higher feed intake was obtained with loose-mix than with sequential
feeding. In this earlier work, the birds were housed in groups and fed on limited quantities of
the two dietary fractions. The lower feed intakes with loose-mix in the present experiment
was mainly attributed to treatment L.25, because of its similar balancer diet intake compared
to L50. Although L25 fed birds consumed more wheat than expected, their balancer diet
intake remained similar to L50, thereby reducing their total intake.

The higher wheat intake when birds were fed with a loose-mix relative to those fed
sequentially agree with earlier observations under different conditions (Umar Faruk et al.,
2010). Increased wheat intake has been associated with larger feed particle preference in
laying hens (Picard et al., 1997; Umar Faruk et al., 2008). Portella et al. (1988) observed a
greater disappearance of larger particles when birds were fed on regular crumbles, and the
smaller particles disappeared only as the concentration of large ones decreased. In the present
work, the inclusion of whole wheat in the concentrate diet is likely to have increased the
heterogeneity of the diet, thus increasing selection of the larger particles (whole wheat) first.

Birds fed sequentially consumed more balancer diet than those fed on a loose-mix.
Blair et al. (1973) observed an increased feed intake when birds were fed sequentially and, in
particular, when there was a high intake of protein concentrate. However, sequential feeding
using an energy-rich diet in the morning and a protein concentrate in the afternoon (Leeson
and Summers, 1978; Reichmann and Connor, 1979) reduced feed intake. Feed intake was also

reduced when oats/sorghum were sequentially fed with a protein concentrate (Robinson,

12
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1985). Lee and Ohh (2002) also reported a reduction in feed intake when birds were fed on a
high energy/protein and low Ca diet in the morning followed by a low energy/protein and
high Ca in the afternoon. In the present work, the high balancer diet intake with the sequential
feeding agreed with the feeding patterns observed with laying hens (Ballard and Biellier,
1969; Nys et al., 1976; Keshavarz, 1998a,b; Choi et al., 2004). Birds consume larger amount
of food in the afternoon partly in association with the hen Ca appetite which coincides with
the initiation of eggshell formation during this period. For example, Keshavarz (1998a) found
that hens subjected to a 16-h photoperiod consumed 40% of daily feed intake in the first 8 h
after light-on and 60% during the second 8 h period before light-off, with a marked increase
recorded 4 h before light-off (Keshavarz, 1998b).

The laying hen adapts its feed intake relatively well to the energy value of its feed,
although this regulation is not perfect (Joly and Bougon, 1997), because the hen is influenced
by the form and method in which the feed is presented. Data in the present work were
subjected to a t-test to see if the ME intake minus ME requirement were different from zero.
Results showed that no difference between the ME intake and the ME requirements for the
birds in groups C as well as L50, suggesting that the two groups have adapted their ME intake
to their estimated requirements. However, birds fed on S50 and S25 had lower ME intakes
than the estimated requirements. L25 had a significantly higher intake than requirement,
although their efficiency of utilising this energy was apparently poor because they had the
lowest performance. Despite their lower-than-estimated ME intake, the birds fed on S50 and
S25 had similar egg-laying performance to those fed on the control diet. This was also
observed in previous work (Umar Faruk et al., 2010) and in the earlier work of Leeson and
Summers (1978) and Reichmann and Connor (1979), who observed that sequential feeding
reduced the mean feed intake without reducing egg production, relative to the control. These

authors associated it to lower maintenance requirements due to the lower body weights in the
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sequentially fed birds. In the present work, it may be due to an improvement in the rate of
utilisation of nutrients evidenced by a heavier gizzard, proventriculus and duodenum observed
with sequential than the loose-mix or control birds.

Loose-mix-fed birds laid fewer eggs and had a lower egg weight than those fed
sequentially. A reduction in protein intake is usually accompanied by a reduction in both egg
production and egg weight (Morris and Gous, 1988), and protein intakes were lower with
loose-mix treatment. Ad libitum access to the diets gave higher wheat consumption in the
loose-mix birds (Umar Faruk et al., 2008), which resulted in a low overall protein intake.

At the end of the experimental period, the sequential and loose-mix fed birds had
heavier gizzards than those receiving the control diet. This was to be expected because
feeding whole wheat grain increases the dietary particle size of the diets, and dietary particle
size is known to influence the avian digestive tract (Nir et al., 1990). This increase in gizzard
weight was hypothesised to contribute to the better performance of sequentially-fed, group-
housed hens studied by Umar Faruk ez al. (2010). In the present work, no improvement in
performance was observed; this was likely to be a consequence of the broad intra-treatment
variations and the ad libitum feeding. Changes in liver weight were in line with the findings of
De Basilio et al. (2001), who found heavier livers in broilers that had been fed on cereal
grains. It was also in line with the observations of Umar Faruk et al. (2010), who observed
heavier liver weights in birds fed on whole wheat.

In conclusion, the present study confirmed our earlier report (Umar Faruk et al., 2010)
that sequential feeding has no adverse effect on egg production, thus outlining its potential as
a feed management method for egg producers. When birds are allowed ad libitum access to
concentrate diets formulated for different proportion of wheat intake, it is evident that they
will not always consume the expected proportion of the respective fractions. In sequential

feeding, similar feed intakes and egg-laying performance to the control group were obtained
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irrespective of the concentrate diet used. This system could therefore be used to advantage in
situations where the cost of grinding and feed mixing hinders production. In loose-mix
feeding, distributing concentrated diets optimised for 25% wheat intake reduced nutrient
intake and performance as the hens failed to eat the appropriate proportion of the dietary
fractions, and so this management technique should be avoided.

The advantages of sequential feeding needs to be further explored in terms of the
physical form (whole, ground) and type of cereals (millet, sorghum, maize etc) to be used. Ad
libitum feeding in sequential feeding resulted in excessive intake of the concentrate diet and
this may increase cost and so requires additional investigation. Feeding management (van
Krimpen et al., 2005), especially sequential feeding (Jordan et al., 2009), induces feather
pecking in laying hens, due to a reduction in time spent on feeding activity. Therefore, the
optimal duration of the sequence (wheat—balancer diet) in sequential feeding needs to be
established.
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Table 1. Composition of experimental diets

Page 20 of 25

Habituation Period (16-18 week) Experimental Period (19-42 week) Both periods
Ingredient (g/kg ) Control habituation Balancer diet Control  Balancer diet  Balancer diet " n0l¢ Wheat
(CH) habituation ©) ( Trzt.zcum
(LH) B50 B25 aestivum)
Wheat 346.6 - 500.0 - - 100
Maize 350.0 535.7 161.3 320.8 498.4
Wheat bran 100.0 153.1 25.4 50.1 45.0
Maize gluten - - 329 66.2 24.0
Soya bean meal (T48) 165.0 252.5 169.7 340.8 285.0
Soya bean oil - - 8.0 16.0 10.0
Calcium carbonate 18.4 28.2 80.0 160.4 105.1
Bi-calcium phosphate 10.9 16.7 11.6 233 17.4
Refined sodium chloride 2.0 3.1 2.0 4.0 2.7
Sodium bicarbonate 2.0 3.1 2.0 4.0 2.7
L-Lysine 78 - - 1.1 2.2 1.3
DL-Methionine 0.1 0.2 1.1 2.2 1.8
Premix (Sup 64 J 02)" 5.0 7.7 5.0 10.0 6.7
Calculated composition (g/kg as fed
basis)
Metabolisable energy (MJ/kg) 11.7 11.0 11.5 10.0 11.0 13.0
CpP 160.5 183.3 175.2 233.2 194.7 119.0
DM 877.0 875.0 891.0 899.0 889.0 868.0
Fibre 359 41.0 30.1 33.7 32.7 26.5
Lysine 7.2 9.3 8.1 13.1 10.7 3.1
Methionine 3.2 3.9 4.5 7.1 5.7 2.0
Calcium 12.0 18.2 36.1 72.0 48.0 0.3
Total P 5.6 7.1 5.3 7.6 6.4 3.0
Analysed composition (g/kg)
DM 890.0 887.0 888.0 895.0 890.0 867.0
CP 157.0 186.0 173.0 230.0 195.0 119.0

E-mail: br.poultsci@bbsrc.ac.uk URL: http://mc.manuscriptcentral.com/chps

'Vitamin and mineral premix supplied the following amounts per kg of premix: 1200 mg of Cu (sulphate), 4000 mg of Fe, 200 mg of I, 60 mg of Se, 120 g of DL-methionine, 200
mg of canthaxanthine; 11000 mg of Zn, 12000 mg of Mn; retinol 480 mg, cholecalciferol 12 mg, DL oc-tocopherol acetate 2000 mg, menadione 400 mg, thiamine mononitrate 109
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Table 2. Effect of treatment, feeding system and balancer-diet composition on the feed intake and performance of hens fed whole wheat sequentially
(S) or in loose-mix (L) with a balancer diet formulated for either 50 or 25% wheat intake from 19 to 42 weeks of age

Eggs
Feed Wheat produced Egg FCE Egg Egg
Intake  intake/Feed per hen Egg mass (gegg/lg BWwk19 BWwk BWG Yolk  Albumen Eggshell
(g/b/d) intake perd  weight(g) (g/d) feed) (€9) 42 (g)° (g/d) (2 (€9) (€9)
Treatments
C 114.4 ab - 0.946ab 573 ab 542 a 0.473 1560 a 1832 a 1.7 a 142 a 36.9 6.0 ab
S50 115.7 a 0.384 ¢ 0.950 a 582a 555a 0.481 1588 a 1810 a l4ab 140a 38.0 6.1a
S25 111.5ab  0.315d 0.947 a 584 a 553a 0.498 1603 a 1809 a I.lab 14.1a 38.0 6.3a
L50 107.0 be 0.563 a 0.924ab  57.2 ab 534a 0.486 1485b 1722ab 14ab 14.0a 37.2 6.1a
L25 102.8 ¢ 0.502 b 0.886 b 55.0b 49.0b 0.476 1545 ab 1622 b 0.6b 13.2b 354 57b
P value <0.01 <0.01 <0.05 <0.05 <0.01 NS <0.01 <0.05 <0.05 <0.05 NS <0.05
SEM 0.97 1.20 0.69 0.35 0.50 0.004 8.10 17.73 0.09 0.09 0.30 0.04
Feeding system 2
L 104.8 b 0.532 a 0.904 b 56.0b - 0.480 1515b 1688 b 1.1 - 36.4b -
S 113.7 a 0.350 b 0.948 a 583a - 0.490 1596 a 1810 a 1.3 - 38.0a -
P value <0.01 <0.01 <0.05 <0.05 - NS >0.01 <0.05 NS - <0.05 -
SEM 1.11 1.20 0.83 0.40 0.005 9.52 20.23 0.09 0.34
Balancer Diet effect
50 111.3a 0.474 a 0.937 57.8 - 0.483 1535b 1766 14a - 37.7 -
25 107.0 b 04120 0.916 56.6 - 0.487 1573 a 1716 09b - 36.9 -
P value <0.05 <0.05 NS NS - NS <0.05 NS <0.05 - NS -
SEM 1.11 1.20 0.83 0.40 0.005 9.52 20.23 0.09 0.34
Interaction
FS x DC NS NS NS NS <0.05 NS NS NS NS <0.05 NS <0.05

'C = Control, S50 = Sequential feeding of diet formulated for 50% wheat, S25 = Sequential feeding of diet formulated for 25% wheat, L50 = Loose-

mix feeding of diet formulated for 50% wheat, L25 = Loose-mix feeding of diet formulated for 25% wheat.
“Results were not presented where interaction between feeding system and balancer diet effect were observed

¢ yalues within the same column not sharing a common superscript differ significantly at P <0.05, NS = not significant at P >0.05.
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Table 3. Effect of treatment, feeding system and balancer-diet composition on the feed, ME and protein intakes and ME and protein requirements of
hens fed whole wheat sequentially (S) or in loose-mix (L) with a balancer diet formulated for either 50 or 25% intake of wheat from 19 to 37 weeks of

1
age
Wheat Difference  Protein Protein Difference
Feed intake intake/Feed ME intake ME Requirement ME intake Requirement  Protein
(g/b/d) intake (kJ/b/d)2 (kJ/b/d)3 (kJ/b/d)4 (g/b/d) (g/b/d) (g/b/d)
Treatments”
C 113.1a - 1300.0 13214 a 21.1b 19.8 b 19.9 a -0.1 ab
S50 113.6 a 0.387 ¢ 1264.2 1311.0a 470D 214 a 20.1a 1.3a
S25 109.9 a 0.320d 1280.0 1308.1 a -28.2Db 18.7 bc 20.0a -1.3b
L50 106.6 ab 0.569 a 1274.0 1241.0 ab 33.0 ab 184 c 18.5 ab -0.1 ab
L25 101.5b 0.503 b 1226.0 1178.1b 477 a 159d 174 b -1.5b
P <0.01 <0.01 NS <0.01 <0.05 <0.01 <0.01 <0.01
SEM 1.00 1.17 9.20 10.30 9.00 0.23 0.23 0.22
Feeding system6
L 103.9b 0.533 a 1248.0 1207.0 b 41.0a 17.1b 18.0b -
S 111.8 a 0.354b 1272.0 1310.0 a -37.7Db 20.1a 20.0 a -
P <0.05 <0.01 NS <0.01 <0.01 <0.01 <0.01 -
SEM 1.12 1.17 10.50 11.61 10.60 0.27 0.27
Balancer Diet effect
50 1104 a 0.472 a 1269.0 1279.2 -11.0 20.0 a 19.4 -
25 105.5b 0.415b 1252.3 1242.0 11.0 173 b 18.7 -
P <0.05 <0.05 NS NS NS <0.01 NS -
SEM 1.12 1.17 10.50 11.61 10.60 0.27 0.27
Interaction
FS x DC NS NS NS NS NS NS NS <0.05

'Values shown are averages from week 19 to 37 because body weight at week 42 was only measured for the birds used in the measurement of digestive organs.

*Estimation of ME (KJ/b/d) and protein (g/b/d) intakes were calculated as the product of feed intake and diet composition.

3Requirements in ME (kJ/b/d) and protein (g/b/d) were estimated according to Sakomura (2004) and Sakomura et al. (2002) respectively.

*Difference between requirement and intake were estimated as intake minus requirement.

°C = Control, S50 = Sequential feeding of diet formulated for 50% wheat, S25 = Sequential feeding of diet formulated for 25% wheat, L50 = Loose-mix feeding of diet formulated for
50% wheat, L25 = Loose-mix feeding of diet formulated for 25% wheat.

®Result were not presented where interaction between feeding system and balancer diet effect were observed.

“P¢Values within the same column not sharing a common superscript differ significantly at P <0.05, NS = not significant at P >0.05.
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1

2 486 Table 4. Effect of feeding system on weight of digestive organs (g/kg body weight) at weeks 19 and 42 of birds fed whole wheat sequentially or in

3 487 loose-mix with a balancer diet

4 488

5

6 Week 19 Week 42'

; Organ (¢/kg) Feeding system” P SEM Feeding system P SEM | SEM
CH SH - LH e C  Sm=24) L (n=24) | value | (n=16) | (n=24)

io (n=8)  (n=8)  (n=8) (n=16)

11 Proventriculus 3.1 3.1 2.8 NS |0.08| 3.3b 3.7a 33b [<0.05| 0.11 | 0.08

0 Gizzard 185 219 217 |<0.05(062| 11.8b 138a  147a |<0.05| 048 | 0.37

1;‘ Duodenum 54ab  64a 51b |<0.05/021| 52b 59a 55ab |<0.05| 020 | 0.18

ig Jejunum 8.5 10.1 8.5 |<0.05/030| 94 9.5 9.7 NS | 026 | 0.24

18 Tleum 63b  75a  62b [<0.05|022| 7.6 7.2 7.4 NS | 025 | 0.19

19

0 Liver 24.7 251 244 | NS |074| 255b 268ab  289a |<0.05| 0.76 | 091

21 Pancreas 2.1 2.2 2.2 NS |0.06| 1.6b 1.8a 18a |<0.05| 0.06 | 0.06

22 489

23

24490 'No difference in organs weight between treatments of the same feeding system and no interaction (feeding system x balancer diet level) was observed.

25491  Therefore, animals receiving diet 25 were put together with their corresponding 50 treatments to increase the population size from 16 to 24.

26492 >CH= Control Habituation, SH= sequential habituation, LH= loose-mix habituation, C = Control, L = Loose-mix, S = Sequential

% 493  a,b,c: Values within the same row not sharing a common superscript differ significantly with Bonferroni-Dunnet (P <0.05), NS = not significant at P
494 >0.05.
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Figure. Individual variation within treatment in (a) BW, (b) Feed intake, (c) wheat intake and (d) egg mass of birds fed whole wheat sequentially (S)
or in loose-mix(L) with a balancer diet formulated for either 50 or 25% intake of wheat from 19 to 42 weeks of age.
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