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Abstract

Growing broiler breeder chickens are fed restricted rations to limit body weight at sexual
Žmaturity. This experiment tested a proposal Brouns, F., Edwards, S.A., English, P.R., 1994.

Effect of dietary fibre and feeding system on activity and oral behaviour of group housed gilts.
.Appl. Anim. Behav. Sci. 39, 215–223. that feeding motivation is reduced by using qualitative

rather than quantitative food restriction, and it examined relationships among suppression of
growth rate, feeding motivational state and general activity level. From 2 to 15 weeks of age,
female broiler breeders were reared in six groups of 20, each with a different feeding treatment.

ŽThe six treatments were: high and low levels of diet dilution 600–700 grkg and 300–350 grkg
. Žoat feed, ad libitum , appetite suppression 50–60 grkg and 25–30 grkg calcium propionate, ad

. Ž .libitum and quantitative restriction recommended daily ration and twice that amount . Birds were
Ž .conditioned to an operant PR1 schedule feeding procedure with their respective treatment diets

from 3 to 7 weeks, and this was used to measure feeding motivation in 12-min tests at three times
Ž .of day 1000, 1300 and 1600 h at 8, 10, 12 and 14 weeks. Proportions of time spent sitting were

measured as an index of general inactivity in systematic observations at 9, 11, 13 and 15 weeks.
Ž .Although the diet dilution and appetite suppression qualitative treatments did not limit growth

rates as intended, they and the quantitative treatments produced a range of mean body weights to
compare with feeding motivation whenever birds were tested. With body weight as a covariate,

Žthere were significant effects on numbers of operant responses in 12 min the measure of feeding
.motivation of weight, age, time of day and treatment= time interaction, but not treatment.
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Feeding motivation was positively correlated with suppression of growth rate, regardless of how
that suppression was achieved. However, the experimental procedure required all test birds to be

Ž .without food from 0900 or 0915 h, and motivation was lowest in the earliest 1000 h test with
qualitative but not quantitative treatments. Hence, there was some evidence that feeding motiva-
tion may be partially suppressed with qualitative food restriction; distinction can be made between

Žshort-term and longer-term feeding motivation. General activity level inversely reflected by time
.spent sitting was closely correlated positively with both suppression of growth rate and feeding

motivation. As a fundamental relationship between feeding motivation and reduction of growth
rate was not altered by using qualitative rather than quantitative food restriction, these results

Žsupport an earlier conclusion Savory, C.J., Hocking, P.M., Mann, J.S., Maxwell, M.H., 1996. Is
broiler breeder welfare improved by using qualitative rather than quantitative food restriction to

.limit growth rate? Anim. Welfare 5, 105–127. that broiler breeder welfare is not improved with
qualitative restriction methods. q 2000 Elsevier Science B.V. All rights reserved.

Keywords: Chicken-feeding and nutrition; Food restriction; Growth rate suppression; Feeding motivation;
Activity level; Welfare

1. Introduction

Ž . Ž .In commercial conditions, all parent stock breeders of meat-type chickens broilers
are fed on quantitatively restricted rations during the growing period in order to limit
body weight at sexual maturity, and thereby improve health and reproductive perfor-

Ž .mance Hocking et al., 1989 . Female birds fed on such recommended rations, which are
usually provided once a day and eaten in -10 min, typically eat only a third as much as
they would with free access to food, and are highly motivated to feed at all times
Ž . ŽSavory et al., 1993 . They are much more active than unrestricted birds, and unlike the

.latter show abnormal pacing and oral behaviours characteristic of frustration of feeding
Ž .Duncan and Wood-Gush, 1972; Kostal et al., 1992; Savory and Maros, 1993 . There is

Žalso evidence that blood indices of stress heterophilrlymphocyte ratio, basophil and
.monocyte frequencies, plasma corticosterone concentration are higher in restricted-fed

Žbirds than in unrestricted ones Katanbaf et al., 1988; Maxwell et al., 1992; Hocking et
.al., 1993 . Taken together, these facts indicate that the welfare of broiler breeders is

compromised by current commercial food restriction.
In a study aimed at seeing if broiler breeder welfare would be improved by using

qualitative rather than quantitative food restriction, birds fed ad libitum on qualitative
treatment diets were compared with others receiving quantitative treatments. It was

Ž .concluded that qualitative restriction methods diet dilution, appetite suppression can be
used to control growth rate within desired limits, but although they suppressed abnormal
oral behaviours, they did not alter the increased general activity correlated with

Žsuppression of growth, which may more accurately reflect associated hunger Savory et
.al., 1996 . Feeding motivational state was not measured in that study. However, in other

work with pigs where quantitative restriction was compared with ad libitum intake of a
diet diluted with sugar-beet pulp, it was suggested that a reduction in rooting behaviour
seen with the qualitative restriction treatment indicated reduction in feeding motivation
Ž .Brouns et al., 1994 . This interpretation is questionable and the generally accepted way
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Ž .of measuring feeding motivation is to use operant conditioning cf. Savory et al., 1993 .
This method was used in the present experiment for assessing feeding motivation of
growing female broiler breeders subjected to a range of qualitative and quantitative

Ž .restriction treatments. In addition, general in activity level was assessed with each of
the experimental treatments, to determine its relationships with growth rate suppression
Ž .body weight and feeding motivation.

2. Materials and methods

2.1. Subjects, husbandry and feeding treatments

ŽFor the first 2 weeks of life, 120 female broiler breeder chicks Ross 308, Ross
.Breeders, Midlothian, UK were reared together in a single pen with ad libitum supplies

Žof water and a standard layer ‘‘starter’’ mash 194 grkg crude protein and 11.5 MJrkg
.metabolizable energy , and 9 h of light per day.

Ž .At 2 weeks of age, they were transferred to another windowless room and divided
randomly into six groups of 20, with similar mean body weights. Each group was

Žhoused in a pen measuring 2.2=1.3 m, with solid walls 1.1 m high, floor litter wood
. Ž . Žshavings , one bell-type drinker and two food dispensers each 120 cm circumference,

.providing 12 cm feeding space per bird . Drinker and feeder heights were adjusted to be
always level with birds’ backs. Each group was allocated to a different feeding treatment

Ž . Žbased on standard layer starter as in the first 2 weeks and ‘‘grower’’ 150 grkg crude
.protein and 11.8 MJrkg metabolizable energy mash diets, as shown in Table 1. There

Ž .were high and low levels of diet dilution oat feed, cf. Waldroup et al., 1966 , appetite
Ž .suppression calcium propionate, cf. Pinchasov et al., 1993 and quantitative restriction.

ŽThe inclusion levels of oat feed and calcium propionate qualitative restriction treat-
. Ž .ments 1–4 were based on previous work with broiler breeders Savory et al., 1996 , and

were intended to produce growth rates similar to the respective quantitative treatments
Ž .5 and 6 .

Table 1
Experimental feeding treatments

Treatment Starter mash Grower mash
Ž . Ž .2–6 weeks 6–15 weeks

a1 q600 grkg oat feed q700 grkg oat feed
2 q300 grkg oat feed q350 grkg oat feed

b3 q50 grkg calcium propionate q60 grkg calcium propionate
4 q25 grkg calcium propionate q30 grkg calcium propionate

cŽ .5 recommended Ross 308 restricted ration
6 twice recommended restricted ration

a ŽFrom J.D. Martin, East Lothian, UK 35 grkg crude protein, 6.0 MJrkg metabolizable energy, 280 grkg
.crude fibre, 40 grkg starch, 40 grkg ash .

b Ž .Industrial grade Luprosil salt from Frank Wright, Derbyshire, UK.
c Ž .Ross Breeders 1995 .
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Food was provided ad libitum with treatments 1–4 and the daily ration was provided
at 0900 h with treatments 5 and 6. There was ad libitum access to water with all
treatments, and fresh litter was added regularly to the floor of each pen to prevent

Žproblems with damp litter resulting from excessive drinking especially with treatments
. Ž .5 and 6 . The daily photoperiod was maintained at 9 h 0800–1700 h , light intensities at

floor level ranged from 8 to 14 lx, and ambient temperature in the room varied from
Ž .17–238C overall mean 20.58C .

Each bird was identified with a numbered wing tag and within each pen birds were
also identified with different coloured leg rings. All birds were weighed once a week
from 2 weeks of age until the experiment ended at 15 weeks.

2.2. Measurement of feeding motiÕation

Ž .The operant system for measuring feeding motivation same as in Savory et al., 1993
Ž .consisted of a food pan capacity 250 g layers mash fixed to the end of a metal arm

which rotated in a horizontal plane and was driven by an electric motor, all held in a
Ž .metal frame. A separate panel included an illuminated perspex disc 2.5 cm diameter ,

which was the stimulus chicks were trained to peck at in order to receive a food reward.
The disc operated a switch, which moved the pan from a position which did not allow
feeding to one that did.

There were five such frames, placed in front of five wire mesh testing pens
Ž .measuring 65=89=81 cm w=d=h . A hole in the front of each pen allowed a

standing bird to peck at the food pan, and the stimulus discs were attached inside the
pens, next to the holes. The testing pens had drinkers and floor litter, and were in a

Ž .separate room near the room with home pens. The computer Apple Macintosh SE for
controlling the operant systems was hidden behind a screen with a viewing panel in the

Žtesting pen room, and it displayed and stored information on operant responses pecks at
. Ž .disc as they occurred. Only three of the five pens left, middle and right were used

during actual testing, but all were used for conditioning chicks.
An attempt was made to condition all 20 chicks in each treatmentrpen to the operant

system between 2 and 7 weeks of age. This was done by putting several at a time in one
testing pen, with free access to the stationary food pan in front of the pen. Then birds
were trained with a fixed ratio of one peck at the stimulus disc to 3 s access to food, and
subsequently with a progressive ratio which required one peck at the disc for the first 3 s
food reward and then one additional peck for each successive reward. In previous work
Ž . Ž .Savory et al., 1993 , this progressive ratio PR1 schedule was shown to be a sensitive
indicator of variation in feeding motivation among different feeding and deprivation
treatments. Here, it was used for all subsequent testing, and 15 birds per treatment were
selected at 7 weeks according to their ability to perform a minimum of 10 operant
responses in 12 min. Counts during test sessions showed that birds averaged 5.6 pecks at
food during 3 s rewards.

Operant testing of the 15 selected birds per treatment was done at 8, 10, 12 and 14
weeks. The remaining birds were kept as ‘‘spares’’ until 11 weeks, when they were all
removed to prevent any pen’s stocking density exceeding the recommended limit of 34
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2 Ž .kgrm MAFF, 1987 . In the weeks when testing was done, one bird from each
Ž . Žtreatment identified with leg rings was tested at one of three times of day 1000, 1300
. Ž .and 1600 h on one of 5 days Monday to Friday . Each bird was tested only once in a

week, according to a different random order in each week. On each test day, all birds to
Ž .be tested that day were removed from their home pens at either 0900 h treatments 1–4

Ž .or 0915 h treatments 5 and 6, when the daily ration was all eaten and held in a third
Ž .room in holding pens one for each treatment , with only water available, until being

tested. After testing, they were put back in the holding pens and returned to their home
pens after the last test period. Thus, birds were tested after varying degrees of food
deprivation; this was to allow some assessment of effects of gut-fill on short-and
longer-term feeding motivation.

Feeding motivation with the different treatments was not assessed with a common
Ž .diet or ‘‘common currency’’ , because such a diet, even if novel to all treatments,

would inevitably have involved some alteration in palatability. Previous evidence from
choice tests indicates that dietary supplementation with either a high fibre diluent or
calcium propionate suppresses palatability relative to unsupplemented control diets
Ž .Savory and Gentle, 1976; Savory et al., 1996 . Hence, with a common diet, results
would presumably have been confounded by the so-called ‘‘incentive contrast’’ effect
Ž .Crespi, 1942; Flaherty, 1982 , whereby an animal’s motivational state is increased
when a reward is ‘‘better’’ than expected, and suppressed when it is ‘‘worse’’ than
expected.

All birds were therefore conditioned and tested on their respective treatment diets,
Ž .each food pan being filled to three quarters full with the appropriate mash diet before

each session. The test sessions commencing at 1000, 1300 and 1600 h lasted about 30
min, with three birds being tested for 12 min and then the remaining three birds for 12
min. The test pen and order of testing allocated to each bird were determined from
random numbers. A timer was started when the three birds being tested were placed
separately in their test pens, and the number of operant responses each bird made in 12
min was taken as the measure of feeding motivational state.

2.3. BehaÕiour obserÕations

All birds in each treatmentrpen were observed during two 15-min sessions a day,
between 1030 and 1230 h, and 1430 and 1630 h, on 4 days a week, at 9, 11, 13 and 15
weeks. The six pens were observed in a different random order on each occasion. Within
each session, the numbers of birds involved in each of 12 mutually exclusive behaviour
categories were recorded every minute. From the total 120 min of recordings from each
pen in each week were calculated mean proportions of time spent per bird in each
behaviour. As the subject of interest in this paper is the relationship between feeding
motivation and general activity level, only information on time spent sitting is presented

Ž .here, because it is the only index of consistent inactivity cf. Savory et al., 1996 .
‘‘Sitting’’ is when a bird is sitting or lying on the floor, sometimes with eyes closed or
panting, and is not involved in other simultaneous behaviour such as preening, stretching
or pecking litter.
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2.4. Statistical analyses

ŽThe numbers of operant responses from all 12-min tests six treatments= four
.ages= three times of day=5 dayss360 tests were transformed by square-root

Ž .transform Bartlett, 1947 to give approximately equal variances. They were then
Ž . Žanalysed by the residual maximum likelihood REML method Patterson and Thomp-

.son, 1971 , which allows for the fact that the same birds were tested at different ages, to
Ž .examine effects of treatment, age, time of day and their interactions. In a few 3% tests

there were zero responses, and these values were rejected from the analyses except when
the same birds had shown non-zero responses previously. The REML analyses were
done both without and with body weight as a covariate, to determine whether there were
effects of dietary treatment that were independent of body weight. A regression equation

Ž .was calculated for each age 8, 10, 12 and 14 weeks to show the relationship between
Ž .mean number of operant responses reflecting feeding motivational state and mean

Ž .body weight reflecting suppression of growth rate from the different treatments.
Ž .A regression equation was also calculated for each age 9, 11, 13 and 15 weeks to

Žshow the relationship between mean proportion of time spent sitting reflecting general
.inactivity and mean body weight from the different treatments. Finally, a single

regression equation was calculated to show the relationship between overall mean
proportion of time spent sitting and overall mean number of operant responses, across all

Žages, from the six treatments. This regression could not be calculated for each age
.because feeding motivation and behaviour were measured in different weeks .

3. Results

3.1. Body weight gain

From 2 to 15 weeks, mean body weights of birds fed the recommended ration
Ž .quantitative restriction treatment 5 were slightly greater than expected from the Ross

Ž . Ž .308 Management Manual Ross Breeders, 1995 Fig. 1 . Those fed twice the recom-
Ž .mended ration treatment 6 gained weight twice as fast as with treatment 5. With diet

Ždilution, the high and low supplements of oat feed qualitative restriction treatments 1
.and 2 produced early growth rates similar to treatments 5 and 6 respectively, as

intended. However, when treatment 1 and 2 diets were changed at 6 weeks to grower
mash with higher inclusion levels of oat feed, growth rates increased unexpectedly. By
the end of the experiment at 15 weeks, treatment 1 birds weighed as much as treatment
6, and treatment 2 birds weighed the same as treatment 3. With appetite suppression, the

Žhigh and low supplements of calcium propionate qualitative restriction treatments 3 and
.4 did not suppress growth rate to intended levels at any stage. However, treatment 3

birds did grow slower than treatment 4, and both treatments grew slower than the
Ž .standard for female Ross 308 progeny fed ad libitum Ross Breeders, 1996 . Despite the

fact that the qualitative treatments 1–4 did not work as intended, they and the
quantitative treatments produced a range of suppressions of growth rate to compare with
feeding motivational state at the ages when birds were tested.
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ŽFig. 1. Mean body weight at different ages of female broiler breeders fed according to six treatments see
. Ž .Table 1 , compared with the recommended body weight Ross Breeders, 1995 and standard for female Ross

Ž .308 progeny fed ad libitum; Ross Breeders, 1996 . The arrows represent the change from starter to grower
Ž . Ž .basal diet 6 weeks and group size reduction from 20 to 15 birds 80 days .

The coefficients of variation in body weight at 15 weeks were 0.15, 0.10, 0.14, 0.08,
0.10 and 0.10 with treatments 1–6, respectively. The only mortality was one bird in
treatment 6, which lost weight in weeks 10 and 11 and was culled according to
conditions agreed with the UK Home Office.
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3.2. Feeding motiÕation

When total numbers of operant responses in 12 min were analysed by REML without
body weight as a covariate, there were highly significant effects of treatment and time of
day, and significant interactions between treatment and age, and treatment and time of

Ž . Ž .day Table 2 . Thus, feeding motivation as reflected by numbers of responses was
highest with treatment 5, similarly high with treatments 1 and 6, lower with treatments 2
and 3, and lowest with treatment 4. The significant time of day effect was due to a
general tendency for feeding motivation to increase with time since test birds last ate

Ž . Ž . Ž .before either 0900 h treatments 1–4 or 0915 h treatments 5 and 6 Fig. 2 . The
significant treatment by time of day interaction is due to motivation being lowest in the

Ž . Ž .earliest 1000 h test with all the qualitative treatments 1–4 but not with the
Ž .quantitative treatments 5 and 6 . The significant treatment by age interaction is due to

Ž . Žmotivation tending to increase with age with some treatments 1, 5, 6 but not others 2,
. Ž .3, 4 Fig. 2 .

When the same data were analysed with body weight as a covariate, however, the
effects of body weight, age and time of day were highly significant, there was still a
significant treatment by time of day interaction, but the effects of treatment and other

Ž .interactions were not significant Table 2 . In other words, there was no overall effect of
dietary treatment on feeding motivation that could not be accounted for in terms of body

Table 2
Ž .Overall mean total number of operant responses pecks at disc in 12-min test sessions with six experimental

Ž .treatments see Table 1 , and significance of effects of body weight, treatment, age, time of day and their
interactions, without and with body weight as a covariate, from REML analyses

Treatment Without body weight With body weight
aas a covariate as a covariate

1 125.0 103.1
2 74.5 95.6
3 80.2 97.4
4 56.1 93.5
5 164.8 114.3
6 126.3 122.3

b c dSignificance of effects df Wald P Wald P

Body weight 1 – – 36.3 0.000
Treatment 5 71.8 0.000 5.7 0.34
Age 3 1.3 0.73 68.3 0.000
Time of day 2 30.8 0.000 31.2 0.000
Treatment=age 15 37.4 0.002 15.7 0.41
Treatment=time 10 21.4 0.02 22.0 0.02
Age=time 6 8.5 0.21 9.0 0.18
Treatment=age=time 30 22.9 0.82 22.7 0.82

a Treatment means with body weight as a covariate are adjusted.
bdf, degrees of freedom.
c Ž .Wald statistic Genstat 5 Committee, 1993 .
dP, probability.
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Fig. 2. Overall mean total number of operant response in 12-min test sessions with six experimental treatments
Ž .see Table 1 at different times of day and at different ages.

weight. The relationship between feeding motivation and body weight is described in
regression form in Fig. 3. At all ages, mean number of operant responses decreased

Ž .significantly as treatment mean body weight increased Fig. 3 , implying a positive
correlation between feeding motivation and suppression of growth rate. The regression

Ž .intercept but not the slope increased consistently with age, hence the significant age
effect. The significant effects of time of day, and treatment by time of day interaction,

Ž .were as before see above .

3.3. Relationship between general actiÕity leÕel and body weight

Ž .By regression, mean proportions of time spent sitting reflecting general inactivity
with the different treatments increased significantly as treatment mean body weight
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Ž .Fig. 3. Regressions between number of operant responses in 12 min and body weight, calculated from 6
treatment means, at 8, 10, 12 and 14 weeks of age.

Ž .increased, at all ages when bird behaviour was observed Fig. 4 . This implies a positive
correlation between general activity level and suppression of growth rate.

3.4. Relationship between general actiÕity leÕel and feeding motiÕation

Ž .By regression, the relationship between overall across all ages treatment mean
Ž .proportion of time spent sitting y and overall treatment mean number of operant

Ž .Fig. 4. Regressions between proportion of time spent sitting and body weight, calculated from 6 treatment
means, at 9, 11, 13 and 15 weeks of age.
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Ž . 2responses in 12 min x was: ys77.8y0.443 x; r s0.95, Ps0.001. This implies a
positive correlation between general activity level and feeding motivational state.

4. Discussion

Ž .In the present experiment, the diet dilution 300–700 grkg oat feed and appetite
Ž .suppression 25–60 grkg calcium propionate qualitative food restriction treatments

Ž .Table 1 did not suppress broiler breeder growth rates to levels expected from previous
Ž .work with similar treatments Savory et al., 1996 . The previous study used oat hulls,

Žrather than oat feed, and oat feed may well have greater nutritive value Table 1
.footnote than oat hulls. Nevertheless, the oat feed treatments did produce expected

Ž .growth suppressions to 6 weeks of age, in starter mash Fig. 1 , and it was only
thereafter, when oat feed levels were increased in grower mash, that growth rates
increased unexpectedly. It is not known why this happened. The calcium propionate
treatments were even less successful, possibly because industrial grade propionate was

Ž .used here, rather than purified grade as previously Savory et al., 1996 . Also, there is
some evidence that the appetite suppressing effect of calcium propionate may decline

Ž .with age in growing broiler breeders Klandorf et al., 1995 .
Even though the qualitative treatments did not work as intended, they and the

quantitative treatments still produced a range of mean body weights at 8–15 weeks of
Žage to compare with feeding motivational state number of operant responses in 12 min

. Žwith a PR1 schedule and general activity level inversely reflected by proportion of
.time spent sitting .

ŽThe present results show that there was no overall effect of qualitative or quantita-
.tive food restriction treatment on feeding motivation that could not be accounted for in

terms of body weight. At each age of testing, numbers of operant responses increased as
Ž .body weight decreased Fig. 3 . In other words, feeding motivation was positively

correlated with suppression of growth rate, regardless of how that suppression was
achieved. However, the experimental procedure required all birds to be without food
from either 0900 or 0915 h on the days they were tested, and feeding motivation was

Ž . Ž .lowest in the earliest 1000 h test with all the qualitative treatments 1–4 but not with
Ž . Žthe quantitative treatments 5 and 6 Fig. 2, significant treatment= time interactions in

. Ž .Table 2 . Hence, there was some evidence to support the notion Brouns et al., 1994
that feeding motivation may be at least partially suppressed with qualitative food

Ž .restriction. Distinction can be made between short-term hours rather than days feeding
motivation, depending mainly on gastrointestinal feedback, and longer-term motivation,

Ž .depending on metabolic and central processes Savory, 1999 . Thus, feeding motivation
Žmay be reduced in the short-term when the alimentary tract is full or partially full, as in

.the 1000 h test with the qualitative treatments , without being suppressed in the
Ž .longer-term when body weight or growth rate is reduced.

Even though feeding motivation may have been partially suppressed in the 1000 h
test with the qualitative restriction treatments, mean numbers of operant responses in
that test were still highly correlated negatively with mean body weights, across all

Ž 2treatments and at all ages r s0.78, 0.91, 0.91, 0.98 at 8, 10, 12, 14 weeks,
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.respectively . Hence, feeding motivation an hour or less after cessation of feeding was
still highly correlated with suppression of growth rate, regardless of degree of gut-fill

Žthen. It is not known whether birds subjected to the qualitative treatments with ad
.libitum access to food filled their crops and gizzards at the end of the day in
Ž .anticipation of darkness Savory, 1999 , or whether they ate substantial amounts during

Ž .darkness, as reported previously Savory et al., 1996 .
The present results confirm a close positive correlation between general activity level

Ž .inversely reflected by time spent sitting and suppression of growth rate in broiler
Ž . Ž .breeders Fig. 4 , as reported previously Savory and Maros, 1993; Savory et al., 1996 .

They also allow the increased activity levels resulting from growth rate suppression to
Ž .be attributed specifically to increased feeding motivational state Section 3.4 . Such a
Ž .relationship probably underlies expression of abnormal behaviour see Introduction , and

similar negative correlations between total daily food intake and general activity
Žlevelrexpression of abnormal behaviour have been reported in mammals Breland and

.Breland, 1961; Treichler and Hall, 1962; Falk, 1971; Appleby and Lawrence, 1987 .
Finally, these results indicate that a fundamental relationship between feeding

motivational state and reduction of body weight or growth rate is not altered by using
qualitative rather than quantitative food restriction, and hence support the earlier

Ž .conclusion Savory et al., 1996 , based on both behavioural and physiological criteria,
that broiler breeder welfare is not improved with qualitative restriction methods.
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