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Effects of high ambient temperature
and dietary protein level on feeding behavior
of multiparous lactating sows
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2UMR sur le Veau et le Porc, Institut National de la Recherche Agronomique,
35590 Saint-Gilles, France
b Institut Technique du Porc, 35650 Le Rheu, France

(Received 6 September 2001; accepted 3 June 2002)

Abstract — Thirty-three multiparous Large White sows were used to determine the effect of high
ambient temperature and level of dietary heat increment on their feeding behavior during lactation.
Ambient temperature was maintained constant at 20 or 29 °C over 28-d lactation. The experimental
diets fed during lactation were a control diet (NP; 17.6% crude protein) and two low protein diets ob-
tained by the reduction of the CP level (LP, 14.6% CP) or both the reduction of CP and addition of 4%
fat (LPF, 15.2% CP). The sows were given feed ad libitum between the 7th and the 27th day of lacta-
tion. Feeding behavior parameters were not influenced by diet composition. Between d 7 and d 27,
daily feed intake decreased at 29 °C (P <0.001; 4149 vs. 7444 g-d"! at 20 °C); this was achieved by a
concomitant reduction in meal frequency (P <0.001; 6.5 vs. 9.4 meals-d™!) and in meal size (P <0.10;
687 vs. 834 g per meal). The ingestion rate was not influenced by temperature (126 g'min~' on average),
and consequently the reduction of daily feed intake resulted in a decreased ingestion and consump-
tion time (25 and 28 min-d~!, respectively). The proportion of small meals (i.e., <250 g) was higher
whereas that of medium sized meals (i.e., 250—-1000 g) was lower at 29 °C. Diurnal feed and water in-
takes represented 84% and 79% of'total consumption, respectively. Two peaks in feed were observed,
the first one between 07.00 and 13.00 at both temperatures and the second one that was shorter at
29 °C (17.00 to 23.00 vs. 14.00 to 23.00 at 20 °C). Standing activity averaged 127 min-d~! with no
significant difference between temperatures. About 70% of standing time was dedicated to feed and
water consumption. As determined by the calculation of correlation coefticients between post- or
pre-prandial interval and meal size, this latter seems to be partly regulated by satiety mechanisms in
most sows (67%).
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Résumé — Effets des températures ambiantes élevées et du taux de protéines dans I’aliment sur
le comportement alimentaire des truies multipares en lactation. Trente-trois truies multipares
Large White x Landrace ont été utilisées pour déterminer 1’effet d’une élévation de la température
ambiante et du niveau d’extra chaleur alimentaire sur leur comportement alimentaire au cours de la
lactation. La température ambiante est maintenue constante a 20 ou 29 °C au cours des 28 jours de
lactation. Trois régimes expérimentaux ont été utilisés au cours de la lactation : un régime témoin
(NP ; 17,6 % de matiéres azotées totales, MAT) et deux régimes a faible teneur en protéines (LP ;
14,6 % MAT) ou avec une réduction de la teneur en protéines et un ajout de maticres grasses (LPF,
15,2 % MAT). L’aliment est distribué a volonté du 7¢ au 27¢ jour de lactation. Les parametres du
comportement alimentaire ne sont pas influencés par la composition des régimes. Entre le 7°¢ et le
27¢ jour de lactation, la diminution de la consommation d’aliment a 29 °C (P < 0,001 ; 4149 vs.
7444 ¢! a 20°C) est la conséquence d’une réduction de la réduction du nombre de repas
(P <0,001 ;6,5 vs. 9,4 repas par jour) et de la taille des repas (P < 0,10 ; 687 vs. 834 g par repas). La
vitesse d’ingestion n’est pas influencée par la température (126 g'rmin~! en moyenne), et par
conséquent, la réduction de la consommation d’aliment a 29 °C provoque une diminution du temps
d’ingestion et de consommation (respectivement, —25 et —28 min-j™"). A 29 °C, la proportion des
repas de petite taille (i.e., <250 g) est supérieure alors que celle des repas de taille moyenne (i.e.,
250-500 g) est inférieure. La consommation d’aliment et d’eau en période diurne représente
respectivement 84 et 79 % de la consommation totale. Deux pics de consommation sont observés, le
premier entre 07.00 et 13.00 pour les deux températures et le second (17.00223.00a29 °Cvs. 14.00 a
23.00a20 °C) d’une durée plus courte 229 °C. Le temps passé en position debout n’est pas affecté par
la température et s’éléve en moyenne a 127 min+j'. Environ 70 % du temps passé debout est dédié a la
consommation d’aliment et d’eau. D’apres les coefficients de corrélation calculés entre la taille du
repas et I’intervalle de temps le séparant du repas précédent ou du repas suivant, il semble que pour la
majorité des truies (67 %), lataille du repas soit particllement régulée par des mécanismes de satiété.

truies / chaud / lactation / comportement alimentaire

1. INTRODUCTION size and meal number at the higher temper-

atures.

According to the net energy system [22],
starch and fat are more efficiently used than
proteins. Consequently, diets with reduced
crude protein content and (or) fat addition
result in a lower heat production [16]. It can
then be hypothesized that such diets would
be better tolerated in hot conditions. Some
results obtained in growing pigs or lactating

The adverse effects of high ambient tem-
peratures on lactational performances have
been well documented in sows. In practice,
when ambient temperature increases above
the thermoneutral zone (i.e., >18-20 °C),
the voluntary feed intake decreases [3, 17,
24, 25], which reduces the heat production
due to the thermic effect of feed. However,

there is little information on the changes in
feeding behavior associated with the reduc-
tion of voluntary feed intake in hot condi-
tions. Recently, the effect of high ambient
temperatures on the performance and feed-
ing behavior in lactating sows were more
accurately characterized [25-27]. The au-
thors reported a non-linear reduction of
feed intake with temperature increase with
an accentuated reduction above 27 °C, as-
sociated first with a reduction of meal size
and second with a reduction of both meal

sows support this hypothesis [33, 34].

The aim of the present study was to eval-
uate the effects of low-heat-increment diets
on the performance and feeding behavior of
lactating sows exposed to thermoneutral or
hot temperatures. The results on lactation
performance obtained on 59 sows have
been previously published [30, 31]; they in-
dicate that it is possible to attenuate the neg-
ative effect of hot temperature by using low
heat increment diets. The present paper will
focus on the feeding behavior aspects of the
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study with the results obtained on 33 of the
59 sows.

2. MATERIALS AND METHODS

2.1. Experimental design

A total of 59 multiparous Large White x
Landrace sows, divided into eleven succes-
sive groups of four to six animals, were
used in the experiment. Each group was
kept in one of the two temperature con-
trolled farrowing rooms used for the experi-
ment and was exposed either at 20 °C or at
29 °C during a 28-d lactation period. The
ambient temperature was maintained con-
stant over the day. Within each group, feed-
ing behavior could be characterized only on
three sows using electronic troughs; a total
of 33 sows were studied. After farrowing,
sows were randomly allocated to three ex-
perimental diets: a diet with a standard
crude protein (CP) level and low fat content
(NP diet: 17.6% CP and 2.5% fat) and two
diets with a reduced CP level not supple-
mented (LP diet: 14.2% CP and 2.6% fat) or
supplemented with 4% vegetable fat (LPF
diet: 15.5% CP and 6.1% fat). The three di-
ets supplied the same level of digestible
lysine (i.e., 0.82 g per MJ of net energy) and
levels of digestible amino acids relative to
lysine; vitamins, and minerals were similar
in the three diets, and met or exceeded the
NRC requirements [23]. Animal manage-
ment and housing conditions were reported
previously by Renaudeau etal. [31]. A sim-
plified composition of the diets is presented
in Table I, more details are given by
Renaudeau et al. [30].

Experimental temperature was set up
one day after farrowing. The photoperiod
was fixed to 14 h of artificial light (08.30 to
22.30) and the minimum ventilation rate
was 25 m3>h~! per sow. The litter size was
standardized to 12 piglets by cross foster-
ing within the two days after birth. Heat was
provided for piglets using infrared lamps

and a heating mat. The infrared lamps were
activated on the day of farrowing and
switched off at d 3. After farrowing, in or-
der to standardize feed intake until d 5, feed
allowance was progressively increased by
1 kg-d™!; all sows were fed ad libitum from
d 7. Sows had free access to water from a
low-pressure nipple located out of the
feeder and connected to a 55-L graduated
water bank. Creep feed was offered to pig-
lets from 21 d post-partum. The day before
weaning (i.e., d 27), refusals were collected
at 16.00 in order to weigh sows with an
empty digestive tract the following morn-
ing.

2.2. Measurements

Body weight (BW) and backfat thick-
ness were measured after farrowing and at
weaning. Backfat thickness was measured
ultrasonically 65 mm from the middle line
at the last rib (P, site). Piglets were individ-
ually weighed at birth and at weaning. Ev-
ery morning, refusals were manually
collected between 08.30 and 09.00 and
fresh feed was offered thereafter. For the to-
tal lactation period, average daily feed and
water intakes were determined as the differ-
ence between feed allowance and the refus-
als collected on the next morning. The
weaning to estrus interval was determined
visually using an aerosol reproducing the
odor of the boar (Boarmate®, ANTEC,
France).

During the ad libitum period (i.e., from d
7 to d 27), individual feeding and drinking
behavior were recorded using a trough and
a tank both connected to a computer
through load cells as previously described
by Quiniou et al. [27]. Briefly, after each
visit (i.e., feeding or drinking bouts), time
at the beginning and at the end of the visit
and feed or water consumption were re-
corded. Standing duration (min) was con-
tinuously measured by using an infra red
barrier located in the middle of the crate.
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Table I. Composition of the experimental diets.

D. Renaudeau et al.

Diet? NP LP LPF
Ingredients, g-kg™
Wheat 350 403 364
Corn 353 406 366
Soybean meal 207 91 129
Wheat bran 30 30 30
Sugar beet molasses 20 20 20
Soya oil 40
L-lysine HCL 1.7 5.5 53
DL-methionine 0.4 1.5 1.7
L-threonine 0.9 2.5 2.7
L-tryptophan 0.6 0.6
L-isoleucine 1.3 1.4
L-valine 2.2 2.3
Dicalcium phosphate 16 16 16
Calcium carbonate 11 11 11
Salt 5 5 5
Vitamins and trace minerals mixture 5 5 5
Chemical composition, g-kg™! (as fed)
DM 873 874 881
Ash 51 50 55
Crude protein 176 142 152
Crude fat 25 26 61
Starch 432 495 447
Crude fiber 22 20 19
Lysine 9.6 9.5 10.4
Methionine + cystine 6.0 6.0 6.4
Threonine 6.9 6.7 7.4
Energy value, MJ-kg! b
Digestible energy 14.7 14.4 15.2
Metabolisable energy 14.2 14.0 14.8
Net energy 10.5 10.6 11.2

@ NP for normal protein, LP for low protein and LPF for low protein and added fat. ® Values measured on non-
pregnant adult sows (4 measurement per diet). ¢ Adjusted for measured DM on the pooled samples. ME was
estimated from DE content and the ME/DE ratio was assumed to be equal to those measured in growing pigs fed
the same diets (96.2, 97.2 and 97.2% for NP, LP and LPF diets, respectively; [15]). NE was estimated from
measured digestible energy content (MJkg™! DM) and the chemical component (g-kg™! DM) according to

Noblet et al. [22].

2.3. Calculations and statistical analysis

A meal can be split into successive bouts
separated by a short within-meal pause de-
tection which depends closely on the sys-
tem used for the determination of the
feeding behavior parameters. To allow
comparison with the results from other
studies obtained with different systems,

successive visits belonging to the same
meal need to be grouped into the same
meal. For this purpose, the “meal criterion”
is defined as the maximum length of the
within-meal interval between visits [2, 9,
13, 15]. In other words, when two succes-
sive visits are separated by an interval
longer than the meal criterion, they are not
considered as belonging to the same meal.
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The meal criterion was estimated using the
log survivor curve technique as described
by Bigelow and Houpt [2]. A sample of 280
daily values were calculated from 27 sows
exposed to both temperatures studied. The
mean value of the meal criterion was then
1.10 (% 0.73) min. Ninety-six percent of the
individual meal criteria were below or
equal to 2 min; this value was chosen for
further calculation of daily components of
feeding behavior criteria. These compo-
nents were the total daily number of visits
and meals, the total feed (g) and water in-
take (L), the total ingestion time per day
(the sum of the duration of the visits, min),
total consumption time per day (sum of in-
gestion time and within-meal intervals,
min), average rate of feed intake (total feed
intake/total ingestion time, g/min), and av-
erage ingestion time per meal (total inges-
tion time/total number of meals, min).

The effects of ambient temperature, diet
composition, their interactions on the mean
lactation performances (d 0 to d 28) were
tested through an analysis of variance
(General Linear Model procedure of SAS
[32]). The effect of the group of sows was
tested within the effect of ambient tempera-
ture. Over the ad libitum feeding period (d 7
to d 27), 699 daily measurements of the
components of feeding behavior were per-
formed from the 33 sows. These values
were averaged per sow on a daily basis over
the whole period (d 7—d 27) or over three
sub periods (P1, P2 and P3) corresponding
tod7tod13,d14tod20andd21tod 27,
respectively. The former components of
feeding and drinking behavior (d 7 to d 27)
were submitted to an analysis of variance
including the same effects as described
above; the latter ones were analyzed ac-
cording to a multifactorial design (split
plot, General Linear Procedure of SAS,
[32]) including the effects of period, tem-
perature, diet composition, light, animals,
and their interactions. In addition, the mean
components per sow over the whole period
were calculated according to the light regi-

men that were also analyzed according to
the same multifactorial design including
the effects of the photoperiod (light vs. dark
period) instead of the period.

Continuous recording of feed and water
consumption, ingestion time (feed and wa-
ter), and duration of standing were pooled
per hour. These data were analyzed through
arepeated measurement analysis of variance
(General Linear Model SAS [32]) according
to the comparison of hourly values to a refer-
ence value and from the generation of con-
trasts between the adjacent hourly values.

In addition, for each sow, individual
meals performed between d 7 and d 27 were
divided into nine classes according to their
size. The effects of temperature on meal
partition among classes were tested
through an analysis of variance (General
Linear Model SAS [32]) with temperature,
diet, meal size class as main factors and in-
teractions. In order to study what deter-
mines meal size, correlation coefficients
between meal size and the meal duration,
the size of the following meal, and the pre-
prandial (i.e., time interval elapsed since
the previous meal) and post-prandial inter-
vals (i.e., time interval elapsed before the
following meal) were calculated. Such cal-
culations were performed from all meals
obtained from all sows and also for each
sow. Since these data were not normally
distributed, they were submitted to a loga-
rithmic transformation before calculation
of the Pearson correlation coefficients [32].
The effect of temperature on the correlation
coefficients was analyzed according to the
method of standard error with a previous in-
verse tangent transformation (or z-transfor-
mation [6]).

3. RESULTS

The sow parity number averaged 2.8
(Tab. II). One group of sows exposed at
29 °C had a shorter lactation length which
resulted in a subsequent shorter average
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duration of lactation at 29 °C (28.0 vs.
28.7 d at 20 °C, P < 0.05). Exposure to hot
climatic conditions (29 vs. 20 °C) resulted
in a lowered voluntary daily feed intake, a
higher BW loss and lighter piglets at wean-
ing. The performances were not affected by
diet composition (Tab. II). None of the
feeding behavior criteria was influenced by
diet composition (Tab. III). However, the
daily number of meals was numerically
lower for the low protein diets (7.5 for LP
and LPF diets vs. 9.0 meals per day for the
NP diet, P = 0.10). Compared to 20 °C, ex-
posure to 29 °C induced a decrease of the
daily number of meals (6.5 vs. 9.4 meals per
day, P <0.001) and tended to reduce their
size (687 vs. 834 g permeal, P=0.07). Con-
sequently, daily feed intake decreased sig-
nificantly from 7444 to 4149 g-d-! when the
sows were kept at 29 °C. The ingestion rate
was not affected by temperature (P > 0.10)
and averaged 126 g'min~!. Subsequently,
feed intake and daily ingestion and con-
sumption times were reduced at 29 °C
(-24.5 and -28.0 min-d”!, respectively
when compared to 20 °C, P < 0.001).

Because of excessive water spillage and
infrared barrier malfunctions, 23 and 59 ob-
servations were missing for these two crite-

ria out of a total of 699 expected. From
available data, it appears that ambient tem-
perature did not affect daily water intake
between d 7 and d 27 which resulted in a
higher water:feed ratio at 29 °C (6.9 vs.
3.8 L'kg!at20 °C, P<0.001). The total in-
gestion activity was calculated as the sum
of ingestion times of feed and water. Tem-
perature had no effect on standing activity
or total ingestion activity (P = 0.12); how-
ever those values were numerically lower
at 29 °C than at 20 °C (115 vs. 138 min-d~!
and 79 vs. 93 min-d-!, respectively; Tab. I1I).

As presented in Table IV, feeding behav-
ior was mainly diurnal. Meal size was simi-
lar during the night and the day. The rate of
feed intake was reduced during the noctur-
nal period (118 vs. 129 g'min~!, P = 0.05).
Diurnal water intake represented about
79% of total water intake which is close to
the value obtained for feed intake; in addi-
tion its partition between day and night was
not affected by temperature.

As illustrated in Figure 1, the kinetics of
feed intake over the 24 h-period showed a
bimodal partition of feed consumption as
obtained from the comparison of hourly
feed intake to the average value recorded
between 00.00 and 02.00 (considered as the
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Figure 1. Effect of ambient temperature and time on the kinetics of daily feed intake in lactating sows
(mean + standard error); each point is the mean of 15 sows at 20 °C and 18 sows at 29 °C.
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reference value) or the hour to hour varia-
tion of feed intake. The first peak was ob-
served between 07.00 and 13.00 at both
temperatures. The second peak took place
later during the light-period and was shorter
at 29 °C (i.e., 17.00 to 23.00) than at 20 °C
(i.e., 14.00 to 23.00). Exposure to 29 °C
significantly reduced (P < 0.05) mean feed
intake between 03.00 and 11.00 and be-
tween 15.00 and 20.00. Irrespective of the
temperature, sows consumed about 37 and
57% of their total feed intake during the
first and the second feeding peaks, respec-
tively.

The pattern of hourly water intake was
quite similar to that observed for feed with
two peaks at both temperatures (between
07.00 and 13.00 and between 14.00 and
22.00; with basal values between 23.00 and
00.00) (Fig. 2). As described in Figure 3,
standing activity was highly correlated
(r=0.85) with total ingestion time; stand-
ing activity exceeded (P < 0.05) feeding
and drinking time, except between 00.00
and 05.00.

Daily feed intake increased (P < 0.05)
from period 1 to period 3 at both tempera-
tures (Tab. V). The duration of period 3

was lower at 29 °C in connection with the
shorter duration of the overall lactation pe-
riod at this temperature. No interaction was
observed between the period of lactation
and ambient temperature for any compo-
nent of the feeding behavior. Ingestion and
consumption times tended to be higher in
period 3 compared to period 1 at both tem-
peratures. The number of meals remained
constant (P > 0.10) over the three periods.
The variation of meal size was not signifi-
cantly different between the periods. The
daily water consumption was higher during
period 3 than during periods 1 and 2 (33.7
vs. 26.0 L-d"! on average).

The Pearson correlations between meal
size and the pre- and post-prandial inter-
vals, duration of meal and meal size of the
following meal are listed in Table VI. Strong
relationships were obtained between meal
size and duration (r = 0.87-0.88) in relation
with the constancy of the rate of feed intake.
Correlation coefficients between meal size
and other components of feeding behavior
were low (r = 0.10-0.37) but significant.
The correlation coefficients were not mark-
edly affected when variations of meal crite-
rion were performed. Ambient temperature

—20°C =——29°C

3.0 1
2.5 A
2.0 A
1.5 4
1.0 A
0.5 |

Water intake, g/h

Light

00 +—————T——

12 16 20 24

Time of day, h

Figure 2. Effect of ambient temperature and time on the kinetics of water consumption (mean + stan-
dard error); each point is the mean of 15 sows at 20 °C and 18 sows at 29 °C.
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— Ingestion time (feed + water) —— Standing activity

16 1
14
12 1

Time, min/h
—
()
1

Time of day, h

Figure 3. Effects of time on the kinetics of ingestion time (feed + water) and standing activity time
(mean + standard error); each point represents the mean of all 20 °C and 29 °C sows (n = 33) over

21 days.

did not affect most of the correlation coeftfi-
cients; however, they were numerically
higher at 20 °C.

4. DISCUSSION

The 33 sows used in the experiment are a
part of a larger group of 59 sows for which
lactation performances were presented in
previous papers [30, 31]. On average, their
daily feed intake was slightly lower than for
the 59 sows at both temperatures (—250 and
— 150 g-d! at 20 and 29 °C, respectively)
whereas BW and backfat losses, and litter
growth rate were not significantly different.
In addition, daily feed intake increased af-
ter d 6 at both temperatures which is in
agreement with the increase of feed intake
observed between periods 1 and 3 for the
33 sows. Overall, the sows used to measure
feeding and drinking behavior can be con-
sidered as representative of all sows used in
the trial.

At 20 °C, 83 and 76% of feed and water
intake, respectively, occurred during the

14-h  light period. With a similar
photoperiod, Quiniou et al. [26] reported
that 82% of feed intake occurred during the
daytime on average at 18 and 22 °C. These
values were slightly lower than the 90% ob-
tained by Weldon et al. [35] in primiparous
sows kept at 21.5 °C but with a 16 h light:
8 h dark regimen. Moreover, the diurnal re-
partition between day and night depends on
ambient temperature, either when it is kept
constant [26] or when it fluctuates [27].

Feeding and drinking activity were
mainly diurnal with two peaks feeding or
drinking activity: a smaller peak in the
morning compared to a larger peak in the
beginning of the afternoon. The first peak
corresponds to the time when the staff of the
experimental farm started to work and
when feed distribution occurred. The sec-
ond peak was not related to such events.
This bimodal feeding activity during lacta-
tion could be partly related to the feeding
pattern in pregnancy. Dourmad [11] sug-
gested that the bimodal feeding pattern
could be explained by diurnal hormonal
variations implicated in the metabolic
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Table VI. Pearson correlation coefficients between meal size and different components of feeding

behavior as a function of the meal criterion.

Variables Temperature Meal criterion, min
1 2 5 10 a

Total number of meals

20 3313 2796 2508 2340

29 2681 2400 2260 2776
Meal size / meal duration

20 0.884 0.894 0.894 0.90¢ HoHk

29 0.86¢ 0.85¢ 0.84¢4 0.834 ok
Meal size / pre-meal interval®

20 0.29¢ 0.39¢ 0.39¢ 0.374 ok

29 0.38° 0.35¢ 0.344 0.274 HoHk
Meal size / post-meal interval®

20 0.19¢ 0.28¢ 0.394 0.39¢ ok

29 0.25¢ 0.294 0.344 0.34¢ ok
Meal size / following meal size

20 0.23¢ 0.26¢ 0.29¢ 0.274 ok

29 0.23¢ 0.19¢ 0.18° 0.14¢ ok

& #%* Pearson correlation coefficients significantly different from zero (P < 0.01).

® Time interval elapsed since the previous meal.
¢ Time interval elapsed before the following meal.

d. ¢ Effect of temperature. Within a column, Pearson correlation coefficients not followed by the same super-

script differ (P <0.01).

utilization of nutrients or in gastric empty-
ing. Moreover, the two intensive periods of
feeding occurred near the time lights are
switched on or off and consequently, feed-
ing activity could also be driven by light
change in the farrowing room.

According to our results, daily ingestion
time was reduced under hot exposure in
connection with a decrease of feed intake.
The standing activity was highly correlated
to total ingestion time; on average, about
70% of standing time was dedicated to feed
and water consumption. Total ingestion
time and consequently standing activity
were reduced between 20 and 29 °C. Ac-
cording to the high energy cost of standing
in sows [21], this suggests that the reduc-

tion in standing activity at 29 °C contrib-
utes, in addition to feeding behavior adap-
tation, to a reduction in heat production in
hot conditions.

In our study, the adopted value for the
meal criterion was 2 min; this agreed with
the value calculated by Quiniou et al. [26]
in lactating sows, Collin et al. [5] in weaned
pigs, and Labroue et al. [15] and Quiniou
etal. [28] in growing pigs using a compara-
ble feeding station (a trough placed on load
cells). With infrared barriers used to detect
feeding bouts, Dourmad [11] reported a
longer meal criterion (i.e., 10 min). In fact
with this latter system, the infrared beam
was cut as soon as the sow lowered its head
to the trough which occurs even during the
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Figure 4. Effect of meal criterion variations on the calculation of the daily meal frequency (No. of

calculations = 699 days).
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Figure 5. Effect of ambient temperature on distribution of meals (grey bars: 20 °C; white bars: 29 °C)
and contributions to daily feed intake (normal line, 20 °C and bold line, 29 °C) according to meal size
class. * proportion of meals differs (P < 0.01) between temperatures.

within meal pauses. In their studies,
Weldon et al. [35] and Ermer et al. [12] vi-
sually checked the time spent to eat and
weighed the amount of feed consumed after
each meal at given stages of lactation; they
considered 10 and 20 min, respectively, as
corresponding to the meal criterion. This
latter methodology would not be quite ap-

propriate to discriminate feeding and non
feeding intervals in contrast with our
system which only detects feeding bouts.
As illustrated in Figure 4, an underestima-
tion of the meal criterion results in an im-
portant increase of the number of meals,
while an overestimation has little effect.
This also indicates that the components of
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feeding behavior calculated in the present
study can be compared with those calcu-
lated by Dourmad [11], Weldon et al. [35],
and Ermer et al. [12], except for consump-
tion time because of the longer meal crite-
rion used in the latter studies.

Over the ad libitum period, the daily
meal frequency averaged 9.4 at 20°C
which was higher than the value reported in
multiparous sows by Quiniou et al. [26]
(7.1 meals per day on average at 18 and
22 °C) and Ermer et al. [12] (7.0 meals per
day on d 21 at 24 °C). Nevertheless, closer
values were reported in primiparous sows
by Dourmad [11] (9.0 meals per day under
uncontrolled temperature ranging between
18 and 25°C) and Weldon et al. [35]
(8.0 meals per day at 21.5 °C). In our study,
meal size (834 g) was close to the value re-
ported by Weldon et al. [35] (750 g) and in-
termediate between the values reported by
Quiniou et al. [26] and Ermer et al. [12]
(1172 and 1200 g per meal, respectively)
and with the lowest ones reported by
Dourmad [11] (544 g per meal).

In order to evaluate the meal size distri-
bution and the contribution of individual
meals to total daily feed consumption, the
meals were classified according to their
size. As illustrated in Figure 5, a great pro-
portion of meals have a minor contribution
to total feed intake; the small meals
(<250 g) represented 32% of the total
number of meals but contributed to only
4.5% of feed intake and they could have a
relatively large influence on feeding param-
eter determination. However, the proportion
of small meals was quite variable between
sows (i.e., 5 to 58% of total meals). This
suggests a large individual difference in
meal patterns between animals that belong
to different sub-populations: the nibbler
sows and the greedy ones. In addition, it
could be estimated that about 40% of the
meals represented about 90% of the feed in-
take. In agreement with Dourmad [11],
these results emphasize the difficulty to de-
fine what is a meal in lactating sows.

As observed for the 59 sows, an increase
in ambient temperature between 20 and
29 °C depressed daily feed intake during
the whole lactation period and over the
ad libitum feeding period (—2857 and
— 3316 g-d™!, respectively). The decrease of
voluntary feed intake at 29 °C was mainly
related to a reduced number of meals as pre-
viously showed by Quiniou et al. [26] and
to some extent to a reduced meal size. In ad-
dition, the proportion of small meals (i.e.,
<250 g) was higher whereas that of me-
dium sized meals (i.e., 250 < meal size
<1000 g) was lower at 29 °C (Fig. 5). Ac-
cording to the results obtained by Nienaber
et al. [19], Quiniou et al. [28] and Collin
et al. [5] in group housed weaned pigs and
growing pigs kept at temperatures similar
to those of the present study, the effect of
high temperature on voluntary feed intake
was achieved by a reduction of meal size
while the number of meals remained rela-
tively constant. This was in agreement with
Quiniou et al. [26], suggesting that for a
given level of high temperature (e.g.,
29 °C), heat stress is more severe for sows
than for weaned or growing pigs. These au-
thors hypothesized that the elevation of am-
bient temperature firstly affects meal size
and secondly, both the number and size of
the meals. The decrease of meal frequency
in hot conditions is in agreement with the
thermostatic theory of feed intake control.
According to this theory, the initiation of
meal occurs when the inhibitory effect of
high body temperature due to feeding is re-
duced [10]. The strong increase of body
temperature observed at 29 °C [30] would
result in a diminished signal initiating feed
intake and concomitantly in a decrease in
meal frequency. According to the de-
creased meal size obtained in hot condi-
tions or when sows are fed with low-heat-
increment diets, the reduction of meal size
could also be interpreted as an adaptation to
reduce heat production.

No significant effect of high ambient
temperature on rate of feed intake was
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observed in lactating sows in the present
study which is in agreement with the results
obtained for sows, and weaned and growing
pigs [5, 20, 26, 28]. In a recent literature re-
view, Quiniou et al. [29] reported a positive
relationship between the rate of feed intake
and BW. This would indicate that the rate of
feed intake was related to the maturity of
the sows (i.e., mouth and gut size) and little
dependent on the ambient temperature.

Correlation coefficients between meal
size and pre- and post-meal intervals, meal
duration, and the size of the following
meal were not improved when longer meal
criterion were used; this contrasted with the re-
sults of de Castro [7] and Castonguay et al.
[4] in rats. For this reason, a 2-min meal cri-
terion was chosen to compare the correla-
tion coefficients. The relationship between
meal size and pre-prandial interval was
slightly higher than with the post-prandial
one (0.37 vs. 0.28) being in agreement with
the results of Labroue [14] in growing pigs.
Correlations between meal size and pre-
meal interval were calculated for each sow:
pre- and post-prandial correlations were
different from zero (P < 0.01) for 67% and
45% of'the sows, respectively. These results
supported the hypothesis according to
which feed intake can be regulated by a sati-
ety mechanism rather than by a hunger
mechanism for most of the sows [36].
Montgomery et al. [18] did not report a sig-
nificant correlation between meal size and
pre- and post-meal intervals in growing
pigs. A significant positive correlation be-
tween meal size and post-meal interval was
reported by Auffray and Marcilloux [1] in
50% of their pigs and by de Castro [8] in
rats. Overall, these results indicate that the
regulation of the initiation of feed intake re-
mains unclear. Factors other than satiety or
hunger mechanisms (an individual circa-
dian rhythm of sows, environmental fac-
tors, facilitation between sows, etc.) could
be implicated.
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