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Abstract

Aim of study: To investigate the influence of environmental conditions and feed forms on productivity and feeding
behavior of growing-finishing pigs.

Area of study: Farm located in the North-East of Spain (42°03°11.0”N 2°06’59.5”E).

Material and methods: Two trials were conducted (n = 72 pigs each). In the Hot-Temperate/Pelleted trial (HT-P), pigs
were half the time under hot conditions (average temperature Ta=28.1°C) and half the time under thermoneutral conditions
(Ta=25.5°C) and were fed in pellet. In the Temperate-Hot/Mash trial (TH-M), pigs were half the time under thermoneutral
conditions (Ta=23.5°C) and half the time under hot conditions (Ta=27.3°C) and were fed in mash. Productivity and feeding
behavior were registered.

Main results: Hot conditions during the finishing period in TH-M trial reduced by 118 g/d growth rate and increased
feed conversion ratio (2.28 vs. 2.07 kg/kg) compared to HT-P trial (p < 0.001) due to feed intake reduction. Growing
pigs under hot conditions and fed in pellet increased total feeder visits (12.8 vs. 7.9 visits/d) and reduced visit size (147
vs. 230 g/visit, p < 0.001); whereas finishing pigs under hot conditions and fed in mash only tended to reduce visit size
(308 vs. 332 g/visit, p = 0.08). Pigs fed with mash ate slower (22.8 vs. 34.8 g/min) than pelleted-fed pigs (p < 0.001),
independently of environmental conditions.

Research highlights: Feed form and environmental conditions affect both feeding behavior and performance of grow-
ing-finishing pigs. Unfortunately, due to a design weakness, it was not possible to obtain the sharp effect of both factors.

Additional key words: feeder visits; feeding rate; heat stress; mash; visit size; pellet; time spent eating

Abbreviations used: ADFI (average daily feed intake); ADG (average daily gain); BW (body weight); FCR (feed
conversion ratio); FR (feeding rate); HT-P (Hot-Temperate/Pelleted trial); MS (meal size); TD (total duration); THI (tem-
perature humidity index); TH-M (Temperate-Hot/Mash trial); TV (total feeder visits); VS (visit size).
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Introduction

The feeding behavior of growing-finishing pigs may
influence nutrient digestibility, performance and carcass
traits (de Haer & de Vries, 1993a; Andretta et al., 2016;
Carco et al., 2018). Feeding behavior may be defined by
variables such as average daily feed intake (ADFI), total
number of feeder visits per day (TV), time spent eating
per day (TD), visit size (VS) and feeding rate (FR) among
others (de Haer & Merks, 1992). It is known that the feed-
ing behavior of pigs is affected by many factors such as
housing conditions (de Haer & de Vries, 1993a; Bornett
et al., 2000), diet composition (Brouns et al., 1994), feed
form (Li et al., 2017), ambient temperature (Quiniou et
al., 2000), sex (Andretta et al., 2016) or age (Carco et al.,
2018). For instance, as pigs grow, ADFI, meal size (MS)
and FR increase, whereas small variations or decreases in
TV and TD have been reported with differences in the av-
erage and the evolution of those feeding behavior patterns
among studies (Fornos et al., 2022).

On the other hand, it has been demonstrated that providing
pelleted feed to pigs enhances pig performance compared to
feeding the same diet in mash owing to an improvement in
nutrient digestibility or a reduction in feed wastage (De Jong
et al., 2016; Rojas & Stein, 2017; O’Meara et al., 2020).
Moreover, an increase in the TD and feeder occupancy rate
together with a reduction in the FR in pigs fed mash diets
compared with pigs fed pelleted diets has been reported in
the literature (Laitat et al., 2004; Li et al., 2017).

Pigs are highly susceptible to heat stress due to their
limited number of sweat glands and high quantity of
adipose tissue (Baumgard & Rhoads, 2013). Under heat
stress, metabolic mechanisms to dissipate heat are ac-
tivated and ADFI and pigs” activity decrease (Quiniou
et al., 2000; Collin et al., 2001; Le Bellego et al., 2002;
Hyun, 2005). The ADFI reduction due to heat stress can
increase with age and pig’s body weight (BW) (Quiniou
et al., 2000; Renaudeau et al., 2011). In fact, Le Bellego
et al. (2002) reported a reduction of the ADFI by 260 and
540 g/d in growing and finishing pigs, respectively, when
temperature increased from 22 to 29°C, and Dos Santos
et al. (2018) reported a reduction of the ADFI by 640
and 700 g/d in growing and finishing pigs, respectively,
when temperature increased from 23 to 30°C. Moreover,
changes in the feeding behavior due to hot conditions
have been observed in young and growing-finishing pigs
that could explain part of the negative impact of heat
stress on pig performance (Quiniou et al., 2000; Collin
et al., 2001; Nyachoti et al., 2004). A reduction in the
TD and MS have been reported in finishing pigs under
heat stress (Quiniou et al., 2000; Serviento et al., 2020).
Young pigs under high temperatures reduced their TD by
34% and their MS by 32% (Collin et al., 2001), whereas
heavier pigs reduced their TD by 28% and their TV by
20% (Quiniou et al., 2000). However, few studies have
been published regarding the effect of heat stress on the
feeding behavior of growing-finishing pigs during a long
period of time and under commercial conditions.
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Therefore, the present work investigates the combined
effect of environmental conditions and feed forms on the
performance and the evolution of the feeding behavior of
group-housed growing-finishing pigs.

Material and methods

Experimental design

Two trials were conducted on the same farm, located in
the North-East of Spain (Perafita, Barcelona), in two con-
secutive years (2018 and 2019). The trials were originally
designed to study the effect of feed form on the performance
and the feeding behavior. For this reason, the same diet
was fed in pellet form in one trial and in mash form in the
other trial. However, as these two trials were conducted at
two different times of year with different environmental
conditions (temperature and relative humidity) inside the
barn, this was considered as an additional main factor in
this study. Consequently, this study examined two combina-
tions of feed forms and environmental conditions, however
it was unable to distinguish between the two factors. In
the first trial, pigs were fed in pellets and the trial started
in June (average temperature Ta=28.9°C) and finished in
October (Ta=23.3°C) (124 days; Hot-Temperate/Pelleted
trial, HT-P). In the second trial pigs were fed in mash and
the trial started in March (Ta=23.5°C) and finished in July
(Ta=28.1°C) (119 days; Temperate-Hot/Mash trial, TH-M).

Animals, housing conditions and diets

Actotal of 72 crossbred Pietrain % (Landrace x Large White)
pigs, 60 £ 3 days old, coming from the same nursery facilities,
were used in each trial and were grouped in six non-mixed
sex pens of 12 pigs each (16.5+0.91 and 17.9+0.70 kg BW,
mean £ SD in HT-P and TH-M trials, respectively). Animals
were distributed in two pens of intact males and four pens
of females in the HT-P trial and four pens of intact males
and two pens of females in the TH-M trial. Each pen (12
m?) was equipped with an automatic feeding system (Nedap
ProSense®, The Netherlands), one nipple with water cup,
totally slatted floor and open-air ventilation with automatic
temperature probe-controlled curtains. The stocking density
per pen was 0.89 m?/pig, excluding the space occupied by
the automatic feeding system. The first day of the experi-
mental period all pigs were individually identified with an
electronic ear tag. Pigs had ad libitum access to water and
feed during all the trial. During the experimental period up
to 15 pigs were discarded: an entire pen of 12 males due to
caudophagia and two females due to lameness in trial HT-
P, and one male due to respiratory disorders in trial TH-M.

In both trials, pigs were fed with a common diet in a
3-phase feeding program (Phase I, in the period from day
1 to day 39; Phase II, in the period from day 40 to day
83; and Phase III, in the period from day 84 to slaughter).
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Ingredients and calculated composition of the feeds are
described in Table 1.

Indoor ambient relative humidity and air temperature
were registered every ten minutes throughout the experi-
mental period with a data logger testo 175 H1 (Testo SE &
Co. KGaA, Titisee-Neustadt, Germany). From these data
the temperature humidity index (THI) was calculated for
each day of the experimental period using the equation of

Lallo et al. (2018), where T = Temperature in °C and RH
= relative humidity in percentage:

THI(°C)=T_, °C-0.55-(0.0055*RH (T, °C - 14.5))

THI was used to assign heat stress levels to four cat-
egories according to Marai et al. (2001): thermoneutral
conditions (THI < 27.8), moderate (THI between 27.8 and
28.8), severe (THI between 28.9 and 29.9) and emergency
zone (THI > 30).

Table 1. Ingredients and calculated composition (as fed basis) of the feeds used for Phase I (in the period from day
1 to day 39), Phase II (in the period from day 40 to day 83) and Phase III (in the period from day 84 to slaughter).

Phase I Phase 11 Phase 111
Ingredient composition, %
Corn 30.00 31.73 31.44
White sorghum 15.00 20.00 20.00
Soybean meal 47% 13.14 11.01 8.05
Wheat 16.57 15.00 15.00
Rice bran 6.00 8.00 8.00
Sunflower 2.42 5.00
Peas 15.00 8.00 8.00
Animal fat 1.01 0.50 1.00
Calcium carbonate 0.87 1.04 1.33
Monocalcium phosphate 0.42 0.35 0.31
Sodium chloride 0.50 0.45 0.50
Lysine sulphate 0.76 0.76 0.71
DL-Methionine 0.19 0.18 0.13
L-Threonine 0.18 0.22 0.18
L-Tryptophan 0.04 0.03 0.03
L-Valine 0.01
Vitamine-mineral premix! 0.30 0.30 0.30
Calculated composition
Dry matter, % 87.45 87.41 87.79
Net energy, kcal/kg 2454 2431 2437
Neutral detergent fiber, % 8.19 9.01 9.69
Starch, % 36.30 34.15 33.86
Crude fat, % 3.77 3.67 4.16
Crude protein, % 16.42 15.37 14.71
SID Lys?, % 1.08 0.98 0.93
Total Ca’ 0.58 0.63 0.74
STTD P*, % 0.29 0.26 0.25

'6-phytase (500 FTU/kg). Provided per each kg of feed: 4,000 TU vitamin A, 800 IU vitamin D3, 10 IU vitamin E, 2.5
mg vitamin B2, 2.0 mg vitamin B6, 0.02 mg vitamin B12, 15 mg niacin, 10 mg pantothenic acid, 100 mg choline from
choline chloride, 100 mg Zn from zinc oxide, 50 mg Mn from manganese oxide, 200 mg Fe from iron sulphate, 5 mg
Cu from copper sulphate, 10 mg Cu from chelate of glycine hydrate, 0.2 mg Se from sodium selenite and 1.0 mg I
from potassium iodide.?SID Lys: standardized ileal digestible lysine. 3Total calcium: *STTD P: standardized total tract
digestible phosphorus.
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Performance

Individual performance was analyzed from day 0 of
the growing-fattening period until 12 h before slaughter.
Pigs were weighed individually on arrival at the farm
(day 0 of the growing-finishing period), at the beginning
of p1 (day 30 of the growing-finishing period) and 12 h
before slaughter (day 124 of fattening for HT-P trial and
day 119 of fattening for TH-M trial) with an external
scale to calculate the average daily weight gain (ADG).
Feed intake was recorded individually each time that the
pig entered to the automatic feeding system. From these
data ADFI and the feed conversion ratio (FCR) were
calculated. Individual carcass traits were obtained in
both trials at slaughtering (day 125 and day 120 of the
experiment, for HT-P and TH-M trials, respectively).
All pigs were slaughtered maintaining the individual
traceability. Before the slaughtering process, pigs were
stunned in a CO, chamber and then immediately ex-
sanguinated in a vertical position. Hot carcass weight
was measured and used to calculate carcass yield (%).
Backfat thickness (mm), loin depth (mm) and lean
percentage were recorded by a Fat-O-Meat’er probe
(Frontmatec A/S, Herlev, Denmark) at the level of 3/4
last ribs, at 6 cm from midline one-hour post-mortem
in the slaughterhouse.

Feeding behavior

After 30 days of adaptation to the automatic feeding
system (0-30 days of the growing-finishing period), feeding
behavior patterns were analyzed for 84 days in 6 periods
of 14 days each, three periods for the growing period (p1-
p2-p3) and three periods for the finishing period (p4-p5-p6).
This period division allowed us to study the evolution of the
feeding behavior. The mean pigs” BW at the beginning of
pl was 42.3 £ 4.06 and 40.8 + 4.5 kg for HT-P and TH-M
trial, respectively (p = 0.06). For each period, the automatic
feeding system recorded individual feed intake, time, and
pig BW for each feeder visit. From these data TV, TD, VS
and FR were calculated.

In each trial, the evolution along the experimental period
of each feeding behavior pattern was adjusted to the model
that best fitted. In the case of ADFI evolution, this was
adjusted to the equation recommended by BSAS (ADFI =
a(1-e*BY); Whittemore et al., 2003).

Statistical analysis

All data were analyzed using SAS statistical software
(SAS 9.40; SAS institute Inc., Cary, NC, USA). Growth
performance, carcass traits and feeding behaviors were
analyzed using the MIXED procedure. Normality and
homogeneity variances were examined using the Shap-
iro-Wilk and Levene’s tests, respectively. Trial, sex, and
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its interaction were included in the model as fixed effects
while pen was included as a random effect. The experimental
unit for all the variables studied was the pig. Results are
presented as LS means + standard error (SE). Significance
was established at p < 0.05 for all the analyses, while a
tendency was considered between p > 0.05 and p < 0.10.
When the probability of the main effects and its interaction
were significant, Tukey’s HSD test adjustment was used
to separate means.

Results

Environmental conditions

The indoor average temperatures were 28.1°C, 25.5°C
in trial HT-P, and 23.5°C, 27.3°C in TH-M trial, for
pl-p2-p3 (growing period) and p4-p5S-p6 (finishing
period), respectively. The boxplot of Fig. 1 shows that
the median THI values along the growing period in trial
HT-P and along the finishing period in trial TH-M were
close to the emergency level for pigs (THI > 30). It can
be assumed from this that pigs were suffering heat stress
during these periods. However, in the finishing period of
trial HT-P and in the growing period of trial TH-M pigs
were under thermoneutral conditions, since the median
THI values were between the thermoneutral and the
moderate level for pigs (THI < 27.8 and between 27.8
and 28.8, respectively).

Performance

No interaction between trial and sex was found in any
performance index parameter (Table 2). The initial BW
was lower for the HT-P than for the TH-M trial (16.5
vs 17.9 kg, respectively; p < 0.001) with no differences
between males and females (p > 0.1). The final BW was
higher (p <0.001) in the HT-P trial (119.9 kg) than in the
TH-M trial (106.9 kg) and higher (p < 0.001) for males
(122.9 kg) than for females (112.4 kg) considering both
trials. In the HT-P trial, ADFI and ADG were higher (p
= 0.006 and p <0.001, respectively) and FCR lower (p <
0.001) than in the TH-M trial. Whereas when considering
both trials, ADFI was unaffected by sex (p > 0.1) and males
obtained a higher ADG and a lower FCR than females (p <
0.001; Table 2).

Carcass yield (%) was unaffected by treatments (Table 2)
but hot carcass weight (90.6 vs 80.9 kg), backfat thickness
(15.5 vs 12.6 mm) and loin depth (64.3 vs 57.3 mm) were
higher (p < 0.001) in the HT-P than in the TH-M trial.
However, lean percentage (62.6 vs 63.9 %) was higher in
the TH-M trial (p =0.001). Hot carcass weight and backfat
thickness were also higher in males than in females (p <
0.02) in the HT-P trial and not in the TH-M trial (significant
interaction p < 0.03).
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Table 2. Growth and carcass traits by trial, sex, and its interaction.
Item? HT-P! TH-M! p-value
Males SE® Females SE? Males SE?* Females SE? Trial Sex  Trial*Sex
Growth performance
n 12 46 47 24
Experimental period, d 124 124 119 119
Initial BW, kg 16.5 0987 165 0.903 179 0.759 179 0.598 <0.001 0.900 0.93
Final BW, kg 128 8.52 118 1.205 108 1216 104  1.430 <0.001 <0.001 0.068
ADFI, kg/d 1.78 0.173 1.76  0.127 1.65 0.164 1.72 0.131 0.006 0.280 0.120
ADG, kg/d 0901 0.067 0.816 0.063 0.760 0.070 0.723  0.058 <0.001 <0.001 0.076
FCR, kg/kg 1.97 0.097 216 0.125 2.17 0208 239 0.135 <0.001 <0.001 0.750
Carecass traits
n 12 46 46 24
Carcass yield, % 75.1 0.707 756  0.202 75.1 069 777 1.150 021  0.059 0.210
Hot carcass weight, kg 96.3* 2.09  89.1°> 1.020 81.3¢ 0959 80.5¢ 0.881 <0.001 0.003 0.015
Backfat thickness, mm 17.2* 0.760  15.1°  0.377 12.6¢ 0314 12.5¢ 0320 <0.001 0.020 0.028
Loin depth, mm 663 2350 63.8 0.819 576 0878 56.7 0.982 <0.001 0.150 0.480
Lean percentage, % 615 0.761 629 0.333 639 0262 63.8 0.356 <0.001 0.130 0.078

"HT-P (Hot-Temperate/Pelleted trial) and TH-M (Temperate-Hot/Mash trial). 2BW: body weight; ADFI: average daily feed intake; ADG:

average daily gain; FCR: feed conversion ratio. *SE: standard error

Table 3. Results of feeding behavior by trial, sex, and its interaction.

Item? HT-P! TH-M" p-value
Males SE* Females SE* Males SE® Females SE3 Trial Sex  Trial*Sex

n 12 46 47 24

Experimental period,d 84 84 84 84

TV, feeder visits/d 8.6 1.100 9.7 1.030 7.3 1.050 6.6 1.050 <0.001 0.86 0.05
TD, min/d 55.0 1.040 50.7 1.020 82.5 1.030 82.3 1.030 <0.001 0.18 0.17
VS, kg/feeder visit 0.207 1.078 0.196 1.036 0.249 1.055 0.296 1.054 <0.001 0.36 0.05
FR, g/min 322 1.040 37.3 1.020 21.9  1.030 23.6 1.030 <0.001 <0.001 0.23

'HT-P (Hot-Temperate/Pelleted trial) and TH-M (Temperate-Hot/Mash trial). 2TV: total number of feeder visits per day; TD: time spent
eating per day; VS: amount of feed intake per feeder visit; FR: g of feed intake per minute spent eating. *SE: standard error.

Feeding behavior patterns: mean values and
time evolution

No significant interaction between trial and sex was
found in any feeding behavior pattern analyzed (Table 3).
On average, HT-P pigs did more TV and smaller VS (9.1 vs
6.9 daily feeder visits and 0.201 vs 0.272 kg/visit), with a
higher FR (34.7 vs 22.8 g/min) and spending less TD (52.8
vs 82.4 min/d) than TH-M pigs (p <0.001). The only feeding
behavior pattern affected by sex was FR being higher for
females than for males (29.7 vs 26.6, p < 0.001) in both
trials. During the growing period (up to 60-70 kg BW,
Fig. 2), ADFI had a similar trend in both trials. However,
while in HT-P trial ADFI continued to increase during the
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finishing period, in TH-M trial ADFI was progressively
stabilized (Fig. 2).

Both TV and VS in the HT-P trial were adjusted to an
exponential equation: y = a*e®B¥ whereas in the TH-M
trial they were adjusted to a linear equation: y =a*BW +b
(Fig. 3A and 3C). On the other hand, TD and FR followed
a linear equation in both trials: y = a*BW + b (Fig. 3B and
3D). As pigs grew, TV and TD decreased while VS and FR
increased in both trials. The reduction of the number of TV
was higher in the HT-P than in the TH-M trial (by 67 vs 38%,
respectively, Fig. 3A). Whereas in terms of TD both trials
had a similar reduction of 38%, even though TH-M pigs
spent more time eating throughout the experimental periods
than HT-P pigs (Fig. 3B). For the duration of the periods
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6 Marta Fornés, Sergi Lopez-Vergé, Encarnacion Jiménez-Moreno, Vicente Rodriguez-Estévez, Domingo Carrion and Josep Gasa

Figure 1. Boxplot (minimum, maximum, median, first and third percentiles) of THI (Temperature Humidity Index)
of each period (pl to p6) in Hot-Temperate/Pelleted (HT-P; June-October) trial and Temperate-Hot/Mash (TH-M;
March-July) trial. Dotted lines indicate the average temperature in °C per season and trial (right axis).

Figure 2. Average daily feed intake (ADFI, kg/d) adjustment by trial (Hot-Temperate/Pelleted; ADFI = 2.6424(1—60'0188*BW)

and Temperate-Hot/Mash; ADFI = 2.4171(1-¢%0236"BW),

studied VS increased by 419% in the HT-P trial but only by
144% in the TH-M trial. From 40 to 80 kg BW, HT-P pigs
had a smaller VS than TH-M pigs. However, VS in HT-P
pigs was accentuated from 80 kg BW reaching the same VS
than as TH-M pigs at 100kg BW and overpassing it at 120
kg BW (Fig. 3C). Pigs of the HT-P trial had a higher FR
than TH-M pigs throughout all the periods analyzed (Fig.
3D) and the FR increase was similar in both trials (168 vs
144% in TH-M and HT-P trial, respectively).

Discussion

It is known that environmental conditions and feed form
are factors that affect pig performance and feeding behavior
(Quiniou et al., 2000; Collin et al., 2001; Renaudeau et al.,
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2011; Rojas & Stein, 2017; Vukmirovic et al., 2017). In the
present study, these two factors (environmental conditions
and feed form) are mixed, with only one feed form per
environmental condition. This is a weakness of the study
that does not allow to clearly differentiate both effects.
Therefore, the present study analyses the combined effect
of both factors, which is still interesting, specially under
commercial conditions.

In the present study, differences in pig performance were
obtained with pigs from HT-P trial presenting a greater
ADFI and ADG and a lower FCR than pigs from TH-M
trial from the beginning to the end of the growing-finishing
period. The literature describes that growing-finishing pigs
fed with pelleted feeds, compared to mash, usually result in
lower ADFI with improved ADG thanks to a better nutrient
digestibility and lower feed waste (Rojas & Stein, 2017,
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Figure 3. Evolution of the feeding behaviors patterns of pigs from 40 to 120 kg BW
comparing Hot-Temperate/Pelleted and Temperate-Hot/Mash trials. TV, total number of
feeder visits per day (A); TD, time spent eating per day (B); VS, amount of feed intake per
feeder visit (C) and FR, g of feed intake per minute spent eating (D). BW, body weight.

Vukmirovic et al., 2017). The characteristics of the feeders
used in the present study minimized feed waste for both
feed forms; in fact, a lower ADFI was obtained with pigs
fed in mash (TH-M) compared to pigs fed in pelleted feed
(HT-P). The lower ADFI in TH-M pigs compared to HT-P
pigs may be mostly explained by that TH-M pigs were
under hot conditions (high THI) during the last 42 days
of the finishing period, the stage with the highest amount
of feed intake of all the growing-finishing period, and not
due to that the feed was provided in mash form. We would
expect a higher ADFI in pigs fed in mash than in pigs fed
in pelleted form under thermoneutral conditions. Those
results indicate that hot conditions have a greater negative
impact on finishing pigs than on growing pigs as similar
THI conditions measured during the growing period of
HT-P trial did not affect the ADFI of younger pigs. In this
regard, the decrease in feed intake is a widely known effect
under heat stress, with a more pronounced effect on heavier
than on lighter pigs (Renaudeau et al., 2011; Baumgard &
Rhoads, 2013; da Fonseca de Oliveira et al., 2018).

Feed intake increases body temperature after eating,
which would explain why heat stressed growing-finishing
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pigs reduce their feed intake (Cervantes et al., 2018). Dos
Santos et al. (2018), comparing the performance of pigs
housed at 30°C vs 23°C, observed a reduction of 640 and
700 g/d in the ADFI in growing pigs and finishing pigs,
respectively. Le Bellego et al. (2002) also found, when
comparing pigs housed at 29°C vs 22°C, a reduction in
ADFI of 260 and 540 g/d, for growing (27 to 65 kg BW)
and finishing pigs (65 to 100 kg BW), respectively, asso-
ciated with a decrease in the ADG (110 and 180 g BW/d,
respectively), but with no effect on feed efficiency or
energy cost of gain. Under heat stress pigs activate mech-
anisms to dissipate the body heat such as an increase in
the respiration rate implying a higher energy maintenance
cost (Gonzalez-Rivas et al., 2020) and, in consequence,
FCR may be penalized (Olczak et al., 2015; Ross et al.,
2015; Anderson et al., 2020; Serviento et al., 2020). In
fact, in the present study TH-M pigs had a lower ADG
than HT-P pigs penalizing FCR by 200 g. This result
could be explained by the combined effect of high THI in
heavier pigs and the mash feed form, two factors known
to penalize pigs” growth performances (Li et al., 2017;
Rojas & Stein, 2017).
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Under heat stress, protein deposition is lower than in
thermoneutral conditions due to the higher cost of protein
deposition compared to lipid deposition (Brown-Brandl et
al., 2000; Kouba et al., 2001; Le Bellego et al., 2002; Qu &
Ajuwon, 2018). However, in the present study, HT-P pigs
grew more, obtained higher backfat thickness and loin depth
together with a lower lean percentage of carcasses than
TH-M pigs. Therefore, the results obtained suggest that the
differences obtained in carcass quality between both trials
were more influenced by the growth rate than by the envi-
ronmental conditions. In fact, our results are in accordance
with the findings of Correa et al. (2006), who reported that
fast growing pigs were fatter than the slow growing ones.

Several pig feeding behavior changes have been reported
in the literature, both under heat stress conditions (Quiniou
et al., 2000; Collin et al., 2001) and under different feed
forms (Laitat et al., 2004; Li et al., 2017). Changes in the
feeding behavior could affect pigs’ performance (Rinaldo
& Maurot, 2001; Kerr et al., 2003; Serviento et al., 2020)
and modify carcass traits (Rinaldo & Maurot, 2001; Pearce
et al., 2013). In the present study, sex affected FR but not
the rest of feeding behaviors studied, thus, this discussion is
focused on the combined effects of environmental conditions
and feed forms on feeding behavior. In general, pigs need
more time to achieve the same feed intake when feeding
a diet in mash form than in pelleted form due to the lower
FR (Laitat et al., 2004). In fact, Mac Donald & Gonyou
(2000) reported that finishing pigs fed a mash diet spent a
20% more of TD than pigs fed a pelleted diet. Also, Li et
al. (2017) reported a higher TD together with a lower FR
and a higher feeder occupancy rate in growing-finishing
pigs fed with mash than with pelleted feed. Those results
coincide with the ones obtained in the present work in
which pigs fed with mash (TH-M pigs) spent a longer TD
and had lower FR during all the periods studied, regardless
of the environmental conditions, than pigs fed with pel-
leted feed (HT-P pigs). The average TD obtained in HT-P
pigs was close to the values obtained under thermoneutral
conditions by Labroue et al. (1994), who reported 63.7
and 49.6 daily minutes spent eating with 40 and 90 kg BW
pigs, respectively. However, our TD results are lower than
those obtained by Rauw et al. (2006), Li et al. (2017) and
Carco et al. (2018) in group-housed pelleted fed pigs under
thermoneutral conditions. Discrepancies could be explained
by the genotype and housing conditions, factors which are
known to affect the TD of growing-finishing pigs (de Haer
& de Vries, 1993a,b; Labroue et al., 1999; Bornett et al.,
2000). In this regard, Carco et al. (2018) used 96 Topigs
Talent x PIC pigs with a stocking density of 1.8 m?/pig fed
with a Compident Pig — MLP (Schauer Agrotonic, Austria);
Rauw et al. (2006) used Duroc pigs fed with a Hokofarm,
IVO-G (Marknesse, the Netherlands) feeder; and Li et al.
(2017) used PIC Canada Ltd pigs with a stocking density
of 1.0 m*/pig and fed by crystal spring feeders (St Agatha,
Manitroba, Canada). On the other hand, the average TD
of TH-M pigs at 40 kg BW was similar to the TD reported
by Li et al. (2017) in growing pigs fed mash feed under
thermoneutral conditions (100 vs 106.9 min/d for TH-M
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pigs at 40 kg BW and Li et al., 2017, respectively). How-
ever, Lietal. (2017) reported a longer TD (106.5 min/d) in
heavier pigs (60 to 100 kg BW) compared to the 79 min/d
registered under heat stress conditions in the present study
(TH-M pigs during the finishing period). Hence, those re-
sults indicate that hot conditions reduce the TD of finishing
pigs fed in mash. Furthermore, in the present study HT-P
pigs had similar FR values throughout the experimental
period (22.1 and 41.2 g/min at 40 and 80 kg BW) than the
ones reported by Rauw et al. (2006) under thermoneutral
conditions but lower than values reported by Labroue et
al. (1994) and Li et al. (2017) in group-housed pelleted
fed pigs. On the other hand, in the present study, TH-M
pigs had a FR of 15.5 and 27.7 g/min at 40 and 80 kg BW,
respectively. This is a similar result to the one obtained
by Li et al. (2017) in mash-fed pigs under thermoneutral
conditions (19.7 and 25.6 g/min in growing and finishing
pigs, respectively). Quiniou et al. (2000) and Collin et al.
(2001) also reported no effect of hot conditions on FR in
young and heavier pigs. As expected, and in concordance
with the literature cited (Labroue et al., 1994; Hyun et al.,
1997; Rauw et al., 2006; Carco et al., 2018), in the present
study, TD decreased and FR increased linearly as pigs
grew; however, the decrease in TD was more pronounced
when hot conditions occurred during the last 42 days of
the finishing period.

On the other hand, in general, increasing the temperature
from 23 to 33°C decreases TV and MS in pigs (Collin et
al., 2001). Quiniou et al. (2000) also reported a reduction
in TV but in terms of MS only a numerical decrease was
reported when the temperature increased from 19 to 29°C in
heavier pigs. Those results are partially in agreement with
those obtained in the present study in which young pigs
under high THI values (HT-P pigs) had a greater number
of TV and a lower VS; while in heavier pigs (TH-M pigs),
the number of TV was not affected, but VS was reduced.
Since no literature has been found regarding the effect of
feed form on the TV and VS, it is hypothesized that under
heat stress, pigs reduce their VS as a mechanism to reduce
the body heat production after eating (Cervantes et al.,
2018). As pigs grew, in both trials (HT-P and TH-M) and
independently of the temperature, the TV was reduced and
VS increased in agreement with the literature (Labroue et
al., 1994; Hyun et al., 1997; Andretta et al., 2016; Carco
et al., 2018). However, our results suggest that due to the
environmental conditions, the reduction in the TV and the
increase in VS were less pronounced in the TH-M trial than
in the HT-P trial being by -38 vs -67% in TV and by 144 vs
419% in VS, respectively. Then, feeding behavior may be
modified by both, feed form and environmental conditions,
although it appears that environmental conditions mainly
affected the TV and VS, and feed form modified the TD
and the FR.

The present study analyzed the combined effect of envi-
ronmental conditions and feed form over feeding behavior
and performance of growing-finishing pigs. Although the
experimental design did not allow us to fully differentiate
between both factors, hot environmental conditions during
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the finishing period decreased the ADFI of pigs fed in mash
form, while similar hot conditions during the growing pe-
riod in pigs fed in pellet form hardly affected feed intake.
This was due to the fact that growing pigs reduced the VS
and increased the TV as a strategy to achieve the desired
ADFI. On the other hand, pigs fed with a mash diet spent
more time eating per day to achieve the desired ADFI due
to a lower FR compared to pelleted feed, independently
of the environmental conditions. Finally, from a practical
point of view THI and pigs’ BW should be considered to
analyze the information from feeding stations to establish
alerts and/or implement feeding strategies to mitigate heat
stress effects on performance.
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