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Abstract: Two experiments were conducted to determine the effects of fasting duration and body weight on
the fasting heat production of Duroc x Large White x Landrace crossbred barrows. In exp. 1, 6 pigs were fasted
for 96 h. Heat production was measured every 12 h and the experiment was repeated at 3 separate body weights
(31.1+1.1, 50.3+0.8 and 89.7+1 .2 kg) to mvestigate the effects of different fasting durations on heat production
and substrate oxidation. Tn Exp. 2, 12 Duroc x Large White x Landrace crossbred barrows were used to determine
the effect of different body weights on fasting heat production. Fasting heat production was measured at
35.642.4, 44,7431, 53.4£2 8, 63.942.7, 73.42£2.4, 83.343.0 and 95.642.0 kg following a fast of 48 h for the 35.6 as
well as 44.7 pigs and a fast of 72 h for pigs at the remaining body weights. Before fasting, pigs were fed twice
daily at 09:00 and 17:00. Fasting heat production was measured using indirect calonmetry after pigs were
deprived of feed and the temperature was controlled at 24+1°C for pigs weighing 35.6 and 44.7 kg and 22+1°C
for pigs weighing 53.4-95.6 kg. The results of exp. 1 showed that the heat production decreased rapidly in the
first 48 (31.1 kg) and 60 h (50.3 and 89.7 kg) of fasting (p<0.05) and then reached a stable period (p=0.05)
between 48-96 (31.1 kg) and 60-96 h (50.3 and 89.7 kg) of fasting, respectively. In Exp. 2, with an increase in body
weights (35.6-95.6 kg) the fasting heat production of pigs went up from 1577-2683 kecal day™". In conclusion,
the fasting heat production was 220 kcal/kg BW™**/day (R* = 0.97, p = 0.01) in pigs with body weights from

35.6-95.6 kg.
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INTRODUCTION

Accurate estimation of the energy requirements of
pig is important to ensure that sufficient energy is
available to allow pigs to grow to their genetic potential
but not to oversupply energy as this will increase ration
costs and lead to increased fat deposition in the carcass
(Bikker et al, 1995; Weis et al., 2004). Although, energy
requirements are commonly provided as digestible or
metabolizable energy (NRC, 1998) net energy has been
proposed to more accurately estimate the true energy
value of feeds for pigs i recent years (Just, 1982;
Noblet and Henry, 1993; Noblet et al., 1994b; Noblet and
van Milgen, 2004). The reason for the increased accuracy
is because net energy takes heat loss into account.

Because of these advantages some net energy
systems and prediction equations have been developed
for pigs (Nehring and Haenlein, 1973; Just, 1982;
Noblet et al., 1994b; Van Milgen et af., 2008). But

compared with these values and prediction equations of
net energy of feed ingredients or diets it has varied mainly
with difference in estimates of the Net Energy for
maintenance (NE,) and also depends on diet composition
(Noblet and van Milgen, 2004).

The Ne, can not be measured directly and has
been estimated with basal metabolic rate also
representing ecquilibrium heat production of a fasting pig
(De Lange and Birkett, 2005; Noblet, 2007). The Fasting
Heat Production (FHP) has been estimated to wvary
between 164 and 234 kcal/kg'*'/day (Holmes and
Breirem, 1974; Koong et al., 1982, 1983, Tess et al., 1984;
Noblet et al., 1994a; Van Milgen et al., 1998).

Many factors mfluence FHP. At first the effect
of FHP is dependent on the duration of fasting
(Van Milgen et al., 1998). With the extension of fasting
the FHP tends to decline (Close and Mount, 1975).
However, an overly prolonged fasting duration decreases

the basal metabolic rate and affects the development of
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pigs (Poczopko, 1967; Koong et al., 1982) which leads to
an underestimate of FHP (ARC, 1981). There is
comsiderable variation m the literature regarding the
appropriate fasting duration to use to determine FHP
which was ranged from 1-15 days (Holmes and Breirem,
1974; ARC, 1981; Koong et al., 1982; Noblet et ai., 1994a;
Van Milgen et al., 1998). Furthermore, there 1s a little
mformation about the effect of different body weights on
determining fasting duration in pigs.

Therefore, the present experiments were conducted
to determine the effects of fasting duration and body
weight on the FHP of Duroc x Large White x Landrace
crossbred barrows based on a prescriptive condition.

MATERIALS AND METHODS

Construction and function of the respiration unit: In this
experiment, an open-air-circuit respiration unit was made
by China Agricultural University (Beijing, Clina) and
used to determine O, consumption as well as CO, and CH,
production. The open-air-circuit respiration unit was
composed of 3 independently working chambers and each
chamber had an inner room of 2.26x1.18%1.63 m. Gas was
drawn from the chamber by means of a ventilator then the
same amount of outside air went into and was mixed with
the gas using fans in the chamber. Gas samples were
collected from the three chambers and outside air per
3 min in turn so the gas concentrations of O,, CO, and
CH, in each chamber or outside were measured by
different gas analyzes at 12 min intervals. The electronic
measuring signals from the gas analyzers passed to the
recording unit were recorded in the computer system.
in the chamber
regulated by the air-condition system. All measurements
including airflow gas concentrations (©,, CO, and CH,)

Temperature and humidity were

environmental temperature, humidity and gas pressure in
the chamber were recorded continuously for further
calculation.

Before the study began, the whole system was
calibrated using ethanol. Thereafter, the analytical
instruments used to measure the gas were calibrated
before each trial by injecting standardized mixtures of O,,
CO, and CH, with different concentrations of N,
including:

s 100%N,

¢ 20.92% O,and 79.08% N,

s 18550, 0.60%, CO,, 0.01, CIL and 78.31% N,

. 20.60% O,, 0.30% CO,, 0.005% CH, and 79.39% N,
o 19.99% O,, 0.048% CO, and 79.52% N,

o 2034% O, 0.99% CO, and 78.67% N, (Air Products
and Chemicals, Inc., Beijing, China)

Animal and experimental design

Experement 1: Eighteen Duroc x Large White x Landrace
barrows were purchased from the Hua du Pig Company
(Beying, China) in 3 batches of 6 pigs weighing 31.14+1.1,
50.34+0.8 or 89.74+1 .2 kg, respectively. Each batch of 6 pigs
was transported as a group to the Swine Metabolic
Faculty at China Agriculture University (Beying, China)
and houwed in a metabolic room located immediately
adjacent to the respiration chambers. The 6 pigs were
individually housed in metabolic cages (1.4x0.8x1.2m)
and fed ad libitum during a 7 days adaptation period.

Each batch was divided into 2 groups of 3 pigs and
each group of 3 pigs was transferred to the respiration
chambers by placing their metabolic crate directly into the
respiration chamber. They were fed twice daily at 09:00
and 17:00 at 90% of ad libitum for a 3 days adaptation
period. Pigs were subjected to fasting after a meal at 09:00
on their 4th day in the chambers and the next 96 h were
used to measure heat production when the pigs were
withdrawn from feed Heat production was measured
every 12 h. At the end of the 96 h fast the pigs were
removed from the respiration chambers sent for slaughter
and the remaining 3 pigs from the 1st batch were placed
1nto the respiration chambers in a similar manner to the 1st
3 pigs. At this point, the 2nd batch of pigs was placed
into the metabolic crates to begin their 7 days adaptation
period. When the 2nd group of 3 pigs from the 1st batch
was removed from the respiration chambers the 1st 3 pigs
from the 2nd batch were immediately placed into the
respiration chambers. The 3rd batch of pigs was handled
1n a similar manner.

The environmental temperature in each chamber was
maintained at 22+1°C for pigs weighing 31.1 and 20+1°C
for pigs weighing 50.3 and 89.7 kg. The environmental
temperature was increased by 2°C in the chamber when
fasting began. The relative humidity was about 70%.
ad libitum throughout the

Water was available

experiment.

Experement 2: Twelve Duroc x Large White x Landrace
crossbred barrows were used to determme the effects of
pig body weight on FHP. The 12 barrows had an initial
average body weight of 35.6+£2.4 kg and were purchased
1n 4 batches of 3 pigs from the same source as those used
for experiment 1. BEach batch of 3 pigs was transported as
a group to the Swine Metabolic Facility at China
Agriculture University (Beijing, China) and housed in a
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metabolic room located immediately adjacent to the
respiration chambers. The 3 pigs were individually housed
in metabolic cages (1.4x0.8x1.2 m) and fed ad libitum
during a 10 days adaptation period. The subsequent
purchase of each batch of pigs was staggered in 5 days
intervals so that each batch finished its 10 days
adaptation period at the same tiune as the previous batch
finished their time m the respiration chamber. Pigs were
transferred to the respiration chambers in groups of 3 by
placing their metabolic crate into the respiration chamber.
They were fed twice daily at 09:00 and 17:00 at 90% of
ad libitum for a 3 days adaptation period. Pigs were
subjected to fasting after a meal at 09:00 on their 4th day
in the chambers. For the next 2 days, fasting heat
production was measured. For pigs weighing 53.4-95.6 kg
an additional day was added to measuwre FHP meamng
that the pigs were maintained in the chambers for a total
of 6 days comprising 3 days in adaptation and 3 days to
measure FIIP.

After measurement of FHP, the pigs and metabolic
crates were removed from the chambers and returned to
the metabolic room to prepare for the next round of
measurements. A total of 7 rounds of measurements were
taken with each pig entering the respiration chambers at
an average body weight of 35.642.4, 44.743.1, 53.442.8,
63.942.7, 73.442.4, 83.343.0 and 95.642.0 kg,

The environmental temperature in each chamber was
maintained at 22+1°C for pigs weighing 35.6 and 44.7 kg
and at 2041°C for pigs weighing 53.4-95.6 kg. The
environmental temperature was increased by 2°C in the
chamber when fasting began. The relative humidity was
about 70%. Water was available ad libitum throughout
the experiment.

Diet: The pigs weighing 30-60 kg were offered a growing
diet and the pigs weighing 60-100 kg were offered a
finishing diet based on the Feeding Standards of Swine in
China (Ministry of Agriculture, 2004). The ingredient
composition of the expermmental diets 13 shown in
(Table 1).

Measurements and chemical analyses: Pigs were
weighed at the beginmng of each stage as well as at the
begmning and the end of the fasting period. The total
urine excreted was collected and weighed daily and mixed
with 30 mL of a 10% HCL solution for each liter of urine
excreted.

Airflow rate gas concentrations (Q,, CO, and CH,)
outside and inside of the chambers as well as
environmental conditions in each chamber (temperature,
humidity and pressure) were continuously measured and
recorded. Urine samples were analyzed for mtrogen
according to the AOAC (1997).

Table 1: Composition and nutrient levels of the experimental diets (as-fed
basis exp. 1 and 2)

Diets (kg pigs)

Items 30-60 60-100
Ingredients (%)

Corn 68.10 T0.10
Saybean meal 24.00 18.00
Wheat bran 5.00 9.00
Dicalciumn phosphate 0.50 0.60
Limestone 1.00 0.90
Salt 0.40 0.40
Vitamin-mineral premix*? 1.00 1.00
Chemical analysis®

Gross energy (kcal kg™!) 3805.00 3712.00
Crude protein (20) 1644 14.54
Calcium (%) 0.53 0.49
Phosphors (@6) 046 0.42
Lysine (%9) 0.90 0.76

'The vitamin and mineral/kilogram of the diet provided by premix during
30-60 kg: Vitamin A, 6,000 IU; Vitamin D, 2,4001IU; Vitamin E, 21.6 IU,
Vitamin K;, 2 mg; Vitamin B,, 0.96 mg; Vitamin B,, 5.2 mg; Vitamin B,
2 mg; Vitamin By;, 12 pg; Nicotinic acid, 22 mg; Pantothenic acid, 11.2
mg; Folic acid, 0.4 mg; Biotin, 40 pg; Choline chloride, 0.4 g; Fe, 120
mg; Cu, 140 mg; Zn, 100 mg; Mn, 16 mg; I, 0.24 mg; Se, 0.4 mg; Ca,
7.2 g; P, 0.8 g NaCl, 4.4 g (30-60 kg). “The vitamin and mineral/kilogram
of the diet provided by premix during 60-100 kg: Vitamin A, 5,600 TU;
Vitarmin D, 2,200 TU; Vitamin E, 21.6 TU;, Vitamin K, 1.8 mg; Vitamin
B, 0.88 mg; Vitamin By, 4 mg; Vitamin By, 1.8 mg; Vitamin By, 12 pg;
Wicotinic acid, 20 mg; Pantothenic acid, 10 mg; Folic acid, 0.4 mg; Biotin,
40 pg; Choline chloride, 0.32 g; Fe, 88 mg; Cu, 120 mg; Zn, 96 mg; Mn,
16 mg; I, 0.24 mg; Se, 0.4 mg; Ca, 7.2 g; P, 0.8 g; NaCl, 4 g (60-100 kg),
3 Analy zed value

Calculations: Heat production was calculated based on

gas exchange according to the equation of Brouwer
(1965).

Heat production(Kcal h )
=3.866x O,(Lh™")+1.200xCO,{Lh™")- (1
0.518% CH,{Lh™)-1.431x UrinaryN{gh™")

Oxidation of Protein (OXP), Carbohydrate (OXCHO)
and Fat (OXF) were calculated by the method described
by Chwalibog et al. (2005):

Oxidation of protein ( Kcalh™ ) =

(2)
Un'nalym'trogen(gh’1 )>< 6.25x 4.40
Oxidationof carbohydrates (Kcal b ) =
~2.968x O, (Lh™ }+ 4.147x CO, (Lh™ )- 3)
1.761x CH, (Lh™" ) - 2.466 < % 4.20

Urinarynitrogen (g h™ )
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Oxidation of fat(Kcalh") RESULTS AND DISCUSSION

1.719% 0, (Lh™ }-1.719x CO, (Lh™" )

(4) Effects of fasting duration on heat production and

=11.719% CH4(L h'1)71.963>< %950 oxidation of substrates: The fasting duration has been
] ] . reported  considerable variation from 1-15 days
Unnalymtrogen(gh ) (Holmes and Breirem, 1974; ARC, 1981; Koong ef al.,
1982; Noblet ef al., 1994a;, Van Milgen et al., 1998). It 1s

COZ(L h'l) difficult to estimate how long pigs should be starved

Respiratory quotient = ——————~ (3) before they reach a postabsorptive state with different
OZ(Lh ) body weights. Some reports showed that the rate of

Respiratory quotient,, ... passage of diet m pigs ranged from 20-80 h (Seerley ef af .,
o (L h’l)—Un'naIy o (L h’l)—Un'naIy 1962, Cole et ai, 1967; Cupmngham, 1967, Keys ?nd

: : (6)  Debarthe, 1974) which was influenced by body weight

= nitrogen(g h’l)x 6.52 |/ nitrogen(g h’l)x 6.52 feed intake level as well as dietcomposition and so on.

«0 774 ©0.957 Based on the rate of passage of diet in pigs we considered
pigs were withdrew feed for 96 h to study the effect of

fasting duration on the changes of FHP and subtract

Statistical analyses: In exp. 1, data were subjected to a
repeated-measure analysis performed by the GLM
procedure using a model with a 12 h fasting period as the
unit of measure (SPSS, 1999). In exp. 2, data were
subjected to ANOVA using the body weights of the pigs
as the source of variation (SPSS, 10.0). The relationships
between FHP and body weight were analyzed using a
linear regression mode 1 (SPSS, 10.0). The model was
FHP =aBW®, ie., log FHP = log a+b log BW where FHP
was the fasting heat production (kcal day™) and BW was
the body weight (kg). A p<0.05 was considered
significant.

oxidation in order to determine the optinal fasting
duration in pigs with different body weights. The results
of exp. 1 showed that as the fasting duration was
extended from 0-96 h the heat production in pigs
weighing 31.1, 503 and 897 kg declined rapidly
(p<0.05) before reaching a steady state (p=0.05) in
Table 2. This trend was in agreement with reports from
Close and Mount (1975), Su and Hu (1989) and
Chwalibog et al. (2004a). Furthermore, the FHP reached a
steady state at different fasting durations depending
upon the pigs body weight in this study. In pigs weighing
31.1 kg, the total heat production declined 32% during the

Table 2: Changes of energy metabolism during a 96 h fast in pigs with different body weights (exp. 1)
Fasting duration (h)

Items 12 24 36 48 60 72 84 9% SEM  p-values
3L1kg

0, consumption (L k™) 19.85° 17.17 1541° 14.381 14.04¢  13.8% 13.87%  13.62 2.85 <0.01
CO, production (L h™") 20.32¢ 1442 1174 10.90¢ 10.51  10.40¢ 10.23¢ .96 346 <0.01
CH, production (L h™") 0.200 0.14° 0.1¢¢ 0,099 0.07% 0.0 007 0.07 0.01 0.01
Urine N! (g h™) 0.64° 0.64 030 0.31° 0.25¢ 0.25 0.24¢ 0.24¢ 0.02 0.02
Total Heat Production 100.22¢ 82,740 T3LT 68.199 66.55¢  65.86" 65.51% 6.3 18.65 <0.01
(THP) {kcal b™)

Respiratory quotient 1.02¢ 0.84° 0.76 0.76> 0.75¢ 0.75 0,744 0,734 0.01 <0.01
50.3kg

0, consumption (L k™) 3578 28.03 22.51¢ 19.424 17.21% 1536 15.41¢ 14.76 749 <0.01
CO, production (L h™") 37.38 27.3¢" 19.1% 15.581 13.16%  11.50¢ 11.42 10.88 684  <0.01
CH, production (L h™") 0.47° 0.34° 0.21° 0.174 0.16% 014 0,14 0. 140 0.01 <0.01
Urine N? (g h™) 1.00¢ 1.00¢ 0.86 0.86° 0.54¢ 0.54° 0.42° 0.42° 002  <0.01
Total Heat Production 18154 13970 108.75° 92,7658 81.50%  723% TLEY 6943 1920 <0.01
(THP) {kcal b™)

Respiratory quotient 1.05 0.97 0.85° 0.80¢ 0.77% 0.7 0,74 0. 740 0.01 <0.01
897 kg

0, consumption (L k™) 46.97° 38.600 3247 29,3651 2694 26.0¢ M 218 937  <0.01
CO, production (L h™") 49.43* 37.21° 27.07 22.148 20.08 1897 18.42 18.12 919 <0.01
CH, production (L k™) 0.78° 0.63 0.34° 0.304 0.22° 0.22 0.22° 0.23° 002  <0.01
Urine N° (g h™) 117 L17 0.81* 0.81% 0.55 0.5 0.6 0.6 015 <0.01
Total Heat Production 238.83*  191.8%  157.0T 139.15¢ 12745 122.8% 117.07 11434 13300 <0.01
(THP) {kcal b™)

Respiratory quotient 1.05 0.97 0.83° 0.75¢ 075 0.7¥ 0.74% 0.75¢ 0.01 <0.01

“fYalues within a row with different letters differ significantly (p=0.05) n= 6, *Total excreted urine was collected and weighed daily so the calculation of urine
N (g h™") was the average in 1 day
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1st 48 h of starvation and then stabilized and was not
different (p=>0.05) from 48-84 h. However when the fasting
duration was extended to 96 h the total heat production
was lowest (p<0.05) in pigs weighing 31.1 kg which may
be due to a decrease of visceral mass and basal metabolic
rate (Poczopko, 1967, Koong et al, 1982). In pigs
welghing 50.3 and 89.7 kg the total heat production
declined 55 and 47% during the 1st 60 h of starvation and
then stabilized and was not different (p=>0.05) between
60-96 h.

Based on the principle of indirect calorimetry, the
total heat production was from the heat production due to
the oxidation of protein carbohydrate and fat. Therefore,
the change of heat production was related to the oxidation
of substrate with the extension of fasting in pigs. As pigs
are fasted body metabolism has been shown to transform

from anabolism to catabolism and the source of oxidation
changed from carbohydrate to fat (Chwalibog et al.,
2004b). Using the formula from Chwalibog ef al. (2004a)
the Oxidation of Protemn (OXP) Carbohydrate (OXCHO)
and Fat (OXF) in pigs weighing 31.1, 50.3 and 89.7 kg were
calculated as shown in Table 3-5.

In Table 3, the respiratory quotient,,, .. was 1.07
when pigs were starved for 12 h which meant that energy
was mainly provided from the oxidation of carbohydrates
causing highly fat retention to occur (Jakobsen and
Thorbelk, 1993). As the fasting duration was extended the
oxidation of carbohydrates decreased rapidly from
23.21-2.23 g h™" while the oxidation of fat increased from
0-5.21 g h™! during 48 h of starvation. Pigs weighing
31.1 kg then reached a steady state which mdicated that
the amount of carbohydrate absorbed from feed was used

Table 3: Changes of substrates oxidation during a 96 h fast in pigs weighing 31.1 kg (exp. 1)

Fasting duration (h)

Items 12 24 36 60 72 84 96 SEM p-values
Respiratory quotient,, pomi 1.07* 0.85 0.73° 0.72° 0.74¢ 0.74 0.74° 0.03 <0.01
Substrate oxidation of carbohydrate and its energy

'OXCHO (gh™) 23.210 867 275 1.41% 1.67 0.9¢6° 0.73¢ 4.92 <0.01
2OXCHO (keal h™) 97.52¢ 3643 7.7k 5.94% 7.01% 4.04° 3.05° 32.00 <0.01
*OXCHO/THP 0.93¢ 042 015 0.09+¢ 0.10% 0.06? 0.05¢ 0.01 <0.01
Substrate oxidation of lat and its ener gy

‘OXFigh™) 0.00¢ 313 552 5.21%® 5.51% 5.46° 569 5.72¢ 1.48 <0.01
*OXF (keal h ™) 0.00° 30.66° 52.48 49.45%° 5240 51.89* 54.07 54.33* 189 <0.01
SOXF/THP 0.00° 037 0.7 0.79% 0.79% 0.8 0.85¢ 0.02 <0.01
Substrate oxidation of protein and its ener gy

TOXP (gh™) - 17.57 - - 6.94% - 6.62° 4.51 <0.01
S0XP (keal k™) - 3.99 - - 1.58> - 1.50° 0.64 <0.01
*OXP/THP - 0.21¢ - - 0.11% - 0.10¢ 0.01 <0.01

“®alues within a row with different letters differ significantly (p<0.05)n = 6. !OXCHO {g h™'): Oxidation of carbohydrate (g h™'); *0XCHO (kcal h™'): Energy
from oxidation of carbohydrate (kcal h™!); *OXCHO/THP. The contribution of carbohydrate oxidation to the total heat production; “OXF (g h™%): Oxidation
of fat (g h™Y); *OXF (kcal h™!): Energy from oxidation of fat (kcal h™!); “‘OXF/THP: The contribution of fat oxidation to the total heat production; 7OXP
(g h™): Oxidation of protein (g h™"); *0XP (kcal h™"): Energy from oxidation of protein (kcal h™%); *OXP/THP: The contribution of protein oxidation to the
total heat production. "The total excreted urine was collected and weighed daily so the calculation of substrate oxidation of protein and its energy were the
average in 1 day

Table 4: Changes of substrates oxidation during a 96 h fast in pigs weighing 50.3 kg (exp. 1)

Fasting duration ¢h)
Items 12 24 36 48 60 72 84 96 SEM p-values
Respiratory quotient,, gopin 1.0 1.0 0.87° 0.81¢ 0.76* 0.73° 0.73° 0.72 0.02 <0.01
Substrate oxidation of carbohydrate and its energy
'OXCHO (gh™) 44,008 25.85 11.60¢ 6.174 2.55% 0.76° 1.05° 0.73° 22.00 <0.01
20X CHO (keal h™) 184.88 108.64° 48.76° 25.92¢ 10.72% 3.1% 4.41° 3.07 38.90 <0.01
SOXCHO/THP 1.04 0.7% 0.43¢ 0.274 0.14¢ 0.04¢ 0.06 0.044 0.10 <0.01
Substrate oxidation of lat and its ener gy
YOXF (gh™) 0.00% 0.06° 3.79° 500 6.03* 5.33 578 5.61* 0.82 <0.01
*OXFkeal h™) 0.00¢ 0.56° 36.00° 47.50% 57.26 50.68° 54.92¢ 53.36° 51.60 <0.01
SOXF/THP 0.004 0.014 0.34° 0.52 0.67* 0.70° 0.76* 0.77 0.03 <0.01
Substrate oxidation of protein and its ener gy
TOXP (gh™) - 6.24° 5.3¢% 3.606 2.55 0.77 <0.01
S0XP (keal k™) - 27.46* 23,57 14.74 11.60° 12.05 <0.01
*OXP/THP - 0.20° 0.23* 0.20" 0.17 0.04 <0.01

“*Values within a row with different letters differ significantly (p<<0.05) n=6. 'OXCHO (g h™"): Oxidation of carbohydrate (g h™'); 20XCHO (kcal h™"): Energy
from oxidation of carbohydrate (kcal h™'); *0XCHO/THP: The contribution of carbohy drate oxidation to the total heat production; *OXF (g h™"): Oxidation
of fat (g h™); *OXF (kecal h™'): Energy from oxidation of fat (kcal h™'); *OXF/THP: The contribution of fat oxidation to the total heat production; "OXP
(g h™'): Oxidation of protein (g h™"); *OXP (kcal h™'): Energy from oxidation of protein (kcal h™'); *0XP/THP: The contribution of protein oxidation to the
total heat production. °The total excreted urine was collected and weighed daily so the calculation of substrate oxidation of protein and its energy were the
average in 1 day
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Table 5: Changes of substrates oxidation during a 96 h fast in pigs weighing 89.7 kg (exp. 1)

Fasting duration (h)

Items 12 24 36 48 60 72 84 96 SEM p-values
Respiratory quotient,, gopin 110 1.00° 0.8%° 0.75¢ 0.73% 0.72° 0.73% 0.74% 0.01 <0.01
Substrate oxidation of carbohydrate and its energy

'OXCHO (gh™) 61.34° 35.80¢ 13.33 3.14¢ 2.56° 0.64° 1.52 1.7% 94.00 0.10
20X CHO (keal h™) 257.7% 150.41" 64.43° 13378 10.76% 2.6% 6.40% 8.83% 230.00 <0.01
SOXCHO/THP 108 0.7% 0.41° 0.10¢ 0.08? 0.02¢ 0.09% 0.1¢¢ 0.01 <0.01
Substrate oxidation of lat and its ener gy

YOXF (gh™) 0.007 0.59 813 10.85* 10.43* 10.90° 9.52% 8.98" 234 <0.01
*OXF (keal h™) 0.00¢ 5.58 77.26° 103.10° 99,120 103.58 90.44% 85.34 130.00 <0.01
SOXF/THP 0.00¢ 0.03° 0.48° 0.74¢ 0.7 0.84° 0.7 0.74° 4.64 <0.01
Substrate oxidation of protein and its ener gy

TOXP (gh™) 7.28 7.28 5.06® 5.06% 37> 37> 4.03 4.03 5.35 0.06
S0XP (keal k™) 32.06* 32.06° 2226 22.26% 1637 1637 17.7¢° 17.7¢ 109.00 0.05
*OXP/THP 0.14 0.17 0.14 0.16 0.14 0.14 0.15 0.16 0.02 0.70

“*yalues within a row with different letters differ significantly (p<0.05), n=6. 'OXCHO (g h™"): Oxidation of carbohydrate (g h™"); 20XCHO (kcal h™'): Energy
from oxidation of carbohydrate (kcal h™'); *0XCHO/THP: The contribution of carbohy drate oxidation to the total heat production; *OXF (g h™"): Oxidation
of fat (g h™); *OXF (kcal h™'): Energy from oxidation of fat (kcal h™%); *OXF/THP: The contribution of fat oxidation to the total heat production; "'OXP
(g h™'): Oxidation of protein (g h™"); *OXP (kcal h™'): Energy from oxidation of protein (kcal h™'); *0XP/THP: The contribution of protein oxidation to the
total heat production. °The total excreted urine was collected and weighed daily so the calculation of substrate oxidation of protein and its energy were the

average in 1 day

up after 48 h of fasting and the body’s energy
requirement was provided by the mobilization of body fat
(Chwalibog et al., 2004b). Corresponding to this trend, the
respiratory quotient decreased from 1.02-0.76 during the
1st 48 h of starvation. Furthermore, the contribution of
carbohydrate oxidation to the total heat production
decreased rapidly to 14% while the contribution of fat
oxidation to the total heat production increased to 73%
indicating that after 48 h of starvation the fasting heat
production was due to fat oxidation principally. In
addition, the decreased oxidation of protein to 12% of the
total heat production during the 1st 48 h period of
starvation ~ was consistent  with mereasing
gluconeogenesis from muscle-derived amino acids
(Chwalibog et al., 2004a).

Compared with data from Table 3, the trend was
similar in pigs weighing 50.3 and 89.7 kg (Table 4 and 5)
but the oxidation of substrates reached a steady state at
different fasting durations for these pigs. In Table 4 with
the fasting duration extended the oxidation of
carbohydrates decreased rapidly from 44.0-2.55 g h™
while the oxidation of fat increased from 0-6.03 g h™
during 60 h of starvation. Corresponding to this trend, the
contribution of carbohydrate oxidation to the total heat
production decreased rapidly to 14% while the
contribution of fat oxidation to the total heat production
increased rapidly to 67%. Then, the oxidation of
carbohydrate and fat reached a steady state after 60 h of
starvation, respectively.

In Table 5 with the fasting duration extended the
oxidation of carbohydrates decreased rapidly from
61.34-3.14 g h™' during 48 h of starvation while oxidation
of fat increased from 0-10.85 g h™" during 48 h of
starvation. Furthermore, the contribution of carbohydrate
oxidation to the total heat production decreased rapidly to

10% while the contribution of fat oxidation to the total
heat production increased to 74%. Then, the oxidation of
carbohydrate and fat reached a steady state after 48 h of
starvatior, respectively. The results are consistent with
the changes of the serum biochemical index of finishing
pigs during a similar fasting duration according to the
study of Veum et al. (1970) which showed that the serum
lipid levels were sigmficantly increased after 34 h (p<0.05)
but did not differ over the subsequent period of 58-82 h
(p=0.05).

In summary, the heat production reached a steady
state and was from fat oxidation principally when the
fasting duration was 48 h for 31.1 kg pigs and 60 h for pigs
weighing 50.3 and 89.7 kg.

Effects of different body weights on fasting heat
production: The FHP was ranged from 164-234 kcal kg™
BW" day™ (Koong ef al., 1982, 1983; Tess ef al., 1984,
Noblet et al., 1994a; Van Milgen et al., 1998). Considering
the factors on FHP mcluding the pig fasting duration
nutritional plane before fast and environment conditions
the FHP lacked comparability in different experiments. So,
the exp. 2 aimed to develop standard conditions for
measuring FHP in pigs with different body weights in
order to establish a foundation for a net energy system of
feedstuff in China.

Based on the results form exp. 1, the appropriate
fasting duration was 48 h for pigs with a body weight of
356 kg and 72 h for pigs with a body weight from
44.7-95.6 kg. An overly prolonged fasting duration could
decrease the basal metabolic rate and FHP (Poczopko,
1967, ARC, 1981; Koong ef al., 1982). Van Milgen ef al.
(1998) also considered that a short-duration of fasting
was probably more representative for the producing
animal than long-term fasting when taking accounted for
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Table 6: Effects of different body weights on fasting heat production in pigs (exp. 2)

Body weight (kg)

Effects 35.6 44.7 53.4 63.9 734 83.3 95.6 SEM p-values
Feeding level before fasting (g day ™) 1425 1705 1999 2377 2724 3093 3426 - -
Respiratory quotient. 0.74 0.73 0.73 0.73 0.74 0.73 0.71 0.003 0.09
FHP (keal day™) 1577 1747 193¢ 2137 2307 251¢¢ 2683 54.000 <0,01
FHP (kcal’kg BW"/day) 222 216 217 217 217 221 218 0.800 0.42
FHP (kcalkg BW™/day) 109 101 e o5 ooet o1+ 8¢ 0.800 <0,01
FHP (kcal’kg BW**/day) 185* 17 177° 176" 175° 177 174 0.700 0.01
FHP (kcalkg BW™* day) 352 358 363% 373+ 380" 392% 395° 0.900 0.09

“Ialues within a row with different letters differ significantly (p<0.05). FHP: Fasting Heat Production

the heat production due to residual digestive and
absorptive processes. When the nutrients mncluding
glucose, fat and protein oxidized m pigs bedy the
respiratory quotient was 1.0, 0.71 and 0.81, respectively
(Brouwer, 1965). Based on the results of exp. 2, the
respiratory quotient ranged from 0.74-0.71 in pigs
weighing 35.6-95.6 kg which confirmed that the energy
was provided with mobilization of body fat and protein
and the heat productions represented the FHP. That was
to say the fast duration in exp. 2 was reasonable.
Considering the mfluence of the plane of nutrition on
FHP (Koong et al, 1982; De Lange et al., 2006), the
feeding level before the fast in the present experiment was
close to ad libifum 1n order to reflect a normal state. The
temperature was controlled at 2441°C for pigs weighing
35.6and 44.7 kg and 2241 °C for pigs weighing 53.4-95.6 kg
which was within the thermoneutral range of fasting pigs
(Close and Mount, 1975; Yang ez al., 1988, NRC, 1998). In
addition, FHP was calculated at 22:00-08:00 in the present
experiment in which the pigs were rest and avoid the
mnpact of physical activity on the heat production
(Van Milgen et al., 1998). The FHP of pigs with different
body weights was shown in Table 6. The respiratory
quotient ranged from 0.74-0.71 and was not different
(p=0.05) m pigs weighing 35.6-95.6 kg. With an increase of
body weight the FHP increased from 1577-2683 keal day .
This result was lower than Van Milgen et al. (1998) and
Noblet et al. (1994a) but consistent with the study from
Tess et al. (1984) as well as Close and Mount (1975). The
present experiment differed from the earlier reports was
due to the pig itself fasting duration nutritional plane
before fast environment conditions and so on which also
mnfluenced the estimate of net energy value of feedstuff.
The FHP was calculated as 220 kcal’kg BW"*/day (R’ =
0.97, p = 0.01) m pigs with body weights from 35.6-95.6 kg
based on a Linear Regression Model. Classically, the FHP
was expressed as per kg metabolic BW"” but some
reports indicate that it was constant per unit of mass
when the exponent was <0.75 with different body weights
(Tess et al., 1984; Van Milgen et al., 1998). Noblet et al.
(1999) reported that when comparing the maintenance

energy expenditure for growing pigs at different body
weights an exponent close to 0.60 was often found.
Tess et al. (1984) calculated that the exponent was about
0.53 and Noblet et al. (1994a) calculated that the exponent
was about 0.42 for pigs weighing between 45 and 150 kg.
Using 0.75, 0.60, 0.55 and 0.42 as the exponent of
metabolic BW, respectively, there was no significant
difference (p=0.05) on FHP in pigs weighing between
35.2-956 kg when the exponent was 0.55 but was
significant different when the exponent was 0.75, 0.60 or
0.42. Tt was indicated that 0.55 as the exponent of
metabolic BW was optimal to estimate the FHP in present
experimental condition.

CONCLUSION

The present study showed a fast of 48 h was
sufficient for 31.1 kg pigs to reach a postabsorptive stable
state while 60 h was sufficient for 50.3 and 89.7 kg pigs.
The FHP was 220 kcalkg BW"*/day for crossbred pigs
(Duroc x large white x landrace) weighing from
35.6-95.6 kg in present experimental conditions.
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