
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=taar20

Journal of Applied Animal Research

ISSN: 0971-2119 (Print) 0974-1844 (Online) Journal homepage: http://www.tandfonline.com/loi/taar20

An Evaluation of Differences in Mean Body Surface
Temperature with Infrared Thermography in
Growing Pigs Fed Different Dietary Energy Intake
and Concentration

J. A. Loughmiller , M. F. Spire , M. D. Tokach , S. S. Dritz , J. L. Nelssen , R. D.
Goodband & S. B. Hogge

To cite this article: J. A. Loughmiller , M. F. Spire , M. D. Tokach , S. S. Dritz , J. L. Nelssen ,
R. D. Goodband & S. B. Hogge (2005) An Evaluation of Differences in Mean Body Surface
Temperature with Infrared Thermography in Growing Pigs Fed Different Dietary Energy Intake and
Concentration, Journal of Applied Animal Research, 28:2, 73-80

To link to this article:  https://doi.org/10.1080/09712119.2005.9706795

Copyright Taylor and Francis Group, LLC

Published online: 14 Nov 2011.

Submit your article to this journal 

Article views: 91

View related articles 

http://www.tandfonline.com/action/journalInformation?journalCode=taar20
http://www.tandfonline.com/loi/taar20
https://doi.org/10.1080/09712119.2005.9706795
http://www.tandfonline.com/action/authorSubmission?journalCode=taar20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=taar20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/09712119.2005.9706795
http://www.tandfonline.com/doi/mlt/10.1080/09712119.2005.9706795


J. Appl. Anim. Res. 28 (2005) : 73-80 

An Evaluation of Differences in Mean Body Surface 
Temperature with Infrared Thermography in Growing Pigs Fed 

Different Dietary Energy Intake and Concentration 

J.A. Loughmillerl, M.F. Spire2, M.D. Tokach', S.S. Dritz2, 
J.L. Nelssenl, R.D. Goodbandl*, S.B. Hogge2 

'Department of Animal Sciences and Industry 

'Food Animal Health and Management Center 
Kansas State University, Manhattan KS-66506-0201, USA 

(Received August 08, 2005; accepted September 2, 2005) 

Abstract 
Loughmiller, J.A., Spire, M.F., Tokach, M.D., Dritz, S.S., Nelssen, J.L., Goodband, R.D. and Hogge, S.B. 
2005. An evaluation of differences in mean body surface temperature with infrared thermography in growing 
pigs fed different dietary energy intake and concentration. J. Appl. Anim. Res., 28: 73-80. 

Eighty pigs were used to determine the relationships among feed intake or diet composition and mean 
body surface temperature (MBST). I n  Exp. 1, 80 castrates (initially 24 kg) were allotted to one of the four 
feed intake levels [1.4x, 2.50x, 3 . 8 ~  and ad libitum or 4 . 7 ~  ME maintenance (MEm)I. Infrared (IR) 
thermographic images were collected at 0700, 1100 and 1900 h on d 4, 5 and 6. Quadratic effects were 
observed for ADG and G IF (P<0.05) and linear effects for ADFI (P<O.01) as ME intake increased. Treatment 
x time interactions were observed for MBST (Pc0.01). The interaction was because MBST increased linearly 
at 0700 and at 1900 h as daily ME intakes increased (P<0.05) but increased quadratically with a plateau 
at 2.5~ MEm at 1100 h (P<0.05). At 0700 h, MBST increased linearly as daily ME intakes increased from 
1 . 5 ~  MEm to ad libitum (P<0.05). I n  Exp. 2, pigs (initially 40 kg) were fed a common diet, and IR images 
were collected daily at 0700 h. Average daily gain was dependent upon changes in  ADFI, mean body 
surface heat loss (MBSL) and the natural log of MBST (?=.38; P<0.01). I n  Exp. 3, pigs (initially 59 kg) 
were allotted to diets containing 11.5, 12.6, 13.6 and 14.6 M J  MElkg. Increasing dietary ME increased 
ADG, GIF, ME intake, MBST and MBSL (linear, P < 0.05). The data indicate that IR thermography can 
detect MBST changes in pigs caused by changes in  dietary intake or energy level. These changes can be 
detected under more variable environmental conditions than those used with a calorimeter and may be 
adapted as a low cost noninvasive tool to categorize factors impacting swine thermoenergetics. 

Key words: Infrared thermography, dietary energy, pigs. 

Introduction 
Recent advances in technology have allowed 

thermography as a diagnostic tool to assess 
animal health (Loughmiller e t  al., 2001). 
R~~~~~ research has indicated that  IR 

Of infrared (IR) thermography can reliably identify pigs 
exhibiting a febrile condition following A. 

Or Pigs with a 
mean body surface temperature (MBST) 

*For correspondence: Tel. 785-532-1228, Fax: 785-532-7059, pzeuropneumonia 
E-mail: goodband@ksu.edu 

73 

J. Appl. Anim. Res. 0971-211912005/$5.00 0 GSP, India. 



74 J.A. Loughmiller and coworkers 

above the group mean (Bossow, 1996; 
Loughmiller et al., 2001). The rise in MBST 
associated with the febrile s ta te  was 
detected by Loughmiller et al .  (2001) in 
comparison to  non challenged controls during 
an  18 h period of feed withdrawal. 
Additionally, Bossow (1996) did not control 
for the effects of feed intake and only 
identified pigs with elevated MBST versus 
the group average. Thus, because adaptive 
responses t o  disease or s t ress  typically 
involve feed intake reductions, it is unknown 
if the elevated MBST associated with the 
febrile condition would mask the relative 
reduction in MBST associated with this feed 
intake reduction in comparison to healthy 
pigs with full feed consumption. 

Additionally, in otherwise healthy pigs, 
different growth rates and changes in feed 
intake, dietary energy content and dietary 
crude protein levels can affect metabolic heat 
production (Sundstol et al., 1979; Close et al., 
1983; Fuller et al., 1987). Therefore, it may be 
possible t o  detect associated differences in 
MBST leading to a calculation of mean body 
surface heat loss (MBSL) and relate them to 
growth performance. This potential use would 
allow researchers the opportunity to develop 
predictive modeling based upon group 
aggregate tissue-accretion curves (Smith et 
al., 1999) and metabolic growth potential. 

Thus, the objective of the current study 
was to evaluate changes in MBST measured 
with infrared thermography associated with 
growth performance in healthy pigs subjected 
to changes in feed intake or dietary nutrient 
profile. 

Materials and Methods 
The Kansas State University Institutional 
Animal Care and Use Committee approved 

' this experimental protocol. Eighty crossbred 
castrates (line 326 x C22, PIC, Franklin EN) 
were used in three consecutive experiments 
with adaptation periods between two 
experiments. The pigs were housed in  
individual pens in an  environmentally 

controlled finishing building with mechanical 
ventilation. Each pen (1.5 m x 1.5 m with 
totally slatted flooring) contained a single- 
hole, dry feeder and a single nipple waterer. 
Pigs were blocked a t  the s ta r t  of each 
experiment by initial weight and allotted to 
dietary treatment. Treatments in Exp. 1 
were based upon feed allowance, but all pigs 
in Exp. 2 and 3 were allowed ad libitum 
consumption of feed and pigs in all 
experiments were allowed ad libitum water 
consumption. 

For each experiment, feed was prepared 
and mixed from common bulk quantities of 
ingredients. Diets were formulated to meet 
or exceed NRC (1998) recommendations with 
the exception of dietary ME (Exp. 3: Table 
1). Total and true digestible nutrient values 
from NRC (1998) were used, allowing similar 
calculated true digestible 1ysine:Mcal ME 
ratios across treatments within Exp. 3. 

Imaging equipment consisted of a high 
resolution, short-wave (3-5 p m ) ,  radiometric 
IR thermal imaging camera (Inframetrics Inc. 
PM-250 Thermacam, N. Billerica, MA). The 
camcra is equipped with a 16Q FOV lens and 
the images are displayed in a focal plane 
array. Images were taken at a distance of 2 
m perpendicular to  the side of each pig while 
it was standing unrestrained in its pen and 
collected on a 10 Mb PCMCIA card for image 
data processing. If a pig was not standing at 
the time it was to be imaged, it was forced 
to rise and the image obtained one minute 
from the time the pig began standing. The 
collected digital images were analyzed by a 
certified technician using analytical software 
(Thermagram@ Pro 95, N. Billerica, MA). 

Mean body surface temperature was 
calculated from an approximately 3,500 pixel 
image of a 15 H x 25 W cm area extending 
anterior to posterior from the middle of the 
scapula to near the midpoint of the rear leg 
and dorsoventral from the point of the 
shoulder to  the olecranon and the tuber coxa 
t o  the stifle of each pig. The area of 
measurement was selected to avoid areas 
with extremes in high surface temperature 
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Table 1 
Diet composition (as fed basis)" 

~ 

Ingredients, g kg-' 

~ 

Experiment 3, M J  ME kg-l of diet Exp. 
1 & 2  11.5 12.6 13.6 14.6 

Maize 
Soya bean meal, 4658 CP kg-' 
Soya bean oil 
Alfalfa meal 
Wheat middlings 
Monocalcium phosphate 
Limestone 
Salt 
Vitamin premixb 
Trace mineral premixc 
Medicationd 
Diet composition, MJ  kg-l" 

Calculated DE 
Calculated ME 
Calculated NE 

Crude protein, g kg-l 
Calculated 
Analyzed 

644.6 
325.3 
- 

- 

- 

11.7 
11.0 
3.5 
2.0 
1.5 
0.5 

14.5 
13.8 
- 

204.8 
213.8 

327.4 
213.9 
- 

309.4 
132.0 

9.9 
- 

3.5 
2.0 
1.5 
0.5 

12.2 
11.5 
7.1 

200.2 
225.1 

502.0 
268.5 
- 

181.0 
25.0 
12.1 
4.0 
3.5 
2.0 
1.5 
0.5 

13.3 
1.2.6 
8.1 

201.3 
228.7 

622.3 
315.9 
- 

33.0 
- 

11.9 
9.5 
3.5 
2.0 
1.5 
0.5 

14.3 
13.6 
9.0 

204.1 
235.8 

564.1 
354.1 
52.0 
- 

- 

11.8 
10.5 
3.5 
2.0 
1.5 
0.5 

15.4 
14.6 
9.8 

211.5 
236.7 

"All diets were formulated to contain 7.5 g Ca kg-' and 6.5 g P kg-'. 
bProvided the following per kilogram of complete diet: vitamin A, 11,023 IU; vitamin D,, 1654 IU; vitamin E, 44 IU; menadione 
(menadione sodium bisulfate complex), 4.4 mg; riboflavin, 9.9 mg; pantothenic acid, 33 mg; niacin, 55 mg; vitamin B,,, 44 mcg. 
'Provided the following per kilogram of complete diet: Mn, 40 mg; Fe, 165 mg; Zn, 165 mg; Cu, 17 mg; I, 298 pg; Se, 298 pg. 

dProvided 44 mg tylosin per kg of complete diet. 
"Calculated values were based on ingredient values suggested by NRC, 1998. 

such as the ham and shoulder region and low 
temperature represented by the extremities 
(Schaefer et al., 1989). The calculation used 
the mean of the pixels in each image, with 
each pixel having a precision of 0.2C. The 
mean temperature for the area was 
calculated to compare changes in MBST as 
affected by experimental treatment.  In  
addition, ambient temperature was collected 
at each sampling time by IR from six high 
emissivity targets (E = 0.97) positioned at pig 
height and equally spaced throughout the 
room. These ambient temperatures were 
used to correct the daily MBST of the pigs 
using an adjustment factor of +- 0.4 per degree 

above or below 20C ambient temperature 
(Loughmiller et al., 2001). In addition, the 
ambient temperatures within each 
experiment were pooled by location across 
day for use as the average absolute radiant 
environmental temperature values t o  
calculate the MBSL. 

The MBST from the defined area 
measured on each pig was used a s  an 
estimate of the average whole body surface 
temperature to calculate the mean body 
surface heat loss (MBSL). Mean body surface 
heat loss from each pig was calculated from 
the equation described by Curtis (1983) as Qr 
= Ar E cr (Ta4 - Ts4), where Qr = radiant heat 
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exchange; Ar = effective radiant surface area 
(Kelley et al., 1973); E = emissivity (assumed 
to be 1.0; Curtis, 1983); CJ = Stefan-Boltzman 
constant; Ta = average radiant ambient 
temperature, K; and Ts = average radiant 
surface temperature, K. 

In Exp. 1, eighty castrates (initially 24 
f 3 kg) were blocked by initial weight and 
allotted to one of four feed intake levels. The 
feed intake levels were based upon the NRC 
(1998) maintenance ME, J calculated as 443.8 
J x BWo75 where BW is in kg. Pigs were 
allowed 1 . 4 ~  ME of maintenance (MEm), 2 . 5 ~  
MEm, 3 . 8 ~  MEm and 4 . 7 ~  MEm (ad libitum 
access). Feed was provided between 0730 and 
0800h. Orts were collected daily t o  
determine net feed intake. Following a 4-d 
adaptation period, IR images were collected 
at 0700, 1100, 1900 h daily on d 5, 6 and 7. 
These image collection times were positioned 
t o  represent the fasting state,  peak of 
digestion and the fed state after completion 
of the major portion of digestion, based on 
the dynamics of the  thermal effects of 
digestion as described by van Milgen and 
Noblet (2000). 

Data were arranged in a randomized 
complete block design. Growth performance 
ANOVA was conducted using a PROC 
MIXED procedure with a Satterthwaite 
error correction (SAS, 1996). For analysis of 
change in MBST and heat loss over time, a 
PROC MIXED procedure with repeated 
measures and a Satterthwaite error 
correction was used (Mead, 1994, Littell et 
al., 1996; SAS, 1996). The repeated measures 
model included the treatment effect (animal 
within treatment variance) and the effects of 
time period (0700, 1100 and 1900 h) and the 
treatment x time period interaction. 

Following Exp. 1, the same 80 castrates 
(initially 40 2 4 kg) were allowed a 5 d period 
of readjustment t o  ad libitum feeding and 
then were allotted randomly based on body 
weight to individual pens. Growth 
performance during the imaging period was 
determined by weighing pigs and feeders on 

d 7 and d 14. Infrared images were collected 
daily at  0700 from d 10 through d 14 using 
the same imaging and analysis procedures 
described earlier. Data were analyzed using 
multiple factors linear regression with a best 
subset backwards factor selection procedure 
of SAS (1996). The log transform as described 
by Meyers (1990) and Myers and Montgomery 
(1995) was used to transform the data and 
bring a constancy of response within the data 
limits. 

In Exp. 3, the same 80 pigs (initially 59 
2 5 kg) were blocked by initial weight and 
assigned within block to one of four dietary 
treatments.  Diets were formulated to 
provide moderately low (11.5 MJ ME kg-l), 
slightly low (12.6 MJ ME kg'), adequate (13.6 
MJ ME kg-I) and moderately excess (14.6 M J  
ME kg-l) levels of daily energy intake based 
upon expected daily feed intake and 
calculated dietary nutrient content using 
nutrient values from the NRC (1998). Pigs 
were allowed to adjust to dietary treatment 
for 14 d and then IR images were taken daily 
at 0700 from d 14 through 20. The MBST and 
MBSL were obtained and calculated in a 
similar manner as in Exp. 1. 

Data from Exp. 3 were analyzed in a 
randomized complete block design. Linear 
and quadratic polynomials (Peterson, 1985) 
were used t o  determine the  effects of 
increasing dietary energy content on growth 
performance, MBST and MBSL. 

Results and Discussion 
In Exp. 1, quadratic effects were observed for 
ADG and G/F (P<O.OOl; Table 2) and linear 
effects for ADFI ( P < O . O O l ) .  These effects 
resulted from the increased growth 
performance and feed intake observed as 
calculated daily ME intake increased from 
1.4 x MEm to ad libitum consumption. A 
treatment x time interaction was observed 
for MBST (P<O.OOl; Fig. 1). This interaction 
resulted from treatment effects differing by 
time period. The MBST increased as daily 
ME intakes increased from 1.4 x MEm to ad 
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Table 2 
Effect of feed intake regimen on growth performance of 24 kg pigs (Exp. 1)" 

Item 
Feed intake level, x MEmb 

SEM 
1.4 2.5 3.8 4.7 

ADG, kgCd 0.37 0.75 0.90 1.07 0.03 
ADFI, kg' 0.47 0.86 1.34 1.64 0.04 
G / F ~ ~  0.79 0.88 0.68 0.65 0.03 

"Eighty pigs (initially 24 
the means of a 5-d growth assay that was concurrent with the temperature collection period reported in Table 3. 
bMetabolizable energy per day for maintenance (MEm) calculated as 443.8 J x BW75 where BW is in kg (NRC, 1998). 
'Linear treatment effect (P<O.OOl ) .  
dQuadratic treatment effect (PcO.05). 

3 kg) were blocked by initial weight and allotted in a randomized complete block design. Results are 

libitum (linear, P<0.05) at  0700 and 1900 h. 
At 1100 h,  while MBST increased in a 
quadratic (P<0.05) manner as  daily T.IE 
intakes increased. Similar results were noted 
for calculations of MBSL. 

a febrile response to  disease (Bossow, 1996; 
Loughmiller et al., 2001). However, these 
studies have either withheld feed during the 
disease challenge or have not controlled for 
differences in MBST due t o  feed intake 

As the pig increases its growth rate and 
feed intake, heat production associated with 
increased digestion and growth processes 
increases the body temperature and the heat 
loss to the surrounding environment (Curtis, 
1983; McCracken and McAllister, 1984; 
Fuller et al., 1987). Although these effects 
are well known, it appears that this research 
is the first evaluating the use of IR to detect 
temperature differences associated primarily 
with feed intake. 

Recent research using IR has focused on 
detecting changes in MBST associated with 

''." 1 Treatment x time, P<O.O1 *700 + 1100 + l90D 

I 4  2 4  3 8  4 7  

Dally feed allowance, xMEm 

Fig. 1: Effects of daily feed allowance on mean body 
surface temperature of 24-kg pigs (Exp. 1). 
Restricted-fed pigs were fed daily a t  0730. 

during a suspected disease challenge. 
Because of this lack of information it is not 
possible to determine if healthy pigs on full 
feed would have thermal profiles similar to 
those of febrile pigs who are not eating. The 
interaction between treatment and time 
period indicates that  the time of scan in 
relation t o  feed intake is important for 
interpretation of the thermographic 
response. I t  remains to  be seen if IR can 
detect differences in MBST of healthy pigs 
uersus febrile pigs when both have ad 
libitum access to feed and water. However, 
this research and that of Loughmiller et al. 
(2000) are the initial steps taken to answer 
this question. 

The growth performance results are 
consistent with previous research evaluating 
the effects of altering feed intake or dietary 
nutrient profile on the growth performance 
of growing pigs. Consistent with our results 
in Exp. 1, reviews of feed intake research 
clearly indicate that as daily energy intake 
decreases below that necessary t o  support 
maximum growth performance, reductions in 
ADG and G/F' occur (NRC, 1987; 1998). Also, 
pigs with ad libitum feed allowance had an 
average intake of 4.7 x MEm. These results 
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are in good agreement with NRC (1998) 
estimates of the ME maintenance 
requirement and the ad libitum intake for 
growing pigs. 

In Exp. 2, a linear relationship was 
observed among ADG and ADFI, natural log 
transformation of MBST and MBSL (P<O.Ol). 
The relationship can be expressed as ADG = 
0.34 x ADFI - 2.64 x In MBST - 58.6 x MBSL 
+ 8.87 (ra = 0.38), where ADG and ADFI are 
in kg, In MBST = natural log transformation 
of MBST in degrees C and MBSL expressed 
as Jh-l. The SE for each parameter estimate 
was 0.083, 1.548, 0.007 and 5.076, and P-value 
was 0.001, 0.09, 0.05 and 0.09 for ADFI, In 
MBST, MBSL and the intercept, respectively. 

The relationship observed among ADG, 
ADFI, natural log of MBST and MBSL is 
consistent with research in pigs and mice to  
evaluate the relationship among metabolic 
heat production, heat loss and growth rate 
(Sundstol et al., 1979; Nielsen et al., 1997). 
Sundstol et al. (1979) indicated that leaner, 
faster growing pigs had higher fasting 
metabolic heat production than fatter, slower 
growing pigs when measured in 
environmentally controlled calorimetry 
chambers. Nielsen et al. (1997) also used 
calorimetry and determined tha t  mice 
selected for high heat loss over 15 
generations were leaner and faster growing 
and ate  more than  their  counterparts 
selected for low heat loss and uriselected 
controls were intermediate between the other 
two groups. Although the results indicate 
tha t  MBST and MBSL can be used in 
predictive equations of ADG, it is important 
to recognize tha t  ADFI had the largest 
influence on the predictive ability of the 
equation. The partial r2 of ADFI alone was 
0.34 and the entire equation r2 was 0.38. This 
effect of ADFI on ADG is consistent with 
previously reviewed research indicating that 
higher rates of tissue accretion stimulate 
higher ADFI (NRC, 1998). Thus, the use of 
these IR techniques to  model ADG based 
upon changes in MBST presently are  

constrained by an accurate determination of 
ADFI. Although limited in scope, the results 
observed in this experiment confirm that  
higher rates of gain in pigs of the same 
genotype are dependent upon increased feed 
intake, and increased body temperature and 
heat loss a re  associated with increased 
metabolic rates of tissue synthesis. 

In Exp. 3 ,  increasing dietary energy 
density from 11.5 MJ ME kg-l to 14.6 M J  ME 
kg-l improved ADG (linear, P<O.OOl) and 
G/F (linear, P<0.05) and tended to affect 
ADFI (quadratic, P<0.08; Table 3). Average 
daily feed intake was lowest for the pigs fed 
11.5 MJ ME kg’ and highest for the pigs fed 
12.6 MJ ME kg-l. Calculated ME intake per 
day also increased as dietary energy density 
increased (linear, P<O.OOl). Additionally, 
MBST and MBSL increased as dietary energy 
density increased from 11.5 MJ ME kg-I to  
14.6 MJ ME kg’ (linear, P<O.OOl). 

The effects of increasing dietary energy 
density were similar to  our results in Exp. 
1, where increased daily feed allowance of a 
common diet resulted in increased MBST and 
the resulting calculation of MBSL. In Exp. 3, 
the increases in MBST and MBSL were 
similar to  those reported by Gurr et al. (1980) 
and Close et al. (1983), which were obtained 
using more controlled environmental 
conditions in calorimetry chambers. Both of 
those studies observed increased rates of 
heat production in growing pigs as dietary 
energy levels increased. This consistency of 
response indicates that energy intake below 
tha t  necessary for the  maximal ra te  of 
protein synthesis (Fuller et al., 1987) 
influences MBSL as calculated from MBST. 

The growth performance responses 
observed in Exp. 3 are also consistent with 
long established theories concerning pig 
feeding behavior and dietary energy density 
(ARC, 1981; NRC, 1987; 1998). Our results 
further corroborate tha t  high fiber, low 
energy diets will reduce feed intake and 
growth performance, but that the pig will 
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Table 3 
Effects of dietary energy regimen on growth performance, mean body surface temperature and mean 

body surface radiant heat loss of 59 kg pigs (Exp. 3)" 

Dietary energy, M J  ME kg lb Probability (P<) 

11.5 12.6 13.6 14.6 SEM linear quad. Item 

ADG, kg 1.07 1.14 1.24 1.28 0.06 0.001 0.76 

GIF 0.37 0.35 0.39 0.41 0.02 0.05 0.39 

Calculated ME 

MBST, c' 32.1 32.5 32.6 32.8 0.16 0.001 0.33 
MBSL, W -78.2 -82.2 -84.9 -87.0 1.3 0.001 0.34 

ADFI, kg 2.92 3.29 3.11 3.13 0.10 0.31 0.08 

intake, M J  d-' 33.6 41.5 42.3 45.7 0.33 0.001 0.12 

"Eighty pigs (initially 59 r 5 kg) were blocked by initial weight and allotted in a randomized complete block design. 
bIngredient values suggested by NRC (1998) were used to  calculate dietary ME content. 
'Initial BW was used as a covariate in this analysis. 

adjust its daily feed intake to compensate for 
moderate differences in dietary energy 
content (NRC, 1987). This regulation of feed 
intake relative to dietary energy density is 
apparent from the increased feed intake of 
the pigs fed 12.6 uersus pigs fed 13.6 or 14.6 
MJ ME kgl. Additionally, pigs did not reduce 
their feed intake as dietary energy increased 
above 13.6 MJ ME kg-l. Thus, the higher 
energy supported higher ADG, leading to  
higher G/F uersus the pigs fed lower energy 
diets. 

I t  may be concluded tha t  infrared 
thermography can be used t o  detect 
differences among individual pigs in mean 
body surface temperature associated with 
feed intake, growth rate and dietary energy 
content in more variable environmental 
conditions than those used with calorimetry. 
Development of infrared thermography 
applications in swine research and 
production may allow direct estimates of 
changes in swine thermoenergetics in 
response to treatment or environment. These 
direct estimates may be useful information 
in traditional growth assays, growth 
modeling and commercial production 
situations. 

Acknowledgements 
Contribution No. 00-476-5 of the Kansas 
Agric. Exp. Station, Manhat tan 66506. 
Appreciation is expressed to Brad James, 
Terry Gugle, Mark Nelson, Lyle Figge, Sam 
Hanni, Alex Moser and Jason Sawyer for 
their technical assistance in completing this 
experiment. 

References 
AOAC. 1990. Official Methods of Analysis (15th Ed.). 

Association of Official Analytical Chemists, 
Arlington, VA. 

ARC. 1981. The Nutrient Requirements of Pigs. Agricultural 
Research Council. Commonwealth Agricultural 
Bureau, Slough, UK. 

Bossow, H. 1996. Infrared thermography: a suitable 
method for the location of animals with increased 
body temperature. In: Proc. 14th Ann. Internat. Pig 
Vet. Soc. Cong., Bologna, Italy. pp. 552. 

Close, W.H., Berschauer, F. and Heavens, R.P. 1983. The 
influence of protein:energy value of the ration and 
level of feed intake on the energy and nitrogen 
metabolism of the growing pig. Brit. J. Nutr., 49: 

Curtis, S.E. 1983. Environmental Management in Animal 
Agriculture. Iowa State University. Press, h e s ,  IA. 

Fuller, M.F., Cadenhead, A., Mollison, G. and Seve, B. 
1987. Effects of the amount and quality of dietary 

255-269. 



80 J.A. Loughmiller and coworkers 

protein on nitrogen metabolism and heat production 
in growing pigs. Brit. J. Nutr., 58: 277-285. 

Gurr, M.I., Mawson, R., Rothwell, N.J. and Stock, M.J. 
1980. Effects of manipulating dietary protein and 
energy intake on energy balance and thermogenesis 
in the pig. J .  Nutr., 110: 532-542. 

Kelley, K.W., Curtis, S.E., Marzan, G.R., Karara, H.M. and 
Anderson, C.R. 1973. Body surface area of female 
swine. J .  Anim. Sci., 36: 927-930. 

Littell, R.C., Milliken, G.A., Stroup, W.W. and Wolfinger, 
R.D. 1996. SAS” System for Mixed Models. SAS 
Institute Inc., Cary, NC. 

Loughmiller, J.A., Spire, M.F., Dritz, S.S., Fenwick, B.W., 
Hosni, M.H. a n d  Hogge, S.B. 2001. Inf ra red  
thermography of mean body surface temperature in 
relation to ambient temperature and following a n  
acute Actinobacillus pleuropneumoniae infection in 
growing pigs. Am. J. Vet. Res., 62: 676-681. 

McCracken, K.J.  a n d  McAllister, A. 1984. Energy 
metabolism and body composition of young pigs 
given low-protein diets. Brit. J .  Nutr., 51: 225-234. 

Mead, R. 1994. The Design of Experiments. Cambridge 
University Press, New York. NY. 

Myers, R.H. 1990. Classical and Modern Regression with 
Applications (2nd Ed.). Duxbury Press, Belmont, CA. 

Meyers, R.H. and Montgomery, D.C. 1995. Response 
Surface Methodology. John Wiley & Sons, Inc. New 
York, NY. 

Nielsen, M.K., Freking, B.A., Jones, L.D., Nelson, S.M., 
Vorders t rasse ,  T.L. a n d  Hussey, B.A. 1997. 
Divergent selection for heat loss i n  mice: 11. 
Correlated responses in feed intake, body mass, 
body composition, and number born through fifteen 
generations. J. Anim. Sci., 75: 1469-1476. 

NRC. 1987, Predicting Feed Intake of Food-producing 
Animals. National Academy Press, Washington, 
DC. 

NRC. 1998. Nutrient Requirements of Swine (10th Ed.) 
National Academy Press, Washington, DC. 

Peterson, R.G. 1985. Design and Analysis of Experiments. 
Marcel Dekker, New York, NY. 

SAS. 1996. S A S I S T A P  User’s Guide (Release 6.12 Ed.). 
SAS Inst. Inc., Cary, NC. 

Schaefer, A.L., Jones, S.D.M., Murray, A.C., Sather, A.P. 
and Tong, A.K.W. 1989. Infrared thermography of 
pigs with known genotypes for stress susceptibility 
in relation to pork quality. Can. J. Anim. Sci., 69: 
491-495. 

Smith 11, J.W., Tokach, M.D., Schinkel, A.P., Dritz, S.S., 
Einstein, M., Nelssen, J.L. and Goodband, R.D. 1999. 

Developing farm-specific lysine requirements using 
accretion curves: data collection procedures and 
techniques. Swine Health Prod., 7: 277-282. 

Sundstol, F., Standal, N. and Vangen, 0. 1979. Energy 
metabolism in lines of pigs selected for thickness of 
backfat and rate of gain. Acta Agri. Scand., 29: 337- 
345. 

van Milgen, J. and Noblet, J. 2000. Modelling energy 
expenditure in pigs. In: J.P. McNamara, J. France 
and D.E. Beever (ed.) Modelling Nutrient Utilization 
in Farm Animals. CAB International, Oxon, p. 103- 
114. 

3 . Y .  Fl-FFrm, W.W. m, y4.8. h, w.w. m, 3.w. *, m.3. JJ*, w.8. &TI m 
cm5rt-h 3dm 3R m%m s m & d  

@T 4 ?* m & * m 4 w 
?Fi lW5WP&Wmi r * I  

m ti Tm m m % f?R 80 @ J;I ;m;rm fMT Wl 

mF.T$l d (m)) x m R;sr TI1 N?l7 % 48, 

ail1 mTddmti@%f;TITeT*%Om* 
dk ?I& Pm $3 : q m4FT qm7 4 f&nW JTm &i 
*%mPTmti*ITFlpflJgTgTm1 *?m 
m m m ~ x m t i ~ R ; s r s r i i t ~ l  rn 

wm !Tm wm m $7 7mTI % ?rn m ii; 4m 

ITW T%FI ti 80 d@Tl@ (24 m) .h W ?R % m 
‘V3T ( F I S T :  1.4x, 2.5x, 3 . 8 ~  dl7 t$% 41 4 . 7 ~  f%k $J 

5%&&f?7700, I l 0 0 & 1 9 0 0 $ i ~ ~ ~  

d W%* % 0700 & 1900 * k &fRl ?lF%% 

$5 4 1100 $5 m 2 . 5 ~  bT5 d ti 3ki7 ;rft ml 5if?i% 
1 . 5 ~  f%E5 k d 8 0700 & % 8 &fRl ?lF%% 
M m % ?f@fj @ GI 8 T8PI @ (40 h) 4 
!d@J 0700 $5 k SFRW ?DT?iFI% m m  TkE R;4[ W1 

m m 4 ~ % $ 3 % m m R ; s r & , q m  

4km % m 9m, 4I-m ?* m m & dk * ?* m m fb m m  m m * ?& rn 
@ R* Wfl T$tl dkk T@Fl ti @ $I 11.5, 12.6, 13.6 

dk 14.6 h‘QTT5m m v d  smrh m m % &  
b W l  c m & T d d k h o m * , m @ :  
q qwi, rn *, 4I-m ?* m mm4 &i 
? m m a m & t i ~ R @ l  sl l%a%wm%Rj 

m “;[PI 3P-m smrffrl d ?R ti bm;n k &Rl ?m 
mm*mT&Fr%m&m3l gm$T 
?j?n-mR 4 rn rn mm 4 i;?lI ti Sm h 4l m f 
dk VTijT m @ % m - d  .h ITm 333 d rn 3j 
*-Q PJ; GTf3 rn f%&l* 4 m R;sr 4l m $1 


