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ABSTRACT 

Two experiments , in which energy and p ro tein me tabolism and 

g rowth were measured , investigated the effects of infe c t ion with the 

nodular wo rm Oesophagos tomum dentatum on growing pigs . 

In the first experimen t ,  e ight gilts were randomly assigned to 

one o f  two infection t reatments ( infected o r  uninfec ted) . Each 

infection t reatment was then randomly ass igned to one o f  two planes o f  

nut rition (high-plane o r  low-plane) . Those being infected were dosed 

o rally at 20 kg l iveweight with 80 ,000 O . dentatum thi rd s tage larvae . 

Energy and nitro gen balances were  repeated  serially three times on 

each anima l . Two open-circuit calorime ters were use d ,  wi th the 

different treatments b eing dis t r ib uted equally to each o f  these . 

O . dentatum eggs appeared in the faeces 1 9 -2 6 days after  

adminis t ration o f  the larval dos e ,  increased to a maximum concentration 

ranging between 4 ,4 75 and 1 8,2 75 eggs per gram (epg) faeces after 7 

weeks and fell to concentrations ranging between 250 and 1 1,775 epg 

faeces at slaughter . Al l  uninfected animals remained wo rm-free . 

Heat p roduction (HP) and metabol izable  energy intake (ME) were 

. 1 1 . h 0.66 ( 0.66) propo r t 1ona to ivewe1g t LW . Therefore Lw0 ·66 was used 

as the b ase to reduce variab il i ty in the data caused by variation in 

l iveweigh t  (LW) .  

The re were no significant differences between infec ted and 

unin fected pigs fo r intake , digestib ility , metabolizab i lity o r  

re tention o f  energy and nitro gen . 

i 

Reg ression analyses o f  ER vs ME allowed ME required for maintenance 

(ME ) and the e fficiency o f  utilization o f  ME for growth (k ) to b e  m g 



ii  

calculated . The pooled value for ME was 0 69 MJ k -0 ·66 d - 1 
m 

• • g . ay o r  

-0 .75 - 1 0.49 MJ .kg . day . 

The pooled value for k was 0 .54 ( calcul a ted on the bas is o f  
g 

0 66 - 1 -0 7 5 - 1 MJ . kg-
· . day ) o r  0.56 ( caluclated on the basis of  MJ . kg · . day ) .  

Th ere were no significant dif ferences between t reatments for  e i ther 

ME or k . 
m g 

In the second experiment , twenty-eight boars and gilts were 

ass igned to one of two infection treatments ( infected or uninfected) . 

Thos e b eing infec ted were dosed at 20 kg liveweight with 80 ,000 

O . dentatum third s tage larvae . All pigs were individual ly fed once 

daily on the same feeding scale . They were weighed weekly and 

s laughtered at app roximately 80 kg l iveweigh t and the diges tive tracts 

r ecovered . 

O . dentatum eggs appeared in the faeces at approximately 3 weeks 

pos t-inf ec tion , ros e to a maximum concentration ranging b e tween 2,825 

and 3 6,250 ( average 1 9 ,90 7) epg faeces at 6- 13 weeks and then decl ined 

to between SO and 25,825 (average 1 1 ,0 60 ) epg fresh faeces at s laugh ter . 

All uninfected animals remained eg&--f.ree :· 

Average worm numbers recovered after slaughter were 4,255 per p i g  

f rom infected animals . No worms were recovered from uninfec ted pigs . 

No differences were found b e tween infected and uninfected pigs 

for growth or carcass characteristics . 



ACKNOWLEDGEMENTS 

I would l ike to thank my supe rviso rs , Dr . G .W .  Ho lmes and 

Dr . W . C .  Smith , for guidance and encouragement during the course 

of this s tudy . The inte res t in the work on paras itology by 

Dr . W . A . G . Charles ton was also much appreciated . 

I am indeb ted to Dr . R .  Ande rson ,  Dr . R .  Towns ley and 

Mr. S . N .  McCutcheon for helpful dis c uss ions on the s tatist ical 

analyses use d . The cooperation o f  the s taff at the Anima l  

Physio logy Uni t  and the Massey Piggery during the experimental work 

is grateful ly acknowledged , particularly the skilful technical 

assistance o f  Mrs . Y .  Mbore . I would also like to thank friends 

and colleagues for useful and encouraging discuss ions . 

My husband Bob , who patiently and cheerfully gave suppo r t ,  

dese rves special mention . The assistance o f  Mrs . D .  Syers , who 

typed the manuscript is  greatly apprecia ted . 

This wo rk was partially suppo rted by a Pork Indus t ry Counc i l  

S cho larship , and this ass is tance i s  gra tefu lly acknowledged . 

iii 



TABLE OF CONTENTS 

ABSTRACT . . . . 

ACKNOWLEDGEMENTS . 

TABLE OF CONTENTS 

LIST OF FIGURES 

LIST OF TABLES . . . . . . 

CHAPTER 1 

Literature Review 

Energy metabolism and nutrition 
of the growing pig . 

1 . 1  The metabolizable  energy syst em 

1 . 2 The partition o f  food energy . 

1 . 3  The us e o f  dietary energy . . .  

1 . 4 Energy requirements fo r maintenance 

1 . 4 . 1  

1 . 4 . 2  

1 . 4 . 3  

Metho ds of  es timat ing ME requirements m 
Factors which exert  maj o r  influences on ME m 
Est imates o f  the maintenance requirement 
for energy from experimental results 

1 . 5  Energy requirements fo r growth 

1 . 5 . 1  The partition of me tabolizab le energy 
from b irth to slaughter  . . . 

1 .  5 .  2 The energetic e fficiency o f  growth 

1 .  5 .  3 The energetic efficiency o f  fat depositio n  

1 . 5  .4 The energetic e fficiency o f  p rotein depos it ion . 

1 . 5  . 5  Protein and energy interrelationships . . . 

The Nodula r  Worm Oesophagostomum dentatum 

Introduction 1 . 6 . 1  

1 . 6 . 2 

1 . 6 . 3  

1 . 6 .4 

Distribution of  the genus Oesophagos tomum . 

P revalence of  Oesophagostomes 

Identi fication and l ife cycle 

. . 

Page 

i 

iii 

iv 

vii 

ix 

1 

1 

2 

5 

10 

1 1  

2 3  

2 7  

29  

34 

38 

4 2  

44 

55  

58  

59  

6 1  

6 3  

iv 



1 .6 .5 

1 .6 .6 

1 .6 .  7 

1 .6 .8 

Pathogenesis and pathology o f  infection 

Transmission . 

E f fects on pig health and production 

Diagnosis_and contro l  

CHAPTER 2 

Mate rials and Methods . . . . 

Experiment 1: Energy and nitro gen met abolism 

2 .1 Plan of  experiment 

2 .2 Animals 

2 .3 Preparation of  larval cul tures and 
infection of p igs 

2 .4 Hous ing • 

2 .5 Feeding and management  o f  the pigs 

2 .6 Allocation to calorimeters 

2 .7 Calo rimet ry and balance metho d 

2 .8 Collection of  faeces and urine 

2 .9 Analytical techniques 

2 .10 Exsheathment work with O . dentatum 

2 .11 Faecal egg counts 

2 .12 Statis t ical analysis . . .  

Experiment 2: Pig perfo rmance ,  s laughter and 
carcass characteris tics  

2 .13 Plan o f  experiment 

2 .14 Animals and housing . 

2 .15 Feeding and management o f  the p igs 

2 .16 Recovery o f  worms . . . 

2 .17 S tatistical analysis 

Page 

63 

65 

67 

71 

75 

75 

75 

76 

79 

80 

80 

81 

85 

86 

88 

88 

89 

91 

91 

92 

92 

93 

V 



Res ul ts . 

3 .1 

CHAPTER 3 

Experiment 1 

3.1.1 

3.1.2 

3.1. 3 

3.1.4 

3.1.5 

3.1 .6 

3.1 . 7 

3 .1 .8 

Pig health and liveweight 

The relationship between l iveweight and 
various measurements o f  metabolism 

Comparative data for infected 
and uninfected pigs . . . . . •  

The utilization o f  metabolizab le energy 

Energy retention . • 

Nitrogen metabolism 

Faecal cons is tency . 

The inves tigation o f  energy and nitrogen 
me tabolism by regress ion 

3 .2 Experiment 2 . . .  

Discuss ion 

3.2.1 

3.2.2 

P ig health 

Comparative data for infe cted 
and uninfected pigs . . . . . 

CHAPTER 4 

4 .1 The pattern o f  infection with O . dentatum 

4.2 The relatio nship between livewe ight and vario us 
measurement s  o f  metabolism in experiment 1 . • 

4.3 The cons equences o f  infection with O . dentatum 

4.4 The use of dietary energy 

4.5 The consequences o f  difference in p lane 

vi 

P�ge 

94 

94 

94 

98 

101 

106 

106 

106 

106 

111 

118 

118 

118 

123 

1 23 

. . 12 7 

• 129 

• . 136 

of  nutritio n  . . • • . • • • . • . . . . . . . . 139 

CONCLUSION 142 

B IBLIOGRAPHY • 143 

APPENDICES • • • 158 

ADDENDUM • •  176 



Fig ure 

1 . 1 

1 . 2  

1 . 3  

1 . 4  

1 . 5  

1 . 6 

1 . 7  

1 . 8  

1 . 9  

LIST OF FIGURES 

CHAPTER 1 

The partition o f  food energy in the animal 

Relationship b e tween hea t  p roduction 
and metabolizab le energy intake • . • 

Utilization o f  ME by the animal . . . . .  . 

Rates o f  fas t ing heat loss (MJ/kg0•7 5
/ day) 

for pigs maintained at various environmental 
temp eratures (O) taken from several authors 

Maintenance requrement (metabolizab l e  energy) . 

Maintenance requriements (ME) of  growing pigs 

Energy b alance of  a growing pig ( liveweight 
60 kg , daily gain 0 . 6 5  kg) • . . . • .  

Partition o f  cumula tive metabol izab le 
energy during growth between heat loss 
and the accre t ion o f  p ro tein and lipid 

Partition of metabolizable energy a t  
dif ferent rates o f  daily intake fo r 
a p ig o f  liveweight 60 kg . . . . . 

1 . 10 Fac tors affect ing the e f ficiency o f  
utilization o f  metabolizable  energy (ME) 

1 . 1 1 

1.12  

1 . 1 3 

fo r growth . 

Ret ention o f  p ro tein and fat in response 
to increasing energy supply . • . • 

Rate o f  pro te in growth as related to 
mature pro te in mass • • • 

Daily pro te in retention in relation 

vii 

Page 

4 

6 

1 2  

16 

1 8  

30 

32 

35 

37 

39 

4 7  

5 3  

to liveweight . • . . . • . . • . • • . • • . . . . . . . 54  

2 . 1  

2 . 2 

2 . 3  

CHAPTER 2 

0. den ta tum culture medium ar.c' harve s ted larvae . . 

Baermann technique for  harves t ing larvae 

Infective third-st age l arvae f rom cultures 
o f  O . dentatum used for infec ting p igs . • • 

7 7  

7 7  

78  



Figure 

3 . 1 

3 . 2 

3 . 3 

3 . 4a 

3 . 4b 

The relationship b e tween log1 0  heat 
p ro duct ion ( MJ . day- 1) and log

10 l iveweight (kg)  • . . . . • . • . . 

Graph o f  heat p roduct ion vs metabolizable 
energy intake for  infec ted and uninfected pigs 

Graph o f  energy re tained vs metabolizable 
energy intake for infec ted and uninfec ted pigs 

O . dentatum egg numbers vs days post-infection 
fo r infected pigs in Experiment 1 (Block I )  . 

O . dentatum egg numbers vs days pos t-infection 
for infected p igs in Experiment 1 (Block II)  

viii  

Page 

100 

1 1 3  

1 1 4  

96 

9 7  



Table 

1. 1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

1.10 

1. 11 

1.12 

LIST OF TABLES 

CHAPTER 1. 

Values for the fasting heat losses for the pig 
maintained at various environmental temperatures, 
measured under different conditions • • . . •  

Changes in exponential function (Wn) with a 
change in bodyweight (W) • • • • . . • . . . 

Heat production, under themoneutral conditions, 
of pigs at several liveweights and fed on 
different amounts of energy . . . . 

Comparison of results predicted from the model shown 
in Figure 1.9 and actual results calculated from 
the data of Fuller and Boyne (1971a;b) . • • • . . • •  

The partial efficiency of retention (k) over several 
ranges of metabolizable energy (ME) intake at 
environmental temperatures equivalent to 12 .5, 22 .5 
and 3 0 ° . . . . . . . . . . . . . . . . . . 

Results of regression analyses of energy retained1 (ER) on metabolizable energy (ME1) (MJ .kgO. 75day- ) .  

Estimates of the energetic efficiencies of protein 
(k ) and fat (kf) synthesis in the pig, compiled 
fr8m various sources . . .  · . · . · • · · • · · 

Metabolizable energy expended in fat deposition 
found from energy balance experiments • . • 

Estimates of the energetic efficiencies of 
protein (k ) and fat (kf) synthesis in the pig, 
compiled f?om various sources • . . • • • •  

An estimate of the cost of protein deposition 
(from biochemical deductions) . • . • • • • • • 

Estimates of the energy cost of crude protein 
deposition in growing animals • • . • • •  

Metabolizable energy expended in protein 
deposition found from energy balance experiments 

ix 

Page 

15 

24 

2 8  

3 8  

4 1  

4 1  

42 

43 

44 

4 8  

49 

50 



Table  

1 . 1 3  

1 . 14 

1 . 1 5 

2 . 1 

3 . 1 

3 .  2 a  

Oesophagostomum species in the pig 

Recorded cases o f  0 .  dentatum . .  

Efficacy o f  various anthelmintics on immature 
and adult Oesophagos tomum in different clas ses 
0 f pig . . . . . . . . . . • . . . . . . . . 

CHAPTER 2 .  

Page 

60 

6 1 

74 

Sequence o f  events fo r calorimet ry trial . . . . . . . . 82 

CHAPTER 3 .  

Mean liveweight o f  p igs o n  each treatment in 
experiment 1 .  • . . . . . . . . 

Regress ion coefficients  calculated by regress ion 
analysis of log 1 0  heat pro duct ion (HP , dependent 
variab le , MJ . day-1 ) on log 1 0  livewe ight (LW ,  
independent variable , kg) . . . . . . . . . . . . 

9 5  

9 9  

3. 3a Regression coefficien t s  calculated by regress ion 
analysis of log 10 nitrogen intake (NI , gms . day- 1 ) 
on log 10 l iveweight (LW , kg) . . . . . . . . . . . . . . .  102  

3 . 4a Regress ion coefficients cal culated by regress ion 
analysis o f  log 10 me tabolizab le energy intake 
( ME , MJ . day- 1) on log 10 liveweight (LW ,  kg) . . . . . .  103  

3 . 6 a Mean values o f  energy me tabol ism for pigs in 
experiment  1 (MJ . kg-0 . 66 . day-1 ) .  . . . . 104 

3 .  7a Mean values of nitrogen metabo lism perfo rmance 

3 . 8a 

3 . 9a 

3 . 10a 

3 . 1 1  

3 . 1 2  

fo r pigs in experimen t  1 .  . . . . . . . . . . . . . . .  105 

Mean values of several measurements of ene rgy 
metabolism (MJ . kg-0 .66 . day- 1 ) .  . . . . .  1 0 7  

Mean values o f  severa l  measurements o f  energy 
retained (MJ . kg-0 . 66 . day- 1) . • . •  . • . . • . 108  

Mean values of  several measurements o f  
nitrogen metabolism ( gms . kg-0 . 66 . day-1 ) 109 

Consistency o f  faeces from infected and 
uninfected pigs (�ean scores) • • . • . • . . • . . 1 10 

Results o f  regress ion analysis o f  heat 
production ( HP ,  MJ . kg-0 . 66 . day-l) on.metabolizable 
energy intake (ME, MJ . kg-0 .66 . day- 1 

• • • • • • • • 1 12 

X 



Table 

3.13 

3. 14 

3. 1 5  

3. 1 6a 

3. 1 7a 

3.1 8a 

xi 

Page 

Results of regression analysis of energy retained 
(ER, MJ.kg- 0. 6.d�- 1) on metabolizable energy 
intake (ME, MJ.kg .66.day- 1) . . ........... 11 2  

Results of regression analysis of energy 
retained as fat (ERF, MJ.kg-0.66.day- 1) on 
metabolizable energy intake (ME, MJ.kg:... 0.66.day- 1) ... 1 1 5  

Results ?f regression �at6sis �f energy retained 
as prote1n (ERP, MJ.kg · .day ) on metabolizable 
energy intake (ME , MJ.kg-0.66.day- 1) . . . . . • . . . .  1 1 5 

Regression coefficients calculated by regression 
analysis of energy retained as protein (ERP, MJ. 
kg- 0.66.day- 1) on nitrogen intake (NI, gms. 
kg- 0.66. day- 1). • . . . . . . . . . . . . . . . .. 11 6 

Multiple regression equations relating energy 
retained (ER, MJ.kg- 0.66.day- 1) to metabolizable 
energy intake {ME ,  MJ.kg- 0.66.day- 1) and nitrogen 
intake (NI , MJ.kg- 0.66.day- 1) ............ . 1 1 7  

Multiple regression equations relating 
metabolizable energy intake (ME, MJ.kg- 0.66.day- 1) 
to energy retained as fat (ERF) MJ.kg- 0.66.day- 1) 
and as protein (ERP, MJ.kg- 0.6°.day-l ) . . . . . 11 9  

3. 1 9 Mean values of liveweight gain for pigs on each 

3.20 

4.1 

4.2 

4.3 

4.4 

treatment in experiment 1. . . . . . . . . . . . 1 20 

Mean values for performance, carcass quality 
and worm numbers for pigs in experiment 2 . . 

CHAPTER 4 

Mean performance of group fed infected and 
uninfected pigs • . • . . . . . . . . . . 

Exponential functions which reduce variation in 
data caused by liveweight differences .. 

Estimates of th.e daily ME requirements of pigs 
for maintenance . . . . . . 

Multiple regression equations for data 

1 2 1 

125 

128 

13 7 

pooled from measurements at 3 0, 50 and 90 kg LW • . • . 140 



xii 

Tab le Page 

APPENDIX 1 

Composition (percentage by weight)  and 
calcula ted analys is o f  the grower diet . . . . . . . . . 1 58 

APPENDIX 2 

Feeding scales . . . . . . . . . . . . . . . . . . . . . 1 60 

3 . 2b 

3 .  3b 

APPENDIX 3 

Calculation o f  heat pro duc tion f rom raw 
calorimet ric data . . . . . . . . . . . 

APPENDIX 4 

Tes t o f  homogeneity o f  the within-class 
( infection t reatment , p lane of nutrition) 
regression o f  log 10 heat p ro duction (HP , 
MJ . day- 1 ) on log 1 0  l iveweight (LW ,  kg) . 

Tes t  o f  homo geneity o f  the within-class 
( infection tre atment , plane of nutrition) 
regression o f  log 10 nitro gen intake (NI , gms . 
day-1 ) on log1 0  liveweight (LW ,  kg) . . . .  

3 . 4b Test o f  the homogeneity o f  the within-class 
( infec tion t reatment , plane of nutrition) 
regression o f  log 10 metabolizable  energy intake 

1 6 1  

1 64 

165  

(ME, MJ . day-1 ) on log 1 0  l iveweight (LW ,  kg) . . . . . . .  166  

3 . 5  Test o f  homogene ity o f  the wi thin-c lass 
( infection treatmen t ,  plane of nutrition) 
regression o f  log 10 energy retained (ER, 
MJ . day-1 ) on log 10 liveweight ( LW ,  kg) . . . . . . • . .  167  

3 . 6b Mean values o f  energy metabo lism for pigs 
in experimen t  1 (MJ . kg-0 . 75 . day-1 ) . . • . . . .  1 6 8  

3 . 7b Mean values o f  ni trogen metabolism for pigs 
in experiment  1 ( g . kg-0 . 75 . day- 1 ) • • . . . .  169 

3 . 8b Mean values o f  several measurement s  o f  

3 . 9b 

3.1 0b 

energy met abo lism (MJ . kg-0 . 75 . day- 1 ) . . . . . . . . . .  1 6 9  

Mean values o f  several measurement s  o f  
energy retained (MJ .kg-0 . 75 . day- 1 ) . . • . • • . . • • •  1 70 

Mean values o f  several measurement s  of  
n i trogen metabolism ( g . kg-0 . 75 . day- 1 ) . . . • . . . • •  1 7 1 



Table 

3.1 6b 

3.1 7b 

3.18b 

Test of homogeneity of the within-class 
�nfection treatment, plane of nutrition) 
regression of energy retained as protein 
(ERP ,  MJ.kg-0.66.day- 1) on nitrogen 
intake (NI , gms.kg-0. 66.day- 1) . .... 

Multiple regression equatio8s 5elating 
energy retained (ER ,  MJ.kg- ·7 .day- 1) to 
metabolizable energy intake (ME , MJ.kg-0.75 

_1 day- 1) and nitrogen intake ( NI , MJ.kg-0.75 . day ) 

Multiple regression equations relating 
metabolizable energy intake ( ME ,  MJ.kg-0.75, 
da�0 1 75to energy retained as fat (ERF , MJ .  _1 kg · .day- 1) and as protein (ERP , MJ.kg-0.7�day ). 

APPENDIX 5 

Maximum faecal egg counts (epg) and 
estimated total worm numbers recovered 
from pigs in experiment 2 . . . . . . . 

xiii 

Page 

1 72 

1 73 

1 74 

1 75 



/ 

CHAPTER ONE 



LITERATURE REVIEW 

Energy Metabolism and Nutri tion 

of the Growing Pig 

1 . 1  A Sys tem for Des cr ib ing the Energy Requirements o f  Pigs : 

The Metabolizable Energy Sys tem 

The pract i ca l  obj ective o f  any energy sys t em  is to make i t  

possib l e  t o  firs t ly ,  p redi ct the performances o f  animals from an 

unders tanding o f  the foods , secondly , to formulate rat ions to support 

a given level of p er formance and thirdly , t o  enable the relat ive 

values o f  feeds tuff s  for a given purpose to b e  a ccurately assessed . 

A satisfactory sys t em must take into account :  

1 .  The large variety o f  ingredients available 

2. The e f f e ct of various comb inat ions o f  thes e 

ingredien ts together with the l evel of  feeding 

3 .  Variations in the enviro nment 

4 .  Differences in the productive cap a cities o f  the anima ls . 

The Metab o l izable Energy (M . E . )  sys tem ,  whi ch has recently had 

considerable supp o r t  in both pig and poul try nutrition and whi ch has now 

b een adopted by the ARC for cat t l e ,  is a dis tinct improvement o n  S tarch 

Equivalent (S . E . )  o r  To tal Diges tib le Nitrogen (TDN) in that i t  allows 

1 

the different e f f i ciencies with which energy is used for the various 

aspects of  product ion (e . g . , g rowth , la ctation , p regnancy) to b e  a ccounted 

for  (Filmer and Curran , 19 7 7) . 



In  cal culating M . E . , the amount o f  energy lost in the urine is 

deducted from the Diges tib le Energy (D . E . ) .  It  is important  to take 

the p ro tein relationsh ips into a ccount and to cal culate  the M . E .  o f  the 

diet from a knowledge of the D . E .  intake and the p ro tein deaminated . 

M . E .  values o f  raw materials are thus no t s tr i ctly additive ( fa ctorial) 

when foods are comb ined into a diet because urinary losses vary with 

nutrient balance ,  l evel of  feeding and the s tage of  growth and gene t i c  

potential o f  the p ig ( Cramp ton et al . ,  1 9 5 7) . 

Morgan et al . ( 1 9 75a ; 1 9 75b) determined D . E .  and M . E .  for a range 

2 

of  feeds tuf fs . They concluded that adoptio n  of a nitrogen-correct ed M . E .  

sys tem was p referab l e  to the use o f  D . E .  for  all classes o f  l ives to ck .  

1 . 2  The Partition o f  Food Energy 

The g rowing pig requires the energy-yielding components o f  its  

diet  fo r many purposes . Under normal cir cums tan ces the p ro teins , 

l ipids and fats whi ch are diges ted and absorb ed are us ed as the 

primary units of a wide range of me tabol i c  p ro cesses . Exp ressing the 

Gross  Energy ( G . E . )  released on combus tion in kilo joules per gram g ives 

the maximal energy value for any die tary cons tituent but this is no t 

a satis fa ctory means for des cr ib ing the nutritive value of  diets used 

in p ra ctice (see Fig . 1 . 1 ) . The majo r  dis crepan cy b e tween G . E .  and the 

energy which is useful to the pig is the energy whi ch is los t  in fae ces 

( F . E . ) .  Not all F . E .  is feed residue , since endogenous secretions such 

as diges tive j ui ces are not perf e ctly reab s o rbed . Fo r this reason , 

(G . E .  - F . E . )  is o f t en referred to as apparently diges ted energy , s ince 

t rue diges tib il i ty i mplies a corre ct ion for material o f  endogenous 

o rigins . Apparen t ly digested energy ( D. E . )  can be determined relatively 

s imp ly by d ige stib i l i ty trials and comprehensive tables g iving values 



of  D . E .  for a wide range o f  feed cons tituents a re available , e . g . , 

McDonald et  al . ( 1 9 7 3) , N . R . C .  ( 1 96 8) , ARC ( 1 9 6 7) . There is a 

con tinuing debate as to whether o r  not additional refinements o f  D . E .  

are useful in fo rmulat ing foods for pigs ( Fowler , 19 78) . Values o f  

D . E .  t ake no account o f  urinary losses o f  energy aris ing f rom diges ted 

p ro t ein whi ch is s ub sequent ly deaminat ed and o f  the nitrogenous fract ion 

used in the synthes is o f  urea . A fract ion o f  the diges ted dietary 

energy not availab le t o  the animal is contained both in the urine and 

in the combus tible  gases which aris e from bacterial fermentation in 

the h indgut . Sub t ract ion o f  these losses f rom D . E . g ives Metaboli zab l e  

Energy ( M. E . ) . The con cept o f  M . E .  des cribes the partition o f  M . E . , 

the energy which is available  fo r partition among dif ferent metab o l i c  

pro cesses . For the p ig , the co llection o f  urine quantitatively 

and the determination o f  i ts energy value is no t difficul t . M . E .  

provides a more a ccura te es timate  o f  the energy availab le to the pig 

compa red wi th D . E .  The des cription o f  dietary M . E .  can b e  refined and 

3 

des cr ib ed in terms o f  nitrogen- corrected M . E . , in whi ch adj ustments are 

made to corre ct the value to either zero nitrogen retent ion , o r  to some 

fixed positive nitrogen retent ion bases on a g iven fract ion o f  the p ro tein 

supplied ( Fowler ,  1 9 78) . 

The inges t ion o f  food by an animal is followed by losses o f  

chemi cal energy (above) , and also by loss o f  hea t . This heat loss is 

known as the Heat In crement ( H. I. ) , and its cause lies mainly with the 

ene rgetic ineffi ciency of the rea ctions by whi ch absorbed nutrients are 

metabolized . A further part o f  the heat in crement is attributabl e  to 

the p ro cess of diges t ion , in mas tication of food and i ts p ropul sion 

through the alimentary t ract . Chemical energy used for this work is 

converted into hea t . The deduct ion o f  the Heat Increment o f  a food 



Fig . 1 . 1  The P ar t i t ion of  Food Energy in the Animal 

( From McDonald et a l ,  19 7 3) . 
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from its M . E .  gives the Net Energy (N . E . )  value of the foo d .  This 

N . E .  is that energy whi ch is available  to the animal for use ful 

p urpos es ,  i . e .  for body maintenan ce and for the various fo rms o f  

p roduct ion . Heat resulting f rom maintenance repres en ts the end-

p ro duct o f  useful energy whi ch has b een degraded through us e to 

another ( us eless)  form of  energy . O f  the heat loss from the anima l , 

o nly the heat increment o f  the food is waste (McDonald  et  a l ,  1 9 7 3) . 

4 
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As MEr rises from zero to maintenance level (dis tance AC , Fig . 1 . 2 ) ,  

heat p roduct ion rises by distan ce B C .  

in crement i s  therefore 1 00 B C/AC . 

At maintenance the apparent heat 

B asal Metabolism ( Fas ting Heat 

Product ion , F .H . P . )  is the term whi ch des cribes heat p roduct ion in the 

pos tabso rp t ive fas ting , res ting , thermoneutral animal . In the fas t ing 

animal a p roportion o f  the total heat p rodu ction a rises during the 

t ransference o f  energy from body fat to ATP , ( dis t ance AE), whi ch 

represents the heat in cr ement o f  body fat . As food intake in creases 

to the level needed for maintenance , the heat arising from the metabo lism 

o f  body fat decreases , (triangle ADE)  and that arising f rom the 

utilizatio n  o f  food cons t i tuents in creases , ( tr iangle ABD) . The 

BD p roportion 1 00 x /AC therefore p rovides a more  a ccurate estimate o f  

the effi ciency with whi ch M . E .  is used for maintenance ,  and this would 

be the so-called "true" km . In Fig . 1 . 2 ,  the l ine DE is known as the 

minimum base value of heat production , whi ch is a theo ret i cal value , and 

whi ch cannot be measured . Above maintenan ce the heat increment is 

FG 
g iven by the expression 1 00 /BG (McDonald e t  a l , 1 9 7 3) . 

1 . 3  The Use o f  Dietary Energy 

Estimations of the requirement of M . E .  for maintenan ce , growth , 

p ro tein and fat formation have b een ob tained by d ifferen t methods fo r 

d i f ferent species, as dis cussed in detail by B laxter ( 19 72 )  and Van Es 

( 1 972 ) . I t  is convent ional to express this requirement in relation 

t o  me tab o l i c  l iveweight ,  kg0 ·7 5  ( s ee Klieber ,  196 5 ,  and later sect ion 

1 . 4 . 2) ,  but some uncertainty s till exis ts con ce rning the mos t  valid 

exponent of liveweight ( Tho rbek and Henckel , 1 976 ) . 

The fact that N . E .  is a precise measure whi ch can b e  dup l i ca ted 
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0 
Metaboli?.ab le energy intake 

(multiples of maintenance requirement)  

Figure 1 . 2 Relationship between heat product ion and 

metabolizab le  energy intake 

(From McDonald et al , 1 9 73) . 
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only under spe ci f i c  conditions should no t lead to the con cl us ion that 

D . E .  o r  M . E .  is to be p refe rred s imply b e caus e repeatab le determinat ions 

are mo re eas ily ob tained . Repeatability is not to b e  confus ed with 

p re cis ion . The same facto rs which operate to influen ce a N . E .  value 

also ult imately influen ce the utilization o f  D . E .  and M . E . (Meyer and 

Garre t t ,  196 7) . The e f f i cien cy with whi ch dietary energy is converted 

to animal p rodu ct is dependant on five main factors (Webster ,  19 74) : 

1 .  That portion o f  G . E .  s erving as a fuel  for body fun ctions , 

cal le d  M . E .  The gross e f f i ci en cy o f  retention o f  M . E .  is : 

= 

where ME1 = 

H 

ER 
ME 

intake o f  metabolizable energy 

metabolic  heat product ion 

7 

2 .  The requirement for  maintean ce (M . E . ) of  vital body fun ct ions , m 

conventionally taken as the intake o f  M . E . , (ME1) whi ch results in M . E .  

being  equal t o  metabol i c heat p roduct ion ( H) . H is the sum o f  fast ing 

metab olism, the energy cos t  o f  a ct ivity and the heat increment of feeding . 

3 .  The net effi cien cies with whi ch in crements o f  M . E . are us ed 

abo ve and below maintenan ce ( Blaxter et al , 19 7 2 ;  Moe e t  al , 1969 ) . 

Thes e partial efficien cies vary not only becaus e  of  differences in the 

chemi cal makeup o f  the feedst uf f ,  but also b e caus e at least six s eparate  

and maj o r  metabolic  fun ct ions may be o ccurring s imultaneously and b e  

interrelated . Enough info rmat ion is availab le to s ugges t that 

maintenan ce ,  growth , fat t en ing and lactation o ccur with diffe rent levels 

of p ar tial effi cien cy (Blaxter , 1962 ; Reid , 196 2 ;  B rody , 1945) ; i t  

is  no t unlikely that mus cular a ct ivity and reproduct ion (Graham, 1964)  

fun ct ion at yet  different l evels . 

4 .  The partition of retained energy prin cipally between p r otein 
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(ER
P

) and fat (ERf
) , which determines not only the chemical composition o f  

the carcass but also the amount o f  energy s tored per kg o f  carcass gain , 

inf luences gross efficiency o f  conversion o f  M . E .  into b o dy mass . The 

energy content o f  the dry mat t er o f  mus cle p ro tein is 2 3 . 5  kJ/ g ; each 

gram is associated with about f ive times its  weight of water . Thus 

the energy content o f  'we t 'musc l e  pro tein is about 4 . 7  kJ/ g . Lipid has 

an energy content  of about 39 . 2  kJ/g  so that the energy retained in a 

gram o f  fat is theoretically e ight times greater than that retained in 

a gram o f  'wet' p ro tein . In practice the ene rgy conten t o f  carcass gains 

ranges from about 8 kJ/ g  in a very young animal growing s lowly to about 

32 kJ/ g  in animals rapidly approaching s laughter-weight (90 kg) - a four-

fold range (A. R . C . , 1 9 6 5 ) . The relationship b etween energy retention 

(MJ) and weight (kg) of body tissue deposited can only be es tab lished if 

the composition of body gains a re known very precisely . Thus, any a ttempt 

to predict the efficiency o f  M . E .  util ization from body weigh t gains 

(or vice versa) without reliab le measurements o f  body composition is 

meaning l ess . 

5 .  The physio logical l imit  to the capacity .  of the animal to consume 

food and store it . The g ross efficiency o f  retention o f  M . E .  (ER/ ME1) 

is p rincipally a function o f  the amount by  which ME� exceeds maintentance , 

i . e . , appetite . Pullar and Web ster ( 19 74)  found that resul ts with fat and 

lean Zucker rats sugges ted tha t  bo th groups regulated their intake during 

growth to sus tain the same rate of pro tein depo s ition o r  hea t  production , 

a finding sub sequen tly conf i rmed by Radclif fe et  al . ,  ( 19 75 ) . 

d i d kg0 •7 5  i k b l  f Heat pro uct on express e  per s remar a y cons tant or a 

wide range of  animals fed to appetite on a wide range o f  diets , at  

7 80-807 kJ per kg0 ·75 p er 24 hours , although E . R. varies , according t o  

the quality o f  the diet from 1 0 4  to 6 7 3  kJ per kg per 2 4  hours (Web s ter ,  



1 9 74) . From these res ults , Web s ter p ropos ed that in animal s  given 

f ree access to a balanced die t ,  pro tein deposition and hea t 

p roduction appear to have rigidly defined upper limits which are set 

by the capacity of  the animal for synthesis o f  lean body mass . 

The pig normally con trols i ts energy balance by adj us t ing its 

voluntary feed intake ( Fowler , 1 9 78) . S everal workers have shown tha t  

the pig will compensate for changes in the nutrient dens i ty o f  the diet 

by increas ing or  decreasing intake ( Co le et al , 1967 ;  Cole  e t  al , 1968 ; 

Co le et al , 1 9 72 ;  Owen and Ridgman , 1 96 7 ; 1 968) . Within wide limi ts , 

the compensa t ion tends to result in isocaloric intakes (Pullar and 

Webs ter , 1 9 7 7 ) . Th is sugges ts an inherent appetite for diges tible  

energy and the implicat ions of  this i n  programmes of  pig b reeding have 

been discussed by Fowler e t  al , ( 1 9 76 ) . Selec tion for e f fi cient 

produc t ion o f  lean tissue in a selec t ion environment which al lows some 

but no t c ompl ete express ion of app e t i te may resul t in a rej ection o f  

pigs wi th inherently high intakes b u t  which have a n  excep t ional 

po tential to depos i t  lean (Fowler , 1 9 78) . 

Voluntary intake varies cons iderab ly b o th b etween pigs and from 

day to day in individuals . Houseman et  al , ( 1 9 78) no ted variation o f  

u p  t o  25%  i n  the weekly intake o f  individual pigs growing from 20 to 

1 20 kg liveweight . 

Intake is of ten considered to be  a function of metab o lic 

liveweight and feeding scales are frequently expressed in these terms . 

However ,  daily intake tends to reach an asymto te at a l iveweight of  

1 20-140 kg , and may then fluctua te markedly . Above 1 20 kg , very few 

data are availab le .  

9 
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The equa t ion D . E .  = 4 . JW0. 5 1  (Houseman e t  al , 19 78)  

fitted their data adequately over the weight range �o 20 to 120 kg live

weigh t . 

Where D . E .  

w 

intake o f  diges tible  energy/ day (MJ) 

l iveweight (kg) . 

The closeness of  this to a simp le square roo t  function is o f  

some interest ,  s ince relatively simple  arithmetic allows calculat ion 

of voluntary feed intake at particular liveweights . The dat a  o f  

Houseman e t  al , ( 19 78) can also b e  expressed as 1 4 1g/ day o f  feed 

per kg0· 75  (metabolic l iveweight)  ( Fowler , 1 9 78) . 

1 . 4 Energy Requirements fo r Maintenance 

The quanti ty of  energy required for maintenance is by defini t ion , 

that which promo tes energy equilib rium , i . e .  zero energy balance 

(Van Es , 1 9 72) . The ratio o f  M . E .  suf ficient to keep the animal a t  

energy equilib rium t o  the animal 's F . H . P . has b een regarded a s  the 

energy efficiency for maintenance (km) .  This , however ,  should be 

called "apparent "  efficiency , because the "true" energy exp enditure 

fo r maintenance is certainly much lower than F . H . P .  ( Van Es , 1 9 72 ,  

s ee page 2 for dis cus s ion). 

During fas ting , fat stored in the organism is catabolized to 

produce high-energy bonds , and these can be considered a source o f  

energy for maintenance work . True M . E . for maintenance is probab ly 

"' 6 0% F . H . P .  

Some es timates o f  the efficiency with which the energy o f  food 

nutrients are used by different species are p resented by B laxter 



( 19 7 1 ) , quo ting resul ts from s everal sources . The theo retical 

assumpt ion that heat increment o f  nut rients used to meet maintenance 

requirements is inversely p roportional to their deduced efficiency 

for ATP format ion has been supported convincingly by  the resul ts o f  

careful experiments with sheep (Arms trong , 1969 ) . There are no 

expe rimental methods permi t ting the sep aration o f  the heat evolved 

by an  animal into a portion r esul ting from the t rue wo rk o f  

maintenance and ano ther po rtion connected with the fo rmat ion o f  

high-energy b onds (Kielanowski , 19 72a) . 

1 . 4 . 1 Methods of  estimating M . E .m requirements 

1 .  Fas t ing trials 

M . E . m may be  calculated from F . H . P .  if  � is measured 

o r  ass umed (see Fig . 1 . 3) . Mature , non-producing animals are 

usual ly chosen . Their heat p roduct ion or  loss is measured near the 

end o f  a durat ion of fasting , ei ther by direct or indirect calo rime t ry .  

Urine , through whi ch energy losses o ccur , may also b e  measured so that 

the energy b alance during fas ting may b e  computed (Van Es , 1 9 72) . 

A fas ted animal mus t oxidise reserves o f  nutrients to provide the 

energy for essential pro ces s es . S ince the energy so  utilized leaves 

the b o dy as heat , the animal is then in a s tate o f  negative energy 

b alanc e .  The same ho lds t rue fo r o ther nutrients : an animal fed 

on a protein-free diet con t inues to lose N in its faeces and urine,  

and is  therefore in  negative N balance . The purpos e o f  a maintenance 

ration is to p revent this drain on the body tissue (McDonald  et a l ,  

1 9 7 3) . 

This standardized method cannot b e  used for lactating and for 

very young animals , b ecause sys tematic  errors made during fas t ing s uch 

1 1  
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- ER/kg�) · 75  

F.H . P. 

Figure 1 . 3  

ME 1 

Utilization o f  ME by the animal . 

Changes in ER whic� take p lace in response to 

changes in ME can b e  des cribed as in Fig . 1 . 3  
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Figure 1 . 3 

S ince FHP 

MEm 
km (s lope) , i f  FHP and km are known , 

MEm can be  caluculated . 

Also , ME and ER can be  measured , and MEm when ER = 0 determined 

by interpolation . This is the basis of  the F .H . P .  and Feeding Methods 

calculations . 

ER 1 - 0 ERz - ER1 

MEz - ME 1 

Efficiency o f  use o f  M . E . for different  metabolic f unction is 

denoted by : 

km efficiency o f  utilization o f  M . E .  for maintenance 

kg " " " " growth 

kf " " " " fattening 

kp = " " protein " " 

kl " " " " lactat ion 

kr " " " " reproduc t ion 

(McDonald et al , 1 9 7 3) . 
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animals canno t b e  co rrected by using appropriate values o f  maintenance 

efficiencies ; neither are p eriods o f  feeding at the maintenance level 

(necessary for determining thes e values ) really possib l e  for s uch 

animals (Van Es , 19 72) . 

Even from the resul t s  of  excellent  determinat ions o f  fas ting 

energy balance , it is impossible , unl ess some assumptions or  further 

meas urements are made , to derive an accurate figure for MEro of the 

animal when fed , ie . , the " apparent"  efficiency o f  the utilization o f  

M . E .  for maint enance is no t comparab l e  with a s imilar figure derived 

for fat product ion by feeding quantities of M . E .  o f  the same ration a t  

and above the maintenance feeding leve l . The "apparent "  maintenance 

1 4  

e f f iciency figure is o f  a far more comp licated character than the ( true) 

fatt ening efficiency figure . The former may be measured fairly eas ily ; 

the latter can only be  es timated indirectly (Arms t rong , 1968) . 

I t  is possible to correct for several sys t ematic errors in 

det e rmining F .H . P . , by s tan dardizing measurements of fas t ing energy 

b al ance , e . g .  feeding the animal a t  a constant l e vel (preferab ly 

maintenance) b efore fas t ing , and training the animal to its future 

experimental surroundings . There is a dif ference of opinion in the 

li terature as to whether an increase in l iveweigh t  due to an increas e 

in gut fill , does cause an increase in M . E . m (Blaxter et  al , 1966a ; 

Van Es and Nijkamp , 1966a) ; the importance lies in recognizing the 

reference b as e  used (see l ater , part 2 o f  this s ection for dis cussion) . 

F . H . P .  o f  pigs has b een measured in numerous inves t i gations ( Tab le 

1 . 1 ,  Fig . 1 . 4) ;  mos t extensive and very careful s tudies on F . H . P .  

determined in p igs weighing from 1 6  to 96 kg by Brierem ( 19 36 ;  19 39 )  

and re-analys ed by Holmes and Brierem ( 19 74)  rel a ted HP to LW by the 

equation : 



Table  1 . 1  Values for the fas t ing heat losses for the pig maintained at various environmental 

t emp eratures , measured under different condit ions (From Close and Moun t ,  1 9 75) . 

Condit ions o f  meas urements 

Environmental Perio d  after Period o f  Heat loss S ource 
Body-wt t emperature las t feed measurement (MJ/kg0 . 75 

( kg) (0) (h) per d) 

29-4 1 1 6 . 3  96- 120 56 . 9  Deigh ton ( 1 9 2 3) * 

25-40 16 . 3  96-120  When as leep 46 . 9  Deighton ( 19 2 9 ) * 

105  16 . 9  1 14 38 . 0  Capstick & Wood ( 19 2 2 ) * 

20-60 1 8  96- 144 24 h (mean) 4 7 .  8 Tho rbek ( 19 74)  

2 1-33  1 8 . 7 9 6 - 1 20 When asleep 4 3 . 4  Deighton ( 1929 ) * 

2 3- 36 20 64- 1 10 24 h ( mean) 45 . 8  Close and Mo unt ( 19 75 )  

1 70 2 3 . 7 84 When asleep 26 . 9  Capstick & Wood ( 19 2 2 ) * 

20-40 24-25  120-144 36 .o Breirem (19 36) 

26-60 26 96-144 24 h (mean) 38 . 0  Tho rbe ck ( 19 74)  

25-35 30 64- 1 1 0  38 . 0  Close and_Mou�t ( 19 75 )  

* 
Estimated mean 2 4  h values for heat loss . 

..... 
\JI 
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• Deighton ( 1 929)  

� Deigh ton ( 19 2 3) 

• Thorb ek ( 1 9 74) 

e Close & Mount ( 1 9 75 )  

0 Brierem ( 1 9 36 )  

Figure 1 . 4 Rates of  fas t ing heat loss (MJ/kg0 · 75 per d) 

for pigs maintained at various environmental 

temperatures (O) taken from several authors 

(From Close & Moun t , 1 9 7 5) . 



( 1 ) FHP = 229  LW0 . 5 12 which could b e  converted to : 

( 2 )  

ARC ( 196 7 )  

( 3) 

(4 )  

FHP = 1 85 Lw0 · 569 

p roposed : 

HP = 

HP = 

w 

w 

( 2 8 •3e-0 . 049W 

( 14 • 2 -0 . 0  llW 

+ 9 . 2) MJ for  w >50 kg 

+ 4 . 2) MJ for  w <50 kg . 

Equation ( 3) f i t s  very well experimental data on F .H . P .  ob tained 

for b aby pigs weighing less than 10 kg (Moun t ,  196 8 ;  Jordan and Brown , 

19 70) . As animals grow older , the decreas e in F . H . P . per uni t  weight 

becomes less s triking , and for p igs 30 to 90 kg  liveweight , a straight 

line would fit F . H . P .  data almo s t  as closely as any exponential o r  

o ther curve (see Fig .  1 . 5 , .Kielanowski , 19 72a) . 

curves for H . P .  in fed animals . 

Fig . 1 . 5 also shows 

The fasting met ab olism per kg metabolic  body weigh t  (w0 ·75 ) as 

a rule is found to b e  h igher in growing than in mature animals 

(Brierem and Homb , 1 9 7 2 ) . This means that extrapolat ion o f  "km" 

1 7  

from F .H . P .  to � ( Fi g .  1 . 3) ,  us ing dat a  f rom older animals may 

estimate MEm accura tely , but that extrapolat ion us ing data from young 

or growing animals might have a h igh erro r ,  especially in giving values 

which are too high for the maintenance requirement of young animals . 

2 .  Exp eriments at , above or  b elow maintenance feeding . 

The quant ity o f  energy requi red  for maintenance can b e  

est imated directly i n  f e d  a s  oppos ed t o  fas t in g  animals , if  the energy 

content of their food is known and their energy balance can be measured 

( Fig . 1 . 3) .  Where an animal is  used for successive t rials , the body 

wei ght o f  the animal is usually not equal in b o th a first and a 

sub s equent trial . It is unclear whether an increase in liveweigh t  
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FHP 196.3w0·56 Brierem (1939) 

FHP- -235. 6w0·56 Brierem (1939) 

Fed-- -101. 5W
0 · 75 Kotarbinska (1969) 

Fed---0. 95 (1683 + 8. 1W) 
Thorbek (19 70) 

Fed- ·-Empirical. 
Edin and Halleday,ARC (1967) 

Liveweight (kg) 

Figure 1.5 Maintenance requirement (metabolizable energy) 

(From Kielanowski, 1972a) 
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due to greater fill of the digestive tract will change the maintenance 

requirement for energy; but a loss or gain of weight during the 

transition period between experiments certainly will . A correction 

term for computing km, or efficiency of M. E. use for fattening (kf) ,  

may be added where research workers suspect that fill of the digestive 

tract changes maintenance requirement for energy . 

where a = the increase of maintenance requirement for M . E .  

associated with an increase of 1kg body weight 

To prevent wrong estimation of 'a', the time between the two 

balance trials should be as short as possible, their feeding levels 

should not differ too much, and animals in advanced stages of fattening 

should not be used in maintenance requirement determinations with this 

method. 

Errors of km and kp hardly influence the precision of the estimate 

of M . E . m if the energy balance nearest to energy equilibrium is small . 

A high precision of km and kf is required if M . E . m is to be converted 

into N . E . m or N . E . F·m· In this case, the values of km and kf might be 

better obtained from other trials especially performed for the correct 

determination of km and kf, or the trials might be repeated a few times 

while taking care that one of the energy balances was near zero and the 

other balance was fairly high or low (Schiemann, 1958; Nehring et al, 

1961) . This method is not suitable for a lactating animal but can be 

useful for a growing animal (Blaxter et al, 1966b) . 

The application of the difference (or regression) method is 

useful for measuring M . E . m in growing animals because during growth the 

maintenance requirement for energy steadily increases with liveweight0•75
• 



If a linear relationship exists between energy retained and the amount 

of energy of the food given above the maintenance requirement, then the 

maintenance requirement of the animal while growing may be found by 

extrapolating energy intake with food to zero energy retained. A 

linear relationship does exist between M. E. and total energy retained, 

at least for mature animals. 

The general regression equation is: 

ER a x (MEI - MEm
) 

where a = conversion efficiency into the product of that part of 
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the feed consumed above computed maintenance requirement,b. 

The reliability of the regression coefficient is highest when the 

independant variable ME1 has no measurement error, its range of use is 

larger and when it is responsible for most of the variation of the 

dependant variable (product) . Factors complicating the above equation 

are: 

1. Variation in bodyweight of the animals due to weight of tissue 

or fill of the digestive tract (Graham, 1964) . 

2. The relationship between product and feed might not be linear 

(Nehring et al, 1966; Blaxter, 1962) . 

3. Feeding above the maintenance requirement might produce more 

than one kind of product, or product composition might change in the 

course of the experiment, or might differ between values of ME1 

(Kielanowski, 1964; 1966; Thorbek, 1967; Armstrong and Blaxter, 1964; 

Flatt et al, 1967; Henning and Kleeman, 1967) . 

4. The food intake might not be free from errors of determination. 

5 .  The efficiency of utilization of M. E. m and M. E. f depends on 

the origin of these two kinds of energy. 

6. The maintenance requirement of the animals might not be 



constant during the trials due to variations in the course of time, or 

to a possible relationship betWeen maintenance requirement and level 

of production (Frens, 1962). 

Reliable estimates of M. E. m in the growing pig need results from 

balance trials performed both at normal and at reduced growth rate 

during two or three parts of the growth period (Fig. 1.3). Growth 

should not be reduced completely as this might result in changes in 

the composition of the animal. Mitchell and Hamilton (1929) kept the 

body weights of 15 pigs of 20-25 kg and another 15 pigs of 100 kg 

constant by feeding maintenance rations. Fat was replaced by water, 

protein and ash, especially in the younger animals. Thus growth had 

obviously continued. This type of change might occur in animals where 

rate of liveweight gain is reduced very severely. 

If,during growth, intake of M. E. is increased at nearly the same 

rate as kg0. 75 body weight, or there is effectively only one level of 

feeding, in such cases it is very difficult to separate requirement 

for maintenance from those for production. 

The errors of the predictions for maintenance and production 

compensate each other so that they hardly increase the residual 

standard deviations of the regressions. No reliable estimate of 

maintenance can be made by extrapolation unless the variation between 

the ratio of M. E. and bodyweight0•
75 

is high (Van Es, 1972), that is, 

unless the level of M . E., at a particular liveweight, varies widely 

(Fig . 1 .  3) • 

3 .  Long-lasting feeding trials . 
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Animals in these trials are maintained at constant body 

weight by adjusting the feed intake where necessary. Feeding trials for 



measurement of total requirements are very useful; their total error 

is not high, provided they are conducted for a long time in the correct 

way. The feed intake of the animals are determined, and digestibility 

and metabolizability of the food is determined with some of the 

animals used (Van Es, 1972a) . Two main sources of error might affect 

the precision of the result. Firstly, small changes in body weight 

are difficult to measure with sufficient precision, mainly due to the 

irregular pattern of excretion of faeces and urine, e. g. , Mollgaard 

(1929) . Garret et al, (1959) describe a case where steers gained 

liveweight but lost energy. The energy content of the body weight 

gained orlost may vary considerably depending whether the loss or gain 

comprises fat, protein or water. This means that it is not easy to 

correct the feed intake in such a way that no energy change occurs. 

The influence of this kind of error may be diminished by increasing the 

number of animals and length of trial. 

The second source of error is that while feeding rations for long 

periods, the estimation of the total quantity of digested food may be 

wrong due to undetected systematic errors. The influence of this sort 

of error can only be decreased by working very accurately and by 

performing digestibility trials with the animals themselves. 

This type of experiment is unsuitable for lactating animals, 
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owing to the mobilisation of body tissue that normally would take place; 

it is also unsuitable for young growing animals, owing to the long 

duration of the trials at a low level of feeding. 

4 .  Prediction of maintenance requiremen�and their 

use in practice. 

Few animals (other than breeding stock) are kept at 

maintenance for long periods of time. The need, therefore, is great for 
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data which apply to maintenance in a producing animal. Fasting and 

maintenance results may only be used as such if it has been proven 

that no difference exists between these results and those results 

obtained with the regression _ method, given that the regression has no 

systematic errors. 

One systematic error, which is inherent, lies in the fact that 

during measurements the animals must be kept in the exceptional 

circumstances of a balance trial. Also, the relatively short duration 

of such balance trials is often considered a second possible source 

of error. With animals of a short life, i. e. stock for meat production, 

carrying out a number of balance trials throughout the whole growth 

period with the same animals minimizes error (Van Es, 1 972a) . 

1. 4. 2 Factors which exert major influences on the 

Maintenance Requirement for Energy, M. E. m. 

1. The influence of body weight. 

In experiments measuring F.H. P. using animals of different 

species varying in weight Rubner (1883) and Voit (190 1) found that results 

for animals of widely different weights varied little if expressed per 

2 metre body surface. Brody ( 1945) and Klieber (196 5) related F. H. P. 

to body weight, giving values of 0. 73 and 0. 75 respectively as the power 

of the body weight (W) in the equation. Statistically the difference 

between the two values is not significant, but if F . H. P. is expressed in 

kcal per kg bodyweight to the power 0. 73 or 0. 75, this results in a 

considerable difference in the constant preceding the power function. 

It is not certain whether a power, satisfactory for F.H. P. , is also 

satisfactory for the energy requirement at maintenance or for production. 

Especially at low body weights ( W) , the slopes of the exponential 
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functions w0·6, w
0·75 

and w
0·9 change much more rapidly than at high 

values of W (Table 1. 2). 

Table 1. 2 Changes in exponential function cwn) 

with a change in bodyweight (W) 

w W
0. 6 

W
O. 75 

W0. 9 d (W0. 6
) d (w

o. 75) d (W0. 9) 
dW d W  d W  

2 5  6. 9 1 1. 2 18. 1 0. 17 0. 34 0.65 

50 10. 5 18. 8 33. 8 0. 13 0. 2 8  0. 6 1  

100 15. 8 31. 6 63. 1 0. 10 0. 24 0. 57 

200 24. 0 53. 2 1 17. 7 0. 07 0. 20 0. 53 

400 36. 4 89. 4 2 19. 7 0. 05 0. 17 0. 49  

800 55. 2 150. 4 4 10. 0 0. 04 0. 14 0. 46 

Thus, if 0. 75 is the 'correct ' exponent for M. E. m, then M. E. m/kg
0·75 for 

a 30 kg pig will be equal to M. E. m/kg
0·75 

for a 100 kg pig. However, 

if 0. 6 is the correct exponent ,  but M. E. m is still expressed per kg
0·75

, 

then the value for a 30 kg pig will not be equal to that for a 100 kg 

pig. This sort of error may give rise to a maximum error of 1 1% for a 

pig at either end of the weight range 25 to 100 kg, compared with a 

pig of 38 kg. 

The choice of power is therefore more important for young growing 

animals than for mature animals. 

2. The influence of composition of the ration. 

Most investigators agree that the animal body requires 

mainly free energy for its maintenance (Blaxter, 1962; Nehring and 

Schiemann , 1966; Klieber and Black, 1966). The main substance which 

is used as a source of free energy in the animal is adenosinetriphosphate 



(A. T. P. ) .  I f  A. T. P. production is given as 100 units per M. J. o f  M . E. 

as fat, the relative A. T. P. production of other substances per M. J. are 

102 units for glucose and 82 units for casein. In animals fed orally, 

the additional supply of free energy needed for eating, chewing, 

ruminating and digesting is considered to be small (Blaxter, 1962; 

Baldwin, 1968) , but it probably increases with a higher degree of 

coarseness of the feed. It is probable that in non-ruminants which 

eat concentrated feeds the act of eating will require only very small 

amounts of energy, except when they have exceptional eating habits . 

It seems probable that in non-ruminants with normal eating habits, 

there are only very small effects of composition of absorbed nutrients 

on the amount of M. E. required for maintenance. M. E. given as protein 

is probably utilized 15-20% less efficiently than M. E. given as glucose 

or fat. The contents of digestible protein in pig rations seldom vary 

by more than 15-20% crude protein in the diet. Thus differences of 
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3-4% in efficiencies of M . E. utilization of the rations may be expected. 

It is, however, very difficult to prove the existence of such small 

differences experimentally. 

3. The influence of age. 

Training the young animal to circumstances of a trial 

will take more time than is the case with a mature animal, because 

young animals are generally more active and react in a more vigorous 

way to new circumstances (Van Es, 1972a) . The necessary feeding at 

maintenance level prior to the fasting period might result in the 

animal being under some degree of stress . The composition of growing 

animals changes with age . Water and protein contents decrease, while 

fat content increases . Therefore, the power 0 .75, which generally 



applies to all kinds of mature animals , need not necessarily also 

apply to growing animals. This makes correct interpretation of 

results very difficult (Van Es , 1972a) . 

4. The influence of environmental temperature. 

The animal produces additional heat by physical and 

chemical means when its heat production is not sufficient to be equal 

to the loss of heat via the lungs and skin . The temperature below 

which this occurs is called the (lower) critical temperature . Wind 

and rain which adversely affect the insulation of the animal may 

increase this critical temperature (Blaxter and Wainman , 1966a) . 

As the efficiency of M.E. utilization for maintenance and production 

is always below 100% , feeding causes an increase in heat production. 

Thus the critical temperature will be lower for the animal on a high 

level of feeding . The results of st.udies of environmental physiology 

will depend on the feeding level used , on the animal ' s  environment and 

on the animal ' s  physical insulative properties. When determinations 

of maintenance requirement are being made , the animal 's  heat production 

should not be influenced by the climatic environment, that is , the 

animal should be kept in thermoneutral conditions. 

5 .  The influence of between-animal variation. 

If temperament and nervousness can influence the 

maintenance requirement , it seems probable that the same animal in 

the course of time may change its requirement due to its reaction to a 

new environment , new attendants or a changed way in which it is kept , 

called period variation (Mollgaard , 1929) . In 237 results of balance 

trials , Van Es (1 961) compared the total variation of the corrected 

results and their within-animal variation. It was concluded that the 
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between-animal variation amounted to 5- 10% of the average maintenance 

requirement , part of which was caused by differences in requirement 

between breeds (Van Es , 1972a) . 

Van Es and Nij kamp ( 1967) showed that variation could arise from 

insufficient training of animals to the environment of balance trials. 

Endocrine relationships may influence the maintenance requirement ; and 

further evidence of variation between animals has been provided by 
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Schiemann et al (196la) , Nehring et al ( 1961) and ARC (1965) with cattle , 

and Graham (1967) with sheep. 

1. 4.3 Estimates of the maintenance requirement for 

energy from experimental results 

There is a considerable amount of information about the energy 

metabolism of pigs ranging from birth to lOO kg , and some information 

about the energy metabolism of sows . Holmes and Close ( 1977) 

presented results from various authors , analysed in relation to live-

weight and age of pigs , their intake of M . E. , and the effects of 

pregnancy in sows . 

Values in Table 1.3 represent mean values for the particular 

condit ions , and H. P. at maintenance equals M . E . m in this table .  

The results show a general decline in heat production per kg
0·75

, 

with increasing age; but an increase in heat production with pregnancy 

for sows, especially towards the termination of pregnancy . 

Further values presented by Holmes et al ( 1980) for heat 

production at maintenance were: 

Boars 

Barrows 

Gilts 

M. E. m (when ER=O) with pigs 30-90 kg 

0 . 43 (MJ per kg0. 75daily) 

0 . 48 

0 . 44 



Table 1.3 Heat production, under thermoneutral conditions, 

of pigs at several liveweights and fed on 
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different amounts of energy (From Holmes & Close,1977) 

Metabolisable energy intake 

0 M1 2M 3M 

Type of pig Heat production (MJ per kgo. 75 daily) 

MILK-FED 

Newborn 0. 531 0. 573 0. 640 0. 707 

Young 0. 406 0. 494 0. 565 0. 636 

SOLID- FED 

Young 0. 649 o .  795 0. 941 

20-50 kg 0. 397 0. 423 0. 561 0. 699 

50-100 kg 0. 364 0. 410 0. 527 0. 644 

sows 

120-180 kg 0. 393 0.531 0. 699 

PREGNANT SOWS 

60 days 0. 456 0. 594 0. 732 

112 days 0. 510 0. 653 0. 787 

1M = metabolised energy required for maintenance; assumed to be 

0. 42 MJ ME per kg0 • 75 daily. 



Equations derived from results from various workers are 

depicted in Fig. 1 . 6 .  They show good agreement for different workers, 

but also a difference in M . E . m for two breeds of pig . 

1. 5 Energy Requirements for Growth 

Energy Metabolism is much more difficult to investigate in 

growing animals than in adults. Maintenance Requirement (M. E . m) of 

adult animals is clearly defined and can be measured precisely, but 

in experiments with growing animals M. E . m cannot be separated easily 

from the requirement for increment of body substance . Energy Retained 

(E. R. ) during growth is a direct measure of the requirement for N . E .  

which must be supplied in the ratio above M. E . m . The quantity of 

protein laid down must be differentiated from that of fat . Protein 

produced contributes more weight (kg) to liveweight gain per unit 

energy laid down than does fat (Van Es, 1972) , discussed earlier in 

I 
section 1 .3 .  Further, the amount of protein deposited in the tissues 

of growing animals, although quite large in terms of weight, is 

relatively small in terms of energy deposited as protein, and is not 

easily varied by experimental means . For that reason, the energy 

cost of protein synthesis or storage cannot be determined directly 

(Kielanowski, 1972a) . 

Until recently, therefore, energy requirements of growing animals 

had to be based on purely empirical evidence . 

However, data on the chemical composition of growing animals 
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have been accumulating (Oslage, 1962b; Kotarbinska, 1969) , and this 

encouraged several investigators to estimate energy costs of deposition 

of organic compounds in the body by statistical methods (Kielanowski, 
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1972a), i. e. by a form of mathematical partitioning of M . E. which 

cannot be achieved experimentally. Kotarbinska and Kielanowski 

(1967) and Kielanowski (1972a) did this with pigs growing between 20 

and 90 kg. Their model provided no information concerning the 

utilization of M. E. below maintenance but, however, this is of no 

particular practical interest for the growing pig. There are several 

widely recognized statistical shortcomings. First, it is difficult 

to ensure that the independant variables are not closely correlated 

with each other, e. g. daily lipid accretion may be positively or 

negatively correlated with daily protein accretion. Secondly, the 

model assumes that the efficiencies of protein and lipid deposition 

are constant over a wide range of stages of maturity, regardless of 

the rate of accretion; i. e. , it is essential ly a linear model 

(Fowler, 1978) . 

Also, much attention has been given lately to the M. E. m of 

growing animals (Brierem, 197 1) ,  and so attempts can be made to 

describe their total energy metabolism in physiological terms 

(Chamberlain, 1972) . 

In the example given below, the M. E. derived from the diet 

(26. 8 MJ; Fig. 1. 7), is partly retained as protein (2. 4 MJ) and fat 

(7. 9 MJ) stored in the body, and partly dissipated as heat (16. 5 MJ) , 

(Kielanowski, 1972a) . 

Greater protein deposition often results from a higher content 

of protein in the ration. It could be deduced, therefore, that the 

costs of assimilation of feed protein enter into the account of the 

energy cost of protein deposition, though the finding (Zebrowska and 

Buraczewska, 1972) that the amount of  endogenous nitrogen secreted into 

the pig's gut is practically independent of the protein concentration 

3 1  
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Figure 1. 7 Energy balance of a growing pig (Liveweight 60 kg, 

daily gain 0. 65 kg). In heat production, dark 

blocks represent the constant fraction and clear 

blocks, the fraction depending on the composition 

of the ration (From Kielanowski, 1972a). 

32 



33 

in feed, does not support this supposition . Since protein synthesis 

would not go on at any site _ if all amino acids needed were not present 

in the right proportion, and since the loss of urea caused by deamination 

of superfluous amino acids is accounted for by the determination of M . E. ,  

it seems that the energy cost of protein deposition should not depend 

on the quality of feed protein (Kielanowski, 1976) . However, premises 

for this conclusion may not be adequate. Investigations by 

Thorbek _ (1970) suggest that the variance in energy loss due to 

utilization of poor quality protein may be important. 

In the growing pig, as much as 60% of M . E .  is lost as heat . 

Heat is lost owing to different physiological processes (see previous 

section) . The M. E. system for describing the energy requirements 

of ruminants, explained in detail by Blaxter (1967) , and depicted in 

Fig . 1. 7, attributes heat production to three components : firstly, 

the fasting metabolism, 5 . 4  MJ ,  expenditure of energy (derived from 

high-energy bonds) for the true work of maintenance, and secondly, 

for protein synthesis, 0. 54 MJ .  For this example, it is assumed that 

this fraction depends on the pig ' s  liveweight and the amount of protein 

deposited, and does not depend on the kind of ration. The remaining 

(third) fraction of heat production (H . P . )  results from energy costs 

of assimilation and conversion of nutrients included in animal feed, 

and therefore, depends on the composition of the ration, 3 . 8  MJ ,  

3 . 8  MJ and 2 . 9  MJ .  

In some cases, this fraction is considerably reduced, e. g. H. P. 

connected with fat deposition seems to be negligible in milk-fed baby 

pigs (Jordan and Brown, 1970; Kielanowski and Kotarbinska, 1970) . 

In other cases, e . g .  when the concentration of protein or roughage 



in the ration is very high, the heat loss dependant on ration 

composition is increased . In the energy balance diagram, the 

partitioning is symbolic of the part of H. P. which is variable due to 

ration composition into portions connected with M . E . m or the deposition 

of protein or fat . Various substrates are taken for each purpose from 

the same common pool . Investigations have shown that the live weight 

of animals and the amounts of protein and fat deposited daily in their 

bodies appear sufficient to predict fairly accurately their total 

energy requirements (Kotarbinska, 1969) . Energy cost of deposition of 

mineral matter is negligible; 'work of growth' has not been considered 

here either . It can be supposed that the tranformation of nutrients 

into a complex organism involves an expenditure of energy, which should 

be added to the bare cost of chemical synthesis (see Brody, 1945); the 

statistical approach precludes this ambiguous question, because if 

the 'work of growth ' increased H. P. , it would be included in the costs 

of protein deposition and fat deposition . 

The H. P. denoted by clear blocks in Fig . 1 . 7 varies depending on 

the composition of the diet and on the use to which the diet is put 

by the animal's metabolic reactions . Requirements for energy must 

also vary accordingly (Kielanowski, 1972a) . 

1 . 5 . 1  The partition of metabolizable energy 

from birth to slaughter 

Comprehensive data predicting the partition of M . E .  at any stage 

of growth are not available . Kotarbinska and Kielanowski ( 1969) 

provide values which are integrated over one particular period of 

growth. Cumulative protein and lipid accretion from birth to 140 kg 

and total heat loss are indicated in Fig. 1 . 8 using data from Fowler 
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and Livingstone (1972) , Oslage and Fliegel (1965) , Close and Mount 

(1975) and Thorbek (1975) . The inflection in the curve of protein 

accretion occurs at about 65 kg liveweight and that in the curve of 

fat accretion at about 105 kg liveweight. 

quoted for the model. 

No feeding scales were 

It is immediately obvious from Fig. 1. 8 that the energy retained 

as protein becomes progressively smaller as the animal matures. This 

model gives a description of energy partition with changing time, 

but it is still relatively static. 

A tentative model, accomodating changes in feed intake, but 

based on limi"ted data and referring largely to growth from 30 to 90 kg 

was constructed by Fowler (1978) . This was based partly on work of 

Black (1 974) who- attempted a similar exercise with daily M. E. intake of 

lambs ,  (Fig . 1. 9) . 

The model assumes a pig at 60 kg given a balanced diet with 

adequate amino acid composition and eating close to its appetite at a 

rate of 31. 5 MJ/day could accrete a maximum of 137. 5 g protein per day. 

This value corresponds to 22g/day of nitrogen retention, which is at 

the higher end of the values in the literature reviewed by Thorbek 

(1975) . Data from the same source, from Close (1977) and from Fuller 

et al (1976) were used to set the daily nitrogen retention at zero 

energy balance to 5g and the initial nitrogen loss when fasting to 5g/d. 

The maintenance r�quirement was taken as 0. 44 MJ/kg w
0 • 75

• Using 

simplified values for kf and kp, the efficiency of utilization of M. E .  

for lipid accretion and protein accretion respectively, as Kf = 0 . 75 

and kp = 0. 40, the partition above maintenance was then calculated. 

An arbitrary value of 0 . 8  was taken for km· To examine whether such 

a model could be validated by direct experimental data, the data of 
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Fuller and Boyne (1971a ; b) were used. Data were for pigs in a 

thermoneutral environment, and nitrogen balance data was adj usted 

for discrepancies between metabolism cage balances and comparative 

slaughter. The comparison is set out in Table 1. 4 

Table 1 . 4  Comparison of results predicted from the model shown 

in Figure 1. 8 and actual results calculated from the 

data of Fuller and Boyne (1971a , b) (From Fowler , 197m 

Intake of ME (MJ I d) 

19. 6 23. 8 28 . 8  

Heat loss per day (MJ) Model 13. 4 14. 7 16. 1 

Actual 12. 2 13. 4  14 . 8  

Energy retained as 
protein per day (MJ) Model 1. 7 2.3 3. 0 

Actual 2. 4 2. 9 3. 5 

1. 5. 2 The energetic efficiency of growth 

The efficiency with which the growing animal converts the food 

it eats above maintenance into fat and protein is determined over-

whelmingly by the efficiency with which it uses the major nutrient, 

which is energy. During uninterrupted growth , body weight and other 

related parameters such as lean mass , body fat content and metabolic 

rate increase from the time of conception , or shortly after , along 

curves that proceed in a sigmoid fashion to an asymptotic value which 

is reached at maturity (Webster , 1980) . Fig. 1. 10 illustrates 

approximately the efficiency of utilization of M. E. by an animal as it 

proceeds from weaning to maturity. 
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During growth, M. E. exceeds H. P. As the animal matures, these 

two values converge (Fig. 1. 10. 1) . Overall efficiency of energy 

retention (k) in this ex ample reaches a peak at about 25% of mature 

body weight and declines steeply thereafter (Fig. 1. 10. 2) . As an 

animal matures the ratio of fat to protein in the body gains increases 

(Webster, 1980) . The energy content of lean meat is about 4. 8 kJ/g 

and for fat it is about 30 kJ/g (Kielanowski, 1972a) . Thus the ratio 

of weight gain (g) to E. R. (M. J. ) declines throughout growth 

(Fig. 1. 10.3) . Finally, feed conversion efficienc� which reflects 

both k/M. E. and the energy content of the body gains, is relatively 

constant during the first third of growth and declines steeply 

thereafter (Fig. 1. 10. 4) . Maturity therefore dominates the energetic 

efficiency of growth (Webster, 1980) . The results of manipulation 

of growth by nutrition or selection can only be validly compared by 

having animals at the same stage of maturity. 

Close ( 1978) determined the partial efficiency of energy 

retention above maintenance (k) . He concluded that k decreased 

with environmental temperature from 0. 79 at 10°C, to 0. 63 at 30°C, 

with 0. 67 at the thermally-neutral temperature of 25°C. Analysis 

within several ranges of environmental temperature suggested a 

curvilinear relation between ER and ME1 , indicating a decrease in k 

with increase in level of feeding, particularly at thermally-neutral 

temperatures (Table 1. 5) . 

Holmes et al (1980) investigated the energy and nitrogen 

metabolism of boars, barrows and gilts at 30 and 90 kg liveweight fed 

two diets and determined values for k by regression of ER on ME1 • 

(�. J. /kg
0•75

/day) (Table 1. 6) . 
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Table 1 . 5  The partial efficiency of energy retention (k) over 

several ranges of metabolizable energy (ME) intake 

at environmental temperatures equivalent to 

12 . 5, 22 . 5  and 30° ( From Close, 1978) . 

Environmental Ranges of ME intake (kJ/kg0 . 75 per d) 
temperature 

(deg) 0-400* 400-800 800-1200 1200-1600 

12. 5 0 . 96 0 . 80 0 .82 0 .  75 

22. 5 0 . 95 0 .  75 0 . 65 0 . 68 

30 0 .  7 7  0 . 68 0 . 60 

* Values calculated on the basis that the fasting heat loss at  12 . 5, 

22 . 5  and 30° was 573, 418 and 380 kJ/kg0·75 per d, respectively . 

These were calculated on the basis that the fasting critical 

temperature is 25° and that fasting heat loss increases by 15 . 4  kJ/ 

kg
0•75 

per d per 1° below t he critical temperature . 

Table 1 . 6  

Gilts 

Boars 

Barrows 

Results of regression analyses of energy retained ( E . R . )  

on metabolizable energy ( M . E . 1) (MJ/kg0 . 7 5/day) . 

( From Holmes et al, 1980) . 

Pooled Diet 1 Diet 2 

0 . 62 0 . 63 0 . 62 

0 . 57 0 . 64 0 . 50 

0 . 68 0. 69 0 . 66 

Comparison between these sets of data at a particular and common 

value for ME1, an intake of 1. 12 MJ ME/kg0•75 per day, puts the results 

of Holmes et al ( 1980) slightly lower than of Close ( 1978) a t  25°C 

and consistently lower than t hose of Fuller and Boyne (1972) . 
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1. 5. 3 The energetic e fficiency o f  fat  deposition 

Es t imates of k1 for l ipid accretion usua lly lie between 0. 65 

and 0. 83 across species b ut values for the pig remained fairly 

consis tently in the narrower range of  0. 77 to 0. 70 (Fowler ,  1978) as 

indicated by Tab le 1. 7. 

Table 1 .  7 Es t imates o f  the energetic efficien cies o f  p ro tein (kp ) 

and fat (kf) synthesis in the pig , compiled f rom 

various sources . (From Close , 1978) . 

Body-wt kp kf Sour ce 

2-9 0. 76 0. 81 Kielanowski (1965) 

20-90 0. 35 0. 73 Kotarbinska (1969) 

20-90 0. 43 o .  77 Thorbek (1970) 

25-110 0. 52 0. 70 Oslage , �de ken & Fliegel ( 19 70) 

25-45 0. 47 0. 69 Close & Mo un t  (1971) 

5-25 0. 76 0. 78 Burlacu , B ai a ,  Ionila , Moisa ,  
Tas cenco , Visan & S to ica (1973) 

20-40 0. 58 0. 70 Close , Verstegen & Mount (1973) 

30-110 0. 52 0. 70 Gi:ldeken , Os lage & Fliegel (19 74) 

20-90 0. 48 o .  77 Tho rbek (1975) 

9-58 0. 66 1. 00 Burlacu , I lliescu & S travi (1976) 

20-50 0. 71  0.  71 Close (19 78) 
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S chiemann e t  a l , (1961) calculated tha t  the energy f rom dietary fat 

is incorpo rated into a ccreted fat with an e f ficiency of 0. 86, whi l e  that 

from dietary carbohydrate and p ro tein are 0. 76 and 0. 66  respectively . 

On this b asis , a conventional cereal-based ration containing 80% o f  

its energy as carbohydrate ,  15% as protein and 5% as fat would be 

expected to have a kf value o f  0. 75, indicating an M . E .  requirement for 



synthesis o f  5 3  kJ/g  ( Clos e , 19 78) . The figure fo r M . E .  requirement 

for fat storage in adul t p igs fed a rat ion composed mainly o f  grains 

and p ro tein supplements is a lso quoted at about 0 . 7 3 to 0 . 74 MJ fat 

s t o red  per 1M. J . M . E .  by Kiel anowski ( 19 7 2a) . Thus the M . E .  cost 

of s t o rage of  lg fat ( calorific value 39 . 6  kJ) is abo ut 5 3 . 5  - 5 4 . 2  

kJ . An addition of  fat t o  the diet would improve M . E .  utilization , 

s ince some o f  the fatty acids absorb ed from feed would b e  s to red at 

practically zero energy cos t (S chiemann , 1969) . 

Kotarbinski ( 1969) ob tained an es timate o f  5 4  kJ M . E / g  fat 

deposited in baby pigs , which indicates that the energy cos t of fat 

depos it ion in growing animals is exactly the same as in adults 

(Kielanowski , 19 7 2a) , (Tab l e  1 . 8) .  

Tab l e  1 . 8 Metabolisable  energy expended in fat deposition 

found from ene rgy balance experiments ( From Buttery 

and Boorman , 1 9 76) . 

Energy cost (kJ / g) 
Animal Fat S ource 

4 3  

Piglet 4 8 . 7  

Growing pig 56 . 3
1 

Kielanowski , ( 1965 )  

Kotarbinska and Kielanowski 
( 1969)  

Growing rat 55 . 6 2 

Piglet ( re-cal culated) 54 . 2
1 

Growing pig 
( re-cal culated) 

Growing pig  

Growing pig  

5 1 . 9 

55 . 62 

S chiemann et al ( 1969)  

Kielanowski and Kotarb inska , 
( 19 70)  

Ib i d  

Tho rb ek , ( 19 70 )  

Oslage e t  a l  ( 19 70)  

1 values with the same supers cript were calculated from the  same 

original dat a  
2 assuming energy content o f  deposited fat to b e  38 . 9  kJ/ g .  
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Kielanowski and Kotarb inska ( 19 70)  recalculated data for piglets 

by a modified p rocedure which assumed a 100% conversion of  dietary fat 

t o  body fat .  They p revious ly related H . P .  to  fat depos ition and 

found that s tatis tically the relationship was negligib le . 

The energy cos t o f  fat synthes is p redicted from exp erimentation 

acco rds closely with that calculated on a theoretical basis 

(Schiemann , Hof fman and Nehring , 196 1 ; B laxter , 1962 ; Arms t rong , 

1969) . 

1 . 5 . 4  The energetic efficiency o f  p ro tein deposition 

Values fo r kp ranged much mo re wide ly than k1 for pigs (Tab le 1 . 9 )  

with est imates for o ther species also falling within this range . 

Kielanowski ( 1 9 72a ; 1 9 7 6 )  and But tery and Boorman ( 1 9 76 )  have discus s ed 

the energy cost o f  protein synthesis, including the dis crepancy between 

theo retical and predi c t ed values . 

Table  1 .  9 

Body-wt 
(kg) 

2-9 

20-90 

20-90 

25- 1 1 0  

25-45 

5-25 

20-40 

30- 1 10 

20-90 

9-58 

20-50 

Estimates o f  the energetic  efficien cies of p rotein 

and fat (kf) synthesis in the pig , compiled from 

various sources (From Clos e ,  1 9 78) . 

k p Source 

Kielanowski ( 1 965 )  

Kotarbinska ( 1969a)  

Thorbek ( 19 70)  

Oslage , Gadeken & Fliegel ( 19 70)  

Close & Mount ( 19 7 1 )  

(k ) p 

0 .  76 

0 .  35 

0 . 4 3  

0 . 52 

0 . 4 7  

0 .  76 

0 . 8 1 

0 . 73 

o .  7 7  

0 .  70 

0 . 69 

0 . 78 Burlacu, Baia , Ionila ,  Mois a ,  Tascenco , 

0 . 58 

0 . 5 2 

0 . 48 

0 . 66 

0 .  7 1  

0 . 70 

o .  70 

0 .  7 7  

1 . 00 

0 . 7 1  

Visan & S to ica ( 1 9 73) 

Close , Vers tegen & Mount ( 19 7 3) 

Gadeken , Os lage & Fliegel ( 19 74)  

Thorbek ( 1 9 75 )  

Burlacu ,  Illiescu & S travi ( 19 76 )  

Close .  ( 19 .78) . 



The range o f  estimates o f  k proposed f rom various inves t igations p 

a re all much lower than those o f  0 . 75 - 0 . 94 calculated on theoretical 

grounds by  Blaxter ( 1962) , S chiemann ( 196 3) , Arms trong ( 1969)  and 
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S chiemann , Chudy and Herceg ( 1969) . Theo retical calcula tions p resuppose  

an  ideal dietary supply for  tissue synthes is where all amino acids are 

assumed in their co rrect proportions . However , no allowances have 

b een made for the energy cos t o f  synthesizing non-essen t ial amino 

acids o r  deaminat ing amino acids s urplus to requirements, as may occur 

under normal feeding practices . 

theoretical es tima t e  o f  k • p 

This may result in a lower than 

Various hypotheses have b een p roposed for the wide range o f  

p redicted  estimates o f  k . p These include differences in technique , 

variat ion in body-wei ght with heavier animals having lowe r efficiencies , 

variations in dietary energy and p rotein concentrations and differences 

in the method of det erminat ion (Kielanowski , 19 72 ; Pullar  and Webster , 

1 9 74 ; 1 9 7 7a ;  Thorbek , 1975) . Close ( 19 78) s ugges ts var iation in 

est imat es o f  k may also be largely attributab le to differences in p 

feeding level o f  animals ;  an interdependance between M . E .  and k is m p 

indicated (Pullar and Webster , 1 9 74 ;  Kielanowski , 19 76 ) . I t  is 

also pos s ib le that a decrease in k may be indicative of an increas e p 

in the mean rat e  o f  pro tein turnover asso ciated with b o th a higher 

rate  of synthes is and a greater body p ro tein mass of  the animals at 

the higher  levels o f  food intake ( Tschudy et al , 1 959 ; Millward e t  al , 

19 76 ; S tef fee et  a l ,  19 76) . 

Al though attempt s  to differentiate b etween the cos t  o f  lipid and 

protei n  a ccretion are theo retically extremely interes t ing , the gain in 

precision is small compared with models using only one t e rm ,  k , for g 

the e f f iciency o f  retention o f  energy above maintenance ( Fowler , 19 78) . 



The real s ignificance o r  meaning o f  the k val ues remains uncertain , 

and the calc ulat ions represent "mathematica l  partitioning" . 

I t  appears that there may b e  a demand for a minimum rate o f  fat 

retention whi ch relates to a "phys io logically essential" level o f  fat 

in the body of the growing pig . I t  has been sugges ted that this 

minimum b ears an app roximately 1 : 1  relationship with p ro tein retent ion 

(Kielanowski , 1966 ; Whittemo re and Fawcet t , 19 76 ; Whi ttemo re ,  19 7 7) , 

( s ee Fig . 1 . 1 1 ) . This imp lies that even a s low rate o f  p ro t ein 

synthes is cannot take place in the absence o f  some fat synthes is . 

Further increments o f  fat growth are related to the superfluity o f  

nutrient s upply in rela tion to the animal ' s  demands fo r maintenance , 

cold thermogenesis and p rotein growth ( Fi g .  1 . 1 1 ) .  

In growing pigs , the rate o f  lipid accretion usually exceeds 

that of p ro tein by about two fo l d .  Even when pigs are growing quite 

slowly , the ratio of the rates o f  ac cretion of p ro tein and lipid is 

rarely b elow 1 : 1 . This means that the mos t  kg could vary due to 

variation o f  the ratio is f rom abo ut 0 . 5 7  to 0 . 6 3 ,  or approximately 

10% (Fowl er , 19 78) . 
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Firs t attempts to determine the energetic efficien cy o f  p ro tein 

deposition were made experimentally by B rierem ( 19 39) and s tatisti cally 

by Kielanowski ( 1965) . The hypothetical energy expenditure fo r 

p rotein synthesis was deduced by B laxter ( 1 962 )  and S chiemann ( 196 3) 

(Table  1 . 1 0 ) . 

Regress ion equations represen t  s imply a line fit ting a set  o f  

data mos t closely (Kielanowski , 1 9 76) ; ascr ib in g  t o  the regression 

coefficients  any actual phys iological or b io chemical meaning in isolation 

of experimental condi tions , can be misl eading . Hence , estimates o f  the 

unitary energy cos t o f  p rotein deposited (E . C � P . D ., whi ch corresponds to 
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Table  1 . 10 An es timate o f  the cos t  o f  p rotein deposition 

( from b iochemical deduct ions : Kielanowski ,  1 9 72a) . 

No . high-energy bonds for  

forma tion o f  1 pep tide bond 

No . moles high-energy b ond 

for format ion of 1 00 g  caseiq 

Free energy cos t  of 100g casein 

(at 4 8  kJ/mole high-energy bond 

Efficiency of M . E .  use for format ion 

of a h i gh-energy bond (assumed) 

M . E .  cos t for synthesis 1 g p ro tein 

Calo ri fic value of  1g  p ro t ein 

Minimum cost of deposition 

1g protein 

8 - 1 2  

7 . 3 - 1 1 . 0  

35 1 - 529 kJ . ME .  

0 . 6 

5 . 85 - 8 . 82 kJ . ME .  

2 3 . 8 kJ 

29 . 6  - 32 . 6  kJ . ME .  

1 g  o f  nit rogen x 6 . 25 retained) , together with factors expressing costs 

of  fat deposition and maintenance , have limitations in that they are 

multip l i ers helping to compute to tal energy requirement of the animals 

in that part icular experiment (Kielanowski , 1 9 76 ) . Tables 1 . 1 1 and 

1 . 12 pres ent some o f  these est imates . 
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Table 1 . 1 1  Estimates o f  the energy cos t  o f  crude p ro t ein deposition in growing animals (From Kielanowski , 1 9 76 )  

Energy cos t  o f  pro tein deposition 

Des cription and l ive Method Metabolisable  energy 
weight o f  animals N

2 applied (kJ/ g) 

Milk-fed piglets , comparative + 2 . 5 to 8 . 5  kg 8 s laughter 48 . 1  - 1 . 9 7  

Milk-fed piglets , comparative 
4 ti 1 2  kg 60 slaughter 50 . 8  

Cas t rated male pigs , nutritional balance 
20 to 40 kg 28 and direct 4 1 . 2  

calorimetry 

Cast rated male pigs , respiration t rials + 20 to 90 kg 4 8  54 . 9  - 4 .  7 7  

Cas trated male pigs , comparative + 30 to 90 kg 54 slaughter 66 . 8  - 8 . 0 3  

Cas trated male  pigs , 
2 5  to 1 10 kg 4 respirat ion trials 45 . 6  

Cas trated male  pigs , 
30 to 1 10 kg 16 respiration t rials 44 . 1  

1 
The values are regression coefficients ! sample s tandard deviation 

2 
N\.Uilber o f  trials 

1 
(Mo les ATP/mole 

amino acid) 

32 

36 

2 3  

4 1  

5 7  

29  

2 7  

Reference 

Kielanowski and 
Ko tarbinska ( 19 70)  

Muller and Kirchgessner 
( 19 7 3) 

Close ,  Vers tegen and 
Mount ( 1 9 73) 

Thorbek ( 19 70 )  

Kot arbinska ( 1969)  

Oslage , Gadeken and 
Fliegel ( 19 70) 

Gadekeq , Oslage and 
Fliegel ( 19 73) 

� 
1.0 



Tab le 1 . 1 2  

Animal 

Metabo lisab l e  energy expended in protein depo s i t ion 

found from energy balance experiments (From But.tery and 

Boo rman , 1 9 76 ) . 

Energy cos t (kJ / g) 

P rotein Source 

Kielanowski , ( 19 6 5 )  

so 

Piglet 

Growing Pig 

31 . 4  

46 . 2  Ko tarb inska and Kielanowski , 

( 1969)  

The results determined by comparative s laughter tests seem to be 

more trus tworthy than nutritional b alance trials , in whi ch nitrogen 

r etention is o ften over-es t imated , causing an underes timate o f  E . C . P . D .  

(Kielanowski ,  1 9 76 ) . Comparative s laughter experiments show that the 

values of E . C . P . D .  ob taine d  with very young animals are lower than 

those ob tained with o lder ones . This  might b e  exp lained by the 

finding of Buraczewski and Pas tus zewska ( 1 9 74) that the p ropor t ion 

o f  amino nit ro gen in to tal nitrogen in the body increases with age 

in rats and also in pigs ( 78 per cent at 10 and 89 per cent at lOO kg 

liveweight) . I t  also s eems probab le that the f raction o f  free 

amino acids in the body dec reas es with advancing age p roportionally 

to the rela t ive diminution of body f luids . The same amount o f  nitrogen 

retained , th erefore,  would correspond to smaller amounts o f  t rue 

p ro tein in younger than in older animals , and this might be ref lected 

in the v alues o f  E . C . P . D .  

The dat a  in Tab les 1 . 1 1 and 1 . 1 2  demons trate that the re is a 

definite rela tionship between the depo si tion o f  crude p ro tein in the 



tissues o f  g rowing animals and their energy expenditure (Kielanowski ,  

1 9 76 )  . Therefore , E . C . P . D .  values are useful fo r the compilation 

o f  feeding s tandards . 

Although es timates o f  E . C . P . D .  can b e  regarded as t rue emp i rical 

indices , little can be s aid about their t rue phys iological meaning . 

The energy cos t o f  fat deposition in animal tissues , measured in 

respiration t rials or  es timated s tatis tically , is consis tent with 

5 1  

the energy cos t  o f  fat synth esis , deduced from biochemical cons iderations 

( Arms t rong , 1 96 9 ) . However ,  it  has b een deduced s imilarly that 8 to 

10 moles of h igh-energy phos ph ate bonds are needed for the inco rp o ra tion 

of one mole  o f  amino acid into pro te in (Armst rong , 1 969) , an M . E . cos t  

f o r  synthesis o f  l g  pro tein o f  about 0 . 59 - 0 . 88 M . J .  M . E .  (Kielanowski ,  

19 7 2a) . This is considerab ly less than has been computed f rom the 

quo te d  val ues o f  E . C . P . D .  (Kielanowski , 1 9 76 ) . 

The pro cesses o f  syn th esis and b reakdown are going on continuously 

in the organism . The net g ain of  p ro tein in a g rowing animal should b e  

regarded as a balance o f  these two processes (Mil lward and Garlick , 1 9 72) . 

Whittemore and Fawcett ( 1 9 7 5 ; 1 9 76 )  suggest that the total p ro tein 

turnover is related to the rate of  protein synthesis as well  as total 

protein mass . The energy cost o f  pro tein turnove r  would therefore 

increase as lean body mass increases with time , and increase in animals 

with a higher rate o f  protein growth , e . g .  boars , ( Filmer and Curran , 

1 9 7 7) • 

1 . Pro tein requirements for pro tein deposition 

Although the calculation of protein requirement is 

comp l i cated by p ro tein recy c ling , an approximat ion can s till be made . Lean 

g rowth contains about 22% p ro tein (Whittemore and Elsley , l 9 76 ) . Losses 

from recycling are �6% pro t ein cycled , decreasing from 1 3% to 6%  o f  the 



protein mass as the pig g rows . S ince protein mass is usually about 

1 5% o f  l iveweight ,  daily protein requirement a t  maintenance is 0 . 1 2 -

0 . 05%  o f  body weigh t . The amo un t  o f  pro tein necessary in the diet 

furth er depends upon the b iological value of the p rotein and upon the 

amount diges ted (Whittemo re and Elsley ,  1 9 76 ) . The ARC ( 1 9 6 7 )  

recommendat ions are bas ed on % o f  Dry Mat ter , and there fo re depend 

upon the amount of feed . A more explicit  manner  of  exp ressing 

. requirement would be to g ive pro t ein ( in grams )  requirements for pigs 

o f  var ious liveweights , s ince nutrient densi ty o f  a diet ( the 

concentration of  nutrient s  and energy per uni t  weight of the diet) may 

be modified . 

2 .  The rate o f  p ro tein deposition 

Where there are differences between p igs in final p rotein 

mass , the implicat ions for  growth wil l  depend upon the p resence o r  

ab sence o f  a concomitant diffe rence i n  the mature target f o r  body 

p rotein in the mature animal .  Thus where the mature target is 

s imilar , rate of  pro tein growth will be less for pigs wi th lesser 

final p ro tein ( Fig . 1 . 1 3 ,  case 2 ) ; conversely , a difference in mature 

age b etween pigs of s imilar mature mass has the unavo idab le corollary 

that rate o f  p ro tein g rowth is dependant upon age at maturity 

( Fig . 1 . 1 2 ,  case 3) . Should increased p ro tein mass b e  also associated 

with an increase in age at maturity , then protein growth rate might b e  

5 2  

a relatively uncompromising factor ,  with age and mass dependant o n  i t . 

I t  would appear l ikely in the case o f  the growing pig that the pertinent 

comparison is between cases 1 and 2 ( Fig . 1 . 1 3) ;  namely that pigs may 

h ave s imilar target mature ages and dissimilar mature masses with the 

result that a greater mature size is associated with a faster rate o f  

g rowth . An increase in protein growth impuls ion , however ,  p robab ly 



Figure 1 . 1 2 

4 

1 

/· -- · --·- 2 

Time 

Rate o f  pro tein growth as related to mature 

pro tein mass . Us ing Cas e 1 as the datum . 

Case 2 is of  similar mature age but o f  

different mature protein mass , Case 3 is o f  

different mature age b ut s imilar mature 

p ro tein mass , Case 4 is of different mature 

age and of different mature pro tein mass  

but  simi lar rate o f  p ro tein growth 

(From Whittemore , 1977) . 
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will put back mature size to a certain extent . 

Fig .  1 . 12 s uggests that p rotein g rowth is l inear , whereas 

convention demands a s igmoid curve . Analysis o f  20 investigations 

of Tho rbek ( 1 9 7 5 )  confi rms the relationship between protein ret en tion 

(Pr) and liveweight (LW) may be quadratic (Fig . 1 . 1 3) .  

P r  = 1 . 6 3LW - 0 . 009 4LW2 + 60 . 

However ,  a possib i lity exis ts that the p ig ' s  potential for p ro tein 

retention is no t quadratic , but b roadly constant over mos t  of the 

growth phase ( 20- 1 20 kg) and that failure to achieve the po tential 

b etween 20 and 5 0  kg is resultant merely f rom inadequate nutrien t  

supply (Whittemore , 1 9 7 7) . 

1 . 5 . 5  P ro tein and energy interrelat ionships 

The growth and b o dy compos ition of p igs are influenced by both 

the composition and the daily intake o f  food (ARC , 196 7) . In 

particular , carcass leanness can b e  increased either by reducing the 

daily food intak e ,  which also s lows growth , or by increasing either  

the content o r  q uality o f  p rotein in  the  diet , which within l imi t s , 

increas es growth rate . The availability o f  two simpl e  means o f  

varying carcass quality imp lies that , wi th any one prevailing s e t  o f  

feedingstuff and meat prices , there i s  a n  optimum comb ination o f  

dietary compositio n  and rate o f  feeding ( Fuller e t  al , 19 76 ) . 

P rotein is required fo r the formation of  tissues and enzyme s , 

but may also b e  used as a source o f  energy in cases of energy shortage 

or excess p ro tein availab il ity . Estimates o f  maintenance requirement 

for p rotein derive d from resul ts o f  trials in which there was a loss 

of energy f rom b ody tissue are therefore of doub tful value (Van Es , 
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1 9 7 2 ) . Animal s  may also change to some exten t  their protein requi rement 



in cas es o f  low and h i gh pro t ein supplies ( Mo l lgaard , 1 93 1 ; Paquay , 

1968) , due to a change in excretion of  urea with the urine (Al lison , 

56  

19 59) . The Nitro gen b alance is clearly no t a very sens itive indicator 

o f  sufficient supply o f  p rotein . The p rotein requirement is 

ess ent ially a requi rement for amino acids ( Van Es , 19 72) . Dif ferences 

in resul ts b etween experiments ( Chamberlain , 1 9 72 ; ARC , 196 7 ;  B raude 

and Hosking , 1 9 74 ;  Chamberlain and Cooke , 19 70 ; Davis et a l , 1965 ; 

Rob inson et  al , 1964)  a re due to differences in the compos ition o f  

cereal mixtures , b reed o f  p ig ,  feeding s cale and method of  feeding , 

physical environment ,  amino acid concent ration in the pro tein and 

many o ther facto rs ,  which continue to make it difficult to regard the 

values quoted as anything more than a guide to the composi tion o f  

practical rat ions . I t  is necessary to think in terms o f  differences 

in M . E .  cost o f  maint enance and of unit ( lg) p rotein deposition caus ed 

by different dietary p ro tein levels . 

The changes in p erfo rmance that accompany changes in the plane 

of  nutrition using a f ixed diet can equa l ly well be regarded as 

consequences of raised p rotein allowance as o f  energy intake , the 

two s ituations diffe ring in that when protein percentage is increas ed 

there are only small changes in energy supply , when daily feed 

allowance is raised there is a p roportional increase in daily energy 

( Chamb erlain, 1 9 7 2 ) . B lair et  al ( 1969a , 1 969b) and Davies ( 19 70 )  

both agree that the rate o f  gain o f  lean meat responds t o  daily feed 

intake in p igs 25  kg l iveweigh t  fed � 1 kg meal/ day up to pigs 100 kg 

l ivewei gh t  fed �3 kg which can be interp reted as a respons e to 

increased daily energy o r  p rotein allowance or both . The e f fi ciency 

of  utilization o f  prot ein for lean meat p ro duction declined as intake 

increased (Chamberlain , 1 9 7 2 ) . 



I t  is wel l  established that cas t rated males (barrows) p ro duce 

fatter carcasses than gil ts (Bowland and Berg , 1959 ; Charlette , 

196 1 ;  Buck et al , 1 96 2 ; Buck , 196 3 ;  Blair and English , 196 3 ;  

Lidva l l  et  a l , 1964 ; Walde rn ,  1964 ; Bel l ,  1965 ; Lodge and Day , 

196 7 ;  B runer and Swiger ,  1 96 8 ; Hale et  al , 196 8 ;  Young et al , 
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1968) , referring to pigs fed to appetite or res tricted within groups . 

Even where intake is cont ro lled (Woodman et  al , 19 36 ;  Lucas and Calde r ,  

1956 ; Blair e t  al , 1969a ; 1969b )  gilts have been leaner than barrows . 

Recent work by Holmes et al ( 19 80)  has shown that nitrogen retention 

wil l  increase in associatio n  with increases in nitrogen intake fo r 

all s e xes at 30 kg l ivewei gh t , and for boars at 90 kg but no t for 

gil t s  and barrows . Boars retained more nitro gen than barrows at 30 

and 90  kg only if given the diet with the higher concentra tion o f  

p ro tein . This suggests that boars are more s ensi tive to dietary 

changes , and have a higher po t ential for lean gain . The figures 

for g i l ts sugges t that they are less sens itive to dietary fluctua tions 

with respect to energy or p ro t ein , and that their potential for rate  

o f  lean deposition is  reached at a younger age than that o f  boars . 

Timing o f  feed supply during the life o f  the pig might affect 

utilization . Andah ( 1 9 70 )  concluded that us e o f  a single p ro t ein 

level in diets would not a f fe c t  the utilization o f  protein and energy . 

Yea and Chamberlain ( 1966 ) and Frape et al ( 196 8) repo rt  that cereal 

and supplementary p rotein components of a diet can be provided at 

separate dai ly feeds with no measurable effects on performance . 



The Nodular Wo rm :  Oesophago s tomum dentatum 

1 . 6 . 1  Intro duction 

I t  has long b een recognized that helminths , present in sufficient 

numb e rs , can adversely affect their hosts . I t  was cons idered that , 

to a l arge extent , these adverse effects were directly a t tributab le 

to the activities o f  the paras i tes - feeding on host tissues and 

b loo d , caus ing mechanical damage , interfering wi th diges tive p rocesses 

and competing for nutrients . This is a gross oversimplification o f  

the s ituat ion and , i n  many resp ects , incorrect ;  the relationships o f  

hos t and parasite  are far more complex than had b een imagined . For 

example , i t  was obs erved that h eavily parasitized ruminants show a 

markedly reduced appetite and may not eat at all  (Benne t ts , 19 33) . 

A l arge body of  scientific evidence has s ince accumulated to show 

that anorexia is indeed a common occurrence in mos t  gas t ronintes t inal 

nematode infections of ruminants (Spedding ( 1954) , Gibson ( 19 55 ) , 

Horak and Clark ( 1 964) , Dob son ( 1 96 7) , McLeay et  a l  ( 19 73) ) . The 

mechanism by which anorexia is caus ed is unknown . 

Hypoproteinaemia commonly occurs in n ematode infections , but 

stri c t ly speaking i t  is almos t  invariab ly a hypoalbuminaemia . 

Globulin levels are often raised above normal l eve ls ,  p resumably as 

a result o f  antigenic stimulation ( Charles ton , 1 9 76 ) . Work o f  

Mulligan e t  al ( 19 6 3) and Hal liday et  al ( 1968)  sugges ted that the 

decrease in albumin levels might  b e  due to leakage of p ro tein into 
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the gut lumen . Subs equent s tud ies with many parasites have shown that 

a p ro t ein-los ing gas t roenteropathy is , in fact , usual in gas trointes tinal 

nematode infections (Holmes and McLean , 1 9 7 1 ;  Bremner ,  1969 ; 

Hal liday et al , 196 8) . There is  a growing body o f  evidence that  



s ugges ts tha t  the pro tein loss is a ttributab l e  at leas t in part  to the 

hos t ' s  immunological response to the p arasite  (Ogilvie and Jones , 

19 7 1 ) . In experiments with sheep , B arger ( 19 7 3) and Barger e t  al 

( 19 7 3) found evidence that thos e animals tha t  mos t  actively resis ted 

l arval chall enge g rew less  woo l , demonstrating that there is  an 
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energy cos t  in express ing resis tance . Resis tance to the es tab lishment  

o f  a worm population should not be assumed to confer resis tance to 

the metabolic  effects o f  parasitism ( S ykes , 1 9 78) , 

Some p arasites caus e anaemia directly by b lood removal 

(Soulsby , 196 6 ) , or indirectly through causing haemorrage into the gut 

or interference with ery throcyte p roduction . The cause of  the 

anaemia that commonly occurs in association with infect ions by 

g as trointest inal nematode parasi t es is  largely a mystery ( Charles ton , 

1 9 76 ) . There is evidence that gast ro intes t inal nematodes a lter  gut 

mobi lity and digesta flow in diarrhoeic sheep (Bueno et a l ,  19 75 ; 

Ruckebus ch ,  1 9 70) . I f  p ro longed , s uch changes could limit diges tion , 

and may b e  a maj o r  contributor to body water loss . 

Work wi th sheep (Sykes , 1 9 7 8 ;  Sykes et  al , 1 980 ; Sykes and 

Coop , 1 9 76 ; Sykes et al , 1 9 77) has shown that s ub c linical parasitism 

markedly reduces performance by exerting a wide range of effects on 

hos t phys iology . Much o f  the detailed experimental work o n  the 

e ffects of  gas t rointes t inal nematodes on the hos t  relates to ruminants 

rather than monogastric animals . 

1 . 6 . 2  Distrib ut ion o f  the genus Oesophago s tomum 

The genus Oesophago s tomum is usually clas s ified in the sub-family 

Oesophagostominae within the family Trichonema ti dae (Skrj abin e t  al , 

1 9 52 )  Cyathost omatidae (Yamaguti , 1 9 5 9 ) . The genus inc ludes abo ut 



1 5  species whi ch parasitise ruminan ts , pigs o r  primates . Al l 

mature in the colon o f  their respective definit ive hosts . 

Oesophagos tomum radiatum,  0 .  columbianum , 0 .  venulos um ,  

0 .  asperum ,  0 .  bhandari and 0 .  mul t ifoliatum are know f rom 

domesticated ruminants , but only the first three species are c learly 

of  e conomic importance . Eight species of  Oesophagos tomum have been 

reco rded f rom p igs (Table 1 � 1 3) . 

Tab le  1 . 1 3 Oesophagos tomum species in the pig 

Species Reference 

0. dentatum Rudolph i ,  ( 1 80 3) 

o .  b revicandum Map lestone ( 19 30)  

o .  geo rgianum S chwar t z  and Alicata ( 19 30)  

0 .  maples toni S chwartz  ( 19 3 1 )  

0 .  quadrispinulatum Marconi ( 190 1 )  

(syn . 0 .  longicandum) 

o .  granat ensis Herre ra ( 19 5 8) 

0 .  hsuingi Ling ( 1959 ) 

o .  rousseloti Diaoure ( 1964)  
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Oesophago stomum dentatum is one o f  the s o-called "nodular worms " C9ee 

later sect io n  1 � 6 . 5  for discussion) , and is cosmopolitan in 

dist r ibution wherever pigs are kept (Table 1 .14) .  Though 0 .  dentatum 

is the mos t  common in o ccurrence , o ther  species may occur in the same 

animal (Soulsby , 1965 ) . 



Tab l e  1 . 14 

Country where 

reco rded 

Aus t ralia 

Be lgium 

Canada 

Czechos lovakia 

Denmark 

England 

France 

Germany 

I taly 

New Zealand 

Nigeria 

Po land 

S cotlan d  

South Africa 

Uni t ed S tates 

Recorded cases of 0 .  dentatum 

Example  Reference 

Dobson and Bremner ( 19 74)  

Poelvoorde ( 19 7 3) 

Smi th ( 19 79 ) 

Dvo rakova ( 19 75 )  

Jacobs ( 1966)  

Goo dey ( 19 2 4a) ; Pat tison ( 19 76 )  

Graber , Raynaud and Euz eby ( 1 9 70)  

Nickel and Haupt ( 1969) ; Sol ler  ( 1 9 76 )  

Bellani and Cortelaz zi  ( 19 73) 

Whit ten ( 1949) ; Ineson ( 1954) 

Fab iyi ( 1 9 79 )  

Tarczynski ( 1 9 5 5 )  

Jacobs and Dunn ( 1 969)  

Horak ( 19 78) 

Riddle et  al ( 19 72) ; Hass et al ( 19 72 )  

U .  S • S . R .  Kaa rma ( 19 7 4) 

1 . 6 . 3  Prevalence o f  Oesophagos tomes 

The prevalence of infection with Oesophagos tomum can be as high , 

o r  higher , in adul t pigs than in younger ones , e . g .  in adults 75- 79 

per cent (Bach and Neub rand , 1962) , 96 per cent ( Jacobs , 1 96 5 ) ; in 

porkers 4-5 months old 6 4  per cent (Jacob s ,  1965) ; in 2-3  mon th old  

weaned piglets 60 per cent (Bach and Neub rand ,  1 96 2 ) . 

6 1  

According to Jacobs and Dunn ( 1969 )  Oesophagostomum is the mos t  

common helminth parasite o f  S co ttish pigs , occurring in 6 7  per cent o f  

porkers , 4 3  per cent o f  b aconers and 94  p er cent o f  the b reeding s to ck ,  

that is , most frequently and i n  the great es t  numbers in the adult stock .  



A s laughterhouse s urvey in S co tland over a two year period by 

Pattison ( 1 9 76) showed the prevalence of 0.  dentatum infection to b e  

4 3  per cent in porkers , 3 3  p e r  cent i n  baconers , and 85 per cent in 

sows . 

In a s t udy o f  50 sows from 50 herds in Eas t and Wes t  Flanders , 

44 sows were found to be infected with 0 .  dentatum, and about 75  per  

cent o f  all  worms found were 0 .  dentatum (Poelvoorde , 1 9 78) . 

Riddle and Forrester ( 1 9 72)  des cribe the prevalence o f  helminths 

in swine in parts o f  South Carolina as : Oesophagostomum spp. 34 per  

cent , Ascaris s uum 23  per  cent , S t rongyloides ransomi 7 per cen t , 

Metastrongylus spp 6 per cen t , Trichuris s uis 5 per cent , S tephanurus 

dentatus 3 per cen t . 

Fabiyi f rom h is s t udy in Nigeria concluded that 0 .  denta t um  

was common i n  a l l  age groups , and that many pigs were infected with 

large numbers o f  the worms . O f  pigs s laughtered for farmers at 

P reto ria Municipal Abbatoir , South Africa , 7 3  per cent were infec t ed 

with parasitic h elminths : 3 1  per cent with As caris suum, 6 5  per cent 

with As carops s trongylina , 4 per cent with Metas t rongylus apri , 2 7  per 

cent with Oesophagostomum spp, 1 5  per cent with Trichostrongylus 

colub ri formis and 1 5  per cent with Trichuris suis (Fab iyi , 1 9 7 9 ) . 

6 2  

Young ( 19 38)  and Whit ten ( 1 949) , cited b y  Ineson ( 1954) , re co rded 

the presence of 0 .  dentatum in New Zealand . 0 .  dentatum was recorded 

in 3 of 2 1  wild pigs examined ( Ineson , 1 9 5 4 )  b ut not in 25 domes t icated 

pigs examined .  Cairns and Hargreaves ( 1966)  reported that 0 .  dentatum 

commonly occurs in New Zealand ; the "Veterinarian" ( 1968)  refe rs to 

0.  dentatum as b eing a nodular worm which i s  uncommon in New Zeal an d ,  

o r  has little pathogenic effec t . However ,  much o f  this informa t io n  

does not appear to be based o n  a large number o f  animals . There are 



no reliab le prevalence data fo r New Zealand . 

I t  seems certain therefore tha t  Oesophagos tomum infection is 

o f  widesp read o ccurrence in all  clas ses o f  pig . 

1 . 6 . 4  I dentificat ion and life cycle 

Adul t O . dentatum are 8- 1 0mm long (mal e) and 1 1 - 14mm long ( female) 

( Soulsby , 1 9 6 5 ) . Descrip t ions of this species are given by Goodey 

( 1 9 2 4a) , Taf fs ( 1 966) , Soulsby ( 1 96 5 ) , Lapage ( 1 9 5 6 )  and Nob le and 

Nobl e  ( 1 9 76 ) . 0 .  dentatum may be dis tinguished f rom the o ther common 

species in p igs acco rding to the morphological differences g iven by 

Goo dey ( 1 9 24a ; 1 9 2 5 )  and Haupt ( 1 96 6 )  b etween 0 .  dentatum and 

0 .  quadrispinulatum ,  and from the des criptions o f  0 .  b revicaudum and 

0 .  geo rgianum g iven by Sch:wu t z  and Alicata ( 1 9 30 ) . 
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The life cycle patterns o f  individual species wi thin the g enus are 

s imi l ar . Infec tive third-s tage larvae are found on pas ture about one 

week a fter eggs are passed in faeces ; th e eggs are thin-shelled and 

s t rongylate in type . Larvae hatch after 
0 

24 hr at 2 2-24 C ,  second-

s tage larvae deve lop in a further 24-48 h rs , and third-s tage ( infective) 

larvae develop in a furth er 4 8  hr . A third s tage larvae may develop 

wi th in five days under optimum conditions ; infect ion is pos sib l e  only 

by larval inges tion ( Soulsby , 1 9 6 5 ) . 

1 . 6 .  5 Pathogenesis and patho logy of infection 

McCracken and Ross ( 1 9 70 )  s tudied the his topathology o f  

0 .  den tatum infect ions in p igs b etween the ages of 3 and 6 weeks given 

singl e  oral infections of 30 , 000 to 100 , 000 larvae . They found that 

lesions were first evident in the caecum 48 hours after infection , and 

cons is ted o f  focal thickenings of the mucosa up to 1mm in diameter . 

By day 4 numerous dis tinct nodules were p resent in the caecum and 

proximal and mid-co lon . By day 6 the nodules had increased to 4mm in 



diameter and were dis tinctly dome-shaped . The cae cum and colon o f  

pigs kill ed b etween days 7 and 1 0  after infection were cont racted , 

with infolding o f  the mucosa . The caecum was commonly about half 

the l ength of that o f  uninfected pigs , and its wall was up to  3 

times as thick . The larval no dul es were at this s tage approximately 

8mm in diameter and had an umb ilicated appearance due to a yel low or 

black cent ral plug of necro tic ma terial . Oedema was pres ent in the 

wall o f  th e cae cum and colon . The contraction and oedema o f  the 

caecum and colon had dis app eared by day 1 3 .  The no dules b y  this 

s tage had los t  their dark colour and gradually regressed so that no 

abno rmalities due to larval infection coul d b e  seen in pigs more than 

3 weeks after infection ( McCracken and Ro ss , 19 70 ) . The s it e  o f  

larval penetration o f  the mucos a was marked histolo gically b y  

connective tissue , leuco cytes  and giant cells . Where continuous 

in fect ion took place , the colon particularly may b e  covered by a 

mul ti tude o f  nodules , and large numbers o f  0 .  dentatum were found in 

the lumen . A general thi ckening o f  the wall o f  the large intest ine 

and a catarrhal enteritis o ccure d ,  wh ich is asso ciated with the 

clini cal mani fes tation of diarrhoea . Ulce ration o f  the mucosa may 

be eviden� b eing due to both the adult worms and to the migration o f  

the la rvae into the lumen . The nodular fo rmation may extend from 

the l arge intest ine into the small intes tine , particularly the 

terminal i leum (McCracken and Ross , 19 70) . Usually les ions are no t 

found elsewhere , though enla rgement o f  the mes enteric lymph no dules 

may b e  p res ent . Becaus e Oesophagos tomum spp. commonly caus e nodul e 

fo rma t ion in the mucosa , they are some times referred to as 

' no dular wo rms ' .  

Jacobs ( 196 7a) compared the linear dis t rib ution o f  two 
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Oesophagostomum s pecies in the intes tine of the p ig . O .quadrispinulatum 

clearly favours a site closer to the ileocaecal valve than doe s  

0 .  dentatum . The territo ries oc cupied by each species were , howeve r ,  

ob served t o  overlap to varying degrees , 0 .  quadrispinulatum sometimes 

extending into a more dis tal s i t e ,  and 0 .  dentatum somet imes taking a 

p roximal pos i t ion . At tempts to correlate these variat ions w i th : 

1 )  ilie absolute magnitude of the Oesophagos tomum populat ions ; 

2 )  ilie relative numb ers of each OesoEhagos tomum speci es ; 

3) the presence or ab sence of Trichuris suis ; 

4) the reproductive s tatus of the sow ; 

fai led to show a con&s ten t  pattern . P redictab ly ,  males and f emales 

of each species o ccupied s imilar pos i t ions in the intes tine . Pairs o f  

OesoEhagos tomum were o f ten found in copula , and in each case ma ting 

involved males and fema les of the same species . Meas urement o f  over 

2 , 000 OesoEhagos tomum SEE · individuals did no t reveal any s igni ficant 

dif ference in the lengths of the worms t aken f rom each s ec t ion o f  the 

large intestine , no r did microscopical examinat ion show any mo rphological 

di fferences whi ch migh t indicat e a progressively older populat ion in 

the more distal s egments (Jacob s ,  1 96 7a) . 

1 . 6 . 6 Transmiss ion 

Pas tures contaminated wi th developmental s tages of the 

OesoEhagos tomum s pecies of swine can remain infective f rom one year to 

the next . In a field experimen t in Germany , infective larvae o f  

0 .  dentatum and 0 .  quadrispinulatum contained in po rcine faeces were 

placed on a pas ture in S eptember and October . Some larvae survived 

the winter p eriod from October to mid-Ap ril . These larvae were shown 

to be infect ive for pigs (Haupt , 1969) . Barnett ( 1 966)  s tudied the 

post-parturient rise of faecal nematode egg coun ts in sows . Mean 



egg counts were related to the reproduct ive cycle , and showed a peak 

at s ix to eigh t  weeks after p art uri tion . Support fo r the ro le o f  

the s ow i n  transmission o f  Oesophagos tomum infections to piglets is 

also g iven by Dvo rakova ( 1 9 7 5 )  and Jacobs and Andreassen ( 196 7) . 

By nature the pig is an omnivo re adapted to roo t ing and gra zing , 

but domestication has largely overriden nature and the pig is us ually 

hous ed wi th l i t t le or no access to pas ture . Faeces from infe cted 

animals could therefore become highly concentrated , and where a large 

numb e r  of infective larvae develop , a s ituat ion where animals coul d 

become heavily infected may aris e .  Pigs , when kep t  in pens , will 

hab i t ually defaecate in one part icular area rather than at random . 

Tho ro ugh cleaning to remove all infective material should result in 

a s evere reduct ion in numbers of availab le eggs and larvae 

(Pat tison , 19 76) . 

Henle ( 1 9 75) studied the viab ility o f  helminth eggs in l iquid 

pig manure . I n  laborato ry experimen ts the percentage survival o f  

eggs o f  Oesophagos tomum from p igs decreas ed with increas ing durat ion 

of s torage in fermen ted p i g  manure . Summer s torage kill ed all eggs 

within 12 days , whereas th e wint er s torage period required was at 

leas t 30-50 days . Burden and Ginnivan ( 19 7 8) studied the des truct ion 

of p i g  helminth ova and larvae in a s lurry treatment p rocess . Pig 

slurry di luted with water to about 4 . 5  per cent to tal sol ids was 

aerob ically fermented in a 1 5  litre digester maintaine d at 55° C .  

Th e contents were s t irred a t  100 rpm . The average treatment time was 
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4 days . Over 9 9  per cent o f  Oesophagos tomum eggs and larvae were 

kil led after half an hour . Howeve r ,  Soller ( 1 9 76 )  examined the 

effects of various activated s ludge p lan ts on the development capacity 

o f  th in�helled nematode eggs . He concluded that none o f  the activated 

s ludge plants s tudied had a s ignif icant damaging e ffect on the eggs , 



and that lives tock was te-water clari ficat ion ins tallat ions do no t 

p rovide an environment conducive to des t ruct ion o f  paras i t e  eggs . 
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Some evidence exis t s  that t ransmiss ion o f  nematode infe ct ive 

larvae by Psychoda flies ( Bovien , 1 9 3 7 ;  Jacob s et  al , l96 8 ;  Tod et al , 

1 9 7 1 )  by rats (Jacob s et al , 1 96 8 )  and by earthwo rms and co ckroaches 

(El Rafail , 1 9 6 3) is possib le .  However , i t  i s  prob able that such 

means are o f  very l t t l e  real s ignifi cance in the field . 

No s t udy o f  the epidemio logy o f  Oesophagos tomum infect ions o f  

p igs in New Zealand has b een carri ed out . 

1 .  6 .  7 Ef fects on pig health and p ro duction 

The development of an aqui red resis tance to helminth paras ites 

is the rule rather than the except ion . The degree of res istance 

shown is relative , rarely ab solut e ,  and is dependant on a variety o f  

hos t and p aras ite factors . General ly the mo re intimate the contact 

between the p arasite and ho s t  tissue , the greater the res is tance 

e licited . Res is tance wanes without further ant igenic s timulat ion , 

s o  that relatively frequent invasion o f  the host is necess ary i f  the 

res is tance is to be maintained (Taffs , 1966) . 

With Oesophagos tomum , Nickel and Haupt ( 1964)  found tha t the 

course o f  events after infections with 8 , 000 larvae was the same in 

p igl ets aged two to three months, whi ch had no t been exposed to 

infection b efore , as it  was in pigs 8 months old which had b een 

repeat edly re infected . From these experiment s  they concluded that the 

nodular worm did no t evoke the development o f  effective resis tance . 

Nematodes o f  the genus Oesophagos tomum commonly o ccur in pigs 

but comparat ively little  is known o f  their e ffects on p ig p roduction . 

Some aspects o f  this were inves tigated by Shorb ( 19 48) , who observed 

anorexia , cons tipation , sometimes diarrhoea and emaciation , terminat ing 



in death in severely affected animals . Davidson and Taffs ( 19 6 5 )  

have shown that looseness o f  faeces o r  diarrhoea , or  faeces 

containing specks of blood and mucus can be produced in SPF p i gs 

inf ected with Oesophagos tomum larvae . Three out o f  four pigs 

showed anorexia , and two out o f  four los t  weigh t . Some o f  thes e 

signs app eared as early as the fourth day a f ter infection . I ncreases 

in b ody temperature were no t observed and infections with 5 , 000 larvae 

caus ed no clinical s igns . Nickel and Haup t  ( 19 6 4) ob tained s imi lar 

res ults , excep t that diarrhoea was no t appa rent , even in heavily 

infected , newly-weaned piglets . 

In heavy natural infec tions , one o r  more o f  the above s i gns 

may or may no t be apparent ; the faeces usually appear no rmal 

(Taffs , 1966) . 

Mo re recent ly Kaarma ( 1 9 74 )  infected s ix parasite-free p iglets 

5 
with 10 Oesophago s tomum dentatum larvae , l eaving six o ther piglets 

as controls . Symptoms o f  i l lness were mos t  severe in infected 

piglets during the f irst 10 days after infection . Liveweigh t  gain 

by the infected p i gs during this period was 15  per cen t and 45 per 

cent o f  tha t o f  cont ro l pigs in the firs t  and second trials 

respectively . Infected piglets had capricious appetites ; their 

feed consump t ion was lower ,  the apparent diges tibility o f  organi c  

matter and the ass imulat ion o f  diges ted nit rogen decreased in 

comparison with control-group piglets . 

In a series o f  three experiments , pigs weighing 35- 3 7  kg were 

given a unres tricted ration e ither low in p rotein ( 12 . 3  per cen t  

Diges t ib le Crude P ro t ein) or with a normal p ro tein concentrat ion 

( 16 per cent DCP) . 
4 

In p igs dos ed with 10 0 .  dentatum larvae once 

weekly fo r six week s , eryth rocyt e  count and weigh t  gain were lower 

in the infect ed , low p ro tein pigs than in the o thers (Poelvoorde and 

6 8  



Berghen , 19 78) . In pigs 35kg l iveweigh t , and dos ed with 6 . 4 x 105 

0 .  dentatum larvae over 8 weeks , pl asma sodium concentrat ion be came 

subnormal from the third week o f  infection in infected p igs ; p lasma 

po tass ium was no t a ffected comp ared with contro ls (Poelvoo rde and 

Berghen , 1 9 79a) . In pigs 32kg liveweigh t which received a s ingl e  

4 
dos e o f  5 x 10 0 .  dentatum larvae , no difference in body weigh t  o r  

food consumption exis ted between contro l  and infected pigs 

(Poelvoorde and Be rghen , 19 79b) . Th e differences between the 
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resul ts o f  thes e experiments may indica te that heavy natural infe ctions 

�imulated by the f i rs t  and second experiments) may be mo re damaging to 

product ivity than a single infection in p igs of this l iveweigh t . 

Th e resul ts o f  Hass et al ( 19 7 2) are in conflict with the resul ts 

o f  Poelvoorde and B erghen ,  ( 1 9 78 ;  19 79b ) cited earlier . Has s e t  a l  (19 77) 

dosed pigs 7-8 weeks o ld with one or s eve ral do ses o f  infect ive 

Oesophagos tomum larvae and killed the p igs seven weeks later . A 

3 4 
s ingle dose of 5 x 10 or  3 x 10  larvae adversely affected wei gh t  

gain and res ulte d  i n  mo de rately large paras ite populations . Rep eated 

daily doses of 250 , 750 or 1 500 larvae g iven on 5 days each week had a 

less advers e effect on weigh t gain , altho ugh the es tab l ished parasite 

populations were equal to or greater than those result ing f rom larger 

single dos es . 
3 An initial dose o f  5 x 1 0  larvae fol lowed b y  2 50 

larvae daily reduced we ight gain and resulted in es tablishment o f  the 

larges t paras ite populations . Hass concluded from these data and 

thos e  of previous ly pub lished report s , that there s eems to be no 

single factor wh ich accounts for the variab le adul t nodular wo rm 

counts ob tained from pigs given expe rimental infections (Hass et  al , 1 9 7� . 

Contradict ions to the above findings were no ted by Patt ison e t  a l .  

( 19 80)  who repo r t  that pigs have tolera t ed ,  with no advers e effect on 



heal th , larval levels o f  up to 2 x 10
4 (N ickel and Haup t , 1 9 6 4 ) , 

4 4 3 x 10 (Jacob s , 1 9 6 9 )  and 10 (McCracken and Ros s ,  19 70) . 

Comp lications f rom bacterial infections may occur . Mass ive 

experimental infection o f  yo ung pigs with 20-190 ,000 infec t ive Q. 

dent atum larvae resulted in activat ion o f  facul tative pa tho genic 

bact eria ( S almonella cho lerae-sui s )  in the intestine , and p roduced 

clinical symp toms and lesions o f  a paratyphoid infection (Ko tlan , 

1956 ) . 

The e f fects of sub clinical nematode paras itism on rep roduct ive 

p erfo rmance in the sow , and on diges tion and performance in growing 

p igs was s t udied by Pat tison , Smith and Thomas ( 19 79 )  and Pattison ,  

Thomas and Smith ( 1 9 80 ) . 
5 

S uc cess ive doses per sow of 2 x 10 larvae 

at mating and 10
4 

larvae 10 weeks l ater affected subsequent perfo rmance 

in comparis on with control animals . Infected sows ave raged 1 2 . 4  

p igs born , o f  which 9 . 5  were born alive ; wo rm-free sows average 

1 2 . 8  pigs b o rn ,  of which 1 1 . 3  were born alive . Wo rm infection 

reduced b i rt h  weights by 15 p er cent but dif ferences were s tatis tically 

non-s ignificant . Lit ters were e qualized at eight pigs sho rtly after 

b irth , and subs equent weaning weigh t s  at 35 days were 10 . 5  per cent 

lower for p iglets from infe cted sows despite a 29 per cent higher 

cons ump t ion of creep feed . Clinical diseas e was never obs erved in the 

infe cted sows , and no paras itic infection was found in the piglets 

(Pat tison , S mith and Thomas , 1 9 7 9 ) . 

Growing pigs infected with 0. dentatum in dos es o f  2 x 10
4

, 

4 4 5 
4 x 10 , 8 x 10 o r  10 larvae reduced growth rate by 3 ,  8 ,  1 8  or 1 3  

per cent respectively and increase d  feed convers ion ratio by 1 5 %  in 

5 5 
the 10 larvae treatment , compared with controls . For the 10 

t reatmen� the re was no e ffect on killing-out percentage or area o f  
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o f  eye mus c l e  in cross-sect ion , b ut infe cted p igs had relat ive ly 

lower backfat depths (5 . 5  to 1 2 . 5  per cent) . Infection did no t 

influence nit ro gen retention , but apparent diges tib ility o f  the dry 

matter , organic mat t er , nit rogen , gross energy and crude f ib re was 

reduced (Pa t t ison , Thomas and Smith , 1 9 80 ) . 

In comparing repo rts , prob l ems arise due to the variab il ity 

of larval doses , age and b reed of p ig , and diet . The parame ters 

measured also vary , and may partly re flect variat ions in experimental 

des ign ,  procedures and differences in strain of parasite . 

1 . 6 . 8  Diagnosis and cont ro l 

Diagno s is is based on clinical s igns which , however ,  may not 

be specifical ly characteristic , and on diagnostic p rocedures , fo r 

e xample , the examina tion o f  faeces for wo rm eggs and by the 

demons t ration o f  les ions and parasi t es at pos t-mortem examinat ion . 

A diagnostic prob lem mus t be o f  de cid ing how to interp ret a part icul a r  

worm b urden , g iven the conflicting exp erimental data . 

Diagnos is is o ften made mo re di fficul t by the presence o f  

s imul taneous infections by other o rganisms . Little is known about 

the inter-relat ionship o f  bacteria � virus and nemato des , particularly 

the as so ciation o f  bacteria with the gut nemato des , but evidence 

7 1  

suggests that much mo re res earch should b e  done o n  this . For instance , 

massive infec t ions with Oesophagos tomum may p rovoke an acute o r  

chronic salmonellosis with a typi cal pos t-mo rtem picture o f  p iglet 

paratyphoi d  (Kot lan , 1956 ; Nickel  and Haup t ,  1964) . Taffs , Sell ers , 

Clark and Froyd ( 1 969)  compared Oesophagostomum faecal egg counts 

with post-mor t em wo rm counts in 68 na turally-infe cted pigs . 

Faecal egg counts may b e  influenced b y  various hos t  and paras ite 



factors , but Taf f s  et al ( 1 9 6 9 )  ob servat ions indicate that in growing 

p igs there is a direct linear re lationshi p  between fae cal egg counts 

and to tal numb e r  o f  wo rms . However , the wide s catter o f  actual 

wo rm numbe� for animals with s imilar egg counts emphas ises the 

inaccuracy tha t  could arise from reliance on egg counting alone . 

No s tatistical inferences were taken f rom the data . 

Unde r field conditions pigs are o f t en infected s imul taneous ly 

with s everal different helminths , commonly with the trichost rongy lid 

nemato de Hyost rongylus rub idus . I t  is dif ficult to differentiate 

b etween Oesophagos tomum and Hyostrongyl us infection by examination 
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o f  eggs from faeces , as both are typ ically ovoid and thin-shelled , 

although they d i f fer slightly in wid th . Hyo s t rongylus eggs meas ure 

from b e tween 3 1  to 40 �m ( Skrj ab in and B ekenskii ,  1925 ; Alicata , 1 9 35 ; 

Wh ite , 1 9 5 5 ) , whereas e ggs o f  Oesophago s tomum vary in width from 

38 - 5 3  �m (Alicata , 1 9 35 ) . Hyo s trongylus eggs are generally passed 

in the 32 cell o r  early tadpole s tage , whereas Oesophagos tomum eggs 

are o ften passed in the 8 to 1 6  cell ( early cleavage) s tage (Alicata , 

1 9 35 ) . S uch a dis tinction could only b e  made for eggs examined 

immediately after being passed . Howeve r ,  despite these di fferences , 

the b es t  metho d o f  different ia t ion is b y  faecal cul ture and the 

examinat ion of th ird-s tage larvae for size  and mo rphology o f  the 

sheath . H .  rub idus larvae are much longe r and thinner (length and 

width with sheath is 800 by 20 � m ,  Goo dey ( 19 24b ) ; without shea th is  

7 1 5  to  735 by 2 2  �m,  - Alicata ( 19 35 ) )  than are 0 .  dentatum larvae 

( leng th and width with sheath is 6 60 to 720 by 30 �m ,  Goo dey ( 1 9 24a) , 

560 to 600 by 2 8  to 30 �m, Ko t lan ( 19 48 ) ; without sheath is 500 to 

5 32 by 26 �m ,  Alicata ( 19 35 ) ) .  The ext ens ion o f  the sheath b eyond 

the tail of the larva is short  in H .  rub idus b ut long and whip-like 



in Oesophago s tomum spp . 

Cont rol in permanently housed animals sho uld be easy i f  

s t andards o f  hygiene are high and pens are kept a s  dry a s  possib le 

(Taffs , 1966) . Oesophagos tomum larvae take at least five days to 

reach the infe ctive s tage , and require mo is ture ( Pat tison , 19 76 ) . 

Where animals are kept for all o r  part o f  the time on pas ture 

or deep litt er , control by p revention o f  infe ction is mo re difficul t 

and absolute control is impossib le . In such cas es control may rely 

on the us e of anthelmin t i cs or comb inations of mangement pro ce dures 

and dos ing , eg . sows b efore farrowing , young pigs before weaning 

(Thomas and Smi th , 196 8 ;  Taffs , 1 96 6 ) . 

Many anthelmintics have b een tes t ed agains t Oesophagostomum 

in pigs (Tab l e  1 . 1 5 ) . 
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young 
p igs 

adul t & 
growing 

g rowing 
and 
b reeding 

Des tomycin 

Di chlorvos 
Dichlorvos 

Cambendazo l e  
oral 

Thiophanate 

Fenbendazole 

Oxfendazole 

Levamisole 
hydrochlo ride 

Feb antel 

Rintal 
( Febant el) 

B rdg sows Thiophanate 
Growing 

Sow Dichlorvos 

l Og / ton in feed 

V2 2 fo rmula 
Vl3 formula 

1 5mg /kg Bwt 
20mg/kg Bwt 
25mg /kg Bwt 

50mg/kg 

1 5ppm for 6 days 

3mg/kg 

7 . 5mg/kg 

5mg /kg 

5mg/kg 

10mg/kg 
1 5ppm fo r 3 days 

0 .045% ra t ion 
0 .0 25 %  ra tion 

( 14 days) 

4mg/kg Bwt / day 

wo rm eggs 

1 5  & 2 5  days 
15 & 25 days 

10 day larvae 

adult 
immat ure 
larval 

7 days pos t-in f .  
1 4  days post-inf . 
2 8  days pos t-inf . 

8 day larvae 
1 8  & 45 day larvae 
all s tages 
adults only 

eliminated 
a f t e r  60 days 

highly 
effe c t ive 

no t effect ive 

96 -99% 

E f fe c tive 
contro l  

reduced/ 
eliminated egg 
prodn & intest. 
populat ion 

79 -96 % 
84-99% 
65- 9 2 %  

97 . 5% 
9 9 . 5% 
9 9 .7% 

9 5 %  
100% 
100 % 
100 %  

decreas ed egg 
hatchabil ity 
to nil 

Lib erge ( 1 973 

Hass ( 1 975 ) 

Ta f fs ( 1 976 ) 

Baines et al ( 1976 )  

Enigk e t  al , ( 1 977) 

Corwin ( 1 977) 

Oakley ( 1 977) 

Connan ( 1 9  78) 

Enigk and 
Dey-Hazra ( 1 978) 

Baines et al . ( l 979 ) 

1 1 % improvement Young e t  a l . ( 1979 ) 
repro duc tive 
effi ciency ........ 
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CHAPTER TWO 



MATERIALS AND METHODS 

Exp eriment 1 :  Ene rgy and Nitro gen Me tabolism S tudy 

2 . 1  Plan of Experiment 

Th e maj or obj e c t ive o f  this experimen t was to de te rmine the e f fect 

o f  Oesophagos tomum dentatum infec tion on the ene rgy and nitro gen 

me tabolism of the g rowing pig . 

Two groups , each of four pigs , were selected and allocated to four 

treatments , each rep l icated once . 

2 in fec tion t reatments 

( I nfected , Uninfected) 

X 

The p lan of the experimen t was : 

2 p lanes o f  nutrition 

(High , Low) 

Th is was des igned to de termine whether level of fee ding influenced the 

es tab l ishment of a wo rm b urden , and whether energy and nitrogen 

me tabolism changed in res pons e to the burden . The experiment was a 

spl it-plo t des ign . 

2 . 2  Animals 

Four Landrace x Large Wh ite gilts fro m  each of two litters we re 

selec ted f rom the Mas s ey University Pig Herd . The pigs within each 

group were chos en to b e  s imilar in l ivewe i ght , and they were then 

randomly allo cated to treatments . 

Th e firs t  g roup ( replicate) was taken in November , 19 79 , and the 
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second in January , 1 980 , - 54 days apart . Af ter being weaned at 5 weeks , 

these pigs were move d to individual pens at  the Massey Univers i ty ' s 

Animal Phys iology Uni t  when they weighed ab out 1 8  kg . 



2 . 3  P reparation o f  Larval Cul tures and Infection of Pigs 

The digest ive tracts o f  f ive sows were co l l ected from the pig 

kil ling f loor of the Kiwi Bacon Company , Longb urn , Palme rs ton No rth . 

Sows were chosen rathe r than growing pigs because thes e were more 

likely to yield Oesophagostomum dentatum (Pa ttison , Smith and Thomas , 

1 9  79)  . The larg e intestine was cut open , washed over a 2 2  mesh sieve , 

and wo rms o f  one t ract were co l lected f rom the mucosa b etween the 

caecum and anus . S amp les o f  fae ces were coll ected to b e  e xamined for 

worm eggs . S amp l es o f  worms were identi fied (wi th th e help o f  

Dr . W . A . G .  Char leston , of the Department o f  Ve terinary Pathology and 

Pub lic Heal th , Massey Unive rsity) us ing the methods of S oulsby ( 1965 ; 

1969 ) . E xaminat ion o f  approximat e ly 50 wo rms indi ca ted a l l  were 

0 .  denta t um .  S ub s equent work with the isolate indicated tha t there 

was a sma l l  proport ion (estimat ed to be 1 -2%)  o f  0 .  quadrispinulatum 

pres ent . The wo rms were washed and put into saline for s torage , 

sub s equent ly ground with washed s and , and added to equa l  vo lumes o f  

auto claved pig faeces and vermiculite . Th e cul ture medium was put 

into Agee j ars , hal f- filling each one , so that an airspace was le ft 

at the top . The j ars we re cove red with loos e ly fitting l ids and 

0 
sto red at 2 7  C fo r 7 days ; a fine sp ray o f  wa ter was added when 

necessary to keep the medium mo is t . 

When ready for harves t ,  the larvae could be seen ascending the 

side o f  the j ar .  They we re recovered init ia l ly b y  rins ing f rom the 

sides o f  the j ar once daily . After about five days , the re covery was 

done us ing the Baermann apparatus (Baermann , 19 1 7 .  Anon , 19 7 1 )  as 

des crib ed by the Minis try o f  Ag . Fish . and Foo d  ( 19 7 1 )  ( Fi gs . 2 . 1  and 

2 .  2 ) . Examination o f  several hundred larvae showed that a l l  were 

Oesophagos tomum larvae ra ther than Hyost ronglus larvae (Fig . 2 . 3) .  
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Fig ure 2 . 1  O . d e n t a t um c u l t ure med ium and harve s te d  l arvae 

F i gure 2 . 2  

7 7  

Bae rmann t e ch n i q ue 

f o r  h a rve s t ing la rvae 



F i gu re 2 . 3  I n f e c t i ve th i rd - s t age larvae f rom c u l t ures 

of O . den t a t um used fo r i n f e c t ing p igs . 

(magni f i c a t io n  2 5 0  x and 1 0 0 x) 
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The larvae were then pooled into a 'pure ' culture and a p revious ly 

worm- free ' dono r '  p ig was dosed . After 2 1  days the infe ction was 

patent ( i . e .  eggs b egan to app ear in the faeces ) . The faeces f rom 

this animal were then used as a source o f  further wo rm eggs which were 

cul tured as desc rib ed above . The larvae harvested from this cul ture 

were also examined for presence of Hyost rongylus . None were found . 

The larvae we re collecte d ,  counted , and doses of  80, 000 larvae 

in water were prepared fo r admins tration to those pigs which had been 

allocated to the infected treatmen t. 

All pigs were treated with an anthelmintic preparation , levamisol� 

as recommended by  the manufacturers (Nilverm , I CI Tasman Ltd . , N . Z . )  

after they were moved to the Phys io logy Uni t. Infected t reatment 

pigs we re later dos ed at about 20kg liveweight wi th 80, 000 

Oesophagostomum dentatum larvae in wa ter . This was done by two persons, 

one res trained the animal in an upright position , while the o ther after 

ins erting a gag ,  tipped the dose down the pig 's  throat . 

rinsed down wi th distilled water . 

The dos e  was 

2 . 4  Housing 

The animals were p laced in l . Om x 1 . 7m individual pens in a 

6 . 0  x 4 . 5m room at the Animal Phys iology Unit. Six pens were arranged 

either side of a common ais le , with all doo rs facing into this aisl e .  

The pens had previous ly b een scrubbed and sprinkled wi th sodium 

hypo ch lorite .  Infected pigs were kep t  s trictly to one side o f  the 

aisle, ,nd uninfec t ed pigs to the o ther ,  in an effo rt to avoid cross-

infection . Whe re possib le , pigs were kep t in the same pen when no t in 

the calorimeter . Galvanized iron foo tb a ths which extended across the 

opening of a gate were filled with a 3% chlorine solution and p laced 



outs ide the uninfected animal ' s  pens . 

2 . 5  Feeding and Management of the Pigs 

80 

Two pigs p er rep l icate were randomly allocated to a plane of 

nutrition (H) c o rres ponding to 90% of appetite ; this plane o f  nutri t ion 

inc reased from 1 . 2 2  kg/ day at 20 kg liveweight to 2 . 8 8  kg/ day at  80 kg 

liveweigh t  ( se e  Appendix 2) . The remaining two p igs were al located to 

a plane o f  nutrition (L)  co rresponding to 5 7% o f  appetite ; this pl ane 

o f  nut ri t ion increas ed from 0 . 76 kg/ day at 20 kg liveweigh t to 1 . 82 kg/ 

day at 80 kg livewe igh t . These levels of appetite were de termined for 

use in a previous s tudy (Holmes et al , 1 9 79 ) . 

lib i tum .  

Wa ter was availab le ad 

Feed was provided by the Massey P igge ry and was the un it ' s  

commerc ial growe r ratio n .  The percen tage compos ition and cal culated 

nutrient content are given in Appendix 1 .  

Pigs we re weighed a t  0 800 hours once weekly , befo re b eing fed ; 

these weights we re us ed to calculate the amo unts o f  feed to be allocated 

to each pig during the next 7 days ( s ee Scale of feeding , App endix 2 ) . 

Pigs wh ich were about to undergo a balance period were changed to 

their new feed al lowance two days befo re the balance began . A samp le 

of feed was taken each week , and s tored fo r later analys is fo r dry 

ma t t e r ,  nitrogen and ene rgy concentra t ions . 

2 . 6  Allo cat ion to Calo rime te rs 

Pigs were ass igned to either o f  the two calo rimeters randomly at 

their firs t balance ; in a subsequent balance , those pigs o ccupied 

alt ernate calorimeters . Success ive trea tmen ts wi thin each calorime ter 

changed with each balance . 



Fo r examp l e : 
Cal 1 Cal 2 

Ba lance 1 IH NH 
2 NL IL 
3 NH IH 
4 IL  NL 
5 IH NH 
6 NL I L  

All animals were s ubj ect to a five-day t raining period i n  the 

calo rimeters b e fo re taking meas urements . There were two calo rime ters 

capab le of hous ing an animal each , so infecting of the 'H ' and ' L '  

pigs was perfo rmed in alternate weeks . Fo r each replicate , the firs t 

two p igs to have ba lance s p erfo rmed were 'H ' animals . A b a lance 

was of seven days duration (Tab le 2 . 1 ) . The calo rimeters were 

scrubbed and dis infected with a 2 . 25 %  s t reng th chlo rine solution at  

the conclus ion of  each balance . The two ' L '  animals fo llowed in the 

sub s equent week . Two balances in alt ernate weeks were pe rfo rmed per 

pair of pigs , then there was a gap of two weeks , followed by the las t 

balanc e per pair o f  pigs (Tab l e  2 . 1 ) .  

2 .  7 Calo rime t ry and Balance Me thod 

2 .  7 . 1  Th e open-circuit respirat ion calo rimeters 

The calo rime te rs us ed in this s t udy have b een described by 

Ho lmes ( 19 7 3) . Each cons is ted o f  a chamber o f  galvanized s t eel on a 

rigid s t eel framework , l .  7m x 0 .  7m x 1 .  5m high ( internal meas urements ) , 

and a front and back door which sealed on to rubb er gaskets . A food 

and a wat er t ro ugh were mo unted on the front doo r , acces sib l e  

through a lid , 0 . 3m x 0 . 3m ,  which also sealed o n  to a rubber gaske t . 

The floor o f  each chamb er was in the shap e o f  a funnel , for urine 

drainage . En t ry o f  air through the urine drainage tube was 

p revented by a ' l iquid t rap ' . The animals were s up po rted abo ve the 
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Tab l e  2 . 1  

Age o f  H . P .  
Animals 

5 wks 

6 wks 

7 wks 

8 wks 

9 wks 

10  wks 

1 1  wks 

1 2  wks 

1 3  wks 

1 4  wks 

Sequence o f  events fo r calo rimetry trial 

S imilar programme for both rep licates 

High-Plane Animals 

Selection at 1 8  kg and 

anthe lmintic  treatment 

Training in calorimeters 

Infe cted treatment 

animals dosed with 

0 .  dentatum at 20kg LWt 

Fi rs t balance period 

7 days in pen 

Se cond balance period 

7 days in pen 

7 days in pen 

7 days in pen 

Third balance period 

Removed to piggery , 

to grow to 80 kg 

Low-Plane Animals 

Selection at 1 8  kg and 

anthemintic treatment 

Training in 

calorimet ers 

Infected t reatment 

animals dosed with 

0 .  dentatum at 20kg LWt 

First balance p eriod 

7 days in pen 

Second balance pe rio d 

7 days in pen 

7 days in pen 

7 days in pen 

Third balance period 

Removed to piggery ,  

to grow to 80 kg 
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Age o f  L . P .  
Animals 

5 wks 

6 wks 

7 wks 

8 wks 

9 wks 

10 wks 

1 1  wks 

12  wks 

1 3  wks 

14 wks 

1 5  wks 



floor of the chamb er on aluminium slats . The calculated volume o f  

each calorimeter was 2 , 200 litres . The air temperature within the 

0 + 0 calorimeter was cont rolled at 20 C ( - 2 C) by means of a water-cooled , 

fan ventilated heat exchanger and thermostatically contro lled e lectric 

heaters mounted above a false ceiling beneath the top of  each chamber .  

A hygrometer and a thermomet er set  in the  calorimeter wall could be 

read from outside . Each chamber was insulated externally with 

expanded air polystyrene , 2 . Scm thick . 

Air was exhaus ted from each chamber  by a rotary pump , and fresh 
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air d rawn i n  from a heigh t  of  S m  above ground level outs ide the building . 

Both chambers operated at a pressure which was approximately 2 cm water 

gauge below atmo spheri c  p ressure , and we re located in a well  ventilated ,  

temp erature-cont rolled room . The exhaus t air from each chamb e r  passed 

th h d · h "  h cooled � t  to about 3°C ,· roug a ev�ce w �c � 

to b e  saturated with water vapour at this point . 

the air was assumed 

The air was rewarmed 

0 to 2 8  C ,  and drawn through two dry gas meters in series . The air 

temperature was measured as it left  the cooling device and again as i t  

left the gas met ers . Es timates o f  wa ter vapour pressure together 

wi th barometric pressure readings made it poss ib le to correct the 

measured vo lume of air to standard temperature and pressure . 

An automatic soleno id swi tching system enab led sma ll samp les o f  

air ( 1  litre/min ) t o  be  drawn b y  a sma l l  electric diaphragm pump from 

both the incoming fresh air entering the exhaus t air leaving the 

chamb ers . These samp les were dried by being drawn thro ugh s il ica gel . 

The system o f  so lenoid valves allowed air to be  drawn from the exhaus t 

from each chamb er alternately fo r four minute p eriods , and from the 

incoming fresh air for s ix minute p eriods , every four hours . S amples 

were also drawn into three glass  cyl inders , fit ted with mercury-0-ring 



sealed piston s p i rometers ; one for exhaus t air from each calorimeter , 

and another from air in the room , over a twenty-one to twenty-th ree 

hour perio d .  

The first samp les described were pumped through an automatic  

infra-red carbon dioxide analys er (Grubb-Parson , UK ;  range 0- 1 . 5% co2) 

and an automatic  paramagnetic oxygen analyser (Servomex Co . Ltd . , UK ;  

range 19-2 1 %  o2) connected in series . The electrical output o f  each 

analys er was connected to one channel o f  a two channel reco rder 

(Honeywel l ,  UK ;  5mV full scale) . The reco rded traces fo r the period 

could  be  integra ted with a t ravelling planimeter . The s econd samples 

des cribed were p assed thro ugh the analysers in turn until the reco rder 

t race became s teady . 

The gas analysers and the recorder were calib rated daily by 

p umping through them two compressed gas mixtures containing known 

concent rations o f  oxygen , carbon dioxide and nitrogen . The oxyg� 

and carbon dioxide content of thes e gas es were 1 9 . 0 31% o2 , 0 . 7 10% co2 

and 20 . 1 9 8% 0 2 and 1 . 2 79%  co2 respectively . The calculated respired  

gas volumes , corrected to STP we re further adj usted for  the change in 

the chamber  air composition between the beginning and end of each 

measurement period . 

Heat p roduction was calculated f rom the equation o f  Bro uwer 

( 19 6 5 ) : 

where 

HP ( 02 X 16 . 18 )  + ( C02 x 5 . 0 2 )  - ( N  x 5 . 99 )  

HP heat p ro duced (kiloj oules kJ/ 24 hr) 

02 
= o xygen consumed (litres / 2 4  hr , STP) 

C02 
= carbon dioxide produced (litres / 24 h r ,  STP) 

N2 urinary nit ro gen excreted ( grams / 2 4  hr) . 

See appendix for worke d example  o f  Heat P ro duction . 

84 



2 . 7 . 2  Tes ts of  the calorimete rs 

A test o f  the whole calo rimetric sys tem compris ing the 

chamber , ventilation circui t , dry gas meter , gas analysers , recorder 

and calib ration gases , was to admit dry nit rogen or dry carbon dioxide 

gas into the calo rimeter chamber at a measured rate , and to us e the 

calorimetri c  equipment to es tima t e  the gas admis s ion rat e .  I n  a 

series of  five t es ts ,  the measurement o f  oxygen averaged 0 . 99  accuracy , 

and in a fur ther series o f  two tes ts , averaged 0 . 996 accuracy . 

The whole  apparatus can also be  tes ted by the contro lled burning 

o f  a weighed amount of ab solute alcohol within the calorimete r .  In 

this case , there is a change in composition of gas es between ent ering 

and leaving the sys tem due to the comb us t ion o f  alcoho l ,  corresponding 

to the effect an animal might p roduce i f  it were enclosed in the 

calorimeter . For  these tes ts ,  the amount o f  co2 p ro duce d  is 

calculab le ,  p ro viding there is complete  ignit ion o f  the alcoho l .  A 

series o f  such tests produced a mean meas ured value of  9 7 . 1 %  c± 0 . 7%)  

o f  the theo ret ical oxygen consumption . 

2 . 8  Co llection of  Faeces and Urine 

The animals confined in the calo rimeter were supported on 

aluminium slats above a floor which s loped to an outlet near the front . 

Urine was coll ected through a p ipe into a plas t i c  bucket b enea th the 
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calorimete r .  The urine was collected over lOO mls O . lN H2 so4 , s trained 

through a sieve daily and bulked for the seven day balance period . 

The accumulating· urine was kep t in plas tic buckets and s to red  at 4° C 

until the end o f  the b alance perio d .  I t  was then weighed , thoroughly 

mixed and samp led . 

energy . 

Later , det erminations we re made for ni t rogen and 



Fae ces were collected during the balance period from the 

s latted floor and from a removab le po lythene sheet benea th . A sample  

of  faeces was collected each day , p laced in  a plas tic screw-top j ar 

and taken t o  the labo rato ry for egg counts . The weight o f  this 

sample  was recorded and added to total bulk faeces for the week . 

Faeces were b ulked over the 7 day b alance period and s to red a t  - 3°C .  

I t  was then weighed ,  mixed and samp led for determinations o f  dry 

matter , nit ro gen and energy . 

Re fusals and spillages were collected at the end o f  each balance 

period for pigs undergo ing balances . 

matte r .  

2 . 9 Analyt ical Techniques 

Thes e were analysed for dry 

Chemical analys es were done in duplicate with agreement between 
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duplicates 3% or better, with the excep tion o f  gross energy de terminations 

for urine . Repeatab ility for urine was accepted with dup l i cates o f  10% 

o r  b et ter . 

Dry mat ter . Faeces bulked over the s even day b alance period were 

thoroughly mixed on a clean concre te floo r by shove l ,  and sampled . 

0 Dup licate t rays of  300g faecal mat ter  we re oven dried at 80 C fo r dry 

matter determinations . 

Nitrogen.  · The nitrogen concentrations of  feed and excre ta 

were determined by the macro-kj eldahl method ,  des cribed by AOAC ( 1965) . 

For meal about 1g  o f  ground and mixed mea l  was weighed into a 

small  plas tic  bag which had zero nitrogen content , and diges ted in f lasks . 

The diges ta was refluxed with Sodium Hydroxide , and was collected b y  

being distil led in bo ric acid , and titrated b ack with O . lM H2so4 . 



A samp le o f  the ground and mixed meal was oven dried simul taneous ly . 

For faecal material a 300g f reeze dried sample was ground 

finely , sub s ampl ed and a macro-kj eldahl de termination perfo rmed as 

described ( ab ove) fo r meal . 

Fo r urine a weighed lOg wet sample o f  urine was p ipetted into 

a small  p lastic  bag , and a macro-kj eldahl determination made as 

described abo ve . 

Energy . Gross Energy content o f  meal , faeces and urine 

were determined by an Adiab atic B omb Calorimeter ( Gallenkamp & Co . ,  

UK . ) . 

Ground and mixed meal powde r ,  p repared as above , was measured 

into a pelletizing clamp , and pell ets o f  l . Og formed fo r combus tion . 

The p ellets were weighed , placed in the comb us t ion chambe r  o f  the 

bomb calorimeter and o2 admit ted under p ress ure . The comb ustion 

chamber was p laced in a bucket o f  water containing a weighed amount 

o f  water , and th is in turn was p laced in the Bomb Calo rimeter which 

had a circulat ing water j acket s urround and an insulated lid . The 

temp erature of  the water was no ted , the samp le was igni ted , and the 

temperature noted again after it had s tabilized . 

Ground and mixed faeces sampl es we re t reated in the same way as 

des c ribed for meal powder Gross Energy determinations above . 
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Urine samples were prepared b y  pipet ting 5 0 g  (mls)  o n  t o  a weighed 

polythene ( Gladwrap) film supported in a petri dish , and f rozen . The 

samples were then placed in a freez e  dryer ,  and once dried , the 

polythene and sample  were combusted  together in a similar manne r as 

that for meal and faeces described  above . 

the energy content o f  the polythene . 

Corrections were made for 



2 . 10 Exsheathment Work with O . dentatum 

The l arval suspens ions wh ich were kep t to be  used later for 

dos ing the experimental p igs appeared to have a reduced activity . 

This led to an attempt to find a means of  exsheathment so that larval 

vaiability could be as sessed , s ince none were found in the litera ture . 

Buf fers we re p roduced by  combining citric ( 0 . 1M) and Na2HP04 (0 . 2M 

Mcl lvaine ' s  solution) , to form s ix 10 ml aliquo ts , ranging in a s tep-

wis e  fashion from pH 8 . 0  to pH 3 . 3 .  Equal amounts of l arvae were 

added to each solution and also to a 10 ml dis t illed water b lank .  

Carbon dioxide was bubb led through each solution for 5 minutes . 

The j ars were capped t ightly and put in a water bath a t  39° C for 

3 hours . A second 10 ml dis t il led water b lank was prepared with the 

same concentration o f  l arvae as the incubated samples . This sample 

of larvae was ki lled by plunging the jar  into boiling water wi thout 

buffer or incubation , b ut wi th carbon dioxide treatment ,  and the 

percentage exsheathment was es timated . The incub ated j ars were 

removed ,  plunged in a boiling wa ter bath for one minute to kil l  the 

larvae , and each solution then inspected fo r proportion of sheathed and 

exsheathed larvae us ing a counting grid . 

2 . 1 1  Faecal Egg Counts 

Throughout the t rial faecal samples were collected daily for the 

duration o f  the b alances , whether the pigs were in or out of the 

calorimeters (so that egg coun ts could be measured in the infected 

and uninfec ted pigs ) . Dung samples were taken from four o r  five 

different places in a pen , in an a ttempt to achieve representative 

sampling , and examined in the lab oratory for the presence o f  eggs using 
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a Modified McMas ter method .  

Where s torage o f  a sample was required ( us ually overni ght) , 

samples were kept in a refrigerator at  4°C .  

All pigs were inspected carefully fo r any clinical symptoms o f  

a wo rm b urden , expected symp toms being diarrhoea, listlessness and 

anorexia , and any sign o f  ill-thrift . Faecal samples from the s tart 

o f  the f i rs t  balance to the end of the final balance were s co red  

daily for  ' s oftness ' on  an arbitra ry scale 1 -1 0 ,  1 being the extreme 

o f  firmness ,  and 10 being wa tery . 

2 . 1 2 S tatis t ical Analys is 

The calorimet ry data (Experiment 1) was analyzed f i rs t ly by 

us ing the split-plo t (nes �ed) des ign as a technique to inves tigate 

t reatment e f fects . A further analysis technique , using the 2 x 2 
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facto rial des ign fo r each parameter within each time perio d ,  investigated 

any differences between time periods . 

In the split-plot  design , the effects o f  two factors , infection 

and feeding levels , were each tes ted at two levels in pigs (main plo ts)  

at three periods in t ime (sub-p lo ts) . The four treatments , infected 

high-plane ( IH) , unin fec ted high-plane (NH) , infected low-plane (IL) and 

unin fected low-p lane (NL) were rep licated twice . Pigs ( 2  per cell) 

were no t re-randomized across periods . 

The s plit-plot experiment assumes tha t  the sub-plo t t reatments are 

not randomi zed ove r  the whole large b lock , but only over the main p lo ts . 

Randomization o f  the sub-plo t treatments is assumed to b e  newly done in 

each main p lo t , and the main treatments are assumed to be randomized in 

the large b locks ( Snedecor and Cochran , 196 7) . The split-plot design 

gives reduced accuracy on the main-plo t  t reatments , and increased 



accuracy on sub-plo t  t reatments and interactions . 

In randomized b lo cks , the mo del for the split-plo t experiment is : 

X · ' k  1] 

where � = 

Mi 

B · J 

(MB) ij 

e . . 1] 

Tk 

ij k 

� + � + Bj + eij + Tk + (MT) ik + ijk  

a general 

the fixed 
i = 1 ,  2 ,  

the fixed 
j = 1 ,  2 ,  

mean 

e f fect  
-- a 

e f fect  
-- b 

of 

of  

the i th 

the j th 

the fixed interaction e f fect 
infection level with the j th 

random res idual error unique 

the fixed e f fect  of  the ith 
with the kth t ime period 

random residua l  error  unique 

infection level ; 

feeding level ; 

of the ith 
feeding level 

to Xij 

infection level 

to xij k 

For the purpose o f  hypo thes is test ing , no rmality is assumed . 

In performing a split-plot ana lysis , i t  was recogni zed that any 

correlat ions between e rrors resulting from repeated meas urement on the 

same pig were ignored . This type o f  error might affect inferences 

regarding only the repeated factor ( t ime) . Inferences are altered 

because variation between anima ls is  increas ed by pos itive correlation 
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o f  repeated ob servations , whereas variat ion wi thin animals is decreas ed 

relative to random variation (Gi l l  and Hafs , 1 9 7 1 ) . 

The 2 x 2 factorial analysis was therefore used in taking inferences 

from the dat a  regarding differences between t ime perio ds . 

Regress ions were performed on the data in order to p roduce mo re 

info rma t ion about the phys io logy o f  the pig . Tes ts o f  homo geneity o f  

the intra-class regress ions were p erformed acco rding t o  the method o f  

Searle ( 1 9 7 1 ) . Where intra-class regress ions were adj udged homogeneous , 

the pooled within-class regression is pres ented , with i ts significance 

tes ted by the method of Searle ( 1 9 7 1 ) . 



Experiment 2 :  Pig  Perfo rmance , S laughter 

and Carcass Characteris tics 

2 . 1 3 P lan of Expe riment 

The aim o f  this trial was to p rovide info rmation on the 

p erformance o f  p igs which had been infected with Oesophagos tomum 

dentatum . Fourteen pairs o f  pigs were selected and allo cated to 

four t reatments , each replicated seven times . The plan o f  the 

experiment was a 2 x 2 factorial : 

2 sexes 
( Gilts , Boars )  

2 . 1 4 Animals and Hous ing 

X 2 levels of infection 
( Infected , Uninfected) 

S even pairs of Landrace x Large White gilts and seven pairs o f  

Landrace x Large White boars , paire d for l iveweight from the same 

litter , were selected f rom the Mass ey University Pig Her d .  Each 

member  o f  the pair was randomly al lo cated t o  a treatment , either 

Infected ( I )  o r  Uninfected (N) , and pigs were moved from the weaner 

flat-deck house to individual pens when they weighed 16-1 8kg live-

weigh t . All pigs we re treated with anthelmintic and those allocated 
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t o  the · infected treatment were later dosed  with 80 , 000 infective larvae 

of 0. dentatum as in Experiment 1 (Section 2 . 3) .  

The t rial house was an enclosed bui lding with a conc re te f loo r and 

surround 2 8m x 7 . 5m ,  and was divided into 2 8  individual p ens , each 

1m x 3m . All infected animals were p laced on one side o f  the shed and 

u n i ri. f e c·t e: d animals on the oth er . Each pig remained in the same pen for 

the durat io n  o f  the trial . Boo ts , shovels and b rooms required for use 
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in the shed were marked and used  only for  a particular s ide o f  the shed . 

2 . 1 5 Feeding and Management o f  the Pigs 

All p igs were allocated to the ' H '  s cale of feeding used in 

Experiment 1 (Appendix 2 ) . The ra tion was also Massey ' s  Grower ration , 

and was p rocured f rom the same source as for Experiment 1 .  The p igs 

were individually fed once daily and water was availab le ad lib it um .  

There were no refusals , and spillage from the trough t o  the pen floor 

was negligible . Pigs were weighed at 0 7 30 hours once weekly , b e fo re 

being fed , and their feed allowance increas ed on the b asis  o f  that 

liveweigh t . Those which approached 80 kg liveweight at the weekly 

weighing were marked and sent  to s laughter on the following day . 

The preparat ion of  larval cultures , infection of  p igs and egg 

counts in faeces were as for Experiment 1 .  Co llection and examination 

of  dung samples f rom each p ig were done once weekly , in the same manner 

as for Experiment 1 .  Pigs were inspected for clinical symptoms o f  a 

wo rm b urden as b e fo re . 

2 . 1 6 Recovery o f  Wo rms 

The section o f  gut from the s tomach to the rectum was removed 

from each pig shortly after s laughter and t ranspo rted to the laboratory 

for examination . There the section from the caecum to the anus was 

opened and rinsed thoroughly with water . The contents were washed on 

a sieve o f  l0 1-1m aperture size . The washed inges ta was made up to a 

convenient volume and after thorough mixing a 10% aliquo t was removed 

for worm counting . 

The sample thus ob tained was examined in the laborato ry fo r the 

presence of worms . 



2 . 1 7 S t atisti cal Analysis 

The theoretical assump t ions underlying the analys is of variance 

o f  a factorial exp eriment for fixed treatment effects are discussed 

in Snedecor  and Co chran ( 1 96 7) . 

The data derived from the two levels o f  infection and two sexes 

for p erfo rmance characteris tics were subj ect to the analys is o f  

variance as for a 2 x 2 factorial design . 
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CHAPTER THREE 



RESULTS 

3 . 1 Experiment 1 

3 . 1 . 1  Pig  health and l ivewei gh t  

All pigs settled into their pens quickly and satisfactorily . 

They appeared to have little  d ifficul ty in adap ting to the calorimeter 

environment . Meal was seldom refused by animals on the high plane of 

nutr i t ion and never by those animals on the low plane . The low-plane 

animals seemed more dif ficult  to handle  than the high-plane animals , 

perhaps owing to a degree o f  s tress imposed by underfeeding . 

The animals remained in good health , alert and vigorous , for the 

duration of the trial wi th one exception . This animal (an uninfected 

pig) e xhibited chronic diarrhoea f rom about 35 kg liveweight ,  before 

its third ( f inal) balance . Therefore data for growth from 3 / 2 / 80 to 

1 / 7 / 80 ( 20 to 80 kg livewei ght)  did no t include data f rom this animal . 
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There was no clinical evidence of  parasitism in any animal through-

out the experiment . Eggs appeared in the faeces o f  some animals as 

early as 19 days after infec tion and a ll infect ions were patent by the 

26th day . Egg numbers ros e  to a maximum concentration ranging between 

4 , 4 7 5  and 1 8 , 2 7 5  e ggs per gram ( ep g) faeces af ter about 7 weeks , and fell 

to b e tween 250 and 1 1 , 7 75 epg at slaughter . All uninfected animals 

remained worm-free . 

At the s tart of  experiment 1 l iveweight (LW) di fferences between 

groups were small  (Table 3 . 1 ) .  However ,  in order to compensa te for 

later differences in LW , the relationships between LW and some metabolic 

parameters were inves tiga ted so as to arrive at a sui table value for the 



Table 3 . 1 Mean liveweight o f  pigs on each t reatment in expe riment 1 (± s . e .m . )  

Plane of  nutrition 

Infection t reatment 

Period 1 

2 

3 

Pooled mean 
liveweight (kg) 

Period 1 

2 

3 

High 

Infected 

+ 
30 . 8  (- 1 .  7)  

4 0 . 6  (± 2 . 6 )  

4 9 . 0  (± l .  7 )  

2 8 . 4  (± 4 . 2 ) 

35 . 4  (± 7 . 4 )  

4 4 . 7 (± 7 . 0 )  

Uninfected 

2 8 . 8  (± O )  

37 . 3  (± 0 . 8) 

46 . 8  (± 1 . 5 )  

The following notation applies to tables in the text : 

N 

I 

plane of  nutrition . 

infection t reatment . 

Period = P = bal ance interval . 

S = sex o f  animal . 

ns = dif fe rences between values non-s ignificant . 

Infected 

2 7 . 1  (± 3 .  7) 

32 . 0  (± 3 . 7 

4 1 . 7  (± 3 . 9 ) 

Low 

Uninfected 

26 . 7  (± 1 .  3)  

31 . 6  (± 1 . 3) 

4 1 . 3  (± 0 .  5 )  

Level of  

significance 

ns 

*N 

ns 

** differences between values s ignificant (p 0 . 0 1 ) 

* = dif ferences between values signi ficant ( p  0 . 05 )  

s . e . m .  = s tandard error of  the mean . 

df 

MS 

degrees o f  freedom . 

mean squa re . 

\0 Ul 
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e xponent of  Ul .  For this purpose , all animals ' l iveweights and feed 

intakes wer
.
e firs t included as experimental data at 6 weeks of  age .  

Data f rom high-p lane animals were incl uded up to 1 9  weeks o f  age , and 

9 8  

from low-plane animals up t o  26 weeks o f  age . Dif ferences in LW during 

the trial were attributab le to di fferences in p lane of nutrition 

(Tab le 3. 1) rather than infection with 0 .  dentatum . 

For abb reviat ions found in all Tables , see foo tnote , Tab le 3 . 1 . 

3 . 1 .  2 The relationship between liveweigh t and 

various measurements of  me tab o lism 

The relat ionsh ips between liveweigh t and heat production , nitrogen 

intake , me tabo lizab le energy intake and energy retention were inves tiga ted 

by regression analys is . 

The appropriate exponent for the present data was inves tigated by 

regress ing each o f  log 10 HP, log 10 NI , log 10 ME and log 10 ER wi th lo g10 LW . 

A sui tab le exponent is therefore given by the within-class regressio n  

coefficient or , where approp riate , the pooled within-class regress ion 

coefficient . 

1 .  Log 10 HP vs log 10 LW 

The regression coefficients are presented in Tab le 3 . 2a ,  

and tests o f  homogeneity o f  wi thin-class regress ions are presented in 

Table 3 . 2b (Appendi x 4) . For analytical and comparative purposes a 

common exponent was necessary for analysis ·.o f  all the data . Two wi thin-

class regression coefficients , that o f  the uninfected pigs , and high-plane 

pigs , had confidence limi ts which did encompass the pooled exponent 

(Tab le 3 . 2a) but wh ich would no t encompass the conventionally adop ted 

exponent  for LW of 0 . 7 5 . The remaining two wi thin-class regressio n  

coef ficients were ab le t o  accommodate ei ther possib ility . The pooled 

regress ion coeffici ent (0 . 6 6 )  represented the data for all pigs , with 



Table 3 .  2a Reg ression coefficients calculated by regress ion 

analys is of �og 10 heat p ro duction (HP , dependent 

-1  variab le , MJ . day ) on  log
10 

liveweight (LW ,  

independent variable , kg , ± s . e . o f  coefficient)  

Regress ion 

Source of data coe f ficient 

Infected 0 . 73 

(± 0 . 03) 

Uninfected 0 . 60 

c± o . o3) 

High-plane 0 . 65 

c± o . o4)  

Low-plane 0 . 6 7  

c± o . o4 ) 

Pooled within-class 

( infection , nutri tion) 0 . 66 

c±  o . o 3) 

Level of Confidence 

signi ficance l imi t s  

* *  0 . 79-0 . 66 

* *  0 . 66-0 . 5 3 

** 0 .  74-0 . 56 

** 0 . 76-0 . 5 8  

** 0 .  72-0 . 58 
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Figure 3 . 1 

Log 1 0 Heat P roduct ion 
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confidence limits which did not encompass 0 . 75 .  The widely adopted 

exponent  of  0 . 75 was closer to the value for infec ted treatment pigs 

(0 . 7 3) than the value for uninfected pigs (0 . 60) . It  was therefore 

considered that us e o f  the pooled exponent was desirable . 

2 .  Log 1 0  NI vs lo g1 0  LW 

1 0 1  

The regression coefficients are presented i n  Tab le 3 . 3a ,  

and tes ts o f  homogeneity o f  with in-class regress ions are presented in 

Table 3 . 3b (Appendix 4) . The poo led regression coef ficient (0 . 66 )  is 

identical to the previously derived value (0 . 66)  for log
10 

HP vs log
10 

LW , supporting th is choice as an accurate means of compensating for 

liveweigh t  dif ferences in comparison of t reatment values . 

3 . Lo g10 ME vs lo g 10 
LW 

The regression coefficients are presented in Tab le 3 . 4a ,  

and tes ts o f  homogeneity o f  wi thin-class regress ions are p res ented in 

Tab le 3 . 4b (Appendix 4) . The pooled regress ion coefficient (0 . 68) 

was very close to the two p revious ly derived values of  0 . 66 for log 10 

HP vs log10 LW and log 10 NI vs log 10 LW . 

4 .  Log 10 ER vs log 1 0  LW 

The pooled within-class regress ion coefficient was not 

signi ficant , and all within-class regressions were homogeneous (Tab le 

3 . 5 ,  Appendix 4) i . e .  no relationship was found to exis t b e tween log
10 

ER and log 10 LW . 

3 . 1 . 3  Comparative data for infec ted and uninfec ted pigs 

Mean values for energy and nitrogen metabolism and growth are 

presented in Tab les 3 . 6a and 3 . 7a using the calculated exponent for 

liveweight of  0 . 66 . Further ,  Tables 3 . 6b and 3 . 7b (Appendix 4) p resent 

similar informa tion , calculated  us ing the widely accepted exponent for 



Table 3 . 3a 

Source o f  data 

Infected 

Uninfected 

High-plane 

Low-plane 

Regression coe fficients calculated by regression 

analysis of log 10 nitrogen intake (NI , gms . day-1 ) 

on log1 0  
liveweigh t  (LW ,  kg , ± s . e .  of  coe fficient) 

Regres s ion Level of  Confidence 

coe f f icient significance l imits 

0 .  70 ** 0 . 99-0 . 40 

(± 0 .  1 3) 

0 . 6 3  ** 0 . 89-0 . 36 

<* 0 . 1 2 )  

0 .  75 ** 1 . 02-0 . 4 8  

( ±  0 . 1 2 ) 

0 . 5 7 ** 0 . 84-0 . 30 

(± 0 . 1 2 )  

Pooled within-class 0 . 66 ** 0 . 83-0 . 49 
( infection,  nutrition) (± 0 .  08)  
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1 0 3  

Table  3 . 4a Regress ion coeffici ents calculated by regress ion 

Source o f  data 

Infec ted 

Uninfected 

High-plane 

Low-plane 

analysis o f  log 1 0  me tabolizab le energy intake 

-1 
(ME , MJ . day ) on log

10 
liveweight (LW , kg ,  

± s . e .  of  coefficient)  

Regress ion Level o f  

coefficient s ignificance 

0 . 6 6  ** 

(± 0 . 1 3 )  

0 . 6 9  ** 

(± 0 . 1 2 )  

0 . 6 1  ** 

(± 0 . 1 2 )  

0 . 75 ** 

(� 0 . 1 2 )  

Pooled within-class 0 . 6 8  ** 
( infection , nutri tion) (± 0 . 0 9 )  

Confidence 

l imits 

0 . 9 5-0 . 3 7 

0 . 96-0 . 4 2  

0 . 88-0 . 34 

1 . 02-0 . 4 8  

0 . 8 7-0 . 49 



Table 3 . 6a Mean values o f  energy me tabol ism for pigs 

. . 1 ( MJ k -0 . 6 6 
d -1 ) 1n exper1ment . g . ay 

Variable Infected · Uninfected 

Gross energy 2 . 14 2 . 1 5 

Faecal energy 0 . 4 8  0 . 49 

Urine energy 0 . 0 6  0 . 0 7  

Metabol izab le energy 1 . 60 1 . 59 

DE/ GE % 7 7 . 5  7 7 . 0  

ME/GE % 74 . 7 74 . 0  

ME/DE % 96 . 5  96 . 1  

Heat produc t ion 1 . 0 8  1 . 0 8  

Energy retained 0 . 5 1  0 . 5 1  

Energy re tained as fat 0 . 4 3  0 . 4 3  

Energy retained as pro tein 0 . 08 0 . 08 

Respirato ry q uotient 1 . 1 2 1 . 1 1  
( C02 p roduced/02 consumed) 

s . e . m .  

± 0 . 02 

± 0 . 0 2  

± 0 . 0 1  

± 0 . 0 2  

± 0 . 5  
+ 0 . 5  
+ 0 . 2  

± 0 . 00 2  

± 0 . 0 2  

± 0 . 02 

± 0 . 005 

± 0 . 008 
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Level o f  

s ignificance 

**N 

**N 

**N 

**N 

ns 

ns 

ns 

**N *IxN 

**N 

**N 

**N 

ns 



Tab le 3 . 7a Mean values of  nitrogen metabo l ism and perfo rmance 

for pigs in experiment 1 

1 0 5  

Level o f  

Variable  Infected Uninfected s . e .m .  s ignificance 

Nit rogen in take _
1 (gms . kg-0 . 66 . day ) 4 . 2 1  4 . 22 ± 0 . 06 **N 

Faecal nitrogen _ 1 ( gms . kg-0 . 6 . day ) 0 . 94  1 . 0 1  ± 0 . 06 **N 

Urinary nitrogen _ 1  
( gms . kg-0 . 6  . day ) 1 . 1 8 1 .  22  ± 0 . 06 **N 

DN/TN % 7 7 . 70 76 . 30 ± 1 . 20 ns 

Nitrogen retained _ 1 (gms . kg-0 . 66 . day ) 2 . 09 1 . 98  ± 0 . 1 2 **N 

Liveweight gain (kg - 1  day ) 0 . 6 7  0 . 64 ± 0 . 0 3  **N 

Mean l iveweigh t  (kg) 35 . 40 36 . 90 ± 1 . 89 ns 

Mean l iveweight (kg
0 . 66 ) 10 . 50 1 0 . 80 : 0 .  37  ns 

Feed convers ion rat io : 
± 0 . 1 4 20-80 kg liveweight 3 .  34 3 . 59 *N 

(kg feed/kg LWG) 

Ave rage daily gain (kg/day) 0 . 5 3 0 . 56 ± 0 . 06 **N 
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liveweight o f  0 . 75 ,  to enab le the p resent data to be  compared easi ly 

with o ther work . The spli t-plo t des ign was used in thes e analyses for  

reasons outlined earlier (see Materials and Methods , sec t ion 2 . 1 2 ) . 

3 .  1 . 4  Utiliza tion o f  metaboli zable energy 

Mean values of wi thin-period energy metabolism data a re p resented 

for all . treatments , us ing the exponent for l iveweight of  0 . 66 , in Tab le 

3 . 8a .  The analyses o f  variance were performed fo r a 2 x 2 facto rial as 

out lined in the Materials and Methods , section 2 . 1 2 .  

S imilarly , mean values are p res ented in Tab le 3 . 8b (Appendix 4) 

us ing the exponent for liveweight o f  0 . 75 .  

3 . 1 . 5 Energy retention 

Measurements of energy retained for all t rea tments in each o f  

three balance periods are compared i n  Table 3 . 9 a ,  using the calculated 

exponent for  l iveweight of 0 . 66 . S imilar comparisons a re p resented in 

Table  3 . 9b (Appendix 4) using the exponent 0 . 7 5 .  

3 .  1 .  6 Ni trogen me tabolism 

Mean values of nitrogen metabolism for all treatments in each o f  

three balance periods are p resented i n  Tab le 3 . 10a  us ing the calculated 

exponent for l iveweight of  0 . 66 .  Inc luded for comparative p urposes is 

Tab le 3 . 10b (Appendix 4 )  which p res ents es t imates using the exponent for  

liveweight o f  0 . 75 .  

3 . 1 .  7 Faecal cons is tency 

A method of point-scoring was applied to a faeces sample collected 

daily from each pig , fo r the firs t  five weeks in which infe c t ions were 

patent . The sco ring was s ub j ec t ive , taken on a s cale ranging from 1 

(very hard) to 10 (watery) . 

across feeding levels . 

The results are shown in Table 3 . 1 1 , pooled 



Table 3 . 8a 
-0 66 -1 Mean values of several measure ments of energy metabolis m (MJ . kg · 

. day ) 

Plane o f  Nutrition High 

Infec t ion t reatment Infected Uninfected 

DE/ GE % 76 . 9 3  6 . 85 

ME/DE % 96 . 2 7 95 . 99 

Metabolizable energy 
intake 

Period 1 1 . 89 1 . 9 7  

2 1 . 99 1 . 9 8  

3 1 . 9 2  1 . 8 7  

Heat product ion 

Period 1 1 . 2 3  1 . 2 8  

2 1 . 26 1 . 25 

3 1 . 26 l .  25 

Low 

Infected Uninfec ted 

7 7 . 9 8 7 7 . 1 9 

96 . 68 9 6 . 1 3 

1 . 29 1 . 29 

l .  21  1 . 1 8 

1 . 26 1 . 2 3  

0 . 8 7 0 . 90 

0 . 9 3  0 . 9 1 

0 . 94  0 . 89 

s . e .m .  

± 0 . 69 

± 0 . 36 

! 0 . 0 5  

! 0 . 08 

! 0 . 10 

! 0 . 0 1  

! 0 . 0 2  

± 0 . 03  

Level of  

si gnificance 

ns 

ns 

**N 

**N 

**N 

*I*N 

**N 

**N 

..... 0 -...J 



Table 3 . 9a 
-0 66 -1 Mean val ues of several measurements o f  energy retained (MJ . kg • 

. day ) 

Plane o f  nutrition High Low Level o f  

Infec t ion t reatment Infected Uninfected Infected Uninfec ted s . e . m .  significanc e  

Energy retained 

Period 1 0 . 66 0 . 69 0 . 40 0 .  39 ± 0 . 0 3  **N 

2 0 . 7 3 0 . 73 0 . 28 0 . 2 7  ± 0 . 0 7  **N 

3 0 . 66 0 . 62  0 . 32 0 . 34 ± 0 . 1 1  *N 

Energy retained as fat 

Period 1 0 . 56 0 . 60 0 .  34 0 . 33 ± 0 . 0 2  **N 

2 0 . 64 0 . 6 5  0 . 20 0 . 2 1 ± 0 . 08 **N 

3 0 . 55  0 . 5 3  0 . 2 7 0 . 29 ± 0 . 09 *N 

Energy retained as 
protein 

Period 1 0 . 09 0 . 09 0 . 06 0 . 06 ± 0 . 0 2  *N 

2 0 . 09 0 . 08 0 . 0 7  0 . 06 ± 0 . 02 ns 

3 0 . 1 1  0 . 1 0 0 . 06 0 . 02 ± 0 . 02 *N 

ER (MJ/kg LWG) 9 . 54 10 . 0 7  6 . 4 3  6 . 9 3  ± 1 .  30 *N 

..-0 00 



Table 3 . 1 0a Mean values o f  several measurements o f  nitro gen metabolism (gms . kg
-0 · 66

. day- 1
) 

Plane o f  nutrition 

Infection t reatment 

Nitrogen intake 

Period 1 

2 

3 

Urinary N excreted 

Period 1 
2 

3 

N retained 

Period 1 

2 

3 

Digest ib il ity o f  N 
DN/TN x 100 ( % )  

High 

Infected Uninfected 

4 . 99  5 . 1 8 

4 . 9 1 4 . 83  

5 .  39 5 . 40 

1 .  2 8  1 .  3 2  

1 . 29 1 . 2 5  

1 . 56 1 . 6 1  

2 . 46 2 . 4 7 

2 . 35 2 . 1 9 

2 . 80 2 . 5 7  

76 . 6  7 3 . 9  

Low Level o f  

Infec ted Uninfected s . e . m .  significance 

3 . 20 3 . 25 ± 0 . 4 **N 

3 . 5 3  3 . 4 7  ± 0 . 3  **N 

3 . 2 1 3 . 1 9 ± 0 . 4  **N 

1 . 04 1 . 01  ± 0 . 06 **N 

0 . 8 7  1 . 0 3  ± 0 . 1  *N 

1 . 0 2  1 . 1 1  ± 0 . 2 *N 

1 . 5 2  1 . 55 ± 0 . 4  ns 

1 . 89 1 . 66 ± 0 . 4 ns 

1 . 5 1  1 . 4 1  :!: 0 . 5  *N 

78 . 8  78 . 6  - ns 

� 0 \0 
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Tab le 3 . 1 1  Consistency o f  faeces from infected and 

uninfected pigs (mean scores)  

Weeks of 

patency Infected score Uninfected s co re 

Block I 

1 5 . 3  5 . 0 

2 5 . 5  5 . 8  

3 4 . 7  5 . 1  

4 4 . 4 4 . 8 

5 4 . 7  5 . 0  

Block I I  

1 5 . 0 4 . 9 
2 5 . 1  5 . 0 

3 5 . 1  5 . 0 

4 4 . 9  5 . 0 

5 4 . 5  7 . 6+ 

+ 
scouring animal ' s  values included here . 



3 . 1 . 8  The investigation o f  energy and nitrogen 

metabolism by regression 

Heat p ro duction , energy re tained , energy retained as fat , energy 

retained as p ro tein and nitrogen retained were regressed wi th 

metaboli zab le energy intake and nitrogen intake . Where applicab le ,  

corresponding tes ts o f  homogenei ty o f  the within-class ( infection 

t reatment , plane of nutri tion) regress ions were also presented . The 

overall regress ion and regress ions for  each infec tion treatmen t pooled 

over feeding l evels were used to provide partic ular info rmat ion 

regarding the use of  energy for all pigs , and for each infec tion 

treatment . 

The res ults of  the overall  regression of  HP vs ME ,  and the 

1 1 1  

regression o f  HP vs ME for each infec t ion treatment poo led over feeding 

levels are shown in Table 3 . 1 2  and Fig . 3 . 2 .  S imilarly regress ions 

are pres ented for ER vs ME (Tab le 3 . 1 3 ,  Fig . 3 . 3) and ERF vs ME (Tab le 

3. 14) . The regression o f  ERP vs ME resul ted in only a single 

significant regression equation (Tab le 3 . 1 5 ) . 

The further investigation o f  the metabolism of ni trogen invo lved 

regression analysis as introduced earlier ( the metabol ism of energy 

and nitrogen , p .  98 ) • 

ERP vs NI 

The regress ion coefficients are presented in Tab le 3 . 1 6 a ,  

and tes ts o f  homogeneity o f  wi thin-cl ass regressions are pres ented in 

Tab le 3 . 1 6b ( Appendix 4) . 

Mul tip le  regress ion equa t ions relating ER to ME and NI us ing the 

f 1 .  i h f kg0 · 66 d · b l  3 1 7  d h exponent o r  1vewe g t o are presente 1n Ta e • a ,  an t e 

corresponding equations using kg0 · 7 5  are presented in Tab le 3 . 1 7b 

(Appendix 4) . S imilarly , multiple re gress ion equations relating ME 



Table 3 . 1 2  

Source o f  

Infected 

Uninfec ted 

Overal l  

Tab le 3 .  1 3  

Resul ts  o f  regression analysis o f  heat production 

(HP , -0 66  -1  MJ . kg · . day ) on  me tabolizable energy 

intake 0 . 66 - 1  
(ME , MJ . kg . day ) .  

data 

Level o f  

Regress ion equation significance 

HP = 0 . 44ME + 0 . 40 ** 

c± o . 1 2 )  

HP = 0 . 48ME + 0 . 34 ** 

c± o . 1 2 )  

HP = 0 . 46ME + 0 . 3 7 ** 

c± o .o8)  

Resul t s  of regress ion analys is o f  energy retained 

-0 66 - 1  (ER,  MJ . kg · . day ) on metabolizab1e  energy 

-0 66 - 1  
intake ( ME ,  MJ . kg · . day ) 

Level o f  

Source o f  data Regress ion equat ion s igni ficance 

ME at  

ER 0 

Infected 

Uninfected 

Overall 

ER 0 . 56ME - 0 . 40 

c± o . 1 2 )  

ER 0 . 5 3ME - 0 . 35 

c± o . 1 2) 

ER 0 . 54ME - 0 . 37 

c± o . o8)  

** 0 . 7 1 

** 0 . 66 

**  0 . 69  

1 1 2  

• 
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2 

HP 

(MJ/kg0 . 66 / day) 

I 
pooled 

N 

Graph of  Heat P roduct ion vs Metaboli zab le Energy Intake for 

Infected and Uninfe� t:ed p igs . 

-0 2 
ME (MJ/kg0 . 66/ day) 

A Infected 

e Uniufe c t ed 

I� 

2·5 

-
-
w 



F i g u re 3 . 3  

'.) · 5 

0 N· poo led 

.a. I n fe c t ed 

e L'n infe c t o>d 

G ra ph o f  Energy Reta ined vs Me tabo l i zab l� Ener�y 

I n t ak e  fo r I n fe c t ed and Un � nfo!c ted pi;;s . 

1 ·5 
ME ( MJ / kg0 . 6 6 / day) 

2 

1 1 4 



Tab le 3 . 14 Resul ts o f  regress ion analysis o f  energy retained 

as fat ( ERF ,  MJ . kg-0 · 66 . day- 1 ) on metabolizable 

. k (ME MJ k -0 . 66 
d 

- 1
) energy 1nta e , . g . ay 

Level o f  

Source o f  data Regression equa t ion significance 

Infected 

Uninfected 

Overa l l  

Table 3 . 1 5 

Source o f  data 

Uninfec t ed 

ERF = 0 . 36ME - 0 . 1 1  

c± o . 1 2 ) 

ERF = 0 . 4 9ME - 0 . 35 

c± o . 1 2 )  

E RF  = 0 . 4 3ME - 0 . 24 

c± o . oa) 

* 

** 

**  

Results of  regression analys is o f  energy retained 

-0 66 -1 
as pro tein ( ERP ,  MJ . kg · . day ) on metabo lizable 

. k (ME MJ k -0 . 66 d - 1 ) energy 1nta e , . g . ay 

Regression equat ion 

ERP = 0 . 0 4ME + 0 . 0 1  

c± o . 1 2)  

Level of 

s ignificance 

** 

1 1 5 



Table  3 . 1 6a 

Source of  data 

Infected 

Uninfected 

High-plane 

Low-plane 

Regress ion coef ficients calcula ted by regression 

analysis o f  energy retained as pro tein 

(ERP , MJ . kg-0 . 66
. day-1

) . . k on n1trogen 1nta e 

-0 . 66 - 1  
(NI , gms . kg . day ) 

Regression coefficient 

0 . 04 

(± 0 . 005)  

0 . 0 34 

c± o . oo 6 )  

0 . 0 36 

c± o . oo4)  

0 . 049  

(± 0 . 009)  

Level of  

significance 

** 

** 

** 

** 

Poo led within-class 
(infection , nutrition) 0 . 0 38 * *  

c± o . oo 4 )  

1 1 6  



Table 3 . 1 7a 

Source o f  data 

Infected 

Uninfec ted 

Mul t iple regress ion equations relating energy 

-0 . 66 -1  retained ( ER ,  MJ . kg . day ) to metabolizable  

energy intake ( ME ,  MJ . kg-0 · 66 . day- l ) and nitrogen 

int ake (NI , MJ . kg-0 · 66
. day- l

) 

Regression equa t ions 

** * 
ER 0 .  7 7ME 0 . 09NI - 0 . 36 

c± o . lo)  c± o . o4 ) 

** * 
ER 0 .  74ME 0 . 09NI - 0 . 29 

c± o . o8 )  c± o . o3)  

** 
Pooled within-class 
( infection , nut ri tion) 

** 
ER 0 .  76ME 

c± o . o6)  

0 . 09NI - 0 . 32 

c± o . o2 )  

ME ,  NI r = 0 .  88 

1 1 7  



kg
0 . 66  

to ERF and ERP us ing the exponent are p resented in Tab le 3 . 18a , 

d h d . . kg
o . 7 5 

d b an t e correspon 1ng equations us 1ng are p resente in Ta l e  

3 . 1 8b (Appendix 4) . I t  should be no ted that the supposed ly 

independent variab.les in the equations were corre lated . 

Mean values o f  liveweight gain for pigs o f  each t reatment are 

shown for individual balance periods in Tab le 3 . 1 9 .  Values fo r feed 

convers ion rat io are for the period 20 to 80 kg liveweigh t .  

3 . 2  Experiment 2 

3 .  2 .  1 Pig  health 

Infected animals showed no clinical s igns o f  infec tion ; 

never theless , eggs appeared in the faeces a t  approximately 3 weeks 

pos t-infec tion , rose to a maximum concentration ranging between 2 , 82 5  

and 36 , 250 (average 1 9 , 90 7 )  epg faeces a t  6-1 3  weeks , and f e l l  to 

1 1 8  

between 50 and 2 5 , 825  ( average 1 1 , 060)  epg faeces a t  slaugh ter . Adul t 

worm populations at s laughter ranged from 70 to 9 , 200 (average 4 , 25 5 )  

worms /pig (Appendix 5) . Numerous sma l l , firm nodules approxima tely 

1mm diameter were seen in the wall  o f  the colon of all infected pigs . 

Al l 28  animals remained in good health , aler t ,  vigorous and active for 

the duration of the growth trial . No 0 .  denta tum eggs o r  wo rms were 

recovered from uninfec ted pigs . 

3 . 2 . 2  Comparative data for infected and uninfected p igs 

Mean values fo r s everal measurements of  p erformance and carcass 

quality are shown in Tab le 3 . 20 .  The results o f  analyses o f  variance 

are given fo r differences between infec tion t reatments and for 

differences b e tween two sexes (boars and gilts ) . Table 3 . 20 _ showed that 

no differences developed between infected and uninfected pigs for any 

o f  the paramet e rs measured . However ,  significant differences were 



Table 3 . 1 8a 

Source o f  data 

Infected 

Uninfec ted 

Mul t iple regres s ion equat ions relating metabolizable  

-0 66  -1  
energy intake (ME , MJ . kg · . day ) to energy 

-0 66 - 1  re tained as fat  ( ERF , MJ . kg · . day ) and as 

p ro tein (ERP , MJ . kg-0 · 66
. day-1 ) 

Reg ression equations 

** * 
ME 1 . 4 1ERF + 4 . 6 3ERP + 0 . 6 3  

c± o . 1 7 )  (�  1 . 4 7 ) 

** ** 
ME 1 . 52ERF + 5 . 48ERP + 0 . 5 2  

c± o . 1 2 )  c± 1 . o n  

** ** Pool ed within-class ME 1 . 4 6ERF + 4 . 99ERP + 0 . 5 8 
(infection , nutrition) c± o . 1o)  (� 0 . 85) 

ERF , ERP r = 0 . 4 8  

1 19 



Table 3 . 1 9 Mean values o f  liveweight gain fo r pigs on each treatment in expe riment 1 

Plane o f  nutrition 

Infection t reatment 

Liveweight gain 
( grams/ day) 

Infected 

+ 
Period 1 0 . 66 (-0 . 06 )  

2 0 . 80 (±0 . 0 1 )  

3 0 . 85 (±0 . 0 1 )  

Feed conve rsion rat io : 
20-80 kg (kg feed/ + 

kg LWG) 3 . 1 3 ( -0 . 1 ) 

t only one value include d .  

High 

Uninfected 

0 . 66 (±0 . 0 1 )  

0 .  76 (±0 . 03) 

o . 9 7  c±o . 1o)  

3 . 36 c±o . o2 )  

Infec ted 

0 . 46 c±o . 08) 

o . s2 c±o . o6 )  

o . s6 c±o . o6 )  

3 . 49 c± o)  

Low 

Uninfected 

o . s4 c±o . o 1 )  

o .  s 3  c±o . o 1 )  

+ 
0 . 54 (-0 . 1 ) 

4 . 1 9 t 

Level o f  

significance 

ns 

**N 

*N 

ns 

...... N 0 
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Table 3 . 20 Mean values fo r performance , ca rcass quality and worm 

numbe rs for  pigs in experimen t 2 .  

Variable Infected 

Initial liveweight (kg) 2 1 . 00 

Final liveweight (kg) 82 . 30 

ADG 20-50 kg LW (kg / d) 0 . 66  

ADG 50-80 kg LW (kg / d) 0 . 8 1  

ADG 20-80 kg LW (kg / d) D .  73 

FCR 20-80 kg LW 
(kg feed/kg LWG) 2 . 9 0  

Carcass weigh t  (ho t ,  kg) 6 1 . 5 0  

Carcass weight ( cold , kg) 60 . 2 0  

Killing out percentage (hot) 7 3 . 1 0 

Killing out percentage ( co ld) 74 . 70 

Maximum shoul der fat (mm) 3 3 . 0 0 

Minimum loin fat (mm) 16 . 5 0 

Fat over the eye muscle  - C (mn) 14 . 80 

Fat ove r  the eye muscle - K (mm) 2 3 . 50 

Width eye muscle (mm) 
Dep th eye mus cle (mm) 

Area eye muscle 2 
( cm ) 

Back rasher ra tio 

Egg numb e rs (average) 

Worm numbers at slaughter 

88 . 80 

46 . 70 

30 . 50 

0 .  7 7  

1 1 , 060 

4 , 2 55 

Uninfected  

2 1 . 0 0  

82 . 1 0 

0 . 6 4  

0 .  7 9  

0 . 70 

3 . 0 0 

6 1 . 1 0 

5 9 . 90  

73 . 00 

74,. 4 0  

34 . 60 

16 . 60 

1 5 . 60 

26 . 40 

86 . 6 0  

50 . 1 0 

3 1 . 30 

0 . 8 1  

0 

0 

Level o f  

s . e . m .  significance 

± 0 . 30 ns 

± 0 . 40 ns 

± 0 . 0 1  ns 

± 0 . 0 2  *S 

± 0 . 0 1  *S 

± 0 . 05 *S 

± 0 . 3 0 ns 

± 0 . 4 0  ns 

± 0 . 30 ns 

± 0 . 30 ns 

± 0 . 6 0 ns 

± 0 . 6 0 *S 

± 0 . 6 0  ns 

± 0 . 90 ns 

± 0 . 9 0 ns 

± 1 . 10 ns 

± 0 . 60 ns 

± 0 . 0 3  ns 



reco rded for  some parameters , and were at trib utab le to the dif ference 

in perfo rmance of the two sexes . 
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CHAPTER FOUR 

- I 



DIS CUSS ION 

4 . 1  The Pat tern o f  I nfec tion with O . dentatum 

Infec tions firs t became patent 19-26 days after larval dosage . 

A s imilar minimum prepatent p eriod ( 2 1  days ) was recorded by Pat tison 

et al . ( 1 980) although there was some variation between animals .  

Other wo rkers have recorded prepatent periods varying from 26-28 days 

(Poelvoorde , 1 9 7 8a) to 6-7 weeks (Hass et al , 19 72) . There are 

1 2 3  

several possible  explanations for thes e dif ferences in res ults , such as 

variation in the sensi tivity of techniques us ed to detect eggs , 

poss ible variat ions in hos t res is tance or s trains o f  paras ite . 

In both the pres ent experiments , egg counts fluctuated widely in 

individual animals ( s ee sec tions 3 . 1 . 1 , 3 . 2 . 1 ) and varied cons iderab ly 

between animals . Pigs in experimen t 1 on the low plane o f  nutri tion 

did not have cons is tently hi gher egg counts than animals on the high 

plane 'o f nutri tion (Figs .  3 . 4a ,  3 . 4b) . S imilar variat ions in wo rm 

e gg  output have been observed by o ther workers (Pat tison e t  al , 1 9 80 ;  

Poelvoorde , 19 78a) . 

In experiment 2 of  the present s tudy , examination o f  the diges tive 

tracts from all animals revealed that only infected animals carried 

O . dentat um  (see Chap ter 3 ,  section 3 . 2 . 1 ) . Very high numbers were 

recove red f rom some individuals b ut there was a wide variation in worm 

numbers , despite the use of  one uniform infec tive dose . I t  should be  

no ted that the wo rm b urdens present a t  s laughter were l ikely to have 

been lower by s ome unknown amount than they had been earlie r ,  s ince 

some worms would already have b een los t .  

I t  was clear f rom the data that , in general , pigs which excreted 



large numbers o f  parasitic  e ggs in their faeces also yielded high 

numb e rs o f  adult paras ites a t  slaugh te r ,  and those with low paras itic 

egg p roduction had low numbers of  adul t paras ites at slaughter (r 

1 2 4  

0 . 59 ;  see App endix 5 ) . However , this could only be regarded as a very 

gene ral guide , and egg product ion data would no t appear to be suitab le 

for very precise prediction of wo rm populat ions . A s imilar pattern o f  

infection could b e  expected to have exis ted in pigs in experiment 1 .  

High egg counts indicate tha t in all animals a sub s tantia l , if  variable , 

worm burden was es tabl ished (Figs . 3 . 4a ;  b) .  

A further experiment ,  us ing the same isolate o f  O . dentatum , and 

a s imilar dose o f  80 , 000 larvae , was subsequently conduc ted by Smith 

and Charles ton ( unpublished ; see Table 4 . 1 ) with four gro ups each o f  

eight p igs . Each group comprised four gil ts and four boars . In 

infected pigs , the mean wo rm burden at slaughter ( 4 , 269 )  was similar 

to the 4 , 25 5  recorded in experiment 2 .  Once again no significant 

differences could be found b etween infected and uninfected p igs for 

various performance parameters investigated (Tab le 4 . 1 ) . This 

evidence suppo rts the res ul ts of the earlier experiments 1 and 2 .  

Pattison e t  al ( 19 80) found in growing pigs mean wo rm burdens at 

s laughte r of 5 , 6 10 ,  5 , 432 and 5 , 5 8 8  for three different infection levels , 

giving significantly reduced growth rate , efficiency o f  feed convers ion 

and lowered backfat depths . 

There are p rob lems o f  a disgnostic  nature re flected in these 

conf licting results . 

In the present experiments , and in those o f  Pattison et  al ( 1 980) , 

s ub clinical l evels o f  O . dentatum were es tabl ished by use o f  s imilar 

dos es of the same parasite . Much higher egg coun ts were reco rded for 

the p resent data (maximum average of 1 1 , 060) eggs per gram faeces) compared 
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Tab le  4 . 1  Mean performance of group fed infected 

and uninfected p i gs  (From : S mith and Charles ton , unpub lish�d) 

Variab le  Infected Uninfec t ed Level of  s . e . m  
s i gnificance 

Daily gain (kg) 0 . 6 7 6  0 . 6 7 5  + 
0 . 00 7  - ns 

Feed conversion + 
ratio 2 . 7 3 2 . 74 - 0 . 034 ns 

Kil l ing-out 

76 . 2 4 7 5 . 39 
+ 

percentage - 0 . 400 ns 

Intrascope fat 

measurement ( mn) 1 3 . 25 1 5 . 0 7  
+ 

0 . 3 76 - ns 

Worm burden at  

s laughter 4 , 269 n i l  
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with a maximum avera ge of  2 , 400 eggs per gram faeces given by Pat tison 

et al ( 1 9 80) . Bo th experiments had similar wo rm b urdens at slaugh ter . 

Nevertheless , in the pres ent experiments , the performance of  the pigs 

showed no adverse ef fec ts , whereas in the experiments o f  Pattison et al 

( 1 9 80) perfo rmance was advers e ly affected by infection . I t  is apparent 

then , tha t  such high faecal egg counts do no t necessarily indicate that 

the p erformance of  the host is being adversely affec ted . I t  is 

interes ting to no te also that Pat tison et al ( 1 980) found that increas ing 

the larval dos e ,  al though caus ing increas ed effects on pig performance , 

did no t resul t in higher wo rm b urdens at slaughter , app roximately 9 

weeks later . This suggests some regulation o f  the adul t wo rm burden 

established following single dos e  infection , and that the increas ing 

e f fect  o f  higher infec tion rates on pro duction parameters mus t have 

b een due to the greater larval challenge in the early s tage ra ther than 

to the adul ts (Pattison e t  al , 19 80) . 

In the growing pig , clinical dis ease has been repo rted in pigs 

infected artificially by dos ing wi th 25 , 000 to 80 , 000 larvae (Nickel 

and Haup t ,  196 4 ; Davidson and Taffs , 1965) . On the o ther hand , there 

are repo rts that pigs have to lerated , wi th no adverse e f fect  on heal th , 

larval levels of  up to 20 , 000 (Nickel and Haup t ,  1964) , 30 , 000 (Jacobs , 

1969)  and 100 , 000 (McCracken and Ross , 1 9 70) . 

No clinical signs o f  o esophagos tomias is s uch as anorex ia ( Tab le 

3 . 8a) , anaemia , l is tlessness o r  change in faecal consistency (Tab l e  3 . 1 1) 

were obs erved in the present s tudies . The general hea l th o f  animals on 

both trials appeared to be  goo d ,  with the exception of one case o f  

diarrhoe a  i n  an uninfected animal . 

One can only speculat e  on the possible c�uses for s uch conflicting 

reports . The likel ihood o f  a relationship between site  of  infection 

and e f fect  on pig performance mus t be ruled out in infections with 
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O . dentatum,  s ince the paras ite always inhab i ts the anterior portion o f  

the colon (Jacobs , 196 7a) . 

Possible  reasons for  differing repo rts may be  differences b etween 

the s trains o f  parasite used and differences be tween the geno types of  

pig  use d  in the s t udies . Ano ther possib il i ty is that the paras i te 

p ro duces some ' fac tor ' which is actually useful to the pig .  

4 . 2  The Relationship Between Liveweigh t and Various 

Measurements of Metabolism in Expe riment 1 

The metabol ism o f  energy and ni trogen is cons ide red to vary wi th 

an e xponent o f  liveweight (Klieber , 1 965 ; McDonald et al , 19 7 3) . 

Convent ionally the exponent of  0 . 75 for l iveweigh t is chosen (Kl ieber , 

1 965 ) , al though s trictly this only applies to mature , fasted animals . 

Although sel ection was made so that animals in experiment 1 

should be very s i milar in bodyweight , some differences were inevitab l e ,  

both init ially and s ubs equently during the experiment . In o rder to 

detect any treatment effects with greater precis ion , it was necessary 

to reduce variat ion in the data caused by varia tion in liveweigh t 

within and between treatments . 

The relationships between liveweigh t and various measurements o f  

metabolism were inves tigated ( Chapter 3 ,  section 3 . 1 . 2 ) . Bo th ME and 

HP were found to be propo rtional to Lw0 · 6 6
, so that 0 . 66  was cons idered 

to be  the mos t  satisfactory exponent of LW to reduce the variat ion 

caused by liveweight differences within and between balance perio ds for 

these data . Wo rk by other autho rs has shown a range of  e xponents which 

have b een measured and used in various s tudies (Table 4 . 2) . 

Many o ther authors us e 0 . 75 as an adop ted convent ion , even though 

their data may show another value to b e  mo re ' accurate ' ,  e . g .  Jordan 



Table 4 . 2  

Exponent used 

(kge xp) 

0 . 5 7 

0 . 8  

1 . 0 

0 . 5 7 

Exponential functions which reduce variation 

in data caused by liveweight  differences 

Pi g livewei gh t 

(kg) 

16 - 196 

34 - 64 

1 7  - 34 

20 - 90 

Source 

Brierem ( 1 9 36 )  

Holmes and Mount 

Holmes and Mount 

Fuller and Boyne 

0 . 75 ;  0 . 6 7 ; 0 . 5 7 25 - 1 10 Thorbek ( 1 9 7 3) 

1 28 

( 1 96  7)  

( 1 96  7) 

( 1 9  70) 



and Brown ( 1 9 70) , Thorbek and Henkel ( 1 9 76 ) , Carr , Boo rman and Co le 

( 1 9 7 7) , Holmes and Clo s e  ( 19 7 7 ) , Close  et  al , ( 19 78) , McCracken et al 

( 1 980) and Holmes et al ( 19 79 ) . 

4 . 3  The Consequences o f  Infection >vi th O . dentatum 

In o rder to  inves tigate the partitioning of  food energy and 

nitrogen by infected and uninfected animals , reg ression analyses were 
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performed o n  data f rom experiment 1 .  Heat p roduction , energy retained 

and nitrogen re tained represent  the parti tioning of food energy and 

nitrogen into use for maintenance o r  use for p ro ductive p urposes . A 

further consequence o f  this use of energy and nitrogen is that where 

retention occurs , i t  takes place as either fat or p rotein . 

Two different techniques in regression analys is were us ed . The 

first represents a line drawn through the data unadj us ted fo r treatment 

effects (e . g . , Table 3 . 1 2 ,  Fig . 3 . 2 ) . This technique was useful in 

increas ing accuracy of inferences taken by ext rapolation of  the line 

formed , due to wide separat ion of feeding l evels . The second technique 

rep res ents the re lationship bet>veen two parameters after adj us tment for 

treatment effects . 

Very little literature has been published on the metabolic e f fects 

of  O . dentatum infec tions . Darg ie ( 1 9 79) , in a general review of  many 

diverse p arasites , emphas ised that dif ferences between experimental 

condit ions make critical comparisons bet>veen experiments imposs ib l e ,  

and tha t fo r different infect ions the appropriate data are no t availab le . 

In reviewing diverse data , he concluded tha t  s everal features we re 

indicated . Firs tly , each parasite he examined was capable  of  impairing 

growth and/o r  caus ing loss of  weigh t ; therefore thes e effects were 

independant of the s i t e  of infection . S econdly , the heavier the 
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infection the more dramat ic is the e f fect . Finally , yo ung o r  poorly 

fed animals a re more s eve rely affected than their o lde r coun terparts 

or those maintained on a better die t , but carrying the same wo rm b urden . 

1 .  Gross energy intake 

In the pres ent s t udies , the maximum feeding l evel was 

90% of appetite  rather than ad lib i tum . Anorexia was no t observed ; 

however , i t  might have been detec tab l e  in pigs fed ad l ib i tum .  

Analyses o f  the three balance periods in experiment 1 were perfo rmed 

both collectively (split-plot)  and for separate balance periods 

( facto rial) , though no t all analyses are shown in the resul ts section . 

Tables 3 . 6a ,  3 . 7a and 3 . 8a ( Chapter  3) show tha t fo r the infec ted 

animals , a worm burden did not induce ano rexia either by larval 

development o r  the presence of adul t wo rms . 

Res ul ts of  pub lished pair-feeding experiments invariab ly show that 

reduced feed intake caus ed by infec tion � � is an impor tant cont ributor 

to impaired p roduc tion wi th a wide range of paras ites , accounting for 

any thing between 40% and 90% of the observed weight differences between 

infec ted and ad lib i tum fed contro ls (Dargie ,  19 79 ) . The p recise cause 

of  anorexia is unknown ( Charl es ton , 1 9 76 ; Dargie ,  1979 ) . 

Ano rexia has been recorded in infections with O . dentatum (Kaarma , 

1 9 74 ; Sho rb , 1948) . Many o ther reports confirm anorexia ( Fitzs immons , 

1969 ; Barger , 1 9 7 3 ; Ros eby , 1 9 7 3 ;  Reve ron et al . ,  19 74 ; S inclair , 

19 75 ; B erry and Darg i e ,  1 9 76 ; Sykes et al . ,  19 80) in o ther hos ts 

infec ted with a divers i ty o f  o ther parasi tes . 

2 .  The diges tibil i ty o f  dietary energy and n i t ro gen 

There was no meas urable effect o f  infec t ion on digestibility 

due to infection in either experiment (Tables 3 . 6a , 3 . 7a ,  3 . 8a and 3 . 20 ,  

Chapter 3) . 



1 31 

Other experimen tal wo rk with O . dentatum has produced conflicting 

results . For ins tance , Kaarma ( 19 74 )  found an infective dose  o f  

100 , 000 larvae res ul ted in a decrease in diges tib ili ty o f  o rganic mat ter  

of  3%  and 5 . 2% in  two exp eriments respectively . 

decrease in apparent diges tib il i ty o f  ni tro gen . 

He also recorded a 

Pattison et al ( 19 80)  

also no ted changes in diges t ib il ity with a similar dos e of 100 , 000 

O . denta tum larvae . Their experiment res ul ted in a decrease in apparent 

diges tib ility of dry mat ter , o rganic mat ter , gross energy and crude 

fib re . Howeve r ,  o ther experiments us ing artifical infections of  

O . dentatum (Sho rb , 1948 ; Nickel and Haup t ,  1964 ; S chnaidmiller ,  1969 ; 

Hass et al , 1 9 72 ;  Poelvoo rde and Berghen , 1 9 78 ;  19 79a ; 1 9 79b ) did not 

measure any of the ch anges reco rded by Kaarma ( 1 9 74)  or Pat t ison et al 

( 1 980) . It is clea r ,  however , that the present resul ts do no t concur 

wi th those  exp eriments reco rding decreased diges tib ilities in inf ected 

p igs . The present e xperiments and that of Pat tison e t  al . ( 19 80)  were 

s imilar in many res pec ts , so the discrepancy between res ul ts is 

especially notewor thy . 

A numb er o f  mechanisms have b een s ugges ted whereby s ub c l inical 

paras itism might affect the nutrition of the hos t ,  par t icularly reduced 

absorp t ion , an inc reas ed rate of flow of diges ta and reduced enzyme 

activity . However , Symons ( 1 969 )  has pointed o ut tha t although les ions 

of oesophagos tomias is have been described ,  it is no t easy to accept that 

th is infect ion has a serious e ffec t on diges tion and ab sorp tio n ,  since 

the duo denum and j ej unum are no t involved . A decreas e in the 

absorp t ion o f  materials has b een shown to occur in a number o f  hos t /  

paras i t e  sys tems , for example i n  nema tode infec t ion i n  calves (Hammond 

and Wor ley , 1969 )  b ut this always appears to be linked to t issue 

dis rup t ion in the absorption s ite , mainly the smal l  int es tine . However ,  
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while o ther experiments have even shown changes i n  enzymic activi ty 

in cells o f  the paras i tized intes tinal mucosa o f  rats and sheep 

( Symons , 1966 ; Symons and Jones , 19 70 ; Coop  and Angus , 1 9 75 )  at tempts 

to demonstrate impaired  diges tion and abso rp tion of pro tein , mal tose ,  

glucose and his tidine have failed . · Contrary to once widely held 

views , evide�ce indicates that diges tive efficiency � se is comparatively 

little a f fected by gas trointes tinal nematode parasitisms ( Charles ton ,  

19 76a) . These concl usions concur with the res ul ts of  the p resent  

s tudies but no t with those of  Pat tison et  a l  ( 1 9 80) . 

3 .  Heat p roduction 

Experiment 1 

There was no significant difference b etween infected and 

uninfected pigs for HP over all balance periods (Tab le 3 . 6a) . However , 

HP was s ignificantly lower in infec ted pigs in the firs t balance period 

(Table  3 . 8a) , although there were no differnces between infected and 

uninfec ted pigs in the two subsequent balance periods . These results 

indicated a relat ive change in HP be tween infection groups , but which 

gave no overall s ignificant dif fe rence . 

An I x F interaction was presen t in addition (F1 3 = 22 . 7 ,  , 

p < 0 . 0 5 , Tab le 3 . 6a) , which meant tha t in fec ted animals had a higher HP 

than uninfected animals at the low feeding level , whereas they had a 

lower HP than uninfected animals at the high level of feeding . 

Overall HP res ul ts (MJ . kg
-0 • 6 6 . day- 1

) 

Infe ct ion treatment Plane o f  Nutrition 

Uninfec ted 

Infected 

Hi h 

1 . 25 7 7  

1 .  2508 

0 . 0069 

Low 

0 . 8983  

0 .  9 1 1 4  

-0 . 0 1 31 

0 . 3394 

0 .  359 4  
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Re � ession analys is indica ted that HP increas ed wi th liveweight 

-1  - 1  
at  si gnif icantly different rates for in fec ted pi gs (0 . 7 3 MJ . kg .  day , 

- 1  - 1  t0 _ 1 , 10 ) in co mparison with uninfected p i gs (0 . 60 MJ . kg .  day , t
0 _ 1 , 10 , 

Table 3 . 2a ,  Fig .  3 . 1) .  This dif ference in rate of  increas e resul ted 

in HP a t  the end tr ial being higher in inf ec ted pigs (al thou gh no t 

s tatis t ic ally si gnif icantly hi gher) then in uninfected pi gs .  Therefore , 

there was a relative  change in HP values for infected and uninfected 

pigs durin g the trial . 

The overal l  conclus ion fro m these results mus t b e  tha t inf ec tion 

did no t al ter HP significantly over the who l e  trial . However , the 

signif icantly lower HP for infec t ed pigs in balance 1 is an interestin g  

resu l t .  I t  is possible that  the infec tion caused the p i gs  t o  reduce 

their physical activity , which r esul ted in a decreas e in HP . A 

similar analys is us ing 0 . 7 5  as an exponent failed to produce any 

si gnificant diff erence in HP/k g
0 • 75  

b e tween infec tion l evels . This 

analys is would be expec ted to b e  less sens i tive than that us in g the 

exponent w
0 · 66

, derived direc t ly fro m the data . The I x F interaction 

ind icates that low-plane infec ted pigs may have b een adversely af fec ted 

by inf ec t ion in co rrparison with low-plane uninfec ted p igs . However , 

it is ra ther more difficul t to explain the lowered HP in high feed 

infec ted pi g:; in comparison with the hi ftl feed uninfec t ed pi gs .  

The resul ts which show tha t  HP altered with LW a t  s i gnif icantly 

different rates for different infec tion treatments mi gh t  b e  interpreted 

to mean that the de mnd for ener gy and/or  pro tein was s i gnificantly 

different for different infec tion trea tmen ts . This supports the 

statements of Dar gie ( 1979)  pres ented earl ier ( s ec tion 4 . 3) .  Re gression 

analysis , however , indicated tha t  HP a l tered with ME s imi la rly for 

infec t ed and uninfec ted pi gs ( Table 3 . 1 2 ,  Fi g. 3 . 2 ) , and that ERP 
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al tered with NI s imi larly for both infect ion treatment p igs (Tab le 1 6a) . 

These res ul t s  do no t suppo rt the res ul ts showing signi ficant differences 

in rate of change of HP with LW. 

One mus t accept , therefo re , that the utilization o f  energy and 

nitrogen we re no t s ignificantly changed by infection with O . dentatum .  

4 .  Faecal cons is tency 

In experiment 1 of this s tudy , a metho d of point 

sco ring of faecal cons is tency ( Tab le 3 . 1 1 )  was adopted . This was 

cons idered useful in reco rding obvious differences in faecal 

cons istency which might have o ccurred during the experiment . Some 

variation in faecal consis tency was observed ( Figs . 3a , b ;  Tab le 3 . 1 1 ) . 

Variation in faecal consis tency was very similar within infected and 

uninfected treatments (excluding week 5 ,  block II , Tab le 3 . 1 1 ) , and 

between infect ion t reatments fo r each week (excluding week 5 ,  b lock II , 

Table 3 . 1 1 ) . The excluded figures relate to one uninfected animal which 

deve loped a chronic s cour . 

sco re figures . 

The s cour undoub tedly biased the faecal 

Observation of faeces from pigs in experiment 2 l ikewise failed 

to de tect  evidence of scouring caused by infec tion . Charles ton ( 1 9 76a) 

ob served that little  is known o f  the cause of  diarrhoea in nematode 

infections of  the small and large intestines . A limi tation o f  the 

analys is method use d  in the p resent experiments was that any energy 

and nit rogen determinations on the faeces would have included any 

paras i t ic componen t p resent in the faeces . It  was thus impossible  to 

determine any contrib ut ion of the parasite to the energy or p rotein 

con tent o f  the faeces . 

5 .  The metabolism o f  nit rogen 

The metabolism o f  nitrogen in experimen t  1 is summarized 
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in Table 3 .  lOa .  Infection wi th O . dentatum did not si gnif icantly alter 

the intake , d i gestib il i ty ( see this sec tio n ,  part 2) , urinary e � retion 

o r  retent ion o f  ni tro gen in comparison wi th uninfec ted ani nals . The 

r e gress ion coef fic ients of  ERP vs NI ( Table 3 . 16a) are shown for data 

adj us ted for treatment effec ts .  The pooled within-class re gression 

was si gnif icant ( t 22 = 9 . 5 , p < 0 . 0 1) and all within-class r e gr ess ions 

were homo geneous . This result shows that there was no dif ference  in 

the utili zation of nitro gen for pro tein depo s i tion between infection 

trea t ments . 

Pi g3 in e xperiment 2 did not show any differences in g1in of  

body tissue o r  carcass composition b e tween infection levels (Table 3 . 20). 

These results are surpris ing , s ince lesions in the intes tinal trac t were 

evident in all infec ted animals in e xperiment 2 .  Some l eaka ge of  

p ro tein into the gut in such circums tances mi ght be  expec ted ( Charles ton , 

19 76 ; Dargie , 19 79) , which may caus e loss of  plasma pro teins and boost 

faecal nitrogen . This �y be  ref lec t ed in an increased demand for 

dietary pro tein and/or  a reduc tion in pro tein deposition in the body . 

I t  may also b e  mis takenly taken to indicate a decrease in nitro gen 

d i ges tib ility b ecause it is no t normal ly possible to dis tin �ish 

endo genous f rom exo genous nitro gen.  

I f  this was the cas e ,  then the incremental demand for nitro gen 

was so smal l that it was no t detec tab l e , and there was suf f icient 

surplus nitro gen supplied in the diet to cover losses . 

Pattison et al ( 1980) identified lesions of oesopha gps tomiasis 

in intes tinal tracts from infec ted pi gs ,  and recorded a depres sion in 

apparent di ges t ib ility of  nitro �n 29 to 38 days post-infec t ion , but 

no t earlier o r  later than this . However , nitro gen retention was not 

influenced by O . dentatum in their experiment , a similar result to the 

present s tudy . 



4 . 4  The Use of Dietary Energy 

1 The maintenance r equirement for 

metabolizable energy , ME m 

Maintenance values of ME ( Table 3 . 1 3 ,  Fig .  3 . 3 ) were 

derived by e xtrapolation to ER 0 of the line derived f rom pigs fed 

at different energy intakes . Th is method has several shortcomings , 

the main crit ic isms being that i t  does no t account for energy cos ts 

assoc iated with mobilization of body fat no r ni tro gen accretion at 

that po int (Kielanowski , 19 76 ; Fowler et  al , 19 79) . 

Regression equat ions o f  ER vs ME ( Table  3 .  13) are shown for data 

unadj us t ed for treatment effects . The overall r e gress ion was 

si gnificant ( t 22 = 6 . 75 ,  p < 0 . 0 1) ,  and the within-class regressions 
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were ho mogeneous . The derived maintenance value , ME , for all pi gp was m 

0 . 69 MJ . kg:0 · 66
day

- 1 , which can be trans lated for comparative purposes 

-0 7 5  - 1 
to 0 . 49 MJ . k g. · day The maintenance value proved to be  rather 

hi �er than previous values , 0 . 40 - 0 . 4 7 MJ . kg:0 · 75day- l  
arrived at in 

the sa me apparatus with gilts from the same source (Ho lmes et al , 19 79 ) . 

The maintenance requirement is sli �tly higher than other values der ived 

for ani nals of a comparab le liveweight (Tab le 4 . 3) .  

2 The efficiency of  use of  metabolizab le 

energy for growth , K g. 

Mean values o f  ener gy retention are shown in Tab le 3 . 9a .  

There were no differences between infected and uninfec t ed pigs for 

ER, ERF , ERP or ER/kgLWG in any balance period . 

The value for kg of  0 . 54 (us in g the liveweight base w
0 · 6 6

, Table 

3 . 13 )  which was recalculated to 0 . 55 ( us ing the l ivewei ght base w0 • 7 5
) ,  

0 
was lower than that of 0 . 6 7  measured by Close ( 19 7 8) a t  2 5  C .  The 



Tab le 4 .  3 

Body weight 
( k g) 

2-6 
2-6 

13- 30 
1 3-30 
20-30 
23-42 
20-55 
20 -70 
20-70 
20 -90 
2 . 5 -8 . 5  

5-2 1  
20-90 

8- 15 
1 5-25 
25-35 
35-45  
23-4 2 
20-50 
20-90 
20-90 
30- 1 10 

Estima tes of  the daily ME requirements of p i gs for 

maintenance , ' a '  in the equation ME = aw
0 · 75

, for m 

two sets of  experiments , in those above the l ine 

the value was es ti mated as ME intake at zero energy 

balance . For those  below the line the value was 

es timated from mul t iple regress ion equations 

incorporating P and F as independent variables 

(From : Fowler et al , 19 79 ) . 

a (MJ/ day) 

0 . 54 2  
0 . 5 24 
0 . 4 55  
0 . 5 70 
0 . 522  
0 . 4 1 8  
0 . 4 29-0 . 469 
0 . 354 -0 . 385 
0 . 4 1 8 
0 . 4 39 
0 . 5 7 3  
0 . 60 1  
0 . 4 73  

0 . 6 82 
0 . 5 23 
0 . 56 1  
0 . 5 36 
0 . 5 1 1  
0 . 440 
0 . 4 1 8  
0 . 429 
0 .  39 7 

Source 

Jo rdan and Brown ( 19 70 )  
Jordan ( 1974)  
Sharma , Young and Smith ( 1 9 7 1 ) 
Shar rna ,  Young and Smith ( 19 7 1 )  
McCracken and Gray ( 1 9 7 2 )  
Vers t e gen e t  a l  ( 19 73 )  
Vers tegen and van der Hel  ( 1 9 74)  
Holmes ( 1 9 7 3) 
Holmes ( 19 74) 
Fuller and Boyne ( 19 72 )  
Kielanowski ( 19 6 5 )  
Burlacu et a l  ( 1 9 73) 
Thorbek ( 1� 75)  

Ho ffmann et al ( 1 9 7 7)  
Ho ffmann e t  al ( 19 7 7)  
Hoffmann e t  al ( 19 7 7)  
Ho ffmann et al ( 19 7 7)  
Close , Vers tegen and Mount ( 1 9 73) 
Close and Mount ( 1 976 ; 1 9 76a) 
Ko tarbinska ( 19 6 9 )  
Hous eman and McDonald ( 1 9 7 3) 
Gadeken , Oslage and Fliegel ( 19 74) 
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value o f  0 . 55 was a lso lower than values presented by Fuller and B oyne 

( 19 7 2)  o f  0 . 6 7 - 0 . 7 2 for pi � of 25-55 kg liveweight at 23°C ,  and 

rather lower than r esults presented by Holmes et al ( 1980) of 0 . 6 2 -

0 . 6 3 for gilts (s ee also Chapter 1 ,  sectio n  1 . 5 . 2 ) . 

3 The effic iency of use o f  ne tabolizab le energy 

for fat  deposition , kf
, and for protein deposition , kp 

The re gression equations of  ERF vs ME (Tab le 3 . 1 4 )  are 

shown for both infec ted and uninfec ted trea tments and for the overall 

data , unadj usted for  trea tment effects . The overall regression was 

si gnificant ( t 22  6 . 1 2 ,  p < 0 . 0 1 )  and the  within-class regress ions 

were homogeneous . Therefore there was no influence of  infection on 

the e xtent to which ME of the food was converted within the body into 

fat gain (Table 3 . 1 4 ) . 

Re gression analys is of  ERP vs ME resul ted in only one s i gnif icant 

relat ionship , tha t  for uninfected p i gs  ( t 10 = 3 . 6 5 ,  p 0 . 0 1 ;  Table 

3 . 1 5 ) . S ince the treatment equations were homogeneous with the 

1 d . f b h f f . . f w
0 . 6 6 

d w
0 · 7 5 

· poo e equat1ons or ot coe 1c1ents o an , 1t was 

concluded that there was no association b e tween ERP and ME for these 

p i gs , 20 - 50 kg liveweight . 

Mul tiple re gression equa tions of  ER with ME and NI , and ME with 

ERF and ERP were calculated using the l iveweigh t base w0 · 66
. These 

showed no signif ic ant dif ferences exis ted b etween infection t rea tments 

for the relationships between ER and ME or ER and NI ( Table 3 . 17a) , 

and no significant differences exis ted between infection treatments 

for the relationships between ME and ERF or ME and ERP (Tab le 3 . 18a) . 

The regress ions in Table 3 . 17a show tha t ME exerted a large 

positive effec t on ER , and NI exerted a s mall negative effec t o n  ER . 

Both effec ts were highly si gnificant . Holmes et  al ( 19 7 9 ) , in 
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1 1 . . h w0 · 7 5  
d d ea cu at1ons us 1ng t e exponent an us ing ata from measurements 
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from p i gs of 30 , 50 and 90 kg liveweight (Table 4 . 4 ) , have shown s imilar 

resul ts . For direc t comparison with this and o ther work , the data in 

Tab le 3 . 17b  was calculated us in g the l ivewei ght base w0 · 75 . 

The regress ions in Tab le 3 . 18a give coefficients o f  1 . 46 for ERF 

and 4 . 99  for ERP . Fo r direct comparison with o ther work , Tab le 3 .  18b 

. d ' h 1 '  . h b w0 · 7 5  . . 1 f 1 4 5  1 s  p resente us1ng t e 1vewe1g  t a s e  , g1v1ng va ues o . 

ERF and 4 . 94 ERP . Ho lmes e t  al ( 1 9 79 )  have shown a similar value 

of  1 . 44 ERF with gil ts from 30 - 90 kg l iveweight , but a much s naller 

value of 1 . 87 ERP with gilts 30 - 90 kg l iveweight (Table 4 . 4 ) . S imilar 

levels of feed were of fered in both experiments , so that the partit ion 

of ME be tween ERF and ERP would be expec t ed to be similar . Differences 

in value for ERP were accounted fo r by the difference in the a ge of the 

animals in the two experiments and therefore the different rates of 

pro tein accret ion . The rate of  pro tein accretion is expec ted to b e  

greater in animals o f  25-55 k g  LW than thos e  55  - 90 kg LW receiving 

an adequate nutrien t supply (Whit temore , 19 7 7 ) . The standard error 

about the pooled coefficient for NE ( 4 . 9 9  � 0 . 9 ) was larger in value 

than that of Ho lmes et al ( 19 79 ; see Tab l e  4 . 4) due partly to the 

narrow range in ERP (only a single level of  crude pro tein was fed) in 

the present experiments . 

4 . 5  The cons equences o f  a difference in 

plane of nutrition 

As expected , plane of nutrition exer ted significant effects on 

several parameters of energy and nit ro gen metabolism and performance 

(Tables 3 . 6a ,  3 . 7a) . 

High-plane animals had si gnificantly greater GE , FE , UE and ME 



Table 4 . 4  Multiple regress ion equations for  data pooled 

ER 

ME 

ERF 

ERP 

NI 

from measurements at 30 , 50 and 90  kg LW 

(From :  Holmes et al , 19 79)  

ER = 0 . 66 HE - 0 . 0 1 8  

c± o . o2) c± o . oo8) 

ME = 1 . 44 ERF + 1 .  87  

(± 0 . 06)  

(MJ . kg�0 . 75day- 1
) 

1 1  1 1  

1 1  1 1  

1 1  1 1  

-0 75 -1 ( gns . kg. · day ) 

c± o . 1 2) 

NI - 0 . 2 76 

ERP + 0 . 46 

r = 0 . 98 

r = 0 . 99  

140 



than their low-plane counterparts . The hi gh-plane pigs also had 

significantly greater NI , FN , UN and NR than the low-plane p i gs .  

In addition , hi gh -plane pigs had s ignificantly greater HP , ER , ERF 

and ERP than their low-plane counterparts . These co mparisons were 

made collectively over all balance periods . These s i gnificant 

differences were attributab le to the lar � difference in GE and NI , 

which were of fered a t  5 7% and 90% o f  appe tite . 

Plane of  nutrition exerted a s i gni f icant effect on HP , ER and 

ERF , but no t on ERP , in separate analyses of balance periods (Tab les 

3 . 8a ,  3 . 9a) . Level of  feedin g also e xe rted a significantly different 

effect on UN in all analyses of  separate balance periods . However ,  

NR was signif icantly different only a t  the final balance period 

(F 1 , 3 = 1 1 . 5 ,  p < 0 . 05) . The energy co s t  of  p ro tein depos it ion was 

es timated to b e  s imilar for both planes of nutrition (Tab le 3 .  18a) . 

Diges tib ilities o f  energy and nitrogen were the same for both 

planes of nutr i t ion , (Tables 3 . 6a ,  3 . 7a) . Diges tibil ity of  energy 

in the ration (which contained 79% barley)  varied between 76 . 85 and 

7 7 . 9 8  ± 0 . 69 . Holmes et al ( 1 980) found energy diges tib il ity f i gures 

for maize/barley rations to be 82% - 84% . One might expect a lower 

14 1 

di gestib ility fo r the present ration which inc luded a higher proportion 

of barley (Burlacu et al , 1 9 78 ; Mor gan et al , 19 75�) . Diges t ibility 

of  nitrogen ( 7 7 % )  was close to values g iven by Holmes et al ( 19 80)  o f  

7 6 %  and 80% . Metabolizab ility o f  diges tible energy was no t s i gnificantly 

different between planes o f  nutrition ; the pooled value o f  96%  was similar 

to values of  9 6 %  and 9 7% given by Holmes et al ( 19 80) . 
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CONCLUS IONS 

Cont rary to the findings o f  several independent studies that pig 

p erfo rmance is adversely affected by infect ions with O . dentatum, the 

p resent s tudy did no t de tect any e f fect  of a s ingle heavy artificial 

infection ( 80 , 000 larvae) with the parasite on p erfo rmance , energy and 

nitrogen balance and carcass quality of growing pigs . This result 
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was recorded at two planes o f  nut ri t ion and in  p igs hous ed individually 

or in groups . I t  is no t known why the heavy wo rm burden was 

success fully tolerated by the pigs . 

Possib l e  reasons for  det rimental effects having b een reco rded in 

the literature for some cases but no t for o thers , may be the use o f  

different s t rains o f  parasite and pig ,  and some unknown fac tor 

associated with the paras ite (eg . bacterial invasion) . Cl early this 

disagreement between results of different experiments , which has no 

obvious expl anation,  emphas izes a need for mo re detail ed investigations 

o f  the pathophys io logy o f  infection with O . dentatum . Poss ible areas 

for further study should include an attempt to identify o ther fac to r (s )  

necessary for achievement o f  s ignificant effects , inves tigated with 

pigs given mul tiple infection , s ince single doses o f  larvae p robably 

rep resent an artificial situatio n . 
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APPENDIX 1 

Co mpo s i t ion ( percenta � by wei ght) and 

calculated analys is of the grower diet 

1 .  Composition 

Barley neal 

Pollard 

Mea t  and bone meal 

B lood meal 

Percenta ge 

79 . 0  

5 . 0 

1 2 . 0  

4 . 0  

100 . 0  

A mineral/vitamin p remix ( Tasman Vaccine Laboratory , Auckland) 

was added to the diet a t  the rate of 2 . 5  kg/ tonne . I t  supplied : 

V i t  A 

V i t  D3 
V i t  E 

V i t  K ( IIEnadione) 

V it B 1 ( thiamine) 

B 2 ( riboflavin) 

B
6 ( pyriodo xine) 

B 12 ( cyanocobalamin) 

B 5 ( pantothenic 

B
3 ( niacin) 

Choline 

Iron 

Zinc 

Manganese 

Copper 

Iodine 

Cobalt 

S elenium 

3 Nitro 

m . i . u .  = million internat ional units . 

i . u .  = international units . 

g = grams . 

acid) 

9 . 0 m. i . u .  

1 . 0 m. i . u .  

20 . 000 . 0  i .  u .  

1 . 0  g 

1 . 5  g 

3 . 0  g 

2 . 0  g 

0 . 0 1 1  g 

12 . 0  g 

14 . 0  g 

100 . 0  g 

80 . 0  g 

150 . 0  g 

50 . 0  g 

180 . 0  g 

2 . 0 g 

0 . 3  g 

o .  15  g 

25 . 0  g 
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2 .  Calculated analys is (percenta ge fresh weight)  

Apparent digestib le energy ( A . D . E . )  12 . 17 MJ/k g 

Crude protein (CP) 

Lys ine 

Methionine/cys t ine 

Tryptophan 

Isoleucine 

Calcium 

Phosphorus 

% 

1 8 . 60 

0 . 90 

0 . 53 

0 . 2 3 

0 . 4 5  

1 . 36 

0 . 96  
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APPENDIX 2 

Feeding Scales 

Daily meal allowance (kg
+

) 

Liveweigh t  9 0 %  appe tite 5 7% appetite  

(k g) (High )  (Low) 

20 . 0  1 . 2 2  0 . 76 

22 . 5  1 .  34 0 . 84 

25  1 . 44 0 . 90  

27 . 5  1 . 56 0 . 9 8  

30 1 . 6 8  1 . 06 

32 . 5  1 .  76  1 .  12  

35  1 . 84 1 .  1 6  

37 . 5  1 . 94  1 .  22  

40 2 . 0 2  1 .  2 8  

42 . 5  2 . 10 1 .  3 2  

4 5  2 . 16 1 . 36 

4 7 . 5  2 . 24 1 .  4 2  

50 2 . 30 1 . 46 

5 2 . 5  2 . 36 1 .  50 

5 5  2 . 4 2  1 . 5 2  

5 7 . 5  2 . 4 8  1 . 56 

60 2 . 5 2 1 . 60 

6 2 . 5  2 . 58 1 . 6 2  

6 5  2 . 6 2  1 . 66  

6 7 . 5  2 . 68 1 . 68 

70 2 .  7 2  1 . 7 2 

7 2 . 5  2 . 76 1 .  74 

75 2 . 80 1 .  76 

7 7 . 5  2 . 84 1 . 80 

80 2 . 88 1 . 8 2  

+ 
S imilar for entires and gilts . 



APPENDIX 3 

Calculation of  heat produc tion 

from raw calorime tric dat a  

P i g  : 6 7  

Date : 7 / 2 / 80 

Atmospheric pressure : 7 5 7 . 9  mm 

Cooler temperature : 10 . 6°C dew point 

Meter-room t emperature 

Measured air f low rate 35 . 6 3 1/min 

Flow through gas met ers : 5 1 308 . 54 1/day 

Calori me ter vo lume : 2 , 200 litres . 

Difference in o2 concentra t ion in calorimeter between 

the s tart and the finish of the measurement period 

Oxy gen ( divis ions ) 

Start o f  measurement 

End of  measurement 

Fresh air 
in 

10 ( 20 . 9 5%)  

15  ( 20 . 95%)  

Exhaus t air 
out 

54 ( 19 . 6 5%) + 

5 2  ( 1 9 .  70%) 

Difference 

44 ( 1 .  30%)  

37  ( 1 . 25%)  

+ The percentage oxygen values of  the outgoing air were ob tained by 

mult ip lying the app ropriate %02 per division figure by the number 

o f  divis ions . The calculat ion o f  the percentage o2 per division 

is shown b e low . 

The number of  chart divis ions b etween incoming  and out gping o2 

( measured from spirometer aliquo ts)  = 4 3 . 2  divs . 

The number of  chart  divis ions between incoming and out gping co2 

( measured f rom spirometer aliquo ts) = 5 5 . 9  divs . 

Urinary nitrogen (g) 10 . 7 3 (g/ day) 
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Calib ration of  analyser with reference gases 

0 2 

Reference Known % Reading in 
gas chart  divs 

Bottle A 1 9 . 0 31 9 4 . 0  

Bottle B 20 . 198 45 . 6  

(A-B) 02 = 48 . 4  divis ions 

1 .  16 7 
o2 per divis ion = 

4 8 . 4  
0 . 024 1%0 2 

Flow rate corrected to STP : 

Correc tion factor = 7 5 7 · 9 - 9 · 3 
760 

Total vent ilation rate : 

Given 1 440 minutes / day 

X 

average rate ( 1440 x 35 . 63 )  1 / day 

5 130 7 . 2  

2 7 3  
2 7 3  + 2 5  

co2 

Known % 

0 . 7 10 

1 . 2 79 

= 0 . 902 

Correct ing to S . T . P . = 5 1 30 7 . 2  x 0 . 902 46 30 1 . 3  1/  day 

Vo lume o f  Oxygen consumed : 

1 chart division 0 . 024 1 % o2 

46 . 8  divis ions = 43 . 2  x 0 . 0 2 4 1  = 1 . 04 

Volume of o2 consumed = 4630 1 . 3  X �0�4 

478 . 00 litres/ day 

Correc tion for changes in components of air in 

calorimeter during the measurement period 

Correc t ion volume -7 X 0 . 0 24 1 / 100 X 2 , 200 

-4 . 0 5  

Correcting volume o f  o2 consumed = 482 . 05 - 4 . 0 5  

= 4 78 . 00 1/ day 
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Reading in 
chart divs 

6 8 . 4  

89 . 0  



Volume of  co2 produced  

Interpolating  the value measured from the spirometer a liquo t into the 

re �ession of the reference gases versus chart divisions , the 55 . 9  

divisions corresponded to a percentage co2 reading of  1 . 1 75% . 

Thus RQ co2 /o2 
1 · 1 7 5 ; 1 . 0 4 1  1 . 1 29 

1 . 1 29 x corrected o2 consumpt ion = co2 consumpt ion 

1 . 1 29 X 4 78 . 00 

5 39 . 4 7  1 /min 

Daily heat production 

HP ( 02 x 16 . 1 8 )  + ( C02 x 5 . 02 )  + (N x 5 . 9 9 )  kJ . 

HP ( 4 7 8  X 16 . 18) + ( 5 39 . 4 7  X 5 . 02 )  + ( 10 . 7 3  X 5 . 99) 

7 7 34 . 04 + 2 70 8 . 14 + 64 . 2 7  

103 7 7 . 9 1  kJ/ day 

10 . 38 MJ/ day . 
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APPENDIX 4 

Tab l e  3 . 2b Tes t o f  homogeneity o f  the within-class ( infection 

t·reatment , plane o f  nutrition) reg ression of lo g
10 heat 

produc tion (HP , MJ . day-� on log
10 

l iveweight (LW ,  kg) 

Level o f  
Source df MS F significance 

Main effects model 3 

Intra-class ( infection 
treatment) regress ion of 
log 1 0

HP on log 1 0LW 2 0 . 2 1 1 1  52 1 ** 

Pooled within-class 1 0 . 4 1 8 1  1 0 30 ** 

Difference 1 0 . 0041  10 . 1 1  ** 

Residual erro r 1 8  0 . 0004 

Main effects model 3 

Intra-class (plane of 
nut r it ion) regress ion 
of log 1 0HP on log 10LW 2 0 . 209 1 348 . 5  ** 

Pooled within-class 1 0 . 4 1 8 1  6 9 7  ** 

Difference 1 0 . 000 1 0 . 1 7 ns 

Res idual error 1 8  0 . 0006 
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Table 3 .  3b Tes t o f  homo geneity o f  the within-class ( infect ion 

treatment , p lane of nutrition) regression of log
10 

nitrogen intake (NI , gms . day
-� on lo g10liveweight ( LW , kg) 

S ource 

Main e ffects mo de l  

Intra-class ( infect ion 
t reatment) regress ion o f  

3 

log1 0NI on lo g10LW 2 

df 

Pooled within-class 1 

Dif ference 1 

Residual erro r 1 8  

Main effects model 3 

Intra-class (plane o f  
nut rition) regress ion 
of lo g1 0NI on log 1 0LW 2 

Poo led within-class 1 

Difference 1 

Residual error 1 8  

MS 

0 . 2098  29 . 9 7  

0 .  4 182 

0 . 00 13 

0 . 00 7 

0 . 2 1 3  32 . 2 7 

0 . 4 1 82 

0 . 00 78 

0 . 0066 

F 

59 . 74 

0 . 1 8 

6 3 . 36 

1 .  18 

Level o f  
significance 

** 

** 

ns 

** 

** 

ns 



Table 3 . 4b Test o f  homo geneity o f  the wi thin-class ( infection 

t reatment , plane of nutrition) regression o f  log 10 

metabolizab le energy intake (ME , MJ .  day
-) on log

1 0  

l iveweight (LW ,  kg) 

Source 

Main effects model 

Intra-class ( infection 
t reatment) regress ion 
of lo g1 0

ME on lo g10Lw 

Poo led within-class 

df 

3 

2 

MS F 

0 . 222  29 . 75 

1 0 . 439 6 2 . 7  

1 66 

Level o f  
significance 

** 

** 

Dif ference 1 0 . 000 3 0 . 04 ns 

Residual error 18  0 . 00 7 

Main effects model 3 

Intra-class (p lane o f  
nutrit ion) regress io n  
of lo g1 0ME o n  lo g10LW 2 0 . 22 1 6  3 1 . 66 ** 

Pooled within-class 1 0 . 4 39 62 . 7  ** 

Difference 1 0 . 0046 0 . 66  ns 

Res idual error 18 0 . 00 7 



1 6 7 

Tab l e  3 . 5  Tes t o f  homogeneity of the within-class ( infection 

t reatment ,  plane o f  nutrition) regress ion of lo g1 0  

energy retained (ER,  MJ . day-) on log 1 0  liveweight (LW , kg )  

S ource Level o f  
df MS F signi ficance 

Main effects model 3 

Int ra-class ( in fection 
treatment)  regression 
of lo g10ER on log10LW 2 0 . 302 2 . 34 ns 

Pooled with in-class 1 0 . 5 28 4 . 09 ns 

D i fference 1 0 . 0 7 7  0 . 5 9 7  ns 

Res idual error 1 8  0 . 129 

Main effects model 3 

In tra-class (plane o f  
nutrition) regression 
of log 10ER on log 10LW 2 0 . 29 8  2 . 29 ns 

Pooled within-class 1 0 . 52 8  4 . 06 ns 

Dif ference 1 0 . 069 0 . 5 3 ns 

Res idual error 18 0 . 1 3 



Tab le 3 . 6b Mean values of  energy metabolism f o r  

Variab le 

Gross energy 

Faecal energy 

Urine energy 

. . . . 1 (M k -0 . 75 
d 

- 1 ) p �gs �n exper�ent J .  g . ay 

Infected Uninfected 

1 . 56 1 .  5 5  

0 .  35 0 . 35 

0 . 04 3  0 . 04 7  

Met abolizable energy 1 . 1 6 1 .  15 

Hea t  p ro duct ion 0 . 79 0 . 78 

Energy retained 0 .  37  0 .  37  

Energy retained as fat 0 . 3 1 0 .  31  

Energy retained as p ro tein 0 . 05 7 0 . 0 5 4  

1 6 8  

Level o f  s . e .m .  
significance 

+ 0 . 0 1 **N -

+ 0 . 0 1  **N -
+ 0 . 00 3 **N -

+ 0 . 02 **N -

+ 0 . 004 **N -

+ 
0 . 0 2  **N -

+ 
- 0 . 0 2  **N 

� 0 . 004 **N 



Tab le 3 .  7b Mean values of  nitrogen metabolism for 

. . . 1 ( k -0 . 7 5 
d -1 

) p1gs 1n  exper1ment g .  g . ay 

Variab le Infected Uninfected 

Nitrogen intake 3 . 0 5  3 . 05 

Faecal nitrogen 0 . 6 8  0 . 7 3 

Urinary nitrogen 0 . 85 0 . 88 

Nitrogen retained 1 . 5 2  1 . 4 3  

Mean l iveweight (kgo .  75 ) 14 . 5  14 . 9  

Table 3 .  8b Mean values of several measurements of  

-0 7 5  -1 
energy metabolism (MJ . kg · . day ) 

Plane of nutrition High Low 

s . e . m .  

� 0 . 0 5  

� 0 . 04 

� 0 . 04 
+ 

0 . 09 -

+ 
0 . 6  -

Infec t ion treatment Infec ted Uninfected Infec ted Uninfected 

Metabol izab l e  
energy intake 

Period 1 1 . 40 1 . 45 0 . 96 0 . 9 6  

2 1 . 44 1 . 4 2  0 . 89 0 . 86 

3 1 .  36 1 .  3 1  0 . 90 0 . 88 

Heat product ion 

Period 1 0 . 9 1  0 . 94 0 . 65 0 . 6 7  

2 0 . 9 1  0 . 89 0 . 68  0 . 6 7  

3 0 . 89 0 . 88 0 . 6 7  0 . 6 3  
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Level of  
signif:icance 

**N 

**N 

**N 

**N 

ns 

Level 
of  

s . e .m .  signi f .  

± 0 . 03 **N 

± 0 . 06 **N 

± 0 . 08 **N 

± 0 .006 **I**N 

± 0 . 0 2  **N 

± 0 . 03 *N 



Table 3 . 9b Mean values o f  several measurements of  energy retained (MJ . kg
-0 · 75

. day) 

Plane of nutrition High Low 

Infection treatment Infec ted Uninfected Infected Uninfec ted s . e .m .  

Energy retained 

Period 1 0 . 49 0 . 5 1 0 . 29 0 . 29 ± 0 . 02 

2 0 . 53 0 . 52 0 . 20 0 . 19 ± 0 . 05 

3 0 . 4 7 0 . 44 0 . 23 0 . 24 ± 0 . 08 

Energy retained as fat 

Period 1 0 . 4 2  0 . 44 0 . 25 0 . 24 ± 0 . 0 1  

2 0 . 4 7  0 . 4 7 0 . 1 5 0 . 15 � 0 . 06 

3 0 . 39 0 . 3 7 0 . 19 0 . 20 ± 0 . 06 

Energy retained as 
protein 

Period 1 0 . 069 0 . 0 70 0 . 04 3  0 . 043  � 0 . 0 1  

2 0 . 064 0 . 059 0 . 05 3  0 . 046 ± 0 . 0 1  

3 0 . 0 75 0 . 069 0 . 041  0 . 0 38 ± 0 . 0 1 

Level  o f  

s ignificance 

**N 

**N 

*N 

**N 

**N 

*N 

*N 

ns 

*N 

1-' --.1 0 



Table 3 . 10b 

-- --

-0 7 5  - 1  Mean values of  several measurements of  nitrogen metabolism ( g . kg · 
. day ) 

Plane o f  nutrition Higp Low Level o f  

Infect ion t reatment Infec ted Uninfec ted Infected Uninfected s . e .m .  significance 

Nitrogen intake 

Period 1 3 . 69 3 . 8 1 2 . 39 2 . 42 � 0 . 3  **N 

2 3 . 56 3 . 46 2 . 59 2 . 54 :t 0 . 2  **N 

3 3 . 8 2 3 . 8 1 2 . 30 2 . 28 :t 0 .  3 **N 

Urinary N excreted 

Period 1 0 . 95 0 . 9 7  o .  7 8  0 . 75 :t 0 . 05 **N 

2 0 . 94 0 . 89 0 . 64 0 . 76 :t 0 . 08 *N 

3 1 . 1 1  1 . 13 0 . 73 0 . 79 � 0 . 15 *N 

N retained 

Period 1 1 .  82  1 . 82  1 . 1 4 1 .  15  :t 0 . 3  ns 

2 1 . 69 1 . 5 7  1 .  39 1 . 22 :t 0 . 3  ns 

3 1 . 98 1 . 8 1 1 . 08 1 . 0 1  :t 0 . 4  *N 

..... 
-..J 
..... 
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Tab le 3 . 16b Test o f  homogeneity of  the within-class ( infec t ion 

t reatment , plane of  nutrition) regression of energy 

-0 66 - 1  
re tained as pro tein (ERP , MJ . kg · . day ) on 

-0 . 66 -1  
nitro gen intake (NI , g . kg . day ) 

Source df MS 

Main effec ts mo del 3 

Intra-class ( infection 
treatment)  regression 
of ERP on NI 2 0 . 00 2  

Pooled within-cl ass 1 0 . 00 39 

Difference 1 0 . 00005 

Residual error 1 8  0 . 00005 

Main effects model 3 

Intra-class ( p l ane of 
nutrition) regression 
of ERP on NI 2 0 . 00 2 1  

Poo led within-class 1 0 . 0039 

Difference 1 0 . 00015 

Res idual erro r 1 8  0 . 00004 

F 

44 

4 . 8  

Level o f  
significance 

** 

8 7  ** 

1 . 1  ns 

* 

9 1  ** 

3 . 46 ns 



Tab le 3 . 1 7b 

Source of  data 

Infected 

Uninfected 

Mult ip le regression equations relating ener gy 
\ 

-0 75 - 1  
retained ( ER,  MJ . kg · . day ) to metabolizab l e  

-0 7 5  -1 
energy intake (ME , MJ . kg · . day ) and nitro gen 

-0 7 5  - 1  intake (NI , MJ . kg · . day ) 

Regress ion equations 

* **  
ER = 0 . 7 7 ME - 0 . 0 8  NI - 0 . 2 7 

c± o . o9) 

** 
ER = 0 .  76 ME 

c± o . o n 

c± o . o3)  

* 
- 0 . 09 NI - 0 . 2 1 

c± o . o 3) 

Pooled within-cl ass 
( infection , nutrition) 

** 
ER = 0 .  76 ME 

** 
- 0 . 09 NI - 0 . 24 

c± o . o 6)  c± o . o 2 ) 

ME ,  NI r = 0 . 88 
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Table 3 . 1 8b Multiple regression equa t ions relating 

me tabolizab le energy intake (ME,  MJ . kg-0 · 7 5 . day-1 ) 

to energy reta ; ne d  a s  f a t  ( ERF MJ . kg-0 · 7 5
. day- 1 ) ..... , 

-0 75 - 1  
and a s  protein (ERP ,  MJ . kg · . day ) 

Source  o f  data 

Infected 

Uninfected 

Pooled within-class 
(infec t ion,  nutrition) 

ERF , ERP : r 0 . 40 

Reg ression equat ions 

* *  
ME = 1 . 4 2  ERF + 4 . 48 ERP 

(� 0 . 16) (� 1 . 4 1 )  

* *  
ME = 1 . 50 ERF + 5 . 50 ERP 

c:-o . 1 2)  c± 1 . o n  

* *  
ME = 1 . 4 5  ERF + 4 . 94  ERP 

c± o . o9 >  c ±  o .  83)  

* *  
+ 0 . 46 

* *  
+ 0 . 38 

* *  
+ 0 . 4 3 
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APPENDIX 5 

Maximum faecal e gg counts ( epg)  and es timated to ta l  

worm numbers recovered f rom p i g s  i n  Experiment 2 

Pig No . Maxi!II.lm egg Estimated numb e r  of  

count worms at s lau gh ter 

1 29 ' 750 6 , 850 

2 1 5 , 6 25  6 , 300 

3 36 , 250 9 , 200 

4 1 7 , 57 5  4 , 050 

5 32 ' 1 25 4 , 750 

6 1 7 , 875  2 , 550 

7 1 1  ' 825  3 , 900 

8 28 , 500 2 , 000 

9 25 , 825 1 , 950 

10  25 , 400 7 , 500 

1 1  2 , 8 25 70 

1 2  9 , 400 1 ,  800 

1 3  16 ' 4  7 5  4 , 300 

14 9 , 250 4 , 350 

The relationship between maximum e gg counts and numbers of 

worms at s laughter , r = 0 . 59 .  
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ADDENDUM 

S ince going to print , a further s t udy with Oesophagos tomum s pp . 

has b een publ ished . 

In two experiments , Hale e t  al ( 19 8 1 ) artificially infec ted 

growing-finishing p igs with doses composed o f  O .quadrispinulatum and 

O . dentatum in a ratio of  about 3 to 1 .  S ingle dos e  infec tions were 

adminis te red with varying numb ers of infective larvae . 

In the firs t experiment , a t  2 1  days pos t-infect ion , uninfected 

pigs had gained weight 1 1 % fas ter and required less feed per uni t  o f  

l iveweight gain than pigs given either 1 , 100 larvae/kg bodyweight o r  

1 , 650 larvae/kg bodyweight . However , after  77 days pos t-infec t ion , 

final liveweight , average daily gain and feed  cons umed were no t 

significantly altere d  by infection . The resul ts o f  Hale e t  al ( 1 9 8 1 )  

show s ignificant ef fects to day 2 1  pos t-infection which were not 

recorded in the pres ent s t udy . The overall resul t of  the wo rk o f  

Hale e t  al ( 1 9 8 1 )  agrees with the presen t  s tudy , but no t with res ul ts 

of Pattison e t  al ( 1 9 80) . In experiment 2 Hale e t  al ( 19 8 1 )  found 

uninfected pigs had higher diges tion coe f f icients for dry matter  

(p  < 0 . 0 1 ) , ash ( p  < 0 . 05) , crude fiber ( p  < 0 . 0 1 )  and nitrogen free  

extract (NFE) than did  pigs infected with no dular worms . This resul t 

agrees with Pattison et al ( 19 80 )  and Pattison and Thomas ( 19 76 ) , but  

no t wi th the p res ent s tudy . 

1 76 

These more recen t  experiments highlight the need  for wo rk to 

proceed beyond perfo rmance and diges t ib i l i ty trials , to wo rk which will 

elucidate the rela tionship between hos t  and parasi te and ident ify 

fac to r ( s )  which produce the recorded disag reement in findings . 

; ) 
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