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INTRODUCTION 

The results of a recent Nationwide survey (Davenport 1 966 ) showed  

that  93% of  all pig units were  still dependent on  supplies of  liquid dairy 

by-produc ts - whey and skim milk - for their maj or  source of pig food . 

Calculations made from figures for cheese and casein produc tion 

( N . Z .  Govt . Statistics , 1 967 ) show that in 1 966, approximately 500 million 

gallons of  whey alone ,  were produced . Of this , a comparatively small 

amount is utilized by the dairy industry to produc e alt ernative by- products . 

Condensed or dried whey prod uction involves the costly removal of  large 

volumes of  water . This necessarily results in a high price  to the 

c onsumer , and consequently a low consumer demand . The quantities o f  

lactos e produced are unlikely to increase appreciably as there i s  only a 

limited demand for this sugar , and it is still too early to tell wh ether 

c urrent res earch into alternative us es for the whey , such as the pro duc tion 

of  food yeas t (Chapman , 1 966 ) ,  will make signifi cant inroads into the very 

large whey s urplus es .  

It  is clear that the conversion of these surpluses into pigmeat is 

s till the most profitable single outlet for a large amount of the whey 

produced . On the basis of calculations similar to those made by 

Owtram,  ( 1 961 ) full utilization of the whey produc ed in 1 966 i f  fed alone , 

c ould yield up to 1 9 , 000 tons of  pigmeat . Needless to say , under the mor e 

normal feeding systems in which 1 lb meal daily , is  also fed , production 

levels even higher could be envisaged . 

Lactos e comprises approximately 70% of the t otal solids of  whey, and 

a little over 50% of the total solids of skim milk . The ability of the 

pig to utilize this s ugar is therefore a crucial factor in the pres ent and 

possible future production of  pigmeat in this country . Des pite  its  

i mportance , very little  published work is available c oncerning the  e ffects 

of  feeding high dietary levels of lactose to growing pigs . In view of  this 

lack of information , invest igations were  carried out to provide some 
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indication o f  the extent to which the growing pig can utilize  diets 

containing high levels of  lactos e .  



PART I 

PHYSIOLOGICAL AND ANATOMICAL ASPECTS 

INVOLVED IN THE UTILIZATION OF 

LACTOSE BY THE GROWING PIG 



CHAPTER 1 
REVIEW OF LITERATURE 

1 . 1 LACTOSE UTILIZATION BY THE GROWING PIG 

High levels of dietary lactos e may result either from the direct 

incorporation of the sugar into the di et ,  or from the us e of a variety 

of dairy by-products available for pig feeding . Evidence sugges ts , that 

when these high intake l evels are r eached , the ability of the growing pig 

to make efficient use of this particular source  of energy , is exc eeded ,  

resulting in poor growth , decreased feed intake,  diarrhoea and other 

physiologi cal effec ts ( Fischer and Sut ton , 1 949; Duncan , 1 955 ) .  

Due to the possible associative effects of the various cons tituents 

of dairy by-products the discussion will be subdivided , acc ording to the 

origin of th e dietary lactos e ,  into : 

(a )  Diets containing lactos e powder . 

( b )  Di ets containing dried whey powder . 

( c )  Diets containing condensed whey . 

( d )  The us e of fresh whey in growing 

( e )  Summary 

(a ) Diets containing lactose powder 

pig diets . 

Limi ted work s uggests that,  as pigs grow older , the percentage  level 

of lactose in the diet must be reduc ed if efficient utilization of the 

diet is to continue . This does not suggest that , as the pig ages , less 

lactose can be hydrolys ed , because absolute intake of lactose will rise 

as the daily ration ,  containing a fixed percentage of lactose ,  increas es .  

More correctly ,  i t  suggests that the pigs ' hydrolytic activity either 

increases ( but at only a slow rate ) or remains relatively constant as the 

animal increases in age .  This , therefore , enables the older animal to 

s uccessfully consume greater amounts of lactose than were possi ble  early 

in life . 
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A diet containing 40 % lac tos e ,  was reported by McCrea and Trib e , ( 1 956 ) 

to produc e satisfactory growth when fed to  baby pigs for four weeks . 

However , in earlier work ( Whittier,  Cary and Ellis , 1 935 ) growing pigs 

( initial liveweight 80 lb ) fed a diet containing the same level of  

lactos e ,  ( 40  % )  gr ew more slowly and less effi ciently than a control group 

receiving no lactos e .  Work at Illinois ( Becker , Ullrey and Terrill, 1 954 ) 

showed that baby pigs fed synthetic  milk diets from 7-35 days of  age ,  

readily utilized a die t  containing over 5 6  % lactos e .  Furthermore ,  

significantly bett er performanc e was produced on  this diet than was 

produced by o th er pigs on diets containing the same perc entage of  glucos e ,  

corn starch , or dextrin . When similar experiments were carri ed out with 

growing pigs ( Becker and Terril l ,  1 954 ) it was clear that the same lactos e 

levels could not be achieved with any measure of success . Two experiments 

were conduc t ed ,  the first with pigs aged 9 weeks , the s econd with 16-week 

old. pigs . In  the first experiment , glucose ,  lac tos e ,  sucrose ,  dextrin and 

corn starch , comprising 50 % of th e diet were full fed for a period of 

39 days . Satisfactory rat e ,  and efficiency of li veweigh t  gains were 

reported for all diets except that containing lactos e ,  this diet  producing 

depress ed feed intake,  slow growth , and a moderate diarrhoea. In the 

second experiment gluc ose was r eplaced by lactose t o  yield dietary levels 

of o, 6 . 25,  1 2 .5 ,  25 and 50 % lact ose .  Here again the 50 % level depressed 

feed intake and growth rat e ,  and produc ed a moderate diarrhoea . However , 

at the 25 % l evel growth rates c omparable with the lower lactos e  levels and 

the control diet w ere achieved , suggesting that at some level intermediate 

between 25 % and 50 % lac tos e ,  the amount of lactos e ingest ed exceeded the 

pigs ability to utilize this sugar . 

( b )  Diets containing dri ed whey powder 

Within the limitations mentioned earlier, i t  is possi ble  to gain 

further information from a number of investigations in which dried whey has 

been fed to  growing pigs . 



S chmidt ,  Kleisch and Schmalenbach,  ( 1 939 ) report ed that up to  

1 .7 lb/day , of dried whey could be  given satisfactorily to fattening 

pigs when it replaced 75% of a predominantly c ereal meal die t . A similar 

l evel was also arrived at by Bunger (1 940 ) who , earlier ( BUnger , Fissmer , 

Harre, Schmidt ,  Boehm and Reising , 1 939 ) reported  that levels above 1 . 1 lb 

per day tended to depress the appetite  of animals . At I llinois , feeding 

trials were conducted by Becker , Terrill , Jensen and Hanson , ( 1 957 ) to  

study the  carbohydrate  replacement value of high levels of dried whey fed 

to swine of various ages . In the first experiment baby pigs initially 

1 4  days of age ,  were fed diets containing up to 60 % dried whey . No harm­

ful effects were reported.  In the s econd experimen t six levels of dried 

whey ranging from zero to  60 % were fed to pigs weighing approximately 

85 lb at the start of the experiment . Each die t  was full-fed to six 

individually penned pigs and half of each treatment  group received an 

antibiotic supplement . The results after 35 days on the treatment diets 

showed that the 60 % level , had had a marked depressing effect on both 

food consumption and the rate of liveweight gain .  A smaller effect  was 

also apparent with pigs on the 40 % level of whey with antibiotic . A 

marked diarrhoea was report ed for many of the pigs on the 60 % level,  and 

s ome diarrhoea was also  noted at the 40 % level of dri ed whey feeding . 

Consi derably higher intake levels of dried  whey were achieved by 

Dunkin ( 1 963 a ) . Three different , fixed levels of meal were supplemented 

with lactic  casein whey powder to make the total daily ration up to a 

res tri c t ed s cale of feeding for growing pigs . The resultant whey treatment 

diets ( treatments 1 ,  2 and 3) contained 75 .7  - 87 .9%; 5 1 .5  - 75 .8  %; or 

2.9 - 51 . 6 % whey powder respectively for liveweights ranging between 44 lb 

and 1 24 lb.  No growth depressions and negligible scouring were report ed 

in any treatment containing whey,  including treatment 1 where whey powder 

formed approximately 83 % of the total food consumed . The results are 
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somewhat unusual in that from 48-110 lb liveweight , even the pigs 

receiving only i lb meatmeal plus lactic  cas ein whey powder to scale , 

grew signifi cantly faster than the control pigs receiving the same 

amount of meatmeal together with barley meal to scale . This sugges t ed 

that  weight for weight ,  under the existing condi tions whey was superior 

to barley meal . 

( c ) Diets Containing Condens ed Whey 

Early reports by Scott and Graham , ( 1 929)  and Edin and Nordfeldt , 

( 1941 ) sugges ted that condens ed  forms of whey could be used to advantage . 

Although handling difficulties ( Dunkin ,  1 958 ) detract from its value , i t  

has the advantage that a large amount (about 60 %) o f  the water has been 

removed and so  is considerably less bulky than liquid whey . This makes 

i t  more suitable for feeding to pigs of all ages , and greatly improves 

i t ' s  keeping quality . 

Dunkin , ( 1 958 ) carried out a trial using condensed  whey diluted 

1 : 1 with water ,  in which three  diets containing condens ed  whey and 

different fixed levels of meal were compared with an all meal di et . 

A restricted scale of feeding was us ed  which resulted in up to 88 % of the 

total dietary dry matter consisting of whey . Results showed that when 

whey percent  intake rose from 29 % at 45 lb, to 52 % at 125 lb, growth 

rat e  and food conversion efficiency w ere similar to that achieved on an 

all-meal control diet . When the whey intake at 45 lb liveweight was 

either 52 % or 76 %, and rose to 76 % or 88 % res pectively at 125 lb  

liveweight ,  significant depressions were recorded in both rate  and 

efficiency of liveweight gains . 



( d )  The Use o f  Fresh Whey in Growing Pig Diets 

Workers at Reading ( U .K . ) ,  ( Braude ,  Clarke,  Mit chell,  Cray, Franke 

and Sedgwick 1 957; Braude ,  Mitchell , Cray, Franke and S edgwi ck ,  1 958; 

1 959 a, b; Mitchell and Sedgwick,  1 963 ) have conduc t ed several experi-

ments with growing pigs fed unrestricted  quantities of whey . A similar 

meal mixture containing barl ey meal , white  fish meal and weatings or 

millers offals , was fed in all experiments , 3 lb per pig per day , reduce d  

t o  2 lb at 1 3  weeks of age ,  being the usual level o f  supplementation . As 

a cons equence ,  the results published are fairly comparable ,  particularly 

in so far as all experiments w er e  conducted at the same commercial uni t  

and pigs were s elected from a comparable pig population. 

All data showed that an intake of about 40 lb  of whey was r eached 

at 1 20 lb  livew eight , this representing an approximate intake of 2 lb 
. 

whey D . M .  and so  constituted 50 % of the daily ration . Much later , at 

liveweights around 200 lb ,  only sligtlly greater average intakes were 

recorded , levels of 45 - 50 lb  whey being common . Thes e levels represented 

56 % of the total daily ration . Similar calculations for whey intake at 

70 l b  liveweight show the percen tage to b� as low as 20 % of the total 

daily ration . 

I t  is evident that the rapid increas e in whey intake ( 20 % - 50 % 

from 70 lb  - 1 20 lb )  continued until approximately half the total daily 

D . M .  ration c onsisted of whey.  After this point , little  increase in whey 

was apparent .  This ' levelling out' i n  whey intake at a bout 1 50 lb  

liveweight , and its associated r eduction in rate of  growth were noted  by 

Braude et al ( 1 958 ) who commented  that si�ilar effects  were not noted with 

pigs in an earli er investigation ( Braude ,  Clarke , Mitchell , Cray, Franke 

and Sedgwick 1 958 ) using all meal rations fed under similar conditions . 

The suggestion was mad e  that the pigs were unable to consume 

sufficient whey , but no reasons were given for this voluntary feed 
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restriction .  Possible factors c ontributing to this will be d ealt with 

following the s ummary. 

( e ) Summary 

In view of  the different sourc es of  lactose us ed in the publications 

reviewed , the data has been summaris ed in terms of the absolut e  ( lb ) level 

of lactos e inges t ed daily , in Table 1 . 1 .  The table clearly illustrates 

the difficulties involved in interpreting and drawing conclusions from 

the published data . It is evident that higher levels of lactose are 

success fully fed ( irrespective of th e source ) in New Zealand and the 

United Kingdom compared with the Uni ted States of America . This is 

probably due to the selection and development in the u . s . A .  of strains 

and breeds best suited to ad lib grain feeding conditions . The higher 

levels achieved under New Zealand , compared with United Kingdom conditions , 

is  possibly a reflec tion of  the greater utilization of dairy by-products 

and lower use of grain in this country , res ulting in unconsciousselection 

of animals better sui t ed to this type of  feed.  
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I,ACTOSE LEVELS REPORTED TO CAUSE DIARRHOEA &/OR GROWTH DEPRESSION ( cont ' d ) 

..REFERENCE �/WT LACTOSE APPROX . % DAitYP�e1'oSE \SYSTEM OF COMMENTS ( LB) SOURCE IN DIET INTAKE (LB) FEEDING 

Braude et al ( 1 957) 1 80->200 Fresh whey 48 . 2-47 .5 1 . 30- 1 . 27 Whey ) Meal 3 lb dropping to 2 lb I Ad Lib )  at 13  weeks of age . Growth 
) rate and feed intake de-
) pression after 1 50 lb 
) liveweight . 

Braude et  al ( 1 958) 1 80  " " 51 .8  1 .51 " " ) 

Dunkin ( 1 958) 50- 1 10 Condens ed 3-52 -1 .45 Restricted Refusals s mall , but highly 
Whey 52-76 0 . 75-2 . 1 0  to scale significant depression in 

76-88 1 . 10-2 .40 growth rat e  of the two 
highest lactos e  levels . 

Dunkin ( 1 959) 50- 1 20 Fresh whey 42 . 9-76.0 .53-2 .24 Restricted Produc ed high incidence  of 
to s cale Diarrhoea . Not possi ble to 

assess effect  on G . R .  or 
food intake as all Tr .Groups 
on similar intake level . I Braude et al ( 1 959 a )  50- 1 70 " " 1 4 . 3-52 . 6  .25-1 .55 Whey Meal 3 lb dropping to  2 lb 

Ad Lib at 1 3  weeks of  age . Depress-
ion in G .R .  clearly apparent 
at 1 20 lb ( 43 .2 %, 1 . 06 lb)  
and got progressively worse .  

Dunkin ( 1 961) I 50- 1 1 0 11 11 47 .4-70 . 0  . 63-1 . 65 Res tric ted Consistent refusals and I 
to s cale eratic growth . High incid� 

Diarrhoea . Differences in 
G .R .  due to caloric content 
of meal supplements . 

Dunkin ( 1 963 b )  50- 1 40 Dried whey 50 1 .25-2 .50 Restricted Poorer growth with neutral-
to s cale ized whey only - higher 

total ash . 
- ---



�ACTOSE LEVELS REPORTED AS BEING MAXIMAL 

L/WT LACTOSE APPROX .  % APPROX . SYSTEM OF '"REFERENCE DAILY LACTOSE COMMENTS (LB )  SOURCE IN DIET INTAKE ( LB )  FEEDING 

S chmidt et  al ( 1 939) 60-? Dried Whey ?-75 1 .1 9  ? Assumes Lactose 70% of whey 
D . M .  I 

Blinger et  al ( 1 939) " " 0.77 " " " " " 

.. 

( 1 940) Bung er " " 1 . 1 9  " " " " " 

Beck er et al ( 1 957) 8,5- 1 40 " " 40 1 . 1 2  Full Fed Slight Depression in prese� 
o f  Ant ibiotics I 

L__ _______ _ 

LACTOSE LEVELS REPORTED TO CAUSE DIARRHOEA &/OR GROWTH DEPRESSION 

L/WT LACTOSE APPROX . % APPROX. SYSTEM OF REFERENCE DAILY LACTOSE COMMENTS ( LB )  SOURCE IN DIET INTAKE (LB)  FEEDING 

Krider et al ( 1 949) I 30- 75 Dried whey 4 .0 . 05 Self Fed Considerable Diarrhoea but I 
8 .0 I . 1 2  11 " did not affect growth . High I 

ash 1 2 . 9  % of D .M .  May have 
• had some effect on Diarrhoea • 00 

II  50- 90 Dried whey 4 . 0  . 09 Self Fed Persis t ent Diarrhoea . Whey I ash 1 2 . 9% D.M.  
" " 2 . 6 ·08 " " Negligible Diarrhoea . Whey 

ash 20 . 6% D . M  • 
11 11 3.2  • o4 11 11 Negligi ble Diarrhoea . Whey 

ash 1 4 .8% D . M  • 

Lac tos e 2 . 4 • o6 " " Persis t ent Diarrhoea 

Becker & Terrill ( 1 954) I 45- 80 Lactose 50 1 . 1 5  Full Fed )  Av . over 3 9  days, depressed 
) food intake , growth rate ,  

I I  1 25-1 60 " 50 1 .56 " " ) marked diarrhoea . 

Becker et al ( 1 957) II 85- 1 25 Dried whey 60 1 . 1 9  11 " Av . over 35 days . Depressed 
food intake . Growth rate ,  
marked Diarrhoea . 

IV 40- 80 " 11 20 o . 6o Ad Lib ) Av . over 34 days , marked 
) depression in daily Gain . 

30 0 . 90 " " ) Negligible Diarrhoea . 
) Differences in mineral level 
) implicated . 

- -� �----- -_j 
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TABLE 1.1 

REFERENCE 

Becker et al ( 1 954) 

Becker & Terrill ( 1 954) 

Becker et al ( 1 957) 

Braude et al ( 1 957) 

Braude et al ( 1 958) 

Braude et al ( 1 959) 

Dunkin Trial II ( 1 961 ) 

SUMMARY OF LACTOSE, AND WHEY, FEEDING DATA 

LACTOSE LEVELS REPORTED AS YIELDING SATISFACTORY RESULTS 

L/WT 
(LB) 

6- 22 

1 25-1 75 

8- 22 

85-1 45 

34- 86  

60-1 20 

70-1 20 

LACTOSE 
SOURCE 

APPROX . 

I SYSTEM OF  APPROX . %1 DAILY LACTOSE FEEDING IN DIET INTAKE ( LB) 

Lactose I 56 
11 2.5 

Dried wheyl 60 
11 11 20 
11 11 I 30 

Fresh whey l 1 8 . 5-46 . 1  

11 11 1 8 . 3-46 .7  

0 .5  

1 .00 

0 .35 

0.60 

1 .00 

0 . 46 - 1 .20 

0 . 46 - 1 .23 

Ad Lib 

Full fed 

Ad Lib 

Full fed 

Full fed 

Whey 
Ad Lib 

Whey 
Ad Lib 

COMMENTS 

Intake Av . over 28 days 

Intake Av. over 39 days 

Intake Av . over 28 days 

Intake Av . over 35 days 

Intake Av. over 42 days 

Meal 3 lb dropping to 2 lb 
at 1 3  weeks of age 

Meal 3 lb dropping to 2 lb 
at 1 3  weeks of age � 

Protein source whit e  fisbooal 

50-1 20 ! Fresh whey l 1 5  -54 . 5  .25 - 1 . 68 Whey Meal 3 lb dropping to 2 lb 
at 1 3  weeks of age 

50- 1 1 0  11 11 39 -73 .8 .70 -2 . 00 

Ad Lib 

Restricted i Refusals and s couring very 
to Scale low suggesting levels not 

above toleranc e .  Differenc es 
in G .R. due to caloric  con­
tent of meal supplement . 

Mitchell & Sedgwick ( 1 963) 1 50- 1 20 11 " 1 0 . 0-42 . 0  0 . 21 - 1 .02 Whey Meal 3 lb dropping to 2 lb 
at 13 weeks of age 

Dunkin ( 1 963 a) 

Dunkin ( 1 963 b) 

I 
II  

50-1 40 
50- 1 20 

50- 1 40 

Dried whey 
11 " 

" " 

3 
52 
76 

25 

50 

-52 
-76 
-88 

- 1 .45 
1 . 75 -2 . 1 0  
1.10  -2.40 

.7 - 1 . 25 

1 . 25 - 2 . 50 

Ad Lib 
Res tricted 

to 
Scale 

Res tricted 
to 

Scale 

Refusals and s couringngligible 
G . R .  depression 1 1 0- 1 40 ( I) ,  
50- 1 20 ( II) on two highes t 
intake levels . 

Satisfactory 
ash 

Satis factory 
ash level . 

at high and low 

only at lower 
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1 . 2 ADDITIONAL FACTORS AFFECTING THE PERFORMANCE OF GROWING PIGS 

FED WHEY 

Evidenc e  sugges ts that other factors charact eristic of wh ey, in  

particular the  high soluble salt conc entration and the excessive bulk,  

may also affect pig performance . 

( a ) Soluble Salt Conc entration 

Daniel  and Harvey , ( 1 947 ) first demonstrated th e deleterious effects 

of  whey salts by feeding dialysed and untreated whey to rats. The 

untreated whey diet caused a lowered appetite ,  diarrhoea , and impaired 

food utilization. Comparable symptoms were produc ed with the dialys ed 

whey diet only after the salts , which had been removed, were returned to 

the diet . In an unreplicated group feeding experiment with pigs 

( Wegelin , 1 952)  in which nor mal or desalted whey powder was fed a t  two 

levels to growing pigs , poorer growth rates and inferior feed consumption 

and utilization was reported for the two groups on the untreated whey. 

How ever , differences w ere small and no tests of significanc e w ere  

performed . 

Wegelin concluded that : 

"The retardation of growth by feeding high quantiti es of 
normal whey powder is not due to the whey proteins but 
it has to be as cribed to the accompanying salts and/or 
lac tose . "  

At Illinois , Becker e t  al ( 1 957 ) suggested that mineral composi t ion 

might have made an important contribution to the different effects not ed 

wi th a semi-purifi ed and a practical diet . Both contained 30 % dried 

whey but s evere growth rate depr ession was only apparent in the practical 

diet  whi ch differed considerably , ia mineral composition , from the s emi-

pur i fi ed die t .  More recently, the intake level of  mineral salts was 

further implicated in results published by Dunkin ( 1 963 b) . A neutralized 

form of  lactic  casein whey  powder was used which had a much lower level of 

acidity than the normal powder . However , as a consequence of  the 
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neutralizing process using caustic soda ,  a large (50 %) increas e in the 

total ash level of  the powder resulted . When the two forms of whey  powder 

were fed as 50 % of the daily ration , � signi ficant growth depression was 

reported in the group receiving the neutralized whey powder . 

( b ) Bulk 

The effect of  liquid whe y  bulk on pig performance was demonstrated 

in experiments carried out with concentrated whey ( Dunkin ,  1 957 unpubl . ) . 

The whey was fed at two dilutions 1 : 1 and 1 : 9 ,  the s econd ratio 

resulting in a dry matter concentration similar to that of fresh whey.  

Each dilution was fed either on a res tricted scale of feeding , or ad lib,  

thereby giving two levels of  dilution and two feeding levels . Results 

obtained from the two ad lib groups showed that the pigs on the 1 : 1 dilution 

consumed significantly ( P<0 .05) more food ( 1 8 - 20 %) and grew at a 

faster rate ( 8  - 1 0  %) than thos e on the 1 : 9  dilution . In a s econd 

investigation ( Dunkin , 1 958 unpubl . ) two restricted scales of feeding were 

used ,  one being 1 1 3 % higher than the other.  The same dilutions were 

again used.  Growth rate and food conversion efficiency o f  the group 

on the lower feeding scale but receiving the more concentrated diet were 

both superior to those  of the group receiving the higher level of feeding 

but in a more dilute form. 

1 .3 LACTOSE EFFECT ON CARCASS QUALITY 

Only one publication is available in which carcass evaluation has 

been carried out on lactose fed pigs . In a small experiment involving 

1 2  pigs ( Whittier et al , 1 935) four pigs were fed a diet containing 40 % 

lactos e .  Carcass appraisal revealed only s light differences in water 

and fat content compared with the control pigs , much fatter carcasses 

resulting from the use of a diet  containing 40 % sucrose .  
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Evaluation of carcass quality has been carri ed out in a limited  

number of  the  whey feeding investigations reported  earlier . In 

general the results show that whey fed pigs may be slightly less fat 

than all-meal fed pigs, but thes e results could have also been produc ed 

by the slower growth rat es reported in the whey fed groups aft er approx-

imat ely 150 lb liveweight . The differences were mainly associated  wi th 

a reduced back-fat thickness and increas ed length , but no apparent 

differences in eye muscle area were reported (Braude et al 1957; 1959 a ) . 

In all experiments involving different levels of meal supplementation 

where all treatments received whey ad lib ,  no signifi cant differences have 

been report ed .  (Braude e t  al 1958; 1959 b; Mitchell and Sedgwick ,  1963 ) . 

In thes e ,  a much more uniform growth between treatments was evident , again 

suggesting that the carcass differences repor ted in oth er investigations 

were a reflection of different rates of growth . 

In summary it  is clear that no satisfactory results are available 

from whi ch conclusions can be drawn as t o  the effect of lactos e  on carcass 

quality . Results  presented by Whitti er et al (1935 ) are clearly 

inadequate ,  and the results produced from whey feeding inves tigations are 

subj e c t  to the influences of whey protein,  whey salts , and great er water 

intake , as well as th e effect of grow th depression . 

1 .4 ADAPTATION TO HIGH LEVELS OF LACTOSE 

Two defini tions of "Adaptation" can b e  found in the literature . 

Lawrenc e ,  Fischer , Sutton and Weis er , (1956 ) defined i t  as : 

"The remission of lactose  - induc ed diarrhea in rats 
maintained on a lactose  diet ,  or failure of a test  
animal to develop diarrhea on a lactose diet  which 
elic i ts this symptom in control rats , "  

and s tated that : 

"Other changes in the animal such as enlargement of the 
caecum, are not included in the term adaptati on as us ed 
here . "  



A more widely accepted definition ( Knox , Auerbach, and Liu ,  1 956 ),  

Herzenberg and Herzenberg , 1 959 )  was proposed by  Lightbody and 

Kleinman ( 1 939 ): 

"In general,  changes in enzyme sys t ems caused by changes in 
type or quantity of food ingested may be expected to result 
in two types of adaptations , thos e that may be cons idered 
emergency measures , and thos e requiring slow changes in 
physiological process es • • • • •  Those of  the second group 
may be considered adaptations in the quantities of the 
enzymes required t o  accomplish a given purpos e . "  

I t  is therefore apparent that "the r emission o f  lactos e-induced 

diarrh•ea" described by Lawrence et al,  ( 1 956)  could be regarded as a 

physiological consequence of  the enzymic adaptation to lactose as defined 

by Lightbody and Kleinman ( 1 939) . 

As reported earli er , reduced growth rate ,  depress ed food intake 

and diarrhoea , are the three main effects noted when pigs are fed 

diets containing high levels of lactos e .  Limited available evidence 

suggests that diarrhoea plays a very small part in the reduced growth 

rat e .  Krider e t  a l  ( 1 949)  reported consi derable diarrhoea i n  pigs fed 

small amounts of dried whey , but concluded that rate or economy of live-

weight gains were not affect ed . More recently a marked treatment 

difference in incidence of diarrhoea was reported by Dunkin , ( 1 95 9 )  but no 

differences in liveweight gain were apparent . 

I t  is much more likely that reductions in growth rate result from 

the depressed feed intake . However, knowledge of  what caus es this 

intake depres�ion , or of what  process es enable some animals to recover 

their appetite after a period of reduced intake is very limit ed . Never-

theless , the fact that some pigs do appear to regain their appeti t e  after 

refusing food for a short period,  suggests that this would be a more 

valuable index of "adaptation" than a reduction or cessation of  diarrhoea . 
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1.5 LACTOSE INDUCED CAECUM DEVELOPMENT, AND BACTERIAL LACTASE ACTIVITY 

The conflicting information r egarding lactose induct ion of mucosal 

lactase activi ty in the small intestin e ,  will be dealt with more fully 

in the s econd revi ew. Although the above speculation is still unresolved , 

there is  considerable evidence to show that lactos e  can induc e greater 

bacterial lactas e  activity in the caecum of the rat . Enlarged caecae 

resulting from the intake of considerable amounts of the sugar have been 

reported by Ershoff and Deuel Jr, ( 1 944) , Fischer, Sutton, Lawrenc e, 

Weiser, and Stahly, (1 949) , Lawrence et al (1 956) , Fis cher , ( 1 957 b ) , 

Fournier and Digaud , (1 959) , Fournier and Guillam, (1 960) and Tomarelli, 

Hartz and Bernhart, (1960) . 

Where measurements of lactase activity were made ( Fischer et al 1 949,  

Lawrence, Weis er, Stably, Fis cher and Sutton, 1 949) an increased bacterial 

lactase activity in the caecal contents was reported to be asso ciated with 

the caecal enlargement.  

That this source  of lactas e activity plays an important part in the 

utilization of  lactose was indicated recently by Dahlqvis t and Thomson 

(1 964) . When 800 milligrams of lactos e was administered to rats, sampl e  

analysis of  gut contents revealed that a considerable proportion escaped 

absorption in the small intestine. However , no lactos e was found in the 

stools. When lactase activity was ass essed ( mg . lactose  hydrolysed per 

hour ) it was found that the caecal c ont ents contained at least ten times 

the hydrolytic activity found in the colon and rectum. This c learly 

implicated the bac terial lactase in the caecum as being largely responsibl e 

for the hydrolysis of the lactos e entering the large intestine . 

Although very little monosaccharide absorption occurs in the caecum 

and colon ( 1 . 1  Part  II ) s everal reports show that these  organs are 

important sites of volatile fatty-acid ( v . f . a . ) and lactic  acid absorption 

( Barcroft , McAnally, and Phi llips on 1 944; Elden , Hit ch cock, Marshal! and 
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Phillipson 1946; Fri end, Cunningham and Nicholson, 1962; 1963; Fri end , 

Nicholson and Cunningham 1 964) . It  is therefore postulated  that the 

monosaccharides resulting from lactos e cleavag e ,  are converted to v . f . a.'s 

and lactic qcid,  thereby enabling their absorption into the bloods tream. 

Furthermor e ,  the conversion of lactose to lactic acid could explain 

the pres ence of the latter in diarrhoeal faeces ( 3 . 5/1 Part I I ) . The 

inhibitory action of high levels of lactose  in the caecum and colon , on 

the normal water reabsorption process , could also result in an associated 

decrease in lactic acid absorption, and so greater quantities would be 

lost from the body , in the faeces . 

Practically all the available lit erature on lactose induced caecum 

development , relates to work with rats , and at pres ent it is not poss i ble 

tooocide whether similar caecum development,  or  increas ed bacterial 

lactase activity occurs in pigs fed lactos e .  A very limited amount o f  

work has been carried  out to  determine the importance of  the caecum t o  the 

pigs digestive processes. Nasr . ( 1 950) fed either raw or boiled potato 

s tarch to two separate  groups of pigs and concluded that the caecum played 

an important part in the animalJ digestion of the raw starch offered . On 

the other hand , Lloyd,  Dale  and Crampton ( 1 958) using unoperated,  and 

caecectomiz ed pigs fed both experimental and practical diets , concluded 

that the caecum did not contribute appreciably to  the general breakdown of 

the food s ubstances . 

Two factors may have been involved in producing the more recent 

results . The dissaccharide components of the diet us ed ,  (wheat , oats , 

cereal gras s ,  corn s tarch ) would be readily diges ted in the small int estin e .  

Consequently very lit tle  carbohydrate would reach the large int estine and 

a ffect caecum development or bacterial enzyme activity . This suggestion 

is  supported  by the fact that Lawrence et  al ( 1 956) us ed raw potato starch 

t o  produce caecal dist ension in rats . The authors concluded that 



caecal enlargement in the rats fed th e raw potato starch was due to  the 

inability of the alimentary tract to 'handle' this l ess digestible form of  

carbohydrat e. 

In addition,  the removal of the caecum could have resulted in 

colonic hypertrophy (see  Lawrence et al 1956 )  thereby providing an 

alternative site  for the high concentrations of bacteria normally found 

in the caecum. 

If  then i t  can be assumed that the caecum only contributes to the 

overall hydrolytic activity when unhydrolysed di- and poly-saccharides 

reach the large intestine ,  there is the distinct possibi lity that lactos e 

would be subs tantially hydrolysed by bacterial lactas e activi ty in the 

caecum , when fed at levels which exceed the capaci ty of the mucosal lactase .  

This was demons trated in rats (Dahlqvist and Thomson 1 964 ) but no reports 

of work on this aspect of lactose feeding to pigs are available. 



2.1 INTRODUCTION 

CHAPTER 2 

FIRST PRELIMINARY INVESTIGATION 

The investigation was designed with three obj ectives in mind : 

to ass ess the adequacy of  a propos ed Basal Mixtur e fed t o  treatment 2 

pigs from 45-80 lbs liveweight , to get some indication of  the maximum 

lactos e percentage levels which could be reached under the existing 

conditions , and to  see if  age at which lactose subs titution commenced , 

affected the pigs' subsequent performance.  

Two treatments , commencing at 45 lb for treatment 1 ,  and at 80  lb 

for treatment 2 ,  involved progressive lactos e substitution of the wheat 

starch of the Basal Mixture . 

fed pigs . 

Each treatment contained two individually 

2 . 2  EXPERIMENTAL 

2 . 2/1 SELECTION OF ANIMALS AND EXPERIMENTAL DESIGN 

The invest igation involved four pigs from a Large White  x ( Berkshire 

x Large Whi te) litter weaned at three weeks of age .  Two castrate  males 

and two females , of similar liveweight were selected at 8 weeks and one 

pig of each s ex was randomly allocated to each of the two treatments . 

2 . 2/2 PRE-EXPERIMENTAL FEEDS AND FEEDING PROCEDURES 

Pri or to s election the pigs had been fed a pelleted 'carry-on ' meal 

mixture  containing 25% dri ed buttermilk powder . Following selection, 

this mixture was gradually replaced by a cereal-meatmeal mixture fed at 

the daily rat e  of  1i lb per pig .  This was supplemented by 4i lb of  fresh 

whey to ensure a continued intake of small amounts of lactose,  formerly 

provided by the butt ermilk powder . 

Aft er allowing the pigs ten days in which t o  become accustomed to  

the  individual penning facilities in a room in  the Animal Physiology Uni t  

(A . P . U .) , the whey feeding was discontinued and a full cereal-meatmeal 
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ration was fed according to individual liveweights . This ration was 

maintained until 45 lb liveweight when the basal, or the lactos e 

substituted diets were introduced.  The daily ration was divided into 

two approximately equal feeds which were given at 7 . 30 a . m .  and 4 . 30 p .m .  

The composition of  t h e  two pre- experimental meal mixtures may b e  found in 

the appendix . ( App. 2 . 2/1, 2 . 2/2 ) 

2 .2/3 HOUSING 

The room housing the pigs in the A . P . U. was totally enclosed and 

had provision for mechanical ventilation and thermos tatically controlled 

minimum air temperatur e .  Due to  an error in the ins tallation o f  the 

thermostat in the air intake duct ,  the t emperature control equipment was 

never functioning and temperature fluctuations were quite large .  However, 

as a result of fairly high climatic t emperatures , coupled wi th the very 

effective insulation , the ambient temperature rarely fell below 66°F or 

80 0 rose above 7 F,  a range of  1 2  F .  

2.2/4 TREATMENT DIETS AND THEIR INTRODUCTION 

A Basal Mixtur e  common to both treatments was formulated ,  and 

consisted of :  

Wheat Starch 

Pollard 

50 % 

30 % 

Fortified Meatmeal 20  % 

Premix • 0 .25 % 

• Premix contained ( per pound ) : 

20 gm. ' Rovimix' A ,  B2 D3 - 40 , 000 I . U.  Vitamin A per gm. 

- 1 0, 000 I . U. Vitamin n3 per gm. 

M 40 mg . Vitamin B2 per gm . 



4 . 8  gm . Pantothenic Acid  

o.4  gm . Folic Acid 

40 gm . 'Rovimix' Vit E25 - 250 I .u .  Vitamin E per gm . 

o . 6  lb D .L .  Methionine 

0 . 2  lb ' Tasminal ' Trace Element Supplement 

For both treatments , total daily food allowances were rationed 

according to Evans' ' B' Scale of meal feeding (Evans 1966 ), as shown in 

Table 2 . 2/1. 

TABLE 2 .2/1 FEEDING SCALE • 

Liveweight (lb ) Meal (lb )  Liveweight (lb ) Meal (lb ) 

20 1 . 1 0  80 3 . 50 

30 1 . 60 1 00 4 . 1 0  

40 2 . 10 120 4 . 60 

50 2 .50 140 5 . 10 

60 2 . 90 1 60 5 . 60 

• Intermediate values obtained by interpolation • 

The Basal Mixture , in which lactose subs tituted for 1 0  % of the 

wheat s tarch, was fed to  treatment 1 pigs from 45 lb  liveweight , and to  

treatment 2 pigs from 80  lb liveweight . The unsubstituted Basal Mixtur e  

being fed t o  treatment 2 pigs from 45-80 lb  liveweight a s  a control diet . 

Following every 10 lb increas e in liveweight of  pigs on the lactose  

substituted diets ,  a further 10 % increas e in  lactos e was made  until 

food refusals commenced. The lactos e level was then lowered by 10 %, 

and the pigs remained on the lowered level for three  weeks , a period 

arbitrarily chos en as being of s uffici ent length to enable adaptation to 

the lactose ,  to occur . 

lactose was attempted.  

After three  weeks , a further increase o f  5 % 
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2 . 2/5 MANAGEMENT 

(a) Feeding Routine 

The pigs were w eighed onc e  a week before the morning feed,  and 

adj us tments to the dai ly ration allowances were made according to these 

weights . When feed r efusals were becoming common , feed troughs were 

removed at 8 .00 p.m . the previous night to ensure that weighings were 

made on a ' cons tant s tomach fill' . 

The day ' s food allowances were weighed into plas tic  buckets to 

which water was added at the rate of  3 parts water to 1 part meal on a 

weight basis . This was mixed the afternoon before th e day o f  feeding , 

to ensure sufficient time for the lactose  ( in the � hydrat e  form) to  

attain the «f3 equilibrium form which is l ess likely to cause  digestive 

ups ets (Primnig and Turkus 1943 ) . 

No bedding and no additional drinking wat er were provided. 

Refusals were c ollected in the morning before feeding . Each 

refusal was weighed,  s tirred , and a 500 gram sample was taken and dri ed 

at 1 00°C for 48 hours , preliminary obs ervations indicating that these 

conditions were adequate ,  and that duplicate samples were unnecessary . 

Meal dry matter and water refusals could then be calculated s eparat ely. 

( b) Dung Consistency 

Daily dung o bs ervations were made  in the morning before cleaning 

out the pens. Dung consistency was arbitrarily classified by visual 

appraisal into five c lasses . These wer e :  

Hard - ( H )  

Normal - ( N )  

Soft - (S ) - retaining i ts characteristic  form but 

softer than the normal s tool . 

Porridge- ( P) - having a consistency not unlike thick 

porridge . 

Watery - ( W) - Amorphous and with very little ' depth '  
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( c )  Length of the Investigation 

The experiment lasted 77 days , daily weighings a s  the pigs 

approached 1 1 5 lb liveweight being necessary so that the number o f  days 

to gain 70 lb in weight could be accurately assessed .  

2 .3 RESULTS 

2 . 3/1 HEALTH 

Throughout the investigation all pigs remained in good health . 

However , one pig ( Pig A - on 25 % lac tose ) died th e night after comple tion 

of the study.  Death occurred suddenly, overnight ,  the  afternoon's feed 

was wholly consumed and there was no indication that death was imminent. 

Post mortem diagnosis of the cause of  death was inconclusive .  From the 

gross appearance of the carcass ,  septicaemia and toxaemia , probably o f  

ana erobi c origin , were sus pected but could not b e  c onfirmed by 

bact eriological t ests . 

As the level of lactose  in the diets was being adj usted in 

accordanc e  with growth performance ,  s evere effects of high lactose levels 

were not experi enced.  In association with high lactos e levels ingested 

early in life , one pig (Pig A )  showed a pronounced 'pot bellied' 

appearance .  The implication o f  this will be discus s ed later . 

2 . 3/2 DUNG CONSISTENCY 

Only the results from the first four weeks ' o bs ervations 

following treatment introduction are presented in Table 2 . 3/1 as the 

dung was o f  'normal'  consistency in the case of all obs ervations made 

after this period . 
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TABLE 2 . 3/1 OBSERVATIONS OF DUNG CONSISTENCY FOR THE FIRST 

28 DAYS AFTER REACHING 45 lb  LIVEWEIGHT 

Treatment Duns Consistencl 

Pig Hard Normal Soft Porridge Watery Total 
-- --

A 1 - 28 - - - 28 

B 2 - 1 7  6 5 - 28 

c 2 - 26  2 - - 28 

D 1 - 1 3 7 7 1 28 

These figures give little indication of  a ' diarrhoeal ' e ffect 

resulting from a high intake of lactose,  in fact all voidings after a 

liveweight of  70-80 lb was reached were classi fied as ' norma l '  despite  

the commencement of  lactos e feeding at 80  lbs to two pigs . 

2 .3/3 GROWTH RATE, FOOD INTAKE, AND FOOD CONVERSION EFFICIENCY 

As mentioned earlier percentage levels of lactos e  were reduced 

as soon as the feed refusal started to ris e ,  an observation invariably 

accompani ed by a decreased growth rate .  The figures presented in 

Table 2 . 3/2 are therefore a result of s everal dietary manipulations 

and cannot be regarded as pertaining to any fixed level of lactos e .  
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TABLE 2.3/2 

24 . 

GROWTH RATE, FOOD CONSUMPTION, AND FOOD 

CONVERSION EFFICIENCY 

Treatment 1 Treatment 2 

Pis A Pis D Pis B Pis c 

(a) 45 lb - 75 lb  Liveweisht 

Number of  days 27 30 32 30 

Av. Daily Gain (lb) 1.11 1 . 00 0 . 94 1 . 00 

(b) 75 lb - 115 lb Liveweisht 

Number of  days 51 37 33 29  

Av . Daily Gain (lb) 0 .78 1 . 08 1 .2 1  1.38 

(c) 45 lb  - 115 lb Liveweisht 

Total No . of days 78 67 65 59 

Av . Daily Gain (lb) 0 . 90 1.05 1 . 08 1 . 1 9  

Total food consumed (1 b) 244.60 2 1 6 . 15 203 .15 195 . 25 

lb Food per lb Liveweight 
gain 3.49 3 . 09 2 . 90 2 . 79 

A clearer picture o f  individual growth rat es in association with 

varying percentage levels of lactos e can be gained from Figs . 2 .3/1 

2.3/2 . A considerable depression in th e growth rat es of  both treatment 1 

pigs is evident at the time when the lactose level in the diet  reached 

40 %. However, in both cases , the previous growth rat e  was regained 

when the lactose cont ent of the die t  was reduced by 10 %. It  is clear 

from both Fig. 2 .3/2 and Table 2 . 3/2 that all pigs grew at a 

comparable rate  for the first 4 weeks of the investigation . Subs equent 

to this , Pig c . ,  despit e  its high level of lactose  intak e ,  was noticeably 

superior in growth rate to the o ther  3 pigs. 

2 . 3/4 FOOD REFUSALS 

A considerabl� quantity of  food was refus ed by three  of the 

pigs. A s ummary of the data is presented in Table 2 . 3/3 . 
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TABLE 2 .3/3 Food Refusals 

( a ) 

WEEKS OF 
EXPT 

0 - 1 

1 - 2 

2 - 3 

3 - 4 

4 - 5 

5 - 6 

6 - 7 

7 - 8 

8 - 9 

9 -10  

10  -1 1 

TOTAL 

( b ) 

TREATMENT 1 

PIG A PIG D 

LACTOSE DAILY TOTAL LACTOSE DAI LY TOTAL 

PERCENT INTAKE OF DM FOOD PERCENT INTAKE OF DM FOOD 
LACTOSE REFUSED LACTOSE ,REFUSED 

% lb lb % lb lb 

5 0. 1 0  - 5 0 . 1 0  -

1 0  0 .25 - 1 0  0.25 -

20 0 . 60 - 20 0 . 55 -

30 0 .90 - 20 o . 6o -

40 1 .35 1 . 1 0  30 0 . 90 -

40 1 . 40 7 . 00 40 1 e 35 0 . 90 

30 1 . 1 0  0.50 30 1 .05 0 . 1 0 

30 1 . 1 5  o . 6o 30 1 . 1 5  o . 8o 

30 1 .20 1 .70 30 1 . 20 0 .30 

35 1 . 40 5 · 35 35 1 .50 0 . 95 

25 1 . 1 0  2 .45 35 1 .60 1 . 1 0  

1 8 �  4 . 1 5  

Total Food Refusal - DM ( lb ) 
Total Lac tos e Consumed 45-1 1 5  lb ( lb ) 
Total Lactose Consumed before Firs t Refusal ( lb ) 
Days on Lactos e before First Refusal 

TREATMENT 2 

PIG B 

LACTOSE DAILY TOTAL LACTOSE 
PERCENT INTAKE OF DM FOOD PERCENT LACTOSE REFUSED 

% lb lb � 
0 - - 0 

0 - - 0 

0 .. - 0 

0 - ... 0 

0 - - 0 

5 0 . 1 0  ... 5 

1 0  0.35 .. 1 5  

20 0.75 0 .50 30 

30 1 . 20 3 .85 40 

35 1 .40 2 .45 50 

35 1 . 60 3.60 50 

1 0 . 40 

TR . 1  

A D B 

1 8 . 70 4 . 1 5  1 0 .40 

85 .75 73 . 05 37 . 90 

23.80 1 8 . 10 8 .50 

35 32 1 6  

• Experiment terminated before any refusal occurred.  

PIG C 

DAILY TOTAL . 
INTAKE OF DM FOOD I 
LACTOSE REFUSED 

lb lb 
- -

- -

- -

- -

- -

0 . 20 -

o . 6o ... 

1 .20 -

1 . 65 -

2 . 10 -

2 . 40 -
-

o.o  
-

TR .2  

c 

-

58 .35 

58.35*  

41 • 
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The results suggest ed that the onset  of  a food refusal was 

associated mainly with the level of lactose intake . For both treatment 1 

pigs , refusals were first no ted when lactos e reached the 40 % level 

( 1 .35 lb Lactose  daily ) .  Although these refusals were reduc ed by a 1 0 % 

r eduction in dietary lactos e ,  they were not eliminated completely, and a 

s ubsequent increase o f  5 % lactos e ,  caused a further increase in the 

amounts of  food refused .  Results from treatment 2 pigs were inc onclusive ,  

for although Pig B began t o  refus e  food i n  half the time , and after 

approximately half the absolute and percentage amounts of lactose had been 

fed,  compared with treatment 1 pigs , the s econd pig on treatment 2 ( Pig C )  

did not refus e  food,  even when the di etary level o f  lactos e  ros e t o  5 0  %, 

( 2 . 40 lb Lactose daily ) .  

2 . 4 DISCUSSION AND CONCLUSIONS 

2 .4/1 RATION SUITABILITY 

So far as could be assessed by the general health of the pigs , the 

Basal Mixture was nutritionally adequa t e .  I n  addition t h e  dilution o f  the 

meal 1 : 3 with water , produc ed a thin slop which appeared to provide 

s ufficient water for the pigs ' normal requirements . 

2 . 4/2 DUNG CONSISTENCY 

The fact that very few of  the dungs were classified as "watery" was 

not unexpected.  

The limi ted number of  pigs used,  the  relatively short periods over 

which high ( 40 %) lactos e  l evels were fed in most cas es ,  and the general 

t endency for most pigs to refus e  feed containing high levels of lactose  

probably affected the  results . 

2 .4/3 FOOD I NTAKE AND REFUSALS 

The results indicated that over the liveweight range examined , a 

level of 1 .0 - 1 . 1 5  lb lactose  c ould be consumed daily with little  or no 
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depression of  intake ,  but individual variabi lity could resul t  in levels of  

up  to  2 . 40 lb lac tos e daily being success fully utilized . 

2 . 4/4 AGE AT WHICH LACTOSE WAS INTRODUCED 

Due to the marked differences in growth rate  between the pigs in 

treatment 2,  no conc lusions were poss i ble on the effects of imposi tion 

at  80 lb liveweight compared with imposition at 45 lb .  

"Gus never had a good return from his pigs; they j us t  seemed 
to exist  to get rid of the leftovers and that ' s  all . There 's 
good money to be made out of  pigs , I know, and I ' ve been mean­
ing to take an interest in them, but my firs t love is my dairy 
herd and I ' ve never been able to get very affectionate towards 
the piggy part of the farm . "  

( Frank S .  Anthony and Francis Jackson )  



CHAPTER 3 

SECOND PRELIMINARY I NVESTIGATION 

3.1 INTRODUCTION 

The conclusions that could be drawn from the first preliminary 

investigation were limited by the small number of animals used ,  their 

variability,  and the fact  that cons tant adj ustments were made to the 

dietary lactos e level . A second preliminary inves tigation was therefore 

designed to  provide information on the effects of di fferent fixed dietary 

levels of lactos e ,  and the rate  of increase of the lactose content . 

3 . 2  EXPERIMENTAL 

The inves tigation involved four treatments : 

Treatment 1 ( control ) 

Treatment 2 

Treatment 3 

Treatment 4 

No lactose  

25  % lactose 

25 % increasing to 50 % lactose  over a 

4 week period 

50 % lactose 

3 . 2/1 SELECTION OF ANIMALS AND EXPERIMENTAL DES IGN 

A randomized block design was us ed involving four treatments each 

c ontaining three replicates . The twelve pigs us ed were all from Landrace X 

Large Whit e  litters and c ompris ed eight gilts and four cas trates . Four of 

the gilts came from one lit ter , the remaining 8 pigs coming from a second 

litter.  All pigs were weaned at three  weeks of age .  Following s el ection , 

the pigs were randomly allo cated to  treatments and individual  pen pos i tions 

in th e A . P . U . , the only limitation being to ensure  that each treatment  group 

was represented by two gilts and a hog . 

3 . 2/2 PRE-EXPERIMENTAL FEEDS AND FEEDING PROCEDURES · ·  

When selected at 8 w eeks of  age , all pigs were being fed ' Carry-on ' 

mea l  pellets similar to  those fed before the start of  the first preliminary 
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investigation . In contrast to the earli er study , feeding of  the 

' Carry-on '  meal ( mixed 1 : 3  with water)  continued until the treatment 

rations were introduc ed.  

3 . 2/3 TREATMENT DIETS AND THEIR INTRODUCTION 

The basal meal mixtur e ,  the scale of feeding , and the feeding 

procedure were similar to those us ed in the earlier inves tigations , exc ept 

that the introduction of the experimental diets w as made  at 50 lb liveweight . 

Diets were fully es tablished in 5 days . Treatment 3 pigs rec eived a 25 % 

lac tose diet for 1 1  days . The 35% level was then introduced , this being 

increased to 45 % after 1 week, and finally to 50 % after a further week. 

Three  treatment diets were us ed - their composition being : 

Diet A 

Diet  B 

Diet C 

The same Basal Mixture as was us ed in the firs t  pre liminary 

Diet A in which half of the wheat starch was replaced by 

lactose 

Diet A in which all of the wheat starch was replac ed by 

lactose 

Proportionate amounts of  Diets A and C were mixed to provide  the 

various lactos e perc entages required for treatment 3 during the first 4 weeks. 

After the experiment had been in progress for almost s ix weeks , 

treatments 3 and 4 ( now both on 50 % lactose )  were producing similar growth 

rates , and so there s e emed to be little point in continuing the investigation 

on the effects of rate of introduction. As all 6 pigs were on the same 

treatment diet,  it was felt that a further treatment could be imposed upon 

three of the pigs to enable full utilization of the animals availabl e .  

Meaney and Sheehy ( 1 965 ) revi ewed a number o f  investigations i n  which copper 

sulphate  had been added to diets fed to pigs , and c oncluded that there was a 

definite  advantage to be gained from the j udicious use o f  the Copper salt . 

As . the main effect of the copper is on the gut microbial population ,  and 

in view of th e reported  effects ( Fischer and Sutton , 1 949 ) of lac tose on 
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the gut flora , it  was felt that a study o f  the effect of c opper addition 

to the diet might yield interesting results . 

Only treatment  3 pigs received the copper 250 ppm on an air-dry 

meal basis ) and treatment 4 pigs were retained as ' controls ' •  Supplementation 

with copper commenced after each pig had been on th e treatment di et for 

41 days and was continued until the end of  the inves tigation . 

3 .2/4 MANAGEMENT AND HOUSING 

All condi tions o f  management es tablish ed in the earlier inves tigation 

were adhered to . An ambi ent temperature of  68°F �as again desired.  The 

t emperature control equipment was now functioning perfectly ,  and c ontinuous 

t emperature recordings were made with a thermograph . Results of  weekly 

recordings (App . 3 .2/1 ) showed that the average experimental temperature was 

70 .5°F (Range 65 .5 - 75 . 5°F) and that the number of hours in whi ch this 

range was exceeded , represented only 1 .7 % of the total experimental time . 

3 . 3  RESULTS 

The inves tigation was to proceed until all pigs reached 1 20 lb 

liveweight . When i t  was apparent that all but one of  the pigs on treatments 

3 and 4 would not reach 1 20 lb within a reasonable period of time , these pigs 

were removed from the investigation after 70 days . 

3 . 3/1 DUNG CONSISTENCY 

Daily dung observations were recorded as outlined in the earlier 

investigation and a summary of  results obtained over the first eight weeks 

of  the investigation are pres ented in Table 3 · 3/1 . 
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TABLE 3 · 3/1 RECORDS OF DUNG CONS ISTENCY OVER THE FIRST 56 DAYS * 

Days Treatment 1 Treatment 2 Treatment 3 Treatment 4 

H .N s p w H N s p w H N S / P w H N I s I p • 

I i 

I ! 
4 1 0- 7 8 1 3  1 6  5 1 1 7  3 3 4 1 0  I ! 

8-1 4 9 1 1  1 1 9  1 1 3 9 5 
1 3 1 1 1  5 3 2 

1 5-21 2 1 9  20 1 6 1 1  1 1 2 1 0  4 4 3 

22-28 21  2 1  3 1 7  1 1 6  2 3 

2 9-35 1 9  1 1 2 1  1 18  1 1 1 0  8 2 1 
I I 

36-42 21  21  1 1 7  1 1 1 1 2  5 1 3 

43-49 21 20 1 1 9  2 1 8  2 1 

50-56 1 9  2 1 5  6 1 8  2 1 1 7 4 

Total 1 9  1 4� 4 1 1 53 14 1 1 5  1 2 6  15 6 6 98 33 1 5  22 

• Weekly totals are the sum of  o bservations from three  pigs 

per treatment . 

There was c learly a greater incidence of diarrhoea ( as indicated by 

the larger numbers of  ' porridge ' ( P )  and ' watery ' ( W) faeces ) in treatments 

3 and 4,  compared with the other two treatments . The lower number of 

' watery ' faeces in treatment  3 compared with treatment 4 was probably a 

reflection of  the shorter period of  time treatment 3 pigs were on 45-50 % 

lactos e ,  due to the more gradual rat e  o f  lactose introduction carried out . 

However , over the latter part of  the investigation when both treatments 

were on a 50 % lactose diet ,  there was still a small number of obs ervations 

c lassified as ' so ft ' , ' Porridge ' or ' watery ' in the treatment  3 group 

suggesting that the slower rate of introduction may have reduced the pigs ' 

t endency to scour on high levels o f  lactose .  
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3 . 3/2 GROWTH RATE, FOOD INTAKE AND FOOD CONVERSION EFFICIENCY 

All pigs on treatments 1 and 2 reached 1 20 lb liveweight and so  full 

data could be presented . Due to the very poor growth rates of  5 of  the 6 

pigs in treatments 3 and 4 ,  data for the firs t 70 day investigation period 

has been presented . To enable a statistical comparison between all four 

treatments , mean liveweights after 60 days on tre treatment diets have also 

been pres ented in Table 3 . 3/2 . 

TABLE 3 . 3/2 MEAN GROWTH RATE, FOOD INTAKE AND FOOD CONVERSION EFFICIENCY 

FOR A 70 lb LIVEWEIGHT GAIN IN TREATMENTS 1 and 2, FOR A 70 DAY 

INVESTIGATION PERIOD IN  TREATMENTS 3 and 4, AND FOR A 60 DAY 

PERIOD FOR ALL 4 TREATMENTS . 

50 85 lb L .  . ht - l. vewel.g. 85 1 20 lb L .  . ht - l. vewel.g. 
TR 1 TR 2 TR 1 TR 2 

No . of Days 35 34 24 27 

Mean daily gain ( lb ) 1 . 00 1 .03 1 . 40 1 . 30 

50 - 1 2 0  lb L .  . ht l. vewel.g. 

TR 1 TR 2 
No . of  days 60 61 

Mean Daily gain ( lb ) 1 . 1 7  1 . 1 6  

Nett Food Consumption ( lb ) 1 98 . 1 3  207 . 1 0  
. 

Mean Daily Food Cons umption ( lb ) 3 . 32 3 . 40 

lb Food / lb Liveweight Gain 2 .83 2 . 96 



35 -

R esu lt Aft s er 70 Days 

Mean Daily Gain ( lb )  

N e t t  Fo od Consumption ( lb )  

Mean Dai ly Food Consumption ( l b )  

l b  Foo d  / l b  Li veweigh t  Gain 

TR 1 

Mean .± SE ( lb )  1 20 + 

• Signi fi can c e  of Di fference 
5 % 

TR 3 

0 . 43 

1 4 9 . 30 

2 . 1 3  

4 . 98 

Li vew eight 

TR 2 

1 . 7 1 1 9  + 

TR 4 

0 .59  

1 73 .58 

2 . 48 

4 .22 

A f t er 60 Days 

TR 3 

1 . 6 77 + 7 . 6  

TR 4 

85 + 9 . 9  

• Means not und ers cored by the same line are significan t ly different 
(P < 0 . 05 ) . 

Data in Table 3 . 3/2 and Fig .  3 . 3/1 illus tr a t e  th e clos e &mi lari ty 

in growth rates o f  pigs on zero and 25 % la c tos e .  Fig . 3 . 3/1 c learly 

d emons tra t ed the marked variability experienc ed when pigs were fed di ets 

c ontaining 50 % lac tos e .  Becaus e o f  this very large variability the F 

t e s t  of sign i fi can c e  ( Snedecor , 1 961 ) was unsa tisfac tory and s o  an 

alt ernative - Dixon ' s  Test ( Dixon and Mas s e y ,  1 957 ) which takes large 

d i f f er en c es in tr eatment variabi lity into a c c o unt was us e d  to d e t ermine 

s igni fican t  d i f f e r en c es . The ana lys is ( App . 3 . 3/1 ) revealed that 

d i f ferences be t w e en treatment 1 and trea tment 2 ( z ero and 25 % la c tos e ) , 

and between treatment 3 and t reatment 4 ,  were non s igni fi can t ,  but th e two 

t r eatment groups r e c e i ving 50 % lac t o s e  ( 3 ,  4 )  wer e both s igni fi can tly 

( P < 0.05 )  poorer in livew eigh t aft er 60 days following trea tment introduc t ion , 

t h en treatments 1 and 2 .  

I t  was not possible to analys e t h e  eff e c t  o f  c o pper s u pplementation 

s tatisti cally , but the average growth curves for treatment 3 and 4 groups 
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( Fi g .  3 . 3/2 ) do not s ugge s t  that any beneficial e f f e c t  in growth r a t e  

r es ult e d  from i ts inc orpora t i on .  

3 . 3/3 FOOD REFUSALS 

In the r e v i ew of l i t erature it was pointed out that th e dai ly amoun t o f  

lac tos e inges t e d  a t  a gi ven l i v eweight , rather than t h e  perc entag e  i n  th e 

di e t ,  was pro ba bly the mos t important fac tor limi t ing food intak e . Wh en 

food r e f usals exc eeded 0.5 lb dry mat t er per day , the amount of lac t o s e  ( l b )  

being c ons umed daily, was d e t ermined and th e livew eigh t was recorde d . This 

dat a ,  t o g e ther w i th data from t h e  tr eatment 2 group which refus e d  negligible 

quan t i t i es has b e en pr es ent e d  in Ta ble 3 . 3/3 . 

TABLE 3 . 3/3 ( a )  LACTOSE INTAKE ( lb )  AT THE LI VEWEIGHT AT WHICH DAILY 

Pig 
No . 

-

2 

3 

8 

4 

6 

1 1  

1 

5 

9 

FOOD REFUSALS EXCEEDED 0.5 lb DRY MATTER 

Treatment Li veweigh t Dai l� La c t o s e  La c to s e  
Intak e  Per c en t  

lb lb % 

2 1 20 .0  1 . 1 2  • 25 

2 1 20.0  1 . 1 2  • 25 

2 1 20.0 1 . 1 2  • 25 

3 66.5 1 . 10  35 

3 69.0 1 . 1 2  35 

3 66.5  1 . 1 0  35 

4 55 .0  1 . 28 50 

4 60 .5 1 . 45 50 

4 55 .0 1 .25 50 

• Daily r e fusals > ·o . 5  lb DM did not o c c ur . 

Foo d  R e fus ed as 
a ,Eer c entas:e 

o f  Foo d  o ff e r e d  
% 

1 . 5  

< 1 . 0 

-

39 .0  

22 . 0  

35 . 0  

6 . 0  

25 . 0  

35 .0 
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{ b )  DAILY LACTOSE INTAKE ( lb )  AT 50 and 1 20 lb LI VEWEI GHT, AND MEAN 

TOTAL FOOD REFUSAL FOR TREATMENTS 2, 3 and 4 

Liveweigh t I Mean Total Mean Total Foo d  Refus ed as a 
Foo d  R e fus e d  P e r c entas:e o f  Foo d  O f f er e d  

50 lb 1 20 lb �lb) % 
TR 2 Lac t os e 0 . 63 lb 1 . 13  lb 1 .50 < 1 .0 Intake 

3 La c t os e 0 . 63 lb 2 . 25 lb 70 .50 32 . 0  In take 

4 Lac tos e 1 . 25 lb 2 . 25 lb 47 . 50 22 .0 In take 

The data pr es en t e d  in Table 3 - 3/3 ( a )  for treatment 4 pigs sh ould not 

be interpr et e d  as showing that t h e s e  pigs ha d a highe r  toleran c e ,  as 

indi c a t e d  by the great er dai ly intake of la c tos e be for e food r ef us als began . 

Tabl e 3 . 3/3 ( b )  c l early shows that this di e t  even when fed at 50 l b  

livewe ight , already c on tain ed 1 . 25 lb lac t o s e an d s o  a t  no s ta g e  was i t  a s  

low as 1 . 10 - 1 . 1 2  l b .  Table 3 . 3/3 ( b )  als o shows the magn i t ud e  o f  th e 

t r eatm ent 3 and 4 food re fusals t o  be b e t w e en a quart er and a third o f  all 

food o f fered . Th e r e markably low level o f  intake depression no t e d  for 

No . 1 in treatment 4 was r es pons ible for t h e  lower food r e fusal perc entage 

in this treatmen t . The data should t h e r e fore be interpr e t e d  as r e s ul ting 

from individual varia bi lity rath er than from the di fferent r a t e s  o f  

trea t m ent introduc t i on . 

3.4  DIS CUSS ION 

3 .4/1 DUNG CONS ISTENCY 

The high e r  inc i d en c e  of wat ery fae c es void ed from pigs on the 50 % 

lac t os e di e ts , c ompare d  w i th tho s e  from pigs on z er o  and 25 % la c t o s e , 

s trongly s upports the idea that the high lac to s e  c ont en t  o f  t h e  wh ey i s  an 

impor tant fac tor in wh ey induc e d  diarrh o e a . The r educ tion in t h e  inciden c e  

o f  s c ours over s uc c es s ive w e eks may have b e en the r es ul t  o f  adapti on t o  high 
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levels o f  la ctos e f eeding , o r  t o  the reduced amounts o f  la c tos e ing es t e d  

a s  a r es ult of th e large food r e f usals . 

3 . 4/2 GROWTH RATE AND FOOD I NTAKE 

The compara ble growth rates obtained from the die ts containing zero 

and 25 % lac tos e ,  s uggests tha t daily la c tos e intake ( lb ) in treat ment 2 

never r eached a l evel wh ich exc e e ded the pigs toleran c e  for this s ugar . 

At 1 20 lb liveweigh t ,  a dai ly in take o f  1 . 1 2  lb was r e a ch e d ,  a level whi ch 

appear ed to be maximal for treatment 3 pigs at a much ligh t er w eigh t 

( 65-70 l b ) . The 50 % la c t os e di et ( 1 . 25 l b  at 50 l b  liveweight ) was 

c learly above maximal even a t  th e time o f  introduc t i on . This conc lus i on 

is s uppo r t e d  by the fa c t  that a l l  pigs on tr eatment 4 s tarted to r e fus e 

feed w i thin 1 0  days following tr eatment introduc ti on . I t  is sugges t ed 

that the re fus a l  o f  food by pigs in t r eatments 3 an d 4 was a pro t e c t i ve 

meas ur e aimed at limi t ing the intake o f  lac tos e  to an a c c eptable l e vel . 

This was illus t ra t ed in th e fi rs t pre liminary inve s t i gation wh en pigs 

r e f us ed less of the feed o f f e r ed if th e la c to s e  per c entage was low e re d . 

Only on e pig c learly exhibi ted an adaptation to high l e vels of lac tos e .  

This pig ,  on t r ea tment 4 ( No . 1 ) , began re fusing f e e d  a few days a f t e r  th e 

treatment di e t  was introduc ed and c ontinued to refus e  small amoun ts o f  f e e d  

f o r  6 w e eks . Growth rat e  was c onse quently impaired t o  a lesser ext ent than 

was that o f  the o ther two treatm ent 4 pigs whi ch re fus ed much larger amoun t s  

of foo d ,  ( Fig . 3 . 3/1 ) .  A f t er 6 we eks , refusals c eas e d  ent irely ,  despi t e  

intakes a t  this s tage o f  more than 2 .0 l b  lac t o s e  per day . As a c ons equen c e 

livew eight gain i mproved and o ve r  the las t 4-5 weeks o f  t h e  inves tiga t i on 

w eekly gains w e r e  clos ely c omparable w i th thos e o f  tr eatment 1 and 2 pigs . 

At 1 20 lb livew e i ght 2 . 25 l b  la c tos e was being consumed without noti c eable 

adver s e  effec t s . 
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S uffi c i en t  evidence is ava i la b l e  t o  show tha t ,  when pigs are fed 

high l e vels o f  d i e tary lac tos e ,  diarrh o ea ens ues . When a di e t  containing 

25 % la c tose is fed over a 50- 1 20 lb w eight rang e a c cording to the feeding 

s c a l e  in Table 2.2/1 , the dai ly in take o f  l a c t o s e  ( lb ) do es not app ear t o  

r each a level s uf fi c i ently high t o  c a us e di arrhoea o r  food intake 

d epr e s s i on .  C l ear ly th e 50  % lac t o s e  d i e t  was above t h e  maximum t o lerable 

l evel ( 1 . 1 lb ) a t  50-60 lb liveweigh t  and so advers e e f f e c t s  w o uld be 

exp e c t ed irr es p e c t i v e  o f  th e rat e  o f  introduc t i on . Copper s upplementation 

did not reduc e food r e fusals and s o  was not expe c t ed t o  a l t er th e rates of 

livew eight gain o f  the trea tment 3 pigs . Adaptation t o  high lac tos e l evels 

can o c c ur but t h e  m eans by which this i s  achi eved is n o t  known . 

" The only time I have much t o  do with Piggy is when t h e  wind 
blows from t h e  s outh . Th en yo u ' d  th ink Piggy Sow by ' s  pigs 
were righ t at my back door . "  • • • • • • •  

• • • • • • •  "Piggy traips es t o  town e very day and c o l l e c t s  t h e  
leftovers from res taurants and hot els t o  feed t o  h i s  pigs . 
And what ' s  mor e ,  the loc a l  s t or ek e e per re ckons Piggy lives 
on th e same th ings as his pigs . "  

( Frank s .  Anthony and Francis Jacks on ) 



CHAPTER 4 

MAIN INVESTIGATION ,  AND THE COLLECTION STUDY 

4 . 1  I NTRODUCTION 

Two s eparat e experiments w ere c onduc t ed wi th di fferent primary 

o bj e c t i ves in mind . The o bj e c t ive in the main inves ti ga tion was t o  

o btain a mor e c ompl e t e  pi c t ur e  o f  t h e  physi o logical and anat omi c a l  e f f e c t s  

r es ul t ing from high intake l e ve ls o f  lac t os e .  Th e s e  inc l ud e d ,  the e ff e c t  

upon growth ra t e ,  dung c ons � e n c y ,  carcass c ompos i t i on , and c a e c um d e v e l o pm ent . 

In th e c o l l ec t i on s t udy , t h e  bi o chemi cal a s p e c t s  invo lved in feeding high-

lac tos e di e ts w er e  inves t iga t e d . Th es e resul ts have been pres ent e d  in 

Par t I I .  The phys i o l ogi cal and anatomi c a l  data r e corded incidental to 

the biochemi c a l  data ar e pres ented in t h is chapt er t o  ena ble compari s ons to 

be mad e  between the two experimen t s . Thi s  will give s ome indi c a t i on o f  how 

c l os e ly the bio ch emi cal r e s u l t s  mi gh t  rela t e  to the phys i ologi c a l  res ults 

o btained from the main inves t igation . 

4 .2 EXPERI MENTAL 

All treatment di ets for bo th experi men ts w e r e  pr epared from t h e  same 

consignmen t s  o f  di e tary c omponents . As meatmeal o ft en dif fers appre c i a bly 

in qua li ty b e tween sacks , the t o t a l  cons ignment was mixed thorough ly b e f o r e  

being i ncorporated into t h e  diets . 

Th e same four treatment d i e t s  ( 3  lac t os e  and 1 c on tr o l )  w e r e  impos ed 

on a t o tal of 28 pigs in th e main experiment and 1 2  pigs in the c o l l e c t i on 

s tudy . No lactos e was f e d  t o  the c ontrol group in each cas e .  T r e a t ments 

2 ,  3 and 4, r e c eived d i e t s  c ontaining 1 5 ,  30 and 45 % lac t o s e  r es p e c t i ve ly .  

Livew eigh t  g ains were r ec o r d e d  w e ekly t hr o ughout t h e inves tigation and at 

the c on clus i on o f  the s t udy, carcass and c a e cum data were colle c t ed .  
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4 .2/1 SELECTION OF ANIMALS AND EXPERI MENTAL DES IGN 

A randomi z e d  block des ign was us ed which c ontained 7 r epli cat es per 

t r ea t ment in t h e  main inves tiga t i o n ,  and 3 replicates per tr eatment in th e 

c o l l e c tion s t udy . Each block c onsis t e d  o f  four l i t t erma t e s  s e l e c t e d ,  for 

t h e i r  similar i t y  in liveweight at eight w e eks , from a var i e t y  of c ros s bred 

l i t t ers . Pr e f eren c e  for uni formi t y  in farrowing dat e s  and 3 and 6 w e ek 

li v ew eights being greater than uni formi ty of br eed . For th e main investigat-

i on two blocks ( A  & B) were derived from a s ec ond cross Landra c e  x ( Berkshire 

x Large Whi t e )  li t t er ,  two blocks (C & D) fr om a fir s t  cross Landrace x Lar g e  

Whi t e  li t t e r ,  and t h e  r emaining thr e e  blo cks ( E ,  F a n d  G )  f r o m  t w o  firs t c r o s s  

Berkshire x Larg e Whi t e  li t ters . All four l i t t ers were born w i thin a w e ek 

o f  each other and were w eaned a t  thr e e  w e eks of ag e .  Following s e l e c tion , 

one member o f  each block was allocated randomly to each o f  the four t r eat­

ments . As far as possi bl e ,  t r eatments w e r e  balan c ed for s ex ,  treatments 

1 and 3 conta ining 4 g i l t s  and 3 cas tra t es , treatmen t s  2 and 4 c ontaining 

3 gilts and 4 cas trat es . 

For the c o l l e c t i on s t ud y ,  4 cas tra t es from each o f  3 li t t ers born on 

c ons ecutive days w er e  s el e c t e d  at 8 w e eks for their s i mi lari ty in l i vew e i gh t . 

The s e  were born approxima t ely 4 weeks a f t er the l i t t ers us ed in t h e  main 

inves tigation , so that both experiments were in progr ess t o g e ther f or a 

c onsiderable par t  o f  the time . Two li t t ers w er e  o f  Landra c e  x Lar g e  Whi t e  

origin whi l e  the thi rd was from a Large Whi t e  x ( Berkshire x Large Whi t e ) 

mating . Ea ch s e lec t e d  member o f  each li t t er was randomly allo c a t e d  to 

t r eatment and indivi dual pen pos i tions . 

4 . 2/2 PRE-EXPER IMENTAL FEEDS AND FEEDING PROCEDURES 

As f eeding pro c e dures used in t h e  s ec ond preliminary i nvestigation 

proved s a t i s fa c tory no changes were made for th e pre s en t  experiment s .  

However, both the morning and aft ernoon f e e ding ti mes i n  the main 

investigation were advanc ed half an h o ur for c onvenien c e . 



4 . 2/3 MANAGEMENT AND HOUSING 

Weekly weighings were made before the morning feed and any meal 

refusals were removed at 8 . 00 p . m  the previous evening to ensure that all 

pigs were weighed on a comparable stomach ' fill ' . More frequent weights 

were taken as pigs approached 1 20 lb liveweigh t ,  animals being sent for 

s laughter as soon as possible after this weight was reached.  Before 

dis patch,  pigs were permanently marked for carcass identification purpos es 

with a ' slap ' marker . 

Preliminary comparisons of  food refusal dry-matt er values det ermined 

from 200 and 500 gram samples showed that the more  convenient , smaller 

sample produced identical results . Cons equently 200 gram samples of  food 

refus ed were taken .  

Pigs in  the main investigation were hous ed in  individual pens in a 

totally enclosed well insulated Danish- type fattening house equipped with 

mechanical ventilation . The pigs in th e collection study ,  while not in the 

metabolism crates , were indi vidually penned in the same room at the A . P . U .  

used for the two preliminary investigations . This room was adj acent t o  the 

metabolism room containing the crates . An ambi ent temperature of  68°F was 

thermostatically controlled in all cas es , and continuous thermograph 

recordings were made over the experimental periods . 

The t emperature in th e Test Hous e used for the main investigation 

averaged 68°F and seldom rose more than 1 °F above this level .  The normal 

t emperature  range was 64 to 68 °F and the number of hours at t emperatur es 

0 below 64 F,  repres ented  3 . 2% of the t otal number of  hours the hous e was 

occupied . 

The t emperature in both the metabolism r oom and the holding pens 

averaged 68°F and �dom rose above 70°F or fell below 65°F.  The number of  

hours in which the temperature exceeded thes e limits  was less than 1 %  for the 

metabolism room,  and 3 . 4  % for the holding pens , of the t otal number of hours 

the rooms were in use .  
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4 .2/4 TREATMENT DIETS AND THEIR INTRODUCTION 

Information on the mineral c ompos ition of the individual components 

of  the diets , was not available for the two preliminary inves tigations but 

came to hand before the diets were prepared for the main experiment  and the 

collection study . If  the ' Tasminal ' trace element supplement in the 

' premix ' us ed in the two earlier experiments was omitted,  calculated 

mineral composition indicated two probable mineral defici encies . Th e 

copper level ( 5 . 5  ppm oven-dry meal basis ) was approximately one half that 

normally r equired for pigs growing over the weight range planned . Although 

the zinc level ( 46 .00 ppm oven-dry meal basis ) may have been suffic ient , 

supplementation of zinc was thought necessary becaus e  of  the possible 

effects of  the high calcium level ( 1 . 26  %)  in the mixture . 

A second ' premix ' was therefore used whi ch was identi cal to the first 

but did not contain the trace aement s upplement . Instead,  the necessary 

copper and zinc additions ( ppm on an air dry meal basis ) were made when 

diets were mixed ,  1 0  ppm . Copper ( 1 .82 gms Cuso4 . 5  H2o )  and 200 ppm . 

Zinc ( 40 . 0  gms . Znso4 .7 H20)  being added per 1 00 lb of treatment die t . 

Four treatment diets were formulated .  Treatment 1 ( control)  die t  

was the same as that us ed on the second preliminary investigation (Diet A )  

and contained 50 % wheat starch . Substitution of the s tarch by lactos e 

was made to obtain the remaining three treatment mixtur es . 

percentage compositions of lac tose and wheat s tarch were : 

The resultant 

Diet 

Treatment 1 

Treatmen t  2 

Treatmen t  3 

Treatment 4 

Lactos e % 

0 

1 5  

30 

45 

Wheat S tarch % 

50 

35 

20 

5 



Proximate analys es were performed on the c omponents of  the diets , and 

on repres entative samples of the diets us ed in the collection study . From 

the results obtained for the components , a proximate composition was 

calculat ed , and this c ompared clos ely with the actual dietary det ermina tions . 

The results of all analys es, inc luding the mineral determinations are pr es ented 

in appendi c es 4 . 2/1 , 4 . 2/2 . 

The experimental diets were all introduced at 50 lb li veweight and over 

a 5-day period , subs tituted for the ' carry-on ' ration as outlined before . 

No subsequent changes were made ,  and daily feeding was again according to 

Table 2 . 2/1 . 

4 . 2/5 POST SLAUGHTER PROCEDURES 

( a )  Caecum Examination 

Immediately following s laught er , alimentary tracts were removed from 

the carcasses and labelled . Caecum size relative to  the size  of the 

remainder of the tract was subj ectively ass essed .  Each was then s tripped of  

its mes ent ery and mesenteric fat , tied off with string j us t  dis tal to  the 

ileo-caecal j unction , and removed from the remainder of the tract . After 

photographing each caecum , that portion c ontaining the ileo- caecal valve and 

a small piece of  colon , was cut off immediately behind the valve . The 

caecal cont ents were then emptied out , and each caecum was washed out 

s everal times with water to remove all traces of feed residues . Caecae were 

measured along their dorsal ( mesenteri c )  taeniae , andthen hung upside  down to 

drain . As water displac ement provides a convenient measure of  tissue volume , 

the caecae were each totally immersed in 500 mls of  dis tilled wat er in a 1 

litre volumetric cylinder and the consequent ris e in wat er level was recorded . 

Total wet  weights were o btained after s plitting each caecum lengthwise and 

patting it  dry with a cloth . Dry weights were obtained following a 48- hour 

drying period at 1 00°C .  
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( b )  Carcass Evaluation 

The head was removed from each carcass and the carcasses were s plit 

longitudinally down the vertebral column . The fillets were  removed , but 

the trott ers remained on th e carcass . The sides were then placed in a 

chiller into which a tank 5� feet high , and 3 feet square ,  filled with water 

had been placed . 

After approximately 24 hours , flares and kidneys were removed and each 

side was weighed in air on a 60 x 1� lb spring balanc e ,  and again, completely 

submerged in the tank of water on a 1 61 0  x 1� gram triple beam balance to  

the  nearest 1 gm.  The length of  each side was then measured from th e 

anterior end o f  the pubic symphysis to the vascular depression on the 1 s t  

thoracic vertebra , and the measurements for each side were averaged . 

Maximum depth was measured through the ches t of  each side ,  the highest value 

recorded being . acc epted as the carcass value . 

Several linear backfat measurements ( excluding the skin ) were made 

using calipers and a millimet er s teel rule . Carcass values were obtained 

by averaging the values recorded for the two s ides . 

The measur ements were : 

( i )  Depth of  fat over the 3rd thoracic vertebra . 

( ii )  Minimum depth over the mid-back region . 

( iii ) Maximum depth immediately anterior to the gluteus 

medius muscle ( Max . Loin ) . 

( i v )  Minimum depth over t h e  gluteus medius muscle  ( Min . Loin ) .  

The left side  of each carcass was then cut immediately post erior to  

the head o f  the  1 5th thoracic vert ebra and millimeter measur ements were made  

of :  

( i )  The depth of  fat directly over the point o f  maximum 

eye muscle depth T ( C ) . 

( i i )  The depth of  fat at the distal end of the eye muscle - ( K )  



( iii ) Maximum depth of the innermos t layer of fat over 

the eye mus cle - (J ) . 

( i v ) Depth o f  fat at a point along the rib 1 1  ems . from the 

cut sur face of the thoracic vertebra . 

From the anterior half of  each left s id e ,  a tracing was made of  the 

eye mus c l e ,  and eye muscle  areas were determined later using a planimeter . 

The cut surface was also appraised visually and scored for muscle and fat 

balance ,  and for the size and shape of the eye muscle ,  according to a 

published set of standard photographs . 

4 . 3  RES ULTS 

4 . 3/1 HEALTH 

( a ) Main Investigation 

One treatment 3 pig died after the inves tigation had proceeded 30 days . 

Death occurred suddenly overnight , the afternoon ration being entirely 

c onsumed .  Pos t mortem examination revealed that an exc essive fermentative 

produc tion of gas in the stomach had produced sufficient pressure  on the 

diaphragm to caus e  death by asphyxiation . The general health of  the 

remaining pigs was good,  and no leg weaknesses were apparent . 

( b ) Collection Study 

One pig ( No . 4 ) on treatment 4 ,  stopped growing after 7 days on the 

45 % lac tos e die t ,  and gained only 3 lb in weight over the next 6 weeks . At 

this s tage it was decided that the pig was of no further us e in the inves tigat­

ion and so the animal was changed to the treatment 1 die t .  I n  the next 3 

weeks the pig gained a total of  25 lb in weight , and appeared to  have 

recovered from the earlier treatment effects . However in the last week of  

the  investigation , the pig began to  regurgitate feed immediately after 

c onsuming i t .  The pig was slaughtered , and autopsy revealed considerable 

s car tissue in the region of the pars o es ophagus . This had res ulted in 

appreciable narrowing ( stenosis ) at the cardiac sphincter,  thereby markedly 

limit ing the normal passage of foo d  into the stomach . 
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FIGURE 4 .3/1 Results of Daily Observations o f  Dung 
Consistency for the First, Second, 
Third, and Sixth Weeks of Treatments 
3 and 4 in the Main Investigati on 
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One treatment 3 pig ( No . 9 ) at 80 lb liveweight developed what 

appeared t o  be acute c olonic bloat ,  and was treated with 500 c c .  of  

paraffin oil . Two days later , it  developed a pronounced weakness in 

both hind l egs and refused  to stand . A sawdus t pad was provided and 

r ec overy was complete  by the time the pig was due to go into a crat e  

for the final collection a t  1 1 0  l b  liveweigh t .  

i n  good health throughout the study. 

All other pigs remained 

4 .3/2 DUNG CONSISTENCY 

Results of  daily o bservations of dung consistency for the 1 s t ,  2nd , 

3rd and 6th weeks of the main investigation are pres ented in Fig . 4 . 3/1 

for treatments 3 and 4 only , as there were very few observations of 

' watery ' faeces on ei ther treatment 1 or 2 .  There was clearly a greater 

incidence of  ' porridge ' or ' watery ' faeces on the 45 % lactose diet , all 

pigs on this treatment diet  being similarly affected . By the s ixth week 

a cons id erable reduction in ' s cour '  obs ervations had occurred ,  and these 

were associated more clos ely with individuals than with the group as a 

whole . Scouring was less severe in the 30 % lactos e group and although 

all pigs w ere affect ed ,  s couring s eldom continued for more than 1 week,  

and no scouring was evident in the 5th or the 6th week. 

In the collection study , one pig in the treatment 1 group voided an 

abnormally large number o f  ' watery ' faeces . As a result , a high inc idence 

of  ' porridge ' or ' watery ' faeces was recorded for this group , ( Table 4 . 3/1 ) .  

With increasing lac tose  levels there was an increase in the incidence of  

diarrhoea for the first 4 weeks , but very few obs ervations of  diarrhoeal 

faeces were made in the 5 th to 8 th week of the investigation . 



TABLE 4 .3/1 

W E E K  .1 . 

2 .  

3 .  

4 . 

TOTAL 

W E E K 5 .  

6 .  

7 .  

8 .  

TOTAL 

• 

p 

3 

3 

1 

1 

8 

-

-

-

1 

1 

50 . 

NUMBER OF FAECAL VOIDINGS CLASSIFIED AS ' PORRIDGE ' (P )  

OR  ' WATERY' (W )  IN EACH TREATMENT GROUP OVER 2 FOUR WEEK 

PERIODS • FOR THE COLLECTION STUDY 

T R E A T M E N T S 

1 .  2 .  3 · 4 .  

w p w p w p w 

3 2 - 3 5 1 3 

5 1 3 1 3 - 8 

6 - - 1 - 1 2 

1 - - - 2 3 -

1 5  3 3 5 1 0  5 1 3  

1 - - - - 2 -

1 - - - - - -

- - - - - 2 -

- - - - - 1 -

2 - - - - 5 -

Total number of observations per treatmen t ,  for each 

four week period was 84 .  
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TABLE 4 .3/2 Liveweight Gain, Food Consumpti on and Food Conversion Efficiency 

For Animals in the Main Inves tigation 

TR . 1  TR .2  TR. 3  TR .4 S ignifi cance  
of  Difference 

LACTOSE LEVEL IN THE DIET (%) 0 1 5  30 45 

LIVEWEIGHT GAIN 

. 0 - 28 Days 

No . o f  Pigs 7 7 7 7 

Liveweight Gain ( lb )  Mean 29. 1 4 27 .00 26 . 71 22 . 36 ( 1> 3 , 4 • •  

( 2 , 3>4 • 

+ SE !;_0 . 37 ±1 . 32 +0 . 60 ±1 . 34 
- -

Av . Daily Gain ( lb )  1 . 04 0 . 96 0 . 95 o .8o 

0 - 56  Da;rs 

No . o f  Pigs 7 7 5a 7 

Liveweight  Gain ( lb )  Mean 67 .86  63. 00 61 . 1 0 41 .43 ( 1;·>3 , 4 • •  

( 2 , 3>4 • •  

+ SE ±0 .73 ±3 . 26 +0 . 41 ±5 - 1 1 
-

Av. Daily Gain ( lb )  1 . 2 1  1 . 13  1 .09 0 .74 

Days from 50- 1 20 lb Mean 57 60 63 -

FOOD CONSUMPTION 

50 - 80 lb Liveweight 

Total Food Consumed ( lb )  Mean 85 .80  90 . 70 93 .80 1 2 1 . 20 ( 1 <4 • •  

( 1 <3 • 

+ SE +1 . 1 4 +4 . 1 6  ±2 .50 !;.9 .49 ( 2 , 3< 4  • 
- - -

lb Food Consumed/lb L/wt  gain 2 . 86 3 . 02 3 . 1 3  4 . 04 

50 - 1 20 lb  Liveweigh t  

Total Food Consumed ( lb )  Mean 1 94 . 74 205 . 44 2 1 5 . 66 - 1 <3 * *  

+ SE !;_1 . 99 ±6 .71  +6 . 04 -
-

lb  Food  Consumed/lb L/wt gain 2 . 78 2 . 94 3 . 08 

( a )  1 Pig died and the results from another pig were removed from the analyses • 

• p < 0 . 05 

• •  p < 0 . 01 
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4 . 3/3 GROWTH RATE, FOOD INTAKE AND FOOD CONVERSION EFFICIENCY 

( a )  Main Inves tigation 

A summary o f  th e data for live w eight gain and food cons umpti on has 

been pres ent e d  in Table 4 . 3/2 . 

Growth rat e data was analys ed on the basis o f  liveweight gain in 

28 and 56 days f ollowing treatment introduc tion . In this way , i t  was 

possible  to include treatment 4 pigs in the analysis even though only 

2 pigs reache d  1 20 lb livew eight . 

Only 5 pigs were included in the 56 day liveweight gain data for 

treatment 3 .  One pig di ed after 30 days and anoth er made very s low and 

eratic  grow th from 35 days . A test  for outlying data ( Dixon and Mas s e y ,  

1 957)  r ej e c t ed , at t h e  1 % level o f  probability,  t h e  liveweight data o f  this 

animal at 56 days . ( r1 0  = 0 . 7 90 ,  for six observations ) r1 0  = 0 . 698 ( P � 0 . 01 ) .  

The marke d  di f f erences in between- treatment varian c e  indi cated that 

the us e of  an ' F ' test for sign i fi cance might no t be sati s factory , and when 

us ed for the analysi s  of  the 28 day data for treatments 1 ,  2 and 3 ,  no 

signi ficant treatment dif f eren c es were detected . I f  treatment 4 was 

inc luded in the analysis the error varian c e  increas ed 7� times ( 8 . 25 

res ulting in an even poorer test  o f  s igni ficance between treatments 1 ,  2 

and 3 .  

By us ing Dixon ' s  test  ( Dixon and Mass ey , 1 957 ) the d i f f er ences in 

treatment varianc e c ould be taken into account , enabling all trea tmen ts to 

be compared . As treatment m eans were compared,  missing plot values were 

not required  for the two pigs wi thdrawn from treatment 3 .  

Varianc e  analysis ( App.  4 . 3/1 ) revealed that significantly ( P < 0 . 01 ) 

greater gains in liveweight were mad e  by treatment 1 pigs compared with 

those on treatment 3 and 4 over both th e 28 and 56 day periods . In addit i on , 

liveweight gains on treatments 2 and 3 at 28 ( P <  0 . 05 )  and 5 6  ( P < 0 .0 1 ) days 

were signi fi cantly better than thos e made on treatment 4 .  
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Mean growth rat es and the standard errors o f  treatment 4 means are 

pre s ented in Fig . 4 . 3/2 . The large s tandard errors on the treatmen t  

4 c urve i llus trate t h e  consi derable variabi lity enc ountered betw e en 

ani mals in thi s  group . 

Treatment d i f f erences were clearly apparent a f t er 2 1  days following 

treatment introduc tion . By this time , treatment 1 pigs had s tarted t o  

show their superiority whi l e  t h e  treatment 4 g roup was already clearly 

inferior to the other thr ee groups . 

For the same reasons outlined conc erning livew eight gains the ' F ' 

t es t  of  signi fi can c e  for feed c onsumption a lso proved unsui table , and 

so  Dixon ' s  t es t was again employed (App . 4 . 3/2 ) .  

It  was obvi ous that the s ignifi cant treatment d i fferen c es for f ood 

cons umption were ess entially the same as thos e for li veweigh t  gain , the 

only differen c e  being tha t  treatment 3 a t  80 lb li vew eight di f fered from 

treatment 1 at only the 5 % level of  probabili ty.  Feed c onversi on 

effi c i ency ( F . C . E . ) wors ened as the level o f  lactos e in the diet  incr eas ed .  

From 50 - 80 lb  liveweight , tr eatment 4 pigs ( 45 % lactose ) consumed 

signi ficantly mor e food than treatment 1 ,  (P < 0 . 01 ) or treatments 2 and 3 

( P < 0 . 05 ) . Treatment 3 pigs ( 30 % lac tos e ) also cons umed s igni ficantly 

( P < 0 .05 ) more food than those on the treatment 1 ( z ero lac t os e ) diet . 

Over the liveweight range from 50 - 1 20 lb only thre e  tr eatment groups 

were represented . Again the highes t level o f  lac tos e ( treatment 3 - 30 %)  

produced a sign i fi cantly lower ( P  < 0 .01 ) F. C . E .  than the control die t .  
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TABLE 4 . 3/3 Liveweight Gain, Food Cons umption, and Food Conversion 

Effici ency for Animals in the Collection S tudy 

TR . 1  TR . 2  TR .3  TR .4  S igni ficance  
o f  Dif ferenc e 

No . o f  Pigs 3 3 3 3f 

LIVEWEIGHT GAIN 

0 - 28 Da;ls 

Liveweight gain Mean ( lb )  26 .0  23 .5  25 . 8  2 4 . 3  N . S .  

+ SE 1 .06 1 .06 1 .06 1 . 31 
-

Average Dai ly Gain ( lb )  0 . 93 0.84 0 . 92 0 . 90 

0 - 56 Da;lS 

Liveweight gain Mean ( lb )  61 .5 57.5 56 .7  58 .3 N . s . 

+ SE 1 . 87 1 .87 1 .87 2 .30 
-

Average Dai ly Gain ( lb )  1 . 1 0  1 .03 1 .0 1  1 .04 

Days from 50 - 1 20 lb Mean 63 66 67 68 

FOOD CONS UMPTION 

50 - 80 lb LIVEWEIGHT 

Total Foo d  Cons umed Mean ( lb )  90 .87  97 .82 92 . 30 96 .39 N . s .  

+ SE 4 . 6  4 . 6  4 . 6  5 .7 
-

l b  Food Consumedjlb L/wt gain 3 -03 3 . 26 3 . 08 3 .21  

50 - 1 20 lb LIVEWEIGHT 

Total Food Cons umed Mean ( lb )  21 2 . 7 2 1 8 .8 228 .8 227.4 N .s .  

+ SE 4 . 6 4 . 6  4 . 6  5 ·7  
-

l b  Foo d  Cons umed/lb L/wt gain 3 . 04 3 . 1 2  3 - 27 3 - 25 

f All data c on tains one missing plot value 

N . S .  ( P > 0 .05 ) 
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( b )  Collect ion S tudy 

A summary o f  the data has been pre s ented in Table 4 . 3/3 , and mean 

liveweight gains have been pres ent ed graphi cally in Fig . 4 . 3/3 . 

Wi th the exc e ption o f  the one pig on treatment 4 already mentioned , 

all pigs reached 1 20 lb liveweight . In contras t to the r esults gained 

in the main inves t igation , wi thin trea tment differences i n  growth rate 

wer e  very small and permi tted s tatistical analys is us ing th e ' F ' t es t .  

R es ults were again analys ed for liveweight diff er en c es after 28 

( App.  4 . 3/3 ) and 56 ( App . 4 . 3/4 ) days , data for the one t r eatment 4 

pig being repla c e d  by missing plot values . No signi ficant treatment 

differ ences were detected  a t  either s tage of th e s t udy .  

Analysis o f  total food consumption , from 50 - 8 0  l b  liveweight 

( App. 4 . 3/5 ) and from 50 - 1 20 lb liveweight ( App . 4 . 3/6 ) als o revealed 

non significant t r eatment differen ces . 
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TABLE 4 . 3/4 Lac to s e  Intake per day ( lb )  at the Li veweight a t  which Daily 

Food Refusals Exc e eded 0.5  lb DM - Main Inves tigation 

TREATMENT 3 TREATMENT 4 

Pig Pig Daily Total Pig Pig Daily Total 
Lac t os e  Food Lac tos e Food Number Liveweight Intake R efus e d  Number Liveweight Intake R e fus e d  

( lb )  ( lb )  % ( l b )  ( lb )  % 

4 1 20 .0  1 .32* - 1 65 .0  1 . 35 1 1 .0 

7 1 20 .0 1 .35* - 8 1 20 . 0 1 . 98 •  

9 74 . 0  1 .02 1 0 .0 1 1  65 .0 1 . 35 23 .0 

1 6  1 05 . 0  1 . 26 <2 .0 1 4  63 .0 1 .35 23 .0 
'- ·-

20 D I E D 1 7  99.0  1 .80 5 .0 
-r r-

23 1 20 . 0  1 . 35* - 24 8 9 .5 1 ,71  1 0 .0 

27 1 20 . 0  1 . 35* - 26 66 .5 1 . 40 1 4 .0 

• Inves t igation was t erminated b e fore a refusal great er 

than 0 .5 lb occurred . 

Daily Lactose Intake ( lb )  at 50 and 1 20 l b  Liveweigh t .  

L IVEWEIGHT 

50 l b  120 l b  

TR . 2 . . .  0 . 38 lb 0.68 l b  

TR . 3 • • •  0 . 75 l b  1 . 35 l b  

TR . 4 • • •  1 . 1 3  l b  1 . 98 l b  
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4 . 3/4 FOOD REFUSALS 

( a )  Main Inves t igation 

A summary o f  the data relating t o  food refusals has been pres ent e d  

i n  Table 4 . 3/4 . Thi s  shows that only two pigs on th e treatment 3 diet 

re fused food,  and in one cas e this was a very small amount . In comparison , 

the other pig re fus e d  more food , began re fusing at a lighter  liveweight , and 

was consuming less lactose per day when the refusal began . The 4 re maining 

animals in this treatment reach ed 1 20 lbs wi thout showing any advers e effects,  

and at  this liveweight , approxi mately 1 . 35 lb lactos e was being inges t e d  

daily . 

In contras t only 1 pig di d not refus e food in treatment 4 .  Thi s  pig 

c onsumed 1 . 98 lb  lac tose daily a t  1 20 lb liveweigh t .  Four o ther pigs began 

to leave food at 65 lb liveweight wh en 1 . 35 - 1 . 40 lb lactos e was o ffered in 

the daily ration . O f  the remaining two pigs , one began to refus e  foo d  a t  

9 0  l b  li vewe igh t when the daily rati on contained 1 . 71  l b  la ctos e ,  and intake 

depression c ommenced  in the other pig at 1 00 lb liveweight at which time the 

daily lact o s e  intake was 1 . 80 l b .  

( b )  Collection Study 

Only one pig ( No . 4 Treatment 4 )  refus ed food c ontinuo us ly .  Two pigs 

showed . a  noticeable abili ty to ' adapt ' to the lactose diets  by r egaining 

their appe ti tes after a period of re fusing food , d espi t e  c ontinued f e e di ng 

o f  the same treatmen t di et . This i s  bes t i l lus tra t e d  by Table 4 . 3/5 . 

Total food refused by all thr e e  pigs , express ed as a perc entage of the  total 

food offered,  has also been pres en t e d . 
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TABLE 4 . 3/5 Liveweight and Daily Intake o f  Lactose ( lb )  a t  which 

Food R e fusals Commenced and C eas ed - Colec tion Study 

F 0 0 D R E F U S A L S 
COMMENCED CEASED 

DAILY DAILY PERCENT OF 
LIVEWEIGHT LACTOSE LIVEWEIGHT LACTOSE TOTAL FOO D  

PIG INTAKE INTAKE O FFERED 
NO 

( lb )  ( l b)  ( lb )  ( lb)  (%)  

4 53 . 0  1 . 1 5  58 . oa 0 24 . 2  

6 55 . 0  o . 4o 67 .0 o . 47 3 . 3  
( 1 . 1 3 )  

1 0  55 . 5  1 . 1 7  6 9 . 0  1 . 44 1 . 3 

1 0  1 1 0 . 0  1 . 87 1 20 . 0b - 1 .2 

a R efusals c eas ed 2 days after the treatment 1 diet ( zero 

lac t os e )  was introduced . 

b Investigation was terminated before refusals c eas ed . 

( ) Bracketed value r epres ents the level final ly achieved 

wi thout furth er food refusals . 

4 . 3/5 CARCASS EVALUATION 

) 
) 
) 

2 .5 

A s ummary of the carcass data analys ed for both experimen ts has been 

presen t e d  in Table 4 . 3/6 . 

( a )  Main Invest igation 

Although there was no s igni fi cant difference in liveweigh t  a t  

s laughter  ( App. 4 . 3/7 ) ,  analysis o f  varianc e  r evealed a highly s igni fican t 

( P  < 0 .01 ) differen c e  in ' cold ' carcass weight (hot carcass weight less 6 %) 

between treatments 1 and 2, and treatment 3 .  No signi fican t  differences 

were apparent when carcass specific gravi t i.es were analys ed (App .  4 . 3/8 ) ,  

although a trend was evident toward fat t er carcass es wit h  increas ing lac tose  

levels . Eye mus c l e  areas w er e  significan t ly (P< 0 . 01 ) smaller in the 

trea tment 3 carcass es compared wi th those o f  trea tments 1 and 2, but this 
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TABLE 4 . 3/6 Liveweight at S laught er, ' cold ' Carcass Weight ' Ki lling-Out ' 

Percentage, Spe c i fic  Gravi ty ( SG )  and i ts R e c ipro ca l  ( RG ) , 

and Eye Mus c le Area . 

TR .1  TR . 2  TR . 3  TR . 4  Signi fican c e  
o f  Dif feren c e  

MAIN INVESTIGATION 

No . of Pigs 7 7 7! 

Liveweigh t  a t  S la ught er 

Mean ( lb )  1 26 . 0  1 25 . 2  1 22 . 7  N.S . 

+ SE 1 . 2 1 . 2 1 . 3 
-

' Cold ' Carcass Weight ( lb )  91 . 0  90 . 4  84 . 4  1 , 2>3 * * 

+ S E  0 . 9  0 . 9  1 . 0 
-

' Killing- out ' Perc en tage 72 . 2  72 . 2  68 . 8  

Spec i fi c  Gravi ty ( S G )  Mean 1 . 0531 1 . 0527 1 .0523 N .S .  

+ SE 0 . 001 1 0 . 00 1 7  0 . 001 4 
-

R e c i procal o f  SG ( R G )  Mean 0 . 9494 0 . 9499 0 . 9504 

+ SE 0 . 0003 0 . 001 6 0 . 00 1 2  

Eye Mus c l e  2 2 1 . 8 9  22 . 61 1 8 . 64 area Mean ( cm ) 1 , 2 >3 * * 

+ S E  1 . 25 2 . 32 1 . 43 
-

Adj ust e d  Eye Mus c l e  area2 ( cm ) 21 . 06 2 1 . 98 20 . 1 0  N . s . 

COLLECTION STUDY 

No . o f  Pigs 3 3 3 3! 

Livew eigh t at S laught e r  

Mean ( lb )  1 29 . 5  1 26 . 0  1 27 . 0 1 2 6 . 0  N .s . 

+ S E  2 . 1  2 . 1  2 . 1  2 . 6 
-

' Ki lling- out ' Percen tage 

Mean 73 . 1 0 7 1 . 23 70 . 63 69 . 07 1 > 3 , 4  * *  
2:> 4 * * 

+ SE 0 . 35 0 . 35 0 . 35 o . 43 1 > 2 * 
-

3:> 4 * 

S pecific  Gravi ty ( SG )  Mean 1 . 0570 1 . 0541 1 . 0545 1 . 0494 1 > ( 2 ,  3 )> 4 * 

+ SE 0 . 00 1 4  0 . 0025 0 . 0023 0 . 0005 
-

R e c i procal of SG ( RG )  Mean 0 . 9461 0 . 9487 0 . 9483 0 . 952 9 

+ SE 0 . 00 1 3  0 . 0022 0 . 0020 0 . 0005 

Eye Mus c l e  area Mean
-:

( cm2 ) 22 . 90 2 1 . 1 7  20 .00 20 . 1 5  N . s . 
+ SE 1 . 33 1 . 1 0  0 . 55 0 . 20 

-

* * Means di f f er sign i f i cantly a t  the 1 % ( p < 0 . 01 ) level o f  Probability 
• Means dif f e r  s igni fi cantly a t  the 5 % ( P<0 . 05 ) level of Probability 

N . s .  Means do not differ signi ficantly (P > 0 . 05 ) 
,t Data contains 1 mis sing plot value 
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differenc e was accounted  for almost entirely by di fferen c es in ' co l d ' 

c arcass weight ( App. 4 . 3/9 ) . Examination o f  all linear fat measur ements 

mad e  on the carcass indi cated that no other di f f erences between trea tments 

would r each signi ficance due primarily to large indivi dua l  varia tion . 

( b )  Collec t i on S t udy 

Liveweight at slaugh t er was analys ed (App. 4 . 3/7 ) but differences 

were found to be non significant between treatments . In  vi ew o f  the high 

error variance d e t e c t ed in this analysis , and the corres pondingly large 

individual varia t ion apparent in ' cold ' carcass weight data , it was felt  

that a more reliable test o f  signi ficance could be  o btained by the  analysis 

o f  ' ki lling-out ' percentages . ( App . 4 . 3/7 ) Highly signi f icant ( P < 0 .01 ) 

d i fferences were found to exist between treatment 1,  and treatments 3 and 4 ,  

and between treatment 2 ,  and treatment 4 .  Signi ficant ( P < 0 . 05 ) di fferences 

w ere also det e c t e d  between treatments , 1 and 2 ,  and between treatments 3 

and 4 .  

S tatistical analysis o f  spe c i fic  gravi ty measurements ( App. 4 . 3/8 ) 

showed that signi fi cantly ( P < 0 . 05 )  fa t t er carcass es resulted with incr easing 

l e�s o f  lac tos e in the di e t ,  but no d i fferences ( App. 4 . 3/9 ) were d e t ected  

between trea tments for  eye  mus cle  areas ( cm 2 ) .  Examination o f  all linear 

fat measurements showed that in mos t cases treatment di f ferenc es were not 

sufficiently large to warrant s tatistical analysis . This was due to the 

small number of animals per treatment and to the individual variabi lity of 

the animals as i llus trated in Table 4 . 3/7 . 



TABLE 4 . 3/7 Lin ear Fat Meas ur ements ( mm )  for the Carc as s es from th e 

Collecti on Study 

Meas urement TR . 1  TR . 2  TR . 3  TR . 4  f -- --

Taken A t  Mean Ranfie Mean Ran5e Mean Ran5e Mean Ran5e 

3rd Ver t e bra 28 26-31  25 24-27 25 23-29 25 23-29 

Mid Back 1 4  1 3- 1 5  1 4  1 2- 1 5  1 4  1 3- 1 5  1 4  1 3- 1 6  

Max Loin 24 23- 24 23 21 -24 23 22-23 21 20-24 

Min Loin a 1 5  1 4- 1 7  1 2  1 1 - 1 3  1 3  1 2- 1 3  1 3  1 3- 1 4  

• c • 1 4  1 3- 1 5  1 4  1 3- 1 4  1 4  1 4- 1 5  1 4  1 4- 1 5  

' K' 20 1 9-22 1 9  1 6-23 20 1 7-23 20 1 9-20 

a - Ana lysis o f  Varian c e  (App . 4 . 3/7 ) showed di f feren c es to be  

NS  ( P > 0 . 05 )  

f - Data contains one missing plot value 

4 . 3/6 CAECUM EXAMINATION 

Examination of the caecum data from the main ,  and collection 

inves tiga tions showed that the experimen tal error variances for bo th 

investigations were similar , and so all data was analys ed tog ether . 

A s ummary of  the data has been pre s ented in Table 4 . 3/8 . In both w e t  

weight and tis s ue volume , t h e  mean values for treatments 2 and 3 were 

sign i fi cantly ( P  < 0 . 01 ) larger than those of treatment 1 .  In dry 

weights , treatment 3 was again superior ( P < 0 . 01 ) to treatment 1 ,  but 

tr eatment 2 j us t  failed to dif fer signi f icantly from t reatment 1 at the 

5 % leve l .  A signi ficant ( P  < 0 . 05 )  dif f erence was also recorded 

between treatments 3 and 2 i n  tissue volume . 

The dif f er ences between representative treatment 1 and 3 ca ecae can 

be c l early s een in Fig .  4 . 3/4 . Data a vailable from the four treatment 4 

pigs which r eached 1 20 lb  livew eight sugges t ed that even great er e f f e c ts 

c o ul d  have been expe c t e d  from the diet  c ontaining 45 % lac tos e .  Mean w e t  
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and dry caecum w e ights were 1 28 .3 and 28 . 8  gms respe c t i vely and mean tissue 

volume was 1 4 1 . 3  mls . 

Highly signi fi cant ( P  < 0 . 01 ) block differences in caecum dry weigh t ,  

and signi fi cant ( P  < 0 .05 ) block di fferen c es in caecum wet  weight were also 

recorded , and have been pres en t ed in Appendix 4 . 3/1 0 .  

TABLE 4 . 3/8 M ean Caecum Meas urements for 3 Treatment Groups : Wet Weight , 

Dry Weight, Tissue Volume, and Length - Combined Data From 

Both Invest igations 

TR . 1  TR . 2 TR . 3  

No . o f  Pigs 1 0  1 0  1 01 

Caecum We t Weight ( gms ) 8 1 .85 + 2 . 53 � 1 0 . 90 + 2 .53 1 1 7 . 90 + 2 . 67 

Caecum Dry Weight ( gms ) 22 . 95 + o . 8 4  25 . 45 + 0 . 84 2 6 . 75 + 0 . 8 9  

Ca ecum Tissue Volume 91 . 00 + 3 . 4, 1 22 . 50 + 3 .43 1 34 . 5 + 3 . 61 
( mls ) 

Ca e c um Length ( ems ) 25 . 55 + 1 . 09 2 6 . 25 + 1 . 09 27 . 90 ±1 . 1 5 -

* * Means di ffered signi fi cantly at th e 1 % ( P  < 0 . 01 ) level of  
"' t1 11 

( * ) a Means j us t  fai led 

NS ( P > 0 . 05 )  

I Data contains one 

4 . 4  DISCUSSION 

1 1  11 5 % (P < 0 . 05 ) 11 11 

to di ffer signi fi cantly at 5 % (P > 0 . 05 ) 

missing plot value 

Signi ficance 
of 

Di fferenc e 

2 , 3  > 1 "' *  

3 > 1 "' "' 

2 > 1 ( * ) a 

3 > 2 * 

2 , 3 > 1 "' *  

NS 

pro bability 
11 

4 . 4/1 THE EFFECT OF HIGH DIETARY LEVELS OF LACTOSE ON DUNG CONSISTENCY 

In the s ec ond pr eliminary inves tigation , and the two present experimen t s , 

there was a progressive increase in the incid ence o f  diarrho ea wi th increasing 

l evels of  lact os e ,  especia lly over the first 4 weeks . Subs equently,  only 

the pigs on th e highest levels ( 45-50 %) of lactose  continued to show a 

c onsiderabl� degree o f  scouring , and even in their cas e ,  there  was a marke d 
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reduction in inci d enc e .  The results suggested  that a considerable degree 

of  adaptation (as defined by Lawrenc e  e t  al , 1 956 ) to the high lactos e  

feeding had occurred . Howe ver this c es sation of diarrho ea was s eldom 

accompanied by any noti c eable improvement in the rat e  of  li veweight gain,  

clearly showing tha t a large part of  th e growth depression noted on  the  

high lactose die ts was not  being caus ed by  th e diarrho ea as s uch . 

Only limi t e d  information is available on the ext en t  t o  whi ch diarrhoea 

contribut es t o  the poorer growth rat es s een wh en pigs are fed diets containing 

high levels of lac t os e .  This is from experiments in which whey in vario us 

forms has been fed,  and s o  must be int erpreted wi th care in v i ew o f  the 

pos sible effects of  th e other whey components . Kri der et al  ( 1 949 ) fed pigs 

dri ed whey, and conclud ed that , although a pronounced diarrho ea resulted,  

this had li ttle  or  no effect  on  growth rate or  food conversion effi c i ency .  

Similar c onc lus ions can be drawn from a report by Dunkin , ( 1 95 9 )  i n  which 

large treatment di fferenc es in the incidence of diarrho ea r es ult ing from th e 

us e of fresh whey,  were not refle c t ed in simi lar differenc es in liveweigh t  

gain . 

The pres ent res ults on the inciden c e  of diarrhoea in growing pigs , 

50- 1 20 lb liveweigh t ,  s upplement thos e published by Becker and Terri ll ( 1 954 ) 

who fed diets containing up to 50 % lac tos e  to growing pigs over the live­

w eight ranges from 45-80, and from 1 25 to 1 60 lb liveweight . At all live­

w eights the 45-50% lactose  die t appears to produc e  a c omparatively high 

incidenc e of  diarrhoea,  compared wi th that r ecorded at lower ( 25-30 % )  

l evels of lact os e .  

Confl i c t ing reports have been published on the affects  of various 

forms o f  whey on dung c onsis t ency,  and tend to emph as i s e  the point mad e  

earlier that the other whey c omponents may enhanc e  o r  reduce th e laxative 

effects o f  lac t o s e .  



Two s eparat e  experiments , using fresh whey die ts containing up to 

52 % lac tos e ,  were conduc t ed by Dunkin ( 1 961 ) .  In the first  experiment 

where pigs were group hous ed but individually fed ( Dunkin pers comm . ) a 

high incidence o f  diarrhoea was reported,  but in the s econd experiment , 

using indi vidually penned pigs , the scouring was des cribed as negligi b l e .  

How e ver i t  i s  unlikely that suc h  notic eably different results w e r e  due 

ent irely to hous ing condi tions . Becker e t  al  ( 1 957 )  fed a dri e d  whey di e t  

containing 4 0  % lac tos e t o  growing pigs and reported a marked diarrhoea ,  

but very li t t l e  scouring was report ed by Dunkin ( 1 963 a )  when h e  fed 

growing pigs dri ed wh ey diets c ontaining up to 60 % lactos e .  

Fro m  this dis cussi on i t  i s  c lear that lac tos e per se when fed a t  

high levels to growing pigs wi ll result ini tially in considerable diarrho ea . 

Whether this has any appreci able effect on the growth rate of the pig has 

not been sat i s factorily det ermine d and will be dealt with more fully after  

the  data on  the biochemi cal e ffects o f  lac tose inges ti on have been pr esen t ed . 

4 . 4/2 GROWTH RATE, FOOD INTAKE, AND FOOD CONVERSION EFFI CIENCY 

The r es ults from the main inves tigation show tha t better liveweigh t  

gains from 5 0  - 1 20 lb could b e  achieved when di e ts con tained 5 0  % wheat 

s tarch , than when the s tarch was replaced by lactose  at thr e e  di fferent 

levels . S ubst i tution resul t ing in a 1 5  % la ctos e di et , was suffi c i ent to 

caus e  a 3 day delay in the t ime taken to reach 1 20 lb, whil e  the 30 % 

lac t o s e  di et caused a further 3 day delay . As all pigs repres ented  in 

these results either c ons ume d  all the food o ffer e d , or refus ed only 

n egligible quantiti es o f  food, it could be c onc lud e d ,  that the replacement 

of  wheat s tarch , pound for pound by lactos e ,  advers ely affects the growing 

pig ' s rat e  o f  growth . Negligible food re fusals were also experi enc e d  in 

the collection study but here no s igni fi cant di fferences in liveweight gain 

betw e en all treatment groups , w ere apparent .  Fur thermore ,  almost  

i d entica l  rat es of  growth were  achi eved by control ( 50 % wheat s tarch ) and 

treatment 2 ( 25 % lac to s e )  groups in the s e cond preliminary inves tigation. 
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Thes e results s ugges t an oppos i t e  conc lus ion,  namely tha t  the 

c ontrol die t ,  and the diets containing up to 25 - 30 % lac tos e can be us ed 

with comparable efficiency . 

Ass uming for the moment ,  that the r esults obtained in the main 

inves tigation ( due t o  the great er numbers of animals us ed ) are a mor e 

reliable indi cation of the effects of increasing the lac tose  percen tage 

in the di e t  at the expens e of  wh eat s tarch , an explanation is requi r ed for 

th e conflic ting res ults obtained in the s econd preliminary and collection 

inves tigations . As foo d  c ons ignments , and the ' premix ' us ed in the 

second preliminary investigation were di fferent from thos e us e d  in the 

main and the colle cti on inves tigat ions , it can be argued that the results 

o btained may have been a reflection o f  these di fferenc es . In addition 

( although even l es s  likely ) the ratio of  25 % wheat s tarch , 25 % lac tos e 

( 25 : 25 )  may have been more s uita ble nutritionally than the two ratios 

( 1 5 : 35,  30: 20 ) us e d ,  in the main inves tigation . 

How ever these two points do not explain the different res ults 

o btained between the collection s tudy and th e main inves tigation . Proximate  

analysis showed the  d i e ts to be  very simi lar , and the wh eat s tarch : lac tose  

ratios in the diets were  identical . Feeding proc edures were s tric tly 

comparable ,  and mean ambient t emperatur e  di fferences were s mall . 

The only maj or differenc e between the main inves tigation and the two 

s maller experiments was in the hous ing . The two smaller experiments were 

c onduc t ed in the A . P . U . in wh�ch less than 20 pigs had been hous ed before 

the current inves t igations began . The main inves tigation was c onduct ed 

in a test hous e at the piggery and had been us ed almos t c on tinuously for 

a bout 10 years . 

A pos s i bl e  explanation for the conflic ting results o btaine d  is that 

there was ahigh er incidenc e of  s ubclinic al dis eas e in the t e s t  hous e ,  and 

that progressively greater s tress was imposed on the pigs by inc reasing the 

di etary l evels of lac to s e .  . As a res ul t ,  the s ubclinical  infection had a 



more pronounced effect on the liveweight gains of  the tr eatment 3 animals 

on 30 % lac tos e compared with animals on the 15 % lac tose  or the control 

di ets . 

Th e maj or fac t or contributing to th e poor er grow th rates o f  pigs 

on the 45 % ( main inves tigation ) and 50 % ( s econd pr e liminary inves t igation ) 

lactos e diets , was the very pronounced d epression in food intak e .  Wh en 

pigs on these lact os e levels re fus ed very little or no foo d ,  growth rat es 

were comparable with,  or only s lightly poorer than the liveweight gains made 

by animals on the o ther treatment diets . That thes e pigs were clearly in 

a minori ty i s  i llus tra ted by the  fact  that,  of  th e 1 6 pigs fed  either 45 or 

50 % lac tos e ,  only 2 consumed all the food that was offered , one refus e d  

very small amounts , ( 2 . 5% )  and a fourth re fus ed approximately 6 % of t h e  

t o � a l  food given . The clos e association betw een the amount o f  food r e fus e d  

and the liveweight gain is shown i n  Table 4 . 4/1 . 

TABLE 4 . 4/1 Summary of  data from the Main Inves tigation and the Se cond 

Pr eliminary Invest igation illus trat ing the relationship 

between the amount of food refus ed ( a s  a perc entage o f  t h e  

to tal food o ffered ) and the li veweight o f  the animals a f t er 

60 days on the lactos e diets . 

Pig Number 

Food R efus ed ( % )  

Liveweight Aft er 60 Days ( lb )  

Pig Number 

Foo d  R efus ed (%) 
Liveweight After 60 Days ( lb )  

MAIN INVESTIGATION ( 45 % LACTOSE)  

8 1 7  24 1 26 1 4  1 1  

0 5 1 0  1 1  1 4  23 23 

1 1 9 .0 1 08 . 0  93 . 5  91 . 0  86 .5 78 . 5  78 .c 

SECOND PRELIMINARY INVESTIGATION 

25 - 50 % LACTOSE �0 % LACTOSE 
6 1 1  4 1 5 9 

22  35 3 9  6 25 35 

87 . 0 8 o . o  62 .0 1 05 .0 77 .0  7 1 . 5  



A mos t notic eable incr eas e in wi thin treatment variabi li ty in the 

rate of  livew eight gain accompanied the 45 - 50 % lact os e diets in both 

the main and the s e cond preliminary inves t igations . Table 4 . 4/1 s hows 

that this variabi lity was a reflec tion of the marked d iffer enc es in th e 

amount of foo d  refused by in di vidual animals . 

Becaus e food re fusals were s o  c los ely ass oci ated wi th th e r educed 

rates of  liveweigh t gain,  a more detailed examination was carried out into 

the pos s i bl e  fac tors involved in this fo od intake depr ession .  Calc ulations 

were made o f  the daily amoun t  of la ctose  inges t ed and the liveweight of the 

animals , at the t ime food r e fusals were first  noted . The resultant data 

s ugges ts that pigs begin t o  refus e  food as s oon as the amount ( lb)  of 

lac tos e offered dai ly in the di e t' reaches a level above whi ch the 

effici ent utilization of  the s ugar is no longer possible . This level has 

been t ermed the ' Maximum To lerable Intake ' ( M . T . I . ) ,  and is d ependent on 

both the d i etary lac t os e  percentage and th e scale of feeding us ed . 

Furth ermore , under systems of feeding in which the dai ly ration increas es 

with incr easing liveweight i t  may be nec essary to express ' M .T . I '  at a 

parti cular livew eight . This depends on wh�ther the c onc lusion reached by 

Walker , ( 1 95 9 )  ' that the baby pig i s  born with a fixed amount of  lactas e 

which does not change with age ' , can be ext ended t o  include ani mals older 

than the 5 week maximum age us ed in forming this conclusion . Data 

pres ented by Walker,  ( 1 95 9 )  for lactase ac t i vi ty in pigs 5 and 8 w eeks of 

age , and conclusions drawn by DeGroot and Hoogendoorn , ( 1 957 ) for lac ta s e  

activity i n  pigs o ver 2 months o l d ,  s uggest  that s uch an extensi on i s  

possibl e ,  but this requires further veri fication . Clearly , i f  the total 

amount of lactase does not change over a c onsi d erable weigh t  range , the 

' M . T . I . '  would also be a cons tant value for the animal at any liveweight 

wi thin this rang e .  
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The ' M . T . I . '  hypothesis o utlined above assumes that i t  i s  an amount 

rather than a percentage of  die tary lac tose  which is important in 

init iating foo d  refusals . Th e validity o f  this ass umption could be  

easi ly tested by feeding two diets  containing di fferent perc entages o f  

lac tose  ( 25 % and 35 % )  at t w o  s cales of  feeding ( 1 00 % and 1 20 % ) . I f  

the ass umption were correct  the ' M . T . I . '  would b e  r ecorded a t  the lowe s t  

liveweight f o r  the 1 20 % I 3 5  % di et and at the highest livew eight for th e 

1 00 % I 25 % diet,  the s e  two diets  cont ributing the mos t  and the least 

lactose  r es pe c tively, at any particular liveweight . This s i t uation was 

not qui te achieved in the main inves t igation ,  where th e 30 % diet  

contri but ed 1 . 35 lb lac tos e per  day j us t  pri or to the  t ermina tion o f  the 

experimen t  a t  1 20 lb liveweight . The same amount of  lac tose had b e en 

r eached a t  65 lb livew eight us ing th e 45 % diet , and had produc ed a marked 

d e pr ession in food intake in 4 of the 7 pigs in this group .  Had the 

experiment been continued to enable dai ly lac tose intakes above 1 . 35 lb to 

be contri buted by the 30 % d i e t ,  it is pos s i ble that advers e effec ts would 

have been o bs erved . 

The �pothesis has c onsiderable prac tical bearing on experiments in 

whi ch large quantities  of  wh ey are fed to growing pigs . Braude e t  al  ( 1 957 ; 

1 958 ; 1 95 9  a )  reported a c onsi derable decline at approxima t ely 1 50 l b  

liveweight , in · the growth rates of pigs f e d  whey a d  lib .  In work carr i ed 

o ut at  Mas s ey University ( Dunkin , pers comm. ) a simi lar e ffec t ,  a c c ompanied 

by a not i c eable increas e i n  wi thin treatment variabi lity,  has been not ed in 

s everal whey feeding inves t igations at  90 - 1 1 0 lb liveweigh t . The 

depres s i on in growth rat e  and the marked increas e in indivi dual variabili t y  

s ugg e s t  that the d i e t s  may have been providing a quantity o f  lactose  whi ch 

was above the pigs ' ' M . T . I ' ,  the advers e e ffects being noted earlier in the 

N . Z .  work becaus e great er amounts of whe y  were fed at any part i cular live­

weigh t  than were us e d  und er U . K .  c onditions . 



The results obtained in the pres ent investigations t oge ther wi th 

published res ults , s ugg es t that a number of factors may affect  th e 

' Maximum Tolerable In take ' o f  lactos e .  The more important fac tors ar e : -

( a ) Indi vi dual Animal Var i a t i on 

( b ) Feeding Routine 

( c ) Pro tein Level and Protein S ource 

( d ) Enzyme Activity and Adaptation 

( e ) Leve l of Di etary Fat 

( a ) Indivi dual Variabi lity 

This i s  best i llustrated by the fac t  that , in the collect i on s t udy 

one pig began re fus ing foo d when the daily ration c ontained 0 . 4  lb lac tos e ,  

while  3 t imes this amount was ingested with no advers e e ffects , by a pig 

at the same liveweight (55 lb ) in the main inves tigation .  

( b )  Feeding Routine 

In vi ew of th e impor tance of  lac t as e  activi ty in th e utilization o f  

lactos e ,  i t  is s ugg es t ed that animals f e d  di ets c ontaining high levels of  

lac t os e  may make more efficient us e o f  the s ugar i f  i t  i s  fed  in small 

quanti t i es throughout the day,  than if the same quantity of  food were given 

in two feeds per day . Twic e-a- day feeding of  a high la ctose  di e t  would 

result in a ' fl ooding ' of the Muc osal lac tas e with lac tos e ,  and as a 

cons equen c e ,  large amounts of  the s ugar co uld escape hydrolyti c  cleavage 

and absorption . I f  much smaller amounts were inges t e d  s everal times a day , 

the amount o f  lactose  reaching the intes tinal mucosa a ft er each feed , i s  

unlikely t o  b e  i n  exc ess of  t h e  lactase capacity, and s o  very l i t t le 

would escape hydrolysis and absorpti on .  This c ould explain the confli c t ing 

results o btained by Dunkin ( 1 961 ) in whi ch group hous e d ,  indivi dually fed 

pigs in th e firs t trial produced more pronounced advers e effects  from the 

whey di et , than individually penn e d  pigs in the s ec ond trial . Under the 

group hous ing condit i ons pigs had a limited  time in whi ch to consume their 
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food , intake was therefore more rapid and s o  more likely to ' flood ' the 

lactas e than und er individual pen condi tions . 

( c ) Protein Level and Pro tein Sour c e  

Growth experiments w i th rats were conduc ted by DeGroot and Eng e l ,  

( 1 957 ) using feed mix t ures incorporating a vari ety o f  pro t ein c omponents , 

whi ch inc luded acid  and renn et cas e in , skimmed milk powder , and soya b ean 

o i l  mea l .  I n  other experiments , growth respons es were det ermined on 2 5  % 

lactos e di ets c ontaining 1 0, 20 and 30 % casein . The authors conc luded 

from the results , that modifying the type and th e amount of  the pro t ein 

component in the die t  did not result in a not i c eable improvement in growth 

respons e .  However , more recent work wi th rats ( Fbvri er and R�ra t , 1 964 ) 

s ugges ts that the level of pro t ein in a lac t os e  diet  may be important . 

Thes e authors repor ted that in take and growth depression was less s evere 

when a high lac t os e  high pro t ein ( 1 6  % herringmeal ) di et was fed than when 

th e high lac tose di e t  contained only 8 % herringmeal prot ein . Although 

work has been conduc t ed with pigs to examine the e ffec ts o f  lac tos e on 

protein utilization ( Section 3 . 2  Part I I ) the revers e effect  namely the 

influenc e of pro tein level or  s ourc e on la ctose uti lizat ion has been 

negle c t e d .  The fa c t  tha t ,  i n  many cas es u p  t o  2 . 0 - 2 . 5  l b  of  lac tose has 

been succ ess fully fed per day using wh ey di ets , ( Dunkin 1 961 ; 1 963 a ,  b ) 

s ugges t s  that milk proteins may be more s ui table for lac tos e di ets  than 

either meat or fish meal pro teins , or plant prot e ins such as s oya bean o i l  

meal . 

( d ) Enzyme Activity and Adaptation 

Although the caus e  of  th e depressed food intake i s  s t i l l  unr esolved , 

i t  is r easonable t o  s uppos e that greater lactos e hydrolysis would be  

associated wi th lower food refusals . As the l evel of la c tas e activity 

in the animal determines the rate and magnitude o f  lac t os e  hydr o lys i s , i t  



is possibl e  that the di fferences in the ' Maximum Tolerable Intake ' of  the 

animals reported above ,  are largely a refl e c t ion o f  differen c es in lac tas e 

activi t y .  In general onc e food r efusals c ommenced,  food intake depress i on 

c ontinued until  the terminat ion o f  the inves tigation . Only 3 animals 

recovered their full appeti t e  a ft er a peri od of  depres s ed food intake . I n  

these cas es i t  i s  s uggested that t h e  a nimals incr eas ed their lactas e 

activity suffici ent ly to enable them to cope with th e lac tos e levels being 

inges t e d ,  i . e .  they a dapted to the la c tos e diet . Thi s  adaptation was 

reflec ted in the establishment of a new,  higher ' M . T . I . '  as s een clearly 

in all thr e e  animals . In the pig from th e s econd preli minary invest igati on 

adaptation raised  the amount from 1 . 28 lb  lac tose daily to grea t er than 

2 . 25 �. In a second pig the amount rose from 1 . 1 7  to 1 . 8 7 ,  and in the third 

animal r e fusals began when small amounts o f  lactos e ( 0 . 4  lb ) w ere  inges ted , 

but adaptat ion finally resulted in 1 . 1 3  lb  lactose per day being consumed 

without inciden t . 

( e )  Level o f  Di etary Fat 

Two early reports from Wits consin ( Anon . 1 937 a ,  b )  s ugges ted that 

fat may be  required in skim mi lk d� ets  fed to pigs , but in r e c ent years 

this aspect  of lac tose  uti lization appears to have been totally negl e c t ed . 

Work conduc t ed wi th rats fed lac tos e di ets in whi ch a vari ety o f  fats  and 

oils were added,  were revi ewed by Deuel Jr . ( 1 957 ) . The res ults ( Geyer , 

Boutwell,  Elvehj em and Har t  1 946 ; Ni eft and Deuel Jr . 1 947 ) s uggest e d  th at 

the addit ion o f  up t o  30 % fat to high l actose  di ets ( 44-48 % lac to s e )  

markedly r educ ed galactosuria pro bably by decreasing the rat e  a t  whi ch 

galactos e was abs or bed from the s ma ll int estine . As no growth rat�s were 

record e d ,  it is not  possible to j udge whe ther th es e urinary energy loss es 

even on the diets not c ontaining fat , were s uffic i ently large to affect  

liveweigh t  gains . 



4 . 4/3 THE EFFECT OF HIGH LEVELS OF DIETARY LACTOSE O N  

CARCASS CHARACTERISTICS 

Th e lack of  published data on this s ubj e c t ,  and the c onflic ting 

results o btained in the pres ent experiments , make it very difficult t o  

discuss this as pec t of  lactose  utilization . 

The linear fat measur ements in the main inves tigation showed no 

c onsisten t  trend in carcass fatness with inc reas ing dietary lac tos e .  In 

the c olle c ti on s tudy , a s light trend was apparent t oward leaner carcass es 

on the high lactose di ets . Thi s  was particularly eviden t  in values for 

minimum loin , and in this meas urement statistical analysi s  showed 

tr eatment di fferences to approach significance  at the 5 % leve l . 

No s igni ficant di fferences were found in spe c i fic  gravi ty meas ur e­

ments for the car cass es from the main inves tigation ,  but a very slight 

trend in the treatment means s ugges ted that contro l animals were leaner 

than animals on 1 5 % or 30 % lactos e .  Sigafi cant ( P < 0 . 05 )  treatment 

di fferen c es in specifi c  gravi ty wer e found in the data obtained from the 

collec ti on s t udy,  and in this analysis the c ontrol animals again had the 

leanes t carcasses and progres s i vely fat t er carcas s es were evi dent wi th 

each incr eas e in dietary lac tose perc entag e .  Linear fat measurements 

therefore sugges t e d  tha t  lac tos e in the di et incr eas ed carcass l ean , while  

speci fi c gravi ty meas urements indicated th at the  lactos e diets produced 

fat t er carcasses . Ass uming that bo th methods provide an equally r e liable 

ass essment of  carcass fatnes s ,  the results o btained s ugges t that no 

appreciable effects res ult from lac tos e incorporation into the diet .  

4 . 4/4 THE EFFECT O F  HIGH LEVELS O F  DIETARY LACTOSE ON 

CAECUM DEVELOPMENT 

The effect o f  lac tos e intake on caecum size  was mos t striking . Much 

larger caecae , as indicated by wet  and dry weights , and tissue volume 

measurements , result ed from as little as 1 5  % lactose in the diet . Even 
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greater di fferences w ere  experienc ed when pigs were fed the 30 and 45 % 

lac tos e diets . Lawrence  et  al ( 1 956 ) s t udi ed the importan c e  of  caecal 

development in rats fed high levels o f  lac t os e ,  and concluded that caec um 

dist ensi on was accompanied by a r educ tion and c essation in diarrhoea . The 

results o btained from the pres ent investigations suggest tha t a similar 

si tuation exists  in pigs and tha t  th e marked reduc tion in diarrho ea noted 

over the experimental perio d ,  was possibly a reflec tion of  caecal enlarge­

ment . The fac t  that s ome pigs on 45 % la ctose  continued to sc our unt i l  the 

experiment end e d ,  s uggested  tha t their lactose  intake was great er than 

could be ' handled ' by their caeca e , despi t e  th e enlargement whi ch had 

occurred . Simi lar e ffects were reported by Lawrence e t  al  ( 1 956 ) when 

rats were fed a 50 % lactos e diet . 

Ohio workers have shown that increas ed bact erial activity accompanies 

caecal dis t ension ( Fischer et  al 1 94 9 ;  Lawrenc e e t  al  1 949) . Dahlqvist 

and Thoms on ( 1 964 ) s tudi ed this s ource o f  lactas e a c t i vi t y  in rats and 

concluded that it could play an important part in the hydrolys is of  

lactos e whi ch escaped degradation in the small int es tine . The fact  that 

removal of  la ctose  by bac teria l lactase reduced diarrh o ea , s ugges ts tha t 

lactos e per s e  ( Fis cher and S ut ton 1 949)  is responsi ble for the laxation . 

I f  diarrhoea was s econdary to the irritating effects o f  la c t i c  acid - a 

vi ew expressed by Fri ed land , ( 1 965 ) ,  more pronounced  s co uring would be 

expected after bac t erial lac tos e hydrolys is , becaus e  mor e lac tic acid 

would be produc e d .  

L e e  and Moinuddin ( 1 958 ) report ed that caecal develo pment i n  rats 

fed lactos e di ets , was accompani e d  by parallel development in the co lon 

and rectum .  Obs ervations mad e  of the alimentary tra c ts from pigs on the 

lactos e d i e ts , also s uggest ed tha t caecal development was accompani e d  by 

s imilar increas e s  in the s i z e  o f  the c olon and rectum . Thes e increas es 

c ould explain the highly signifi cant decrease in mean ' ki l ling-out ' 

perc entages found with increas ing levels o f  lact os e .  



4 . 5  CONCLUSIONS 

High dietary l evels o f  lactose  will caus e diarrhoe a ,  but a 

cons iderable dgree o f  adaptation is possible and thi s  may be  largely 

due to the caecum development no ted . 

Chr oni c diarrho ea does not appear to have a marked e ffect on 

liveweigh t  gains . 

At the two lower levels of lac tose us ed ( 1 5  % and 30 %)  food 

intake is rarely d epres s e d ,  but a depression in growth rate may s ti ll 

result . This sugges ts that the digestion and/or the metabolic 

proc es s es may be alt ered as a result of lactose  incorporation into the 

diet . 

On high levels o f  lactos e ( 45 %)  reduc ed food intake i s  res pons i ble 

for much of  the poor growth and effi ci ency of  food uti lization . 

No conc lus i ve evi denc e was obtained to show that lac tos e 

inc orporation into the diet at any of  the levels us ed,  had any appreciable 

e ffect on carcas s charact eris t i cs . 

Lac tos e diets caus e  a marked increas e in ca ecum deve lopment in the 

pig , and this may be  accompanied by s imi lar increas es in th e colon and th e 

rectum .  



PART I I  

BIOCHEMICAL ASPECTS I NVOLVED 

IN THE UTI LIZATION OF LACTOSE 

BY THE GROWING PIG 



CHAPTER 1 

THE ABSORPTION AND UTILIZATION OF LACTOSE AND ITS 

MONOSACCHARIDE DERIVATIVES A REVIEW 

1 . 1 A BSORPTION OF LACTOSE BY THE INTESTINAL MUCOSA 

Only a small quantity of the total car bohydrate inges t ed by most 

high er monogas tric animals i s  in the form of s imple sugars . In general 

the small int estine is pres ent ed with a mixture of disac charides resulting 

ei ther directly from th e d i e t ,  or indir e c t ly as a result of t he 

d egrada tion of  more complex polysaccharides by the action o f  salivary , 

gas tri c and pancreat i c  secretions . Thes e mus t be furth er hydrolys ed to 

their c ons tituent monosac chari des if  the body is t o  make effective us e of 

them.  Investigations with humans ( Borgs trom, Dahlqvist , Lundh and S j ovall 

1 95 7 ,  Dahlqvist and Borgs trom 1 96 1 ) and in vitro work by Miller and Crane 

( 1 961 )  provide c onsiderabl e evidence  to show that this final c l eavage 

occurs wi thin th e cells of  the int estinal mucosa . 

1 . 2 ENZYMIC HYDROLYS IS OF LACTOSE 

( a )  Introduction 

Lac tase < f1  galacto�idas e ,  E . C .  No . 3 . 2 . 1  23)  ( I . U . B .  1 961 ) exhibits 

a s trict  glycon spec i fi city ( Wallenfels and Malho tra , 1 96 1 ) for the 

/9 galactoside s truc ture and is there fore the main enzyme involved in the 

hydrolysis of lac t os e  ( 4-0-JS -D . galactopyranosyl-D glucopyranos e ) ,  ( Clamp,  

Hough , Hickson and Whistler 1 961 ) .  However, some c onfusi on exists 

c onc erning this spec i fi ci t y .  ( S e e )B -glucosidas e E . C .  No . 3 . 2 . 1  2 1 , 

Dixon and Webb 1 964 ) . Monod,  Cohen-Bazire and Cohn ( 1 951 ) s howed that the 

JS galactosidase from E.  coli c ould only hydrolys e disac chari des which were 

}9 galactos id es . On the  other hand there is c onsi derable evidence 

( Dahlqvist  1 960 , 1 96 1  a , b , c )  to s uggest that the (3 galac tos i das e and 
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(9 gluc os i das e activi ti es in the pig ,  and in the human ( Dahlqvi s t  1 962 ) 

were associated in a singl e enzyme , intes tinal lactas e .  

( b )  Development of In testinal Lac tas e Activity in the Pig 

Limited work with pigs (Sprague , Ullrey, Waddill , Mi ller , Zutaut 

and Hoe fer 1 963 ) has shown that a marked inc rease in a c t i vity ( per gram o f  

mucosa ) occurs over the las t f e w  days o f  pre-natal life , rising t o  a 

maximum level at birth . Several workers ha ve confirmed the presence of 

high lactas e activity per gram o f  mucosa ( DeGroot and Hoogendoorn , 1 957 ; 

Walker , 1 95 9 ;  Dahlqvis t ,  1 961 ) or  per kilogram bodyweight ( Bailey , Ki t ts 

and Woo d  1 95 6 )  a t  birth , but repor t ed that th e level diminished considerably 

after the first  three weeks of l if e . Subs equent ly ac tivi ty remained at a 

cons tant , lower level over adult life ( Dahlqvist  1 961 b , c ) . However , the 

total activity , as the pig grows , does not change ( Walker 1 959 ) , only the 

activi ty per gram of tissue, eith er wet , ( DeGroot and Hoogendoorn 1 957 , 

Hartman , Hays , Baker , Neagle and Catron , 1 96 1 ; Dahlqvi s t ,  1 961 b , c )  or dry 

( S prague et al 1 963 ) decreas es , and becaus e  of the low relative growth rate 

o f  the intestine , ac tivity per Ki logram bodyweight ( Bailey ,  Kitts and Wood 

1 95 6 )  decreas es more .  

( c )  The Location o f  Lac tas e Along the Alimentary Tract 

Decreas e d  lac tas e activity has been reported in the distal s egments 

of  the  pigs sma l l  intes tine . ( Bailey et a l  1 956 , DeGroot  and Hoogendoorn 

1 957 ) . Although DeGroot and Hoogendoorn ( 1 957 ) conc luded that maximum 

lac tas e activi ty o ccurred in th e duodenum, more r e c ent work ( Walker 1 95 9 ,  

Dahlqvi s t  1 961  c ,  Sprague et  a l  1 963 ) showed that th e medial ar eas , 

s pe c i fi ca lly the upper j ej un um ,  contained the grea t e s t  lac tas e activity and 

that this decreas ed proximally in the duodenum and dis tally in the i leum 

and col on . A simi lar localization has been r epor t ed for humans 

( Dahlqvi s t  1 962 ) dogs ( Caj ori 1 935 ) and rats ( Dahlqvist and Thomson 1 964 ) . 
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All workers have reported zero activity in the s tomach and c olon 

and very low a c tivi ty in the i l eum . 

Thes e res ults are ess entia l ly in agreement with o bs er vations on the 

int es tinal s i t e  of  la ctos e absorption in the human ( Borgs trom et al  1 957 , 

Dahlqvi s t  and Borgs trom 1 961 ) .  However , considerable la c tos e abs orption 

was reported ( Dahlqvist  and Thoms on 1 964 ) in the large intes tine o f  the 

rat . This apparent discrepancy could result either from an accumulation 

of  bac t erial lac tas e ac t i vity  in the cae cum ( di s c ussed  in full in Par t I ) ,  

or from the pr es enc e of more than one (3 galac tosidas e in th e rat ( Do ell 

and Kretchmer 1 962 ) located in different s i t es along the trac t .  

( d )  Fac tors Infl uenc ing the Level o f  Lactase Ac tivi ty 

in the Animal 

( i )  Subs tra te Inges ted 

Fischer and S utton ( 1 949)  reviewed studi es on lac tose adaptation in 

the adult rat ,  and pos t ulat ed that lac tas e produc tion was increas ed in 

respons e to high levels of di etary lac tos e .  

Prolong ed feeding o f  lac tos e t o  rats , was report ed t o  inc reas e 

lactos e  abs orption ( Fischer and Sut ton 1 953 ) and la c tas e activity  ( Fis cher 

and Pat ton , 1 955 ; Fis cher , 1 957 ; Girardet , Richterich and Ant ener 1 964 ) . 

Thi s  increas e in total j5 galac tosidase ac tivity was at tri but ed ( Fis cher and 

Pat ton , 1 955 ; Fis cher , 1 957 a )  t o  the accompanying increas e in growth o f  

t h e  small intes tinal mucosa . For this reason, no incr eas es were r eport ed 

when activity was express ed per gram o f  int es tinal mucosa ( DeGroot and 

Hoogendoorn,  1 957 ; Hartman et al 1 96 1 ) .  In contras t ,  Fis cher , S ut t on ,  

Lawrenc e ,  Wei s er and S tahly ( 1 949 ) reported  no incr eas e i n  total lac tas e 

a ctivity in rats fed lactos e .  

Mor e  r e c ently Doell and Kre t chmer ( 1 962 ) ha ve reported that eviden c e  

from rabbi ts with mammary glands remove d ,  did n o t  s upport the hypoth esis 



( Herzenberg , and Herz enberg 1 95 9 ) that � galactos i das e in the foetal 

tissue was indu c ed by circ ulating lactos e .  

( i i ) Bac t erial Lac tas e Activi ty of  th e Ca ecum 

Although induc tion o f  intestinal lac tas e acti vity i s  unres olved,  

i t  has been s ugges ted (Dahlqvi s t  and Thoms on 1 964 ) that the  increas ed 

bac t erial lac tas e ac tivity r eport ed in the caecum of rats fed h igh lac t os e 

di ets ( Lawrenc e ,  Weis e r ,  S tahly , Fischer and Sutton 1 94 9 ,  Lawrenc e ,  Fis c h er ,  

Sutton and Wei s er 1 956,  and Dahlqvis t  and Thoms on 1 964 ) may play an 

important par t in th e diges tion o f  la c tos e .  

1 . 3  ABSORPTION AND METABOLISM O F  THE MONOSACCHARIDE COMPONENTS 

OF LACTOSE 

( a ) Introduc tion 

Cleavage of the J3 - D - ( 1  --+ 4 )  linkage of  la ctos e ,  produc es 

e qual quanti t i es of the monosaccharides glucos e and galactos e . Any fur ther 

metabolism of lactose  after hydrolysis mus t there fore be that of  i ts 

c ons tituent monosaccharides . 

( b ) The Abs orption o f  Glucose  and Galactos e 

I t  i s  not propos ed t o  review at length , the lit erature relating t o  

the s i t e ,  specifi city and me chanisms o f  intes tinal abs orption sinc e 

s e veral exce llent revi ews ( Crane 1 960 , Crane 1 962 , Isselbacher and 

S enior 1 964 , Csaky 1 965 ) and two recent texts ( Wi ls on 1 962 , Wis eman 1 964 ) 

adequat ely c over this field of  dis c ussion . 

Unti l  VerzAr and McDougall ( 1 936 ) propos ed that ac tive absorption was 

respons ible for the increas ed rat es of glucose and galactos e uptake , 

over other hexos e s ugars , i t  was generally believed that int es t inal 

abs orption of  s ugars was by s imple di ffus i on ,  and that ' s elec tive 

permeabil i t y '  ( H�don 1 900 Cited by Crane 1 960 ) account e d  for the 



differenc es in abs orption rates . Sinc e the ac tive trans port princi ple 

was propos ed,  two hypotheses o f  carbohydrate  absorption have been 

advanced . Th e firs t ,  the ' phos phorylati on '  concept whereby all s ugars 

required a linkage with a phosphat e  radical before absorpt ion could take 

pla c e ,  was proposed  by Magee and Reid ( 1 931 ) .  Although s ubs equent work 

showed the conc ept to be bas ed on incorr ect assumptions , the hypothesis 

was neverth e less favoured by Verzar and Mc Dougall ( 1 936 ) in their revi ew 

on carbohydra t e  absorption . Mor e rec en t ly , Crane ( 1 962 ) propos ed an 

alt ernative mode of int es tinal abs orption bas ed on obs ervat ions made 

init ially by Riklis and Quas tel ( 1 958 ) ,  that acti ve transport of  s ugar was 

+ complet ely dependent on the pres enc e  o f  Na . This alt ernative,  the 

' Sodium Pump ' hypothes is , has cons i derable experimental s upport . ( Csaky 

and Thale , 1 960 ; Csaky , 1 961 ; Barry , Math ews , Smith and Wrigh t ,  1 962 ; 

and Bihler and Crane , 1 962 ) . The hypo thesis ( Crane 1 962 ) i s  that glucos e 

asso ciates with a mobile carri er and N� ions , forming a c omplex which 

' travers es th e apparent diffus ion barrier to the inner side where it 

dissociat es releas ing glucos e and N� into the cyt oplas m ' , the N� being 

returned to the ext ra- cellular medi um by means of a N� a c t ive transport 

sys t em ,  the glucos e remaining wi thin the cytoplasm ( Crane , 1 965 ; Curran , 

( c )  Glucose  and Galactos e Metaboli s m  

Irrespective of  how the t w o  monosaccharides are trans ferred int o the 

bloods tream , it is cl ear that glucos e and galac tos e ,  despite  their 

struc tural s imilarity exhibi t markedly di fferen t  me tabolic effects . 

Gluc os e ,  by way of  glucos e - 1 - phos phat e ,. is rapidly uti li z ed eith er as 

a free energy sour c e  or as a pre c ursor i n  the biosynthesis of glycogen . 

Galactose  i s  less r eadily utilized  by the body tissues ( VerzAr and 

McDougall 1 936 ) .  Poorer grow th rates compare d  with control animals , 

and early d ea th , have been r e ported  from a number o f  exp eriments in which 
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rats were f e d  diets c ontaining large proportions of  gala c tos e ( Guha 1 931 , 

S cheunert and Sommer 1 956 , DeGroot and Engel 1 95 7 ,  Heggeness 1 959 ) . All 

r eports showed that galactos e  could not provide s uffi c i en t  energy t o  s upport 

life , indeed Guha ( 1 931 ) reported th at d eath was the r esult o f  virtua l  

rather than actual starvation , a s  the rats continued t o  consume f o o d  unt i l  

shortly before death.  

( d )  The Importance o f  Galactos e in Neona tal Nutri tion 

Galactose  comprises hal f  the total car bohydrat e  initia l ly available t o  

the neonatal animal b u t  i t  i s  unlikely that t h e  maj or avenue of  uti lization 

of this monosaccharide  is thro ugh the glyc olyt i c  pathway . I f  the s ole  

purpos e o f  galactos e were to provide energy via th is pathway , i t  could be  

benefi ci ally replaced by glucos e ,  whi ch is a mor e r eadily available s ubs trate 

for th e pathway . Consideration of  the alt ernati ve avenues o f  gala c t os e  

utilizat ion in the neonatal animal i s  therefore desirabl e .  

Considerable glycogen synthes i s  occurs i n  rat liver s lic es a f t er birth,  

and this increas es t o  a maximum at 10  days o f  age  ( Ballard and Oliver 1 964 ) . 

By far the great est portion of galactose inges t ed is utilized as a s ourc e of  

glycogen in the rat liver after the firs t 7- 1 0  days of  life ( S egal , Ro th and 

Bertoli , 1 963 ; Ballard and Oliver , 1 964 ) and it appears that in vi ew of  

the  considerable uti lization o f  galac tos e in chi ldr en from 8 hours t o  7 days 

old ( Haworth and For d ,  1 963 ; Cornblath , Wybregt and Baens , 1 963 ; Hawor t h ,  

Ford and Robinson, 1 965 ; Anyon and Clarks on , 1 965 ) ,  s imilar liver g lycogen 

synthesis could also o c c ur in h uman s . Thi s  preferential galac tose  uptake 

( Ballard and Oliver 1 964 ) occurs during a clearly defined period ,  poor 

uti lization ( evidenced  by high periph eral blood gala ctos e )  being r e c orded 

from birth up to 8 hours o f  age ,  ( Anyon and Clarkson 1 965 ) and from 8 days 

on into adulthood ( Haworth and For d  1 963 ) . 
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I t  i s  still  uncertain why galactose  should b e  preferred to  glucose  

as the  subs trate  for glycogen synthesis over this particular peri o d .  An 

early report ( Bell 1 936 ) that galac tos e produc e d  a larger , 1 8  carbon 

( c f .  1 2  carbon from glucos e )  glycogen which was more s lowly broken down, 

may be of  c ons equenc e ,  part i c ularly in view of the pronounced neonatal 

hypoglycaemia of new born in fants whi ch us ually las ts for approxima t ely 

7 days ( Sh elley and Neligan 1 966 ) . 

Two c onsiderably smaller avenues of galactose utilizati on have been 

i dentifi e d .  One i s  the production o f  galactosamine ( Chondrosamin e )  which 

is a maj or component of  Chondroitin S ulphate ( Muir 1 961 ) ,  a s truct urally 

i mportant s ulphated polysac charide  o f  the eye ( Maurice  1 962 ) and of  bone 

and cartilage ( Eas toe 1 956 ) . The s ec ond is the production o f  glycolipides 

( Cerebros ides , Cere bron Sulphate,  polyc erebros ides , s t randin ( gangli os ide ) ) ,  

which are essential for the normal development and maint enanc e  of  the brain 

and nervous sys t em .  Uri d ine -di-phospho-galactose ( UDP-Ga l )  i s  the 

primary h exos e donor in glycolipide biosynth esis ( Burton , S od d  and Brady 

1 958 , Mos er and Karnovsky 1 959)  but thes e authors ' experiments with 

1 4  1 4  1 4  glucos e - U-C , galac tos e-1-C  phosphat e ,  and UDP Gal- 1 - C ( Bur ton et al 

1 4  1 4  V 1 958 ) and Glucos e- 1 -C , Galactose- 1 -C ( Maser  and Karnosky 1 95 9 )  showed 
1.. 

that Glucose can s ubs ti tute for galac tos e as the hexos e s ource of  th e 

galactos e in the UDP-Gal (see  als o Varma , S chwartz and S impson , 1 962 ) .  

This i s  due to the body ' s ability t o  convert gluc os e t o  gala ctos e even a t  

a n  early age ( Cornblath, Wybregt and Baens 1 963 ) . 

I t  is e viden t  from Fig .  1 . 3/1 that the maj or pathway for gala c tos e 

utilization a fter the initial t en day neonatal peri o d ,  is thro ugh the 

Glyc olytic Pathway , by way of glucose - 6 - phospha t e .  Pres umably the 

s mall amounts of  gala c t os e  r equired  for ei ther Chondroitin S ulphat e  or 

Glycolipide production are either ' chanell e d  off ' from inges ted gala c t os e ,  

o r  produced b y  t h e  body from glucos e b y  e pimeri zation . 



( e )  The I mportance o f  Lac tos e as a Sourc e of Galactose  

I f  i t  i s  ass umed that galac tos e is important in th e n eonatal di e t ,  

the form i n  whi ch i t  i s  pres ented ( as a c omponent o f  lac tos e )  requires 

consideration . I f  galac tose alone , is pr es ent ed t o  th e gut ,  due t o  i t s  

rapid uptake ( Cori 1 925 , Verzar and McDo ugall 1 936 � a pronounced  

galac tosaemia ens ues , ( Folin and  Berglund 1 922 ) ,  ( Haworth and  Ford 1 963 ) . 

This res ults i n  considerable loss of the monosaccharide in the urine due 

to the very low r enal galactos e toleranc e  ( Folin and Berg l und 1 922 ) . 

Obvious ly the rat e o f  uptake mus t be cons iderably reduc ed i f  galactos e 

losses are t o  be pr evented . When e qual amounts o f  g lucos e and galac tose  

were  fed s i multaneous ly ,  or when an equi valent amount o f  lactose  was given , 

r eductions were reported in bo th blood s ugar levels ( Bodansky , 1 923 ; 

Corley, 1 927 ; Coryell and Chr i s tman , 1 943 ; Haworth , For d  and Robins on , 

1 965 ) and in s ugar excretion levels ( Folin and Berglund 1 922 ) , in 

compari s on w i th results obtained by fe eding galactos e  alone . Fur th ermor e 

Carleton,  Mis ler and Roberts ( 1 955 ) measured labelled  co2 production and 

radioactivi t y  r e t en tion in the carc ass es of rats adminis t ered a var i e ty of 

1 4  1 4  1 4  1 4  labelled s ugars , ( D  Gal- 1 -C , D Glu- U-C , D Glu- 1 -C , D Lactos e- 1 - C  ) .  

This work showed that gr eat er c1 4  retention c ould be a chi eved by feedi ng 

either lac tos e ,  or a mixture o f  glucos e and gala c tos e ,  in preferen c e  to 

feeding either monosaccharide alon e .  

Glucos e appears to inhibi t the absorption o f  gala c tos e ( Corley, 1 928 ; 

Crane , 1 960 ; Haworth e t  a l ,  1 965 , Koldovsky, Muzye enkova , Hahn , 

Heringova and Jirsova ,  1 965 ) . Moreover , i t  has been s hown that glucos e ,  

( Stevenson , 1 91 2 ;  Caj ori ,  1 935 ) and possi bly galact o s e  ( Wallenfels and 

Malho tra 1 96 1 ) i nhibi t int e s t inal lactas e  activi t y .  Thi s  negative fe ed-

back , whereby the products of hydrolysis ( g luco s e  and galactos e )  inh i bi t  

the hydrolyti c  c l eavag e of  the s ubstrate ( lactos e )  r es ults i n  a decreas e 

in the rat e of  galactose a bs orption . This accounts  for reports ( Fo li n  
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and Bergl und 1 92 2 ,  Haworth e t  al 1 965 ) that a much larger blood s ugar 

increase accompani es the adminis trat ion of  e qual amounts of gluc o s e  

and galac tose compare d  with that s e en aft er th e adminis tration o f  an 

equivalent amount o f  lact os e .  

I t  i s  clear then, that t o  ens ure minimal losses of  galac tos e ,  

both glucos e and galactos e ,  preferably in equal amounts , and in a form 

whi ch is not too rapi dly abs orbe d ,  mus t be pr esented to th e gut • 

. Lac tose  meets the s e  requirements . 



CHAPTER 2 

COLLECTION PROCEDURES 

2 . 1  I NTRODUCTION 

S everal indir e c t  methods availa ble for the d e t ermination of 

diges ti bi li ty were c ons idered ( Clawson, R e i d ,  Sheffy and Wi llman, 1 955 ; 

Cunningham , 1 959 ; Nordfeldt and Kihl �n , 1 965 ) but as analys is of  urine 

as well as faeces was desired the total colle c tion proc edure ( Robins on , 

Morgan and Lewis 1 964 a ,  b ;  Robins on , Pres cott  and Lewis , 1 965 ) was employe� 

2 . 2  ADOPTED PROCEDURE 

Det ermination o f  the calorifi c , nitrogenous and lipi d contents o f  

the composite  faeces wer e carried out , and i n  conj unction wi th a proximate  

analysi s  ( AOAC 1 965 ) of the feeds offered (Appendix 5 . 2/1 ) ass essment 

was mad e  of the effects of  different di etary lactos e levels on energy , 

ether extrac t ,  and prot ein diges tibi lity . Ni trogen d e t erminations o f  

compos i t e  urine samples enabled an ass essmen t o f  Ni trog en r e t ention .  

With the fac i l i ti es available th e e s ti ma tion o f  me tabolizable 

energy was not pos s i bl e .  However , analys es of  the urinary filtrates for 

total r educing s ugars , were carri ed out . In ord er t o  ass ess the contrib-

ution faecal excretion made to the total s ugar loss , total reducing s ugar 

was es timated on prot ein free  filtrates obtained from faecal samples . As 

some o f  the unabsorbed lac tos e could be converted by the lower gut flora t o  

lactic  acid,  t h e  faec es filtrat es were also analys ed f o r  t h e i r  lactic  acid 

cont en t . 

2 .3 MATERIALS AND METHODS 

( a )  Design o f  the Metabo lism Crat e  

The metabo lism crates us ed i n  th e s t udy were a modified versi on o f  

thos e us ed a t  t h e  Rowett  Res earch Ins t it ut e  ( Jones pers . comm . ) .  Similar 



FIGURE 2 . 3/1 

The Metabolism Crate and Collection Equipment 

1 .  Polythene Collecting Bin . 2 .  Polythene Urine Apron 
3 .  Dung Tray with Polythene Sheet . 4 .  Expanded Metal Floor 
5 .  Expanded Metal Front hinged on both sides t o  enable ready 

access to the pig . 
6 .  Removable Food Trough . 7 .  Sheet  metal strip 
8 .  Expanded metal fully adj ustible  side . 
9 .  Adj usti ble backstop enabling adj ustments i n  crate length 
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c rates have s inc e been reported us ed at th e University of  Not tingham S chool 

of Agri c ul t ur e  by Robinson et al ( 1 965 ) . 

c onstruction Fig .  2 . 3/1 has been presented.  

(b )  Preparation for Collection 

( i )  Preparati on of Anima ls 

In view of differ enc es in 

All pigs were housed in indi vidual pens adj acent to th e room in whi ch 

the metabolism crates had been plac ed . Similar ambi ent t emperatures were 

maintained ( 68°F )  in both rooms . Pre vi ous work ( Carr pers . comm . ) indicated  

preliminary t raining to accus t om the pigs to crate condi tions was not  nec essary. 

All pigs were w eighed each Tuesday to enabl e ration adj us tmen t as mentioned 

previously,  and thos e pigs whos e liveweigh t and rat e of growth s ugges t e d  that 

60 lb weight would be exc eeded within a week, were pla c e d  in individua l  

crates . A two day preliminary perio d  was followed by a c olle c t i on period 

las ting 5 days , ( Lassiter,  Terri l l ,  Becker and Nor ton 1 956 ) .  This meant 

that the pigs were removed from the c rates aft er exactly one week and s o  

could b e  w eigh ed w i th any pigs n o t  o n  collec tion , o n  t h e  Tuesday . Although 

this pro c edur e  was very conveni ent , r esults of total reduc ing sugar analys es 

per formed on the faecal samples collected , indi cate d  wi th few exc eptions , 

high er figures for the firs t day in comparison with the r emaining days . 

Cons e quently , in the two later  collections ( a t  85 and 1 1 0 lb  liveweigh t ) ,  

meal adj us tment was mad e six days before the pigs were placed in th e crat es . 

This meant that th e same meal kvel was maintained for two weeks . In 

addition it was felt that an extra day in the cra t e  before c ollection,  was 

desirable . Thi s  resulted in all pigs being in the crates for a total of  

eight days fo r collecti ons B and c ,  collec ti on being carried out  over the 

las t five days as before . 

( ii )  Preparations for the Collection o f  Faeces 

Fae c es were collected  on hea vy duty polythene sheeting placed inside 

the  metal faeces t rays posi tioned  behind the  pigs . 
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Adj us tments were made to the crates during the two days pre c ee ding 

collecti on t o  minimis e urinary contamination of the faec es . 

( iii ) Preparations for the Collection of Urine 

Urine was collec t ed und er toluene in polyth ene bins placed  direc tly 

beneath the crat es . O ver the two preliminary days adj us tments were made to 

the posi tion of  the apron to minimise  urinary losses , urinary c ontaminati on 

of faec es , and contamination by feed spillage . Th e lower end of  the apron 

was pla c e d  ins i de the c ollecting funnel into which had been wedged a piece  

o f  wire  gauze and a s quare of glass fibre . Thi s  arrangement allowed urine 

t o  freely pass through but retained any skin tissue , hair and faec es . 

Adj us tments to the pos iti on o f  the feed s pi llage tray beneath the f e e d  

trough prevented urinary con tamination,  s pi l lage being very small due t o  

t h e  consi s t ency of  t h e  ration fed . 

( c )  Collection Routine 

( i )  Collection of Daily Samples 

A total collec tion proc edure was adopt ed to s tudy the diges tibili t i es 

of  the four feeds in us e .  24-hour voidings w ere collec ted for five 

cons ecut i ve mornings , at 7 . 00 a . m . before the pigs were fed . 

Faeces wer e trans ferred from each polyth ene sheet into numbered plas tic  

buckets , tared prior to the collection, and any faeces s ticking either to the 

crate or  to the sheet were s craped into the bucke t .  After w eighing , each 

24-hour sample was mixed in a commercial cake mixer , between 5 and 1 0  mls of 

toluene ( depending on the amount of  faeces presen t ) being mixed in as a 

pres ervative.  Between thre e  and five minutes s uffi c ed to produc e a smooth 

homogeneous pas t e  from which one quart er of the total weight was t aken to 

provid e  duplicate D . M .  samples . Thes e were dri ed at 1 00°C for 48 hours in 

a hot air oven to give daily dry-ma t t er figur es .  One half o f  th e total 

weight of the past e  was taken and s tored fro z en at -1 2°C to form part of  a 

c omposite  wet sample for the five day collection period . From t h e  

r emaining faecal pas t e  100 grams w e r e  taken for the preparati on o f  prot ein 
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free fil trat es . 

Dai ly voidings of  urine were weighed in the tared bins , thoroughly 

0 s tirred,  and one t en th of the volume s tored under toluene at - 1 2  C t o  form 

part of  a compos i t e  urine samples for the five day collection . In addition 

a 1 0  ml . sample was taken , mixed wi th 0 . 2  ml . toluene and s e t  aside for 

urinary filtrate preparation . 

( i i ) Preparation of  Composi t e  Samples 

Composi t e  samples o f  faeces were treated in a simi lar way on the day 

following the completion of a collection period . The s amples wer e thawed 

overnigh t at 4°C and each was thoroughly mixed . From the resultant pas t e ,  

two 500 g m  samples were taken and dried a t  1 00°C for 48 hours i n  a forc ed 

draught o ven . From the remainder , 1 00 gms were taken for s ubs equent sample 

pr epara tion andthe rest was pla c ed in plas tic  bags , fro z en and s tored a t  

- 1 2°C in res erve , should a repeat analysis be nec essar y . No dai ly dry 

matter samples were kept , after the ir weights had been r ec orded,  but the 

two compos i t e  dry matter samples from each c ollec tion after weighing were 

placed in plastic bags and stored  a t  - 1 2°C until grinding was pos s i ble . 

C omposite  samples of Urine , when thawed,  were  thoroughly mixed and 

sampled as before for d eprot einization . 

Addi t i onal samples for Ni trogen analys i s  were taken and the urine 

returned to the 4°C cooling room in cas e any repeat d e t erminati ons were 

necessary . 

( d )  Preparation of  Prot ein Fre e  Filtrates 
> ' '  

I n  order t o  minimi s e  prot e olyti c and bacterial degradation o f  s ugars 

in the samples , pro tein free filtrates were prepared as soon as pos s i ble 

after daily sample collection . 

The 1 00 gm faecal past e  samples t aken daily were each blended w i th 

1 00 mls o f  wat er and 1 00 mls o f  ac etone ( Ford and Haworth, 1 963 ) ,  t o  whi ch 

5 mls o f  t oluene was added . Thi s  produc e d  a thick s l urry which showed no 
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apparent s e t tling o ver a 5 minute period . From each s lurry 3 t en gram 

s amples were pipet t e d  into tared evaporat ing dishes and w eigh ed quickly . 

Th e dishes were then dri ed at 1 00°C for 22 hours to enabl e calculation o f  

mois ture and dry mat t er cont ents of  th e s l urry . At the same time one 

10 ml . sample was c entri fuged and the clear aqueous supernatent , containing 

s ugars and other wat er s oluble components , retained . 

From this s upernat ent and th e urine samples , 1 ml . of s o luti on was 

wi thdrawn and deprot einized using Znso4 an d Ba�m)2according to the method 

of Nels on ( 1 944 ) . The pro tein fre e  fi ltrates  (P . F . F. ) were froz en in 

0 s to ppered polys tyrene vials and s tored at  - 1 2  C unt i l  analys ed for total 

reducing sugar and lact i c  acid conc entrations . 

The same fae ca l  s lurry provided samples for Nitrogen det ermination 

thereby eliminating th e need for 2 s ets o f  dry matter d e t erminat i ons . 

2 . 4  PRELIMINARY STUDIES 

( a ) Es timation o f  the Pre cision of  Dry Ma tter Det ermina t i ons 

To determin e the precision of  dry mat t er pro cedur es tri pli cate 

determinati ons were mad e  on five samples covering the normal range of 

D . M .  experi enced . Samples were dri ed at 1 00°C for 24 hours . 

Results wer e :  

Mean A .  8 . 28 c .  1 0 . 1 4  D .  1 1 . 67 E .  1 2 .09 

+ SE + o . oo + o . o4 + 0 . 1 7  + 0 . 01 

Th e data indicated that the method was s uffi c i ently precis e t o  enable 

a ccurat e  ass essments o f  D . M .%. 

( b ) Effect  of  Drying Time on Dry Mat t er Determinations 

As 22 hours was the maximum t ime a vailable for daily drs ma tter 

d eterminati ons due t o  limited oven s pa c e ,  four drying t imes were examined 

( 22 ,  24 , 46 , 48 hour� ) to see if th e 22 hour period gave a s uffic i ently 

a c c urat e  res ul t .  Each �rying time was r epres ented by s i x  1 0  gram 



replicates , all  2 4  replicates being taken from the same mas c era t e .  

Results w er e :  

Mean D M  % 

+ SE 

22 

8 . 33 

+ 0 . 035 

Drying Time ( Hours ) 

24 46 

8 . 32 8 . 28 

+ 0 . 035 

48 

8 . 27 

+ 0 . 027 

Although the longer drying perio d  gave s ligh tly lower D . M .  per c entages , 

thes e were not s igni fi cantly dif ferent from the e s tima t e d  value det ermined 

after 22 hours . 

( c )  Effe c t  of  Evaporation from Faeces Mas c erat es 

Whi le preliminary work was being carri ed out it was not iced that the 

faeces mas c erat e s  lost weigh t after trans fer into the dry-mat ter dishes . To 

examine the ext ent and duration of this loss , s ix 1 0  gram samples were 

trans f erred to dry mat t er dishes and were weighed i mmedi a t e ly aft er trans fer 

and then at 5 ,  10  and 1 5  minutes aft er trans fer . 

0 - 5 minut es 

0 - 1 0  

0 - 1 5  

" 

" 

28 . 9  + 1 .4 

59 . 7  + 3 . 5  

85 . 3  + 4 .5 

Mean loss es ( mgms ) were : -

Th e large evaporati ve loss c ontinued for at least 1 5  minutes and so 

all s ubs equent s amples were weighed i mmedia t e ly after t rans fer to the dry­

matter dishes . 



C HAPTER 3 

SAMPLE ANALYSIS 

3.1  TOTAL REDUCING S UGAR ANALYS IS OF URINARY AND FAECAL 

PROTEIN FREE FILTRATES 

3 . 1/1 REVIEW OF LITERATURE 

( a )  Urinary S ugar Studi es in the Pig 

Very li ttle  work has been published on either the s ugar c omponents , 

or concentrations , in the urine o f  th e pig .  Urinary g lucos e inves tigations 

were c arri ed out by Carlson and Drennan , ( 1 9 1 2- 1 3 ) , Hanawalt , Link and 

Sampson,  ( 1 947 ) and Link, ( 1 953)  to establish a renal glucos e thr eshol d  

for pigs weighing u p  t o  1 20 lb  liveweigh t ,  but no o ther sugars were 

examined . Working with weanling pigs , Fisher ( 1 931-32 ) , reported finding 

as much as 35 grams of sugar in the urine daily , over a thr e e - day peri od 

in whi ch rations containing 65 % lactose  were fed . In work with growing 

pigs fed lactos e ,  Dunkin ( 1 957 ) reported that ' snap '  samples o f  urine 

indi cated incr eas ed reducing s ugar activi t y  w i th increasing trea tment 

levels of lac tos e ,  but no figures were given . More r e c ently Kidder , 

Manners and McCr ea , ( 1 963 ) measured urinary fruc tos e  loss es from sucrose­

fed piglets 6- 1 3  days old,  and concluded that the fruc tose  loss in the 

urine  repres ented  only a small propor tion of the fruc to s e  inges t e d ,  and a 

still  smaller frac tion of  the energy cont ent o f  the dietary s uc ros e .  

( b) Faecal Sugar S tudies in the Pig 

Although s ev eral workers have repor t ed s couring in pigs fed  high 

levels of  di e tary lac tose ( Johnson, 1 94 9 ;  Becker and Terril l ,  1 954 ) , or 

lactose-con taining milk by-products ( Krider,  Becker,  Curtin and Van Poucke , 

1 949 ; Becker , Terri l l ,  Jens en and Hanson , 1 957 ) , no ass essments hav e  been 

mad e  of sugar loss es ( i f  any ) whi ch occur in association w i th the diarrhoea . 
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Recently Salo ( 1 965 ) carried  out s ugar analys es on the faec es o f  pigs 

fed diets c onsis t ing predominantly of wheat-bran and skim milk .  From 

his s t udies he c onc luded that both lactos e and s tarch were 1 00 % 

diges t i bl e .  How ever , no mention was made o f  any analys es being per formed 

on diarrhoeal fae c es . Evi denc e s uggests that diarrhoea in humans is 

accompanied by c onsiderable s ugar los s .  Recognising the value o f  

faecal examination for the diagnosis o f  mono- and disac charide intoleranc e ,  

Ford and Haworth ( 1 963 ) analys ed the s tools from 61 chi ldren rangi ng from 

1 day to 14 years of age .  In the s tools o f  one group o f  children suffer-

ing from ac ut e diarrhoea, the levels o f  total reducing s ugar and total 

glucose  were found to be two times the levels found in two other gro ups of  

childr en voiding s tools of  ' normal ' c onsis t ency.  

In vi ew o f  the noti ceable lack of knowl edge on the ext ent t o  which 

inges t ed sugar i s  los t from the pig in the urine and the fae c es , under 

normal and diarrho ea! condi tions , a comprehensive s tudy of  these avenues of 

energy loss was undertaken . 

3 . 1/2 METHODS OF ANALYS IS 

( a )  Th e Total Reducing S ugar R eaction 

The N elson - S omogyi method for the determination of  blood glucos e 

(Nelson , 1 944 ; Somogyi , 1 945 ) was us ed . One ml . s amples of  the blank 

( Dis tilled Wat er ) ,  Glucos e s tandards ( 40 ,  8 0 ,  1 20 ,  200 mg/1 00 ml . )  or 

protein free filtrates from fa e c es and uri n e ,  were add e d  t o  1 ml . portions 

of  the c opper reagent ( Somogyi , 1 952 ) in s ugar tubes which were then 

loos ely s t o ppere d  with glass marbles t o  pr event evaporation .  Th e t ubes 

were randomly dis tri but ed throughout a rack and placed  s imult aneous ly into 

a boiling water bath into which 1 50 ml . o f  polyethylene glycol had been 

added to s tabi li z e  the boi ling point and t o  reduc e s plashing . The 

samples were boi led for �c tly 20 minut es (Salo 1 965 ) ,  continuous agitation 
� 
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o f  the water in the bath over this period ens uring a uni f orm t emperatur e 

across the bath . As s oon as the 20 minutes had elaps e d ,  all samples 

were simultaneous l y  r emoved from the wat e r  bath , allowe d  to cool  s lightly 

in air , and were then thoroughly cooled in a tank o f  cold  wat er . 

After cooling , 1 m l .  of  Ars enomolybdat e solution ( Nelson 1 944 ) was 

added to each s ugar tube , th e mixture was shaken , and the cont ents 

diluted with distilled water t o  10 ml . Aft er vigorous mechanical 

agitation to ensure c omplete mixing , the opti cal dens i ti es of  the samples 

and s tandards were r ead agains t the blank a t  660 mf ( Nelson ,  1 944 ) in a 

Unicam SP500 Spec t ropho tomet er using 1 0  mm glass absorpt i on c el ls . All 

samples were repr e s en t e d  in tripli cat e ,  as were the four s tandard s ugar 

s olutions and the dis t illed water blank , in each set of determinati ons . 

( b )  Calculation o f  Results 

Preliminary s t ud i es established the lineari ty of  the line r e la ting 

opti cal density to sugar conc entration over a range of s ugar concentrations 

expec t e d  in the s ample determinations . Linear regres s i on e quat ions were 

ther efore calculated for each s et o f  d e t erminations from the s tandard s ugar 

s olutions inc luded . The regr ession c o e ffi c i ents and correction t erms s o  

resolved , were applied to the  optical d ensi ty figures fo r th e sample s ,  t o  

enable th e sugar concentrati ons o f  samples to be calcula t e d .  Where 

compari son between two s ets of  det ermina ti ons was des i r e d ,  an ' F ' t es t  o f  

heterogeneity of  t h e  regressions was appli e d ,  and where non-signi fi cant 

r esults were obtaine d ,  the s ugar c on c en trations from the two s e ts o f  

determinations were c ompare d .  For this r eason s tri c t  adher enc e t o  th e 

procedure outlin e d  was essential . 

3 . 1/3 PRELIMINARY DETERMINATIONS 

The Nelson - S omogyi method of  s ugar det erminat i on has been r e c ently 

criticised ( Dygert , Li , Florida and Thoma , 1 965 ) for its lack of precision .  
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I n  view o f  the crit i cisms put forward ,  rec overy and repeatability 

det erminations were ess ential . Furthermore , no informat i on was 

available on the e ff ects of collection ,  pres ervation and s torage o f  

samples o n  th eir s ugar levels . 

For these reasons , the following det erminati ons were made 

( a )  S ugar recovery . 

( b )  S ugar repeatabi lity det ermination . 

( c )  Changes in the s ugar concentration o f  

prot ein free  filtrat es s tored for zero 

and 56 days at - 1 2°C .  

( d )  Changes in th e s ugar c on c entration o f  

urine s tored intact for four di fferent 

p eri ods of  time . 

( e )  The effect o f  the storage o f  fa eces a t  

- 1 2°C for five days , o n  their total 

reducing s ugar c oncentrations . 

( a )  S ugar recovery 

Sugar recoveries were det ermined on pro tein free  filtra t es from a 

sample of  dung and urine .  

The s ugar c onc entrations d e t ermined,  w ere expr ess ed as a per c entage 

of  that calc ulat e d  from the s ugar conc entrations of th e original fi ltra t es 

and the s tandard glucos e add e d .  Results of  four analys es o n  each 

filtrat e (App. 3 . 1/1 )  wer e :  

Sample A ( Dung ) Mean Recovery 1 00 . 0  % 

Sample B ( Urine ) Mean Recovery 1 00 . 3  % 

( b )  Sugar R epeatability Det ermination 

Range 92 . 5  - 1 08 .0 % 

Rang e 97 . 2  - 1 04 . 3  % 

Pro t ein fre e  filtrates were prepare d  from one dung and one urine  

sample . From each filtra t e  1 8  s ugar det erminations were mad e .  

ssrv u ' '  ���li'f 
L' 

Values 
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obtained for the t w o  s amples are pres ente d  in full in t h e  appendix 

(App. 3 . 1/2 )  and a s ummary o f  the data is presented in Table 3 . 1 /1 . 

TABLE 3 . 1/1 S ugar Repeatability Det ermina t i on :  Results of  1 8  Analys es 

of two pro t ein free filtrat es 

SamEle A ( Duns) SamEle B ( Urin e )  

Mean ( mg/1 00 ml ) 58 . 4  1 03 . 6  

+ SE 2 . 58 1 .73 
J • 

1 8 .7 % 7 .08 Co effi c i ent of Variance % 

Dygert et a l  ( 1 965 ) reported relativ e  s tandard errors , using the 

same method , much larger than 3 % for s amples wi th low r educing s ugar 

conc entrations . In vi ew o f  the larg e treatment di fferences not ed in 

' snap '  urine samples th e method was ac cept ed as  being s ufficiently 

repeatable to permi t det ermina tion of  treatment di fferenc es . 

( c )  Changes in the Sugar c onc entra tion of prot ein free  

filtra tes s tored for z ero and 5 6  days at 0 - 1 2  c .  

T o  as c ertain whether deprot eini zed s amples could b e  safely s tored 

frozen without incurring sugar loss , pro t ein fr ee fi ltrates were  prepared 

from t en different urines . A portion of  each was analys ea immediat ely 

and the remainder was s tored at - 1 2°C for 56 days . A s econd det ermination 

on each was then carri e d  out . An F test  of  het erogeneity of  the two 

regressions gave F = 0 . 01 for 1 : 6  degrees of  fre edom ( N . S . )  ( App.  3 . 1/3 ) . 

Mean values for the two s e t s  o f  det erminations wer e :  

A ( Fresh ) 

B ( 56 days a t  - 1 2°C )  

67 . 04 + 7 . 73 mg/1 00 ml . 

66 . 8 9  + 8 .74 mg/1 00 ml . 

I t  was c on cluded that no change in s ugar c oncen tration o c c urred in 

the deprot einiz e d  samples store d  under the c onditions des cribed . 
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( d )  Changes in the Sugar concentration o f  urine s tored 

intact for four di fferent periods of  tim e .  

The ext ent of  losses in s ugar c oncentration pri or to deprot anization 

were inves t igat ed.  Bas ed on  the  collec tion pro c edure a lr eady outlined,  

samples w ere coll ec t e d  and depro t eini zed (A)  a t  urination , ( B )  after 24 

hours at room t emperature ( 68 °F ) , ( C )  aft er 5 days ( 1 20 hours ) s torage 

at - 1 2°C ,  and ( D) a fter 1 0  days ( 240 hours ) s torage at - 1 2°C .  This 

proc edure was repea t ed on two succ ess ive days with th e same four pigs . 

Resul ts o f  the two s eri es det ermined separat ely are pres ent e d  in the 

appendix ( App . 3 . 1/4 ) .  ( Th e  markedly lower s e t  of values for all time 

intervals from the s econd seri es should not be int erpr e t ed � illus trating 

daily variability as the two regressions differed s igni fi c antly (P < 0 . 01 ) .  

A summary o f  results are pres ented  in Table 3 . 1 /2 .  

TABLE 3 . 1/2 Means and their s tandard errors, of sugar c oncentrations 

of urine samples s tor ed for four periods o f  time 

Hours 0 24 1 20 240 
- -- --- ---

Mean ( mg/1 00 ml ) 46.4 43 . 9  5 1 . 2  53 . 0  

+ SE 1 0 . 8 7 . 9  1 0 . 4  1 3 .3 

I t  was conc luded that no signi fi cant change in urinary s ugar conc entra tion 

oc curred under th e s t orag e c ondit ions employed . 

( e )  Th e effec t o f  the Storage of Fae c es at - 1 2°C for five 

days, on their total r educing sugar content . 

S even faecal samples were collected  and a faecal past e  o f  each was 

prepar ed . From thes e ,  a repres entative sample was taken , homogenized  and 

a prot ein fre e  fil t rate  prepared . The r emainder o f  the faecal past es were 

0 stored a t  - 1 2  c .  After 5 days s torag e ,  thes e samples w ere thawed,  and a 

portion deprot einiz e d .  The two s et s  of  prot ein free filtra t es were then 

deve loped t og e ther and analys ed for total reducing s ugars . Analysis o f  
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varian c e  ( App . 3 . 1 /5 ) , revealed a highly s igni ficant ( P < 0 . 01 ) di fferenc e 

i n  the mean sugar c ont ents o f  the two s ets o f  samples . The mean <± SE) 

for th e samples deproteini z e d  fresh was 31 . 66 ± 6 . 79 mg/1 00 ml . and for the 

samples s to red for 5 days 69 . 6 1  ± 6 . 79 mg/1 00 ml . This difference could 

not be ac c o unted for by d i fferenc es in mas c erat e dry matters . 

3 . 1 /4 SAMPLE ANALYSIS FOR TOTAL REDUCING S UGARS 

The signi fi cantly h igher results for s ugar conc entrations in fae c es 

s tored for five days fro z en ,  meant that i f  filtra tes were pre pared from the 

fi ve-day mixed dung samples , sugar values cons i derably higher than the true 

f ive-day mean would be o btained . To overcome this , daily deprot eini zations 

of both d ung andurine were c ontinued in both collec tion B and C, and the 

proportionat e  amounts o f  each days pro t ein free fi ltrate were  mix ed to 

provid e  the compos ite  sampl e .  

Composite urine samples were obtained by combining uri ne fi ltrates 

pr epared daily in pro portion to the total amount o f  urine voided  each day . 

In preparing dung composi t e  protein free filtrates both the dung dry matt er 

output , and the dry mat t er of the mas c erate  pr epared daily for each sample 

w ere taken into ac count , using the formula : 

Total D . M .  ( Dung ) Voi ded 

D .M .  % o f  Mas c erate Produc ed 

( a )  Daily Variabi lity in Sugar Output 

For the firs t collec t ion only , ( Collection A )  Total reducing sugar 

determinat ions were per formed on each total daily sample of dung and urine,  

t o  ass ess daily variabi lit y .  Unfor t una t e ly t h e  determina t ion proc edures 

were not well standardi z e d  and most of the regression coeffi c i en ts for the 

daily det erminations were clearly di f ferent . However , two separat e  

determinat ions ( Days 4 and 5 )  which included 8 pigs ( Nos 2 - 9 )  were  found 

to be similar , and so data from these pigs for the two days men t i oned ,  has 

been pres ented in Table 3 . 1 /3 .  
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TABLE 3 . 1/3 Variabil i ty in Total R educing S ugar Output ( milligrams ) 

on two days of a five- day collection period 

Pig No . Treatment Dung Urine Total 

Da� 1 Da� 2 Da� 1 Da;x: 2 Da� 1 Da� 2 

5 1 61  51  8 1  38 6 1 42 437 

7 1 1 1 4  1 50 27 1 30 1 41 280 

2 2 70 82 51 9 412 58 9 494 

3 2 79 51 1 94 382 273 433 

6 2 71 1 00 2 60 679 750 779 

8 3 54 8 6  1 209 1 096 1 263 1 1 8 2  

9 3 92 1 00 1 272 1 086 1 364 1 1 8 6  

4 4 1 5  1 26 1 742 1 334 1 75 7  1 883 

Mean ( Mg )  70 93 633 688 785 834 

+ SE 1 0  1 2  230 1 53 2 1 7  1 91 

Although the res ults o f  two days analys es are v ery limi ted both with 

res pect t o  number of days and number o f  pigs , the individual figur es show 

li ttle variability in mos t  cas es , for both Dung and Urine . 

( b) Relative Proportions of Total Reducing S ugar Loss in the 

Dung and Urine 

The dail y  variabi lity studies showe d  that only a small proporti on o f  the 

to tal loss was associated with the fae c es . In addi tion there was less 

treatment influence on th e dung s ugar level compared wit h that o f  the 

urine .  As a r esult o f  thes e s t udi es , the figures obtained from Collec ti on C 

( Appendix 3 . 1 /6 )  were analys ed s o  that th e r elative proportions o f  the 

total loss could be asc ertained . Th e data showed that , o f  the t otal s ugar 

voided , 94 . 4  � 0 . 9  % was found in the urine and only 5 . 6  + 0 . 9  % was lost  

in th e fae c es of  ' normal ' c onsis t ency . 
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( c )  The Effects of Increasing Lactose  Intake on the 

Amount of Urinary S ugar Loss 

Analysis of  varianc e ( Ap p .  3 . 1/7 )  of the results from four trea tment 

groups at two liveweights ( 60 .0 � 0 . 95 lb and 1 1 0 . 82  � 0 . 79 lb) revealed 

highly sign i fi cant treatment and collec tion effec ts upon urinary sugar 

output . Mean values for the four trea tments and two collections are 

pr es ented in Table 3 . 1/4 .  Raw data , and an F t es t  of  heterogeneity o f  

regressions giving F = 0 .0 1  for 1 : 6 degrees freedom ( NS )  are pr es ented 

in A pp . 3 • 1 /7 • 

TABLE 3 . 1 /4 Mean ± SE of  to tal urinary sugar loss (gms ) for two 

5- day collecti on periods ( a t  60 and 1 1 0 lb liveweight ) 

and for four treatment groups . 

1 % • •  

Mean 

+ SE 

5 %  • 

• •  

• 

COLLECTIONS TREATMENTS 

A c.,L 1 2 3 

4 . 1 56 7 . 92 1  2 . 045 4 . 854 7 . 361 

+ 0 . 349 + 0 . 365 + 0 . 655 + 0 . 655 + o . 655 + 

M eans not overs cored by the same line are signifi cantly 

( P  < 0.01 ) different • 

Means not und ers c ored  by the same line are signi fi cantly 

( P  < 0 . 05 ) different . 

I Data c ontains one missing plot value . 

( d )  Total S ugar Loss in Relation t o  Lactose  Intake -

S ugar ' Ba lance ' 

41 

9 . 8 93 

0 . 699 

To ass ess th e proportion of inges t e d  lac tos e los t in the  faeces  and 

urine a r o ugh balan c e  between lac tos e intake and total reducing sugar outgo 

was calculated . This could only yield maximum ' percentage loss ' values 

as no a c c ount was taken of any contri but i on from alt ernative  c arbohydra t es 
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in  the di et , s uch as s tarch . However , considering s tarches rapid 

diges tion to produc e glucose  whi ch is  r eadily absorbed and uti li z ed , i t  

i s  unlikely that any subs tantial cont ri bution arose from this s ourc e .  

Only a low reducing acti vity was recorded in th e urine from pigs receiving 

no lac tos e .  I n  view o f  results obtained by chromatography ( t o  be 

pres ented later ) mos t  of  this activity  was probably caus e d  by non-s ugar 

reducing s ubs tan c es s uch as uric  aci d  and nucleopro t ein normally pr es ent 

in the urine .  Thes e would not alt er the di fferences between treatments 

but might t end to increas e all values s light ly . Data from Collection C 

involving s ugar intake and excretion are presented in the appendi x ,  

(App .  3 . 1 /8 ) .  Th e res ults show that less than 1 % o f  the total lac tose 

intake was los t as r educing s ugar in the urine and fa eces . 

( e ) Th e e ffect of  Diarrhoea on Fa e cal Sugar Loss 

Unlike the pigs in the main inves tigat ion , very li ttle  diarrho ea 

was recorded in the collection s t udy . This was unfo r t una t e  as i t  •as 

hoped that information conc erning the extent of s ugar loss under 

diarrhoeal condi t ions c ould be c ollec t e d .  Only one pig s coured whi l e  on 

c ollection , and this occurred on one day only . Analys is of  a sample o f  

t h e  fa ec es , revealed a very high level o f  to tal reducing s ugar . Calculation 

showed that a lmos t 5 grams ( 4 .86 grams ) of s ugar had been los t via the 

faeces on this one day . This , in c omparison with a urinary loss o f  

0 . 75 grams , r epres ented 8 6 . 6  % ( c f .  3 . 1 /4 ( b ) ) o f  the t otal s ugar loss 

occurring from the body on that day . 

3 . 1 /5 DISC USS ION AND CONCLUSIONS 

The s ignifi cant increas e in faecal s ugar r es ulting from s torag e ,  

0 frozen at - 1 2  C for 5 days , was unexpec t e d . As the Nelson - S omogyi 

c o lour reac t i on d epends on the oxidation,  in alkaline s olution , o f  

s ugars containing a reducing group (and c ons equently o n  th e reduction o f  
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the c upri c ion t o  the cuprous form) on e explanation is that non-r educing 

carbohydrat es such as s tarch und erwen t bac t erial digestion to �ld the 

reducing sugar glucos e .  

No defini t e  conc lusions o n  the degree o f  variabi lity in daily sugar 

exc retion are possible . S uch i nformation would be o f  i mportance in 

deci ding the  minimum number o f  days requi r ed t o  obtain an accurat e ass ess -

ment o f  sugar losses , o r  carbohydrat e  diges tibility . I f  the results 

pr es ented for two days , were typical o f  the day to day variation , the 

five- day colle c t ion period us ed would have been adequat e . 

Although analys es indicated that approximately 95 % o f  the sugar 

loss oc curred in the urine ,  and tha t th e urinary level was sign i fi cantly 

influenced by the level o f  lac tose  in the treatment rati on , the sugar 

' balance ' c learly showed that total reducing sugar l osses occurring in the 

faeces and urine were of minor nutritional importance to the animal . Less 

than 1 % o f  the total lac tos e inges t e d  was lost ( as total reducing s ugar ) 

in the faeces and urine . 

Mor e work is required to  es tablish the degr ee o f  sugar loss occ urring 

when diarrhoeal conditions pr edominat e .  Although absolut e l evels were 

c omparatively low in th e fae c es analyse d ,  this avenue of loss could ha ve 

been important to some of the  animals in the main investigation whos e foo d  

c ons umption was li ttle  mor e than would be requir e d  for maint enan c e  a n d  who 

w ere scouring repeat edly. 

3 . 2  APPARENT DIGESTIBILITY AND RETENTION O F  NITROGEN 

3 . 2/1 REVIEW OF LITERATURE 

Drie d  skim milk has been shown to be s uperi or to s oybean o i l  meal 

(SBOM)  as a primary sour c e  o f  pro tein in baby pig diets ( Lewis , Catron , 

Liu,  Speer and Ash ton , 1 955 ; Hudman , Speer , Ashton and Catron,  1 955 ; 

Hays , S pe er ,  Har tman and Catron 1 959 ; S ewell 1 963 ; Combs , Os egueda , 
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Walla c e  and Ammerman , 1 963 ; Pekas , Hays and Thompson 1 964 ) . 

The better growth rates made by baby pigs on dri ed skim milk is due 

at least in par t  to their great er abi l i ty early in lif e ,  to diges t the 

milk prot ein ( Lloyd,  Crampton and MacKay , 1 957) . Wi th increas ing age , 

an increas ed ability to dig es t alternat ive sources o f  protein,  results in 

simi lar liveweight gains by animals on mos t  types of  pro t ein by a bat 

7 w eeks of  ag e ( Lloyd and Crampton 1 958 ; Hays et al  1 95 9 ;  Combs e t  a l ,  

1 963 ; Pekas e t  al , 1 964 ) . 

Although s mall improvements in liveweight gain and food c onversion 

effi ciency have been reported  by supplementing a diet containing SBOM with 

m ethionine to correct an amino acid deficiency (Hays e t  al,  1 959 ; S ewell , 

1 963 ) no changes in the nitrogen diges t i bi lity were report ed . Further­

more , the per formanc e  of  pigs on di ets containing skim milk prot ein was 

s ti ll signi ficantly superior to that of the pigs on the methi onin e  

supplemented diets . Hays et al , ( 1 95 9 )  and Sewel l ,  ( 1 963 ) ,  impli ed that 

methionine was th e main amino acid c ontributing to any amino acid 

imbalance in the SBOM diets and there fore concluded that the imbalanc e  

i n  general was n o t  to any maj or degr e e ,  responsible for th e poorer 

diges tibility of  the SBOM prot ein . 

Recen tly Pekas et al  ( 1 964 ) have shown that , whereas dried skim mi lk 

pro t ein is largely d egraded by intes tinal an d gas tric s e cretions S BOM 

prot ein is cons i derably d epend ent on pancreatic secretions for its break-

down . This suggested that slow er d e velopment of  pancreatic s ecretions 

after birth could account for the poorer diges t i bi li ty of the S BOM pro t ein 

s een over the early weeks of life . 

Although both the amino acid imbalance , and the d ependenc e  on 

pancreatic  s e cretion pro bably play a small part in the poorer diges t i bility 

o f  the soybean pro t ein , it  i s  c lear that lac tose has a maj or influenc e  on 

growth performanc e  and prot ein d egradation in the baby pig . The results 

obtained with dri e d  skim milk s ugges t e d  and Hudman et al  ( 1 955 ) show e d ,  
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that the pr es en c e  of lac tos e in a diet c on taining cas ein as the primary 

pro t ein s ourc e  result ed in a marked improvement in the rat e  of gain o f  

thes e pigs , c ompared with gains mad e  by pigs o n  di ets in whi ch lactos e 

was excluded . 

Lactos e a c tion is not limi ted solely to milk pro t eins , s igni ficant 

improvements in gro wth being reported when lactos e was added to diets 

c ontaining s oybean prot ein ( Lewis �1 1 955 ; Sewell and Wes t 1 965 ) . 

As m eat meal and pollard ( 3 : 2 )  contri but e d  the prot ein us ed in the pr es ent 

investigati ons , determinati ons o f  apparent ni trog en diges tibi lity and 

nitrogen r e t ention were made , to ass ess the effec ts o f  different levels 

o f  lac tos e ,  on the utilization o f  pro t ein in this form . 

3 . 2/2 METHOD OF ANALYS I S  

Dupli cate wet fae cal samples from collecti ons B and C ( 85 l b  and 

1 1 0 lb li veweigh t )  were obtaine d  as outlined earlier (Se ction 2 . 3 ,  Par t  I I ) ,  

Feed , urine and fa ec es samples were analys ed for ni trogen content by the 

Kj eldahl method ( A .O .A . C . ) ( 1 965 ) but mer curi c s ulphate ( Hiller,  Plazin and 

Van Slyk e ,  1 948 ) was us ed as a catalys t ,  and th e ammonia was coll e c t e d  in 

bori c acid ( Meeker and Wagner , 1 933 ) .  

Samples were trans f erred to the Kj eldahl digestion flasks by three 

pro c edures accor ding to their consistency . Meal samples were accurat ely 

weighed ( 2gm for mix ed meals , 0 . 5  gms for meatmea l )  on filter paper and 

placed in the digestion flasks . Faecal homogenates w er e  weigh e d  ( 20 gms ) 

on a tare d  wat ch glass and washed into flasks with dis tilled water . Urine 

(5 ml . )  was trans ferred to the flasks using a 5 ml . bulb pipe tt e .  

3 . 2/3 RESULTS 

S tatistica lly s igni ficant treatment dif ferences in dai ly intake o f  

digest ible energy ( P � 0 . 1 0) and Ni trogen ( P< 0 .05 ) were d e t ec t ed a t  8 5  l b  

livew eight but not a t  1 1 0 l b  liveweight ( Table 3 . 2/1 ) ( App . 3 . 2/1 ; 3 . 2/3 ) . 

Although the di fferences  aros e as a c ons equen c e  o f  the treatments impo s e d ,  
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they were us ed as concomi tant variables i n  covarian c e  analys es ( Co chran,  

1 957 ) 1  wi th the  limi tati ons outlined by Smith,  ( 1 957 ) in mind . This 

proc edure enabled the calculation of the s tatistical signifi canc e  of t he 

regr essions betw een D . E .  or Ni trogen intake, and Nit rogen diges t i bi li ty 

or Ni trogen r e t ention .  ( App. 3 . 2/2 ; 3 . 2/4 ) 

In all c ovariance analys es the pooled error r egressions were 

non-significant . In some of  th e analys es the rela tionshi p between the 

variables dif fered widely in magnitude and sign between treatment s , and 

i n  th ese cas es the pooled error regress i on ,  evenif it  had been signi ficant 

would have b een irrelevant to the pro blem.  

At 85 l b  liveweight , data from one pig on treatment 3 could not be  

o btained ( S e c tion 4 . 3/1 Part I )  and data from one pig on treatment 4 was 

discarded due to the pigs poor per formanc e and very high feed refusal . 

At 1 1 0  lb liveweight only 2 pigs remained on treatment 4,  and during the 

c ollection , one of thes e refus e d  approximat ely 20 % of the feed o ffer e d .  

For this reason,  a l l  data c onc erning treatment 4 a t  the heavi er w eight 

was omi tt e d  from s tatistical analys is . 

Analys is of  appar ent Nitrogen Diges t ibility per c entag e ( App . 3 . 2/5 ) 

invo lving three  treatments ( 1 , 2  and 3 )  at two li vew eights (85 l b  and 1 1 0 lb ) 

produced a signi fi cant ( P < 0 . 1 0 )  treatment x Li veweight interrac tion 

( Table 3 . 2/2 ) . At 85 lb  liveweight , treatment 1 and 3 pigs , c ompared with 

trea tmen t  2 pigs , showed a signi fi cantly ( P < 0 . 05 ;  P < 0 . 1 0 ,  respectively ) 

poor er ability to digest dietary pro tein . However , due to a marked 

improvement in prot ein diges t i bility not ed for treatment 1 pigs , no 

differen c es were d e t e c t ed between treatments 1 and 2 a t  1 1 0  lb liveweight . 

Treatment 3 improved only s ligh t ly with th e increas e  in weigh t  and was 

signi ficantly ( P < 0 . 1 0 )  poorer than treatment 1 at 1 1 0  lb liveweigh t . 
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TABLE 3. 2/1 Mean daily D . E.  and Nitrogen Intakes, Apparent 

Nitrogen Digestibility, and Nitrogen Retention. 

TREATMENT MEANS 

85 lb LIVEWEIGHT 1 2 3 4 + SEa 
-

No . o f  Pigs 3 3 3 ;. 3 ,t. 
Daily DE Intake ( Kcal s )  4 , 8 60 4 , 900 5 , 000 4 , 780 37 ( 4 5 )  
Daily Nitrogen Intake (�) J8 . 77 39. 27 41 . 44 40 . 14 0 . 31 ( 6 . 38 )  

Nitrogen Digest ibility (%) 69. 88 76 . 42 71. 52 [jo . 2f 1 . 29 ( 1 . 59 )  
Nitrogen Retention ( NR ) (%)  20. 26 28 . 37 32 . 20 3 1. 7  2 . 1 3  ( 2 . 60 )  

Daily NR ( i )  gms 7 . 83 11 . 14 13 . 33 1 2 . 76 4 . 0  ( 4 . 9 )  
( i i )  gms/lb live-

weight  0 . 092 0 . 131 0 . 157 0 . 150 
( ii i ) gms/kg live-

weight 0 . 203 0 . 289 0. 346 0. 331 

S:ignifi..cance 
of 

Difference 

3 >1 , 4 + 
3 � , 2 , 4  • 
4 >1 • 

2 >1 , 3 + 
3 , 4  >1 • 
2 , 3 , 4>1 • 

' 110 lb LIVEWEIGHT 

No . of Pigs 3 3 3 2 
Daily DE Intake ( Kcals ) 5 , 880 5 , 900 5 , 880 [5 , 74iJ 58 NS 
Daily Nitrogen Intake (�' 46 , 90 47 . 44 48 . 84 o . 47 NS 

/ 

Nitrogen Dige stibility (%)  77 . 02 76 . 06 73 . 07 [68 . 4J] 1 . 29 1> 3 + 
Nitrogen Ret ention (NR ) (%)  27 . 68 29 . 64 32 . 31 1 . 58 NS 

Daily NR ( i )  gms 1 2 . 98 14 . 06 15 . 77 3 . 2  NS 
( ii )  gms/lb live-

weight 0 . 118 0 . 1 28 0 . 1 43 
( ii i )  gms/kg live-

weight  0 . 260 0 . 28 2  0 . 31 5  
' 

• 

+ 

Means differ signifi cantly at the 5 % ( � 0 . 05 )  level of probability 

Means differ signifi cantly at the 10 % ( P<O. lO ) level  of probability 

NS 

Data includes  one missing plot value 

a Values in bracke t s  denote SE for means containing one missing plot 

£J Means enclosed in square brackets  not included in the analysi s  

'. 
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TABLE 3 . 2/2 S ummary o f  means and their s t an dard errors for a treatment 

x age int erraction in the appar ent diges tibility o f  crude 

prot ein ni trogen 

B X 1 B X 3 C X 3 C X 2 B X 2 C X 1 

No . o f  Pigs 3 3 I 3 3 3 3 

5 % * 

Mean 69 .88 7 1 .52 73 . 07 7 6 . 06 7 6 . 42 77 . 02 

+ SE 1 . 2 9  1 .5 9  1 . 29 1 . 2 9  1 . 2 9  1 . 29  
-

1 0  % + 

Data contains one missing plot value 

* Means not: overs c ored by the same line di ffer signi fi cantly 

at the 5 % ( P  <: 0 . 05 ) level o f  pro bability.  

+ Means not underscored by the  same line di ffer s ignifi cantly 

at the 1 0 % (P < 0 . 1 0 )  level of pro babili ty.  

At 85 lb  liveweight ( App . 3 .2/6 ) all pigs r e c ei vi ng lac tose  in their 

di ets retained signi fi cantly (P < 0 . 05 )  more prot ein nitrogen ( gms ) than 

the control group rec eiving no lac t os e . However , at 1 1 0 lb liveweight 

( Ap p .  3 . 2/7 ) no signifi cant differenc es wer e d e t e c t ed between .trea tments 

1 ,  2 and 3 ·  All Ni trogen diges t ibi lity data , and Nitrog en retention 

data including a sing le value for treatment 4 ,  are pre s ented  graphically 

in Fig . 3 . 2/1 . 

3 . 2/4 DISCUSSION AND CONCLUS IONS 

The r esults s how that , as the di etary lac t o se level was increas ed 

the diges t i bility o f  the  pro t ein ( 41 % Pollard / 59 % meatmeal p�o tein ) 

decr eas e d .  This was eviden t  f o r  all treatmen ts at 1 1 0  l b  liveweight and 

for t r eatments .2 , 3 and 4 at 85 lbs liveweight but for unaccountable 

r easons , trea tment 1 did not  conform t o  this g en eralization a t  th e lowe r  

weight . 
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In vi ew o f  the decreas ing diges t i bi lity as lactose  levels increas e d ,  

t h e  increas e in Ni trogen retention ( per c ent and absolut e )  was unexp ec t e d . 

Clearly the very low retention evident a t  85 lb liveweight for treatment 1 ,  

was in part a reflection of the depressed  prot ein diges tibili ty,  but the 

elevated r e t ention seen for both trea tments 3 and 4 occurred despi t e  

decreas ed digestibility . Although the significantly great er intake o f  

ni trogen d e t e c t ed i n  treatment 3 ( Table 3 . 2/1 ) c ould b e  respons ible for 

gr eat er abs olute retention , it is unlikely that this would influen c e  

percent ret ention . Furth ermore ,  no di fferen ces in calorie or pro t ein 

intake were detected between treatments 1 ,  2 and 3 ,  at 1 1 0  lb liveweight 

but increas ed ni trogen r e t ention was still  evident , but non signi ficant . 

Although more work is required to c onfirm these findings , the 

results s ugges t that the form in whi ch energy is provided in th e di et 

( ' Calorie quality ' )  may be an important det erminant in the utili zation of  

the other components in the  di e t . In the pr es ent inves tigation dietary 

carbohydrat e  was provi d e d  eith er by s tarch ( Treatment 1 )  or by various 

pro por tions o f  s tarch and lac t os e .  As s tarch is more rapi dly diges t e d  

than lactose  ( Table 3 . 3/2 Part I I ;  Cunningham , Fri end and Ni cholson , 

1 963 ) increas ing levels of dietary la ctos e  would res ult in greater amo unts 

o f  energy passing into the low er gut . Here t his energy surplus coul d  

s timulate mi crobial growth , thereby incr easing faecal endogenous ni t rogen 

and s o  produce an apparent decreas e in protein digestibili t y .  Further-

more , lact os e ,  by virtue o f  its  s low degradation , would pro vi de a more 

s t eady s upply of  energy to the b loods tream and hence the tiss ues , this 

being a fac tor of  possible impor tanc e in maintaining pro t e in ana bo lism .  

The overall effect would b e  a decreas e  i n  a pparent nitrogen diges tibili t y ,  

and a n  increas e i n  ni trog en r e t ention , a s  s een in t h e  results o btain ed . 

The possibili t y  that the  mean apparent ni trogen digest ibi lity value 

obtained for treatment 1 pigs a t  85 lb  liveweigh t  was not  a vali d  result , 

mus t be  s tr ess e d ,  although there appeared to be n o  r eason to rej e c t  i t .  
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Further work along similar lines is clearly necessary before it  i s  

possibl e  to d raw any de fini t e  conclus ions o n  t h e  influence of lactose  

on ( mea tmeal/pollard )  prot ein diges tibi lity and ret ention . 

3 . 3  APPARENT DIGESTI BLE ENERGY DETERMI NATIONS 

3 . 3/1 REVIEW OF LITERATURE 

A know ledge o f  the available energy o f  dietary components i s  

important i n  formula t ing a balanced di e t .  I n  rec ent years , the 

inadequacy of  TDN values t o  provide this information has resulted in 

c onsiderable res earch to det ermine by dire ct  methods , the DE and ME 

values of feeds . From work with chicks ( Hi l l ,  Anderson,  Renner and 

Carew Jr . ,  1 960 ; Potter and Mat t erso� 1 960 ) and pigs ( Di ggs , Beck er , 

Terrill and Jens en , 1 959 ; Diggs , Becker , Jens en and Norton , 1 965 ) a 

number o f  ME and DE values have been ass embled for cereals and other 

foodstuf fs including dri e d  whey and lactos e .  Va lues were calcula t e d  

i n  a l l  cases by fe eding the t es t  subs tan c e  a s  a percentage of  a c on trol 

di et for which ME or DE values had pr evi o us ly been determined . All 

results were therefore affec t ed to some degree  by the so-called 

associative effects e vi dent in work by Skipi taris , Warner and Loos li 

( 1 957 ) and Pond,  Lowrey and Maner ( 1 962 ) . This problem was larg ely 

overcome by Robins on,  Pres cott  and Lewi s ,  ( 1 965 ) by fe eding pigs ( 1 20 -

200 l b  liveweight ) the test  c er eal as 97 . 5  % of the to tal dai ly ration , 

the remaining 2 . 5% c o mprising ess ential vitamins and minerals . However 

this can only be  done wh en the t es t feed  is nutri tionally adequat e in all 

maj or di etary c omponents . 

All treatment d i e ts us ed in the pr es ent study contained 50 % o f  a 

common meatmeal/pollard mixtur e .  I t  was therefore possible t o  d e termine 

what effect lactose  substitution for wh eat s tarch in th e remaining 50 %, 

had on the energy diges tibi li ty of the four treatment diets . 
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3 . 3/2 METHOD OF ANALYS IS 

The dri e d  composi te faecal sample s  from the thre e  collecti on p er iods 

wer e ground through a 1 millime t er mes h  in a rotary mill . Between 1 and 

2 gram dupli cate s amples of the dung and the feeds were pellet e d , dri e d  

at 1 00°C for 1 6  hours , and weighed.  The samples were  then c ombus t e d  

in a random ord er , i n  an Adiabatic  Bomb Calorimeter , a 1 % error o f  

es timat e being des ired , but errors o f  u p  t o  2 % were acc epted . 

3 . 3/3 RES ULTS AND DISCUSSION 

It was hoped that subs titution of  wh eat starch for lac tose  on an 

equal weight basis  might also prove to be an isocaloric subs titut ion . 

The gross energy values presented i n  Table 3 .3/1 illus trate the degree 

to  wh ich the  four treatment diets  differed in th eir caloric  value . 

TABLE 3 . 3/1 Gross and apparent Digestible Energy Values o f  th e 

four trea tment Di ets  ( K  cal/kg) 

TREATMENTS 

1 2 3 4 
GROSS ENERGY 

Replicate ( a )  438 1 4325 4275 41 90 

Repli cate ( b )  4354 431 1 4246 41 51 
--

Mean 4368 4318 4260 4 1 70 

DIGESTIBLE ENERGY 

No . of  Pigs 3 3 3 I 3 I 

Liveweight 60 lb 3600;t 74 3471;t 60 3465;t1 00 3364z. 77 

85 lb  3 6 1 6;t 1 1  3625;t 1 1  3495:t 1 8  3444;t 1 8  

1 1 0 lb  361 4;t 29 3602.:!: 31  351 4;t 1 4  3378;t 4 

M ean of  3 c ollec tions 3 6 1 1;t 23 3566.:t 23 3491;t 30 3395± 41 

Significanc e at 0 . 1  % ( a )  

1 .0 % 

5 . 0  % 
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� Data contained one mis s ing plot valu e . 

( a ) Means not und e r s c o r ed by the same line differ sign i fi can t ly . 

Ana lys is o f  the results o btained for a ppa r en t  Di ges t i bl e  Energy 

( App . 3 . 3/1 ) show ed that large trea tment differen c es exis t e d  ( Ta ble 3 . 3/1 ) .  

This was unfor tunate in that dir e c t  c omparison be tween treatments for many 

o t h e r  dig es t ibility analys es would have to be mad e  w i th t h e  calor i c  

di fferen c es i n  mind . Th e similar downward - t r en d  in Gross En ergy ( G . E . ) 

values sugg e s t ed that the apparent Diges t i b l e  Energy values were largely 

the res ult of G . E .  di f f e r en c es . Cons e quen t l y ,  the c o e f f i c i en t s  o f  en ergy 

dig e s t i b i l i t y  ( per c en t )  w er e  analys ed ( App . 3 . 3/2 ) th e r e by taking in t o  

a c c ount di fferen c es i n  Gross En ergy intak e .  

A s ummary o f  r e s ul t s  a r e  pres en t e d  i n  Table 3 · 3/2 

TABLE 3 . 3/2 Block, T r eat ment and C o l l e c t i on Means o f  the C o e f fi c i en ts o f  

energy d iges t i bi l i ty ( % )  for the four t r eatmen t  d i e t s  

Signi f .  
Block M ean + SE % o f  T t t i S ignif . rea men f Mean + S E  %D . �f 

C 11 t •  l Signif . o e c  � o n  o f  Mean + SE %D . f f 

H 

I 

J 

Diffc e 

82 . 23 + 0 . 25 1 82 . 67 + 

83 . 1 1  + 0 . 26 � I > J  • • 2 82 .83 + 

8 0 . 93 + 0 . 29 H > J  • 3 8 1 . 49 + 

4 8 1 . 36 + 

• •  Means di ffer s i gni fi can t ly a t  

• Means di f f e r  s i gni ficantly at 

� Mean includes one mis s ing plot 

� 11 1 1  two " " 

p " 11 three 11 11 

- � c e .  

0 . 29 

0 . 29  
• 

0 . 31 ,.!1 ,2 >3'4 
I 

0 . 36 1 

A 81 . 1 2 + 

B 82 . 78 + 

c 82 . 37 + 

t h e  1 % ( P  < o . o1 ) level 

the 5 % ( P  < 0 . 05 )  " 

value 

11 

1 1  

- � c e .  

0 . 38 � 

0 . 40 � B > A • •  

0 . 38 � C > A  • 

o f  Pro bab i l i t y  

" 

Table 3 . 3/2 r eveals that , although d i fferences between treatmen ts 1 & 2 

and 3 & 4 ,  w e r e  small nevertheles s  they w ere s igni fi can t  at t h e  5 % level o f  

pro babili ty . Although this s ugges ts that the highly s igni f i c an t  res ults 
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pres ented in Tabl e 3 . 3/1 were due largely to G . E . differen c es ,  i t  shows that 

true differenc es in the apparent diges t i bi lity of  the lac tose  and wheat 

s tarch exis t ed . Becaus e tr eatments 3 & 4 had the highes t perc entag es of  

lac tose and the lowes t diges t i bi lity c o effi c i ents , th e results c learly show 

that lac tose  is less complet ely diges t ed than wheat starch . Cunningham, 

Fri end and Ni cholson ( 1 963 ) arrived at the same c onc l us ion using corn s tarch 

as a c omparison . 

3 . 4  APPARENT DIGESTIBILITY O F  ETHER EXTRACTS 

3 . 4/1 REVI EW OF LITERATURE 

A r e c ent report (Kern Jr , Struthers Jr and Attwood 1 963 ) sh owed that 

high levels of fa ecal fat occurred in a human suffering from lac tose  

intoleran c e .  This , tog ether with personal obs ervati ons made on the appear-

anc e  of the fa e c es voided by pigs unable to utili z e  lac tos e effici ently , 

sugges t ed that high die tary la c tos e l evels might affect  the absorption o f  the 

ether extra c t  fra c tion in di ets fed to pi gs . 

3 . 4/2 METHOD OF ANALYS IS 

Two ,  2 gram sub-sampl es from the ground,  drie d  faeces sampl es prepared 

for the energy det erminations , w ere extra c t ed wi th anhydrous ether 

( B . P .  34 - 35°C )  for 8 hours in a Soxhlet  apparatus . After extrac ti on , the 

ether was dis tilled from the flasks and these were then pla c ed i n  an oven at 

1 00°C for one hour to drive off the las t  traces of the solven t . Flasks w ere 

then c oo led in a des i c cator,  weighed,  washed out thoroughly with ether , dri ed 

in the o ven and again cooled in the des i cc ator . A s econd weighing provided 

a w eight di fferen c e  repres enting the ether extract  fraction whi c h  was then 

express e d  as a perc entag e .  

3 . 4/3 RESULTS 

Treatment m eans of apparent ether extra c t  digestibility ( a .  D . E . E . ) 

and the energy charact er i s t i cs o f  the di ets are present ed in Table 3 . 4/1 .  
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TABLE 3 . 4/1 Gross Energy, apparent Diges tible Energy, Per c ent ether 

extract, and apparent digestibility of th e e ther extra c t ,  

of four tr eatment di e ts . 

Tr . 1 Tr . 2 Tr . 3 Tr . 4 

Gross Energy KCAL/KG 4 , 368 4 , 31 8  4 , 260 4 , 1 70 

D . E .  K CAL/KG 3 , 61 1 + 23 3 , 566 .:!: 23 3 , 4 91 .:!.: 30 3 , 395 .:!: 41 

Eth er Extrac t % 3 . 70 3 . 68 3 . 65 3 . 63 

a. D . E . E .  71 . 39 + 2 . 1 0 68 . 98 + 2 . 1 0 64 . 1 2  + 2 .23 66 . 1 2  + 2 . 23 

Analysis of  variance ( App . 3 . 4/1 ) showed tha t the incorporation of 

lactose  into the pigs ' diets by the s ubs t i t ution of wh eat s tarch , had no 

signi fi cant effect on the apparent diges ti bi lity of th e e ther extract 

frac tion of the diets . However , ther e was a highly signi ficant l i t t er x 

age ( li veweight ) interraction .  Resu l ts o f  the in terraction are s ummarised  

in  Table 3 . 4/2 . 

TABLE 3 . 4/2 Means and Standard Errors for a litter x Age Int errac tion 

in apparent ether extra c t  digestibility .  

A X J A x H C X J C X H A x I B x H B X J B x I c X I 

No . o f  Pigs 4 4 41 4 4 4 4 4f 4 

1 %  . .  
Mean 43 . 1 8 63 . 20 66 .88 70 . 02 7 1 . 1 0  71 . 25 72 . 02 74 . 72 7 6 . 50 

+ SE 2 . 38 2 .38 2 . 75 2 . 38 
-

2 . 38 2 . 38 2 . 38 2 . 75 2 . 38 

5 % • 

Collection A • • 6o . oo + 0 . 95 lb 1/w t . Block H • •  Large Whi t e  x ( Berkshir e  
x Large Whi t e )  

Collection B • • 85 . 1 5  + 0 . 52 lb  1/w t . Block I . . Landrac e  x Large Whi t e  

Collec tion c • •  1 1 0 .8 2  + 0 . 79 l b  1/w t .  Block J • • Landrac e  x Large Whi t e  
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• •  Means not overs cored by the same line are signi ficantly 

different at the 1 % level of pro babi li ty . 

• Means not unders cored by th e same line are signi ficantly 

different at the 5 % level of pro babili ty. 

Data c on tains one missing plot value . 

Th e results showed pigs on Block J at 60 lb li vewe ight , to have a 

much poorer ( P  < 0 . 01 ) abi lity to uti liz e  the ether extract fraction in the 

di et . A small , but signi ficant ( P  < 0 . 05 ) age effect  was apparen t  in 

Block H between values obtained at 60 and 85 lbs li v ew eight , but not betw e en 

values obtain ed a t  60 and 1 1 0  lb liveweight . Li tt er eff ects were apparent . 

At 60 lb ,  li t t er I was more capable o f  digesting the ether extract fraction 

of  the di e t ,  than litt ers H ( P  < 0 . 05 )  and J ( P  < 0 . 0 1 ) .  No signi fi cant 

differences were apparent at 85 lbs ,  but litter I gav e  signifi cantly 

( P  < 0 .05 ) higher a . D . E . E . values than li t t er J at 1 1 0  lb li veweight . 

3 . 4/4 DISCUSS ION AND CONCLUS ION 

The influence of age on ether extract diges t i bility has been r eport e d  

by Lloyd , Crampton and MacKay ( 1 95 7 )  from determina tions made with baby pigs 

at 3 and 7 w eeks of  age .  Although di fferences were not signi fi cant , due to 

a high variability reported  within age groups , r es ults present ed showed 

appreciably better uti lization of  di e tary ether extract  at 7 weeks of ag e .  

Results obtained in the pre s ent work would seem t o  s uggest that develo pm ent 

of  digestive ability may c on tinue for as long as 1 0  weeks ( 60 lbs ) .  

The tr eatment mean a. D . E . E .  values obtained wi th diets containing 

approximately 4 % ether extrac t ,  are comparable with published figures 

( C lawson , Blumer,  S mart Jr and Barrick 1 962 ) of 4 7 ,  73 and 75 % for a rati on 

( Gr oss Energy 4 , 008 Kcal/Kg ) c ontaining three  levels ( O t  5 and 1 0  %) o f  fat 

s upplementation respectively . More recently Bayley and Lewis ( 1 965 ) have 

r eported  values for apparent diges tible  fat rangi ng from 60 - 7 6 % for 

thr e e  s o ur c es of fat comprising 5 % of the total diet . I t  was concluded 

that the results did not s upport the  s ugges t i on that la ctose  inc l us i on 
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into diets for growing pigs affects their abi lity t o  dig est the ether 

extra c t  frac tion of thos e di e ts . 

3 . 5  LACTIC ACI D ANALYS IS 

3 . 5/1 REVIEW OF LITERATURE 

In humans diarrhoea resulting from lactos e into leranc e is invariably 

accompanied by a marked increas e in faecal lactic  acid ( Wei j ers , 

Van d e  Kamer ,  Mos s e l  and Dicke 1 960 , Kern , Struth ers and Attwood 1 963 ,  

Struthers , Singleton and Kern 1 965 , Kern and S truthers 1 966 , Torres-Pinedo , 

Lavas tida , Rivera , Rodriguez and Ort i z  1 96 6 ) . 

Although there have been several r e ports of lac tose induc ed diarrhoea 

in pigs , no reports of t es ts for lactic  acid in the fa eces are available . 

Fri end , Cunningham and Nicholson ( 1 963 ) studi e d  the levels o f  both 

lactic acid and th e vo latile fat ty acids ( v . f .a . s ) in sections of the 

alimentary tract of the pig , but unfor tunat ely, only levels of the v . f . a . s 

were studied in earli er work ( Friend , C unningham and Ni cholson 1 962 ) wi th 

pig faec es . Results o f  work on the dis tri bution o f  lactic  acid over the 

length of  th e gut ( Fri end et al 1 963 , Al exand er and Davi es 1 963 ) showed 

maximum lac t i c  acid absorpt ion to occur in th e small intes tine , very li ttle  

change in lac t ic acid conc entration being appar ent dis tal to the  caecum . 

Lac tic acid in the faeces , is therefor e a reflection o f  either i mpair ed 

intes tinal absorption ,  res ulting from lac tos e a c t ion in some way , or o f  an 

increased production of lactic  acid in the lower gut areas from whi ch 

absorption is relati vely poor • . I t  i s  l ikely that both fac tors ar e involved . 

Although no reports are availa ble on the e ffec ts o f  lactose  induc ed 

diarrhoea on the int es tina l  absorpti on of lac tic  acid,  work reported earli er 

( Part I I ,  S ection 3 , 1/1 )  in whi ch high faecal sugar l evels were at tri buted 

to impaired s ugar absorption , s uggest that lac tate  malabsorpt i on could als o 

occur .  The second possibility,  increased production o f  lactic aci d ,  is 
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supported by work by Wi lbur ( 1 95 9 ) ,  and Wi lbur , Catron , Quinn , Speer  and 

Hays ( 1 960 ) who reported an incr eas e in la c toba c illi resulting from a 

lac to s e  diet . 

3 - 5/2 METHOD OF ANALYS IS 

Lac t i c  acid was determined by th e method o f  Ryan ( 1 958 ) .  S everal 

preliminary det erminat ions with s tandard lac t i c  acid solutions , to 

es tablish a regress ion c o e f fi c i ent to the ' linear component , sh owed the 

method to be working satisfa c tori ly . A linear regress ion �uation 

Y = 8 .302 X ±0 . 01 2 was calculated . I t  was found advisable to store  the 

s emicarbazide  and phosphat e  buffer solutions s e parately and to mix th em 

immediately pri or to each s e t  of  det erminations , as the s emi carbazide  

became ina c t ive i f  stored a t  pH 7 .  

When sample ,  lac t i c  a c i d  concentrations were det ermined agains t a 

water blank ( 2 ml disti lled water in plac e  o f  the 2 ml deprot eini z ed 

s ample )  abnormally high r eadings wer e obtained , a dilution o f  1 :  1 000 ( v/v ) 

with di s t i lled wa ter being nec essary before th e O . D .  values were low enough 

to enable a reading to be mad e .  Th e samples were  then d e t ermined agains t 

a r eagent blank ( 2  ml sample us ed but the 0 .4 ml e er i e  s ulphate  solution in 

6 N .  H2so4 , was r ep la c ed by 0 . 4  ml o f  6 N .  H2so4 alone . )  

Samples whi c h ,  whe n  read against the wat er blank , yi elded very high 

value s ,  when read agains t th e r eagent blank , gave z ero , negative  or very 

s mall posi ti ve values . The basis of th e r eaction involves the formation 

o f  a c o loured ( under ultra violet light ) s emi carbazone from a reac t ion 

betwe en s emi carbazi d e  and the a c etaldehyde formed by the oxidation of 

lac t i c  acid by a c i di fi e d  e eri e s ulphat e .  As e erie  sul phat e  was a bs ent from 

the r eagent blank , the high opt ic al d ens i ty (O . D . ) values produc ed in thes e 

samples must have ari s en from an alternative sour c e  of  aldehyde or  ketone 

derivatives . I t  was possible t o  rule out th e method o f  d e pro� einization 

as the caus e by pre pa ring fresh prot ein fre e  filtra t es by the us ual method . 
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Thes e produc ed only s lightly positive  O .D .  values when meas ur ed against 

a wat er blank . I t  then appeared obvi o us that the pres ervative was 

r esponsibl e . Samples were t es t ed with and without t oluen e .  Very high 

values were produced by the samples w i th the toluene . I t  was conc luded 

that toluene r eadily underwent oxidati on to produce both benzaldehyde 

and benzoic acid , both of  which w er e  c apable of reac ting with the s emi­

carbazi de . 

An alt ernative method of lac t i c  aci d  determination ( Barker and 

S ummerson 1 94 1 ) was consid ered , but becaus e  this als o  d epended on an 

ac etald ehyde r eaction , i t  appeared t o  suffer from th e same disadvantages . 

Continued us e of  the reagent blank, was not satisfactory as this result ed 

in a cons i d e ra ble loss in th e accur a cy with which true lactic acid 

concentrati ons c ould be det ermined . Be caus e at this s tage of  the work 

all fae c es sampl es had had toluene add e d ,  estimation of  lactic acid was 

abandoned . 

3 . 5/3 DIS C USSION AND CONCLUS IONS 

The very small values o btained when samples were d e termined against 

a r eagent blank , indi cated that it was unlikely that lac t i c  acid was 

pres ent in any appreciable quanti t i es . How ever , the faecal filtra t e  

from t h e  single  pig which s cour e d  badly over one collec tion peri od was not 

inc luded in these  det erminat i ons and s o  th e pos s i bi li t y  that there was a 

grea t e r  con c entra tion of  lac t i c  acid in this faecal s ampl e cannot be  ruled  

out . I t  is clear that analys i s  of  fr esh samples i s  to be pre ferred , but 

if s t orage is unavoida bl e ,  care should be  taken in the choi c e  of a pr es er­

vative . 



CHAPTER 4 

CHROMATOGRAPHIC S UGAR ANALYSIS 

4 . 1  FAECAL AND URINARY ANALYSIS 

4 . 1/1 I NTRODUCTION 

Th e results o f  reducing sugar analys es reported  earli er provid e d  

information on the total reducing s ugar loss es i n  faeces and urin e .  In 

order t o  determine the form in whi ch s ugar loss from the body o c c urred,  

deprot einized faecal or urinary samples were  inves t igated by chromatograph y .  

4 . 1/2 REVIEW OF LITERATURE 

( a )  Urinary Filtrate Analysis 

Early stud i es on sugar metabolism involving the  analysis o f  urin e  

for total reducing sugars , us ed only very crude methods ( i . e . ,  yeast 

fermentation ) for the i d entification o f  the individual sugar c omponents 

( Watkins , 1 928 ; Win t er , 1 931 ; D euel Jr , 1 936 ) . Chromatogra phic  

separation o f  the  reducing s ugars in  urine was first carried o ut by 

Wi lliams ( 1 954 ) and s ince  tha t t ime a c onsi derable amount of work wi th 

ur ine , for both metabolic and diagnos t i c  purpos es , has involved paper 

chromatographic  s eparation of s ugars ( Haworth and Mc Credi e,  1 956 ; Haworth 

and McDonald,  1 957 ; Umbarger , 1 962 ; Gryboski , Thayer , Gabrielson and 

S pi ro , 1 963 ; Signor etti , Par.S e lla and Tuc c iarone , 1 964 ) . The principle  

fac tor limi ting its  wider us e in  routine clinical analysis is  that i t  is  

very time c onsuming . This can be larg e ly overc ome by adopting thin-layer 

_ proc edures which yi eld res ults in a few hours , whereas paper c hromatography 

us ually involves at leas t a day . 

( b )  Fae c es Filtrate Analys i s  

Chromat ogra phic analysis o f  faecal  sugars is  s till i n  t h e  early 

stages of development .  The method was firs t us ed in carbohydrat e  

intoleran c e  s t ud i es by Durand, Martino and Lamedica ( 1 961 ) t o  i d en t i fy by 
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i ts presen c e  in  the faeces , the s ugar responsible for a pat i ent ' s  chroni c 

diarrho ea . When an absolut e lac tas e defi c i ency exis ted , only la c tos e was 

found in the s tool chromatographic  pa ttern , but if the enzyme defici ency 

was par t ia l ,  the monosac charides glucose and galactose were also reported  

found . Similar procedures have been us ed by Auri cchi o ,  Prader , Murs et and 

Wi tt ( 1 961 ) and Auricchi o ,  Dahlqvis t ,  Murs e t  and Parker ( 1 96 3 )  to inves tigate 

suc ros e intoleranc e  an d by Lindquist  and Me euwisse ( 1 962 ) invest igating a 

cas e of  monosac chari de malabs orption . Ford and Haworth ( 1 963 ) , and Baar 

and Bi ckel ( 1 964 ) point ed out tha t the t endency to conc entrate  on pa t i ents 

exhibit ing a disac chari de int o lerance had resulted in little  or no 

in formati on on the normal faecal sugar pic ture in children . From a total o f  

7 1  stoo ls examined by pa per chromatography Ford and Haworth ( 1 963 ) con c luded 

that a vari ety o f  mono- an d disac chari des are to be found in the faec es , 

their pres en ce and quant ity being largely dependent upon the di e t .  

4 . 1 /3 METHOD O F  ANALYSIS 

( a )  Introduction 

Although very few publications are a vailable on th e separat i on of 

sugars by thin- layer chroma tography , i t  was decided that the advantages in 

time saved , both in developing the plates and in the number o f  s amples 

whi ch c ould be handled at one time , j us t i fied its us e .  Glucos e and 

gala c t ose , by virtue o f  their s truc tural simi larity are difficult to 

separate  by paper chroma tography , and care ful choi c e  o f  s o lven ts is necessary 

to ensur e  adequat e separation . As several suc c ess ful s eparations on paper 

had been r eported (Opi enska - Blauth ,  Mad ecka - Borkowska , and Borkowski , 

1 952 ; Roberts , 1 957 ; Colombo , Corbetta , Pirot t a ,  Ruffini , and Sartori , 

1 960 ) i t  was decided that a c ellulos e film would be  mos t  likely to 

produc e adequate s eparation . 
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Thin-layer Chromatographic s eparation of  Gluco s e, Gala c tose and Lac t ose 

Developmen t :  
Solvent : 

Asc ending , at 4°C 
Isopropanol-Ethyl 
Ani line Phos phat e  S pray :  

( 1 )  Lactos e  ( 2 )  Glucos e 

for 6 hours 2 runs 
Ace tate-Wa t er ( 7 : 1 : 2 )  

( 3 )  Galac tose  
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( b )  Preparat ion o f  Pla t es 

Pla t es ( 1 0  c m .  x 20 cm . )  were thoroughly washed in a strong 

det ergent solution and w ell rins ed with boi li ng wat er . They were  then 

washe d  s e veral times with distilled water and finally wiped with a s o ft 

paper tissue soak e d  in m ethanol . A s l urry pr epar ed by blending 1 5  gms 

c e l lulos e  M . N . 300 ( Mach ery Nagle & Co . ,  no binder ) wi th 90 ml . of  

deionized  wa ter - me thanol so lution ( 5 : 1  v/v)  ( Vomhof and Tucker 1 965 ) was 

s pr ead on the pla t es as a 250� layer an d o ven dri e d  after evapora tion o f  

s urplus flui d a t  room t emperature . 

( c )  Pr eparation o f  Samples 

Preliminary det erminations show ed that the s ugar in th e samples was 

at too low a conc entra tion to a llow d e t e c tion without overloading th e 

chromat oplates . Cons equent ly , a 50 fold inc rease in conc entration was 

achi eved  by freeze  drying 1 0  ml . o f  each sample and adding 0 . 2 ml . o f  

disti ll e d  water t o  the dri ed r esi due . 

( d )  Choic e  o f  Solvents 

Li ttle in formation was available on s o lvents for the s eparat ion 

of g lu c os e  and galac t o s e  on c ellulos e layers . From current lit eratur e  

s everal likely solvents were c hos en , two were tes t ed , and one resul t ed in 

exc e l lent separat ion aft er th e plates were developed twi c e  ( Fi g .  4 . 1 /1 ) .  

This was a mixtur e  o f  Is opro panol - Ethyl A c e tat e - Wat er ( 7 : 1 : 2 )  us ed by 

Adachi ( 1 965 ) for the s e paration o f  gluc os e , gala c to s e  and lac to s e  on layers 

of Kei s e lgel . 

( e )  Development Pro c edure 

S amples were  appl i ed 2 cm . a bove th e bo ttom of th e plates usi ng a 

1 0  cmm . gradua t ed mic ropipett e .  I n  every case the two outsi d e  samples 

were s tandard solut i ons containing 2 . 0;Ug • of  glucos e , galactos e and 

lactos e . Volumes of  faecal and urinary samples appli e d, were adj ust ed 

a c cording to calc ulated sugar con c entrat ions , so that approxima t e ly 2 .5jUg • 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1 27 .  

and 5 . 0 � g .  r espec t ively o f  sample was appli ed in a ll cas es . When large 

volumes were r e quired , the sampl es w ere added in 0 . 2�1 . increments and 

the area drie d , usi ng a hair dri er . 

Four pla tes were developed at one time in each o f  2 solvent 

saturated tanks lined with fi l t er paper . The tanks were pla c e d  in a cool 

room kept at a cons tant 4°c t o  i mpro ve the resolution ( Truter 1 963) , and 

were developed in an as c ending manner for 6 hours ( approximat ely 1 5  ems ) . 

Th e pla t es wer e then removed , and th e solvent front was marked . After 

1 5  minutes drying time , they were re turn ed to the ir respec tive tanks , 

developed unti l the previous solvent front was reached , r emoved ,  and allowed 

to dry . 

( f )  Spraying Pro c edure 

Pr e li minary work indicated  that neither aniline phosphate  or benzidine 

was satisfact ory for th e d e t e c t i on o f  both hexos es and lactos e in th e amounts 

present in thi s pro c edur e . Th e c ellulos e lay ers were there fore divi ded in 

hal f , the upper area being sprayed with aniline phos phat e  ( Bryson and 

Mi tchell 1 951 ) to d et ect  hexoses , the lower ar ea , with benzidine ( Horrocks 

1 94 9 )  t o  det ect  lac tos e .  Th e plat es were then pla c ed fo r 1 0  minut es i n  an 

ele ctri c  oven maintained at 1 1 0°C . 

4 . 1/4 RES ULTS AND DISCUSS ION 

The data on t otal reduc ing sugar conc entrati ons of fa ecal and urinary 

prot ein fre e  filtrates w as examined so that samples with suffi c i en tly high 

sugar c on c en trations could be s el ec ted . A total o f  4 ,  5 ,  3 and 3 faecal,  

and 6 ,  9 ,  10  and 15  urinary pro t ein fr ee  fi ltrates were  us ed from 

treatments 1 ,  2, 3 and 4 res pe c t ively. 

S tandard glucose and lac tose solutions containing 0 . 2 ,  0 . 4 , 0 . 8 , 

1 .2 ,  1 . 8 , 2 . 0;u g • sugar were developed under i d enti cal conditions t o  thos e 

us ed for the samples . The amounts o f  each s ugar pr esent in the sampl e  

spo ts were  th en ass ess ed by a visual c omparison with th e s pots obtaine d  



FIGURE 4 . 1/2 

Thin- layer Chromatoplates of  Urinary Filtra t es 

Four sample spots on each pla t e  from Left t o  Right c orr es pond t o  
Treatments 1 to 4 .  

Pla t e  ( a )  Samples c ollec t ed a t  60 lb Li veweight . 
Pla t e  ( b )  Samples colle c t ed at 1 1 0  lb Li veweigh t .  
Developmen t :  As c ending , a t  4°C for 6 hours - 2 runs 
S ol vent : Isopropanol-Ethyl Ac etate-Wa t er ( 7 : 1 : 2 ) 
S pray :  Upper half . Ani line Phosphat e  

Low er hal f .  Benzidine 
( 1 ) Sample Origin ( 2 )  Lac tose 
( 3 )  Glucose  ( 4 )  Gala c tose  
( 5 )  Solven t Front 
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from the s tandard solutions . Quan t i t i es o f  sugar for each sample s pot 

w ere c omparable betw e en samples as a r esult of equal volumes being appl i ed 

to the plat es . 

( a )  Urinary Fi l trat e  Ana lysis 

R esults o f  the  chromatograph i c  ana lysis of urinary filtra t e  s ugars 

are summari s ed in Tabl e 4 . 1/1 . 

TABLE 4 . 1 /1 uant i t i es o f  Gluco s e  Gala c tos e and La c to s e  ( res ent in 

urine samples , i d enti fi ed by thin-layer ch romatography 

TREATMENTS 

1 2 3 4 

Glucose  Mean �g . 0 . 1 0  o . o4 0 . 28 0 . 21 

Rang e_}Jg • o . o-o . 4 o . o-o . 4 o .o- 1 . 2 o . o- 1 . 8 

Galac tose Mean y g . - 0 . 70 o . 42 1 . 07 

RangejJ g • - o . o-2 . 2 o .o- 1 . 8 o . o- 2 . 0  

Lactose  Mean p g .  - o .4o 0 . 93 1 . 01 

Rang epg . - o . o- 1 .8 0 . 0-2 . 5 o . o- 2 . 5 

Galac tos e + Lac t os e Mean)Ug •  - 0 .55 o . 68 1 . 05 

The data shows that very small a mounts of gluc o s e  were  los t by all 

treatment groups . Due to the wid e  variability in indi vi d ual det erminations , 

the results o f  gala c tose and lac t os e  ass essed  independently show li ttle  

treatment e f fec t . How ever , the mean values of the two s ugars illustra t e  

an increas e i n  amount with incr eas ing l evels o f  lactos e a s  was r epor t ed 

ear li er ( S e c ti on 3 . 1  Part II ) usi ng t o tal r educ ing sugar analysi s . 

Within tr eatment gro ups ( Fi g . 4 . 1 /2 )  there appears t o  be a decreas e 

in  urinary lac t os e  loss wi th increasing age . This s uggests tha t  mucosal 

hydrolysis incr eas ed either with age , or with prolonge d  feeding of lac tos e 

as has been s ugges t ed by Fis ch er and Sut t on ( 1 953 ) , Gi rard e t , R i ch t erich 

and Ant ener ( 1 964 ) . Unfortuna t e ly i t  was not possi ble to obtain informa t-
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ion on the e f fects of  la ctos e i n  the d i e t  on the d evelopment o f  the 

intest inal mucosa . Thi s  has b e en r eported to res ult in increas ed 

galac tosidas e activity ( Fis cher an d Pat ton , 1 955 ;  Fis cher , 1 957 a ) 

whi ch would account for the inc rea s ed mucosal hydro lysis . 

( b ) Fa eces Filtrate Analys is 

Res ul t s  of the chromatographic analys is of fa e cal samples ar e 

pr es ent ed i n  Table 4 . 1 /2 .  

TABLE 4 . 1/2 uanti t i es . )  of  Pentose  from Fae c es fi ltra t es 

identi fied by thin-layer chromatography 

TREATMENTS 

1 2 3 4 

No . of  Determina tions 4 5 3 3 

Pentose 5J-lg . ) He an 1 . 30 o . 64 1 . 33 o . B o  

Range 0 . 2- 2 . 0 0 . 4- 1 . 2 o .B-2 .o 0 .4- 1 . 2 

In no cas e did glucos e or gala c tos e quant i t i es exc eed  O . �g . ,  the 

mean being approximately 0 . 1JV g • in e very cas e .  Lac tos e  was no t det e c t ed . 

The data show e d  that little  gluc os e and galac tos e loss , and n o  

appar ent lactos e  loss occurred in the fa ec es . A pentose was c learly 

th e predominant s ugar pres ent . Whi l e  performing preliminary chromato-

graphic d e terminations usi ng the samples pr epar e d  from fae c es s tored 

for zero and 5 days at - 1 2°C (Section 3 . 1 ) ,  i t  was noticed  tha t  great er 

pentos e  conc entrations acc ompanied the sampl es pre pared aft er 5 days 

s torage frozen . I t  appears likely , th erefor e , that the incr eas es not ed 

in the total reducing s ugars after s torage were the resul t  of incr eas es 

in the conc entration o f  this pentos e . 

Only one case of  diarrhoea oc c urred ,  and analysis o f  samples taken 

indicat ed very high l e vels o f  total r educ ing s ugars . When chromatograph e d  
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with  a corresponding s a mpl e taken from the s ame pig a t  a later c ollec ti on ,  

the pla t e  ( Fig . 4 . 1 /3 ) revealed tha t ,  in addition t o  the pentos e ,  very high 

c onc entra t i ons of gluc o s e  and galactose , but not lactose , were los t from th e 

fa e c es . As mucosal hydrolysi s  o f  lac tos e w o uld r esult  in a bs orption o f  the 

monosac charides from t h e  alimentary tra c t , it  appears lik ely that th e lac to s e  

was hydrolys ed i n  an a r e a  o f  th e gut i n  whi c h  gluc ose  and galac tos e c ould 

no t be a bs orbed . I t  i s  s ugg e s t ed that cl eavag e o c c urred in the c a e c um 

and ( or )  the c olon ( S e c t ion 4 . 3/5 Par t I ) , where the res ulting monosac charides 

by osmo t i c  ( Lindquist  and Heeuwiss e  1 962 ) , or  s ome other means , a f f e c t e d  water 

r eabsor p t i on th ereby c a using the diarrhoea . 

4 . 2  I DENT I FICATION O F  THE FAECAL PENTOSE 

The  o c currence  o f  a pentose  sugar in the  fae c es o f  children was 

s ugges t ed by Ford and Haworth ( 1 963 ) who wro t e : -

"In  a n umber o f  s t o ol samples uni d en t i f i e d  bands w ere  s e en on 
the chromatogra phy papers . Some of these were in the 
pos i ti on in whi ch pentoses are us ually found , but a speci fic 
pen t o s e  was not i d enti f i ed with c ertain ty . The nature of 
thes e s ubs tan c es warrants furth er inves tigation . " 

I n  a ddition , Baar and Bi ckel ( 1 964 ) hydrolys ed the oligos a c chari d es 

in childr en ' s  fae c es and  reported  the pres ence  of a pentose in t h e  

hydrolyzat e ,  but n o  a t t empt was made t o  i d e n t i fy i t . 

4 . 2/1 METHO D, RES ULT AND DIS CUS SION 

Fae cal filtra t es , and four s tandard pentose s o lutions ( L .  Arabinos e ,  

D .  Lyxos e ,  D .  Ri bos e , L .  Xylose ) were appl i e d  to Whatman No . 1 filt er paper . 

The paper was develop e d  in a desc ending manner for 24 hours us ing n Butanol -

Glacial A c etic Acid - Water ( 4 : 1 : 1 )  ( Grimm e t t  and Ri chards 1 964 ) . A f t er 

drying , the  pap er was s prayed with freshly prepare d  phloroglucinol  

( Borenfreund and Dis ch e 1 957 ) whi ch produc e s  green roloured s po t s  with 

keto- pent oses , and purple spots with aldo- p entos es . The paper was dried  

a t  r oom t emperatures and then heated for  two  minut es a t  90°C .  From the 
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posi tion and c o lour reaction o f  the s pots ( Fig . 4 . 2/1 ) i t  was poss ible to 

t enta ti vely i dent i fy the unknown pentos e as xylos e .  

Xylos e has b e en reported found in the urine of children ( Hawor th and 

McCredi e ,  1 956 ; Haworth and McDonald ,  1 957 ) ,  and lat er , Ford and Haworth 

( 1 963 ) reported a pentos e in the fae c es of children , but the possi ble  

relationship b etween the  faecal and the  urinary pentos e  obs ervati ons was 

never dis c uss e d .  

D .  Xylos e i s  the principle product o f  the hydrolysi s  o f  Xylan , a 

polysac charide  which occurs in  pra c t i cally all plants and c lo s e ly follows 

s tarch in dis tri bution ( Whis t ler and Smart 1 953 ) .  Xylan is poorly diges t ed 

by the pig ( Salo 1 965 ) but a number of micro- organisms are reported 

( Whistler and Smart 1 953 ) to be able to decompose th e polysacchari d e . The 

pres enc e  o f  Xylos e i n  the faecal sampl es may there for e ,  be  th e res ult o f  

mi cro bial a c t i vi ty i n  the large int es tine . Furthermore the pres enc e o f  

Xylan i n  the s tored fae c es repor t ed earl i er ( S e c tion 3 . 1 /3 ( e ) Part I I )  c o uld 

have r es ulted  in the measur ed increase in total reducing s ugar as a r esult 

of fa ecal mi crobial action .  



PART III  

GENERAL DISCUSSIO N, POSS I BLE 

TOPICS FOR FUTURE RESEARCH , 

AND S UMMARY OF RES ULTS . 





1 . 1 I NTRODUCTION 

CHAPTER 1 
GENERAL DISCUSSION 

With one exception , all  pigs in the  colle c ti on s t udy, r egardl ess o f  

tr eatmen t ,  g r e w  at a comparable rat e , and consumed s tati s ti cally similar 

amoun ts of food . As a resul t , no  diffi c ul t i es were experi enc ed in 

obtaining collec tion data at 60, 85 and 1 1 0 lb livew eight for all treatment 

groups . Had th e collec tion ani mals on th e 45 % lac to s e  di et  refus ed as 

much food , and grown as poor ly , as many of th e animals on th e same di e t  i n  

t h e  main inves tigation , it  is unlikely that more t han o n e  collec tion ( a t  6 0  l b  

li veweight ) c o uld have b e e n  made . How ever , c ertain advant ages wo uld have 

also b e en gained if  th e animals in the collection s tudy had produc ed t r eatment 

di fferences s i milar to thos e produced by th e animals in the main inves t igation . 

This is par t i c ularly true in th e cas e of tr eatment s 1 ,  2 and 3 ,  in whi c h  ( in 

• 

the main inves tigation ) s tatis t i cally signi ficant differences in liveweight gain 

resul t ed from fac tors o th er than a d epress ed food intake . S uch fac t ors 

migh t  well have been d e t e c t e d  had the collection animals also shown this growth 

rat e effec t . 

1 . 2  DISCUSS ION O F  RES ULTS 

The bio chemi cal , physi ologi cal and anatomi cal as pects involved i n  the 

uti lization of high di e tary levels o f  lactose  ar e bes t dis c us s ed in r e lation 

t o  Fig . 1 . 1  whi ch s ummaries the results obtained i n  the present s eries o f  

inves tigati ons . Under the feeding condi tions employe d ,  poorer li veweight 

gain s  on 45 - 50 % lac tose  diets were largely th e result of depres s ed food 

intak e . On this di e t ,  pigs weighing 50 lb  liveweight were receivi ng. mor e 

than 1 .0 lb lactos e daily . I f  the "Maximum Tol erable Intake " hypothesis 

outlined earlier is valid ,  this would mean that s imilar food intake 

depr essions ( and henc e probably poorer liveweight gains ) c o uld be exp e c t e d  

f r o m  di ets c ontaining s everal differen t  per c entages o f  la c t os e ,  provi ding 
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they are fed a t  a level which also res ults in more than 1 . 0 l b  o f  lactose  

be ing i ngested dai ly , a t  50 lb  liveweight . 

I t  was not pos sible to determine th e ext en t  to whi ch oth er factors 

c ontri but ed to th e poor er grow th o f  the treatment 4 animals , but it is 

r eas onable to ass ume that the e f fects  to be discus s ed in relation to 

t r eatments 1 ,  2 and 3 were also affec ting li veweigh t gains in tr eatment 4 .  

The res ults from urinary s ugar analys is clearly showed that grea t er 

en ergy losses are experi enced  when the la c t os e  level in th e d i e t  i s  

in c reased . How e ver , even the largest los s es re corded in the pr es ent s t udy 

would be unlikely to have a marked effect  on li veweight gai n .  

With increasing levels of lactos e , animals showed a progress i v ely 

poorer a bility t o  diges t the energy and nitrogen components o f  the di e t . 

Th e s e  differ ences  were s mall but signi fi cant in many cas es in the collec tion 

st udy , but may have been larg er in the main inves tigati on , th ereby a c coun ting, 

a t  l eas t in part , for s ome o f  the treatment differen c es obs erved in the  

lat ter experimen t .  

Very limi t e d  data s ugges ts that incr eas ed sugar loss occurs in th e 

fa ec es when pigs are scouring . The data obtained from one pig whi ch 

voided almos t 5 grams of s ugar on one day , s ugges ts  that betw e en 1 and 2 % 

o f  the lac tos e fed could be los t in this way . It was unfor tunat e  tha t  the 

pr es ervative us e d  during the c ollection of faeces , pr event e d  th e det e rminat­

ion of faecal lac t i c  acid conc entrations , as it is lik e ly that s imilar 

amoun ts of energy are los t in this form under diarrhoeal condi tions . 

The extent to which fae cal energy losses from the pigs i n  th e main 

inves tigati on contributed to their poorer liveweigh t gains is di ffic ult to 

ass es s .  Treatment 2 and 3 pigs s c o ur e d  for no mor e than 4 weeks and it  is  

unlikely that d uring this time suffi c i en tly large amounts of  faecal s ugar 

were  lost to account for th e poorer growth rates recorded . 
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High lac t os e  intake had only two beneficial effec ts : -

(a ) Ni trogen ret ention improved despit e a decreas e in nitrogen 

diges tibility . For this r eas on results should be regarded as t entative 

only, unt i l  further work has been carri e d  out on this poin t . However , 

the i mprovement in ni trogen ret ention recorded was s mall and probably 

unlike ly to have any marked effect on li veweight gain . 

( b ) Cae c um s i z e  increas ed with increas ed di etary levels o f  lactos e . 

I t  was mor e likely tha t factors ass ocia t ed wi th this increase in caecum 

si ze , i . e .  increased bac t eria l hydrolyti c activ i ty , had a larger bene ficial 

effect  upon liveweight gain than did ( a ) . This incr eas ed enzyme ac tivity 

in the caecum would result in enhanced s ugar utili zation so that much 

s maller en ergy loss es would be exp ec t ed in th e fa e c es . 

I t  is th er efore unlikely that any single fac tor c ontribut e d  to the 

progr essi vely poorer liveweight gains recorded in the main inves tigation 

with incr easing lac tos e levels . 

The poor er growth rates probably result ed ei ther from th e additive 

effect  of  all the fac tors dis cussed , or from other fac tors not within the 

scope  of  the inves tigations . 

"At first he said he thought Gusa ' s pigs reminded him o f  
Arkansas Razor- backs , but i t  beat h i m  how a fo reign breed  like 
that could suddenly show up in Taranaki . Then after a closer 
examinat i on ,  and he go t c los er t o  them than I woul d have liked 
t o ,  he thought they might be Larg e  Blacks , crossed with Tamwor ths , 
with a Captain Cook s train thrown in between the third and fourth 
Generati ons . "  

( Frank s .  Anthony and Francis Jackson ) 



CHAPTER 2 

POSS IBLE TOPICS FOR FUTURE RESEARCH 

S everal pos s i bl e  topi cs for research into la ctose  ut i lization in the 

growing pig arise from the res ults obtained in the pres ent s eries of 

investigations : -

2 . 1  Det ermina tion o f  Metabolizable Energy Loss es R es ult ing from high Lac to s e  

Di ets 

There is a de fini te  need for a mor e a c c urate ass ess ment of the urinary 

en ergy los s es involved in feeding growing pigs high levels of lactos e .  The 

total reducing sugar method employed in the present investigati ons gave s ome 

indication of the energy los s es involved but the ' balanc e ' between la c t o s e  

intake and total reduc ing sugar out put c ould give only a very approxima t e  

ass essmen t . Mor e  reliable results would be �tained from det erminations of 

urinary calori e c on t ent , s o  that the en ergy balan c e  would be solely on a 

caloric bas is . 

2 . 2 Th e Eff e c t  o f  La c t os e  Levels on Nitrogen Diges tibili ty and Ni trogen 

R etention 

In view of th e doubts express e d  c on c erning th e r esults o btained in the 

collecti on s tudy , it is felt that further experimen ts are necessary before 

c onc lus i ons are pos s i ble on th e influen c e  of lactos e on pro t ein uti lization . 

2 .3 Es tablishmen t o f  a ' Maxi mum To lerable Intake ' Scale  

This c ould be carri ed out , as  s ugges t ed earli er , by  chasing a range of  

dietary lac t os e l evels and fe eding them  a t  perhaps two  s cales of fe eding . In 

this way car eful choic e  o f  di ets would result in s ev eral different amounts o f  

lac tose being ing es t ed a t  any part i c ular li veweight , enabling a fairly a c c ur a t e  

ass essment o f  t h e  amount of  lactose  an animal a t  that li v eweight , will 

voluntarily c ons ume . 
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2 . 4  S tudi es on the Devel opment of Lac tas e Activi ty in th e Growing Pig 

An ext ension o f  the above experiment would be to remove th e lac t os e  

d i e t  a s  s oon a s  each animafs individual ' M . T . I . '  is  d e t er�i ned and allow 

the animals to consume a n on- la ctos e diet for at l east 3 we eks . By removing 

the la ctose  di e t , the possibi l i ty of  enzymi c adaptat ion t o  la ctos e is 

minimis e d . The various lac tos e di ets could then be reimpos ed a t  a h eavi er 

l i veweight and the ' M . T . I . '  again d e termine d . I f  lac tos e activi t y  alt ers 

with incr easing age , the changes should be re flec t ed in similar changes in 

the ' M . T . I . ' . 

2 .5 The Us e o f  Artifi c ial ' Wh ey '  Di e ts 

There is a need for gr ea t er us e of art i ficial ' whey ' di ets to 

elucidate the relative contributions of individual whey c omponents t o  

fac t ors typical of whey feeding such a s  diarrhoea . The value of  working 

w i th each component indi vi dually was illustrated in the pres ent inves tigat­

i ons in whi ch both diarrhoea and food refusals were attributable t o  lac tos e .  

Ext ension of this work would be to inves tigate  th e effe c t  o f  bulk, 

uncomplicated by differen c es i n  lac tos e  intake , on food cons umption , or the 

effec t of  wh ey salts alone or in the presen c e  of  lac tos e , on diarrhoea . 

Lac tos e utilization may be improved by altering the pro tein level in the 

d ie t ,  or by changing the sour c e  of  pro t ein . 

changes are r e lati vely s imple to make . 

2 . 6 The Influence of Fat in Lac t os e  Di ets 

Using art i fi cial diets , s uch 

Work wi th lac tos e-fed rats s uggests  that urinary s ugar los s es may be 

reduc e d  by increasing di etary levels o f  fat . It  would be  interes ting to 

s ee whether simi lar effects o c cur in pigs , but in vi ew o f  the apparently 

s mall urinary s ugar loss o bs er ved in the pres ent s tudies , i t  is  unlikely 

that any marke dly benefi cial e ffects on performanc e  would be noted . 



2 . 7  Further Caecum S tudi es 
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Cons i derably mor e informa tion is r equired on the role of th e caecum 

i n  th e nutrit ion o f  the pig . Ques tions to be answ ered are : 

( a ) To wha t extent does th e caecal digestion con tribute t o  the t o tal 

diges tion proc es s ?  

( b ) Does this contribution change appr eciably with changes i n  the 

diet , i . e . la cto s e  di ets , pas tur e  diets , garbag e ,  and i f  so , 

by how much? 

( c ) ��at enzyme s ys t ems exis t  in the caecum and to wha t ext ent are  

thes e altered by  chang es in the  di e t ?  

( d ) What are the products o f  diges tion? 

Thes e questions co uld be answered comparativ ely s imply by cathet eri zatWn 

o f  th e caec um to permi t sampling o f  the caecal cont ents . The fourth question 

would involve cannulation o f  the caecal vein so that blood samples c ould be 

c ollected and analys ed . 

2 . 8 Chara c t erisation o f  Faecal Energy los s es under Diarrhoeal Conditions 

Limi t e d  evi d en c e  sugges ts tha t  t otal reducing s ugars and la c t i c  acid 

are  lost  in greater amounts i n  the fa e c e s  when diarrho eal c onditi ons exis t .  

The extent o f  this loss in lactos e fed  pigs whi ch ar e s c ouring , has not been 

d e t ermined but may constitute  an important avenue o f  en ergy loss . 

2 . 9  The Ext en t  o f  Heat Loss es from the Body as a fac t or con tri buting to th e 

Total En ergy loss in La ctos e- f e d  Pigs 

Consi derable energy expendi ture may b e  involved in th e r emoval of 

lactose and galactos e from the circula t ory system either by a convers ion t o  

glucos e ,  or by elimination in t h e  uri n e .  The ext ent  o f  this energy loss 

from the body as h ea t ,  c o uld be det ermined by animal calorimetry. 
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2 . 1 0  Isotope Studies on the Fat e  o f  Inges t ed Lac t o s e  

By labelling t h e  galac tos e - 1 - c1 4  pos i tion o f  lac tos e ,  very int eres ting 

res ults could be obtained from the analys is o f  fa ecal and urinary samples , 

caecal contents and samples o f  blood from the veins ass ociated with th e 

sma l l  intestine and the caecum .  

Determinations o f  the con c entration o f  labelled s ugar in the feed , minus 

label led s ugar in the caecal contents could indi cate the ext en t  to whi ch 

lac tose  i s  hydrolys ed and absorbed by the intes t inal mucosa . Als o , analysis 

o f  c aecal contents and o f  the faeces c ould indi cate  by di fferen c e ,  the caecal 

c ontri bution to lac tos e hydrolysis . 

The magnitude and form to whi ch the labell ed sugar is abs orbed from 

the two s i tes of hydro lysis c ould be d et ermined by blood sample an alysis . 

In addi tion i t  may be pos sibl e  to ass ess the amount o f  abs orbed 

gala c tose which is converted to gl uc os e- 1 - phos phat e . 



CHAPTER 3 

S UMMARY O F  RES ULTS 

1 .  Four exp eriments are descri bed in whi ch levels o f  la ctos e ranging 

from 0 to 50 % o f  th e di et were fed to pigs over a liveweigh t  range o f  

50 - 1 20 l b .  

2 .  R es ults are pr es ented for growth rat e , food cons umption and dung 

cons i s t ency from the two preliminary inves t igations involving 1 6  pigs . 

3 . Growth rat e and food cons umption data are pres ent e d  for th e main 

investigation and the co llec t ion st udy , in whi ch d i e ts containing 0 , 1 5 ,  

30 and 45 % lac t o s e  were fed t o  a t o tal o f  40 pigs . I n  the main inv es tigat-

ion l i veweight gains after 56 days for trea tments 2 , 3 and 4,  relative to  

treatment 1 ,  were 7 .2 %,  1 0 .0 %  and 39 .0 %  poorer r es pec ti vely . No food 

cons umption da ta was available for treatment 4 pigs at 1 20 lb liveweight 

but the mean food consumpti ons o f  treatment 2 ,  and 3 pigs w ere 5 . 5 % and 

1 0 .8 % greater than that of the treatment 1 animals . 

No sign i fi cant treatment di fferenc es in growth rate or fo o d  

c ons umption were  detec t ed in th e collecti on study . 

4 . I n  the main inves tigation , the depr essed growth rate  on the 45 % 

lac t os e  di et was largely due to a r educ ed food intak e . At the two lower 

levels of lac t o s e  ( 1 5  % and 30 % )  poorer growth rat es were still rec orded 

( al though only the 30 % level di ffered signifi cantly from the c ontrols ) 

des pi t e  negligible  food re fusals . 

5 .  The incidence  and duration o f  diarrho ea increas ed with increasing 

levels o f  di e tary lac tos e .  Di e ts c ontaining up t o  30 % lac t os e  caus e d  a 

transi ent diarrh o ea ,  but s ome o f  the animals on 45 % lactose  continued t o  

s c our until the  t ermination o f  t h e  inves tigation . 
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6 .  Chron i c  diarrho ea did not appear to have a marked effect  on live-

weight gain . 

7 .  Caec um s iz e ,  as ass essed by wet  and dry weights , and tissue volume 

meas urements , increas ed progr essively with perc entage lac tos e in the d i e t . 

8 .  Level o f  dietary lactose appear e d  to have no c ons is tent effect  o n  

carcass chara c t eris tics . 

9 . A posi tive relationship exis t e d  between th e amount o f  reducing s ugar 

lost in the urin e  of the collection s t udy animals , and the level of d i e tary 

lac tose . 

1 0 .  Sugars voided  i n  the urine were identi fi ed by chromatography . Lac tos e ,  

gala c tos e and glucose  were all fo und i n  th e urine samples o f  pigs fed lac tos e ,  

whereas only trac es o f  glucos e were fo und i n  that o f  the control animals . 

1 1 . Levels of dietary lactose  had little effect on the level o f  reducing 

s ugar in the fa e c es . 

1 2 .  Th e maj or s ugar in fa eces o f  ' normal ' consis t ency was t en tative ly 

identified as the pentos e s ugar , xylo s e .  

1 3 .  Samples from the only animal whi ch s coured while o n  colle c ti on showed 

a very marked increas e in faecal s ugar loss . Thes e samples con tain ed 

large amounts  o f  glucose  and galac tos e i n  addition t o  the  pentos e ,  but no 

lac tose was det e c t ed . 

1 4 .  Increas ing the di etary level o f  lac tose appeared t o  decreas e ni trogen 

dig es tibility but incr eas ed nit rogen r e t ention . 

1 5 .  A s ma l l  but s ignificant decreas e i n  en ergy digestibility r es ul t e d  

when diets c ontained 3 0  o r  45 % lac t o s e .  

1 6 .  The l evel o f  lactose i n  the  d i e t  was foun d  t o  hav e  n o  sign i fi cant 

effect  on ether extrac t  diges tibi l i ty . 
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PART 1 

PHYS IOLOG ICAL AND ANATO MI CAL ASPECTS 

APPEN DIX 2 . 2/1 

C O MPO S ITION OF THE ' CAR� Y -ON ' M:AL MIXTURB 

Barl ey 

Bu t t e rmilk P o w d er 257� 

'Nh e atm eal 1 5% 

Mai z e m e al 1 57� 

Fort i fi e d  qeatmeal 10% 

Ric e  Fl o u r  ( S emolina) 

Bone Fl our 1% 

I n  addition the  m i x t u r e  c ontai ne d ( p er 1 00 lb ) : 

* ' A p ac ' Vi tamin A and D Suppl e me n t 

+ ' V e t sp en ' ( c o n � ai n s  1 %  Proc ai ne 
Pe ni c i l l in ) 

Fer ri c A mmoni u m C i t rat e 

Mang a n e s e  S u l ph a t e  

C oppe r Sulpha t e 

and 0 . 1 5 ppm S el eni um . 

APPENDIX 2 .2/2 
C O MPO S I T ION OF THE CEREAL/MEATM�AL MIXTURE 

Barl ey 

Pollard 

Pea Meal 

Fortifi ed Meatmeal 

2 . 0 o z  

4 . 0 o z  

1 . o  o z  

0 . 5 o z  

0 . 75 o z  

55% 

20% 

1 0% 

1 5% 

I n  addition the mixture contained (per 1 00 lb ) : 

• ' Apac ' Vitamin A and D Suppl ement 0 . 7  oz 

Manganese Sulphat e 1 8 .0 gm 



Ferric Sul phat e 22 . 5  gm 

Zinc Sulphate  1 9 .5 gm 

• Propri etary Produc t c ontaining ( per  gram) : 1 0 , 000 i . u . 
Vi tamin A 

2 , 000 i . u . Vi tami n n3 

+ Propri etary Product 



Week 

1 .  
2 .  
3 .  
4 .  
5 . 
6 .  
7 .  
8 .  
9 .  
10 .  
1 1 . 
1 2 .  

PART I 

PHYSIOLOGICAL AND ANATOMICAL ASPECTS 

APPENDIX 3. 2/1 

MEANS OF WEEKLY AMBIENT TEMPERATURE 
RECORDINGS AND THE MAXIMUM RANGE 

ABOVE AND BELOW THE MEAN . 

Mean Ambient 
Temperature 

70 . 5  
70 . 5 
70. 5 
70. 5 
73 . 0  
68 . 0  
70 . 0  
73 . 0  
73 . 0  
68. 0  
69 .0  
70. 0  

MEAN 70. 5 

Maximum 
Range 

+ 6 . 75 
+ 5 - 75 
+ 5 - 5  
+ 5 .0 
+ 4 . 75 
+ 6 . 0  
+ 6 .0 
+ 5.0 
+ 3.0 
+ 6 .0 
+ 3.0  
+ 2.0  

+ 5 .0  



APPENDIX 3 .  3/1 

MEAN TREATMENT LIVEWEIGHTS AFTER 60 DAYS 
FOLLOWING TREATMENT INTRODUCTION 

Analysis of Variance - ( Dixon and Massey 1 957 pp 1 23 )  

Mean + SE N Varianc e Varianc e 
N 

T1 1 20 . 0 .:!: 1 . 73 3 9 . 00  3 . 00 

T2 1 1 9 . 0 .:!: 1 . 64 3 8 . 10 2. 70 

T3 77 . 0  .:!: 7 . 61 3 1 73 . 56 57 . 86 

T4 84 . 5  .:!: 9 . 90 3 294 . 09 98. 03 

Xi - Xj t f. ( d . f . )  

T1/T2 1 . 00 0 . 42 6 . 0  

T1/T3 43 . 00 5- 51 2 . 4  

T1/T4 35 - 50 3-55 2 . 3  

T2/T3 42. 00  5 . 39 2 . 4  

T2/T4 34 . 50 3 . 45 2 . 2  

T3/T4 7 .50 0 . 60 5 . 5  

NS (P  > 0 . 05 )  

• Denotes a significant difference at 5% ( P <  0.05) . 

Far�ancel 2 

9 .00 

7 . 29 

3347. 78 

9609 . 88 

Result 

NS 

• 

• 

• 

• 

NS 



GROSS ENERGY 

KCAL/KG 

4 , 368 

4 , 31 8  

4 , 260 

4 , 1 70 

APPENDIX 4 . 2/1 

RESULTS OF PROXH1ATE ANALYSES ON THE 4 TREATMENT DIETS , 
AND THEIR GROSS ENERGY (KCAL/KG ) DETERNINED BY BOHB CALORIHEI'RY . 

TR . 1  Diet (0% Lactose) 

TR . 2 Diet ( 1 5% Lactose ) 

TR . 3 Diet ( 300� Lactose ) 

TR . 4 Diet ( 45% Lactose ) 

' A '  Air Dry Basis 

1 0 1  Oven Dry Basis 

NOISTURE 

' A ' ' 0 ' 

1 3 . 2 1  -

1 1 .40 -

9 . 46 -

9 . 28 -

CRUDE PROTEIN 

' A ' ' 0 '  

1 5 . 62 1 8 . 00 

1 6 . 04 1 8 . 10 

1 6 . 48 1 8 . 20 

1 6 . 33 1 8 . 00 

CRUDE FIBRE ASH 

' A '  ' 0 ' ' A '  ' 0 ' 

2 . 44 2 . 81 5 . 53 6 . 37 

2 . 81 3 . 1 7  5 . 62 6 . 34 

2 . 7 1  2 . 99 5 . 68 6 . 27 

2 . 06 2 . 27 5 . 77 6 . 36 

ETHER EXTRACT N .F . E .  

' A ' ' 0 ' ' A ' ' 0 ' 

3 . 21 3 . 70 59 . 99 69 . 1 2  
' 

3 . 26 3 . 68 60 . 87 68 . 7 1  
! 

3 . 31 3 . 65 62 . 36 68 . 89 I I 

3 . 29 3 . 63 63 . 27 69 . 74 

I 



APPENDIX 4 . 2/2 
RESULTS OF PROXIMATE ANALYSES 

AND MINERAL COMPOS ITION OF DIETARY COMPONENTS , AND THE CALCULATED COMPOS ITION OF THE TREATI'!ENT DIETS 

Meatmeal 

Pollard 

Wheat Starch 

Lactose 

Calculated composition of 

Tr . 1 Diet (�� Lactose ) 
Tr . 2 Diet ( 15% Lactose ) 
Tr . 3 Diet ( 30% Lactose ) 
Tr .  4 Diet ( 45% Lactose ) 

' A ' = Air Dry Basis 

' 0 '  = Oven Dry Basis 

Meatmeal 

· Pollard 

Wheat Starch 

MOISTURE 

' A ' 

5 . 21 

10.81  

1 1 . 15 

0 . 08 

9 . 86 

8 . 29 

6 . 50 

4 . 83 

Calculated mineral levels , common to all 
treatment diets . 

�- - --

' 0 '  

-

-

-

-

-

-

-

-

CRUDE PROTEIN 

' A ' ' 0 ' 

57 . 50 60 . 50 

15 .75 1 7 . 44 

0 . 56 0 . 63 

- -

16 .5 1  1 7 . 65 

1 6 . 42 1 7 . 55 

1 6 . 34 1 7 . 46 

1 6 . 25 1 7 . 36 

PHOSPHORUS POT-
ASS IUN 

% % 

3.80 0 . 78 

0 . 72 0 . 95 

0 . 04 -

0 . 98 0. 44 

----- --

CRUDE FIBRE ASH ETHI!,'R EXTRACT 

' A ' ' 0 ' ' A ' ' 0 '  ' A ' ' 0 ' 

0 .73 0 . 77 22 . 58 23 . 58 1 2 . 76 13 .46 

7 . 07 7 . 93 3 . 78 4 . 1 9 4 . 22 4 . 74 
- - o.o6 0 . 07 0 . 05 0 . 06 

- - o . o8 0 . 09 - -

2 . 27 2 . 52 5 . 68 6 . 02 3 . 85 4 . 15  

2 . 27 2 .52 5 . 68 6 . 02 3 .84 4 . 14 

2 . 27 2 . 52 5 . 69 6 . 02 3. 83 4 . 13 

2 . 27 2 . 52 5 . 69 6 . 02 3 . 82 4 . 12  

�------ -�---- -- L__ 

SODIUM VlAG - CALCIUM ZINC COPPER 
NES IUM 

% % % ppm pp m 

0 . 99 0 . 21  6 . 18 90 1 1  

0 . 01 0 . 29 0 . 07 92 1 1 

0 . 02 - 0.03 - -

0 . 20 0 . 1 3 1 . 26 46 . 0  5 . 5  

-- . - - ---------- '-----

N . F . E .  

' A ' 1 0 I 

1 . 22 1 . 75 

58 . 37 65 . 70 

88 . 18 99 . 24 

99 .84 99 . 9 1  

6 1 . 85 69 . 68 

63. 6 1  69 . 79 

65 . 37 69 . 89 

67 . 14 70 . 00 

I 
MANGANESE IRON 

ppm pp m 

28 382 

164 99 

3 12  

55 . 0  106.0 

I 



APPENDIX 4 .3/1 

LIVEWEIGHT GAIN (LB)  IN 28 , and 56 DAYS 
FOLLOWING TREATMENT INTRODUCTION 

- M�IN INVESTIGATION 

Analysis of  Varianc e - ( Dixton and Massey 1957 pp 123 )  

Mean + SE N Variance Varianc e 
N 

T 1  29 . 14 .± 0 . 37 7 0 . 98 0. 14  

28 T2 27 .00 .± 1 . 32 7 1 2 . 25 1 . 75 

Days T3 26 . 71 .± o . 6o 7 2 . 49 0 .36 

T4 22 .36 .± 1 . 34 7 1 2 . 48 1 .  78 

T1  67 .86 .± 0 . 73 7 3 . 73 0 . 53 

56 T2 63.00 ± 3 . 26 7 74.33 1 0 . 62 

Days T3 6 1 . 10 + 0.4 1  5 1 . 20 0. 1 7  

T4 41 .43 ± 5 . 1 1  7 182 . 54 26 . 08 

- -

f .  ( df) xi - xj t 

T1/T2 2 . 1 4  1 . 55 7 . 27 

T1/T3 2 . 43 3 . 43 1 1 .37 

28 T1/T4 6 .78 4 . 88 7 . 25 

Days T2/T3 0 . 29 0 . 20 9 . 1 6  

T2/T4 4 . 64 2 . 47 14 .00 

T3/T4 4 . 35 2 . 98 9 . 1 1 

T1/T2 4 .86 1 .46 6 . 80 

T1/T3 6.76 8 . 05 1 0 . 28 

56 T1/T4 26 . 43 5. 12 6 . 33 

Days T2/T3 1 .90 0 . 58 6 . 26 

T2/T4 21 .57 3 . 56 1 1 . 59 

T3/T4 19 .67 3.84 6 . 10 

�Var�ance� 2 

0. 0196 

3 . 0625 

0 . 1 296 

3 . 1684 

0 . 2809 

1 1 2 . 7844 

0 .0289 

680 . 1664 

Result 

NS 
* * 

* * 

NS 
* 

* 

NS 
* * 

* * 

NS 
* * 

* • 



APPENDIX 4 . 3/2 . ( a )  

FOOD CONSUMPTION ( LB )  FROH 5 0  - 8 0  LB . LIVDVEIGHT 
- MAIN INVESTIGATION 

Analysis of varianc e - ( Dixon and Massey 1 957 pp 1 23 )  

50-80 Mean + SE 

T 1  85 . 81 � 1 . 14 

T2 90 . 7 1  � 4 . 1 6 

T3 93 . 84 � 2 . 50 

T4 12 1 . 1 6 � 9 . 49 

50-80 
- -
xi - xj 

T1/T2 4 . 90 

T1/T3 8 . 03 

T1/T4 35 . 35 

T2/T3 3 . 1 3  

T2/T4 30 .45 

T3/T4 27 . 32 

• • ( P <- 0 . 01 ) 

• ( p <(  0 . 05 )  

NS ( P  7 0. 05 )  

N Varianc e Variance 
N 

7 9 . 1 1 8 1 . 303 

7 121 . 1 28 1 7 . 304 

7 43 . 656 6 . 237 

7 630. 1 77 90 .025 

t f .  ( df)  

1 . 137 7 . 19 

2 . 920 9 . 20 

3 . 698 6 . 23 

0 . 645 1 1 . 10 

2 . 942 8 . 97 

2 . 785 7 . 10 

(Varianc e) 2 
N 

1 .698 

299 . 428 

38 . 900 

8 1 04 . 500 

Result 

NS 

• 

• • 

NS 

• 

• 



APPENDIX 4 . 3/2 . (b)  

FOOD CONSill-iPTION (LB) FROH 50 - 120 LB LIVEWEIGHT 
- MAIN INVESTIGATION 

Analysis of variance - ( Dixon and Massey 1957 pp 1 23 )  

50-120 Mean + SE N Variance Varianc e 
N 

T1 1 94 .  74 ± 1 • 99 7 27 . 753 3 . 965 

T2 205 . 44 ± 6 . 71 7 314 . 807 44 . 972 

T3 215 . 66 ± 3.83 5 73 .268 14 . 654 

- -

f ( df )  50-120 xi - xj t 

T1/T2 10 . 70 1 . 530 7 . 40 

T1/T3 20 . 92 4. 848 7 . 1 8  

T2/T3 10 . 22 1 . 324 10 . 39 

Far;anc e J2 

15 .721  

2022 . 48 1  

2 1 4 . 740 

Result 

NS 

• • 

NS 



APPENDIX 4 . 3/3 

LIVE.WEIGHT GAIN ( LB )  FROH 0 - 28 DAYS - COLLECTION STUDY 

s . s .  

BL 24 . 05 

TR 1 3 . 09 

E1 1 7 . 28 

TG 54 . 42 

N • S • ( P /' 0 . 05 ) 

Analysis of Varianc e 

df m . s .  F 

2 1 2 . 025 3 . 48 

3 4 . 363 1 . 26 

5 3 . 456 

1 0  

APPENDIX 4 .  3/4 

LIV�NEIGHT GAIN (LB )  FROM 0 - 56 DAYS - COLLECTION STUDY 

Analysis of Varianc e 

s . s .  df m . s .  F 

BL 37 . 62 2 1 8 . 810  1 . 78 

TR 40 . 1 6 3 1 3 . 387 1 . 27 

E1 52 . 72 5 1 0 . 544 

TG 1 30 . 50 10  

N . S.  ( P > 0 .  05 ) 

APPENDIX 4 . 3/5 

FOOD CONSUHPTION ( LB )  FROM 50-80 LB .  LIV�VEIGHT - COLLECTION STUDY 

(Coded X - 80) 

s . s .  

BL 396 . 04 
TR 97 . 50 
E1 3 1 9 .60 
TG 8 1 3 . 14  

N .  S • ( P ) 0 .  05 ) 

Analysis of  Variance 

df m . s .  F 

2 1 98 . 02 3 . 098 
3 32 . 50 1 . 0 
5 63 . 92 

10  

Result 

NS 

NS 

Result 

NS 
NS 

Result 

NS 
-



APPENDIX 4 .3/6 

FOOD CONSUMPTION ( LB ) FROM 50- 1 20 LB . LIVEWEIGHT - COLLECTION STUDY 

Analysi s  o f  Variance 

s . s . 

BL 414 . 39 

TR 522 . 63 

E1 320 . 1 5  

TG 1 257 . 17 

N . S . ( P :> 0 . 0 5 ) 

d f  m . s .  

2 207 . 195 

3 174. 210 

5 64 . 030 

10 

APPENDIX 4.3/7 

CARCASS ANALYSIS 

( Coded X - 200 ) 

f'. Re sult 

3 . 24 N . s . 

2 . 72 N . s .  

LIVE'.'JEIGHT AT SLAUGHT ER - ( POUNDS ) - MAIN INVESTIGATION 

Analysis o f  Variance 

s . s . d f  m. s .  F. Result 

BL 43 . 74 6 7 . 290 < 1 . 0  -

TR 41 . 21 2 20 . 605 1 . 95 N. s . 

E1  116 . 21 11 10 . 556 

TG 201 . 07 19 

N . S .  ( P > 0 . 05)  



rtcOLD11 CARCASS WEIGHT - ( POUNDS ) - I•1AIN INVESTIGATION 

Analysis o f  Variance 

s . s .  d f  m . s . f Result d0 . 05 dO . Ol 

BL 48 6 8 . oo 1 . 52 N . s . 

TR 186 2 93 . 00 1 5 . 74 • •  2 . 9  

E1 65 ll 5. 91 

T
G 

299 19 

• •  Deno t e s  a signi ficant di f ferenc e at the 1% ( P<O . Ol ) level of 

probability . 

N . S . ( P? 0 . 05 ) 

LIVE\VEIGHT AT SLAUGHTER - ( POUNDS ) - COLLECTION STUDY 

Analysis of Varianc e 

s . s . df m . s .  f Re sult 

BL 18 . 500 2 9 . 250 < l . O  -

TR 25 . 229 3 8 . 410 < 1 . 0  -

E1 67 . 334 5 1 3 . 467 

T
G 

111 . 063 1 0  

4 . 1  



"KILLING-OUT" PERC ENTAGE - COLLECTION STUDY 

Analysi s  o f  Va rian c e  

s . s . d .  f .  m . s .  f .  Re sult d0 . 05 dO . Ol 

BL 2 . 652 2 1 . 326 3 . 55 N . s . 

TR 25 . 009 3 8 . 336 22 . 29 • •  1 . 28 2 . 01 

E
1 

1 . 868 5 0 . 374 

T
G 

29 . 529 10 

N . S . 

* *  Deno t e s  a signif i c ant di f feren c e  a t  t he 1% ( P < 0 . 01 )  level o f  

probab ility . 

HID LOIN FAT MEASURE}1ENT - ( HM )  - COLLECTION STUDY 

Analysi s  o f  Varia n c e  

s . s . d . f .  m . s . f Result 

BL 4 . 50 2 2 . 250 2 . 33 N . s . 

TR 14 . 93 3 4 . 977  5 . 16 N . s . 

E1 4 . 8 2  5 0 . 964 

T
G 

24 . 25 10 

N . S . ( P > 0 . 05 )  



APPENDIX 4 .3/8 

CARCASS SPEC IFIC GRAVITY MEASUREMENTS - MAIN INVESTIGATION 

Ana lysis o f  Variance 

s . s . 

BL 1 40 . 91 

TR 3 . 03 

E1 109 . 8 5  

T
G 2 53 . 79 

1- 1 Missing Plo t  Value 

N . S . ( P  :> 0 . 05 )  

d .  f .  

6 

2 

11 

19 1-

m . s .  f Result 

23 . 49 2 . 35 N . s .  

1 . 52 <; 1 . 0  -

9 . 99 

SPECIFIC GRAVITY MEASURf\1ENTS - COLLECTION STUDY 

Ana lys i s  o f  Variance 

s . s . d .  f .  m . s .  f Re sult 

BL 72 . 8 467 2 36 . 4234 8 . 8 150 ... 

TR 92 . 2600 3 3 0 . 7533 7 . 4427 • 

E
1 20 . 6600 5 �- . 1320 

T
G 

185 . 7 6 67 10 

Block Means + s . E. 
Signi ficance  o f  

H 1 .  0565 + 0 . 00102 

I 1 . 0544 + 0 . 00102 
-

J 1 . 0520 + 0 . 00117 ;. 

1- Data c on t a ins  1 missing plot valu e .  

Differen c e  

H :> J ... 

d0 . 05 

0 . 0034 

0 . 0029 

* Deno t e s  a signi ficant dif ferenc e  a t  the 5 % ( P <  0 . 05 )  level of 
Probability . 



APPENDIX 4 . 3/9  

EYE MUSCLE AREA ( CM2 ) MEASUREMENTS - MAIN INVESTIGATION 

Analysis o f  Variance 

NS 

• •  

s . s .  d .  f .  m . s .  f Result 

BL 21. 9 6 3 . 650 2 . 558 N S  

TR 6 2 . 5 2 31 . 250 21 . 900 • •  

E1 15. 7 11 1 . 427 

TG 100 . 1  1 9  1-

1 Missing Plo t  Value 

Denot es a significant differen c e  at the 1% ( P< O . Ol )  l ev e l  o f  
Probability.  

EYE ;.�USCLE AREA ( CM2 ) MEASUREMENTS - MAIN I NVESTIGATION 

Analysis o f  C o vari a n c e  (X  = " Cold" Carcass Weight l b ) 

d .  f .  S SX spxy ssy ssy ' d . f '  m . s .  f Result 

TG 19 

BL 6 

TR 2 

E 1 11  

TR+E 1 3  

Di f f .  

NS ( P  > 0 . 05 )  

229 1 39 . 0  

48 1 2 . 0  

186 104 . 4  

65 22 . 6  

251 1 27 . 0  

100 . 1 

2 1 . 9 

62 . 5  

15 . 7  7 . 842 10 0 . 7842 

78 . 2  1 3 . 941 1 2  

6 . 099 2 3 . 0495 3. 889 NS 



EYE MUSCLE AREA ( CM2 ) MEASUREMENTS - COLLECTION STUDY 

Analysis o f  Variance 

s . s .  

BL 14 . 05 

TR 17 . 99 

E1 6 . 58 

TG 38 . 62 

NS ( P  > 0. 05 )  

d .  f .  m. s .  f 

2 7 . 025 5. 34 

3 5 . 997 4 . 56 

5 1 . 316 

10 

APPENDI X  4 . 3/10 

Result 

NS 

NS 

ANALYSIS OF VARIANCE OF CAECUM CHARACTERISTICS - COMBINED DATA 

Analysis of Varianc e  o f  C a ecum Wet Weight s  

(Treatment Means from 10 Pigs ) 

BL 

TR 

E
1 

TG 

• •  

• 

s . s .  d .  f .  m . s .  f Re sult 

1 464 9 1 62 . 67 2 . 53 • 

7286 2 3643. 00 5 6 . 76 • •  

1091 17 64. 18 

9841 28 

Denot e s  a significant difference at the 1% ( P< 0 . 01 )  level of 
Probability . 

Denotes  a signi ficant difference at  the 5% ( P< 0 . 05 )  level of  
Probability 



TR. 

BL. 

Means 1 81 . 85 

Means B 117 . 00 

H 107 . 00 

E 103 . 67 ,1. 

I 90 . 33 

SE 

TR means 2 . 53 

BL means 4 . 63 

,1. 1 Missing Plot Value 

2 110 . 90 3 117 . 90 ,1. 

F 107. 67 A 107 . 33 

E 103 . 8 3 D 103 . 67 

J 100 . 33 G 94. 67 

SE ,I. d0. 05 dO . Ol 

2 . 67 7 . 55 10 . 38 

5 . 66 1 3. 61 18 . 96 

Analysis of Regression of C a ecum We t Weight on Liveweight at 

S laught er 

Sourc e d.  f .  m . s .  f.  Result 

Error 16 67 . 3  

Regression 1 13.8  <: 1 . 0  -



ANALYS IS OF VARI ANCE O F  CAECUM DRY WEIGHTS 

( Treatment M eans From 1 0  Pigs ) 

ss  df ms F Resul t  

BL 41 2 9 45 .78 6 . 43 • •  

FR 70 2 35 .00 4 . 92 * 

E 1 2 1  1 7  7 . 1 2  

TG 603 28 

* *  Denotes a signifi cant differenc e at the 1 % ( P  < 0 . 01 ) level 

of  Probabi lity . 

* Denot es a_ s igni fi cant di fferen c e  at the 5 % ( P  < 0 .05 ) level 

of  Probabi li ty.  

TR 

BL 

Means 1 22 . 95 2 25 . 45 3 

Means F 30 .83 B 28 . 1 7  A 

H 27 .33 G 2 6 . 00 J 

E 24 . 67 ,i c 22 . 1 7  D 

I 1 7 . 33 

S E  SEI d 0 . 05 d 0 . 01 

TR Mean 0 . 8 4  0 .89 2 . 52 3 . 46 

BL Mean 1 . 53 1 . 89 4 . 60 6 . 32 

f one missing plot value 

ANALYS IS OF REGRESSION O F  CAECUM DRY WEI GHT O N  

LIVEWEIGHT A T  SLA UGHTER 

Source  

Error 

Regression 

df  ms 

1 6  6 .58 

1 1 5 .7 

NS (P  > 0 . 05 )  

F Result 

2 . 39 

26 .75 I 

27 . 67 

24 . 67 

21 . 67 



ANALYSIS OF VARIANCE OF CAECUM WATER DISPLACEMENT 

( Treatment Means From 1 0  Pigs ) 

ss  df ms F Result 

BL 1 437 9 1 5 9 . 67 1 . 36 NS 

TR 1 0095 2 5047 . 50 43 . 08 * *  

E1 1 992 1 7 1 1 7 . 1 8 

TG 1 3524 28 

* *  Deno t es a signi fi cant differ en c e  at the 1 % ( P  < 0 . 01 ) 

Level of Probabi li ty . 

NS ( P :> 0 . 05 ) 

TR Means SE d 0 . 05 d 0 . 01 

T1 91 . 0  3 . 43 1 0 . 2 1  1 4 . 03 

T2 1 22 . 50 3 . 43 

T3 1 34 . 50 f 3 . 61 

f one miss ing plot value 

ANALYS IS OF REGRESSION OF CAECUM WATER DISPLACEMENT ON 

LIVEWEIGHT AT S LAUGHTER 

Sour c e  d f  ms F R es ul ts
1 

Error 1 6  1 2 2 . 2  

Regression 1 37 . 2  < 1 .0 -



BL 

TR 

E1 

TG 

ANALYSIS O F  VARIANCE O F  CAECUM LENGTH 

( Tr eatment  Means from 1 0  Pigs ) 

ss df  

27 .80 9 

70 .30 2 

202 . 20 1 7  

300 . 30 28 

NS ( P  > 0 . 05 ) 

TR Means 

1 25 . 55 

2 26 . 25 

3 27 . 90 f 

ms 

3 . 09 

35 . 1 5  

1 1 . 8 9  

S . E . 

1 . 0 9  

1 . 09 

1 . 1 5  

f one missing plot value 

F 

< 1 . 0 

2 . 96 

f 

Res ult 

-

NS 



PART I I  

BIOCHEMICAL ASPECTS 

APPENDIX 3 . 1/1 

TOTAL REDUCING S UGAR RECOVERY EXPERIMENT . RES ULTS OF 4 ANALYSES 

ON SANPLES O F  URINE AND FAECES TO WHI CH KNOWN QUANTITIES OF GLUCOSE 

WERE ADDED . 

DUNG Conc entration o f  Conc entra tion o f  Det ermined X 1 00 
TRS Determined TRS Calc ulat ed Calcula ted 1 

Sample rng/1 00 ml mg/1 00 ml 

1 1 6 . 0  - -

2 24 . 1  24 . 00 1 00 . 4  Mean 1 00 . 0  

3 2 9 . 6  32 .00 92 .5  Range 

4 43 . 2 4o . oo 1 08 . 0  92 .5- 1 08 . 0  

5 55 . 2  56 . 00 99 . 1  

URINE 

1 1 00 . 6  - -

2 1 05 . 5  1 08 . 6 97 . 2  

3 1 1 6 . 6  1 1 6 . 6 1 00 . 0  Mean 1 0 0 . 3  

4 1 30 . 0  1 24 . 6  1 04 . 3  Rang e 

% 

% 

% 

5 1 40 . 7 1 40 . 6  1 0 0 . 1  97 .2- 1 04 . 3  % 



APPENDIX 3 . 1/2 . 

TOTAL REDUCING SUGAR REPEATABILITY EXPERIMENT 

RES ULTS OF 1 8  ANALYSES OF PROTEIN FREE FILTRATES PREPARED FROM ONE DUNG ( A )  

AND ONE URI NE ( B )  SAMPLE . 

T .R . S .  Conc entration 

Sample A .  (Dung ) 

1 

Mg/1 00 ml . 

3 9 . 2  

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

41 .7  

46 . 2  

50 . 1  

52 .0  

52 . 6  

5 3 . 3  

53 . 3  

55 . 9  

59 . 1  

62 . 3  

62 . 3  

63 . 6  

68 . 1  

69 . 3  

73 .2 

73 . 8  

75 .8 

Total 1 051 . 2  

Mean 58 .4  ! 2 .58 

Coeffi cient of Varianc e  1 8 .7 % 

T . R .s . Conc entration 

Sample B .  ( Urin e )  mg/1 00 ml . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

18 

Total 

91 . 2  

94 . 4  

95 . 7  

95 . 7  

96 . 3 

98 . 9  

1 00 . 2  

1 00 . 8 

1 02 .7 

1 04 . 7  

1 05 . 9  

1 07 . 2 

1 08 . 5  

1 1 0 . 4  

1 1 1 . 7 

1 1 2 . 4  

1 1 2 . 4 

1 1 5 . 6 

1 86 4 . 7  

Mean 1 03 . 6 ! 1 .73 

Coefficien t  of  Varian ce  7 . 08 % 



APPENDIX 3 . 1/3 . 

CHANGES I N  THE S UGAR CONCENTRATION OF PROTEIN FREE FILTRATES STORED 

FOR ZERO ( A ) AND 56 DAYS ( B) at - 1 2°C 

( a ) RAW DATA (mg/1 00 ml) 

A B 

46 .3  45 . 6  

97 . 1  96 . 9  

52 .0  53 . 1  

39.4  34 . 0  

75 . 9  78 . 5  

55 . 4  5 4 . 8  

70 . 2  7 3 . 9  

1 1 4 . 2  1 24 . 1  

44 . 0  41 . 6  

75 . 9  6 6 . 4  

MEAN 67 . 04 6 6 . 8 9  

+ SE  7 .73 8 . 74 

( b) F TEST OF  HETEROGENEITY OF  REGRESS IONS FOR TWO DETERMINATIONS 

( A  and B ) OF TOTAL REDUCING S UGAR ( mg / 1 00 ml . )  

df ssx SPXY SSY SS Y '  df '  ms F R esult 

A 4 23680 41 464 73491 887 3 

B 4 2 3680 41 008 72357 1 34 1  3 

2228 6 371 . 33 

A+B 8 47360 82472 1 45848 2232 7 

4 1 4 < 1 . 0 NS 



APPENDIX 3 . 1/4 . 

CHANGES I N  THE SUGAR CONCENTRATION ( mg ./1 00 ml . )  OF URI NE STORED I NTACT 

FOR FOUR PERIODS OF TIME . 

(a )  RAW DATA 

DAY A URINATION 24 HO URS AT 68°F 1 20 HOURS AT -1 2°C 240 HO URS at 
- 1 2°C 

T1 66 . 7  54 . 9  1 00 . 9  77 . 9  

T2 47 . 8  44 . 8  56 . 1  64 . 3  

T3 1 01 . 5  60 . 2  78 . 5  1 23 . 9 

T4 54 . 9  78 .5  60 .8  49 . 6  

DAY B 

T1 2 9 . 9  33 . 4  40 . 6  40 . 6  

T2 1 4 . 3  1 9 . 1  20 . 3  1 9 . 1  

T3 5 . 4  9 . 6  1 1 .3 1 . 0 

T4 50 . 8  50 .8 41 . 2  47 . 2  

MEAN 46 .4  + 1 0 .8 43 . 9  .± 7 . 9 51 . 2  .± 1 0 . 4  53 . 0  .± 1 3 . 3 

( b) ANALYSIS OF VARIANCE 

s s  df ms F R esults 

DAYS 1 4736 . 1 5  1 1 4736 . 1 5  8 .34 NS 

TR 1 973 . 48 3 657 .83 < 1 . 0 -

E1 5300 . 04 3 1 761 . 68 

HOURS 420 .03 3 1 40 .01 < 1 . 0 -

TR x HR 1 732 .72  9 1 92 .52 1 .03 NS 

E2 2234 . 38 1 2  1 8 6 .20 

TG 26396 .80 31 

NS ( P > 0 . 05 )  



( c )  F TEST OF HETEROGENEITY OF THE TWO REGRESS IONS 

DAY df ssx SPXY SSY SSY ' df '  

A 3 23600 39970 68385 690 2 

B 3 23600 395 1 0  6 6637 491 2 

1 1 8 1  4 

A+B 6 57200 79480 1 35022 24584 5 

ms 

295 . 25 

23403 1 23403 . 00 

F 

7 9 . 2 6  

• •  The two regressions differed signi fican t ly at 1 %  ( P  < o . 01 ) 

APPENDIX 3 . 1/5 .  

Result 

• •  

THE EFFECTS OF THE STORAGE OF FAECES AT -1 2°C FOR FIVE DAYS , ON THEIR TOTAL 

REDUCING S UGAR CONCENTRATIONS 

( a )  RAW DATA 

A DEPROTEINIZED FRESH B DEPROTEINIZED AFTER 5 DAYS -

53 . 63 mg/1 00 ml 1 1 0 . 7 4  mg/1 00 ml . 

28 .08 60 . 8 1  

1 0 . 05 70 . 8 9  

1 0 . 00 22 . 07 

52 . 78 1 1 4 . 70 

1 3 . 37 57-35 

53.70 50 .73  

( b )  ANALYSI S  OF VARIANCE 

BL 

TR 

E1 

TG 

• •  

NS 

TR 
TR 

ss df  ms F Res ult 

7332 6 1 222 3 . 78 

5042 1 5042 1 5 .61  

1 936 6 323 

1 431 0 1 3  

Denot es a signi fi cant differ ence at 1 % ( P  < 0 . 01 )  
(P  > 0 . 05 )  

MEAN + SE d0 . 05 d0 . 01 -

A 31 . 66 ( mg/1 00 ml ) .± 6 . 79 23 .50 35 . 6 1  
B 69 . 61 " + 6 . 79 

NS 

• •  



APPENDIX 3 . 1 /6 . 

URINARY AND FAECAL LOSSES FROM ALL TREATMENT GROUPS ON COLLECTION ' C ' . 

URINARY LOSSES FAECAL LOSSES 

PIG TOTAL S UGAR S UGAR PERCENTAGE S UGAR PERCENTAGE 
TREATMENT LOSS IN DUNG OF TOTAL OF TOTAL NO . LOSS LOSS 

- AND URINE -- SUGAR LOSS -- S UGAR LOSS 
(gms ) (gms ) (%) ( gms ) (%) 

1 2  1 2 ."36 2 . 2 1  93 - 5 0 . 1 5  6 . 5 

5 1 4 .22 3 - 95 93 . 5  0 . 28 6 . 5 

7 1 2 . 1 0  1 . 95 92 . 7  0 . 1 5 7 . 3  

2 2 7 . 2 1  6 . 80 94 . 3 o . 41 5 · 7  

3 2 5 . 33 5 . 20 97 . 5  0 . 1 3  2 . 5 

6 2 9 . 07 8 . 33 91 . 8  0 . 75 8 . 2 

1 1  3 1 0 . 1 8  9 . 85 96 . 8  0 . 32 3 . 2  

9 3 8 . 45 7 - 73 91 . 5  0 . 72 8 . 5 

8 3 1 0 . 45 9 . 8 9  94 . 6  0 . 5 6  5 . 4  

1 4 1 3 . 30 1 1 . 94 8 9 . 7 1 . 37 1 0 . 3  

1 0  4 1 3 . 78 1 3 . 66 99 . 1  0 . 1 2  0 . 9  

4 4- 1 3 . 42 3 . 32 97 . 2 0 . 1 0  2 . 8 

MEAN 94 . 4  5 . 6 

+ SE + 0 . 9  .:!: 0 . 9 



APPENDIX 3 .  1/7 

TOTAL REDUCING SUGAR OUTPUT IN THE URINE 
FROM COLLECTIONS ' A '  & ' C '  

( a) RAW DATA 

COLLECTION ' A '  COLLECTION 

Pig No . mg/1 00 ml. Urine 
--

S ugar mg/100 ml . Urine 
OutJ2Ut 0UtJ2Ut 0UtJ2Ut 

ml.  mg. ml . 

1 . 33 .7  12740 4293 . 38 62.2  1 9 1 95 

2 . 2 1 .7  13361 2899 . 34 32 .0 2 1 246 

3 .  1 0 . 0  13802 1380 . 20 24 .8  20956 

4. 10 . 8 15172 1 638 . 58 17 . 5 22551 

5 .  74 . 1  8900 6594 . 90 18 . 1  18362 

6 .  34 . 9  12955 4521 . 30 36 . 8  22621 

7 .  10 . 0  1 3392 1 339 . 20 9 . 1 2 1 401 

8 .  52. 4  14356 7522 . 54 44. 1  224 1 4  

9 .  42 . 7  1 3646 5826 . 84 35. 6  21714  

10.  72 . 2  12900 9313. 80 60. 4  22607 

1 1 .  27 . 7  1 2076 3345 . 05 45 .3  21 750 

1 2 .  1 0 . 0  1 1991  1 199 . 10 1 1 . 5 1 9219  

' C '  

Sugar 
0UtJ2Ut 

mg . 

1 1 939 .0  

6799 . 0 

5 197 . 0 

3946 . 0 

3324 . 0  

8325 .0  

1 948 . 0 

9885 . 0 

7730 . 0 

1 3655. 0  

9853. 0 

2210 .0  



APPENDIX 3 .1/7 

( b )  F TEST OF HETEROGENEITY OF REGRESSIONS FOR TWO DETERMINATIONS 

(COLLECTION ' A '  AT 60 LB LIVEWEIGHT , COLLECTION ' C '  AT 1 10 LB 

LIVEWEIGHT) OF TOTAL REDUCING SUGAR IN THE URINE . 

df ssx SPXY SSY SSY ' df ' ms 

A 4 23680 39360 65924 500 3 

c 4 23680 39200 65846 954 3 

1 454 6 242 . 3 

A+C 8 47360 78560 131 770 1456 7 

F 

2 1 2 . 00 < 1 . 0 

( c ) 

BL 

TR 

E1  

COLn 

CxTR 

E2 

TG 

* *  

NS 

ANALYSIS OF VARIANCE OF TOTAL REDUCING SUGAR OUTPUT IN THE URINE 

COLLECTED AT 60 LB .  AND 1 1 0 LB . LIV��EIGHT . 

ss df MS F RESULT d0 . 05 

7 . 823 2 3 . 9 1 2  1 . 14 1 NS 

203 . 727 3 67 . 909 19 . 804 * *  1 . 1 71  

20 . 573 6 3 . 429 

85 . 059 1 85 . 059 57 . 982 * *  2 . 266 

1 8 . 85 1  3 6 . 284 4 . 284 NS 

1 0 . 267 7 1 . 467 

346 . 300 22 

Denotes a significant difference at 1% (P < 0 .01 ) 

RESULT 

NS 

d0 . 0 1  

1 . 732 

3 . 433 



APPENDIX 3 . 1/8 

S UGAR ' BALANCE ' FOR COLLECTION ' C !  

REDUCING SUGAR INTAKE REDUCING SUGAR VOIDED 

( LACTOSE) IN DUNG + URINE 

Tr . gms gms % OF INTAKE 

1 4 3753 . 15  1 3 . 305 0 . 36 

2 2 1 236 . 90 7 . 209 0 . 58 

3 2 1 221 . 82 5 . 328 0 . 44 

4 1 - 4 . 224 -

5 1 - 3. 420 -

6 2 1 221 . 82 9 .07 1 0 . 74 

7 1 - 2. 101  -

8 3 2558 . 80 10 . 446 0 . 4 1  

9 3 2466. 31 8 . 447 0 . 34 

1 0  4 31 60 .06 13. 778 0 . 44 

1 1 3 2527 . 97 10 . 177 0 . 40 

1 2  1 - 2.363 -



APPENDIX 3 . 2/1 a 

MEAN DAILY D . E .  I NTAKE ( KCALS ) - 85 l b  LIVEWEIGH T  

ANALYSIS OF VARIANCE ( CODED x + 200 )  

Sour c e  s s  

BL 0 . 662 

TR 1 . 857 

E1 0 . 398 

T
G 2 . 877 

NS ( P :> 0 • 1 0 )  

d f  

2 

3 

4 

9 

ms F R es ult 

0 . 31 1 3 . 1 1  NS 

o . 61 9  6 . 1 9 + 

0 . 1 00 

d 0 . 1 0 

0 . 550 

+ Deno tes a s igni fican t  di f feren c e  at t he 1 0  % ( P < 0 . 1 0 )  level o f  

Pro bability . 

APPENDIX 3 . 2/1 b 

MEAN DAILY D . E .  I NTAKE ( KCALS ) 1 1 0  lb LIVEWEIGHT 

ANALYSIS OF VARIANCE ( COD ED X + 200 ) 

Source ss df ms F R es ul t  

BL 0 . 036 2 0 . 01 8 < 1 . 0 -

TR 0 . 029 2 0 . 0 1 5  < 1 . 0 -

E1 1 . 0 1 8  4 0 . 255 

TG 1 . 083 8 



APPENDIX 3.2/2a 

MEAN NITROGEN DIGESTIBILITY PERCENTAGE 85 lb . LIVEWEIGHT 

ANALYS IS OF COVARIANCE X = MEAN DAILY D . E .  INTAKE 

Source df ssx SPXY SSY SSY ' MS 

T
G 

9 2 . 877 1 .674 1 20 . 52 

BL 2 0 . 622 -0. 957 1 0 . 84 

TR 3 1 . 857 3 - 743 82 . 1 2 82. 1 6  

E
1 

4 0 . 398 - 1 . 1 12 27 . 56 27.56 

Regression 1 3 . 1 1  3 . 1 1  

Residual 

Source  

TG 

BL 

TR 

E1 

3 24 . 45 8 . 1 5  

APPENDIX 3.2/2b 

MEAN NITROGEN RETENTION ( GMS ) 85 lb . LIVEWEIGHT 

ANALYSIS OF COVARIANCE X = MEAN DAILY D . E .  INTAKE 

df ssx SPXY SSY SSY ' MS 

9 2 . 877 0 . 798 1 5 .957 

2 0. 622 -0. 4 1 4  0 .291 

3 1 . 857 o . 883 1 3 . 738 1 3 . 3 1 9  

4 0.398 0 . 329 1 . 928 1 .928 

Regression 1 0. 272 0. 272 

Residual 

Source 

TG 

BL 

TR 

E
1 

3 1 .656 0. 552 

APPENDIX 3a2/2c 

MEAN NITROGEN RETENTION ( PERCENT) 85 lb . LIVEWEIGHT 

ANALYSIS OF COVARIANCE X = MEAN DAILY D .E .  INTAKE 

df ssx SPXY SSY SSY ' . M .s . 

9 2 . 887 -2 . 470 343 . 383 

2 0.622 -2 . 853 1 3 . 824 

3 1 .857 2 . 761  275 . 295 289 . 463 

4 0.398 -2 . 380 54. 264 54.264 

Regression 1 4 . 232 1 4 . 232 

Residual 40. 032 1 3 . 344 

N . S .  Regression non significant at 5% ( P  > 0 . 05 )  

F 

< 1 . 00 

F 

< 1 . 0 

F 

1 .07 

Result 

-

Result 

-

Result 

NS 



Source 

BL 

TR 

E1 
TG 

Source 

BL 

TR 

E 

T
G 

Source 

T 
g 

BL 

TR 

E1 

APPENDIX 3 . 2/Ja 

MEAN DAILY NITROGEN INTAKE (GMS ) 85 LB LIVEWEIGHT 

ANALYSIS OF VARIANCE (CODED X � 2 )  

ss df ms F Result 

0 . 429 2 0. 215 2 . 99 NS 

3 . 077 3 1 .026 14 .25 * 

0 . 288 4 0 .072 

3 . 794 9 

N . S . ( P > 0 .05) 
* Denotes a significant difference at 55� ( P <:. 0.05 )  

level of Probability . 

APPENDIX 3.2/3b 

NEAN DAILY NITROGEN INTAKE (GMS ) - 1 10 LB LIVEVJEIGHT 

ANALYSIS OF VARIANCE (CODED X + 2 )  

s s  df ms F 

0 .024 2 0 .012  < 1 . 0 

1 . 504 2 0 . 752 4 .53 

0 . 665 4 0. 1 66 

2 . 193 8 

N .S . ( P > 0.05)  

APPENDIX 3.2/4 

NEAN NITROGEN RETENTION (GMS ) 85 LB LIVEWEIGHT 

Result 

-

NS 

d 0.05 

o. 6o8 

ANALYSIS OF COVARIANCE X = MEAN DAILY NITROGEN INTAKE (GMS ) 

df SSY SPXY SSY SSY
1 

ms F Result 

9 3 .794 4 . 91 7  1 5. 957 

2 0 .429 -0 .348 0 . 291 

3 3.077 5 . 617  1 3 . 738 10 .254 

4 0 . 288 -0. 352 1 . 928 1 .928 

Regression 1 0 . 430 0. 430 <. 1 . 00 -

Residual 3 1 .498 0 . 499 



APPENDIX 3 . 2/5 

MEAN NITROGEN DI IGESTI BI LITY ( PERCENT ) 8 5  and 1 1 0 lb  LIVEWEIGHT 

S ourc e  

BL 

TR 

E1 

Coln 

�oln x TR 

E2 

TG 

S ourc e  

BL 

TR 

E1 

TG 

Sour c e  

BL 

TR 

E1 

TG 
• 

ANALYSIS OF VARIANCE 

ss df ms F Res ult d 0 . 1 0  

9 . 427 2 4 . 7 1 4  < 1 . 0 -

49. 395 2 2 4 . 698 6 . 702 + 3 . 92 

1 4 . 741 4 3 . 685 

34 . 693 1 34 . 693 6 . 1 1 7 + 

45 . 560 2 22 . 780 4 . 01 6  + 

28 . 360 5 5 . 672 

1 82 . 1 76 1 6  

+ Denotes a signi ficant difference  at 1 0  % ( P  < 0 . 1 0 )  level 

• 

of Probabi lit y .  

APPENDIX 3 . 2/6a 

MEAN NITROGEN RETENTION ( GMS ) 85 lb LIVEWEIGHT 

ANALYSIS OF VARIANCE ( CODED x � 2 )  

ss  df  ms F 

0 . 291 2 0 . 1 46 < 1 . 0 

1 3 . 738 3 4 .57 9 9 . 50 

1 . 928 4 o . 482 

1 5 . 957 9 

Result 

-

• 

d 0 . 05 

1 . 574 

Deno tes a signi fi cant di fferen c e  at 5 % ( P  < 0 . 05 )  level 

of Probability . 

APPENDIX 3 .2/6b 

MEAN NITROGEN RETENTION (PERCENT) 

ANALYS IS OF VARIANCE 

ss df ms F 

1 3 .824 2 6 . 91 2  < 1 .0 

275 . 295 3 91 .765 6 . 764 

54 . 264 4 1 3. 5 66 

343 . 383 9 

8 5  lb LI VEWEI GHT 

Result d 0 . 05 

-

• 8 .35 

Denotes a s�gn� f�cant d� fferen c e  at 5 % ( P  < 0 . 05 )  level of 
Pro bability . 



APPENDIX 3 . 2/7a 

MEAN NITROGEN RETENTION ( GMS ) 1 1 0 l b  LI VEWEIGHT 

ANALYSIS OF VARIANCE ( CODED X + 2 )  

Sour c e  ss  

BL 7 9 . 06 

TR 298 .43 

E1 1 2 1 .04 

TG 498 . 53 

NS (P > O e 05 )  

d f  ms 

2 39 . 530 

2 1 49 . 2 1 5  

4 30 . 2 60 

8 

APPENDIX 3 . 2/7b 

MEAN NITROGEN RETENTION ( PERCENT ) 

ANALYS IS OF VARIANCE 

Sour c e  ss  

BL 1 5 . 1 71 

TR 32 . 4 1 2  

E1 2 9 . 856 

TG 77 . 439 

NS (P  > 0 . 05 )  

df ms 

2 7 . 58 6 

2 1 6 . 206 

4 7 . 464 

8 

F RESULT 

1 . 306 NS 

4 . 93 NS 

1 1 0 lb LIVEWEIGHT 

F RES ULT 

1 . 01 6 NS 

2 . 1 71 NS 



APPENDIX 3 . 3/1 

APPARENT DIGESTI BLE ENERGY O F  THE FO UR  TREATMENT DIETS ( KCALS/KG ) 

60 , 85  and 1 1 0 lb LIVEWEIGHT . 

ANALYSIS OF VARIANCE ( CODED X + 1 000 ) 

Source  ss  df ms F R es ul t  

BL o . o64 2 0 . 0320 1 0 . 67 * 

TR 0 . 241  3 0 . 0803 2 6 . 77 * * *  

E1 0 .0 1 5  5 0 . 0030 

c 0 . 031 2 0 . 01 55 2 . 39 NS 

CxT 0 . 025 6 o . oo41 < 1 . 00 NS 

E2 0 . 085 1 3  0 .0065 d0 . 001 0 . 1 77 = 

TG 
0 . 461  31  TR . d0 . 01 0 . 1 04 = 

d0 . 05 = 0 . 066 

* * *  p < o .oo1 * p < 0 . 05 

APPENDIX 3 . 3/2 

· COEFFICIENTS OF APPARENT DIGESTI BLE ENERGY (PER CENT ) - 60, 85 , 1 1 0  lb 

LIVEWEIGHT 

ANALYS IS OF VARIANCE 

S o ur c e  ss df ms F Result d 0 . 05 d 0 . 01 

BL 28 . 95 2 1 4 . 48 1 9 . 05 • •  0 . 93 1 . 45 

TR 1 6 . 08 3 5 . 36 7 - 05 • 1 . 06 1 .  67 

E1 3 . 82  5 0 . 76 

c 1 7 . 92 2 8 . 96 5 . 64 • 1 . 1 1  1 . 55 

CxT 1 1 . 2 6  6 1 . 88 1 . 1 8  NS 

E2 20 . 72 1 3  1 .5 9  

T
G 

1 02 .75 31 

• •  • 



APPENDIX 3. 4/1 

APPARENT DI GESTIBILITY OF ETHER EXTRACT ( PERCENT ) 

ANALYS IS OF VARIANCE 

ss  df ms F Result 

BL 1 084. 64 2 542 .32 1 3 . 595 * *  

TR 274 . 70 3 9 1 .57 2 . 296 NS 

E
1 

239 . 33 6 39 . 89 

c 1 3 1 2 . 90 2 656 . 45 28.988 * *  

CxTR 270. 66 6 45 . 1 1  1 . 992 NS 

CxBL 792 . 26 4 198 . 07 8 . 746 • •  

E2 
22� . 46 1 0  22 .646 

TG 4200.95 33 

BLOCK MEANS H 68 . 1 6: 1 . 82 % I + 
74 . 1 1 - 1 . 90 % ,t. J 

+ 
60. 69- 1 . 90% f 

COL . n MEANS A 
+ 

59 . 1 6- 1 .37 % B + 
72 . 67- 1 . 44 % ,t. c + 7 1 . 13- 1 . 44% ,t. 

d . 0 . 05 d . 0 . 01 

BLOCK MEANS 6 . 31 9 .56 

COLLECTION MEANS 4.33 6 . 1 6  

COLLECTION x BLOCK 7 . 50 1 0.66 
MEANS 

,t. Data c ontains 1 missing plot value 
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