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ABSTRACT 

Thi s  s tudy involves work carried out a t  the abat to i r  i n  

Mas terton and in the l aboratory o f  the Vet erinary Faculty  o f  

Mas s e y  Un i vers i ty ,  on aspects o f  rabb i t  meat hyg i ene and factors 

wh i ch may a f fect the qual i ty of rabbit  mea t . 

The European rabb i t  ( Oryctolagus cuniculus ) ,  i s  the ances tor 

of a l l  breeds of dome s t i c  rabb i t s , among whi ch the New Z e a l and 

Wh i te i s  one of  the bes t  meat producers , the Angora the bes t  fur 

producer and the Rex i s  a breed commonly used for exh ibi t ion 

purpo s e s  only . 

The feed convers ion ratio , whi ch for an e f f i c i ent commerc i a l  

un i t  should b e  l e s s  than 3.5:1 ( Anon , 1987), comb ined w i th the 

abi l i ty of the rabbi t  to consume fibrous food unsu i table for 

human consumpt i on and the high reproductive per formance , 

contr ibute to the rabb i t  being an exce l l ent meat produc i ng 

animal . The product ion of rabbit  meat , i s  s t i l l insu f f i c i en t  for 

the demands of the world markets and e f fort s  should be made to 

increase rabb i t  meat produc tion . 

D i s locat ion of the neck during slaughter of rabb i t s  resul t s  

in  i mmobi l i z a t i on ,  but n o  evidence was obtained t o  show that t h i s 

techn i que induced immediate insensibi l i t y . Penetra t i ve and 

nonpene trative percuss iv e  s tunning , probably induced immedi ate 

insens i b i l i ty but  caused vi gorous body movements .  It  was  found 

in  t h i s  study that pupi l lary d i l atation in rabb i t s , general l y  

does not occur unt i l  8-1 0 minutes after s laughter , s o  pup i l l ary 

d i l a t a t ion is  of  no value as a cri terion for the a s s e s sment o f  

the ac tual t ime of ons e t  of insens ibil i ty .  
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Investigat i on of carcass  y i elds of rabb i t s  showed that 

s l augh tering rabbits at ages greater than e i ght weeks , resul ted 

in onl y  marginal increases in carcass y i elds . 

I mmers ion of carcas s e s  in water for periods longer than 30 

minu t e s  can result in a 10.70% increase in the i r  we i gh t , but the 

commerc i al technique i nve s t igated , resu l t ed i n  approx . 7% 

incre a s e . Wash i ng carcasses  did not reduce bac terial leve ls , but 

instead tended to increase carcass surface counts from 4.20 x 

1 02/ cm2 to 1. 3 3  X 1 03/ cm2• 

The mean u l t imate pH o f  rabb i t  meat was i n  the reg ion of 

5. 40-6.25. Factors affect ing the ultimate pH i ncluded concurrent 

d i s eas e s  and intensive mus cular ac t i v i ty . The rate of pH decline 

was a f fec ted by the degree of s truggl i ng a t  the t i me of 

slaugh t e r . 

The ma j or gros s les ions observed in the carcass and v i s cera 

of the rabbits s tudi ed , were those of hepa t i c  cocc idios i s  and to 

a l es s er degree , absce s s e s . The s tudy o f  the accuracy of 

det e c t i on of hepatic coc c i d i o s i s  in the abattoir was des igned as  

a model for the  study of s imi lar meat inspect ion procedures i n  

other animals . I t  was found that , based o n  h i s tolog i cal 

exami nat ion of the l iver , the sens i t iv i ty was 41% and the 

speci f i c i  ty 100%. A s tudy of the epidemiology of hepa t i c  

coc c i d i o s i s  in rabb i t s , revealed that under New Zealand 

cond i t i ons , i t  i s  unl ike l y  that any farm i s  free of in fect ion 

w i th E imer i a  stiedae . However ,  if infect ions are of low 

intens i ty ,  rabb i t s  may not develop macroscopi c  hepa t i c  l e s i ons . 

I t  a l s o  appears that h i s tological lesions of the l i ver ( bi l i ary 

prol i feration ,  fibros i s , c e l lular i n f i l tration o f  the b i l e  duc t s  

w i t h  i nf l ammatory cell s , including eos inoph i l s  and l ymphocytes ) 

are pathognomon i c  for detect ing past or present infect i on by � 

s t i eda e . 
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CHAPTER ONE 

GENERAL INTRODUCTION 

All present day strains of domes t i cated rabb i t s  have been 

deri ved by select ive breeding from European w i ld rabb i t s  

( Oryctolagus cuni culus } ( Ti ttensor and Lloyd , 1 9 8 3 } . The 

European rabb i t  i s  a member of the order Lagomorpha , wh i c h  also 

contains pikas ( Ochotona s p . } ,  hares ( Lepus s p . }  and cot ton t a i l  

rabb i t s  ( Su l s i l epus sp . }  ( Ti ttensor and Lloyd , 1 9 8 3 } . The order 

cons i s t s  of nine genera and approx . 5 0  spec i e s , repre sentat ives 

of wh i c h  occur on most  of  the ma j or l and mas s es of  the world as 

wel l as on many i s lands ( Walker e t  al , 1 9 6 4 } . 

Paleontological  evidence , indicates that rabb i t s  may have 

or iginated in  North Amer ica , from where they could have spread 

wes twards v i a  the Aleut i an land bridge into Central As i a  ( Thomson 

and Worden , 1 9 5 6 } . It has also been sugges ted that rabb i t s  are 

nat ive to , and originated in , semi - ar i d  areas of Southern France , 

Iberia  and North-West Africa . From the s e  areas they were 

in troduced by man to many other parts of Europe and other 

cont inents where they e s tabl i shed thems elves succ e s s fu l l y  

( Ti t tensor and L l oyd , 1 9 8 3 } . 

Al though s ome bel i eve the rabb i t  was dome s t icated by the 

f i r s t  century B . C . , others sugges t  that the f i r s t  a t t empt s  to 

dome s t i cate rabb i t s were made in French monaster i e s  between the 

s i xth and tenth centuries A . D .  ( Adams , 1 9 7 2 } . Thomson and 

Worden ( 1 9 5 6 }  s t ate that the pres ence of  rabbi ts  in  Bri ta i n  was 

des c r i bed in  the 1 3 th century , and T i ttensor and L loyd ( 1 9 8 3 } 

claim that rabbi ts were introduced to  Bri tain by the Normans in  

1 1  7 6 . 

The natural distribution o f  the European rabb i t s  i s  general l y  

in l owland Europe , from I taly to Portugal and u p  to  the 

Carpath i ans . Their numbers are more restricted in Denmark , the 



1 2  

Balkans and I taly . They have also been i n troduced to the Channe l  

I s l ands , Norweg ian I s lands , and many eas tern Atlan t i c  and 

Medi terranean I s lands . In other parts of the world rabbi ts  have 

been introduced to northern Africa , the Hawa i i an I s lands , Chi l e  

and Argen t ina , i n  South America . 

I t  was common for rabb i t s  to be carri ed in  the old s a i l i ng 

sh ips and to be released in  new lands in  the hope that they might 

breed and be a source of food for s a i lors at a later v i s i t  or 

when shipwrecked . In  th i s  way remote s ubantarct i c  i s lands l i ke 

the Auckl ands and MacQuarr i e  were colon i s ed by rabb i t s . 

Aus t r a l i a  ( i ncluding Tasmani a )  and New Zealand have , 

un fortunately , been very successfully coloni sed by introduced 

European rabbits  ( Ti t tensor and Lloyd , 1 9 8 3 ) . The introduct i on 

of rabb i t s  to Austral ia  and New Zealand for the sport of hun t i ng ,  

was part i cularly i l l  advi sed because o f  the absence of natural 

preda tors and the presence of abundant food whi ch al lowed them 

to mul t i p l y  rapidly and cause extens ive des truc tion of vege t a t i on 

( Walker e t  al , 1 9 6 4 ) . 

As a result o f  the detr imental e f fects of the wild rabb i t s  

o n  New Z ealand vege tation , rabbi ts  were class i f i ed as  nox i ous 

animals and their  farming and keeping a s  pets were banned ( Anon 

1 9 8 7 ) . Control programmes fai led to eradicate them compl e t e l y , 

but succeeded in  reduc ing the i r  number s  to a low level i n  mos t  

areas . Under the s e  ci rcums tances , the farming o f  rabb i t s  i n  New 

Zealand was perm i t ted by an order i n  Counc i l  of May 1 9 8 5 , 

prov ided local author i ty requirements were met . 

A close rel a t i ve to the rabb i t  i s  the hare , of which there 

are 26 spec ies . The hare i s  pres ent i n  mos t areas o f  Europe and 

A s i a  including Sumatra , Java , Formo s a  �nd Japan , and in mos t 

parts o f  Africa and North America . I n  South Amer i c a , New 

Zeal and , Aus tral i a  and in some other countr i e s , hares were 

introduced by man and have become w idespread . The mos t common 

spec i e s  are Lepus ameri canus and L .  europaeus . 
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Lagomorpha are d i f ferenti ated from rodents by the i r  long ears 

and h ind legs ( Ti t tensor and Lloyd , 1 9 8 3 ) . Rabb i t s  and hares 

have an add i t i onal pai r  of small , peg- l ike teeth l y i ng dire c t l y  

beh ind t h e  upper pair o f  inci sors , a feature whi ch d i s t i ngui shes 

a l l  Lagomorpha from rodents . The dental formula i s  : i 2 / 1 , C 

0 / 0 ,  pm 3 / 2 ,  m 3 / 3  x 2 = 2 8 . ( Ti t tensor and L loyd , 1 9 8 3 ) . 

Apart from the colour d i f ferences between the hare s and 

rabb i t s , hares have longer ears , longer h i nd legs and l i f t the i r  

rumps h i gher than the rest o f  the i r  body when moving . I n  

terms o f  s ku l l  format i on , rabb i t s  are d i s t i ngui shed from hares 

by a much narrower nasal pas sage and in  the  former , the front 

i n c i sors are more developed . ( Ti t tensor and Lloyd , 1 9 8 3 ) . 

Con fus i on can arise from use o f  the words rabb i t  and hare . The 

names " j ack rabb i t "  and " snow shoe rabb i t "  are us ed colloqu i a l l y  

f o r  North Ameri can hare s and the name " Be l g i an hare " i s  appl i ed 

to a s train o f  dome s t i c a ted European rabb i t  ( Walker e t  a l , 1 9 6 4 ) . 

I n  some areas of Cyprus , people call rabb i t s  hare s . 

The European rabbi t  has short den s e  grey- brown fur and 

gray i sh-whi te underparts . As many as 2 0 %  may be me lani s t i c . 

Alb ino , long haired and s i lver p i ebald forms occur natural l y  as  

rare vari ants . The s exes are  quite s im i lar but the  head i s  

narrower and less rounded i n  prof ile  i n  f emal e s  than i n  mal e s  

( Ti t tensor and Lloyd , 1 9 8 3 ) . 

Rabbi t s  and hare s are usually  more act i ve dur i ng the even ings 

and nigh t s  than duri ng the day time . If  l e f t  und i s turbed , 

rabb i t s  move s lowly around , but i f  threatened or cha s ed by a 

predator they can move swi ft l y  achieving s peeds o f  up to 8 0  km/ h . 

In add i t i on to speed , rabb i t s  have other d e fence mechani sms such 

as a keen s ense of  hearing and smel l ,  nocturnal activi ty , burrow 

ut i l i z a t i on , and the use of danger s i gnal s  - rabb i t s  drum w i th 

the i r  h i nd feet ( Walker e t  al, 1 96 4 ) .  The s cream o f  a rabb i t  may 

also be a defence mechan i sm ,  in that it may s t artle  a predator . 
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The weigh t  of  the adul t  wild rabbi t i s  be tween 1 0 5 0 - 2 2 0 0  g 

and the f emale i s  heavier t han the male . The breeding pattern 

in rabb i t s  is d i f ferent from that of  many o t her mammal s .  A 

sexual l y  mature doe , under f avourable cond i t ions  ( adequate planes 

of nut r i t ion , temperature and light duration ) ,  i s  i n  oes trous for 

long periods , during whi c h  Graaf i an fol l i c l e s  are cont inuously 

developi ng and regress ing i n  such a way , that a fairly constant 

number is available for ovulation ( Anon , 1 9 8 0 ) .  On the f i rs t , 

third , f i f th ,  tenth and f i f teenth day of  lac t a t ion , the does are 

ready to mate with the mal e . In  terms of  detection of oestrus , 

the enlarged and redd i s h - purple colored vulva and vagina i s  a 

good indication , al though s ome does will mate even when the vulva 

is rela t ively small and pale . ( Ci ted in Anon , 1 9 8 6 ) . 

Ovulat ion in does i s  usual ly s t imulated by coi tus , but can 

occur under condi tions whi ch cause intens i ve sexual exci tement . 

The number of  copulations doe s not increase the number o f  

ovu l a t i ons  but the latter i s  strongly related to the bodywe i gh t  

of  t h e  doe . Approx . 2 5 %  o f  mated does f a i l  to  ovulate . Th i s  i s  

probably due to a de f i c i ency o f  luteiniz ing hormone , i nsuf f i c i en t  

hours o f  l ight o r  increa s i ng leve l s  o f  durat i on o f  l ight . I n  the 

northern hemisphere , succes s ful mating i s  more frequent during 

spring than in the late summer and autumn ( Adams , 1 9 7 2 ) . The 

per i od of ge station is usually 3 1 -3 2  days and the s i z e  of the 

l i t t er is normally 8 - 1 0 young ( Anon , 1 9 8 0 ) . 

Rabb i t s  are born b l i nd ,  helpless and naked in a fur l i ned 

ne s t ,  espec ially prepared for them , whereas hares are born in an 

open ne s t ,  fully furre d , w i th open eyes and are able to  run 

around wi thin a few minutes of  birth ( Walker et al , 1 9 6 4 ) . 

A point o f  special intere s t  about the rabbi t ,  i s  i t s hab i t  

of  coprophag i a , somet imes re ferred t o  as  pseudoruminat ion . Thi s  

habi t involves the reinge s t ion o f  soft faecal material d i r e c t l y  

from the anus . Th i s  form o f  faeces i s  produced during t h e  early 

hours o f  the morn ing and is  a rich s ource of  v i tamin B ,  

s yn thes i zed by the bacteria i n  the caec um . When rabb i t s  are 
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prevented f rom pract i cing coprophagi a ,  they die  wi thin three 

weeks ( Adams , 19 7 2 ) .  The s i gn i f i cance of coprophag i a  in  relat ion 

to d i f ferent di seases , espec i a l l y  cocc i d i os i s , wi l l  be di scus sed 

further in  Chapter Nine . 

The fecund i t y  and short ges tation period of rabb i ts , together 

w i th other characteristics such as comparat i ve smal l s i z e  and 

ease of handl ing , make the rabb i t  an i deal laboratory animal for 

many purposes . 

BREEDS OF RABBITS 

Rabb i t s  and hares , caught in snare s , were of importance to 

early man as a source of food and clothing. The i r  thin skin and 

dense s o f t  fur , were wel l  adapted to many uses . Later , at 

di f ferent periods of h i s tory , as dur ing the f i r s t  and second 

world war s , rabb i ts became a more important source of meat and 

many people ra i s ed them i n  l imi ted space , as a means o f  rapidly 

i ncreas ing the supply of locally produced meat . 

S i nce the European rabbi t was f i r s t  dome s t i c ated , select ive 

breeding has created many d i fferent breeds for meat product ion , 

for fur and pel t s , and fancy breeds for exhibi t i on ( Walker et  al , 

1 9 6 4 ) .  

The meat breeds include the Cal i forni a  and Flemish Giant . 

These  animal s are usually k i lled for meat product i on before they 

become adul t ,  for better economical e f f i c i ency . Flemish Gi ant 

rabb i t s  are one of the largest breeds , but grow very s lowly and 

are not pre ferred economically ( Anon , 1 9 8 5a ) .  

The major fur and pelt produc i ng breeds include the Angora ,  

Chinch i lla , New Zealand Whi te ,  Rex , S i lver and Fox . Among the fur 

breed s , the Angora is regarded as one of the bes t  for f ibre 

produ c t i on ,  and is farmed in  many countri es i ncluding New 

Z ealand . Thes e  fur breeds tend to be o f  dual purpose in  that 
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the i r  carcas s e s  are also used for meat . The New Z e a l and Wh i t e , 

whi c h  was developed in  the Uni ted S tates , a l though a dual purpose 

breed , is  probably the breed mos t  commonl y  used for meat 

product ion , because i t  is  early maturing and has an excellent 

food convers i on rat io ( Anon , 1 9 8 5 a ) . 

Common exhibi tion breeds include the Tan , the Dutch and 

Ne therlands Dwarf and Rex . These are not o f  s igni f i cant 

importance i n  meat production and are s e l ected mai n l y  for the i r  

colours and body conformat ion in  relation to somewhat art i f i c i al 

cri teri a  related to exhibi t ion ( Anon , 1 9 8 5 a ) . 

RABBIT MEAT PRODUCTION 

In  New Z ealand , rabbits for meat production are slaughtered 

at approx . e ight weeks of age , when the i r  l i vewe ight is around 

2 kg ( Anon , 1 9 8 7 ) . A good average food convers i o n  rat i o  of a 

2 Kg rabb i t  i s  around 3 . 5 : 1  ( Anon , 1 9 8 7 ) , wh i ch c ompared to mos t  

other meat  animal s ,  i s  cons idered favourable , wi t h  t h e  except ion 

of poultry ( broi l ers ) for wh ich a good food convers ion ratio i s  

1 . 8 : 1  ( Anon , 1 9 8 4 a ) a t  s ix weeks o f  age . However , w i th the high 

cost of p e l leted food for rabb i ts , the rat i o  needs to be 3 . 2 : 1  

to  be economic in  mos t  circums tances ( Anon , 1 9 8 7 ) . I t  was found 

that rabb i t s  slaughtered up to the age of 5 6  day s , have the bes t  

food convers ion . When slaughter i s  de layed for even one week , 

the prof i t  becomes less as a result of the extra l abour involved 

and the decl ine of the food convers ion ratio ( Ai tken and King , 

1 9 6 2 ) . 

Rabb i t  farming can be divided into two m a i n  categories . 

F i r s tl y , i ntens ive farming s y stems , where l arge numbers of 

rabb i t s  of improved breeds and s trains , are kept under s trictly  

contro l l e d  envi ronmental cond i tions and fed a balanced p e l leted 

rat i on . S econdly ,  small scale or backyard l evel rabbi t 

product i on sys tems , whi ch are s t i l l  important i n  many countries  

l ike Mal t a ,  and Spain . Such s y s tems are suitabl e  for deve loping 
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countries  because o f  the i r  low capital inpu t , rapid f i nanc i a l  

turnover and use o f  local ly  avai lable construction materi al s  and 

feed ( Owen et al , 1 9 7 7 ) . 

H i gh t emperature i s  probably the mos t  seri ous env i ronmental 

problem for rabb i ts . The normal body t emperature of the an imal 

i s  3 8°- 3 9°C and the thermoneutral i t y  z one be tween - 5° to  3 0° C .  

When ambi ent temperatures reach 3 0  degree s  or abov e , the 

fert i l i ty of the male rabbi t decreas e s  dramat ically ( Chen e t  al , 

1 9 7 8 ) . The female ' s fer t i l i ty i s  a l s o  decreased ( Owen e t  al , 

1 9 7 7 ) . 

Among the many countries farming rabb i t s , China i s  the 

large s t  exporter of rabbi t meat and Angora f ibre ( wool ) ,  and i t s  

farming sys tems are eff i c i ent . New Z ealand i s  one o f  the 

countries  which import rabbit  meat from China . The price of 

Angora f i bre is controlled by the interna t i onal mark e t  but is  

very much influenced by China as the major world producer . 

The magni tude of the rabbit indus try in  China i s  i l l u s trated 

by informat ion supplied by the Ch inese Embas s y  in  Wel l i ng ton in 

re spons e  to a request by the author . China exports  3 0 , 0 0 0 - 4 0 , 0 0 0  

tons o f  frozen rabbit  meat per year , wi th a value o f  US$4 0 - 5 0  

mi l l i on . Wes tern Europe and Japan are the ma j or overseas 

marke ts .  A quan t i ty of 5 , 0 0 0 - 7 , 0 0 0  tons of raw hair i s  e xported 

annual l y  w i th a value of US$1 . 5 - 1  . 7  hundred mi l l i on . The ma j or 

markets  are Wes t  Europe , Japan and Aus tral i a  ( L iu  Bei L e i , pers . 

comm . ) Presumably , a l arge quan t i t y  of rabb i t  meat i s  s uppl i ed 

to the local market . I t  would be i n tere s t i ng to know the total 

quan t i ty of rabb i t  meat consumed by a population of about 1 . 2 

b i l l i on people i n  the Republ i c  of Ch ina , e s pec i al l y  cons i dering 

the low pri ce o f  th i s  product ( Chen , pers . cornrn . ) .  

Other countries w i th developed rabb i t  indu s t r i e s  are  mai n l y  

in  Europe , and include I taly , Poland , Bri tain , Hol l and , Denmark , 

Spa i n , German y , Mal ta , Sweden , and France . France i s  the  l arges t  

producer o f  rabbi t meat in  the western world and Mal t a  has the 
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world ' s  h ighest per capita consumption o f  rabb i t  meat o f  8 kg per 

person annually ( Anon , 1 9 8 7 ) . 

The Uni ted States and Canada produce r abb i t s  for mea t , f i bre , 

skins and fur for both the home market a s  well as for export . In  

South America , Chi l e  and Argentina are the  ma in producers w i th 

export markets for both mea t  and f i bre . Countries in  the M i ddle 

Eas t and Third Worl d  countr i e s  have s tarted to develop commer c i al 

rabbi t  farms and " backyard" units s u i ted for local cond i t i ons . 

Present world rabbi t  meat produc t i on i s  insuffic ient to  meet 

world demand , and in many Asian and Pac i f i c  countries there i s  

a demand for larger quant i t ies  that can b e  suppl ied ( Anon , 1 9 8 7 ) . 

D ISEASES OF RABB I TS AFFECTING THE QUALI TY OF MEAT 

From a meat hyg iene v iewpoint , d i s eases of rabb i t s  c an be 

cons idered in two broad categories . Firstl y , zoonoses wh ich 

could a f f ect the health of the consumer from endogenous i n fe c t ion 

of the rabb i t s  or from exogenous agents due to contaminat i on of 

the carcass during proces s ing. S econdly , non-zoono t i c  d i s eases 

wh i ch m i ght create unacceptable aes the t i c  defects . 

Compared wi th other food anima l s  there are few z oonoses 

assoc i ated wi th the consumption o f  rabb i t  meat . Tul araemia , 

probably the mos t  important of the endogenous z oono s e s  of 

rabb i t s , i s  cau s ed by Franc isella tularen s i s  and apar t  from 

rabbi t s , a wide variety o f  other animals contract the d i sease . 

In  rabb i t s , the d i sease i s  mani fested by mi l i ary abs c e s s e s  in  the 

parenchymatous organs including lymphnodes .  The d i sease i s  

transmi tted t o  h umans mainly  by the consumption of insuf f i c i ently 

cooked rabb i t  meat or by handl ing meat from infected r abbi t s . 

Affec ted humans show cutaneous les i ons , men i ng i t i s  and 

sept i c aemi a  resulting in a mortal i ty rate of 5 - 7 %  of u ntreated 

cases ( c i ted in Anon , 1 9 8 6 ) . A number of countr i es i nclud ing New 

Zealand ( Blackmore , pers . comm . ) and Cyprus ( Anon , 1 9 8 5b ) are free 
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from tularaemi a ,  whereas the di sease i s  endemi c  in par t s  of  the 

U . S . A .  and Rus s i a . 

P s eudotuberculos i s  and toxoplasmos i s  are regarded as common 

forms of endogenous zoonoses of rabb i t s  i n  New Zealand ( Blackmore 

and Humble ,  1 9 8 7 ) . Ps eudotuberculos i s  i s  c aused by Yers i n i a  

pseudotuberculos i s  and i n  rabb i t s  i s  mani fested b y  m i l i ary 

abs c e s ses i n  the l iver , lungs , spleen and intest i nal wal l 

( Harknes s  and Walker , 1 9 8 3 ) . In human beings Y .  ps eudotuberculos i s  

i s  a meat o r  water transmi tted d i s ease , cau s i ng acute mesenter i c  

lymphaden i t i s  and rarely sept i caemic i l ln e s s  ( Blackmore and 

Humb l e , 1 9 8 7 ) . 

Toxoplasmos i s  can af fect rabb i t s  and more than 2 0 0  d i f ferent 

spec i es of  other animal s includ ing b i rds , rept i l e s  and man . 

Presumably t i s sue cys ts  in rabb i t  meat are a poten t i a l  publ i c  

heal th probl em . In humans , the di sease c an result  i n  cervical  

lymphadenopathy , necro t i z ing encepha l i t i s , meningoencephal i t i s , 

and ocular les ions . ( Blackmore and Humble , 1 9 8 7 ) . 

Encephal i tozoonos i s  i s  a common z oono s i s  o f  laboratory 

rabb i ts , caused by the protozoan Encephalitozoon (Nosema) 

cun i cul i ( which belongs to the Mi crosporid i a ) . Laboratory 

rabb i ts , as we ll as domestic  rabbits , are a f fected and in  Sweden 

the preval ence of the d i sease in the latter group was found to 

be up to 1 4 % .  Al though the main hos t o f  the di sease is the 

rabbi t ,  other animal species i ncluding man , mice , guinea p i g s , 

rats  and dogs were found to be infected ( Waller , 1 9 7 9 ) . The 

d i sease i s  beli eved to be transmi tted by urine or 

t ransplacental ly , and is mildly contag i ou s  in a rabbi try ( c i ted 

i n  Anon , 1 9 8 6 ) . Waller ( 1 9 7 9 ) s tates that a l though the oral route 

of infec t i on i s  probably the most  common route o f  i n fect i on , the 

d i sease may be also transmi t ted through s k i n  wounds or by s exual 

i ntercour s e . Al though the di sease is usua l l y  inapparent , 

occas i ona l ly rabb i t s  show vari ous s l ight neurol og i c al d i s orders 

including partial paralys i s  of the . face inc luding ears and 
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eyel ids , o r  incl ined head , b l i ndness , aggress ivenes s ,  anorexia 

and pol yd i p s i a  ( Waller , 1 9 7 9 ) . 

The agent i s  mos t commonly local i z ed in  the k i dneys and the 

central nervous s y s tem in wh i c h  intracel lular colon i e s  of the 

paras i t e  occur usua l ly wi thout evidence of any inflammatory 

reac t i on . When i n f l ammatory react ions do occur they cons i s t  of 

chroni c ,  non-purulent , granulomatous changes which are 

pathognomon i c . No succe s s ful  treatment is known in rabb i t s . 

Pre sumably the transmi s s ion o f  the di sease from rabb i t s  to humans 

is v i a  ur i ne ,  espe c i ally through skin abras ions and i s  thus 

unl ikely to be a meat transmi t ted di sease ( Waller 1 9 7 9 ) . 

The theore t i cal range of the exogenous agents , wh i ch could 

contaminate rabbi t meat , include enteri c  pathogens , l i ke 

Campylobacter jejuni , Y .  ps eudotubercu los i s, Y .  enterocol i t i ca , 

Salmone l l a  spp , Clostridium per fringens and pathogens originat ing 

from external abscesses caused by Staphylococc i .  [The au thor i s  

aware o f  a s tudy i n  which C .  jejuni was i solated in New Z ealand 

from a rabb i t  originat ing from the small  an imal un i t  ( Marshal l , 

pers . comm . ) ] .  Dre s s ing faul t s , which lead to contaminat ion of 

rabb i t  c arcas ses  w i th intest inal content , cou l d  lead to  such 

exogenous contam i nation . Insu fficient cool ing of the carcas ses , 

gives the opportuni ty for these bacteria to mul t iply ( Yersinia  

spp can grow and produce toxi n  even at low temperature s ) and lead 

to food poi son ing . 

S taphylococcus aureus i s  a common aet iolog i cal factor of 

absce s s e s  in  rabb i t s  ( Far inha et al , 1 9 8 2 ) . Add i t i onally 

Blackmore and Francis  ( 1 9 7 0 ) state that pathogen i c  s t aphy lococci 

were i solated f rom laboratory rabb i t s . 

Aes th e t i c  d e fects o f  rabbit  carcasses can be associ ated w i th 

bru i s i n g  and f ractures , as in  other animal s . Also the 

interme d i ate s t ages o f  certain ces todes , such a s  the l arvae of 

Taenia p i s i form i s ,  T .  mul t iceps , T .  seri al i s , the Pentas tomid 

larvae of L i nguatula s erra t a ,  as wel l  as the l e s ions cau s ed by 
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Eimer i a  s t i edae in rabb i t  l iver , could be  the cause o f  

undes i rable l e s i ons . 

RABBIT MEAT HYGIENE 

Theoretica l l y , the qual i t y  control o f  rabbi t  meat produc t ion 

shoul d  be based on the s ame pri nc i ples as thos e  appl i ed to meat 

from o ther an imal s . 

Based on convent ional regulatory meat h y giene , t h i s  should 

inc lude both ante and pos t  mortem inspect i on , a general contro l  

of the hygi ene o f  the abat to i r  and food hyg i ene inspect ion at  the 

re t a i l  level . The Mini s try of Agr i cul ture and F i sher i es in New 

Zealand , has produced a set of draft regu l a t ions wr i t ten along 

the s e  l ines , wh ich however have not yet been promulgated . 

W i th respect to the i nspec t i on of poul try meat , publ i c  heal t h  

concerns w i l l  b e  b e s t  met b y  a flock health apprai sal , uti l i z i ng 

flock records and labora tory data col lec ted over the l i fe o f  the 

flock . Thi s  approach i nvolves a move away from 1 0 0 %  carc a s s  

inspect ion , towards a " healthy l i fe"  cert i f i cat ion , which should 

cer t i fy that birds have been free of di sease be fore slaughter , 

have rece i ved medicat i on only at approved rates and drug 

w i thdrawal t imes adhered to. In add i t ion the animals mus t be 

s l aughtered and the i r  meat  produced under sani tary and 

m i c robiologi cally s a f e  cond i t i ons . ( Chri s t ensen 1 9 8 7 ) . 

Discu s s ing the problem of meat inspe c t i on of dome s t i c  s tock , 

Bl ackmore ( 1 9 8 3 ) sugges ted radical chang e s  to the convent i onal 

s y s tem , whi ch has bas i cally remained una l t ered for more than a 

hundred years . He also refers to the ine f fectiveness  of the meat 

inspect ion me thods in detect i ng agents that are mos t frequentl y  

as s oc iated w i th foodborne i n fections and i ntox i cat i ons. He 

concludes that there should be less emphas i s  on veteri nary 

i n spect i on o f  individual carcasses and greater attention paid to 
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ensuring that animals  submitted for slaughter are from herds free 

from infec t i ons with potential  h uman pathogens and tox i c  agents . 

Many s tudies have been carri ed out in  relation to hyg i en i c  

proces s ing o f  meat from the common meat an imals , b u t  pub l i shed 

work on rabb i t  meat hygiene has not been found . Thi s  apparent 

lack of i n format ion was a ma j or s t imulation for the research work 

wh i ch forms the bas i s  for thi s thes i s . 

The work in  thi s thes i s  i s  an attempt towards : 

1 .  Inve s t i gation o f  the human e  aspects  of  d i f fe rent s tunning 

methods used in  rabbi t s l aughtering . 

2. Measurement of the carcass yield of slaughtered rabb i t s  and 

factors that may affect i t . 

3 .  S tudy o f  the e f fect o f  d i f ferent washing s i tuat ions on the 

water uptake and bacteriological condi t ion of rabb i t  

carcas ses . 

4 .  S tudy of  the factors whi ch might af fect the pH dec l i ne rate , 

as wel l  as the ultimate pH o f  rabb i t  meat . 

5 .  S tudy of the prevalence and descript i on o f  pathologi cal 

l e s i on s  found during commerc ial rabb i t  s laughtering . 

6 .  As s e s s sment o f  the accuracy of rabbi t  meat inspect ion 

procedures , w i th respect to l iver coccid ios i s . 

7 .  F i na l l y , the ep idemiolog i cal aspects  of l iver cocc i d i os i s  in  

rabb i t s  were s tudied . 
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CHAPTER TWO 

THE PROCESSING ABATIOIR 

I NTRODUCTI ON 

The abattoir at wh ich the f i eld obs e rvations were carr i ed 

out , i s  a smal l ,  owne r  operated plant , s i tuated at  Mas terton i n  

t h e  Wai rarapa ( s ee F i gure 2. 1 . ,  page 2 5 ) .  Normally the prem i s e s  

a r e  used f o r  the proc e s sing o f  poultry f o r  the local marke t ,  but 

approx . every four to s ix weeks , rabb i t s  are s laughtered and 

processed on the pou l try cha i n . 

The staff  compr i s e s  four workers . The owner and one o f  the 

workers are members of the s ame fam i l y  and they usual l y  employ 

two other part time workers to ass i s t  t hem on the proces s i ng 

l i ne . The buyer and eventual owner of the  rabbi t carcas ses acts 

as both an ' inspector ' and worker when r abb i ts are proces s ed . 

Inspectors from the Health Department , occas i onally check the 

general plant hygiene but are usual l y  not presen t  dur ing the 

s laughter and process ing o f  birds or rabb i t s . The " meat 

i nspector" i s  pay i ng spec ial atten t i on to  the presence o f  hepa t i c  

cocc idios i s , gross pathologi cal lesions such as absces s e s  and 

defects that might a f fect the f inal qual i ty of the carcas ses  and 

vi scera . Owners of rabbi ts , which have evidence of hepa t i c  

les ions , suffer a $1 penalty per carcass affected . Thi s  penalty 

i s  des i gned to s t i mulate h i gher standards of husbandry by the 

breeders . 

All rabbi ts are purchased by the "meat inspector " , under the 

trad ing name "Doe Bank " . The breeders are paid accordi ng to the 

final carcass wei gh t  and whether or not they are a f fected wi th 
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hepa t i c  coccidios i s . Rabb i t s  are obtained f rom a wide area , 

rang ing f rom Palmers ton North to Wanganu i and Taihape . They are 

collected by the "meat i nspector" from a central point in 

Palmers t on North , or from i ndividual breeders located between 

Palmerston North and Mas terton , on the day of slaughter . The 

animal s are transported i n  wire cages in the back of a smal l ,  

open " p ick up" truck . Duri ng rainy days the cages are covered 

w i th a waterproof cover . 

The mos t  common breeds processed i n  the plant , are New 

Z eal and Wh i te , cros ses of New Zealand Whi te wi th other breeds , 

and Angora rabbits . Rabb i t s  coming from farms s i tuated far away 

from the aba tto i r , commence the i r  j ourney to the abattoir at 6 - 7  

a . m .  o n  the day o f  slaughter and arrive a t  the plant a t  approx . 

midday . Slaughter commences soon afterwards . 

THE PROCESSING PLANT 

The plant ( see F i gu r e  2 .  1 ,  page 2 5 ) i s  des i gned for the 

proce s s ing of poultry , but occasionally ducks , pheasants and 

rabb i t s  are also slaughtered . The general layout o f  the plant i s  

shown i n  F i gure 2 . 2 , ( page 2 6) ,  together w i th apparatus , denoted 

by d i f ferent f igures , r e ferred to in the fol lowing text . 

Proce s s ing Room 

Thi s  i s  the larg e s t  room o f  the plant ( Room A ) . Large doors 

at one end open to an outs ide concret e  pad , wh i ch serves as  a 

load - in area ( 1 ) ( see Figure 2 . 2 , page 2 6 ) . The convent i onal 

poul try chain ( 2 )  extends the length of the room . H igh pressure 

hos e s  are ava i lable ( 3 ) . Below the f i r s t  part of the chai n  a 

s t a i nless steel trough ( 4) prevents blood from s p i l l ing onto the 

f l oo r . Receptacles for the rubbi sh ( 5 )  also exi s t  and at the end 

of the cha in there i s  a scalde-r ( 7) by the s ide of which a 

defeathering machine i s  s i tuated ( 8 ) . Up to 9 6  rabb i t s  or b i rd s  

can b e  processed on thi s  cha in a t  any one t ime . 
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F igure 2.1 - The abatto i r  a t  Masterton . Load out area 

Carca s s  Washi ng Room 

Th i s  room ( B )  is si tuated next to the proce s s i ng room and has 

three s ta i nless st eel t anks ( 9 ) , wh i ch are u s e d  as dunk baths for 

the wash i ng of  rabbit carcas s es . Next to the t anks is a ra i l  ( 1 0 )  

for hang i ng the carcasses when they are b e i ng spray washed . A 

hand operated wash bas i n , w i th hot and cold water i s  close to one 

of the dunk baths ( 1 1 ) .  On the wall i s  a rack ( 1 2 )  used for 

protective cloth ing . Carcasses are sub j e cted to a f i nal 

inspe c t i on on a metal tab l e  ( 1 3 )  next to the washing troughs . 

Packing Room 

The r a i l  from the washing room leads through an opening i n  

the wall  to the pack ing room ( C ) , where the carcasses are we ighed 

and packed . A scale balance ( 1 4 )  is s i tuated on a l arge metal 

table ( 1 5 ) in the midd l e  o f  the room together w i th a smal l ,  
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simple and e f fect ive manual l y  operated pack ing apparatus ( 1 6 ) 

normally used for bagg ing poul t ry carcasses . A cool er , an 

apparatus producing cold air ( 1 7 ) , is s i tuated on one of the 

wal l s  about 1 . 7m above floor level . 

Blast Free z e r s  

Two b l a s t  freezers ( D , D ' ) ( approx . 2 0  m3 each ) a r e  s i tuated 

oppo s i t e  the packing room . The s e  freezers are placed in  the 

center of the bu i lding . 

Other Rooms 

The loc a t i on of anc i l lary rooms , such as s toreroom ( E ) , 

o f f i ces ( F , F '  ) ,  a ki tchen ( G ) , a locker room ( H ) , to i l e t s ( I , I ' ) and 

a bo il er room ( J )  is shown in F i gure 2 . 2 . , ( page 2 6 ) . The floors 

and wal l s  of the bu i lding are cons truc ted of  concrete and the 

roo f of corrugated iron . Electr i c i ty and hot and cold water i s  

supp l i ed t o  the ma j or i t y  o f  rooms . A covered load out area ( K )  

also ex i s ts. 

THE PROCEDURE 

STUNNING 

The rabb i t s  are s l aughtered by manual d i s loca t i on of  the neck 

fol lowed by d ecapi tat ion . They are pi cked up from the cages by 

one pers on and handed to the operator c arrying out d i s locat ion 

of the neck . Th i s  i s  an experi enced person who holds the animal 

by the h i ndlegs with his l e f t  hand and i t s  head d i re c t l y  beh ind 

the ears w i th h i s  right hand . Then by pul l ing sharp l y  on the head 

with a downward and backward twi s t  of  the hand he e f fe c t i vely 

breaks the neck . Immed iately after neck d i s locat i on the rabb i t s  

are hung o n  t h e  chain b y  the h i nd legs . 



2 8  

Exsangu inati on 

Exsanguina t i on i s  c arried out by a person stand ing a t  the 

beg i nn i ng of the cha in where the rabb i t s  are decapi tated w i th a 

sharp kni fe . The " s tun- to- st ick"  interval ranges from t e n  s econds 

to f i ve minutes . The ma j or i ty of animals show no movement s  at any 

t ime a f ter d i s l ocation of the neck and the procedure i s  general l y  

smooth and easy . The heads are di scarded i n t o  a bin . The chain 

automatically  c arries the decap i t a t ed carcas s es to the point of 

pe l t ing . 

P e l t ing-Evi sceration 

Removal o f  the pe l t  i s  carr i ed out by the same person who 

di slocates the neck . A f ter having stunned 2 0 - 3 0  rabbi ts,  he 

changes pos i t i on to the pel ting area . He removes the pe l t  by 

cut t ing around the tib io- tars al j o ints and making a long i tudinal 

inc i s ion on the med i a l  aspects o f  each h i nd leg . The pelt i s  

pulled downward and i n s i de ou t ,  thus be ing freed from t h e  f a s c i a  

and muscles . The pel t  i s  cut from the carcass j u s t  above the 

carpal j o ints of both front legs ( s ee F i qure 2 . 3 , page 2 9 ) .  The 

process of p e l t ing i s  completed within 50 s econds . The 

unevi scerated carcas ses  are handed to another operator on the 

other s i de of the chain , one me tre away . He shackles  the 

carcasses by the hind l egs and evi scerates them by an inc i s ion 

from the pub i s  to the xi ph i s ternum . The gas troint e s t i nal tract 

( G I T )  i s  removed f i rs t ,  fol lowed by the l iver . Then by an 

inc i s ion to one s i de of the s ternum the thorac ic cav i ty i s  opened 

and the lungs and hear t are removed and d i s carded in the same 

receptacle as the GIT . At th i s  po i n t , us ing a pa i r  of s ecateurs , 

the remaining part of the neck i s  cut o f f  and the fron t and hind 

legs are removed at the carpal and tarsal j oints respect i vely . 

The whole process of evi scera t i on i s  completed i n  approx . 4 0  

seconds . 
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Inspect ion 

Livers are inspe c t e d  for gros s les i ons o f  hepat i c  cocc i d ios i s  

b y  the purchaser o f  the rabb i ts and the carcas ses are then 

t rans ferred by her to the table in the washing room . 

F igure 2.3 . - Pelt removal showing points of detachment on legs . 
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Washing Carcasses 

After i nspect ion , the carcasses are hung on hook s f rom the 

pe lvic bone unt i l  washed by immersion in  a tank . Wat e r  is runn ing 

into the tank from a tap , and i s  discharged from an outlet  on the 

si de . The rate of  replacement is approx . ten l i tres per m i nute . 

The carcasses are left  in the water for two to ten minutes and 

then tran s ferred manual ly to hooks on a rail  for washing by a 

hand held sprayer and final minor trimm i ng . Trimming and spray ing 

takes be tween 3 0  and 60 seconds to complete . The carcas ses  are 

then usua l l y  left  on the rail for one to two hours during wh i ch 

t ime sur face water is lost f rom the carcasses by d r i p  and 

evapora t i on . 

Packing Carcasses 

The c arcasses are then trans ferred manually , or  on the ra i l ,  

from the washing room to the packing room where they are we ighed 

and the we i ght recorded on a label which is a t tached to the 

out s i de of the plas tic bag contain ing the carcas s . 

In order to pack rabbits into plas t i c  bags des igned for 

poul try , the back of the carcass is cut at the level of the 

lumbar sacral j unct ion , the spinal column broken manual ly and the 

hind legs pushed forward into the thora c i c  cav i ty . The rolled and 

telescoped carcass is  then pushed through a metal cone (pack ing 

apparatus ) into a plastic bag . E f forts are made to remove as much 

a i r  as pos s ible from the bag which is then sealed and label led . 

The bagged carcasses are put in plas t i c  boxes or cartons and sent 

d i rectly to  the retail marke t or put in  the blas t free z e r . 

Add i t i on a l  I n forma t i on 

The abattoir i s  small and there are no arrangements for 

further proce ss ing . No other products than the carcas s e s , l i vers 

and pel t s  are saved . 
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The water used i n  the abattoir i s  o f  potable qual i ty and 

come s from the munic ipal supply . I t  i s  chlorinated and checked 

regu larly by the local author i t y . 

The ma in areas where inve s t i gat ions were carr i e d  out , were 

at the po ints of slaughter , ev i s cerat ion , washing and packi ng . 

Inve s t i gation s  included observat i ons on the slaughter proc ess , 

includi ng exs anguinat i on and the accuracy of  detec t i on of  hepa t i c  

cocc idios i s. Washing procedures were inve s t i gated i n  terms of  

both microb i a l  contaminat ion and water uptake of c arc as s e s , and 

mus c l e  pH meas urements were taken at various point s in the whole 

operat ion . 

Four v i s i t s were paid to the abattoir to obtai n  the data for 

t h i s  the s i s . Further s amples , related spec i f i cally to the study 

of hepa t i c  coccidios i s , were col lected dur i ng v i s i t s to three 

indiv idual rabbi tries . Fi nal ly , in order to col l e c t  data on 

spec i f i c  aspects of  rabbit proces s i ng ,  2 0  New Z e a l and Wh i te 

rabb i t s  of 2 - 3  Kg l i ve we ight , were bough t from the Smal l An imal 

Un i t  at Mas sey Un ivers i ty and s l aughtered and proces s ed i n  the 

undergraduate anatomy l aboratory of the Faculty of Ve teri nary 

Sci ence at Mas sey Uni vers i ty . Data obta i ned f rom a l l  the se 

animals w i l l  be presented and d i scussed i n  relevant chapters of  

thi s the s i s . 
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CHAPTER THREE 

SLAUGHTER OF RABBITS AND 

RATES OF BLEEDING 

I NTRODUCTI ON 

There i s  increas ing public concern for the welfare of an i mals 

i n c lud i ng the slaughter of s tock . Thi s  has led to var i ous 

s tatutory acts and regulat ions, aimed a t  ensuring the we l fare of  

a n imal s dur ing the s tunn ing and s l aughter process . In  New 

Z e aland , the we l fare of stock duri ng s l aughter, i s  covered by 

" The s l aughter of s tock, game and poultry  regula t i on s  1 9 6 9 "  and 

amendment No . 1  of the same regula t i ons  (.Anon, 1 9 7 7 ) . These 

regulation s  state that " no person sha l l  i n  any s l augh t e r i ng 

p l ace, s l aughter any head of cattle ( i nclud i ng bobby calves ) ,  

horses, sheep, lambs, goa ts or swine, unless and un t i l  i t  has 

been rendered insens ible to pain, by  a me thod descr i bed in 

subclause ( 2 )  of  th i s  regulat ion and w i l l  rema in so unt i l  death 

s upervenes from the operation of  bleeding, wh ich shall be car r i ed 

out promp t l y  and sk i l l fully . "  In  subclause ( 2 )  o f  the S l aughter 

of Stock, Game and Poultry Regulation ( 1 9 6 9 ) , it is s tated that 

the me thods of  induc i ng insens i bi l i ty to  pa i n  shal l : 

a )  In  the case of cattle ( except bobby c alves ) ,  horses,  goats 

and swine, by the means of : 

( i )  A capt i ve bolt type of  stunni ng ins trument ,  operated 

by explos ive charge or c ompres sed a i r; 

( i i )  An ins trument wh ich causes i n s ens i bi l i ty by the 

admini strat ion of  an e l e c t r i c  shock ; or 
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( i i i ) The u s e  o f  carbon dioxide gas i n  a s u i tably enclosed 

chamber . 

Prov ided that at s l aughtering places ( other than export 

slaughterhouses and abat to i r s ) ,  a sui table s a f e  f i rearm w i th a 

type o f  solid bullet or fragile  bul l e t, wh ich renders the animal 

i n s tant aneously insens i t ive to pain, may be u s ed . 

b )  I n  the case of bobby c alves, be by any o f  the me thods of 

i nduc ing insensibi l i ty or by manual s tunn i ng by a s ingle 

b low to the frontal region of  the head . 

Rabb i t s, be ing "animal s "  accord ing to the Meat Ac t, 1 9 8 1  

( Anon 1 9 8 1  ) ,  are not covered by this  section o f  the regulations, 

but by paragraph 8 ,  which requ ires a slaught e r  method approved 

by the D i rector. and by paragraph 1 3, wh ich s tates  that : ( 1 )  " The 

slaughter of any stock, game, or other anima l s  in  a s l aughter ing 

place or  of pou l try in premi ses l i censed persuant to section 6 1  

( a )  o f  the Act, shall be s o  coordinated that the t ime be tween the 

stock, game, other an ima l s  or poul try be ing rendered insensible  

( where this  appl ies ) and being sub j ec ted to b l eeding i s  kept to  

the abs olute minimum . " 

Apart from the humane aspect o f  the s tunn ing and s l augh ter 

procedure, this operat ion can also a f fect the qual i ty of  meat 

( c i ted in Blackmore and Del any, 1 9 88 ) . It was there fore 

con s i de red appropriate to inves t i gate some of the me thods o f  

s l aughter wh ich could b e  appl i ed to rabb i t s . 

A h umane stunning and s laughter procedure, comply ing w i th the 

above regulation, shoul d  induce immed iate insen s i b i l i ty o f  

suf f i c i ent durat ion t o  ensure the an ima l s  do not rega i n  

sens i b i l i ty, unt i l  they have been rendered permanently insensible 

from exsanguinat ion . Methods of  i nduc ing i n s ens ibi l i ty can be · 

broadl y  clas s i f i ed into three groups : ( a )  carbon dioxide 

anaes thes i a, ( b )  electrical s tunning, and ( c )  percu s s ive s tunning 

( c i ted in  Blackmore and Delany, 1 9 8 8 ) . 
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Al though carbon dioxide i s  cons idered e f f e c t i ve for 

anaesthet i z i ng rabb i t s  ( Adams , 1 9 7 6 )  it would be an i nappropr i ate 

me thod in the abattoir because of the h i gh cap i t a l  cos ts  of 

equ i pment and high running cos t s  assoc i ated w i th the  loss  of C02 
removed from the C02 chamber trapped in  the fur o f  the animals . 

There i s  a l s o  controversy concerning the humane aspects of  the 

method ( Blomqu i s t , 1 9 5 7 ) . 

Electrical stunning can be d i vided i n to head-o n l y  and head­

to-body me thods . Stunning by the head-only me t hod normally 

induces insensi bi l i ty of  approx . 3 0 - 4 0  seconds dura t i on only . For 

thi s me thod to be humane in animals  whi ch have no connec tion 

be tween the vertebral artery and the ros t ral rete v i a  the caudal 

rete , the s tun- to- s t i ck interval mus t  be less  than 2 0  s econds , 

s i nce permanent insensibi l i t y  from exsangui nation may take up to 

e i ght seconds to be induced ( Tidswe l l  e t  al , 1 9 8 7 ) . The bl ood 

supply  to the brain o f  rabbi ts i s  very s im i lar to that of sheep . 

In  th i s  species , apart from occ ipi ta-vertebral anas tomos i s  

( O . V . A . ) ,  there i s  another small anas tomos i s  be tween the 

vertebral and carotid arteries , known as the condy l ar artery 

( c i ted in  Bl ackmore and Delany , 1 9 8 8 ) . 

Head - t o - body electrical stunning , induces permanent 

i n s ens i b i l i t y  due to concurrent i nduc t i on of cardiac d y s func tion , 

thus stun- t o - s t i ck i ntervals are not theoreti cal l y  i mportant in 

rel ation to  animal wel fare ( c i ted in Blackmore and Delany , 1 9 8 8 ) . 

Lauberger ( 1 9 8 4 ) described a sys tem for elec t r i cal  s tunn ing 

of  rabb i t s  and other laboratory an imals , but to the knowledge of 

the author , the sys tem has not been evaluated c r i t ically . In 

s y s tems used for slaughtering relatively sma l l  numbers of  

rabbits , the  high capital cos t s  of  i n s tall ing such apparatus 

would be proh ibit ive . 

Percus s i ve methods of s tunni ng are probably b e t t e r  sui ted to 

the commerc i al slaughter of  rabb i ts and can be d i v i ded into non­

penetra t i v e  and penetrat ive methods . Non-pene trat ive methods 
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by the transm i s s i on o f  h i gh veloc i ty 

waves to the bra i n, whi ch can cause 

for 3 0 - 4 0  seconds ( Blackmore, 1 9 7 9 ) ,  but 

of ten bra i n  damage i s  suf f i c ient to cause permanent 

insens i b i l i ty . Penetra t i ve me thods of s tunn ing, cause 

depolar i zation of  the neurons due to percu s s ive e f fects and 

damage to the brain t i s sue, wh i ch, provi ded v i tal centers are 

destroyed, results  in permanent insensibi l i ty . Sheep and calves 

stunned by both me thods o f  percuss ive s tunning, develop ton i c  

spasms, wh ich occur immed i ately and l a s t  for a t  least  1 5  s econds . 

These  are followed by clon i c  spasms, whi ch may last  for up to 

four m i nutes . ( Blackmore, 1 9 7 9 ) . 

In  rabb i t s  s l aughtered i n  abattoi rs, the most  common methods 

of i nduc ing insens ibi l i ty i s  by d i s location of the neck, a blow 

to the head, or decapi tat i on wi th a gu i l lotine . Neck d i s locat ion 

i s  performed by holding the animal by the h i nd legs in one hand, 

and w i th the other hand hold ing the rabb i t ' s head d i rectly beh i nd 

the ears . Then by pul l ing s harply on the head w i th a downward and 

backward twi s t  of the hand, the neck wi l l  be d i s located at the 

occ i p i  to- at lantal junct ion . A mod i f i cat ion o f  this  me thod i s  

carr i ed out by a blow to the extended neck o f  the rabb i t . The 

hind legs are held in one h and wh i le the other hand, extended and 

rigid, d e l i vers a "Karate chop " to the back of the rabb i t ' s neck . 

Ins tead of the hand, a heavy s t i ck may be used ( S cot t and Ray, 

1 9 7 6 ) . It has been observed that rabb i t s  sub j ected to th i s  

method o f  neck dis locat i on often voca l i z e  dur i ng subs equent 

bleed i ng, which sugges t s  that the animals are not always rendered 

insens i ble and may suffer dis tress  dur i ng bleed i ng ( personal 

observ a t ion ) . 

I t  i s  recommended that d i s loca t i on shoul d  be fol l owed 

by s ev ering the neck wi th a kn i fe ( Owen et al , 1 9 7 7 ) . Neck 

d i s locat ion, as oppos ed to direct severance of the spinal cord, 

may result in pressure e f fects on the bra i n  and spinal cord, both 

ros t r a l l y  and caudally  to the d i s location s i te, w i th pos s ibly 
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concurrent e f fects o n  the cerebral func t i on ( Blackmore and 

De l any, 1 9 8 8 ) . 

Decap i t a t ion by a gu il lotine, i s  also used for the s l aughter 

of r abb i t s . Mikeska and Klem ( 1 9 7 5 ) ,  inve s t i gat i ng the humane 

aspect of t h i s  me thod on l aboratory rats, used elec tro­

encephalograph ic ( EEG ) techn i qu e s . The EEG act i v i t y  recorded 

after decap i tat ion ( low vol tage, fas t ac t i v i ty ) was con s i dered 

to indicate discomfort and pain . Tidswe l l  et al, ( 1 9 8 7 ) ,  

inve s t i gat ing EEG act i v i ty o f  decapi tated heads o f  l ambs, found 

no obv ious change of the EEG pat tern for eight seconds a f ter 

decapi tat i on, and subs equent changes were s im i l ar to those 

associ ated w i th exsanguination only . It is apparent that there 

is  no evi dence to sugge st that decap i t a t i on cau s e s  immed i ate 

insens ibi l i ty and that i t  i s  a humane procedure for s l aughtering 

animals . 

In the present exper imental work, emphas i s  was paid to 

inve stiga t i ons  de s i gned to determine the humane aspects of the 

d i s locat ion me thod, wh i ch is wide l y  used as  part o f  the s l aughter 

process for rabbits . Attempts were also made to inve s t igate 

percus s ive s tunning o f  rabb i t s ,  w i th a view to the future 

deve lopment of  a practical pene t rative percussive s tunner for 

thi s spec i e s . Exsangu ination was inve s t i ga ted in terms of  blood 

los s and the rate of bleeding . 



MATERIALS AND METHODS 

Methods of S laugh ter 

( a )  Neck Di slocat ion and Decapi tation 
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Dur ing the course o f  this s tudy , approx . 2 5 0  rabb i t s  were 

observed , wh ich were s tunned by d i s location of the neck at the 

abat toi r at Mas terton by an experi enced operator . He held 

each animal to  be slaughtered , by the  hind legs with the  one hand 

and w i th the other hand , the rabbi t ' s head d i rect l y  beh i nd the 

ears . Then by pul l ing on the head w i th a downward and backward 

twi s t  of the hand , he e f fectively d i s located the neck of the 

an imals . The animals were subsequen tly decapi tated by another 

butcher wi thin ten seconds to f ive minutes of s tunn ing . Ten 

rabb i t s  were examined in deta i l  immed i ately a f t e r  neck 

dis location and during the period fol lowing decap i t a t i on . 

( b )  Neck D i s locat ion and Bleed ing 

The necks o f  five New Zealand Wh i te rabb i t s  were d i s located 

by the author i n  the l aboratory and subsequently bled w i th i n  ten 

seconds by a transverse inc i s ion of the m a j or ves s e l s  o f  the 

neck . 

( c )  Non-penetrative Percus s i ve Stunn ing and Bleed ing 

F ive rabb i t s  were s tunned by a blow to the head w i th a s t eel 

for sharpening knives . One person restrained the rabb i t s  wh i l e 

another de l i vered a blow to the head j u s t  caudal to the orbi t s . 

The rabb i t s  were subsequently exsanguina ted by a t ransverse 

inc i s ion of the neck w i thin ten seconds of s tunn ing . 

( d )  Penetrat i v e  Percu s s ive Stunn ing 

The stunning was carried out by a s imple ins trument 

con s i s ting of a stainless  steel rod , 1 . 2 cm in d i ame ter and 1 9  

cm in length . The instrument ( see f i gure 3 . 1 ,  page 3 8 ) was held 

in a vertical  pos i t ion on the head o f  the  rabbit behind the eyes  

and be tween the base  o f  the  ears ( see f i gure 3 . 2, page 3 9 ) by one 

person , whi l e  another person h i t  the protrud ing bol t  w i th a 
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1 . 5 kg w e i gh t  hammer ,  from a height o f  approx . 1 0  cm . One rabb i t  

had t o  b e  s tunned twice a s  the operator holding the i n s t rument 

fai led to place it correc tly on the animal ' s  head . 

F i gure 3 . 1  - Sma l l  hammer and s teel rod and tube used for 

penetrative percuss ive s tunning . 

Of ten rabb i t s  s tunned by the pene trat ive percu s s ive me thod , 

four were exsangu inated by a transverse i n c i s ion o f  the neck 1 0  

se conds l ater . One rabb i t  was inadvertently decap i tated . The 

remaining f i ve animal s were not bled . 

( e )  Examinat ion of  Heads and Spi nal Cords 

The invest igat ion of  the superf i c i al l e s i ons  in  rabb i t s  

immob i l i zed b y  neck d i sloca t i on was carried out by remov ing the 

skin of the neck area before comple t e l y  pe l t i ng the animal s . 

Further invest igat ions were carried out by removi ng the s k i n  of  

the  head and subsequently the top o f  the  sku l l  in  order to  

observe l e s ions in  the cran i a l  cav i ty . The l e s i ons  o f  the  heads 

and spinal cords of animals s tunned by the percu s s ive me thods 

were also examined . Samples of brain t i s sue were collec ted for 

h i s tolog i c a l  examinat ion . 



Fiaure 3 . 2  - S chemat i c  d r awing o f  rabb i t  head show i na t h e  taraet 

of pene tra t ive percus s ive s tunning .  

( f ) R e cord i n a  R e f l e x e s  

T h e  h e a r t  a c t i v i t y  w a s  a s s e s s e d b y  means o f  a s t e t h o s c o p e  and 

by p a l p a t i on of t h e  c h e s t  i mmed i a t e l y  a f t e r  s t unn i n g  and d u r i n g  

e x s a n gu i n a t i on . Re s p i ra t o r y  a c t i v i t y  � a s  d e t e c t e d  b y  v i s u a l  

ob s e rv a t i on . T h e  palpeb r a l  and corn e a l  r e f l e x e s  � e r e  a s s e s s e d b y  

tou c h i ng t h e  i n n e r  c a n t h u s  o f  t h e  e y e  and t h e  c o r n e a  w i t h a 

f i n g e r . Pup i l l a r y  d i l a t a t i o n  w a s  e s t i m a t e d by v i s u a l  o b s e r v a t i on 

o f  t h e  d i ame t e r  o f  t h e  pup i l s  o f  b o t h  ey e s  pe r i od i c a l l y . Th e  

ped al r e f l ex was c h e c k e d  b y  pinching t h e  s k i n  b e twe e n  t h e  d i g i t s 

of t h e  h i nd and fore l e g s . The s pon t an e ou s bod y mov e me n t s  w e r e  

v i s u a l l y  ob s e r v e d . 

At t h e  aba t t o i r ,  re f l e x e s  w e r e  r e cord e d  i n  wr i t i n g  a t  t h e  

t i m e  o f  obs e rv a t i on . I n  t h e  l abor a t o r y  t h e  re f l e x e s  w e r e  r e c orded 
a 

verba l l y  o n  a t ap e  r e corder wh i c h  w a s  l a t e r  r e p l a y e d  and 

an a l y z e d . 

( g )  Bl ood Col l e c t ion and R a t e s  o f  B l e e d i ng 

Th e blood was col lec ted from the neck wound through a f unnel 

into a 1 0 0 ml plas t i c  measuring c y l i nder c a l i br a t e d  i n  1 ml 

intervals . The rate of  bleed ing was obta ined by record ing 

verbal l y  on a tape recorder the volume of blood recovered every 

f ive to ten seconds a f ter bleed ing had commenced . The record ing 

was analy z ed i n  detai l la ter . 
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( h )  Carc a s s  Evaluat ion i n  Terms o f  Re s idual Blood 

Five carcasses of rabbits  s tunned by the penetra t i ve 

percu s s i ve method were used for thi s evalua t i on . Two were bled 

by a transverse inc i s ion o f  the neck . The other three rabb i t s 

were not bled but one of these lost an e s t imated 1 0 - 1 5 ml of  

blood from the stunn ing s i te . The carcasses  were presented in  

random order on  a t able for  evalua t i on by  a panel o f  s even , 

cons i s t ing of three veterinar i ans , one s ecretary and three 

members of the l aboratory staff . I n  the f i rs t  t r i a l , the 

carcas ses were presen ted to the panel unwashed . The s econd t r i al 

was carr i ed out us i ng the s ame carcasses after each carcass  had 

been washed in runn ing water for two m i nutes and then presented 

on the same table , but in a d i f ferent order . The third t r i a l  was 

carried out with one hind leg from each rabb i t  on the s ame t able 

but  in a d i f ferent order . In  all three cases  the members o f  the 

team we re told some an imals had been bled and others had not , and 

were asked to iden t i fy the carcas ses , or the legs o r i g i n a t i ng 

from rabb i t s  wh ich had been bled . 

RESULTS 

Reflexes Associ ated Wi th S laughter 

Heart Ac t i v i ty and Respi rat ion 

In the cases i n  whi ch cardiac ac t i v i ty was checked , i t  was 

found to last for approx . two minutes , i rrespect ive of s tunn ing 

method . Respi rat ion was not apparent in  the maj ori t y  of  carc a s ses 

examined . In one rabb i t  wh i ch was unsucces s fully s tunned by 

penetra t i ve percus s i ve s tunning but res tunned w i th i n  a few 

seconds , respi ratory gasps appeared four t imes within  three 

minutes a f ter s tunni ng . The s ame rabbi t vocal i z ed by scream i ng 

immed i a t e l y  a f ter the unsuccessful stun . 
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Palpebral and Corneal Re f lexes 

Palpebral and corneal re fl exes could not be evoked at any 

t ime in the animals exam i ned , except i n  one cas e , where the 

palpebral reflex pers i s ted for up to two minutes . 

Peda l Refl exes 

Of the rabb i t s  s tunned by the non-pene t ra t i ve percuss ive 

method , four had pedal reflexes pers i s t i ng for approx . one 

m i nu t e , wh i l e i n  one rabb i t ,  pedal reflexes c ould be evoked for 

only  3 0 s a f ter having been stunned by the percuss ive me thod . I n  

the group of  rabb i t s  s t unned b y  the pen e t rat ive percu s s ive 

me thod , this  reflex las ted for two to four minutes i n  e i ght 

rabb i t s . I n  two , reflex activity ceased after 50  and 1 0 0 s econds 

respec t i ve ly . 

Spontaneous Body Movements 

All animal s slaughtered in  the laboratory , showed some degree 

of i n voluntary body movements , wh ich appeared to be more violent 

and o f  longer duration i n  the an imals stunned by  the pene tra t i ve 

percu s s ive me thod , compared to the other two procedure s . I n  the 

group of  f ive rabbits  s tunned by the pene trat ive percus s i ve 

method and not bled , the se movements were of  l onger durat i on than 

in those anima l s  wh ich were bled . For the unbl ed group , the mean 

dur a t i on of  spontaneous body movements was 9 2  seconds ( range 2 0 -

1 6 0 )  whi l e for the bled group i t  was 4 0  s econd s ( range 1 0 - 6 0  

seconds ) ( s ee t able 3 . 1 , page 4 2 ) . 

The ma j or i ty of the an imals stunned by the dis loc a t i on me thod 

at the  abattoir did not s how any spontaneous movement s . 

Pupi l l ary Di latation 

I n  animal s s tunned by the d i s locat i on me thod a t  the abattoi r ,  

ful l pup i l lary d i l atation did not occur for up to 8 minutes a f ter 

s tunning and subsequent decapitat i on . 
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I n  the l aboratory , pupi ls  e i ther constricted ( s e e  f i gure 3 . 3 , 

page 4 3 ) or d i lated ( see f i gure 3 . 4 ,  page 4 3 ) immed i ately a f ter 

stunni ng , followed by a re turn to a hal f d i lated state  in approx . 

two and a hal f minutes , from wh i ch s tate they gradual l y  became 

ful ly  d i l ated . There was no apparent relationsh i p  between the 

me thod of s tunning and the t ime to reach f u l l  pup i l l ary 

di latat i on . Full d i latat ion took up to e ight minutes to occur in 

all but three animals . Two rabbits  s tunned by the penetra t i ve 

me thod , deve loped b i lateral pup i l lary d i latat ion a t  approx . two 

minutes and three minutes a f ter stunn ing respe c t i vely . S i x 

rabb i t s  deve loped an asymmetrical degree and rate o f  d i latat ion 

of the l e f t  and right pupi l . 

Table 3 . 1  

The e f fects of bleeding on the duration of s pontaneous 
body movements of rabbits , s tunned by the penetrative 

percus s i ve method 

No . o f  
Rabbi t 

1 

2 

3 

4 

5 

Mean 

Range 

BLED 

Durat ion of 
movements 

( s ) 

6 0  

6 0  

4 0  

3 0  

1 0 

4 0  

1 0 - 6 0  

No . o f  
Rabb i t  

1 

2A 

3A 

4A 

SA 

Mean 

Range 

UNBLED 

Duration of  
movements 

( s ) 

8 0  

1 S O 

s o  

1 6 0  

2 0  

9 2  

2 0 - 1 6 0  
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Figure 3 . 3  - Pupi llary constriction 

Figure 3 . 4  - Pupi l lary dilatat ion 
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S i te o f  Le s i ons From S tunn i ng 

Stunn i ng by the d i s locat i on method , both at the abattoir and 

in the l aboratory , resulted i n  local i z ed neck haemorrhages ,  

contain i ng an est imated volume o f  up to 1 0  ml of  b l ood . The neck 

was always found to be d i s lo c ated at the occ i p i  to- a t l antal 

j unct ion and in all cases the s pi nal cord was tota l l y  severed a t  

t h i s  poi n t . A l l  animals s tunned b y  the d i s locat ion method i n  the 

laboratory , had haemorrhages in both the cran i al c av i ty and the 

vertebral canal . Mi croscopical exam i nat ion revealed that the 

haemorrhages were located extradurally . 

In add i t ion to neck l e s i ons , the rabbi t s  s tunned by 

d i s loca t ion in the laboratory , had severe inter-and i ntramuscular 

haemorrhages in the shoulder regions , probably as soci ated w i th 

forces appl i e d  to these regions during the d i s locat i on procedure . 

S i m i lar l e s i ons were not not iced in abattoir k i l l ed rabb i t s . 

In animals stunned by the non-penetra t i ve percus s ive me thod , 

the sku l l s  were fractured w i th assoc i ated haemorrhage i n  the 

cran i al cav i ty and subcutaneous t i ssue . 

In  animals stunned by the pene trat ive percus s i on me thod , 

gross trauma of  the bra i n  and subcutaneous ( see fig 3 . 5 , page 4 5 ) 

and intracranial haemorrhages were pres ent i n  a l l  animals . I n  

nine o u t  o f  ten animals s tunned b y  thi s method t h e  skull was 

succes s fully  penetrated . In two cases , where the s i te o f  

penetra t i on was close to the orbi t ,  uni -or bilateral par t i a l  

prolaps e o f  the eye occurred ( se e  f i g  3 . 5 , page 4 5 ) .  

Blood Loss and Rates of Bleeding 

Table . 3 . 2  ( page 4 7 ) ,  shows all the data on blood los s , blood 

y i elds , t i me of bleedi ng and rates of bleeding . The mean amount 

of blood los t from rabb i t s  was 4 1 . 7 4 ml , w i th a range of  1 7  to 

97 ml . Thi s ,  in terms of bodyweight , is equal to  a mean blood 

loss of 1 7 . 5  ml /kg , with a range of 8 . 5  to 2 8 . 2  ml / kg . 
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F igure 3 . 5  - Typical s kull les ion wi th b i lateral prol apse o f  the 

eyeballs  caused by the penet rati ve percuss i ve s tunn i ng .  

The i n i tial bleeding rate was h igh , w i th the ma j or i ty of  the 

blood ( approx . 6 0 % ) be i ng recovered w i th i n  the f i r s t  ten s econds 

a f t e r  severance of the neck . Twenty f ive seconds after  b leed ing 

had commenced , 7 5 %  o f  the blood had been recovered . B l eed i ng was 

compl eted w i thin a mean period of t ime of approx . 4 4  seconds , 

w i th a range o f  1 9  to 7 0  seconds . The mean blood y i e ld i n  terms 

of l ivewe i ght was 1 . 7 5 %  ranging f rom 0 . 8 5 to 2 . 8 2 %  and the rate 

of blood loss was 1 . 0 5  ml per second over the whole bleeding 

per i od with a range of 0 . 3 5 to 2 . 8 0 ml I second . The me thod of 

s tunning did not appear to a f fect the volume of blood recovered 

or the rate o f  bleedi ng . 
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Regr e s s ion analys i s  o f  the blood col lect i on data , F i g  3 . 6 , 

( page 4 9 ) showed the fol l ow i ng relat i onship be tween body we ight 

and blood volume lost at s laughter . 

Y = - 8 + 2 0 . 9 1 X 

where X i s  bodywe ight i n  Kg and Y i s  blood volume i n  ml . The 

cal culated slope constan t , est imated an i ncrease of 2 0 . 9 1 ml 

blood per k i l ogram i ncre a s e  in l ive we i ght . The value of R 

squared of  thi s analys i s  i s  0 . 3 9 7 ,  whi ch means that the 

regre s s ion l i ne accounts for only about 4 0 %  of the var i a t i on 

observed i n  the experiment a l  data . Th i s  value of the R squared 

ind i cates  that there mus t b e  other factors a f fect ing the blood 

loss at s l aughter , which have not been examined in t h i s  s tudy . 

A s imi lar invest igat i on carried out on 2 - 6  week old calves 

b y  Cooper and Morri s  ( 1 9 7 8 ) showed an incre a s e  in blood volume 

of 4 3 . 4  ml per k i logram i nc rease in l ive we i gh t . 

The results obtained f rom the carcass evaluation are shown 

in Tabl e  3 . 3 , ( page 4 8 ) . 

Dur ing the f irst t r i a l  1 6  out of  every 2 1  answers were 

correct w i th respect to the abi l i ty to d i f ferent i ate between b led 

and unbled animal s . In the second trial , the percentage o f  

correc t  answers dropped dramat ically  t o  2 8 . 5 7 %  ( only s i x  answers 

out o f  2 1  were correc t ) .  The resul t s  of  the third t r i al showed 

that only three out of 2 1  answers correctly i denti f i ed the unbled 

animal s . It is worth not i c i ng that during the first  trial , three 

undec ided answer s  were g iven for the rabb i t  which lost 1 0  to 1 5  

ml o f  b lood at s tunning . In the thi rd t r i a l , three o f  the 1 8  

incorrec t  answers  were due to one member o f  the panel s ta t i ng 

that a l l  rabb i t  legs appea red the s ame . 
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Table 3 . 2  

Comparative blood loss and rates of bleeding of rabbits 
s ubsequent to a transverse inc i s ion of the neck 

No . L ive Blood Blood Length o f  Rate of  
Weight Loss Yield Bleeding Bleed i ng 

( g )  ( ml )  ( % ) ( sec ) ( ml / s c ) 

1 2 0 56 4 0  1 .  9 5  5 7  0 . 7 0 
2 1 9 9 5  1 7  0 . 8 5 49  0 . 3 5 
3 1 8 1 6  2 9  1 .  6 0  3 8  0 . 7 6 
4 2 4 0 7  3 8  1 . 5 8  3 6  1 .  0 6  
5 1 9 4 5  3 9  2 . 0 0 5 0  0 . 7 8 
6 1 9 1 8  5 3  2 . 7 6 5 1  1 . 0 4  
7 1 8 5 6  4 0  2 .  1 6 7 0  0 . 5 7 
8 1 8 0 4  3 7  2 . 0 5 3 8  0 . 9 7 
9 3 4 4 2  9 7  2 . 8 2 4 6  2 .  1 1  

1 0 2 4 4 5  4 5  1 . 8 4  4 7  0 . 9 6 
1 1 3 8 5 2  7 5  1 . 9 5  4 3  1 . 7 4 
1 2 2 6 2 8 . 5 4  2 . 0 5 3 0  1 . 8 0  
1 3 2 6 4 7  7 0  2 . 6 4 2 5  2 . 8 0 
1 4 2 4 4 9  4 5  1 .  8 4  1 9  2 . 3 7 
1 5 3 2 6 1  6 5  1 .  9 9  2 4  2 . 7 1 
1 6 2 5 1 3 3 1  1 .  2 3  5 6  0 . 5 5 
1 7 2 5 9 1  2 6  1 . 0 0  3 2  0 . 8 1 
1 8  3 3 5 1  4 0  1 . 1 9  4 3  0 . 9 3 
1 9  3 3 1 5 5 0  1 . 5 1  3 9  1 . 2 8  
2 0  2 3 1 7 5 3  2 . 2 9 4 0  1 . 3 3  
2 1  2 3 4 4  3 4  1 . 4 5  5 1  0 . 6 7 
2 2  2 2 1 5 4 0  1 . 8 1  6 0  0 . 6 7 
2 3  2 2 4 6 2 8  1 . 2 5  6 1  0 . 4 6 
2 4  1 8 6 3  3 2  1 . 7 2 3 2  1 .  0 0  
2 5  2 0 5 6  5 8  2 . 8 2 4 0  1 .  4 5  
2 6  1 9 2 4  3 5  1 .  8 2  4 4  0 . 8 0 
2 7  2 1 2 4  3 0  1 . 4 1  4 5  0 . 6 7 
2 8  2 2 2 1  3 0  1 .  3 5  5 2  0 . 5 8 
2 9  2 1 9 2  3 0  1 . 3 7 4 9  0 . 6 1 
3 0  2 4 5 2  2 4  0 . 9 8 4 7  0 . 5 1 
3 1  2 5 2 0  5 0  1 . 9 8  4 6  1 . 0 9  
3 2  2 7 5 0  5 4  1 .  9 6  4 2  1 .  2 9  
3 3  2 2 8 0  4 5  1 .  9 7  3 9  1 . 1 5 
3 4  2 2 8 6  3 5  1 .  5 3  4 0  0 . 8 8 
3 5  2 1 8 2  2 5  1 . 1 5  4 3  0 . 5 8 
3 6  2 1 6 8  4 5  2 . 0 8 6 1  0 . 7 4 
3 7  2 1 9 8  2 4  1 . 0 9  3 5  0 . 6 9 
3 8  2 0 8 2  2 5  1 . 2 0  4 3  0 . 5 8 
3 9  2 1 2 1  4 0  1 .  8 9  4 6  0 . 8 7 

Mean 2 3 8 0  4 1  . 7 4  1 . 7 5 4 3 . 8 2 1 .  o s  

Range 1 8 0 4 - 1 7 - 9 7  0 . 8 5 - 1 9 - 7 0  0 . 3 5 -
. 3 8 5 2  2 . 8 2 2 . 8 0 



Table 3 . 3  

Sub j e c tive detect i on o f  whether or not rabbi t  c arcasses 

have been bled 

Correct I ncorrec t Total Correct 

Answers ( % )  

Unwashed 1 6 5 2 1  7 6 . 1 9  

Carca s s e s  

Washed 6 1 5  2 1  2 8 . 5 7 

Carc a s s e s  

Hind 3 1 8  2 1  1 4 . 2 9 

Legs 

DI SCUSS I ON 
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Ne ck d i s loca t i on , a s  carri ed out b y  an exper i enced operator 

at the abattoir , was effective in terms of rendering an animal 

immobi l e  be fore exsanguination . The s ame method c arr i ed out in 

the laboratory by an inexperi enced person was not so e f fe c t i ve , 

as all the rabb i t s  exhibi ted a cons iderable degree o f  spontaneous 

body movements . The latter group of rabbi t s  showed haemorrhage s 

in  the muscles of  the caudal region of  the neck and the shoulder . 

Th i s  was t hought to be due to  the exces s ive force appl i ed to the 

animals  by the author in ensuring the necks were d i s located . Both 

me thods of d i s location were associ ated with s imilar t imes for the 

onset o f  pupi l lary di lata t i on , but the onset of t h i s  phenomenon 

occurs too late to be of any use in the as sessment of the t ime 

at wh i ch insens i b i l i ty f i r s t  occurs . 
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The relatinship be tween l �ve weight and volume of blood 

collec ted during bleeding . 
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I t  i s  d i f f i cu l t  to determine whether or not neck d i s locat i on 

causes immed iate insensibi l i ty . In human s , neck d i s loc a t i on 

resul t i ng from rugby acc idents , causes p a i n  at the t ime o f  the 

accident , and patients  with neck frac tures on l i fe support 

s y s tems may not lose consc iousness . ( Blackmore pers . comm . ) .  

I t  i s  also d i f f i cu l t  to determine whe ther the haemorrhages 

found in  the brai n  and spinal cord of the rabbits had any e f f e c t  

o n  the s tate of sens i b i l i ty . In  the opi n i on of the author the 

s tretching of the s p i nal  cord during d i s location may have some 

e f fect on the motor n e rves of the cord , wh i ch could have rendered 

the anima l s  immob i l e  but not insens i b l e . However , th i s  i s  

contrary to an alternative hypothe s i s  o f  Blackmore and De lany 

( 1 9 8 8 ) , accord ing to whi ch , neck d i s locat ion may re s u l t  in 

pres sure e f fects on the brain and spinal cord , both ros tra l l y  and 

c audal l y  to the d i s location s i te ,  w i th pos s ible concurrent 

e f fects on cerebral function . 

In  summary , d i s locat ion of the neck o f  rabbits , when carried 

out by a s k i l led person , subj ect ively appears humane , but w i thout 

more ob j ec t i ve criter i a ,  such as electroencephalograph i c  dat a ,  

the procedure cannot by as sumed t o  produce i mmed i ate 

i nsensibi l i ty . 

Both penetrat i v e  and non-penetra t i ve percuss ive s tunning 

resulted i n  vigorous movement s i n  mos t  an imal s , espe c i a l l y  in the 

group s tunned by the penetrat ive percu s s ive method and not b l ed . 

I t  would appear that the greater degree o f  brain damage c au sed 

by the penetra t i ve method resulted in the mos t  v igorous 

spontaneous body mov ements .  

The k inetic energy requi red to pene trate the skul l was  not 

determined but i t  mus t  have been at  l ea s t  1 . 4 7  k j ou l e s . Thi s  

e s t imate was calculated from the formul a  KE = mgh where : 

m = the we i ght o f  the hammer used , 

g = the acceleration due to grav i t y , 



h = the he ight from whi ch the blow was g iven . 

i . e .  KE = 1 . 5 x 9 . 8 1 x 0 . 1  = 1 . 4 7  k j oules 
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Th i s  e s t imated energy requirement i s  tenfold lower than that 

requi red to pene trate the skull of  an adu l t  sheep ( 1 5 .  6 k j ) 

( Blackmore and Delany , 1 9 8 8 ) which appears to be biolog i cally 

log i cal . 

A spring loaded bolt , operated by a trigger , would be more 

e f f e c t i ve for s tunning rabbi ts for two reasons . Firs t l y , because 

the k i n e t i c  energy required to penetrate the s kull of  the rabb i t  

i s  smal l , a spr i ng properly fixed in t h e  i n s trument cou ld eas i l y  

prov ide such energy . Secondly , the ins trumen t  could b e  appl i ed 

to the head l e s sening the chance of  a poorl y  a imed blow . In  

add i t i on , the  bolt  of the ins trument should be pointed for eas i er 

pen e t r a t i on of the skull , which would cause less  damage to the 

bra i n  t i s sue and less subsequent spontaneous body movements . 

However i t  might not produce overall percus s i on to the head as  

ef fect ively as a blunt bol t .  

As di scussed elsewhere , re flex reac t i ons , apart from 

pup i l l ary di latation , are of l i ttle  value in a s s e s s ing the 

humaneness of a stunning and s l aughter process ( c i ted i n  

Blackmore and Delany , 1 9 8 8 ) . Th i s  s tudy i ndi cates that i n  

rabb i t s , as  w i t h  other species o f  an imal s ,  pup illary d i l atat ion 

occurs too late after s tunn ing to be of any real value . Dr I .  

Schut t - Abraham , ( Blackmore , pers . comm . ) supports the f indings 

of the present s tudy , in that pupi llary di latat ion is a cri ter ion 

of no value in assess ing the onset of  insens i b i l i ty in rabb i t s . 

The voca l i zation ,  i n  the form of a s cream , wh i ch was 

exhi b i ted by one rabbi t during s l aughter , is cause for concern . 

Accord i ng to Lockley ( 1 9 7 5 ) ,  rabb i t s  only vocal i z e  when they are 

in  d i s tres s . It mus t  therefore be concluded that th i s  animal 

suf fered d i s tres s  from the stunni ng procedure .  



5 2  

The mean blood loss was only 1 . 7 5 %  o f  the l ive body weight , 

wh i c h  i s  somewhat lower than that recorded in  other an imal s .  

Blackmore and Newhook ( 1 9 7 6 ) , recorded values for the blood y i eld 

in  s heep o f  3 . 5 % of the l ive we i gh t . 

As suming that the total blood volume o f  rabb i t s  i s  6 - 7 %  of 

the bodywe i gh t  ( Ben j amin , 1 9 7 8 ) and that 5 0 %  of the total blood 

volume can be expected to be col l ected at s l aughter ( c i ted in  

Blackmore and Delany , 1 9 88 ) , the  blood loss o f  1 . 7 5 %  o f  the  l i ve 

we ight recovered duri ng the present experiments i s  l ower than 

expec ted . However , the maximum blood y i eld from an i ndividual 

rabbi t  was 2 . 8 2 % . ( see table 3 . 2 , page 4 7 ) . The lower yield can 

be expl ained partially by the approx . 1 0 ml of blood which 

d i f f used into the neck tis sues of all rabb i t s  s t unned by the 

d i s l ocat ion me thod and a s imi l ar quan t i ty of blood found 

subcutaneou s l y  on the head of the rabb i t  s tunned by the 

nonpenetrat ive percuss ive me thod . It was a l so not i ced that fur 

often part i a l l y  occluded the s i t e  of inc i s ion and ai ded the 

formation of a blood clot at t h i s  s i te ,  thereby reducing the 

amount of blood lost . 

Dur ing the pre sent experiment ,  it  was found that the change 

in blood y i el d  was 2 0 . 9 1 ml per kg of l ive we i ght change . However 

the value of R squared calcul ated in thi s anal y s i s  ( 0 .  3 9 7 ) ,  

means that l ive we ight alone doe s not account for the b i gger part 

of the var i a t i on observed , ( only  4 0 % ) . Thi s  means that there mus t 

be o ther factors also that affect  the volume of blood los t at 

slaughter apart from l ive we ight . Cooper and Mor r i s  ( 1 9 7 8 ) 

recorded h i gher ( 4 3 . 4 0 ml /kg ) blood loss i n  two to  s i x  weeks old 

calves at s l aughter . Spec ies d i f f erence may also account for t h i s  

d i f ference . 

A common feature of all ani mals whi ch were bled , was the 

large volume of blood recovered w i thin the f irst 1 0  s econds after 

severance o f  the neck . Thi s  phenomenon c aused d i f f i cu l t i e s  in 

measuring the bleedi ng rate . The mean duration o f  b leed ing was 

almost 4 4  s econds , which was much shorter than the 9 4  s econds 
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found b y  Blackmore and Newhook ( 1 9 7 6 ) for lambs s tunned b y  a 

captive bol t p i s tol and bled by b i l ateral s everance o f  the 

ve s se l s  of  the neck . It i s  apparent that further experiments are 

needed to clar i f y  the problem of blood y i eld and bleeding rate 

in  rabb i ts . In  such experiments , groups of animal s bled wi thout 

pri or s t unning , should be included . 

The resul ts  obtained from the evaluat i on of  the panel on the 

e f f ec t s  of bleed i ng on the appearance of  meat , show that blood 

rema i n i ng in the s ubcutaneous ti s sue of unbled an imals a f fects  

the supe r f i c i al colour of  the carcass but not the meat . Th i s  

f i ndi ng i s  in  agreement w i th that o f  Warri s s  and Leach ( 1 9 7 8 ) who 

found that , wh i l e  the amount of blood los t at exs angu i n a t i on i n  

sheep varies wi th d i f ferent slaughter procedure s ,  the blood 

re tained in the mus cles i s  unaffec ted . They postulated that the 

rema i n i ng blood may be retained by the spleen , s ince t h i s  organ 

is capable of con t a ining up to one s eventh of the total blood 

volume of sheep . 

War r i s s  ( 1 9 8 4 ) s tates that , in  non-bled animal s ,  the blood 

i s  re t a ined in the viscera , rather than in the carcas s .  I n  sheep 

and cat t l e , in  whi ch bleeding was con s i derably delayed for up to 

3 0  minutes after s tunning , some small extra retention of blood 

in the carcass may occur . However , there have been no d i rect 

measurements of where i n  the carcass ( muscle , fat or bone ) such 

retained blood may be located , and i t  was considered that the 

amount would be too small to affect meat qual i ty in  any way . 

I t  i s  obvious that the limi ted extend of the experiment 

regardi ng the e f fects  of  bleeding on the qual i ty of rabbi t meat , 

cannot g ive a d e f i nite and clear answer to the problem . Only an 

indicat ion i s  g iven that i t  affects in a certain degree the 

appearance of the c arcas s  when rabb i t s  are not bled . However thi s 

may be o f  importance as , unl ike mut ton and bee f , rabbi t  meat i s  

usual l y  marketed i n  carcass form . 
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CHAPTER FOU R  

CARCASS YIELDS AN D 

RELATIVE ORGAN WEIGHTS 

INTRODUCTION 

The demand by consumers for lean meat w i th l i t tle  fat , has 

resul ted in producers hav ing to pay more a t t ention to carcass 

y i e lds and carcass compos i t ion . 

The main components  of  meat are water , prot e i n , fat and 

carbohydrates . Chen et al , ( 1 9 7 8 ) found that rabbit meat contains 

1 8 . 6 - 1 9 . 4 % prote i n  and 7 . 9 - 1 0 . 9 % fat and Bendall ( 1 9 6 2 ) ,  s t ates 

as water content for the s ame animal s 7 7 % . Evans ( 1 9 8 3 ) ,  s tates 

that rabbi t meat contains higher levels of prote i n  and hal f the 

amoun t  of fat and chole s t erol than poul try meat , but f a i l s  to 

subs tanti ate thi s statemen t . The fat and water con tent of  chi cken 

meat i s  1 4 . 4  - 3 0 . 2 % and 5 2 . 8  - 6 4 . 7 % respect i vely , and the 

prote i n  content is 1 8 .  6 %  ( Moreng and Aven s , 1 9 8 5 ) . Although 

ven i son i s  con s idered low fat meat i t  s t i l l  conta i n s  2 0 . 8 % fat 

( Drew 1 9 8 5 ) ,  thus rabb i t  meat has approx . o n l y  hal f  as  much fat  

as  v e n i son . 

The carc a s s  y i eld ( C . Y . ) ( dress ing percentage ) i s  def i ned 

as  the carc a s s  weight a s  a percentage o f  the livewe i gh t  o f  the 

animal : 



5 5  

The C . Y .  var ies between species . Pigs , for example ,  have an 

average carcass  yield of 7 5 %  ( Thornton and Gracey , 1 9 8 6 ) . Romans 

and Z i egler ( 1 9 6 6 ) , recorded C . Y .  for bee f  ranging from 5 2 %  to 

5 8 %  and for l amb , an average of 5 0 % , whi l e  poul try C . Y . s may be 

as high as  6 9 . 3 % ( Mulder et al , 1 9 8 1 ) .  The h igher y i elds for pigs 

compared wi th cattle and sheep are due par t i ally to the head , 

skin  and k i dneys rema ining on the pig carcas s ,  but also because 

pigs have a lower bone to muscle rat io than cat t l e  and s heep 

( Gracey , 1 9 8 6 )  . 

For a l l  speci e s , the C .  Y .  i s  h i gher i f  at the t ime of 

s l aughter the content of the gas trointes t i nal trac t ( GIT ) is low 

( Cheek e t  a l , 1 9 8 2 ) . Thus , i n  general terms , rumi nants would be 

expected to have lower C .  Y .  s than monogas tric animal s , s ince 

their GIT t rac ts  are larger . 

We ll grown rabb i t s  of good conformat i on have a C . Y .  of  about 

5 5 %  and a meat to bone rat i o  of 5 : 1  ( Anon 1 9 87 ) . However , Chen 

et al , ( 1 9 7 8 ) recorded s l i ghtly lower C . Y . s  for rabbi ts , ranging 

from 4 6 . 6 - 5 0 . 3 % .  As 8 0 %  of the dressed rabbi t  carca s s  is edible 

and the proport ion of  the carcas s  whi ch is ed ible in poultry i s  

5 0 - 7 5 %  ( Anon 1 9 7 6 ) , rabb i t s  compare favorably with chi ckens w i th 

regards to edible C . Y .  ( Anon , 1 9 87 ) . I nve s t igat ing the e f fect  of 

age on C . Y . , Ai tken and King ( 1 9 6 2 ) found that wi th increasing 

age , there is a s l i gh t  increase in C . Y .  of  up to 5 5 - 6 5 % , which 

Del toro and Lope z ( 1 9 8 7 ) attr ibute to an i ncreased depos i t ion of 

fat . Mulder e t  al , ( 1 9 8 1 ) showed a s imi lar age as soci ated change 

in C . Y .  in poultry . 

Body conformat ion also a f fects the C . Y .  of  rabb i t s . An imals  

w i th well sprung r ibs and deep che s t , wi th a un i form width and 

depth of the body f rom shoulders to the pelvis  give a h i gher C . Y .  

than narrow rangy animals ( Cheek et al, 1 9 8 2 ) . I n  thi s  respect 

the New Z e aland Whi te is regarded as super ior to other breeds 

( Cheek et al, 1 9 8 2 ) . 
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Apart from the factors already men t i oned , the method o f  

proc e s s i ng can a f f e c t  the C . Y .  of rabbi ts . I n  s ome coun t r i e s  

( Engl and and Cyprus ) the head , neck and l iver rema i n  on  the 

c arcasses  and the y i elds measured are there fore h i gher than in 

countries  such as New Zealand where these parts are removed 

during dres s ing . 

Other factors a ffect ing C . Y .  are d i scus sed , i n  rel a t i on to 

t he evaluation of data pres ented later in t h i s  chapter . 

MATERIAL S  AND METHODS 

Fort y  s i x  rabbi t  carcasses were examined , 2 4  of wh i c h  were 

of rabb i t s  slaughtered and processed at the abatto i r  and 2 2  were 

s l aughtered and proce s sed in the laboratory . Twenty of the l atter 

group were eight to  ten weeks of age . The rema i ning two were 

young adu l t s  ( 1 6 - 1 8 weeks of age ) . The latter were treated as a 

s eparate group , i n  order to examine d i f ference s ,  wh i ch could be 

related to we i gh t  and /or age . Al l rabb i t s  slaughtered i n  the 

abatto i r , originated from commerc ial r abbi tries . S ix were Angora 

and 1 8  New Zealand Wh i te . The rabbi ts s l aughtered i n  the 

l aboratory were all New Z ealand Whi t e . 

The animals were we ighed immedi ately before s l aught e r  and 

again after dres s i ng . The fol lowing organs and parts were r emoved 

from the carcass and we ighed , and the relative we i gh t s  

calculated : head , neck , pluck ( lungs , heart , trachea and 

oesophagu s ) ,  l iver , feet , GIT and pel t . C . Y .  and blood l o s s  were 

calculated for all 4 6  rabb i t s  but the relat ive wei gh t s  o f  the 

head , neck , pluck , l iver ,  fee t , GIT and pelt were calculated onl y  

for t h e  2 2  rabb i t s  s l aughtered in  the l aboratory . 

A "Mettler PC 4 4 0 0 , Delta range" e l ectronic balance ( Watson 

vi ctor L td . ) ,  w i th an accuracy ±o . o1 g was used for all 

measurements . 



RESULTS 

Carc a s s  Yields 

57 

The l ive we ights , C . Y . ' s , blood loss , and relative organ 

weights o f  all the rabbits examined , are presented in tables 4 . 1 , 

4 . 2  and 4 . 3 .  The C . Y . ' s  are s ummari sed in  table 4 . 4 , ( page 6 2 ) .  

The mean C . Y .  of the New Zealand Whi te rabbi t s  processed at 

the aba t t o i r  and in  the laboratory , were s im i lar being 4 4 . 6 % and 

4 6 . 0 % r e s pect ively . The mean C . Y .  of the two young adult New 

Zealand Whites purchased from a breeder and the s i x  Angora 

rabb i t s  w e re 5 1 . 9 % and 5 3 . 5 % respect ively . 

I n  s p i te of  these d i f ferences in  mean C . Y . , the range of  the 

values f o r  each of these groups ,  showed a con s iderable degree of 

var i a t i on and overlap . The h ighes t  y i eld o f  6 2 . 9 % was recorded 

in an Angora rabb i t  and the lowes t  of 3 7 . 3 % in a New Z ealand 

Wh i te rabbi t  sl aughtered at the abattoir . 

Blood L o s s 

The mean blood loss of  the 1 8  New Z ea l and Whi te rabb i t s  

slaugh t e r ed at t h e  abat toir was 3 6  m l  per rabb i t  ( range 2 4 - 5 8  ml ) 

corresponding to a mean y i eld of  1 . 6 %  ( range 1 . 0 - 2 . 8 % ) . ( s ee 

table 4 . 1 , page 5 8 ) .  

The blood loss of the 1 3  New Zealand Wh i te rabb i t s  

slaugh ter ed in  the laboratory and i n  which t h e  blood los s was 

measured , was 44 ml per rabbi t  ( range 1 7 - 7 0ml ) correspond i ng to 

a mean y i eld of 1 . 9 %  ( range 0 . 9 - 2 . 8 % ) . ( see table 4 . 2 , page 5 9 ) .  

The mean blood loss o f  the two young adu l t  New Zealand Whi t e  

rabb i t s  k i l led i n  the laboratory was 8 6  ml ( range 7 5 - 9 7  ml ) 

correspo nding to a mean y i e ld of · 2 .  4 %  ( range 1 . 9 - 2 . 8 % )  . ( see 

table 4 . 3 , page 6 0 ) .  
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Table 4 . 1  

L ive wei ghts { g ) , carcass y ields { g )  and blood loss { rnl )  of 

24 rabb i ts slaughtered at the abattoir 

Breed L i ve Carcass C. Y.  B l ood  B l ood  

y i e l d  

Angora 251 3 1 26 1  ( 50 . 2 )  31 ( 1 .  2 )  
" 2591 1 282 ( 49 . 5) 26 ( 1 .  0 )  

3351 1 779 ( 53 .  1 )  40 ( 1 .  2 )  

331 5 1 554 ( 46 . 9) 50 ( 1 .  5)  

231 7 1 4 57 ( 62 . 9 )  53 ( 2 . 3)  

2344 1 448 ( 61 . 8) 34 ( 1 . 5)  

Mean 2739 1 464 53. 5 39 ( 1 .  4 )  

Range 231 7-3351 1 26 1 -1 779 ( 44 . 9-62 . 9 )  26-53 ( 1 . 0-2. 3 )  

N . Z .  Wh i te 2 1 1 5  943 ( 44 . 6 )  45 ( 2.  1 )  
2246 1 087 ( 48 . 4 )  28 ( 1 . 2 )  

1 863 901 ( 48 . 4 ) 32 ( 1 .  7 )  

2056 9 54  ( 46 . 4 )  58 ( 2 . 8) 

1 924 803 ( 4 1 . 7 ) 35 ( 1 .  B )  

2 1 24 1 091  ( 51 . 4 )  30 ( 1 .  4 )  

2221 981 ( 44 . 2 )  30 ( 1 .  4 )  

2 1 92 1 01 1  ( 4 6 .  1 )  30 ( 1 .  4 )  

2452 1 058 (43.  1 )  24 ( 1 .  0 )  

2520 1 07 2  ( 42 . 5)  50 ( 2 . 0 )  

2750 1 25 1  ( 45.  5)  54 ( 2 . 0 )  

2280 1 056 ( 46 . 3 ) 45 ( 2 . 0 )  

2286 1 009 ( 44 . 1 )  35 ( 1 .  5) 

2 1 82 81 4 ( 37 . 3) 25 ( 1 .  1 )  

2 1 68 902 ( 41 . 6 ) 45 ( 2. 1 )  

21 98 953 43. 4 )  24 ( 1 .  1 ) 

2082 91 5 ( 43. 9 )  2 5  ( 1 . 2 )  

2 1 21 941 ( 44 . 4 )  40 ( 1 . 9 )  

Mean 221 0 986 (44 . 6 )  36 ( 1 .  6 )  

Range 1 863-2750 803-1 251 ( 37 . 3-51 . 4 )  24-58 ( 1 . 0-2 . 8) 

( ) = Rel at i ve Wei g ht as % of l i ve Wei g ht .  
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Live weights ( g ) ' carcass yields ( g ) ' blood loss 
weights ( g )  and relative weights of organs 

2 0  New Zealand White rabb i ts slaughtered 

L i ve Carcass Head 

2056 1 0 1 6  1 95 

(49 . 4 ) ( 9. 5) 
1 995 965 1 72 

( 48 . 4 )  ( 8 . 6 )  
1 81 6  805 1 50 

( 44 . 3 ) ( 8 .  3) 
21 26 950 206 

( 44 . 7 )  ( 9 . 7 )  
21 53 1 01 5  207 

(47.  1 )  ( 9 . 6 )  
2407 1 063 1 89 

{44 . 2 )  ( 7 . 9 )  
1 945 874 1 87 

(44 . 9 )  ( 9 . 6 ) 
1 9 1 8 861 1 87 

( 44 . 9 )  ( 9 . 7 )  
1 856 81 1 1 76 

(43.  7 )  ( 9 . 5 ) 
1 804 784 1 74 

(43. 5 )  ( 9 . 6 )  
2245 1 1 08 227 

( 45. 0)  ( 9 . 3 )  
2607 1 1 1 5  206 

(42 . 8 )  ( 7 .  9 )  
2424 1 1 77 294 

( 48. 6 )  ( 1 2 . 1 ) 
2628 1 230 21 5 

( 46 . 8 ) ( 8 . 2 )  
2553 1 21 6  229 

(47 . 6 ) ( 9 . 0 )  
2647 1 226 1 92 

( 46. 3 ) ( 7 . 3) 
2449 979 242 

(40. 0 )  ( 9 . 9 )  
1 984 931 1 82 

( 46 . 9 )  ( 9 . 2 )  
3261 1 767 300 

( 54 . 2 )  ( 9 . 2 )  
2944 1 296 256 

( 44 . 0 )  (8. 7 )  

Mean 2301 1 059 209 
( 46 . 0 )  ( 9 .  1 )  

Range 1 81 6-3261 784-1 767 1 50-300 
( 40. 0- ( 7 . 3-
54. 2 )  1 2 .  1 )  

( ) = Relat i ve Wei ght as % of l i ve weight. 

in the laboratory . 

Liver Blood Feet Pl uck Pel t  

55 40 7 3  2 3  241 

( 2 . 7 )  ( 1 .  9 )  ( 3 . 6 )  ( 1 .  1 )  ( 1 1 .  7 )  
47 1 7  7 0  1 9  262 

( 2 . 4 )  ( 0 . 9 )  ( 3 . 5) ( 1 .  0) ( 1 3 . 1 )  
68 29 64 22 1 98 

( 3 . 7 )  ( 1 . 6 ) ( 3 . 5) ( 1 .  2 )  ( 1 0 .  9 )  
85 Not 69 28 268 

( 4 . 0 )  bled ( 3 . 2 )  ( 1 .  3 )  ( 1 2 . 6 ) 
1 00 Not 7 0  1 8  265 

( 4 . 6 )  bled ( 3 . 3) ( 0 . 8) ( 1 2 .  3 )  
1 1 6  38 6 7  32 356 

( 4 . 8) ( 1 . 6 ) ( 2 . 8 ) ( 1 .  3) ( 1 4 .  8) 
53 39 65 1 3  243 

( 2 . 7 )  ( 2 . 0 )  ( 3 . 3 )  (0 . 7 )  ( 1 2 .  5) 
50 53 70 1 7  232 

( 2 . 6 )  ( 2 . 8 )  ( 3 . 6 )  ( 0 . 9 )  ( 1 2 .  1 ) 
49 40 63 1 5  21 6 

( 2 . 6 )  ( 2 . 2 )  ( 3 . 4 )  (0 . 8 )  ( 1 1 . 6 ) 
49 37 64 1 4  205 

( 2 . 7 )  ( 2 .  1 )  ( 3. 5) ( 0 . 8 )  1 1 . 4 ) 
1 46 45 65 1 8  278 

( 6 . 0 )  ( 1 .  8 )  ( 2 . 7 )  (0 . 7 )  ( 1 1 . 4 )  
1 49 Not 73 23 295 

( 5. 7 ) bled ( 2 . 8 ) ( 0 . 9 )  ( 1 1 .  3 )  
1 1 3  Not 73 23 203 

( 4 . 7 )  bled (3.  0 ) ( 0 . 9 )  (8. 4 )  
83 54 76 25 31 5 

( 3 . 2)  ( 2 .  1 )  ( 2 . 9 )  ( 1 . 0 )  ( 1 2 .  0 )  
1 35 Not 77 28 238 

( 5 .  3 )  bled ( 3 . 0 )  ( 1 . 1 )  ( 9 . 3 )  
90 70 70 24 375 

( 3 . 4 )  ( 2 . 6 )  ( 2 . 6 ) ( 0 . 9 )  ( 1 4 .  2 )  
76 45 86 1 9  265 

( 3. 1 )  ( 1 .  8) (3. 5) ( 0 . 8 )  ( 1 0 .  8 )  
48 Not 1 01 24 242 

( 2 . 4 )  bled ( 5.  1 )  ( 1 . 2 )  ( 1 2 .  2 )  
59 65  62 23 4 55 

( 1 .  8)  ( 2 . 0 )  ( 1 . 9 )  ( 0 . 7 )  ( 1 4 . 0 )  
1 1 8  Not 90 27 346 

( 4 . 0 )  b l ed  ( 3. 1 )  ( 0 . 9 )  ( 1 1 . 8) 

84 44 72 22 275 
( 3 . 7 )  ( 1 . 9 ) ( 3 .  1 )  ( 1 . 0) ( 1 2 . 0 )  

47-149 1 7-70 62-1 0 1  1 3-32 1 98-455 
( 1 . 8- ( 0 . 9- ( 1 . 9- ( 0 . 7- (8. 4-
6 . 0 )  2 . 8) 5 . 1 )  1 .  3 )  1 4 . 8) 
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( ml ) , 
of 

Neck GIT 

44 350 
( 2 .  1 ) ( 1 7 . 0 ) 

55 343 
( 2 . 8 ) ( 1 7 . 2 ) 

4 1  394 
( 2 . 3 )  ( 2 1 . 7 )  

6 5  405 
( 3 .  1 )  ( 1 9 . 0 ) 

46 400 
( 2. 1 )  ( 1 8 .  6 )  

4 1  41 3 
( 1 .  7 )  ( 1 7 . 2 ) 

38 374 
( 2 . 0 )  ( 1 9 . 2 ) 

36 399 
( 1 . 9 )  ( 20 . 8 ) 

35  373 

( 1 .  9 )  (20 .  1 )  
30 363 

( 1 . 7 )  (20 .  1 )  
31  498 

( 1 .  3) ( 20 . 4 )  
43 572 

( 1 . 6 ) ( 2 1 . 9 )  
58 499 

( 2 . 4 )  ( 20 . 6 )  
46 490 

( 1 .  8) ( 1 8 . 6 )  
63 507 

( 2 . 5 )  ( 1 9 . 9 ) 
48 496 

( 1 .  8) ( 1 8 . 7 )  
35 638 

( 1 .  4 )  ( 26 .  1 )  
43 1 43 

( 2 . 2 )  ( 7 . 2 )  
44 1 48 

( 1 .  3 )  ( 4 . 5) 
47  478 

( 1 . 6 ) ( 1 6 . 2 )  

44 4 1 4  
( 1 .  9 )  ( 1 8 . 0 )  

30-65 1 43-638 
( 1 .  3- ( 4 .  5-
3. 1 ) 26 . 1 )  



Live 

g 

3442 

3852 

Mean 3647 

Table 4 . 3  

Live weights , carcass yields , blood loss , weights and relative 
weights of organs of two young adult New Zealand Whi te 

rabbits killed in the laboratory 

Carcass Blood 

9 ml 

1 670 97 
( 48. 5)  (2 . 8 )  

2 1 1 2  75 
( 54 . 8) ( 1 . 9 ) 

1 89 1  

( 51 . 9 ) 
86 

( 2 . 4 )  

L i ver 

g 

77 
( 2 . 2 ) 

95  
( 2 . 5)  

86 

2 . 4 )  

Feet 

g 

1 2 1  
( 3 . 5 )  

1 26 
( 3 . 3 )  

1 24 

(3 . 4 ) 

Pel t  

g 

504 
( 1 4 .  6 ) 

679 
( 1 7 . 6 )  

592 

( 1 6 .  2 )  

P l uck 

g 

29 
( 0 . 8 )  

31 
( 0 . 8 )  

30 
( 0 . 8) 

Head 

g 

1 68 
( 4 . 9 )  

1 93 
( 5 . 0 )  

1 81 

( 5. 0 )  

G I T  

g 

52B 
( 1 5. 3 ) 

409 
( 1 0 . 6 ) 

469 

( 1 2 . 9 )  

Neck 

g 

74 
( 2 .  1 )  

82 
( 2 .  1 )  

78 

( 2 .  1 )  

Total 

g 

3268 
( 94 . 9 )  

3802 
( 98. 7 )  

3537 

( 97 . 0 )  

) = Rel ative weig ht as % of l i ve we i ght. 

6 0  
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The mean blood loss of the Angora rabb its k i l l ed at the 

aba t t o i r  was 3 9 ml ( range 2 6 - 5 3ml ) corre spondi ng to a mean y i e ld 

of 1 .  4 %  ( range 1 . 0 - 2 . 3 % ) . ( see table 4 . 1 ,  page 5 8 ) . 

The blood los s of  the two young adul t  New Zealand Wh i te 

rabb i t s was s i gn i f i cantl y  higher ( p < 0 . 0 5 )  than the blood los s i n  

rabb i t s o f  a l l  the other groups . There was n o  s i gn i f i cant 

d i f fe rence be tween the other three groups .  

Rel a t i ve Weigh t s  of  Organs 

The mean relative we ights of the head , l iver ,  fee t ,  pluck , 

pel t ,  neck and GIT , were 8 . 5 % ,  3 . 5 % ,  3 . 2 % 0 . 9 ,  1 2 . 5 % ,  2 . 0 % ,  and 

1 7 . 3 % respect ively . The range of these relat ive weigh t s  was for 

: the head 4 . 9 - 1 2 . 1 %  ( 1 5 0 - 3 0 0g ) , the l i ver 1 . 8 - 6 . 0 % ( 4 7- 1 4 9 g ) 

the feet  1 . 9 - 5 . 1 %  ( 6 2 - 1 2 6g ) , the pluck 0 . 7 - 1 . 3 % ( 1 3 - 3 2g ) , the 

pe l t  8 . 4 - 1 7 . 6 % ( 1 9 8 - 6 7 9g ) , the neck 1 . 3 - 3 . 1 %  ( 3 0 - 8 2g ) and the 

G I T  4 . 5 - 2 6 . 1 %  ( 1 4 3 - 6 3 8 g ) ( see table 4 . 5 , page 6 3  and F i g . 4 . 1 ,  

page 6 6 ) . I t  was found that the carcas s y i e ld and the relat i ve 

weights  o f  the pe lt  were higher for the b l ed an imals , wh i l e  the 

r e l a t ive weights of GIT , l iver , feet , pluck , head and neck were 

h i gh e r  for the unbled animals ( see table 4 . 6 ,  page 6 4 , and table 

4 . 7 , page 6 5 ) .  However ,  these di f ferences were not s ign i f i cant 

at the  0 . 0 5 level . It was also found that the C . Y . , blood l o s s  

and t h e  relat ive we i gh t  of p e l t  were h i gher for t h e  heav i er 

group , whi le all  the other relative organ weights  were lower . 

However , these di fferences were not s i gni f i cant at  the 0 .  0 5  level 

( s e e  table 4 . 8 ,  page 65  and Figure 4 . 2 ,  page 6 7 ) .  



Breed 

N .  z .  Wh i te 

N .  z .  Wh i t e 

Young adu l t  

N .  z .  Wh i te 

Angora * *  

( Adul t s ) 

Table 4 . 4  

Mean live weights and carcass y ields 

of d i f ferent groups of rabbits 

No � of Live weight Carcass  

Rabbits mean g y i eld mean 

% 

* *  1 8  2 2 1 0 4 4 . 6  

* *  2 0  2 3 0 1  4 6 . 0  

* 2 3 6 4 7  5 1 . 9  

6 2 7 3 9 5 3 . 5  

* 

* *  

s laughtered in  the laboratory . 

s l aughtered at the abattoir 

6 2  

Range 

% 

3 7 . 3 - 5 1 . 4  

4 0 . 0 - 5 4 . 2  

4 8 . 5 - 5 4 . 8  

4 6 . 9 - 6 2 . 9  



Table 4 . 5  

Mean values of carcass yields , blood loss and relative organ 

we ights of 2 2  rabbits wi th a mean l iveweight of 2 4 2 3  grams , 

s laughtered in the laboratory 

Mean 

Actual 

Wei g ht ( g ) 

Rel at i ve 

Wei g ht ( % )  

Carcass 

g 

1 1 34 . 7 

46 . 8  

Head 

g 

206 . 7  

8. 5 

Liver 

g 

84 . 6  

3. 5 

B l ood  

m l  

49 . 6  

2 . 0 

Feet 

g 

77 

3 . 2 

P l uck 

g 

22. 5 

0 . 9 

Pel t  

g 

303. 7 

1 2 . 5  

Neck 

g 

47. 5 

2 . 0  

GIT 

g 

41 9 

1 7 . 3  

6 3  

Actu a l  

Wei g ht ( g ) 784-21 1 2  1 50-300 4 7-149 1 7-97 62-1 26 1 3-32 1 98-679 30-82 1 43-638 

Range 

Rel at i ve 

Wei ght ( % )  40 . 0-54 . 8  4 . 9-1 2 . 1 1 . 8-6 . 0  0 . 9-2 . 8  1 . 9-5 . 1 0 . 7-1 . 3  8 . 4-1 7 . 6 1 . 3-3 . 1 4 . 5-26. 1 
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Table 4 . 6  

Live weight ( g ) , carcass y ield ( g ) , blood loss ( ml )  and relative 
organ weights of 1 5  bled rabbi ts 

L i ve Carcass Blood Liver Feet Pel t  P l uck Head GIT Neck Total 

2445 1 1 00 45 1 46 65 278 1 8  227 498 31 2408 

(45. 0 )  ( 1 .  8)  ( 6 . 0 )  ( 2 . 7 )  ( 1 1 . 4 ) ( 0 . 7 )  ( 9 . 3 ) ( 20 . 4 )  ( 1 .  3 )  ( 98. 5 )  

2628 1 230 54 83 76 31 5 25 21 5 490 46 2534 
( 46 . 8 )  ( 2 .  1 )  ( 3. 2 ) ( 2 . 9 )  ( 1 2 . 0 ) ( 1 .  0 )  (8. 2 )  ( 1 8. 6 )  ( 1 .  8 ) ( 96 . 4 )  

2647 1 226 70 90 70 375 24 1 92 496 48 2591 
( 46 . 3 )  ( 2 . 6 )  ( 3 . 4 )  ( 2 . 6 )  ( 1 4 . 2 )  ( 0 .  9 )  ( 7 . 3) ( 1 8 . 7 ( 1 .  8 )  ( 97 . 9 )  

2449 979 45 76 86 265 1 9  242 638 35 2385 
( 40 . 0 )  ( 1 .  8) ( 3. 1 )  ( 3 . 5) ( 1 0 . 8 )  ( 0 . 8 )  ( 9 . 9 )  ( 26 .  1 )  ( 1 .  4 )  ( 97 . 4 )  

3261 1 767 65 59 68 455 24 300 1 48 44 2930 

( 54 . 2 ) ( 2 . 0 )  ( l .  8 )  ( 2 .  1 )  ( 1 4 . 0 )  ( 0 .  7 )  ( 9 . 2 )  ( 4 . 5 )  ( 1 .  3 )  (89 . 8 )  

2056 1 01 6  40 55 73 241 23 1 93 350 44 2035 
( 49 . 4 )  ( 1 .  9 )  ( 2 . 7 )  ( 3 . 6 )  ( 1 1 . 7 ) ( 1 .  1 ) ( 9 . 4 )  ( 1 7 . 0 )  ( 2 .  1 ) ( 99 . 0 )  

1 995 965 1 7  47 70 262 1 9  1 72 343 55 1 950 

( 48. 4 )  ( 0 . 9 )  ( 2 . 4 )  ( 3 . 5 )  ( 1 3. 1 )  ( 1 .  0 )  (8 . 6 )  ( 1 7 . 2 )  ( 2 . 8 )  ( 97 . 7 )  

1 81 6  805 29 68 64 1 98 22 1 50 394 41 1 771  
( 44 . 3 )  ( 1 . 6 ) ( 3. 7 )  ( 3 . 5 )  ( 1 0 . 9 )  ( 1 . 2 ) (8 . 3 )  ( 21 . 7 )  ( 2 . 3 )  ( 97 . 5) 

2407 1 063 38 1 1 6  70 356 32 1 89 4 1 3  4 1  2318 
( 44 . 2 )  ( 1 . 6 ) ( 4 . 8 )  ( 2 . 9 )  ( 1 4 . 8 )  ( 1 .  3 )  ( 7 . 9 )  ( 1 7 . 2 )  ( 1 . 7 ) ( 96 . 3 )  

1 945 874 39 53 65 243 1 3  1 87 374 38 1 886 
( 44 . 9 )  ( 2 . 0 )  ( 2 . 7 )  ( 3 . 3 )  ( 1 2 . 5) ( 0 .  7 )  ( 9 . 6 )  ( 1 9 . 2 )  ( 2 . 0 )  ( 97 . 0 )  

1 91 8  861 53 50 70 232 1 7  1 87 399 36 1 905 
( 44 . 9 )  ( 2 . 8) (2 . 6)  ( 3 . 6 )  ( 1 2 . 1 )  ( 0 . 9 )  ( 9 . 7 )  ( 20 . 8 )  ( 1 . 9 ) ( 99 . 3 )  

1 856 81 1 40 49 63 21 6 1 5 1 76 373 35 1 778 
( 43. 7 )  ( 2 . 2 )  (2 . 6) ( 3. 4 )  ( 1 1 . 6 ) ( 0 . 8 )  ( 9 . 5)  ( 20 .  1 )  ( 1 .  9 )  ( 9 5 . 8 )  

1 804 784 37 49 64 205 1 4  1 74 363 30 1 720 
( 43. 5)  (2 .  1 )  ( 2 . 7 )  ( 3. 5 )  ( 1 1 . 4 ) ( 0 . 8) ( 9 . 6 )  20. 1 )  ( 1 . 7 ) ( 95 . 3 )  

3442 1 670 97  77  1 21 504 29 1 68 528 74 3268 
( 48 . 5)  ( 2 . 8) ( 2 . 2 )  ( 3. 5)  ( 1 4 . 6 ) ( 0 . 8) ( 4 . 9 )  ( 1 5. 3 ) ( 2 .  1 )  ( 94 . 9 )  

3852 21 1 2  7 5 95 1 26 679 31 1 93 409 82 3802 
( 54 . 8) ( 1 . 9 )  ( 2 . 5) ( 3 . 3 )  ( 1 7 . 6 )  ( 0 . 8 )  ( 5. 0 ) ( 1 0 . 6 )  ( 2 .  1 )  ( 98. 7 )  

Mean 2435 1 1 51 so 74 77 322 2 2  1 98 4 1 4  45 2353 
( 47 . 3) ( 2 .  1 )  ( 3. 0 )  ( 3. 2 ) ( 1 3. 2 )  ( 0 . 9 )  (8.  1 )  ( 1 7 . 0 )  ( 1 .  8 )  ( 96 . 6 ) 

) = Rel ative wei ghts as percentage of l ive weight. 
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Table 4 . 7  

Live weight , carcass yield and relative organ weights 
in grams of seven unbled rabbits 

L i ve Carcass L i ver Feet Pel t  Pl uck Head GIT Neck Total 

g g g g g g g g g g 

2607 1 1 1 5  1 49 73 295 23 206 572 43 2476 

( 42 . 8 )  ( 5. 7 )  ( 2 . 8 )  ( 1 1 . 3) 0 . 9 )  ( 7 . 9 )  (21 . 9 ) ( 1 .  6 ) ( 95. 0 )  

2424 1 1 77 1 1 3  73 203 23 204 499 58 2350 
( 48 . 6 )  (4 . 7 )  ( 3 . 0 )  ( 8 . 4 ) ( 0 . 9 )  (8 . 4 )  (20 . 6 )  ( 2 . 4 )  ( 96 . 9 )  

2553 1 2 1 6  1 35 77 238 28 229 507 63 2493 
(47 . 6 ) ( 5 . 3 ) ( 3 . 0 )  ( 9 . 3)  ( 1 .  1 )  ( 9 . 0 )  ( 1 9 . 9 ) ( 2 . 5 )  ( 97 . 6 )  

1 984 931 48 1 01 242 24 1 82 1 43 43 1 71 4  

( 46 . 9 )  ( 2 . 4 )  ( 5 .  1 )  ( 1 2 . 2 )  ( 1 . 2 ) ( 9 . 2 )  ( 7 . 2)  ( 2 . 2 )  ( 86 .  4 )  

2944 1 296 1 1 8 90 346 27 256 478 47 2658 
( 44 . 0 ) (4 . 0 )  ( 3 .  1 ) ( 1 1 . 8) 0 . 9 )  ( 8 .  7 )  ( 1 6 . 2 ) ( 1 .  6 )  ( 90 . 3 )  

21 53 1 01 5  l OO 70 265 1 8  207 400 46 21 21 

(47. 1 ) ( 4 . 6 )  ( 3 . 3 )  ( 1 2 . 3) ( 0 . 8) ( 9 . 6 )  ( 1 8. 6) 2 .  1 )  ( 98. 5) 

2 1 26 950 85 69 268 28 206 405 65 2076 
(44 . 7 )  ( 4 . 0 )  ( 3 . 2 )  ( 1 2 . 6 ) ( 1 .  3) ( 9 . 7 )  ( 1 9 . 0 ) (3 .  1 )  ( 97 . 6 )  

2399 1 1 00 1 07 79 265 24 2 1 3  429 52 2269 
(45. 9)  ( 4 . 5 )  ( 3 . 3 )  ( 1 1 . 0 ) ( 1 .  0)  (8. 9 )  ( 1 7 . 9 ) ( 2 . 2 )  ( 94 . 6 )  

6 5  

) = Rel at i ve wei ght as % of l i ve we i ght. 

> 2000g 

<2000g 

Table 4 . 8  

Comparison of the mean values of l ive weights , carcas s 
yields , blood loss and relative organ weights of nine 

rabbits > 2 0 0 0g l ive weight , with the mean values of s ix 
rabbi ts < 2 0 0 0g live weight 

Live Carcass Head L i ver Blood Feet P l uck Pelt Neck GIT 

g g g g ml g g g g g 

2798 1 351 21 3 B8 58 83 2 5  385 37 470 ------------------- ----- - - ------------------------- ---- - - ----------------- - - -------------------
( 48. 3 )  ( 7 . 6 )  (3 .  1 )  ( 2 .  1 )  (3 . 0 )  ( 0 . 9 )  ( 1 3. 8 )  ( 1 .  3 )  ( 1 6 . 8 )  

1 889 850 1 74 53 36 66 1 7  226 39 374 ---- - ------------------- -------------- ---- - -------------------------------- --------------------
( 45.  0 ) . ( 9 . 2 )  ( 2 . 8) ( 1 . 9 )  ( 3. 5 )  ( 0. 9 )  ( 1 2 . 0 )  ( 2 .  1 )  ( 1 9 . 8) 

) = Rel ati ve wei ght as % of l i ve wei ght. 
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Fi gure 4 . 1  
C a r c a s s  Y i e l d  an d B l o o d  l o s s  o f  2 4  r ab b i t s  

s l aught e r e d  a t  the a b a t t o i r  

6 0  

s s  

s o  

4 5  

4 0  

.) ;;) 

:s o  

.., ,.. ... :::J 

2 0  

1 5  

1 0  

s. 

0 

Ca r c a s s  B l o o d  
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s o  

4 0  

3 0  

% 
y i e l d s  

2 0  

1 0  

0 

F i gu r e  4 . 2  
Carc a s s  y i e l d  a n d  r e l a t i v e  o r gan we i ght s 

o f  1 5  b l e d  a n d  s even unb l e d  r a b b i t s  

- B l e d  

0 Unb l e d  

C a r c a s s  He a d  L iv e r  B l o o d  Fe e t  P l u c k  P e l t  N e c k  G I T  

6 7  
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DI SCUSSION 

The resul ts  presented , indicate a great variat i on i n  C . Y . , 

espec ially  in the group of adult Angora rabb i t s  ( 4 6 . 9 % - 6 2 . 9 % ) . 

The high C . Y .  ( 5 3 . 5 % )  recorded in thi s group may be due t o  the 

combined e f fect of an empty GIT and age , whi l e  the great 

variat ion may be due to the fact that the group cons i s ted of 

culled does at vari ous s tages be tween wean i ng and s l augh t e r . Age 

and l i ve we ight , appears to have a s ign i f i cant e f fect on C . Y . , 

s i nce a d i f ference of  almos t 7 %  was obs erved between the C . Y . ' s  

of the commerc ial r abb i t s  on the one hand and the cul led Angora 

does and young adu l t  New Zealand Whi t e s  on the other . 

The C . Y . s  of the commerc i al rabb i t s , al though lower than the 

other groups , are s imi lar to C . Y . of  pigs , i f  the we ights of the 

head , neck and skin , whi ch accounted for approx . 2 3 %  of the total 

weight of  the an ima l , are included in the C . Y  . .  Thus the ad j us ted 

f igure for rabb i t s  of 68% , compares w i th the figure of  7 0 - 8 0 %  

quoted for pigs ( Gracey , 1 9 8 6 ) . Rabbi t C . Y .  also compar e s  well 

with those of pou l t ry if the neck , skin and l i ver of the rabb i t s  

are inc luded in  t h e  C . Y .  as they are in poul try . However , by 

comparing the mean C . Y .  of a group of heavy rabb i t s  ( > 2 0 0 0 g ) , to 

a group of l ight rabbits ( < 2 0 0 0g )  k i l led in the labora tory , an 

increase of only 3 . 3 % in C . Y .  was found in the group of the heavy 

an imal s ,  al though the mean l ive weight of thi s was approx . 5 0 %  

higher than the l i ght group ( see tabl� 4 . 8 , page 6 5 ) .  Thi s  small 

increase in C . Y .  i s  negl igible considering the large increase of 

l i ve we i ght . However , in add i t ion to that , the food convers ion 

rat i o  decreases  a f t er the age of eight weeks , and cons i de ri ng the 

extra labour and the space the anima l s  need if they are kept 

longer , i t  is adv i s able to s l aughter rabbi t s  at  the age of e i ght 

weeks . Except ion s  to thi s , are if  the animals are kept for pe l t  

produ c t i on or breeding s tock . 

The resul t s  o f  thi s s tudy indicate that n e i ther age nor l ive 

body we i ght have a s igni fi cant e f fe c t  on the amoun t  of blood 
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recovered dur ing exsangu inat ion . B y  compar i ng blood y i elds o f  a 

group of rabbi ts weigh i ng more than 2 0 0 0g ,  w i th a group we i gh i ng 

less than 2 0 0 0 g ,  an increase in  y i e ld of onl y  0 . 2 % in  the heavy 

group was recorded . 

Regarding the relat ive we ights of  other organs , i t  was found 

that the pelt we ight was 1 .  8% higher in the group of heavy 

animal s . Thi s  increase was expected s i nce the age a f fe c t s  the 

thickne s s  of the pelt cons iderably . The h i gher the age at 

slaughter , the heav i er and better the pel t  i s . Thus , animals 

farmed for fur product ion mus t be s laughtered at about 3 0  week 

of age for prime pe l t , or at about 1 6  week o f  age for 

in termed iate qua l i ty pel t s  ( Anon 1 9 8 7 ) . 

In terms of  the e f fect of bleed ing on the relative we i gh t  

o f  t h e  pel t ,  i t  was found unexpectedly that the re lat ive pelt 

we ight of the bled animal s was higher than the unbled 

animals . Th i s  f inding is contrary to that of  Gregory et al , 

( 1 9 8 5 ) ,  who found that the skin from sheep , wh ich had been dead 

for about 1 5  minutes , but not bled , contains twice as much blood 

as skin  from an imal s wh i ch have been slaughtered in a normal 

manner . These authors also found that a beat ing heart i s  not 

requ i red for the los s of  blood from the skin  at sl aughter and 

that with normal s l aughtering procedures the amount of blood 

retained i n  the skin should be the s ame , whe ther the heart i s  in  

fi br i llation or  beat i ng normally at the  t ime the animal is  s tuck . 

Ki rton et al , ( 1 9 8 1 ) found that head-back elec trical s tunn i ng i n  

lambs , whi ch s tops the heart , results  in  the skin ,  head and fee t , 

be ing an average 1 2 8g heavier in  sheep than w i th a bea t i ng heart . 

They postulated that thi s  increase was mainly  accounted for by 

blood adhering to the wool , part i cularly in the reg i on of  the 

neck . Thi s  blood had been spi lled onto the floor after the 

i n i t ial 2 -minutes collection t ime and adhered to the wool o f  the 

neck . 

The higher relative weight of  pelts , unexpectedly obtained 

from the group o f  bled animals , i s  due to the high rel a t i ve pel t  
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w e i ghts  o f  the two young adul t New Z eal and Whi te purchased f rom 

a farm . The se two rabb i ts being older and heavi er than the o t her 

rabb i t s  k i lled in the laboratory , showed relat ive pel t  we ights  

o f  1 4 . 6 % and 1 7 . 6 % wh i ch rai sed the mean of  the  relat ive w e i ght 

o f  pe l t s  from an imal s bled in the l aboratory to 1 3 .  2% ( 2 .  2 %  

h i gher than the unbled group ) . After excluding these  two rabbi ts 

from the group , the mean relative we ight o f  the pel t s  of  the  b led 

rabb i t s  drops to 1 0 . 9 % whi ch i s  0 . 1 %  lower than that f rom the 

group of the unbled animals . 

The present s tudy showed that the relative we igh t  o f  the 

l i ver was 1 . 5 % h igher in  the unbled animals compared to those 

wh ich had been bled . Th i s  finding supports the hypothe s i s  that 

i n  unbled animals the res idual blood is retained by the i n te rnal 

organs ( Warr i s s  1 9 8 4 ) . Th i s  would also account for the h i gher 

re la ti ve weights of  the feet , head and neck of  the unbled 

an imal s . 

In  the pre sent s tudy the relat ive weigh t  of the GIT s howed 

a very w i de range ( 4 .  5 - 2 6 . 1 % )  wh ich was probably due to the 

variat i ons  in the amount of the contents of GIT at the t ime of 

s l aughter . It is l i kely that the shorter the time be twe en the 

rabb i t  b e i ng pre s ented wi th food and s l aughter , the h igher the 

rela t i ve weight of the GIT will be . The h igher rel a t i v e  GIT 

weight by 3 %  found i n  th i s  s tudy for the group of l i ght a n i mals  

( < 2 0 0 0 ) ,  ( s ee table 4 . 8 , page 6 5 ) ,  compared to the heavy a n i mal s , 

can be explained i n  two ways . Firs t , the rabb i t s  h ad been e a t i ng 

almos t up to the t ime of slaughter . Secondly , young growing 

animal s , wh ich would be l i ghter than older animal s , woul d  be 

consuming relat ively  greater amounts  of  food . 

I n  general , the results reported i n  th i s  chapter con c e rning 

relat ive organ weights of rabbits and factors a f fe c t ing them , are 

s imilar to those recorded from other spec i es . 
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CHAPTER FIVE 

EFFECTS OF CARCASS WASHING 

ON RABBIT M EAT QUALITY 

INTRODUCTION 

The wash ing of carcasses after dre s s ing , includ ing thos e of 

rabb i ts , is regarded as a necessary procedure to remove vi sual 

dirt and other forms of contamina t i on from the meat s u r f ac e . 

Contaminat i on can be trans ferred to the meat surface from the 

env i ronment , the pelt or hide of the animal s ,  the hands of the 

operators and i n s truments  wh ich have contact with the c arca s s  

during proces s i ng .  A s  total avoidance of  contamina t i o n  mus t b e  

cons idered unat ta inable in t h e  abattoir , modern s y s tems o f  

dre s s ing and hygi ene have been des igned t o  reduce contamination 

to acceptably l ow level s .  

The ma j or principles of  hygi e n i c  dre s s i ng as related to sheep 

include : 

Firs t , the proper handling and washing of s tock prior to 

sl aughter to avoi d  contamination from the fleece . S econdly ,  

carry ing out the i n i t i a l  cuts of the pel t i ng operat i on i n  a 

manner that w i l l  minim i z e  the cont aminat i on o f  the s k i nned area . 

Th i rdly , the r emoval o f  the pel t  in  such a way that . outer 

surfaces of t h e  pelt do not come i n  contact with t h e  carcas s . 

Finally , avoi dance of contaminati on of the carcass from contents 

of the a l i mentary and urinary tracts . 
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Other factors , such a s  the restrict ion on holding periods of  

stock i n  yards await ing s l aughter , will  ass i s t  the prevention of  

a bu i ld up of pathogens , s uch as Salmonellae , in  the s tock , the 

env i ronment and or carca s s es ( Turner 1 9 8 7 ) . 

Petersen ( 1 9 8 3 ) found that the ideal t ime to slaughter l ambs , 

i s  1 8 - 2 4  hrs after remova l  from pas ture and g i ves as reason , an 

increase of the fluidity  of ruminore t i cular contents af ter th i s  

per i od , wh ich i ncreases the r i sk o f  carcass contaminat ion dur ing 

dres s i ng . 

Proper pos i t ioning of  h and washes and equ i pment ' s ter i l i z i ng '  

fac i l i t i e s  at dress ing s t ations , a s s i s t s  i n  the reduct ion of  

cross  contaminat ion from handling the  fleece and the carcas s e s  

by t h e  workers dur ing dre s s ing ( Turner , 1 9 8 7 ) . 

Cattle and sheep are generally washed i n  the lai rage be fore 

s l augh ter , bu t other spe c i es of meat animal s such as pigs , deer , 

rabb i t s  and poultry are not , al though carcasses of catt l e , 

sheep , pigs and rabb i t s  are washed at least  once dur i ng the 

dre s s ing operation . Deer carcasses are not washed at any t ime . 

Carcasses wh ich are washed during , and / or a fter dre s s i ng g a i n  

water , some of wh ich i s  s ubsequently los t by evaporation dur ing 

ch i l l i ng and free z i ng . From a consumer ' s  poi n t  of  view , the g a i n  

o r  loss  o f  wa ter in meat i s  important for two reasons . F i rs t , as  

meat  is  sold by weigh t ,  the consumer pays more for any extraneous 

water . Secondly ,  excess  water in  meat may a f f e c t  its palatabi l i ty 

through change s  in  j u i c i ne s s , texture and f lavour . ( Offer , 1 9 8 4 ) . 

Although there i s  an abundance of information on the water 

los s from cattle , sheep and pig carcasses a fter proces s ing , only 

two i nvesti gat i ons were found to be conce rned wi th the actual 

water uptake result ing from spray washing . An i ncrease in  carc a s s  

w e i gh t  of 0 . 2 5 %  after spray washing of bee f  c arcasses w a s  found 

by Longd i l l  ( 1 9 8 2 ) ,  whereas Cain ( 1 9 8 0 ) found a water uptake o f  

0 . 3 8 % o f  the dry carcas s weight of  beef s i de s . The latter author 
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sugge s t s  that the we ight i ncrease caused b y  washing can be 

calculated by the fol lowing formula :  

( 0 . 5 2 - 0 . 0 2 8  X t )  X Wt 
Water uptake = - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0 0 

Where t = t ime i n  minutes between washing and rewe igh i ng ,  and 

Wt=we igh t  i n  kg be fore washing . Whi l e  thi s  equat ion relates 

carcass we i ght and t ime between washing and we i ghing to the 

amount of water taken up , no cons ideration was g iven to the 

e f fect of  variat ions in washing time on the water uptake , as in 

Cai n ' s exper iments , where a cons tant wash i ng t ime of 1 5  s econds 

was used . 

The washing of rabbit  carcasses i s  carr i ed out by immersion 

i n  water fol lowed by spray washing whi l e  poul try c arcasses  are 

washed by i mmersion in water onl y . The procedure is d i f ferent for 

carcasses of cattle and sheep , whi ch are washed by the spray 

me thod only . 

The quantity of  water gai ned by carcas s e s  as a result of  

wash ing h a s  not rece ived much attention and has  largely been 

ignored except for poul try . Regulat ions are in  force in some 

countries  regarding the was h i ng of poultry , aimed mainly  to 

protect the consumer from buy ing meat con t a i n i ng water in 

exce s s ive quant i t i e s . 

The U . S . D . A .  regulat ions ( Anon 1 9 8 4b ) , s tate that poul try 

wash i ng , chill ing and draini ng parameters and procedures , shall 

be such that absorpt ion and retention of water w i l l  be minimized . 

The amount of water gained by carca s s es of  poul try should not 

exceed 8 . 7 % of the carcas s  we i ght up to four and a hal f lbs and 

6 . 7 % for c arcas ses more than four and a hal f lbs . Tes t s  on at 

least ten b i rds shall be conducted dai l y  by i n spect ors to as sure 

comp l i an c e  wi th these requi rements . 
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I n  the 1 9 7 0 ' s  a s tudy was carr i ed out by the European 

Communi ty member s t ates , in  order to regulate the i mmers ion 

chill ing operation i n  poultry plants ( Bolder , 1 9 87 ) . The outcome 

was that a counter f low sys tem was chosen ( E . C .  direct ive 7 1 / 1 1 8 ) 

in  wh ich the hygien i c  s tatus of the carcasses could be measured 

and the amount of extraneous water absorbed by the carca s s e s  

could b e  control led . Three me thods were chosen t o  e s t imate the 

amount of extraneous water . 

By one of thes e  me thods , water taken up during the washing 

and chi l l ing procedures i s  measured i n  the proc e s s ing plant 

( plant control ) .  Th i s  method i s  carr i e d  out by deduc t ing the 

prewash we ight of a poultry carcas s from the weight of  the s ame 

carcass a f ter was h i ng . Thi s  is a s impl e  method by wh i ch i t  i s  

pos s i ble to qu ickly assess i f  the proc e s s  comp l i e s  w i th 

regulat i ons . The d i rective , g ives deta i l s  of  two other phy s i cal 

and chemi cal methods whi ch can be u s ed for a more d e t a i l ed 

asses sment of the water uptake . 

As long ago as 1 9 5 5 , Ayres ( 1 9 5 5 ) sugge s ted that " washing 

carcas s e s  probably reduces the amount o f  contaminat ion - even 

though i t  may onl y  be a more uni form red i s tribu t i on of the 

bacter i al population from local areas where numbers  may be h igh " . 

Wat e r  used for spray washing at a meat works mus t  meet the 

standard s  laid down in  " Internat ional Standards for Dr i nking 

Water" W . H . O .  Geneva , 1 9 7 1  ( c i ted in P e tersen 1 9 7 9 ) . 

Ems w i l er e t  a l , ( 1 9 7 6 ) , testing the effects  o f  water 

contain i ng chlor i n e  at concentrations of 1 0 0 , 2 0 0  and 4 0 0  ppm , 

found a reduc tion of  more than 9 5 %  i n  the total aerobi c  and 

psychrotroph i c  bacterial surface counts .  The effect ivenes s  of  

chlorinated water i n  reducing bacte r i a l  loads var i e s  d i rectly 

with the pressure a t  which it  i s  appl i ed and the temperature of  

the wat e r  ( Kotula e t  al , ( 1 9 7 4 ) ) .  
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Skelley  e t  al , ( 1 9 85 ) spray ing pork c arcas s es wi th a 2 0 0  ppm 

s odium hypochlori te solut i on for 1 0  minute s , reduc ed the 

bacteri a l  load by a l og 1 . 5 3  per cm2 • 

Kri a a  e t  a l , ( 1 9 8 5 ) found that a f ter washing o f  beef 

c arcas s e s , 50% of the bacteria were retained on the carcas s  and 

postulated that the proport i on of bacter i a  attached to the mus c l e  

t i ssue depends o n  the carcass and the m i c ro flora involved . 

No speci fic  bac teriolog i cal  methods are des igned for the 

evalua t i on of the bacterial s tatus o f  rabbi t meat . Methods u s ed 

for other meat animals are usually des i gned to e s t imate the 

n umber of psychrotrophic bacteri a ,  as we ll as the total number 

of v i able aerobi c  bac teri a ,  and to detect the presence of certain 

pathogen i c  bac teri a .  The total surface count and the number of 

psychrotrophs , are regarded as ind i c a tors of the spo i l age 

potenti al  of the meat tes ted , whi le the pre sence of pathogen i c  

organi sms i s  o f  publ i c  health s i gn i f i cance . 

As already men t i oned , there i s  a lack o f  informat i on on the 

amount o f  extraneous water taken up by rabbi t  carcas s e s  during 

proces s i ng . Thi s ,  s t imul ated the intere s t  of the author to tes t 

the effect of length of wash ing t ime on the amount o f  wa ter 

retained by rabb i t  carcasses . The m a i n  emphas i s  was on the 

washing me thod used dur ing commerc i a l  rabbi t  meat produc t i on ,  

w i th emphas i s  on the effect of the l ength o f  time of i mmer s ion 

on water uptake . I n  add i t i on to the s tudy o f  water uptake , an 

attempt was made to  clar i fy the general e f fect of washing by 

immers i on on the bacteri a l  s tatus o f  rabb i t  carcas s e s . The 

resul t s  of thes e  experiments  and the i r  commerc ial impl i c a t i ons  

will  be  di scus s ed in  thi s  chapter . 

MATERIALS AND METHODS 

( 1 ) Water Uptake 

In o rder to inve s t igate the water uptake , 3 2  domes t i c  and one 

wild rabbi t  carcas ses , and four hind legs of rabb i t s  were u s ed . 
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I n  experiments , " b "  and " c " , satura t i on poi n t  was cons i dered 

to be reached at least when three s equen t i al measurements o f  

wate r  uptake showed a n  unchanged resul t .  The f i r s t  exper iment 

" a " , whi ch was regarded a s  a prelim i nary i nves t i ga t i on , was 

carr i ed out a t  the abat toi r  in Masterton w i th four groups of 

three rabb i t  carcasses each . Groups 1 and 2 were adu l t  Angora 

rabb i ts , w i th carcass we ights rang ing from 1 4 4 8 - 1 7 1 6 g .  Groups 

3 and 4 were New Z ealand Whi tes wi th carcas s w e i ghts rang i ng from 

8 0 3  g to 1 0 9 1  g .  The we ight of each carcas s  was measured on a 

balance and recorded as s oon as pos s ible a f ter proces s i ng . 

Carcas s e s  i n  group 1 were s imultaneous ly  immer s ed for one minute 

i n  wate r . After immers ion , the carcas ses  were blot ted w i th 

abs orben t  paper to remove s urface water and w e i ghed approx . two 

hours l ater at the t ime of packag ing . The s ame procedure was used 

for groups 2 , 3 and 4 except that these carcas ses were immersed 

for two , three and four minutes respective l y . 

I n  the second experiment "b" , the carca s s  of a w i ld rabb i t  

we i gh i ng approx . 1 0 0 0g was immersed i n  water for one m inute and 

we i ghed after i t  had been shaken vigorously u n t i l  no more water 

was d r i pping from the carca s s . Thi s  procedure was repeated unt i l  

no further increase i n  the weight o f  the carcass was recorded . 

In  the t h i rd experiment " c " , four hind l egs from domest i c  

rabb i t s  were treated a s  described in  ( b )  above . 

I n  the fourth experiment , " d " , 1 5  rabb i t  carcas s e s , w i th a 

pH o f  approx . 6 . 0  ( three to four hours a f te r  s l aughter ) were 

immersed in water for periods vary ing from one to 1 8  minutes . 

I n  the f i fth experiment ,  " e " , five rabb i t  carca s s e s , w i th a 

pH o f  approx . 6 . 7  ( 3 0 minutes to one hour a ft e r  s laughter ) ,  were 

immersed in water for periods· varying from ten to  1 8  minutes . 

( 2 )  Microbial Methods 

Bacteriologi cal sampl i ng of ten rabb i t  carcass e s  was carri ed 

out a t  the abattoir i n  Mas terton . 
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An area o f  five cm2 o f  the external sur face of  the right h ind 

leg of each o f  the ten carcas ses , was s ampled be fore wash i ng 

u s i ng s t e r i l e  metal templates and sterile swabs . The template was 

pos i t ioned on the l a teral surface of the right h i nd leg and 

cotton swab soaked in  s te r i l e  tryptone water was then rubbed over 

the s i te . The same area was swabbed again w i th a dry , s teri l e  

cot ton swab and both swabs were placed i n  a v i al containing n i n e  

m l  o f  tryptone water . The same procedure w a s  carr i ed out o n  the 

l e f t  hind leg of the c arcas ses a fter was h i ng . The samples  were 

transported to the l aboratory on ice and a f ter shaking , 0 . 1  ml  

of  the  med i um was plated directly on the  nutrient agar . 

Four samples of water were taken in  s te r i l e  ten ml bott l e s  

from tap water t o  the wash bas ins and four s imi lar s amples were 

taken from the ef fluent water from the was h i ng tank s . The s ampl e s  

were transported t o  t h e  laboratory o n  ice . Af ter arrival each 

sample was s haken for approx . two minute s , and 0 . 1 ml from each 

sample was plated directly on nutrient agar . It  was assumed that 

the bacteriological s ta tus  o f  the tap water would be the s ame as 

the water entering the wash tank . After 4 8  hours incubat ion at 

3 7  °C colon i e s  on each plate were counted . I f  the colon i e s  on the 

plate were numerous the plate was divided i nto quarters and the 

total count reached by mul t iply ing the quarter counts by four . 

It  was e s t imated that approx . ten l i tres of water was  

ent ering the washing bath per minute . 

RESULTS 

( 1 ) Wat e r  Uptake 

The results obt a ined from the experiment s  on water uptake 

were as  fol lows : 

Experiment " a "  

There · was a wide variat ion i n  the degree o f  % water uptake 

ranging f rom 0 . 4 8 - 3 1 . 1 6% of  the carc a s s  weight ( see tab l e  5 . 1 , 

page 8 0 ) .  I n  two case s  ( one Angora and one New Z ealand Wh i te 

rabbi t )  the packed we i ght was found to be higher than the wet 
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we i gh t . I n  three other cases the % water uptake b y  one Angora and 

two New Z e a l and Whi te rabbi t carcas ses  was very h i gh ,  rang ing 

from 1 3 . 3 3 to  3 1 . 1 6 % .  

Expe rimen t s  " b "  and "c" 

It was found that after 23 one m i nute i mmers i ons of the 

carcass o f  a wild rabbit  ( experiment " b " ) ,  the water uptake of 

the carcas s  was 1 0 . 6 3 % , whi ch was close to the " s atura t i on poi n t "  

( 1 0 . 7 0 % ) ,  reached af ter 3 0  one minute i mmer s i ons  ( se e  tabl e 5 . 2 ,  

page 8 1 ) .  On the contrary ( exper iment " c " ) ,  the same water uptake 

( 1 0 . 6 3 % ) , was obtained by the f our legs w i th i n  onl y  1 4  minutes 

( s ee table 5 . 3 ,  page 82 ) . Saturat ion point ( 1 2 . 3 3 % ) was h i gher 

than that of the whole carcas s  and it was reached a fter 2 1  one 

m i nute immer s ions . F i gure 5 . 1  ( page 8 6 ) ,  i l lus trates the i ncrease 

i n  % water uptake by the carcas s  and the four hind l egs at f i ve­

m i nute i mmers ion i nterval s as  well as the d i f ferences be tween 

them . 

Experiments  "d"  and " e 1 1 

The results of experiment " d "  on the % water uptake of 1 5  New 

Zealand Whi te carcasses wi th pH- values of 6 . 0 0 ,  are pre sented i n  

table 5 .  4 ( page 8 3 ) ,  whereas table 5 .  5 ( page 8 3 ) , shows the 

results of experiment "e" , water uptake of five New Z ealand Wh i t e  

carcas s e s  w i th high pH ( 6 . 7 0 ) . The % water uptake i n  experiment 

" d " , ( s ee Table 5 . 4 ,  page 8 3 ) ,  was ranging from 1 . 8 6% af ter one 

minute i mmers ion , to 6 . 9 1 %  for 1 4  minutes i mmer s i on .  From the 

data i t  c an be noted that , on an i ndividual bas i s , gross 

i ncon s i s tencies can be noted ( smaller uptake is noted in  some for 

longer i mmersions ) .  However i f  we take the average uptake for the 

pa i rs of c arcasses immers ed for the s ame l ength of t ime , then we 

note an i n c reas i ng tendency up to the e i gh t th minu t e , after whi ch 

a rather decreas ing tendency i s  observed . 

A s t a t i s t i cal analy s i s  o f  the data us ing the mul t iple 

regre s s i on method , gave the following equa t ion : 

Y = 1 . 4 1  x, - o . o 1 2 x2 + 3 9 . 1 3 

where Y = water uptake in ml , 



X1 = immers ion time in minutes and 

X2 = we ight in Kgs . 
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However the probabi l i ty that the coe f f i c i ent of  x2 i s  equal 

to z ero i s  very h igh and the coe f f i c i ent of  X 1  i s  only border ing 

s igni f i cance a t  the 1 0 % l eve l . In the author ' s opin i on such an 

experiment should be carr i ed out on a much l arge r  scale , whi ch 

was beyond the ava i lable means . 

In  experiment " e "  the % water uptake for ten to 1 8  minute 

immers ions , ranged from 3 . 6 7 - 7 . 0 5 .  In  thi s  experiment the two 

highe s t  % water uptake l evels , 7 . 0 5 %  and 6 . 9 8 % , were reached 

after 1 2  and 1 8  minute immers ions whi l e  for the 1 4  and 1 6  minute 

immers i ons it  was 4 . 8 7 %  and 6 . 3 3 %  respect i vel y . The % wat e r  

uptake o f  the two groups i s  i llus trated in F i gure 5 . 2  ( page 8 7 ) .  

Sta t i s t ical  analys i s  o f  the % water uptake g ained by the two 

groups o f  equal t i me of immers ions ( 1 0 - 1 8 minutes ) in exper imen t s  

" d "  and " e " , showed that there i s  no s igni f i cant d i f ference 

between the low pH ( 6 . 0 0 )  and the high pH ( 6 . 7 0 )  group . 

( 2 )  Microbi a l  s tandards 

There was an approx . thre� times incre a s e  in the mean total 

aerob i c  counts on carcasses  after washing ( 1  . 3 4x1 03 c . f . u . / cm2 ) 

( colony forming uni ts ) compared w i th prewash count s  ( 4 . 2 0 x 1 02 

c . f . u . / cm2 ) ( see Table 5 . 6 ,  page 8 4 ) .  However two s amples had 

higher counts  be fore than a fter washing . 

An approx . 5 0  fold , increase in bacter i a l  count was found i n  

the e f f luent water from the washing t ank ( 4 . 9 5x1 02 c . f . u/ml ) a s  

compared with the affluent water s ample ( 0 . 1 0  x 1 02 c . f . u . /ml ) 

( see t able 5 . 7 , page 8 5 ) . 



Table 5 . 1  

water Uptake of rabbit carcasses after 

d i fferent periods of immersion 

( Experiment "a" ) 

Group 1 - Angora - Imme r s i on 1 Minute 

D r y  Wei ght Wet We igh t  Packing Weight Water Uptake 

( g ) ( g ) ( g ) ( g ) 

1 4 67 1 4 69 1 4 7 4  7 

1 7 0 5  1 7 3 4  1 7 2 2  1 7  

1 7 1 6  1 7 4 6  1 7 3 4  1 8  

Group 2 - Angora - Immers i on 2 Minutes 

Dry Weight Wet Weight Packing Weight Water Upt ake 

( g ) ( g ) ( g ) ( g ) 

1 5 6 4  1 7 6 4  1 7 4 0  1 7 6 

1 4 5 7  2 0 5 0  1 9 1 1 4 5 4  

1 4 4 8  1 65 3  1 63 6  1 88 

Group 3 - N .  z .  Whi t e  - Immers ion 3 Minutes 

Dry Weight Wet We ight Packing Weight Water Uptake 

( g ) ( g ) ( g ) ( g ) 

9 4 3  1 08 3  1 09 0  1 4  7 

1 0 87 1 1 1  7 1 1 0 4  1 7  

9 0 1  9 4 8  9 1 5  1 4  

Group 4 - N .  z .  Whi te - I mmers i on 4 minutes 

Dry Weight Wet We ight Packing Weight Water Uptake 

( g ) ( g ) ( g ) ( g ) 

9 5 4  1 0 1 4  9 8 6  32 

8 0 3  9 7 3  9 1 0  1 07 

1 09 1  1 1 1  4 1 1 0 9 1 8  

8 0  

Water Uptake 

% 

0 . 4 8 

1 .  0 0  

1 .  0 5  

Water Uptake 

% 

1 1  . 2 5  

3 1  . 1 6  

1 2 . 9 8 

Water Upt ake 

% 

1 5 . 59 

1 .  5 6  

1 .  5 5  

Water Uptake 

% 

3 . 3 5 

1 3 . 3 3 

1 .  6 5  



Dry 
Wei ght 

Number 
of one 0 1 2 3 
mi nute 
i nmersi ons 

Weight g 993 . 7 1 000 . 4  1 0 1 3. 3 1 01 5  

Table 5 . 2  

Water Uptake by the carcass of a wild rabb i t  
( Experimen t  " b " ) 

4 5 6 7 8 9 1 0  1 1  

1 021 . 8  1 028 1 037 . 4  1 035. 2 1 048 . 3  1 050 . 8  1056 . 2  1 061 . 4  

1 2  1 3  1 4  1 5  

1 067 . 8  1 071 . 8  1 072 1 070. 7 
---------- -- - - - --- ----- -- ------------ -------- -- -- -- -- - - -- -- -- - - --- - ------- ---- -- -- -- -- ----- - -- -- -- - - - - ---- --- - - -- - - - - - - -- -- - - -- --- - ------- -- - - -- -- -- --- -- -- - - - -- -

W . U . %  0 . 67 1 .  97 2 . 1 4  2 . 83 3 . 45 4 . 40 4 . 1 8  5 . 49 5 . 75 6 . 29 6 . 81 7 . 46 7 . 86 7 . 88  7 . 75 

Number 
of one 
mi nute 1 6  1 7  1 8  1 9  20 21 22 23 24 25 26 27 28 29 30 31 
inmers i ons 

Weight g 1 080 . 7 1 083. 7 1 092 . 6  1 085. 3 1 086 . 4  1 088. 2 1 095. 4  1 099 . 3 1 091 . 4  1 092 . 9  1 094 . 5 1 096 . 2 1 099 . 1 1 1 00 1 1 00 1 1 00 
------------ - ----- - -- -- - ---------- - ------------------- - ------- ----------------------------------- ------- - ---- - - -------------------- - ------ - - - - ----- - -- - -- - - - -----

W. U . %  8. 76 9 . 06 9 . 95 9 . 22 9 . 33 9. 51 1 0. 23 1 0 . 63 9 . 83 9 . 98 1 0 . 1 4  1 0 . 31 1 0 . 6 1  1 0 . 70 1 0. 70 1 0 . 70 

W. U. % : percentage water uptake. 

"Saturation po i nt" is consi dered when at least three measurements i n  sequence of the water uptake resul ted in unchanged measurements. Tab l e  5. 2 
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No. Before 

of immersion 
l e<J  ( g )  

Weight 

2 3 

Table 5 . 3  

Water uptake by four hind legs from two domestic rabbits 
( 4- 5  hrs after kill ing ) 

( Experiment " c " ) 

Durati on of i mmers i on ( m i n . ) 

4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

8 2  

1 8  1 9  20 21 22 23 

(g) 53. 1 6  54 . 94 55. 46 55. 88 56. 30 56 . 67 56 . 96 57 . 55 57 . 86 58 . 07 58 . 30 58. 58 58 . 78 58. 85 58 . 95 59 . 1 8  59 . 35 59 . 58 59 . 78 59 . 78 59 . 78 59 . 78 59. 78 59 . 78 
1 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

W. U . %  3. 35 4 . 33 5 . 1 2  5 . 9 1  6 . 60 7 . 1 5  8. 26 8 . 84 9 . 24 9 . 67 1 0 . 20 1 0 . 57 1 0 . 70 1 0 . 89 1 1 . 32 1 1 . 64 1 2 . 08 1 2 . 45 1 2 . 45 1 2 . 45 1 2 . 45 1 2 . 45 1 2 . 45 

Weight 
( g )  52. 00 53. 30 53. 70 54 . 40 54 . 87 55. 1 3  55. 38 55. 67 56 . 1 8 56 . 32 56 . 43 56. 80 57 . 05 57 . 20 57. 23 57 . 38  57 . 48 57 . 50 57 . 55 57 . 62 57 . 63 57 . 63 57. 63 57 . 63 

2 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
W. U . %  2 . 50 3 . 27 4 . 62 5 . 52 6 . 02 6 . 50 7 . 06 8 . 04 8. 31 8 . 52 9 . 23 9 . 7 1 1 0 . 00 1 0 . 06 1 0 . 35 1 0 . 54 1 0 . 58 1 0 . 67 1 0 . 81 1 0 . 83 1 0 . 83 1 0 . 83 1 0 . 83 

Weight 
( g )  55. 87 57. 06 57 . 54 58 . 25 59 . 1 1  59 . 33 59 . 69 60 . 07 60. 69 60 . 79 61 . 02 61 . 39 61 . 60 62 . 05 62 . 46 62 . 46 62 . 84 63. 67 63. 1 8  63. 70 63. 75 63. 89 63. 89 63. 89 

3 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

W. U . %  2 . 1 3  2 . 99 4 . 26 5 . 80 6 . 1 9  6 . 84 7 . 52 8. 63 8. 81 9 . 22 9 . 88 1 0 . 26 1 1 . 06 1 1 . 80 1 1 . 80 1 2 . 48 1 3. 96 1 3. 08 1 4 . 01 1 4 . 1 0  1 4 . 35 1 4 . 35 1 4 . 35 

We i ght 
( g )  62. 52 63. 48 64 . 1 5  64 . 80 65. 37 65. 39 65. 94 66 . 51 66. 81 67. 1 8  67 . 48 67 . 80 67 . 98 68. 37 68 . 83 68. 86 69. 1 2  69. 36 69. 67 69 . 94 69. 82 69 . 82 69 . 82 69 . 82 

4 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

W. U . %  1 . 54 2 . 61 3. 65  4 . 56 4 . 59 5. 47 6 . 38 6 . 86 7 . 45 7 . 93 8. 45 8. 73 9 . 36 1 0 . 09 1 0 . 1 4  1 0 . 56 1 0 . 94 1 1 . 44 1 1 . 87 1 1 . 68 1 1 . 68 1 1 . 68 1 1 . 68 

Mean 
W. U . %  2 . 38 3. 30 4 . 43 5 . 45 5 . 85 6 . 49 7 . 35 8 . 09 8 . 4 5  8 . 84 9 . 44 9 . 82 1 0 . 28 1 0 . 63 1 0 . 90 1 1 . 31 1 1 . 62 1 1 . 91 1 2 . 31 1 2 . 27 1 2 . 33 1 2. 33 1 2 . 33 

W. U . %  : Percentage Water uptake 
"Saturation poi nt" : Is consi dered when at l east three measuremetns i n  sequence of the water uptake res u l ted i n  unchanged measurements. 



Table 5 . 4  

Water uptake by 1 5  N . Z .  White carcasses wi th low pH ( 6 . 0 0 )  
( Experiment "d" ) 

Dura t i on o f  Dry Wet Water 
I mmersion We ight Weight Uptake 

( mi n ) g g g 

1 0 1 9  1 0 3 8  1 9  

2 9 69 1 0 0 0  3 1  

4 8 1 0  8 4 8  3 8  

4 1 0 60 1 0 8 1  2 1  

6 1 0 7 7  1 1 27 5 0  

6 8 7 1  9 0 4  3 3  

8 1 0 1 4  1 0 6 2  4 8  

8 8 5 8  8 9 9  4 1  

1 0 8 0 7  8 5 4  4 7  

1 0 1 2 1 3  1 2 4 9  3 6  

1 2  7 8 0  8 2 2  4 2  

1 2  1 2 3 7  1 2 7 5  3 8  

1 4 1 1 1  5 1 1 9 2  7 7  

1 6 1 1 5 8  1 1 9 7 3 9  

1 8 1 09 3  1 1 2 9 3 6  

* · For more than one immers ions . ( 4 , 6 , 8 , 1 0  and 1 2  minutes ) . 

Table 5 . 5  

Water 
Uptake 

% 
1 .  8 6  

3 . 2 0 

4 . 69 

1 .  9 8  

4 . 6 4 

3 . 7 9 
4 . 7 3 

4 . 7 8 

5 . 82 

2 . 9 7  

5 . 3 8 

3 . 0 7 

6 . 9 1 

3 . 3 7 

3 . 2 0 

Water uptake by f ive N . Z .  Whi te carca s s e s  w i th h i gh pH ( 6 . 7 0 )  
( Experiment " e " ) 

8 3  

Mean 
% * 

3 . 34 

4 . 22 

4 . 76 

4 . 40 

4 . 23 

Dura t i on o f  Dry We ight Wet Weight Water Uptake Water Uptake 
I mmersion ( mi n ) g g g % 

1 0  1 2 2 6  1 2 7 1  4 5  3 . 6 7 
1 2  9 7 9  1 0 4 8  6 9  7 . 0 5 
1 4  1 7 67 1 85 3  8 6  4 . 8 7 
1 6  1 29 6  1 3 78 8 2  6 . 3 3 
1 8  9 3 1  9 9 6  6 5  6 . 9 8 



Table 5 . 6  

Bacteriological results from swabbing ten carcasses 

before ( right hind leg ) and after ( left hind leg ) washing 

( incubat ion at 37°C )  

Counts/cm2 

8 4  

Carc a s s  Before washing After Wash ing D i f ference 

1 7 5 0  3 7 44 + 2 9 4 4  

2 1 7 1 2 8 8 0  + 2 7 0 9  

3 6 9 0  7 9 2  + 1 0 2 

4 2 1 0 1 0 5 0  + 8 4 0  

5 6 1 9 7 4  + 1 9 6 8 

6 5 0 0  1 1 3 2 + 6 3 2  

7 4 0 2  0 - 4 0 2  

8 1 6 0 2 0 6  + 4 6  

9 1 2 9 4  1 5 0 - 1 1 4 4 

1 0 2 0  1 4 2 0  + 1 4 0 0  

Mean 4 2 0  or 4 ,  2 0x1  0 2 1 3 3 5  or 1 . 3 4x1 03 
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Table 5 . 7  

Bacteriological restults from four water samples taken before 

and after carcass washing 

Tap Wat e r  ( af fluent ) 

0 

3 0  

0 

1 1  

Me an 1 0 . 2 5 or 0 . 1 0x 1 02 

Total 4 1 . 0  or 0 . 4 1 x 1 02 

Count s/m! 

Ef fluent Water From Tanks 

1 2 0 0  

7 6 0  

1 1  

7 

4 9 5  or 4 . 9 5x 1 02 

1 9 7 8  or 1 . 9 8 x 1 03 
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Figure 5 . 1  

I l lu s t r a t i o n  o f  the w a t e r  upt a k e  
b y  t h e  c a rc a s s  o f  a w i l d  r ab b i t  
( Expe r iment " b " )  and four r ab b i t  

h ind l e gs ( Expe r iment " c " )  

5 1 0  

c ------0 Wa t e r  u p t a k e  b y  f o u r  rabb i t  
h in d  l e g s ( Ex p e r ime n t  " c " )  

• �---�• Wa t e r  u p t a k e  b y  t h e  c a r c a s s  o f  
a w i l d  r a bb i t  ( Ex p e r imen t ·  " b " )  

1 5  2 0  2 5  3 0  3 5  

T ime /min . 
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Figure 5 . 2  

Water uptake by tame rabb i ts ( experiments " d "  and " e " ) 

At low pH ( experiment " d " ) 

- - - - - - - - At high pH ( experiment " e " ) 

1 0  

9 

g 

7 0 
, ,  .f) . ' / ; 

6 o '  
' I I 

I 

% w a t e r  5 
upt ake 

4 
I 

0 

3 

2 

1 

0 
5 1 0  1 5  2 0  

T ime /min . 
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DI SCUSSI ON 

The t wo cases i n  exper iment " a "  showing h i gher packag i ng 

than wet weight , are presumably due to measurement errors . 

S im i l arly t he three cases i n  the same exper iment ,  whi ch showed 

very high water uptake , may be due to water trapped i n  water 

pocke ts  c reated i n  the c arcas ses during dress ing and 

evi scerat i on . The carcas ses , as explained , were not shaken to 

remove trapped water but onl y  blotted dry wi th absorbent paper 

to remove s urface wa ter . The above factors already menti oned may 

also exp l ain the great variat ion observed ( i ncluding 

incons i s tency ) in the water uptake general ly . 

The resul t s  o f  the water uptake in experime n t s  " b "  and " c "  

show that i n  experiment " b "  the water uptake rate was , slower and 

the amount absorbed was lower compared to experiment " c " . Th i s  

can be a t t r ibuted primar i l y  t o  the larger surface o f  the legs i n  

relat ion t o  the i r  we ight and s econdly t o  the cu t s urface of  the 

legs through wh i ch , absort i on of water is eas i er ,  due to the 

abscence o f  a fasc i a . The i ncons i s tency in  % water uptake wh ich 

appeared during the immers i on of the wild rabb i t  i n  the  water , 

was pre sumably due to lack o f  prec i s ion regard i ng the blott ing 

techn ique . The water uptake by the wild rabb i t  carcas s con t i nued 

to incre a s e  for almos t 3 0  minutes , f inally exceeding 1 0 % .  

Presumabl y  the s ame phenomenon would have occurred i n  the 

carcasses  of dome s t i c  rabb i t s  if they had been i mmersed in water 

for longer than 1 8  minutes . However in practice carca s s e s  are 

usually not washed for more than a few minutes . 

Re s u l ts  from experiment " d "  and " e "  showed that the h i gh e s t  

% o f water uptake w a s  gained by rabbit  carcas se s  a f ter 1 2  and 1 8  

minutes i mmers i ons ( 7 .  0 5  and 6 .  9 8  respect i vel y ) and that the 

l i ghter carcasses gained relatively more water . Thi s  could be 

attributed to the relat ively larger surface of the l i ghter 

carca s s . The excep t i onally h i gh uptake rate of 6 . 9 1 % recorded 

in one s ample in experiment "d" , despi t e  i t s  relatively high 
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we i ght , was mos t  probably due t o  water , trapped in water pocke t s  

created during dress ing-eviscera t ion . 

In the above two experimen t s  i t  was also found that rabbi t 

carcasses w i t h  pH 6 . 0 0 and pH 6 . 7 0 ,  show non- s i gni f i cant 

d i f ference i n  the i r  water uptake capac i t y . Th i s  f i nd ing i s  

surpr i s ing , a s  i t  would be expected that carcasses w i th high pH , 

could take up more water than l ow pH carcas ses , becau s e  of  the 

hi gher water b i nding abi l i ty of  high pH meat ( Lawr i e  1 9 8 5 ) . 

However , the pH d i f ference between the two groups was probably 

too sma l l  to a f fect the water uptake and reten t i on to a 

measurable degree . The water uptake and retent i on , a s soc i ated 

with a comparat ively short time o f  immers i on may not be a f fected 

by the deep muscle pH but more by the superf i c i a l  pH of  the 

mus c l e , wh ich was not measured . 

No bac teriologi cal standards have been es tabl i shed for 

rabb i t  meat i n  New Z ealand . Those for bee f  and l amb carcas s e s  

vary from one proce s s ing p l a n t  t o  another , b u t  general 

gu i de lines , i n  the form of  so cal l ed recommended l im i t s , sugge s t  

that a t  least  8 0 %  o f  the samples examined should not exceed a 

total aerob i c  count ( T . A . C . ) o f  1 04/ cm2 and no more than 2 0 %  

should be be tween 1 04 to 1 06 ( TAC / cm2 ) ( Anon 1 9 7 9 ) . For c h i l l e d  

meat , t h e  recommendat ions are : 8 0 %  of  t h e  samples s hould not 

exceed 1 0 5/ cm2 ( TAC ) for beef and mutton , wh i l e  for s amples taken 

shor tly after dres s i ng ,  no counts should be h i gh e r  than 1 0 5 

TAC / cm2 • I f  these leve l s  are exceeded samp l i ng from the same lot 

i s  repeated , and in cases where the bacter i a l  coun t is  found to 

be the s ame or higher than at the f i r s t  s ampl i ng , the meat i s  

e i ther downgraded or condemned . ( Anon 1 9 7 9 ) . 

The number of s amples , the frequency o f  sampl i ng as  wel l  as  

the  s amp l i ng s i tes for each kind o f  meat are usua l l y  determined 

by o f f i c i a l  recommendations . In case the meat is to be exported , 

regulations and sugges t i ons of  the import i ng country are always 

taken into con s i dera t i on . 
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I n  two of the samples examined for surface cont aminat ion 

( No .  7 and 9 ,  Tabl e  5 . 6 , page 8 4 ) ,  gros s incons i s tenc i e s  c an be 

spotted . For No . 7 ,  i t  i s  obvious that some laboratory acc ident 

has happened . I t  would s eem very s trange i ndeed to obt a i n  a 

ster i l e  surface . For No . 9 ,  e i ther a s w i tching of the be fore and 

after swabs has occured , or a much h igher contaminat i on o f  the 

left leg , compared to the r i ght one , exis ted be fore immers ion , 

due to bad handl i ng . 

Although the bac teriological resul t s  of  the rabb i t  

carcas s e s , produc ed at the Mastertom plant , f a l l  wi t h i n  the 

recommended l imi t s  for l amb and bee f  and actual ly indicate  a very 

high l evel of hyg i ene , the resu l t s  of thi s  s tudy s how that 

carcas s washing , resu l t s  mostly in an increase in the total 

number of  surface bacter i a . The three fold increase found in the 

mean total aerob i c  count s  on carca s s e s  after washing , compared 

wi th pre-wash coun t s , showed that the washing procedure a f fected 

nega t i vely the s u r face bacterial counts of rabb i t  meat . Th i s  

appears not t o  b e  i n  agreement w i th f indings of  Kr i a a  e t  a l , 

1 9 8 5 , who reported that spray wash ing of  beef carca s s e s  results  

in lower counts .  However , our f indi ngs mus t  be treated w i th 

caut ion , becau s e  the results can be affec ted by the rate of 

repl acement of the water used for washing . Pre sumabl y  by 

increas i ng the rate of water repl acement in the wash i ng bath , or 

by add ing chlor ine in the water , as it happens w i th poul t r y , and 

by movi ng the carcasses contrary to the water flow in the bath , 

or u s i ng spray washes , the p i c ture o f  the bacterial  cou n t s  could 

improve . Th i s  method was found to be e f fect ive for poul try 

carcass  washing ( Kakoy i anni s  pers . comm . ) and i t  seems that the 

procedure at Mas t erton needs to be i mproved in this way in order 

to achi eve a more favourable surface contamination p i c ture af ter 

washing . The other solu t i on- carcass t rimming - is not app l i cable 

to rabbi t carca s s e s  because rabb i t  meat is general l y  sold in 

carcass form and any maj or trimming would therefore be obvious 

to  the consumer . It  is  more l ikely that  another al ternat i ve and 

less expens ive solut ion , than the above mentioned , would be the 

combinat ion o f  careful dre s s i ng and evi sceration ( avoiding 
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unnecessary handl ing of the carcas s e s ) with  mi nor t r i mming , 

aiming to remove v i sual contaminat i on . 

Under commer c ial rabb i t  meat product ion , wash i ng should 

result in a water uptake not exceed i ng approx . 7 %  of the c arcass 

weight for up to  1 8  minutes immers i on ( see table 5 . 5 ,  page 8 3 ) .  

Th i s  i s  the maximum acceptable level for poul try a s  a l ready 

st ated in the i n t roduc t ion of the pres ent chapter ( Anon 1 9 84b ) . 

So in an effec t i v e  control s y s tem the length of water i mmers ion 

mus t  be under con t rol , in  order to avoid exces s ive water uptake . 

F inally , the  resul t s  regard i ng bacterial coun t s , could 

probably be more prec i se i f  pre- and after-wash swabb i ng s  were 

carr i ed out on the s ame leg in  order to avoid di f ferences i n  

counts from surfaces d i s tant to each other . However ,  the 

selec t i on of s amples from left and right leg was due to the 

l imi ted surface o f  the rabb i t  leg . 
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CHAPTER SIX 

THE pH OF RABBIT MEAT 

INTRODUCTI ON 

The term pH i s  defined as  the negat i ve loga r i thm o f  the 

hydrogen i on concentration ( Barth , 1 9 7 5 ) . In  the l iving animal , 

the pH o f  muscle i s  around neutral ( 7 . 0 0 ) . After death the pH 

d e c l i nes , resul t ing in  ult imate values i n  mos t  mammal s  of approx . 

5 . 5 0 af ter r igor mor t i s  has occurred . Thi s  fall i s  due to mus c l e  

glycogen be i ng gradually depl eted as i t  i s  used i n  t h e  ' anaerobic  

glycol y t i c  cycle ' ,  i n  which the  glycogen is  converted to l a c t i c  

ac id ( c i te d  in Graafhu i s , 1 9 8 6 ) . The rate of glycolys i s  i s  

l i nked di rectly t o  the rate of breakdown o f  adenos i ne 

tr iphosphate ( ATP ) in the mus c l e . Thi s  has been demons trated by 

Bechtel ( 1 9 8 6 ) in a recons t i tu ted musc l e  glycol y t i c  sys tem , in 

wh ich a l l  enzymes , substrate and cofactors were mi xed together 

at  concentrat ions s imilar to those found in  the musc l e . I f  the 

enzyme ATP - ase was added to the model s y s t em ,  the g lycoly t i c  rate 

i ncreased in direct  proport i on to the amount of ATP-ase added . 

The rate of decl ine of pH i s  spe c i e s  character i s t i c . P i g  

muscle-pH , declines at rates of u p  t o  0 .  6 4  u n i  t s /hr at 3 7  °C 

wh i l e  bee f , sheep and rabb i t  muscle pH , drops between 0 . 2 7 to 

0 . 4 0 uni t s  per hr ( Hallund and Benda l l , 1 9 6 5 ) . 

The u l t imate pH occurs when e i ther all the glycogen has been 

u s ed up , or su f f i c i ent lact i c  acid has been formed to drop the 

pH to around 5 .  5 0 , thereby i nactivat i ng some of the enzymes 

i nvolved in the glycolytic processes . At ambient temperatures the 

u l t imate pH of bee f  is normal ly reached at about 3 6  hrs , of sheep 

and pigs a round 24 hrs and of poultry 1 2  hrs a f ter s l aughter 

( Graafhu i s , 1 9 8 6 ) . 
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The u l t imate pH i s  af fected by the g l y cogen level o f  the 

mus c l e s  a t  the time o f  s laughter . Inadequate feeding , s tr e s s  

a s s oc iated wi th transport and yarding , the m i x ing o f  anima l s  and 

pre - s laughter washing of an imal s , w i l l  cau s e  a reduc t i on of the 

g l ycogen level of the mus cles at the time of slaughter . Thus i n  

such an imals the rate o f  pH decl ine a f t e r  s l aughter wi l l  be 

s lower and the ultimate pH reached w i l l  be h igher than normal , 

due to non- availab i l i t y  of glycogen for t rans format ion i n t o  

lac t i c  acid . ( Kenney and Tarrant 1 9 88 ) . 

With respect to the effects of feeding on the u l t imat e pH , 

i t  has been shown by Bate and Bendall ( 1 9 4 9 ) that , the  f a s t i ng o f  

rabb i ts f o r  only 48 - 7 2  hrs , lowers the glycogen content o f  the 

psoas mus c l e s  o f  the animals suf f ic iently , to  ra i s e  the u l t imate 

pH f rom the normal values of 5 . 9 0 to 6 . 5 0 ( Lawr i e  1 9 8 5 ) . 

Yard i ng condit ion may have a pronounced effe c t  on mus c l e  

g l ycogen l evel s .  Holding pigs overnight , i n  a wel l  l i t  l a i rage 

has been as soc i ated wi th more dark , firm and dry mea t , ( DFD ) , the 

cond i t ion a s s oci ated w i th high ultimate pH , as compared w i t h  

hol d i ng them in  a dark lai rage ( Gregory , 1 9 8 5 ) . The reason for 

th i s  effe c t  is that pigs  kept in darknes s , tend to s e t t l e  down 

be t ter , are l e s s  ac tive , and there fore use l e s s  mus c l e  glycogen , 

whereas p i g s  held in br i ght l ight tend to i nterac t and exerc i s e  

more . 

Violent exc i tement in  pigs immediately before s l aughter , or 

the s low cool ing of pork carcas ses , can result i n  meat having a 

low ulti mate pH ( Lawri e ,  1 9 8 5 ) . Th i s  meat known a s  " PSE"  ( pal e ,  

soft  and exudat ive ) ,  i s  the result of a rapi d  dec l i ne i n  pH whi l e  

the carc a s s  temperature remains high . The comb i n a t i on o f  h i gh 

temperature and rapid pH decl ine , cau s e  a denaturat i on o f  

sarc oplasm i c  and myofi br i llar proteins lead i ng to  a reduc t i on i n  

the water hold ing capac i ty o f  the meat . 

The s tress produced by mixing d i f f erent groups o f  young 

bul l s ,  can cause a more than 5 0 %  reduct i on in mus c l e  glycogen and 
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results i n  h i gh ult imate pH values ( Tarrant and Sheri ngton 

( 1 9 8 0 ) ,  F j e lkner and Ruderus ( 1 9 8 3 ) ) .  Gregory ( 1 9 8 5 ) , reports 

tha t DFD bee f , occurs most  commonl y  in  bul l s , par t i cu l ar l y  when 

they are held over night in l a i rage and allowed to i n t eract w i th 

each other . He sugge s t s , that i n  prac t i ce , the bes t  solut i on to 

the DFD probl em is to  s l aughter the anima l s  ei ther as  s oon as 

they arr ive at the plant , or to hold them for at l e a s t  48 hrs to 

al low mus c l e  g l ycogen repletion . Kenney and Tarrant ( 1 9 88 ) ,  found 

tha t in catt l e , moun t i ng behavior ( intens i ve muscular exerc i s e ) 

can be a ma j or factor in the depletion of mus c l e  gl y cogen , 

the reby rai s i ng ult imate pH pos t  oestrus i n  hei fers . 

F j e lkner and Ruderus ( 1 9 8 3 ) found experimental l y , that the 

mean dec l i n e  in pH during the f i rst few hours after s l aughter , 

was the same for rested and s tressed cattle , but that the pH 

var iat ion be tween carcasses was much greater in the group o f  

stressed an i m al s , compared t o  those wh i ch had been res ted . 

DFD meat can also occur in  l ambs , but i t  i s  rare . A c a s e  has 

been reported from Aus tral i a ,  where flocks o f  lambs are gathered 

by drovers on  horse back ( c i ted in Gregory , 1 9 8 5 ) . Petersen 

( 1 9 8 3 ) found that pre - s laughter washing of lambs i ncreases the 

pH value from 5 . 5 2 to 6 . 0 3 ,  w i th some l ambs showing values of up 

to 6 . 5 0 after be ing washed for f i ve minutes . 

The u l t i mate pH o f  meat i s  o f  paramount importance for meat 

qual i ty because some of the mos t  valued characte r i s t i cs o f  meat 

are related to  pH . The pH a f f e c t s  the color , tenderne s s , she l f  

l i fe and j u i c iness o f  meat . ( Graafhu i s  1 9 8 6 ) . 

Meat i s  broadly divided into red and wh i t e , depending mai n l y  

on the amoun t  o f  myoglobin i t  contains . The concentrat i on o f  

muscle myog l obin varies between t h e  ma j or meat produ c i ng animal 

species , wi th bee f  having the h ighest concentration and there fore 

the darkes t  meat , and pork the lowes t . concentra t i on and the 

l i ghte s t  in c olour ( Se ideman et al , ( 1 9 8 4 ) . Rabbi t meat , together 

wi th f i s h  and poultry , are cons idered whi te meats  and con t a i n  
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lower level s  o f  myoglob i n  than sheep and bee f . The colour o f  meat 

is de termined by the relat ive proport ion and d i s tribut i on o f  

myoglobin , oxymyoglobin and metmyoglobin . The red colour o f  fresh 

mea t  i s  due to oxymyoglobin . If  meat con t a i ns 6 0 %  or more o f  

myoglobin i t  w i l l  b e  dark purple in colour ( DFD ) , b u t  i f  the 

predominant p i gment is metmyoglobin ( oxyd i s ed myoglobin ) the 

colour is brown ish ( Se ideman et  al , 1 9 8 4 ) . 

The qual i ty of mea t  can be affected , i f  preri gor red mus c l e  

i s  exposed to tempera tures below approx . + 1 2 °C . I n  t h i s  c a s e  

ac t i n  and myos in contract , forming permanent ac tomyos i n  bonds 

( co l d  shorten i ng ) ,  thereby reducing the tendernes s  of the meat 

( Lawrie 1 9 8 5 ) . 

Shorten ing also occurs when pre-rigor mus c l e  i s  held a t  

temperatures above 2 0  ° C  ( so-cal led heat s hortening ) .  ( Bechtel 

1 9 8 6 ) . 

The e f fect  of the pH on the keepi ng qual i ty o f  meat i s  a l s o  

importan t . As the growt h  rate of mi croorgani sms i s  dependent o n  

t h e  p H  of t h e  subs trate o n  which they grow , the p H  of meat c an 

a f fect the type of spoi lage organism dom i nating the surface 

mi croflora and thereby the spoi lage pattern . Meat wi th a h i gh 

ul t i mate pH contains l i t t le or no glycogen . M i croorgani sms on the 

me a t  surface , w i l l  there fore attack ami noac i ds cau s i ng spo i l age 

earl ier than o f  meat w i th normal pH ( Graa fhui s ,  1 9 8 6 ) . Because 

the breakdown products of ami noacid met abol i sm are foul sme l l i ng 

compounds l ike ammoni a  ( NH3 ) and hydrogen sulphide ( H2S )  s igns o f  

spoi lage o f  high pH mea t  are evident a t  c e l l  dens i t i e s  o f  1 06 -

1 07 per cm2 , whereas i n  meat w i th normal u l t imate pH , spoi l age 

does not occur unt i l  bacterial numbers on the sur face reach 

1 08/ cm2 • ( Lawr i e , 1 9 85 ) . 

Vacuum packed mea t  w i th a high pH spoi l s  faster than vacuum 

packed meat w i th normal pH , due to the growth of not onl y  the  

facultative anaerobes such as Brochothri x  thermosphact a  and 

Enterobacter species , but also due to Enterobacter l igue fac i en s  
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( caus i ng off  odours ) Alteromonas putrefac i ens ( green 

d i scolorat ion ) ,  and Yers inia enterocolyt i ca ( Graafhui s ,  1 9 8 6 ) . 

I n  the present s t udy the pH dec l ine and the u l t imate pH o f  

dome s t i c  and wild rabb i t  meat were inves t i gated . The resu l t s  are 

di scussed i n  rel a t i on to rabb i t  meat qual i t y . 

MATERIALS AND METHODS 

A Solomat electron ic pH me ter w i th a Broadly-James 

combinat i on pH probe was used for the pH measurement s . All  

measurements were made after insert i ng the probe approx . 1 cm 

i nto the meat . The pH values were read when the digi tal read out 

on the meter had s t ab i l i zed ( 5 0 - 60 seconds ) .  The pH me t e r  was 

cal ibrated u s i ng bu f fer solutions of known pH values ( colourkey 

bu ffer solut ion pH 4 ± 0 . 0 2 a t  2 0°C , colourkey buffer solu t i on pH 

7 ± 0 . 0 2 at 2 0°C ) . The pre c i s ion of the probe was found to be 

± 0 . 0 2 of a pH uni t . 

Si xty  eight New Z ealand White rabb i t s  and crosses wi th t h i s  

breed were used in  t h i s  s tudy . 

Al l pH measurements were taken of the semi tendinosus ( STM ) 

and the psoas muscles  ( PM ) . These measurements with the except i on 

o f  a third group o f  carcas ses  ( see below ) were carr ied out a t  

ambient temperature . 

The f i rs t part o f  the experiment was carri ed out a t  the 

abat toi r where the pH values of 40 rabbi t s  were measured . In a 

group o f  1 2  anima l s  the pH was measured only  once , three hours 

a fter s l aughter . The pH values of 2 5  other rabbits were measured 

at 26 minutes , two hours and 24 hours a f ter slaughter . 

The pH of three rabbi t  carcasses , c ondemned for y e l l ow fat 

( 2 ) and emaciation ( 1 ) ,  was also measured . The pH values were 

measured a t  interval s  o f  approx . 1 0  - 2 0  minutes during the f i r s t  
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hour a f ter slaughter fol lowed by i n t e rvals ranging from 3 0  

m i nutes t o  2 4  hours , unt i l  the third day after s laughter . 

The s econd group of experiments  were c arri ed out i n  the 

laboratory , on 2 0  New Z eal and Whi t e  obta ined f rom the Small 

Animal Un i t , at Mas s e y  Univer s i t y , on two young adul t rabbi t s  of 

the s ame breed purchased from a farm and on s i x  w i l d  rabb i t s  s hot 

by the author . 

I n  order to s tudy the e f fect o f  the me thod o f  s tunning on 

the dec l ine of pH and ul timate pH of rabbi t  meat , the 2 0  animals 

were spl i t  into four groups of f ive . Anima l s  in group I were 

s tunned by dis loca t i on of the neck , whi le anima l s  in Group I I  

were s tunned by the non-pene trative percu s s ive method and Groups 

I I I  & IV by the pene trat ive percus s ive method . The pH of Group 

I was measured every 3 0  minutes for four hours , and at n i ne and 

2 4  hours af ter the t ime of s l aughter . Group I I  carcasses  were 

measured every 3 0  m i nutes for four hours , and at n i ne , 1 3  and 2 4  

hours a f ter slaughter . 

The pH measurements o f  the third group of carcasses  were 

carried out as  follows . The first  pH value was measured at 

ambient temperature and the rest in a cold room opera t i ng a t  

- 1  °C . The pH values and mea t  temperatures were measured a t  the 

same t ime . A Koch digital thermome ter was used for the 

tempera ture measurements . 

The pH o f  the carcasses from group four was onl y  measured 

once at a t ime rang ing from one to three hours a f ter s l aughter . 

The pH values o f  the two young adu l t  dome s t i c  rabb i t s , were 

measured at 3 0  minutes , two , four , t e n , 2 0  and 2 4  hours a fter 

slaughter . 

The pH o f  four of the s ix wild rabb i t s , was measured only  

once , 2 4  hours af ter be ing shot and the pH of one was  measured 

at f iv e , seven , n i ne and 2 4  hours . In the s ixth anima l , which 
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d i ed after cons iderable runn ing and strugg l i ng after be i ng shot , 

the pH was measured at three , five , seven and 2 4  hrs a f ter death . 

The e f fect of the s tunning method on the rate o f  pH decl ine 

was evaluated by mul t iple  regres s ion analy s i s  of the dat a . The 

parameters u s ed were : a )  X1 for the stunni ng method , tak i ng the 

values o f  1 for neck dis location , 2 for non-penetrat i ve 

percus s ive method and 3 for penetrative percuss ive me thod and b )  

x2 for t ime a f ter slaughter in  hours . 

RES ULTS 

The results of the pH measurements are shown in Tables 6 . 1 -

6 .  1 0 .  

The s tudy of 1 2  rabbits  s l aughtered by neck d i s l oc a t ion 

fol lowed by decap i ta t i on at the abatto i r , showed that the mean 

pH dec l i ned approx . 0 . 4 0 of a pH uni t as sum i ng a 7 . 0 0 s tart , over 

a three hour peri od , i n  both muscles ( s ee table 6 . 1 ,  page 9 9 ) .  

At 2 0  min . the mean pH o f  the other 2 5  rabbi t s  sl aughtered at the 

abattoir was for ( PM )  and ( STM ) 6 . 8 6 and 6 . 9 7  respective l y , a t  

two hours a f ter slaughter for the same muscles 6 . 6 1 and 6 . 7 4 ,  

wh i l e the u l t imate pH was 5 . 7 2 and 5 . 7 6 re s pectively  ( s ee t ab l e  

6 . 2 , page 1 0 0 ) . 

In  the three condemned rabb i t s  the u l t i mate pH o f  PM and STM 

was  between 6 . 1 2  and 6 . 5 0 and the rate o f  dec l i n e  dur i ng the 

f i rst  four hours after slaughter , was approx . the s ame as  for the 

other rabb i ts slaughtered i n  the abatto i r . However ,  the rate o f  

d e c l i ne a f ter four hours was very much s l ower . I n  one c a s e  ( PM 

o f  rabbi t No . 3 )  the pH value measured o n  the th i rd day a f t e r  

s l aughter was sl ightl y  higher ( 0 . 0 8 of a p H  uni t ) than the one 

m e asured t wo and a half to four hours after s l aughter . ( se e  t ab l e  

6 . 3 , page 1 0 1 ) . 



PM 

STM 

Table 6 . 1 

pH values o f  the muscles of 1 2  domestic rabbits three hours after 

s tunn i ng by the neck dis location method at the abattoir 

N u m b e r 0 f R a b b i t 

2 3 4 5 6 7 8 9 1 0  1 1  1 2  Mean 

6 . 67 6 . 59 6 . 65 6 . 59 6. 58 6. 77 6 . 41 6 . 67 6 . 29 6 . 48 6 . 73 6. 61 6 . 59 

6 . 65 6 . 79 6 . 65 6 . 90 6 . 90 6 . 57 6 . 36 6 . 68 6 . 41 6 . 66 6 .  51 6 . 49 6 . 63 

PM : Psoas muscle. 

STM : Sem i tend i nosus muscl e .  

9 9  



Time 
after 

s l aughter Muscle 1 2 3 

PM 6 . 54  7 . 02 7 . 02 
20 min  

STM 6 . 93 6 . 92 6 . 46 

PM 6 . 47 6 . 87 6 . 80 
2 hours 

STM 7 . 52 6 . 43 6. 99 

PM 5. 70 5 . 86 5 . 84 
24 hours 

STM 5. 67 5 . 86 5. 77 

PM : Psoas muscle. 
STM : Semi tendi nosus muscle.  

Table 6 . 2  

pH values of the muscles of 2 5  domestic abat toir rabbi ts 
stunned by the neck dislocat ion method 

N u m b e r 0 f r a b b i t 

4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  

6 . 84 7 . 1 0  6 . 76 7 . 00 6 . 80 6 . 99 6 . 78 7 . 1 4  6 . 94 7 . 55 6 . 90 6 . 97 6 . 91 6 . 84 7 . 30 6 . 49 

7 . 00 7 . 1 1  7 . 05 7 . 57 7 . 00 7 . 53 6 . 80 7 .  7 1  6 . 70 6 . 66 6 . 84 7 . 1 1  7 .  1 1  6 . 80 6. 78 7 . 1 1  

6 . 97 6 . 64 6 . 80 6 . 63 6. 77 6. 73 6 . 59 6 . 86 6 . 88  6 . 84 6 .  73 6 . 48 6 . 43 6 . 29 6. 31 6. 58 

7 . 1 4  7 . 07 7 . 1 1  6 . 86 6 . 98 6. 78 6 . 94 6 . 98 6 . 96 6 . 80 6 . 82 6 . 81 6 . 75 6 . 37 6 . 36 6 . 62 

5 . 42 5. 45 5. 51 5. 67 5 . 77 5. 70 5. 71 6 . 07 6 . 01 5 . 47 5. 45 5 . 81 5. 45 5 . 84 5. 84 5 . 82 

5 . 43 5. 50 5 . 55 5. 78 5. 84 5. 77 5 . 83 6 . 1 3  6 . 05 5 . 54 5. 50 5 . 88 5. 54 5. 78 5. 76 5. 93 

1 0 0 

20 21  22 23 24 25 Mean 

6. 57 6 . 62 6 . 73 6 . 62 6 . 68 6 . 42 6 . 86  

6 .  81 6. 71 6 . 39 6 . 68 6 . 74 6 . 75 6 . 97 

6 . 32 6 . 55 6. 1 7  6 . 40 6. 59 6 . 50 6 . 6 1  

6 . 37 6 . 41 6 . 05 6 . 63 6 . 33 6 . 32 6 . 74 

5. 76 5. 95  5. 56 5 . 83 5. 71  5. 73 5. 72 

5. 90 6 . 22 5. 58 5. 77 5. 70 5 . 80 5 . 76 



Table 6 . 3  

pH values of the muscles of three rabbi ts condemned at the abattoir 
( No .  1 and 2 wi th yellow fat , No . 3 emac iated ) 

No. of 
rabbit Muscle 

0-2 20-37 40-47 

(m i n )  ( m i n )  ( m i n )  

PM 6 . 74 6 . 61 *  

STM 6 . 80 7 .  1 2* 

PM n . d  6 . 77 2 
STM n . d  6 . 80 

PM n . d  6 . 64 
3 

STM n . d  6 . 69 

PM : Psoas muscle 
STM : Semi tendi nosus muscle 
* : Mean va lue of more than one measurements . 
n . d  : Not done. 

n . d  

n. d  

6 . 90 

7 . 06 

n . d  

n . d  

T i m e  

1 -2 2 . 5-4 

( hrs ) ( hrs ) 

6 . 22 6 . 47 

6 . 97 6 .  78 

6 . 49 6 . 39 

6 . 92 6 . 56 

6 . 4 5 6 . 40 

6 . 63 6 . 60 

0 f m e a s u r e m e n t 

4 . 5-6 6 . 5-7 . 5 8-9 9 . 5- 1 0  1 0 . 5-20 21 -30 

( hrs ) ( hrs ) ( hrs ) ( hrs) ( hrs ) ( hrs ) 

6 . 47 6 . 35 n . d  6 . 21 6 . 32 6. 34 

6 . 65 6 . 20 n . d  6 . 04 6 . 25  6 . 1 2  

n . d  6 . 30 n . d  6 . 23 6 . 38 6 . 22 

n . d  6 . 1 8  n . d  6 . 04 6 . 31 6. 1 6  

n . d  6 . 35 6 . 22 n . d  6. 57 6 . 47 

n. d 6 . 32 6 . 1 7  n . d  6 . 49 6 . 44 

1 0 1  

31 -40 41 -50 51 -60 

( hrs ) ( hrs ) ( hrs ) 

6 . 32 n . d  6 . 40 

6. 1 6  n . d  6 . 1 2  

6 . 26 6 . 32 n . d  

6 . 1 5  6 . 24 n . d  

6 . 4 5  n . d  6 . 48 

6. 43 n . d 6 . 50 
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I n  the five rabb i t s , s tunned by d i s locat ion of the neck i n  

the l aboratory , t h e  mean ultimate p H  o f  the STM and PM was  5 . 7 9 

and 5 . 7 6 respect ively . The decl ine  o f  the mean pH was one pH un i t  

( 5 . 9 7 and 5 . 9 9 re spec t ively ) over the f i rst three hours af ter 

slaughter , as sum i ng a pH 7 . 0 0 at the t ime o f  slaugh t e r . I n  one 

rabbi t however ( No 5 Tabl e 6 . 4 , page 1 0 3 ) ,  the ult ima t e  pH was 

reached within one hour af ter slaughter , compared to 2 4  hours for 

the o ther rabbi ts  in the group . The ult imate pH of rabb i t s  of 

th i s  group was s imi lar to those measured at the abat to i r . 

I n  the rabb i ts s tunned by the non-pene trative method the 

mean u l t imate pH measured was 6 . 0 6 for the STM and 6 . 1 3  for the 

PM musc les . The mean pH values of the two muscles reached 6 . 0 6 

and 6 . 1 7  respe c t i vely , a t  approx . n ine hours after s l aughter , 

al though the STM and PM muscles of a rabbit  reached u l t imate  pH 

value s 5 . 9 9 and 6 . 1 2  respec tively as  e arly as three to four hours 

after slaughter ( see Table 6 . 5 , page 1 0 4 and fig 6 . 1 , page 1 1 0  

and F i g  6 .  2 ,  page 1 1 1  ) . In the two young adult rabb i t s  a l s o  

s tunned b y  t h e  non-pene trative percus s i ve method , the mean 

ult imate pH of the STM and PM was 6 . 0 4 and 6 . 0 3 respe c t i v e l y  ( s ee 

Table  6 . 6 , page 1 0 5 ) . 

In  the f ive  rabb i t s  s tunned by the pene trative me thod i n  the 

laboratory and kept re frigerated ( - 1  °C ) after the f i r s t  

measurement , t h e  u l t imate p H  o f  t h e  STM and P M  were 5 . 9 1 and 5 . 8 5 

respec t i ve l y . The temperature of the s e  s ame muscles was 1 2°C four 

hours and 4°C 2 4  hours after s l aughter . ( see Table 6 .  7 ,  page 

1 0 6 ) . The rate of pH dec l ine was fast and the lowes t  mean pH 

valu�s ( 5 . 8 2 and 5 . 8 3 respect ively )  were reached at about two and 

a hal f hours a f t e r  s l aughter ( see F i g  6 . 1 ,  page 1 1 0  and F i g  6 . 2 ,  

page 1 1 1  ) . 

I n  the f ive rabb i t s  of group IV , s tunned by the penetra t i ve 

method , the mean pH values of STM and PM measured one to three 

hours a fter slaughter were 6 . 6 0 ( range 6 . 2 3 - 6 . 7 3 )  and 6 . 7 4 ( range 

6 . 5 2 - 6 . 88 )  respectively ( see Tab l e  6 . 8 ,  page 1 0 7 ) . 



Table 6 . 4  

pH values of the muscles of five domestic rabbi ts after 
stunning by the neck dislocation method 

Rabbit Musc l e  0 . 5 

1 STM 6 . 26 
2 " 6 . 1 9  
3 " 6 . 1 3  
4 " 6 .  78 
5 " 5. 92 

Mean 6 . 26 

1 PM 6 . 1 9  
2 " 6 . 23 
3 " 7 . 00 
4 " 6 . 86 
5 " 5 . 88  

Mean 6 . 43 

STM : Semitend i nosus muscle 
PM : Psoas muscl e  

1 1 . 5  

6 . 28 6 . 24 
6 . 1 4  6 . 37 
6. 33 5 . 85 
6 . 58 6 . 34 
5 . 68 5. 71 

6 . 20 6 . 1 0  

6 . 1 6  5 . 94 
6 . 23 6 . 09 
6 . 62 6 . 55 
6 . 73 6 . 38 
5. 67 5 . 79 

6 . 28 6 . 1 5  

Time after slaughter ( hrs) 

2 2 . 5 3 3 . 5 4 

6 . 1 1  6 . 1 9  6 . 26 6 . 24 6 . 25 
6 . 06 6 . 02 5 . 96 6 . 01 6 . 04 
5. 74 5. 70 5 . 80 5. 73 5 . 75  
6 . 1 5  6 . 1 6  6 . 1 0  6 . 1 4  6 . 1 0  
5 .  72 5 . 86 5. 74 5 . 84 5 . 76 

5. 96 5 . 99 5. 97 5. 99 5 . 98 

5. 90 5 . 92 5 . 92 5. 96 5 . 80 
5. 82 5. 93 6 . 24 5 . 90 5. 93 
6 . 25 6. 1 3  5 . 94 6 . 03 6 . 05 
6 . 26 6 . 22 6 . 1 6  6 . 1 4  6 . 09 
5 . 83 5. 85 5 .  71 5. 78 5. 72 

6 . 01 6 . 01 5 . 99 5. 96 5 . 92 

1 0 3 

9 24 

6 . 26 5. 7 5  
5 . 94 5 . 95  
5 .  76  5 . 78 
5 . 82 5 . 73 
5 . 76 5 . 75  

5 .  91 5 . 79 

5 . 95 5 . 74 
5 . 89 5 . 81 
5 . 83 5. 73 
5 . 91  5 . 78 
5 . 72 5 . 75  

5 . 86 5. 76 



Rabbit  t-llscle 0 . 5 

1 STM 6 . 87 
2 " 6 . 97 
3 " 6 . 98 
4 " 6 . 92 
5 " 6 . 76 

Mean 6 . 90 

1 PM 6 . 55 
2 " 6 . 87 
3 " 6 . 62 
4 " 6 . 88  
5 " 6 . 59 

Mean 6 . 70 

STM : Semi tend i nosus muscle  
PM : Psoas musc le 

Table 6 . 5  

pH values of the muscles of f ive domestic rabbits after 
stunning by the non-penetrative percussive method 

T i me  after s l aughter ( hrs ) 

1 1 .  5 2 2. 5 3 3 . 5 4 9 

6 . 77 6 . 83 6. 58 6 . 27 6. 21 6 . 1 7  6 . 08 5 . 94 
6 . 91 6 . 62 6 . 33 6 . 36 6 . 23 6 . 20 6 . 1 3  6 . 1 8  
6 . 84 6 . 51 6 . 40 6 . 45 6 . 38 6. 38 6 . 21 6 . 25 
6 . 57 6 . 64 6 . 59 6 . 27 6 . 21 6 . 1 1  6 . 1 6  6 . 04 
6 . 69 6 . 24 6 . 1 6  6 . 1 2  5 . 99 6 . 01 5 . 9 1  5 . 90 

6 . 76 6 . 57 6 . 41 6 . 29 6 . 20 6 . 1 7  6 . 1 0  6 . 06 

6 . 64 6 . 57 6 . 59 6 . 43 6 . 46 6 . 1 5  6 . 07 5 . 73 
6 . 74 6. 77 6 . 70 6 . 61 6 . 56 6 . 46 6 . 38 6 . 24 
6 .  77 6 . 66 6 . 59 6 . 40 6 . 38 6 . 42 6. 4 1  6 . 40 
6 . 82 6 . 70 6 . 52 6 . 50 6 . 49 6 . 42 6 .  31 6 . 30 
6 . 57 6 . 22 6 . 1 9  6 . 1 8  6. 1 5  6 . 1 2  6 . 1 6  6 . 1 9  

6 .  7 1  6 .  58 6 . 52 6 . 42 6 . 41 6. 31 6 . 27 6 . 1 7  

1 0 4 

1 3  24 

5. 78 5. 78 
6 . 1 6  6 . 23 
6 . 21 6 . 25 
6 . 1 9  6 . 1 0  
6 . 08 5. 92 

6 . 08 6 . 06 

5 . 81 5. 74 
6 . 1 5  6 . 1 3  
6 . 40 6 . 41 
6 . 25 6 . 1 6  
6 . 1 8  6 . 22 

6. 1 6  6 . 1 3  



Table 6 . 6  

pH values of the muscles of two domestic rabbits after stunning 
by the non-penetrative percuss ive method 

No . Muscle  0 . 5  

1 PM 6 . 6 0 

1 STM 6 . 9 6 

2 PM 6 . 8 6 

2 STM 6 . 6 4 

PM 6 . 7 3 
Mean 

STM 6 . 8 0 

PM Psoas muscle 

2 

5 . 9 3 

5 . 9 7 

6 . 2 1 

6 . 1 2  

6 . 0 7 

6 . 0 5 

STM Sem i tend inosus muscle 

Time after slaughter ( hrs ) 

4 6 1 0 2 0  2 4  

5 . 9 0 5 . 9 0 5 . 9 2 6 . 0 0 6 . 0 1 

5 . 9 1 5 . 9 7 5 . 8 8 5 . 9 5 5 . 9 2 

6 . 1 4  6 . 0 8 6 . 0 8 6 . 0 9 6 . 0 4 

6 .  1 5 6 . 2 2 6 . 2 2 6 .  1 9  6 .  1 5 

6 . 0 2 5 . 9 9 6 . 0 0 6 . 0 5 6 . 0 3 

6 . 0 3 6 .  1 0  6 . 0 5 6 . 0 7 6 . 0 4 

1 0 5 



No. 

1 
2 
3 
4 
5 

Mean 

1 

2 
3 
4 
5 

Mean 

Table 6 . 7  

pH values of the musc les of five domestic rabbits storaged at - 1  °C after the 
first measurement after stunning by the penetrative percussive method 
Mean carcass temperature at four hrs = + 1 2  °C and at 2 4  hrs = + 4 °C 

Muscle 0 . 5 1 1 .  5 2 2 . 5  3 3. 5 4 9 1 3  

STM 6 . 32 6 . 36 6 . 1 3  5 . 92 5 . 75 5 . 78 5. 77 5 . 82 5 .  79 5. 79 
" 6 . 57 6 . 38  6 . 1 2  6 . 00 5. 91 5 . 88 5 . 8 5  5 . 89 5 . 83 5. 80 
" 6 . 48 6 . 50 6 . 26 6 . 08 5 . 92 5 . 9 5  5 . 93 5 . 92 5 . 90 5 . 94 
" 6 . 27 6 . 1 8  5 . 86 5. 7 1  5 . 72 5. 79 5 . 80 5 . 86 5 . 97  5. 96 
" 6 . 36 6 . 1 6  5. 88 5. 72 5. 79 5 . 80 5 . 87 5 . 88 5. 98 6. 00 

6 . 40 6 . 32 6 . 05 5 . 89 5 . 82 5. 84 5. 84 5. 87 5 . 89 5. 90 

PM 6 . 1 8  5 . 93 5 . 94 5 . 80 5. 79 5 . 82 5. 79 5 . 90 5 .  79 5 . 80 
" 6 .  54 6 . 31 6 . 06 5 . 78 5 . 82 5 . 84 5. 86 5. 9 1  5 . 84 5 . 83 
" 6. 54 6 .  52 6 . 27 6 . 1 0  5 . 99 6 . 00 6 . 04 5 . 9 5  5. 9 1  5 . 98 
" 6 . 1 2  6 . 06 5. 78 5. 73 5 .  73 5. 76 5. 83 5. 79 5 . 82 5 . 79 
" 6 . 38  6 . 1 3  5 . 86 5 . 88 5 . 82 5 . 84 5. 94 5 . 89 5 . 97 5 . 97 

6 . 35 6 . 1 9  5. 98 5 . 86 5 . 83 5 . 85 5 . 89 5 . 89 5 . 87 5. 87 

STM : Semi tend i nosus muscle 
PM : Psoas musc le 

1 0 6 

24 

5 . 78 
5 . 82 
5 . 93 
5 . 96 
6 . 07 

5 . 91  

5. 77 

5 . 82 
5. 93 
5 . 83 
5 . 89 

5 . 85 



Table 6 . 8  

Ph values of the muscles of five domestic r abbits 

one to three hours after s tunning by the 

penetrative percussive method 

No . Semi tendinosus Psoas 

1 6 . 7 3 6 . 8 4 

2 6 . 6 8 6 . 7 0 

3 6 . 6 9 6 . 8 8 

4 6 . 6 8 6 . 7 4 

5 6 . 2 3 6 . 5 2 

Mean 6 . 6 0 6 . 7 4 

1 0 7 



No . of  
rabb i t  

1 

2 

3 

4 

Me an 

Table 6 . 9  

pH values of the muscles of four wild rabb i t s  
2 4  hrs post-mortem 

No . of 
measurement 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

PM 

5 . 7 6 
5 . 6 5 
5 . 9 6  

5 . 6 9 
5 . 7 4 
5 . 7 6 

5 . 7 3 
5 . 7 4 
5 . 7 6 

5 . 7 7 
5 . 7 6 
5 . 7 6 

Mean 
PM 

5 . 7 9 

5 . 7 3 

5 . 7 4 

5 . 7 6 

5 . 7 6 

STM 

5 . 7 5 
5 . 7 6 
5 . 8 4 

5 . 8 0 
5 . 8 4 
5 . 7 1 

5 . 8 1 
5 . 8 0 
5 . 7 0 

5 . 9 4 
5 . 9 6  
5 . 9 6 

1 0 8  

Mean 
STM 

5 . 7 8 

5 . 7 8 

5 . 7 7 

5 . 9 5 

5 . 8 2 



Table 6 . 1 0  

Muscle pH of two wild rabbits 

No . of 
rabb i t  

Muscle Time a fter k i l l ing ( hrs ) 

1 

2 *  

P M  : 
STM : 
* 
n . d :  

3 

PM n . d  

STM n . d  

PM 6 . 0 6 

STM 6 . 2 2 

Psoas muscle 
Semi t endinosus muscle 
Shot wh ile running 

5 7 

5 . 6 7 6 . 7 2 

5 . 7 5 5 . 8 6 

6 . 0 4 5 . 9 6 

6 . 0 3 6 . 0 1 

Not done ( measurements were not t aken ) 

9 

6 . 0 4 

6 . 0 3 

n . d  

n . d  

1 0 9  

2 4  

5 . 7 7 

5 . 8 4 

5 . 9 5 

6 . 0 2 



p . H  

7 . 0 0 

6 . 8 0 

6 . 6 0 

6 . 4 0 

6 . 2 0 

6 . 0 0 

5 . 8 0 

Figure 6 . 1  
Decl ine in pH of Semi tendinosus muscles of groups of rabbi ts , 

five per group , s tunned by three d i f ferent methods . 

o N o n  p e n e t r a t i v e p e r c u s s i v e s t u n n i n g  

� Pen e t r a t i v e  p e r c u s s i v e  s t u n n i n g  + c o o l i n g  

• D i s l o c a t i o n  o f  t h e  n e c k  

---------- Amb i e n t  t e mpe r a t u r e 

----------t S t o re d  a t  -1° C 

--------- Amb i e n t  t e m p e r a t u re 
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2 4  0 2 4 6 1 0  ] ') . I... 1 3  8 
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pH 

7 .  0 0 .  

6 . 8 0 

6 . 6 0 

6 . 4 0 . 

6 . 2 0 

G . O O 

5 . 8 0 

Figure 6 . 2  
Decl i ne i n  pH of Psoas muscles of three d i f ferent groups of rabb i ts , 

f ive per group , s tunned by d i fferent methods . 

o N o n  - p e n e t r a t i v e  p e r c u s s i v e  s t u n n i n g  

t P e n e t r a t i v e  p e rc u s s i v e  s t u n n i n g  
+ c o o l i n g  

• D i s l o c a t i o n  o f  t h e  n e c k 

1 1 1 

� 0 ---------a Amb i e n t  t e m p e r a t u r e  

----------+ S t o r e d  a t  - 1° C 

--------- Amb i e n t  t e mp e ra t u re 

5 . 6 0 �------�--��--��--��--��--�� 
0 1 2 3 4 r .) 6 7 8 9 1 0  1 1  1 2  1 3  2 4  

T i me / Ju s  



1 1 2 

In  the four wild rabb i t s  the mean ult imate pH o f  the STM and 

PM was 5 . 8 2 ( range 5 . 7 0 - 5 . 9 6 )  and 5 . 7 6 ( range 5 . 6 5 - 5 . 9 6 )  

respectively ( s ee Table 6 . 9 ,  page 1 0 8 ) . Thes e  figures are s im i l ar 

to those obtained from the commerc i al rabb i ts at the abat to i r . 

The w i ld rabbi t which d i ed after cons iderab l e  strugg l i ng showed 

higher u l t imate pH values ( STM 6 . 0 2 and PM 5 . 9 5 )  than the rabb i t  

that died ins tantly ( STM 5 . 8 4 ,  PM 5 . 7 7 )  ( s ee Tab l e  6 . 1 0 , page 

1 0 9 ) . The pH decline of the former rabb i t  was also s lower than 

of  the latter . 

D I SCUS S ION 

The data pre sented show that w i t h  two exceptions , the 

farmed , laboratory and w i ld rabbi ts  k i ll ed under normal 

cond i t ions wi thout pre - s l aughter s tres s , showed s imi lar ult imate 

pH v alues . The two exc ept ions were the group of  f ive rabb i t s  ( s ee 

table 6 . 5 , page 1 0 4 )  and the two young adul t farmed rabb i t s  ( s ee 

tab l e  6 . 6 , page 1 0 5 ) , a l l  s tunned by the non-pene trat ive me thod , 

wh i ch had u l t imate pH values s l ightly h i gher than 6 . 0 0 ,  for 

reas ons wh i ch remain unexpl ained . Genera l l y , with the except i ons 

already men t i oned the ult imate pH values of the rabbi ts  as i t  

appears from the pre sent study are about 5 . 8 0 ( range approx . 0 . 4 0 

of  a un i t ) which i s  higher compared to o ther meat produc i ng 

animal s ( 5 . 3 0 - 5 . 5 0 )  ( Graafhu i s  1 9 8 6 ) . However i t  is s im i lar to 

that o f  the wh ite musc l e  ( breas t )  of the chi cken for wh i ch the 

pH is 5 . 8 0 ,  but lower than that of  the red ( leg ) muscle of the 

s ame b i rds wh i ch is about 6 . 4 0 ( c i ted in  Newton and G i l l  1 9 8 0 ) . 

Th i s  s tudy showed that , as i n  other mea t  produc i ng animal s , 

pre - s l augh ter s tress can a f fe c t  the u l t imate pH o f  musc les . The 

three d i s eased rabb i t s  at the abattoir and the w i ld rabb i t  

s trugg l i ng prior t o  death a f ter having been shot appear to  have 

had deple t ed muscle glycogen reserves resu l t ing i n  carcas s e s  w i t h  

h igh u l t imate-pH value s . 
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The ult imate pH of  the two groups of rabb i ts s t unned by the 

di s lo c a t ion method at the abattoir and in  the l aboratory were 

s i m i l a r . However , there was a d i f ference regarding the rate of 

pH dec l i ne be tween the two groups stunned by this me thod . In  the 

group wh ich was s tunned by an experi enced person a t  the abat to i r , 

the rat e , as  al ready s tated previ ous ly , was s l ow becau s e  nearl y 

a l l  t h e  animals did not show any movements a f ter neck 

d i s loc a t ion . Contrary to th i s ,  animals stunned by the s ame method 

in the l aboratory by an i nexperi enced person , s howed vigorous and 

longer l as t i ng body movements , which mos t  probably was the reason 

wh ich i ncreased the rate o f  pH decl ine . S im i l a r l y  rabb i t s  s tunned 

by the pene trat ive method had fast  rate of  pH dec l i ne because 

they  showed vi gorous and l onger lasting bod y  movement s  compared 

to the non-pene trat ive method . For the last one , the rate of pH 

decl ine was s low and the ult imate pH high , some thing which 

rema i n s  unexplai ned as has been already stated . 

F rom the analys i s  pre sented already , i t  is  clear that the 

rate o f  pH decl ine var i e s  con s iderably be tween the d i f ferent 

groups of  animal s ,  but whe ther the stunn ing method has any e f fect 

on the pH dec l ine rate , h a s  been analysed and the resu l t s  of  the 

anal ys i s  shows that it doe s not . 

To examine thi s  e f fect mul t iple regr e s s ion ana l y s i s  was 

used . The equat ions derived from the analys i s  are the foll lowing : 

where 

For the STM 

Y, = 6 . 2 3 - o . o 1 6 x, - o . o 1 6 x2 Eq . ( 1 ) 

For the PM 

Y2 = 6 . 3 0 - 0 . 0 4 x, - 0 . 0 1 1  x2 Eq . ( 2 )  

Y1 and Y2 = E s t i mated pH values o f  STM and PM 

respective l y . 

X1 = S tunning method taking the values o f  

1 :  for neck d i � location 

2 :  for the non-penetrative percus s i ve method 

3 :  for the penetrative percuss ive method 

x2 = t ime after slaughter in hrs . 
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The calculat i on o f  Student ' s t-value for the coe f f i c i ents  o f  x, 
gave the following values : 

Eq . ( 1 ) : t = - 0 • 2 7 1  4 8 

Eq . ( 2 ) : t = - 0 • 6 9 2 0 3 

Thes e  values are wel l  below the cri t i cal values o f  

s ign i f i cance d2 . 0 5�  for 2 7  d . f . ) for ( p  < 0 . 0 5 ) ,  whi ch means 

that i t  c annot be excluded that the coe f f i c i ents  may actually be 

equal to  zero , which would mean that the parameters ( s tunning 

me thod s ) do not have any e f fect on the value o f  the dependent 

vari ab l e  ( pH )  . 

The same s tatistic  calculated for the coe f f i c i ents  o f  x2 

( t ime a f ter slaughter ) ,  gave the fol lowing value s : 

Eq . ( 1 ) t = -2 . 1 8 7 0 1 
Eq . ( 2 ) t = - 2 . 3 2 0 2 5 

These values are s igni f i cant at the 0 . 0 5 and 0 . 0 2 5  leve l s  

of s ig n i f i cance respective l y . Th is  conclus ion i s  i n  l ine w i t h  the 

we l l  e s tabli shed fact that time after slaughter a f fects the pH 

decl i ne . 

The fac t that , the concurrent anal y s i s  o f  both s tunni ng 

methods and t ime , has con f i rmed the well es tabl i shed fact of the 

e f f e c t  of time on the pH decl ine as s i gn i f i cant and the s tunni ng 

me thod as insign i f icant , s trengthens the conclus i on that the 

s tunni ng methods compared here has no e f fect o n  the rate o f  pH 

dec l i ne after s l aughter . 

However Me Laughlin ( 1 9 7 1 ) comparing the rate o f  glycolys i s  

between pigs s tunned w i th a captive bol t whi ch penetrated the 

brain ,  to pigs bled wi thout s tunning found that the former 

s truggled violently and showed more rapi d  g l y colys i s  than the 

latter . 
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In  the present s tudy an attempt was made to i nve s t igate the 

ef fect of temperature on the rate of pH dec l i n e . Shorthose 

( 1 9 7 8 ) , pos tu lates that the rate o f  glycol y s i s  i s  a f fe c ted by the 

coo l i ng rate of the muscles . In  the present s tudy the e f f e c t  of 

the low temperature on the pH decl ine at two and four hours a f ter 

slaughter was negl igible and due to other d i f f i cul t i e s  it was not 

persued fur ther . 

Bendal l  ( 1 9 7 8 ) , inves tigating the e f fect o f  low t emperatures 

on the rate of pH fal l in four ma j or mus cles  of  bee f ,  found that 

the time taken to reach a pH value of  6 . 0 0 from an i n i t i al value 

of  about 7 . 1 0 , varied between 8 and 1 6  hours . Apar t  from the 

delaying e f f e c t  of  low temperature on the rate of pH dec l i ne , he 

pos tula ted that the variabi l i t y  was due to d i f ferent rates of 

cool ing between muscles in the s ame animal . The s ame author also 

not i ced that the var i ability of  the rate o f  pH fall  was about two 

fold h i gher in the pH range of 7 . 0 0 - 6 . 7 0 than i n  the lower 

range of 6 . 6 0 - 5 . 8 0 .  Bendall ( 1 9 7 8 ) , sugges ted that the 

var iab i l i ty recorded was likely to be due to vary ing levels o f  

intracellular free ea- ions exerting a s t imu l a t i n g  e f fect on 

the ac tomyoc in ATP - ase , wh i ch regulates the ATP turnover ,  and 

thereby the rate of pH decline . 

I n  summary , the find ings presented i n  this  chapter showed 

u l t ima te pH values , higher than those of other spec i e s  of  

animal s , w i th the exception of  the  red muscles o f  chi cken . It  was 

also found that rabbi t carcasses wi th serious d e f e c t s , showed 

compara t i v e l y  higher ult imate pH values ( up to 6 . 5 0 ) . Mul t iple 

regre s s i on anal ys i s  showed that the rate o f  pH d e c l i ne is not 

af fected by the s tunning methods s tudied here . Thi s  rate i s  

extremel y  fas t the f i rst  two t o  three hours a f te r  s l aughter , 

leading t o  almost ult imate pH values a t  about thi s t ime . 
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CHAPTER SEVEN 

PATHOLOGICAL LESIONS OF THE 

CARCASSES AND VISCERA OF RABBITS 

INTRODUCT I ON 

The ante and pos t  mortem inspection o f  s tock and c arcas s e s  

carr i ed out a t  the meat works are t h e  mos t  important aspects of  

me at hygi ene . The  purposes of pos t mortem i nspect i on are : f i rs t , 

to s egregate and/ or identi fy d i s e ased or defec t i ve animals ; 

second , to prevent cruel ty to the animals and f inally , to  

di agnose exo t i c  or i n fe c t ious di seases dangerous for the anima l  

population o f  t h e  country . 

The pos t -mortem inspect ion o f  meat i s  carr i ed out a f ter 

dress ing is c ompleted . Wholesomene s s  and s afety o f  the meat are 

the ma i n  a i ms of  the procedure . Thi s  means that any produc t 

containing endogenous or exogenous infec t i ous agen t s , or other 

defects render i ng the product unwholesome , mus t not reach the 

market ( Pe t er s e n  1 9 7 9 ) . 

The pos t  mortem inspect ion procedures vary from country t o  

country but are generally based on the princ iples  that the 

presence of d i sease i n  carcasses  can be s een and palpated and 

that l ymphnod e s  re flect the heal th status o f  the anima l s . Wh i l e  

inspect i on procedures based on these pr inciples w i l l  iden t i fy 

many d i seases  and de fects , some o f  the mos t  serious c ond i t i on s  

of con s i derable publ i c  health s igni f icance ( yers i n i os i s , 

campylobact e r i o s i s )  go undetected through the inspe c t ion s y s tem . 
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Pos t mortem inspect ion of rabb i t  c arcas ses  does not appear 

to have received the same attent i on as i nspect ion of the ma j or 

meat produc ing animals and i s  not general l y  i ncorporated i n  meat 

inspec t ion protoco l s . 

Me a t  inspec t i on of rabb i t s  at the Masterton rabb i t  aba t toi r ,  

was car r i ed out b y  " The i nspector" o f  " Doe bank " , b y  c areful 

vi sual examina t i on and palpat ion of the l iver , fol lowed b y  v i sual 

examinat i on of the carcas s .  The ' i nspector ' pa id s pec i al 

atten t i on to the presence o f  abnormal colour and les i on s  on the 

carcas s , carcass c onformation , as we l l  as the presence of any 

l i ver l e s ions . 

Common D iseases o f  Rabbi t s  Detected at  Post Morten Inspe c t i on 

( a )  Hepatic cocc idios i s : this d i sease w i l l  be described in 

detail  in  Chapters E i ght and Nine . 

( b )  Contagious catarrh ( snuf fles ) :  Contagious catarrh or 

snuffles , i s  very common in  rabbi ts . I t  i s  genera l l y  caused 

b y  Pas teurel la mul toc ida , but other bacteria i n c lud ing 

S t aphylococcus spp . , Bordetella bronch i sept i c a  and 

S treptococcus spp . may also be involved . Pneumoni a  is the 

c ommon feature o f  the di sease with the anteri or l obes of 

the lungs mos t ly af fected . Pleur i sy , pericard i t i s  and acute 

t rache i t i s  may also be present ( Wi l son , 1 9 8 5 ) . 

A large scale mi crobi ological i nves t i gat ion of almo s t  four 

thous and lungs , from . 8 - 1 0 week old rabbi ts  s l aughtered at  s everal 

aba t t oirs in the U . S . A . , revealed a 2 0 %  prevalence of Pasteurel l a  

mul toc ida infect i on . Some of the l ungs presented a t e l e c tas i s , 

conso l i dation or abscesses ( Flatt and Dungworth , 1 9 7 1 ) .  

( c )  Cysticerco s i s  ( Cys t i c ercus pi s i form i s ) : Cys t i cerco s i s  i n  

rabb i t s  i s  mani fes ted b y  sma l l  c y s t s  approx . 5 - 1  Omm in  

d i ameter in  the abdominal cav i t y  of infected ani ma l s . T h e  



1 1  8 

c y s t s  represent the intermediate s tage o f  the tapeworm 

Taen i a  pi s i formi s . The final hos t i s  the dog in wh i c h  the 

2 mm long tapeworm inhabits the sma l l  intest ine . At pos t  

mortem inspe c t ion ,  depending on the number as we l l  a s  the 

s i z e  of the l e s ions , the whole c arcass , or the a f fe c t ed 

organs onl y , are re j ected ( Wi l son , 1 9 8 5 ) . Cys t i cercos i s  

a l s o  occurs i n  the musculature o f  cattle ( C .  bovi s ) ,  sheep 

( C .  ovis ) and pigs ( C .  cellulosae ) .  

( d )  Coenurias i s  i s  a paras i t i c  d i sease o f  the rabbi t ,  

mani fes ted by the pres ence of c y s t s  up to 5 cm in diameter 

in  the intermuscular and subcutaneous t i s sue o f  the j aw .  

The cysts , called Coenurus serial i s ,  are the intermediate  

s tage of the  tapeworm Mul t i ceps serial i s ,  inhab i t ing in  the 

small inte s t ine of the dog . At pos t  mortem inspec t i on , the 

a f fec ted part may be removed and the rema inder pas sed for 

food if only  a few cysts  are pres ent , but i f  the c y s t s  are 

numerous , the carcas s should be condemned ( Gracey , 1 9 8 6 ) . 

( e )  S t aphylococco s i s : Staphylococcal d i s ease in rabb i t s  i s  

mani fested a s  pneumon i a ,  sept icaemia , os teomyel i t i s ,  

pododerm i t i s , subcutaneous absces s e s , exudat ive dermat i t i s , 

purulent rh i n i t i s  and con j unc t i v i t i s  in the newborn and 

abscesses  of the mammary gland . The bacte r i a  may however , 

be present i n  the flora of the upper respi ratory trac t ,  and 

the skin wi thout caus ing diseas e ; ( Okerman et al , 1 9 8 4 ) . 

S t aphylococcal absces s e s  and skin l e s i ons are common in mos t  

animal s ,  includ ing lambs ( Fuente and Suares ,  1 9 8 5 ) ,  pigs  

( Shaz ados , 1 9 8 5 ) , goats and cattle ( Menes e t  al 1 9 8 4 ) . In Spa i n , 

Menes e t  al , ( 1 9 8 4 ) , i solated a total of 7 1  s trains o f  Gram 

pos i t ive , catalase pos i tive cocci from 1 1 2 absces s e s  found duri ng 

pos t mortem inspection of slaughtered animals ( sheep , cattl e , 

pigs and goats ) ,  and in a large survey , Snyder e t  al , ( 1 9 7 6 ) , 

found that dur i ng a three year period of  invest i gat i on , 7 . 6 % of  

the necrops i ed rabb i t s  had absces s e s  c aused by  S taphylococ c i . 
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Staphyl ococcal les ions are not con f ined to domes t i c  rabb i t s  

but are a l s o  commonly found in  laboratory an imal s ,  including 

rabbi ts , even when these are kept under spec i f i c  pathogen free 

( SPF ) cond i t ions . Blackmore and Francis  ( 1 9 7 0 ) i sol ated 

Staphylococc i  from 5 0 %  of SPF rabbi ts and found by phage t yp ing , 

that the mos t  l i ke l y  source o f  i nfec t i on was humans handl i ng the 

rabb i t s . 

Fuente and Suarez ( 1 9 8 5 ) , found in  l ambs up to  four months 

of age an " abscess d i seas e "  wi th a mortal i ty rat e  of 6 5 . 7 % due 

to Staphylococcus aureus , whereas absces ses i n  p i g s , accord ing 

to Shazados ( 1 9 8 5 ) , are mos t l y  as soc iated wi th Actinomyce s  

pyoqenes and beta haemolytic  Streptococc i rather than w i th 

Staphylococ c i . 

Other cond i t i ons , l ike gas troenter i t i s , yers i n i os i s ,  

myxomatos i s , nephr i t i s , rabb i t  syph i l i s , and tuberculos i s  are 

rare f i ndings at pos t mortem i nspect ion ( Wi l s on ,  1 9 8 5 ) . 

The i ntent ion o f  thi s  s tudy was to inve s t ig a t e  any l e s i ons 

found at  post mortem inspec t i on of rabb i t s  at the Masterton 

abatto i r . 

MATERIALS AND METHODS 

The material for this  investigation was c o l l ected from 

approx . 2 5 0  rabb i t s  k i lled during four v i s i ts to the abattoir in  

Mas terton . After c arcasses  and offal had been i nspected by the 

" i nspector " , they were re- examined vi sually and by palpa t i on by 

the author . Les ions  were transported to the laboratory in pla s t i c  

bags and kept in a refrigerator overni ght unt i l  further 

inve s t igat i on the following day . 

I n  add i t i on ,  a femal e  Angora doe with a swel l i ng on the 

right j aw was subm i t ted to the author by a breeder . After the 

animal had been k i l l ed ,  the lower j aw w i th the a t tached l e s ion 
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was cut into 3 - 4mm thick sec t i ons  with an e l ectric saw . The s e  

s ec t i ons , were decal c i f i e d  in  R . D . O .  sol u t i on ( Du Page Kine t i c  

Laboratory ) ,  for three t o  four days and subsequent ly  wax embedded 

sect i ons were cut and s t a i ned by hematoxyl i n  and eos i n  ( H+E ) for 

microscopi cal  examinat i on . 

Smears of the contents from all les ions were s ta i ned by the 

Gram me thod and cul tures were also carri ed out aerob i c a l l y  at 

3 7°C for 24 hrs , on blood and McConkey agar . Further 

inve s t igat i ons were carr i ed out , u s i ng catalase  tes t  ( Cru i ckshank 

et a l , 1 9  7 5 )  as wel l  a s  s l i de coagulase and DNA- ase te s t s  

( Devr i e se and Hajek 1 9 8 0 ) . 

The l iver les ions col lected from the abat toir were f ixed i n  

1 0 % forma l i n  for a t  leas t three days and s ta ined by H + E and 

exami ned mi croscopical l y , as explained in greater de t a i l  i n  

Chapter E i ght . 

RESULTS 

Of approx . 2 5 0  rabb i ts examined at the abattoi r ,  onl y  two 

carcasses , each with one absce s s , and 5 7  l ivers w i th les i ons  

resembl ing those of hepa t i c  cocc idios i s , were found . 

One o f  the absces s e s  was located on the  ventral aspect o f  

the front l eg , wh i l e  t h e  other was in  t h e  lumbar area . Both 

les i ons were ovoid in shape , approx . 2 x 3  cm , were soft i n  

cons i s tency and the content was thick and whi t i sh i n  colour . 

Exam i nation of Gram s t ained smears , revealed Gram pos i t ive cocc i . 

Bacteriologi cal inve s t igation o f  cultures f rom both abs ces s e s , 

revealed that the organi sms i solated were c a t alas e , coagulase and 

DNA-ase pos i tive ind i c a t ing that the organi sms were s tra i n s  o f  

Staphylococcus aureus . 
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The les ion found i n  the Angora rabbi t ,  involved the r ight 

angl e  of the lower j aw ,  was hard i n  con s i s tency and approx . f ive 

cm in d i ameter ( see F i g . 7 . 1 , page 1 2 1 ) .  

After the les ion was cut ope n , content s imi l ar to that from 

the  two absces ses descr ibed ear l i er dra i ned out . I t  was also 

not i c ed that this  abs c e s s  was d i v i ded i nto i rregular chambers by 

t r abeculae o f  bone . The methods used for bacteriolog ical 

inve s t igat ion o f  the content of this  abs c e s s  were the s ame as for 

the o ther two abscesses  and the resu l t s  were iden t i cal . The 

h i s tological examina t i on of the s e c t ions taken from thi s  absce s s , 

showed areas of necrosi s and f i bros i s , as wel l  as a mas s ive 

i n f i l trat ion of i n f l ammatory c e l l s  w i th a predomi nance o f  

neutroph i l s  and macrophages . Th i s  les ion was di agnos ed as a 

chron ic  staphy lococcal os teomye l i t i s . 

M 

Figure 7 . 1  -Abscess  involving the mandible o f  an Angora rabbit­

S ide numbers indicate centimeters 

All the l e s ions found in 57 l i vers ( se e  t able 8 . 2 ,  page 1 3 3 )  

from commer c i al rabb i t s  at the abat to i r , were clas s i f i ed as 

chron i c  les ions of hepa t i c  coc c i d i os i s . ( Se e  Chapter E ight ) .  
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None of the laboratory rabb i t s  exami ned showed any 

macroscopi c  l e s i on s . 

D I SCUSSION 

The absces s e s  observed i n  rabb i t s  at the abatto i r  mos t 

l i kely or i g inated from traum a t i c  skin i n j uries , a s soci a ted w i th 

f i gh t i ng , protrud i ng wire s  i n  cages , wood spl i n t ers and other 

s harp or pointed parts o f  the c ages . I n fect i on of such wounds by 

S taphylococci or o ther bac t e r i a  is common . 

In  mos t  cases absces s e s  i n  rabb i t s  are l ocated in the l umbar 

area or on the h i nd and front legs , indi cat i ng that they are the 

results  o f  figh t i ng . Rabb i t s , l ike other animal s ,  at an age of 

approx . s i x  to e ight weeks , are trying to e s tabl i s h  a h i e rarchy 

order w i th i n  the colony . Espe c ially the mal es become aggre s s i ve 

and o f ten spend cons iderable time running a f ter other males 

b i ti ng them , usual ly  in the l umbar area . As s oon as  th i s  f i ght ing 

s t arts , t h e  rabb i t s  mus t e i ther be s laughtered or i f  o f  breed ing 

s tock , be con f i ned to individual cage s , otherwi s e  thi s s i tuat ion 

may lead t o  con s i derable l o s s e s  ( personal observat ion ) .  

The s taphylococcal o s teomyel i t i c  absces s , a f f e c t i ng the 

l ower j aw of an Angora rabb i t , was probabl y  caused by the 

m i croorgan i sms gaining entrance through a tooth s ocket . However 

the publ i c  heal th s igni f icance of the Staphy lococ c i  originat ing 

f rom animal s  is l imi ted , because probably less than s ix percent 

of Staphy l ococci  o f  animal origin are enterotox igenic ( Kato 

e t  a l , 1 9 7 8 ) . Such abscesses  may be removed , but carca s s e s  are 

i nevi t ab l y  aes thet i cally a f fe c ted . Large or numerous absc e s s e s  

m a y  l ead t o  condemnation o f  t h e  whole or part o f  t h e  carcas s . 

Based on the macroscopic les ions resemb l i ng hepa t i c  

cocc idios i s ,  observed i n  5 7  out of 2 5 0  inspected carca s s e s , i t  

c an b e  concluded , that hepat i c  cocc idios i s  i s  a problem a f f e c t i ng 

approx . 2 3 %  o f  s l aughtered rabbi ts . 
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can be concluded , that hepa t i c  cocc i d io s i s  i s  a problem a f f e c t i ng 

approx . 2 3 %  o f  s l aughtered rabbi ts . 

Regard ing the most  important l e s ions i n  c a t t l e , i t  was 

reported that in the meat export works in  New Zeal and , for the 

slaugh t e r  period o f  1 9 8 6 - 8 7 , cysti cercos i s , tubercu los i s  and 

sept icaemia coun ted for less than 0 . 1 % , and less than 0 . 0 4 % of 

these carcas s e s  were condemned ( c i ted in  Blackmore 1 9 8 8 ) . For 

sheep , the same author records a preval ence for arthr i t i s  1 . 6 8 % , 

for pleurisy  2 4 . 3 1 %  and for pyogen i c  l e s ions 1 . 0 9 % , whi c h  l e s ions 

led to 0 . 0 7 ,  0 . 1 7 % and 0 . 3 8% condemnations respective l y . 

L e s ions in  rabbit carcasses are a greater probl em than i n  

the carc asses o f  the large meat an ima l s , becaus e  serious t r i mming 

of a small rabb i t  carcass may re s u l t  in  a non-marketable 

product , or i n  a product of lower pr i c e . 
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CHAPTER EIGHT 

ACCURACY OF INSPECTION PROCEDURES IN 

RELATION TO HEPATIC C OCCIDIOSIS 

I NTRODUCTION 

Hepat i c  cocc i d i os i s  i s  a di sease o f  the l i ver o f  rabb i t s , 

wh i ch occurs after i nges t i on of the sporul ated ooc y s t s  o f  E imeri a 

s t i edae resul t i ng in e i ther cl inically  i napparent infec t i on , or 

overt d i sease , wh i ch may resul t in death . In the latter c a s e  the 

af fected animals  often show s i gns of anorexia , a rough coat , loss  

of we i gh t , fever and meteor i sm .  Var i o u s  s tages of E .  s t i edae 

develop in the b i l i ary s y s tem , resul t i ng in  macros cop i c  smal l ,  

yellowi sh wh i te nodules , or cysts throughout the parenchyma of 

the l i ver . I t  is cons i dered that such les ions are a lmost 

pathognomon ic  ( c i ted by Anon , 1 9 8 6 ) . Further informa t i on on the 

pathogenes i s  and epi demiology of the d i sease wi l l  be d i s c u s sed 

in Chapter Nine . 

Regul atory meat hygi ene aims to ensure the produ c t i on of 

wholesome meat , by procedures ,  such as ante mortem inspec t ion of 

the l i ve anima l s  and pos t  mortem inspec t i ons o f  c arca s s e s , and 

a gener a l  i nspe c t i on of plant hygiene . Ante mortem inspe c t i on i s  

general l y  based on the inspect ion o f  indiv idual animal s .  I n  such 

c i rcums t ances , the absence of any ind i vidual cl inical  h i s tory , 

make s the l ikel i hood of detec t i ng c l i n i c a l  di sease much l e s s  than 

with a convent ional c l i n i ca l  examina t i on ( Bl ackmore , 1 9 8 8 ) . The 

accuracy and prec i s ion o f  post  mortem meat inspec t i on may be 

affected by the speed at whi ch inspect i on procedures are carried 

out , the l im i t a t i ons  o f  v i sual examinat i on and of pal p a t i on of 

the carc a s s  and v i s cera and the inc i s i on of certain spec i f ied 



1 2 5 

l ymphnodes and t i s sues . The inspect ion o f  general standards o f  

hyg i ene i n  the plant should lead t o  t h e  prevent i on o f  gros s 

con taminat i on o f  carcasses and meat products ,  duri ng the 

product i on process . 

At present , pos t mortem inspection i s  usually regarded as  

the mos t i mportant component o f  the  inspect ion proces s .  For t h i s  

procedure to b e  cri t i cally evaluated , the following factors need 

to be known . 

( a )  The prec i s ion ( repeatab i l i ty ) of the procedure . 

( b )  The s en s i tivity  ( ab i l i t y  to detec t d i seased animal s )  and 

spec i f i c ity ( ab i l i ty to detect non-di s eased animals ) of the 

procedure . 

( c )  The validi ty ( predictive value ) of the f inal resul t s , or i n  

other words , what i s  the percentage o f  the condemned 

carcas s e s  that were not dis eased and what is  the proport i on 

o f  the pas sed carcasses that were d i s eased? 

Al though sens i t i v i ty and spec i f i c i t y  are innate attr ibutes 

of the te s t  and do not change with preval ence , the pred i c t ive 

value fluc tuates according to the preval ence of the di sease  in 

the popu l a t i on . The predictive value pos i t ive ( PV+ ) shows how 

many anima l s  condemned at pos t  mortem i n spection were , i n  fact , 

d i seased . Th i s  feature is of ma j or importance from the farmer ' s  

point o f  v i ew ,  becau s e , in  case i t s  value i s  less  than 1 0 0 % , i t  

would show that a proportion o f  the condemned an ima l s  wou ld be 

f a l s e l y  condemned . The predictive value negat ive , ( PV- ) , i s  of 

publ i c  health concern , because i t  g i ves a measure o f  the 

propor t i on o f  di seased animal s ,  whi ch were pas s ed as  f i t  for 

human consumption . 

To determine the accuracy o f  a tes t ,  a benchmark has to  be 

chosen to wh i ch the t e s t  under investiga t i on can be compared . I f ,  

for example ,  one wi shes  to inve s t igate the accuracy o f  inspe c t i on 
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for tuberculo s i s , then all the lymphnode s  from carcas s e s  

condemned for tuberculos i s  should b e  cul tured . I t  mus t  also be 

borne i n  mind that the results from such cul tural techn i ques are 

not 1 0 0 %  accurate . In other d i seases , such as infestation w i t h  

Cys t i ce rcus bovi s ,  wh i c h  i s  ident i f i ed b y  the presence o f  

macro s c op i c  " l e s ions " ( th e  cysts ) ,  resu l t s  from meat inspe c t i on 

procedures can be compared w i th more met i culous d i s sect ion 

techn i q ues , e . g .  by cut t i ng the muscles o f  the carcass  into thin  

s l i c e s . 

S ome para s i t i c  les i ons , e . g .  young s arcocy s t s , may be too 

smal l to  be observed w i th the naked eye . In  such c i rcumstances , 

the results  o f  detection . o f  Sarcocystis  by gross examinat ion o f  

carcas s e s  c a n  be compared w i th the res u l t s  o f  mi croscop i c  

examinat ions o f  muscle . I t  was dec ided t o  u s e  a s imi lar approach 

as the last descr ibed , to inves t igate the accuracy of  the 

inspect ion o f  hepatic cocc idios i s  in  rabbi t s . 

H i s tolog i cal features associ ated w i th hepat i c  cocc idios i s , 

include the presence o f  all s tages of the paras i te i n  the 

epi the l i um o f  the bile duc ts , cellular in f i l trat i on , including 

eos i nophi l s , plasma c e l l s ,  lymphocytes and neutroph i l s  and , 

perib i l i ary f ibros i s  ( Dav i es et  al , 1 9 6 3 ) . Al though , apart from 

the presence of paras i t e s , these changes are not pathognomon i c , 

i t  was be l i eved they woul d  prov ide reasonabl e  criteria on wh i c h  

the accuracy o f  the di agnos i s  of hepat i c  cocc i d i os i s  b y  the 

dete c t i on o f  gross lesions  could be based . 

Al though the importance o f  hepat i c  cocc i d i os i s  to the 

economy of the rabb i t  meat product i on in New Zealand i s  

rel a t i vely trivial , i t  was dec ided to carry out the present s tudy 

becau s e  hepa t i c  cocc idios i s  was regarded as a sui table model for 

the s tudy of the accuracy of other meat  i n s pect i on procedures . 

Furthermore , such a s tudy could be carr i ed ou t wi th a m�nimum o f  

expens e  and w i th relat ive ease . 
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MATERIALS AND METHODS 

A total of  2 0 1  l ivers were examined both macroscopically  and 

by h i s tological me thods . The livers originated from rabb i t s  from 

three s ources ; 1 8 6 from the abattoir at Mas t erton ( 8 - 1 4 weeks of  

age ) , ten  from the Smal l  An imals Un i t  at Mas s ey Univers i ty ( 8 - 1 0 

weeks o f  age ) and five w i l d  rabbi ts  shot by the author on a 

private property in  the Manawatu ( two young o f  5 - 6  weeks o f  age 

and three adu l t s  more than one year of  age ) . Rabb i t s , from which 

l i vers were col lected at the aba t toi r ,  orig inated from e ight 

d i f ferent farms . All the s amples col l ected from the abattoir were 

taken fol lowing post  mortem inspect i on by the " inspector " and 

reexam ination by the author . Les i ons cons idered to be indicat ive 

of hepat i c  cocc idios i s  were small yellow i s h  wh i t e  nodules or 

cysts w i thin the parenchyma of the l iver and v i s ible through the 

serosal surface . 

A prel imi nary h i s to logical examinat i on of nine d i f ferent 

s i tes f rom ei ght l i vers condemned for the pres ence of macroscop i c  

les ion s  was carried out ,  in order t o  determine t h e  mos t  

appropri ate part o f  the l iver t o  b e  exami ned h i s tologically  i n  

the ma i n  s tudy . Apart from the wild rabb i t s , one block of  t i s sue 

from the caudate lobe was examined h i s tologically from every 

other rabbit . Nine blocks of t i s sue from the l iver of  two adul t 

and one young w i ld rabbi t ,  and four blocks of  t i s sue from the 

rema i n i ng two w i ld rabb i t s  ( one adult , one young ) were examined . 

Hi s tological Examination 

Port ions o f  l iver , no  greater than 1 cm3 , were f ixed i n  1 0 % 

bu f fe red forma l i n  for at least 7 8  hrs . Sections of  wax embedded 

t i ssue were cut at approx . 3 - 4  �m thickne s s  and stained w i th 

hematox y l in and eos in ( H  + E ) . 

For the prel iminary trial , n i ne blocks were examined from 

each one of e i ght l ivers , whi ch had macroscopi c  l e s i ons . The 

s i te s  exami ned were : 



( 1 ) The l e f t  lobe 5 mm from the dorsal edge . 

( 2 )  The r ight lobe S rnm  from the dors al edge . 

( 3 )  The middle o f  the left lobe Smm from the lateral edge . 
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( 4 )  F i ve mm from the edge of the ventral part of the l e f t  lobe . 

( 5 )  The ventral part o f  the right lobe Smm from the edge . 

( 6 )  The middle o f  the right lobe Smm from the edge . 

( 7 )  and ( 8 )  F i ve mm from the ventral part of  the quadrate l obe 

and Smm from the dorsal edge of the quadrate lobe 

respe c t i vely , and 

( 9 )  The complete caudate lobe ( s ee F i gure 8 . 1 , page 1 2 8 ) . 

Figure 8 . 1  - Rabbi t  liver showing the nine s i tes from where 

sect ions were taken for the preliminary histologi cal 

investigation 

In  s ubsequent exam inations and for reas ons explained l a t er , 

only one block from t he caudate lobe was examined from each 

l i ver . 
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The a ccuracy of the detec t ion of l iver cocc i d ios i s  by the 

inspector was calculated , by u s ing the resu l t s  of  h i s tological 

exam i nat ion as the de finit ive d iagnos t i c  cri terion . 

RESULTS 

Abat toir S urvey 

Detect ion o f  Macros copi c Les ions 

Al l the liver samples collected from the abattoir were 

exami ned by the inspector and re- exami ned by the author . No gros s 

les ions t y p i cal of those as soc i a ted wi th E .  s t i edae were observed 

in any l i ver passed by the inspector , and no l iver s  condemned by 

the inspec tor for cocc idios i s  had les ions wh ich were con s i dered 

to be due to other caus es . Thus the inspect ion procedure for 

detect ing gross les ions of hepat ic  cocc idios i s  was both 1 0 0 %  

sen s i t ive and spec i f i c . 

H i s tologi c a l  Les ions 

Compar i son of d i f ferent s i tes from the s ame l i ver . 

The h i s tolog i cal changes observed in n i ne d i f ferent s i tes 

from eight d i f ferent l ivers , wh ich had macroscop i c  les ions , were 

all s imi l a r . The general changes were as fol lows . 

The l arger b i le duc ts were surrounded by a capsule partly  

represen t i ng the  pre formed periportal connective ti s sue , w i th 

remnants  o f  the hepatic t i s sue and newly formed f i brous t i ssue . 

The epithel ium of the smal ler bile duct s , showed prol i ferat ive 

change wi th protrus ion into the lumen of the duc t s . ( see f i gure 

8 . 2 ,  page 1 3 0 ) . There was also peribi l i ary cellular i n f i l tration 

of vary ing inten s i ty compris ing eos inoph i l s , lymphocytes , plasma 

c e l l s  and occas ional neutroph i l ic  leukocytes . 
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F i gure 8 . 2  - S e c tion f rom a l iver s howing pro l i f erat i on o f  the 

b i l e  duct epi thel ium and f ibro s i s  around the bile duc t s  ( x  7 5 )  

Peribi l iary fi bros i s  and prol i ferat i on of the b i le duc t 

ep i thel ium in  these e i ght l ivers was the mos t  prominent feature . 

Cellular i n f i l tration with lymphocy tes and other i n f l ammatory 

cel ls  ( plasma cells , and neutroph i l s ) was a more vari able and 

l e s s  obvious reaction . No more than five eos i nophi l s  were noted 

per microscop i c  field and th i s  was regarded as too few to 

cons ider as  a s i gn of  local eos inoph i l i c  reaction as  opposed to 

a general eos inoph i l i a . No para s i te s  were found in any of the 

sect ions examined . The mos t  prominent features observed in all 

eight l ivers examined , were b i l i ary pro l i ferat i on and f i bros i s  

of  vary ing degree . I n  five l i vers i n f i l tration w i th l ymphocytes 

and other i n f lammatory cells was a l so obs erved . In  one of the 

l i vers , three s ections did not show any h i s tolog i c a l  changes . 

These resul ts  are summari z ed in  table 8 . 1  ( page 1 3 2 ) . 



1 3 1  

No s i gni f i cant d i f ference in overal l  h i s tolog ical changes 

was found to e x i s t  be tween di f ferent s i te s  wi thin the same l i ver 

( p < O . O S )  and it was dec ided that a s i ngle section from the 

c audate lobe would provide an accurate evaluation of  the l i ver 

as a whole . 

Mai n  Survey 

Res u l t s  from the main survey showed that the farms could be 

d i vided i n to three groups w i th respec t  to the prevalence of 

les ions indicative of previ ous hepa t i c  cocc idios i s . 

In the f i rs t  group ( farms 1 , 3 , 4 ,  and 5 )  there was a 1 0 0 %  

prevalence o f  h i s tological l e s i ons ( s ee Table 8 . 2 ,  page 1 3 3 ) . I n  

the second group ( farm 7 ) , there was n o  evi dence of  i n fec t i on , 

( s ee f i g . 8 . 3 , page 1 3 4 ) . In  the third group ( farms 2 ,  6 ,  and 8 )  

the preval ence rates were l e s s  than 1 0 0 %  be i ng 9 2 %  - 8 0 %  - 4 6 %  

re spec t i v e l y . The se data i nd i cate that i n  mos t  cases the rabb i t s  

h ad been i n fected b y  the time o f  s l aughter o r  not in fected a t  

a l l . However ,  1 4 o f  7 1  l i vers from f arms 2 ,  6 and 8 had no 

m i croscop i c  les ions , indicating that some animals i n  an i nf e c ted 

colony may avoid becoming i n f ected . These latter c i rcumstances 

will be d i scussed further in Chapter Nine . I t  is  intere s t i ng to 

note that the ma j or i ty of rabb i ts from f arms 5 , 6  and almos t 5 0 %  

from farm 8 ,  had h i s tological  changes w i thout any gross l e s i ons . 

As discu s s ed in Chapter Nine , these rabbi ts  were probably exposed 

to a les ser infec t ive challenge than those with macroscopic 

lesions . The h i s tological changes noted i n  the rabb i t s  i n  the 

main trial  were bas i cally s im i l ar to those already descr ibed for 

an imal s in the pre l i minary t r i al . 



Table 8 . 1  

Compari son of spec i f ic histological changes associated w i th 
E .  s t iedae infection at different s i tes within the 

l iver ( nine sites from each of eight 
l ivers with macrosopic les i ons ) 

1 3 2 

Samp l i ng 
s i t e * 

Eos i no­
ph i l s  

Lympho- Other 
cytes inflam­

matory 
cel ls 

Fibros i s  B i l i ary Paras i t es  
prol i fe -
rat i on 

0 3 3 8 7 0 

2 0 3 3 8 7 0 

3 0 2 2 7 7 0 

4 0 2 2 7 8 0 

5 0 3 3 7 8 0 

6 0 3 4 5 5 0 

7 0 2 2 7 8 0 

8 0 3 3 6 7 0 

9 0 2 2 7 6 0 

Mean 0 2 . 6 2 . 7  6 . 9  7 . 0  0 

* See F i gure 8 . 1  ( page 1 2 8 ) . 
Numbers denote number of l ivers show i ng spec i f i ed feature . 



No . 
farm 

2 

3 

4 

5 

* 

6 

7 

8 

of 

Table 8 . 2  

Comparison of prevalence o f  macroscopic and m icroscop i c  
lesions i n  rabb i t s  submitted f o r  s l aughter 

Tot a l  number Number w i th Number w i th rabb i ts 
o f  examined macroscopic mi cros cop i c  l e s i ons 
s amples les i ons les ions 

1 4 3 1 4 1 0 0 

3 8  2 4  3 5  9 2  

2 2  4 2 2  1 0 0 

1 8 1 8  1 8 1 0 0 

2 0  0 2 0  1 0 0 

8 8 8 1 0 0 

2 0  0 1 6 8 0  

3 1  0 0 0 

1 3 0 6 4 6  

1 3 3 

wi th 
( % )  

* E ight rabb i t s  from d i f ferent l ine s from wh i c h  9 blocks of l i vers 
were examined from each . 



F i gure 8 . 3  
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L i ver section wi thout any h i s topathological 

c hanges (X 7 5 ) . 

A compar i son of  the h i s tolog i cal changes of  l i vers from 

l i nes w i th gro s s  les ions ( farms 1 ,  2 ,  3 ,  and 4 ) , i nd i ca t e s  that 

cellular i n f i l tration with inflamma tory c e l l s , lymphocytes and 

eos inoph i l s  i s  observed more often than i s  f i bros i s  and b i l i ary 

prol i ferat i on i n  both rabb i t s  w i th and w i thout mac roscop i c  

les ions . Ooc y s t s  o f  E .  s t i edae ( see f i g  8 . 4 ,  page 1 3 5 and F i g  

8 . 5 ,  page 1 3 6 )  were only  demons trated in one l iver wi th gross 

l e s i ons ( s ee f arm 4 ,  Table 8 . 3 ,  page 1 3 7 ) . 

A s imi lar comparison for the l i nes of rabb i t s  w i thout gross 

les i ons  ( farms 5 ,  6 ,  8 ,  and 9 ) , a s  a whole , showed that b i li ary 

prol i ferat i on i s  more prevalent than the cellular i n f i l tration 

les i ons . 
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Onl y one l ine o f  3 1  an imals was found to have nei ther gros s 

nor h i s tolog i cal les ions of  the l i ver of any rabbi t ( s ee farm 7 ,  

Table 8 . 3 , page 1 3 7 ) . 

F i gure 8 . 4  - Oocyst s  o f  E .  s t i edae i n  the b i l e  duc t  o f  a 

r abb i t  l iver . The b i l e  duc t  s hows f ibros i s  

( X  7 5 ) . 

Resu l t s  F rom Laboratory Rabb i t s  

None of these rabb i t s  h ad gross les i ons  and the Ch i e f  

Techn i c i an o f  the Small Animal Uni t  was unaware of  gro s s  l e s i ons 

having been detected in the pas t . The h i s tolog i cal changes 

observed , were a s soc i ated w i th f i bros i s  and b i l i ary pro l i fera t i on 

rather than inflammatory cells . No para s i tes were observed i n  any 

of the s e c t ions ( se e  farm 9 ,  Table 8 . 3 ,  page 1 3 7 ) . 



F igure 8 . 5  -

1 3 6 

Oocys ts o f  E .  s t i edae in the b i l e  duct l umen o f  

rabbi t  l iver (X 3 0 0 )  

Res u l t s  From The Wi ld Rabb i ts 

The results of the h i s tolog i cal examinat i ons of  three adult  

and two y oung w i ld rabb i t  l i vers , for les i ons due to E .  s t i edae 

infect ion are as follows : 

In the c a s e  of  the three adult  w i ld rabbi ts , i t  seems that the 

s i tu a t i on d i f fers from the one obs erved in  dome s t i c  rabb i t s . 

B i l i ary prol i feration and f i bros i s  were present in  onl y  one , two 

and three sections out of nine , nine and four s e c t i ons exami ned 

respec t i vely . 

Con trary to the above , in the two young w i l d  rabbi ts , 

h i s tologi cal l e s i ons compr i s ing f i brosi s ,  bi l i ary prol i fera t i on , 

inf i l t r a t i on w i th lymphocytes and other infl ammatory c e l l s , were 

obs e rved in almos t all sect i ons examined . 
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Table 8 . 3  

Speci fic histological changes in rabbit l ivers from groups with 
and without macroscopic lesions 

No . with spec i f i c  m i croscopic changes 

No . of Total 
f arm No . 
examined 

1 4  

2 38 

3 2 2  

4 1 8  

5 2 0  

6 2 0  

7 3 1  

8* 1 3  

9 * *  1 0  

ML 

+ 

+ 

+ 

+ 

No . in 
subgroup 

3 

1 1  

2 4  

1 4 

4 

1 8  

1 8  

0 

+ 0 

2 0  

+ 0 

2 0  

+ 0 

3 1  

+ 0 

1 3  

+ 0 

1 0  

Eos Lymp I n f l am Fibr 

3 3 3 

5 1 1  1 1  9 

9 2 3  2 3  1 3 

7 1 1  . 1 1  3 

4 4 4 0 

1 8  1 8  1 8  3 

1 7 1 8  1 8  2 

0 2 0  2 0  1 6 

0 2 4 1 4 

0 0 0 0 

2 3 3 5 

0 3 3 8 

* 
* *  

Farm wi thout gross les i ons for 1 2  months be f ore s ampl ing . 
Sma l l  Anima l Unit Massey Univer s i ty . 

Prol 

2 

5 

1 1  

0 

4 

0 

1 6  

1 6  

0 

5 

9 

Par 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Abbrevi a t i ons ML ( macroscopi c  lesions ) ,  Eos ( eosinophi l s ) ,  Lymp 
( l ymphocytes ) ,  Inf l am ( neutroph i l s  and pla sma ce l l s ) ,  F ibr ( f ibros i s ) .  

Pro l ( b i l iary pro l i f eration ) and Par ( pa ra s i tes ) .  
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In general , the h i s tological les ions i n  the l ivers of  the 

young w i l d  rabb i t s  resembled those of the dome s t i c  rabbi ts . 

DISCUS S I ON 

I t  i s  apparen t  from the resul t s  presented , that i f  rabbits 

show gro s s  les ions pos t  mortem , then almost  the whol e  l i ne of 

rabb i ts f rom whi ch they come has been i n fected . It i s  also 

intere s t i ng that the l ine o f  rabb i t s  f rom whi ch gro s s  l e s ions had 

not been observed post mortem for at least one year , d i d  not have 

macroscopi c  les i ons  at the t ime of the survey , a l though approx . 

4 6 %  had microscop i c  les ions . Thi s  f inding may be a s soc i ated with 

low leve l s  of envi ronmental contaminat ion w i th oocys t s  o f  

E .  s t i edae , re flect ing the level of  management methods and 

clean l i ne s s  prevail ing in the farm . 

Thu s , i t  would appear that , the h i s tolog i cal changes of the 

l iver noted in t h i s  s tudy could be used as an accurate basel ine , 

or benchmark , on which the accuracy of  inspect ion procedures for 

hepa t i c  cocc idios i s  could be based . To calculate the sen s i tivity  

and spec i f i c i ty o f  the gro s s  inspect i on procedure , the fol lowing 

table c an be constructed based on data of l ines of rabb i t s  

examined b y  both gross and h i stologi cal methods . In thi s  table 
+ -
D and D denote the presence or absence of  h i stological lesion s  

+ -
and T and T denote whether or not the ' inspector ' detected 

macroscopic les i ons . 



+ 
T 

T 

Accuracy of the inspection procedure 

i n  detect i ng hepat i c  coc c i d iosi s . 

+ -
D D 

5 7  0 

8 2  4 5  

Tota l s  1 3 9 4 5  

Sens i t iv i ty = 5 7 / 1 3 9  X 1 0 0  = 4 1 % 

Spec i f i c i ty = 4 5 / 4 5  X 1 0 0  = 1 0 0 %  

PV+ = 5 7 / 5 7  X 1 0 0 = 1 0 0 %  

PV- = 4 5 / 1 2 7 X 1 0 0 = 3 5 . 4 % 

1 3 9  

Tot a l s  

5 7  

1 2 7 

1 8 4 

Based on the exami nat ion of indivi dual rabbits  f rom a farm , 

endemic infec t i on by E .  s t i edae on the property , coul d  apparen t l y  

b e  based on , ei ther demons tra t i ng the presence o f  typical  

mi crocopi c l e s ions in  the l iver of animals subm i t t ed for 

slaughter , or by the demons trat ion of E .  s t i edae ooc y s t s  in the 

faeces of the rabbi ts . Based on the results  of th i s  survey , 

det ect ion of microscop i c  les ions in the l iver o f  i nd i v i dual 

rabb i ts , woul d  have been above 80%  sens i t ive i n  ident i fy i ng 

infected farms in s i x  cases ( farms 1 ,  2 ,  3 ,  4 ,  5 ,  6 ) , but onl y  

4 6 %  sens i t ive i n  one ( farm 8 ,  s e e  table 8 . 2 ,  page 1 3 3 ) . However ,  

i t  would appea r  that i f  the l ivers of more than 2 0  rabb i t s  were 

exami ned , a l l  infected farms would have been detected . As 

d i s cussed in Chapter Nine , i t  was later shown that t h i s  

as s umpt i on w a s  not completely correct . 

Thes e  results , cl early demons trate that detection o f  oocy s t s  

in l iver t i s sue i s  not a cri terion o f  any value i n  det ec t i ng 

l e s i ons a s soc i ated wi th hepatic cocc idios i s  in rabbi t s  a t  the 

t i me of s l aughter . The value of detect ion of oocys t s  in  faeces 

as a di agnos t i c  cri terion wi l l  be di scuss ed in Chapter Nine . 
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The s ens i t i v i t y  o f  4 1 % o f  this inspect ion procedure , was 

hi gher than the 1 5 % found for the detect i on of  carcas ses  of sheep 

i n f ected w i th C .  ovi s  ( ci ted i n  Blackmore , 1 9 8 8 ) . It is commonl y  

ac cepted that meat i ns pect ion procedures w i th a sens i t i  vi  t y  lower 

than 5 0 %  are not a cceptable ( Blackmore , 1 9 8 8 ) . Thi s  low 

sens i t i v i ty is par t i cularly important in the present case  

becaus e , as  ment ioned earl ier , the f armer s  were penal i z ed one 

dollar for every rabbi t  detected as having macroscopic l e s ions 

a t  pos t mortem . Thi s  penalty was for hav ing infec ted rabb i t s , 

rather than an unsa l able l iver . Yet there was no s i gni f i cant 

d i f ference ,  in terms o f  h i s tological l e s i ons , between pas s ed and 

condemned groups of  rabbits  originat ing from infec ted farms . The 

low sen s i t i v i ty of the  post  mortem inspe c t ion procedure and the 

i n s i gni f i cant nature of hepatic cocc idios i s  from a pub l i c  heal th 

po int o f  v i ew ,  make t h i s  form of  penal i z a t ion an ac t i on w i thout 

a s c i ent i f i c  bas i s . The bas i s  of th i s  penal i z at ion was to 

encourage farmers to improve husbandry in order to avoid 

i n fection w i th E .  s t i edae . However ,  as reported in Chapter N i ne , 

i n fection was demons trated on the f arm from wh i ch l ivers o f  

rabb i t s  s ubmi tted f o r  slaughter had ne i ther gross nor mi cros copi c 

l e s ions . 

The only log i cal reason for condemning l ivers wi th 

macroscopi c  les ions , i s  that they cons t i tute an aes thet i c  d e f ect . 

The author happened to be present i n  Cyprus where people 

s l aughtering rabb i t s  with les ions of  E .  s t i edae were und e c i ded 

a s  to whether or not the whole carcas s  should be condemned . As 

has been s tated repeatedly , during the present s tudy the r e ason 

f or whi c h  th i s  inves t igat ion was carri ed out was not related to 

t he publ i c  health s ign i fi cance of the d i s ease , but as  a model  for 

the i nve s t igat ion o f  the accuracy of mea t  inspection procedures 

for more i mportant d i seases in other meat animals .  

The general me thods used i n  the present s tudy for the 

calcul a t i on of the inspec t i on procedure for the detect i on o f  

hepat i c  cocc idios i s ,  could b e  used t o  s tudy t h e  accuracy o f  

inspec t i on for other di seases such a s  s arcocys t i s  and hydatid 
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d i sease . A s imi lar approach c ould be used to inves t i gate the 

accuracy o f  inspec t i on procedures for detect ing squamous c e l l  

carc inoma of the e y e  of cattle including the presence of 

me tastas e s . 
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CHAPTER N I N E  

EPIDEMIOLOGY O F  HEPATIC 

COCCIDIOSIS OF RABBITS 

INTRODUCTI ON 

An under s tanding of the epidemiologi cal features of  a d i s ease 

i s  essent i a l , be fore any control programme can be i n s t i gated , and 

t h i s  concept is of part i cular importance i n  r e l a t ion to the 

detect i on and control of hepa t i c  cocci d i os i s  i n  rabbi ts . 

From investigations carri ed out on wild rabb i t  populat ions 

in New Z e a l and ( Bull , 1 9 5 8 ) , i t  was found that several ecological 

parame ters  such as  populat i on dens i ty and moi s ture o f  the 

environmen t  and vege tation , a c t i ng separately or in combinat ion , 

contribute to the morbidity and mortal i t y  of young rabb i t s  from 

l i ver coc c i dios i s . S imilarly , i n  the rabb i t  farmi ng indus try , the 

in troduc t i on of young breedi ng s tock w i th subc l i n i cal hepat i c  

cocc i d i o s i s , together w i t h  d i f ferent s y s t ems of  management ,  can 

a f fect the inc idence of c l i n i cal  di sease wi thin the colony . 

Mos t  spec i e s  of  Eimeri a ,  the main genus a s s oc i ated wi th 

cocc i d i os i s , are paras i tes of the intest inal tract of the hos ts  

they i n f ec t . There are very few known except i ons where the 

paras i te s  a f fect other organs of  the body . The s e  i nclude h 
s t i edae , E .  h i epei and E .  truncata , which i nvade the epi the l i um 

o f  the b i l e  duct o f  rabbits  and mink ( Fi t zerald , 1 9 7 2 ) and the 

k idney s  o f  geese ( c i ted by Anon , 1 9 86 ) . A coccid i um ,  probably an 

E imer i a  spp , has been found i n  the gallbl adder o f  a goat ( Dubey 

1 9 8 6 ) . Th i s  infection was associated w i th a genera l i zed 
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cho l e cy s t i t i s  characteri sed by n ecros i s  and i n f i l tration by 

mononuclear c e l l s . More recen tl y , a coccidium infect i n g  the l i ver 

has been described in a 1 4  week old calf w i th a h i s tory , for two 

wee k s  of we ight los s , l e thargy and anorexi a  ( Coll in s  et a l , 

1 9 8 8 ) . E .  s t i edae i s  o f  h i s torical importance in  coc c i di o logy and 

protozoolog y , being the f i r s t  uni c ellular animal to be observed 

by Loewenhock in 1 6 7 4  ( Pellerdy , 1 9 7 4 ) . 

The mai n  hos t of  E .  s t i edae i s  the European w i ld rabbi t  

( Orvctolagus cuniculus ) ,  and l e s s  frequent l y  the w i ld hare ( Lepus 

amer i canus ) ,  and cot tontai l  " rabbits"  i ncluding Syl v i l agus 

flor idanus mal lurus , Syl vilagus floridanus 

Syl v i l agus nuttali grangeri ( Pe l lerdy , 1 9 7 4 ) . 

mearns i ,  and 

Hepat i c  coccidios i s  i s  caused by the inge s t i on o f  l arge 

numbers of sporulated oocys t s  of E .  s t i edae . The ooc y s t s  of the 

para s i t e  are ovoid or e l l ipsoidal in shape and yel l ow i sh-orange 

in  colour , measuring 3 6 . 9  x 1 8 . 9 pm w i th a bare f l a t tened 

m i c ropyle approx . 6 . 4  x 1 0  pm .  The ooc y s t s  have no otocy s t i c  

res idual body , but each of the four sporocysts con t a i n s  a l arge 

granular res i dual body , 8 . 0  pm x 6 . 0  pm ( Davies et a l , 1 9 6 3 ) . 

Sporu l a t i on of  the oocysts  occurs i n  2 - 3  days . Durr et a l  

( 1 9 7 2 ) were able to d i s t i ngui sh seven succes s ive s tages o f  

s porulation a s  fol lows : 

1 .  spheroid trans format i on o f  the sporont , 

2 .  f i r s t  pyramid s tage , 

3 .  f i r s t  four globe s tage , 

4 .  s e cond pyrami d  s tage , 

5 .  s e cond four globe s tage , 

6 .  sprorozoi te d i f feren t i a t i on s tage and 

7 .  s porozoite maturation s tage . 

The res p i ratory rate o f  the oocysts i s  high a t  the beginning 

of sporu l a t i on ,  fal l s  dur i ng the spindle s tage and r i s e s  agai n  

b y  t h e  end o f  sporulation ( Pe l lerdy , 1 9 7 4 ) . The spindle s tage can 
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be s een during sporogony and i s  a ssoci ated w i th the 

reorgan i z a t ion of the chromat i n  of the nuc leus  after 

fert i l i z a t ion .  The occurance of th i s  s tage may be spec i e s  

characteri s t ic and i t  i s  prominent i n  E .  t enel l a  and short- l i ved 

or abs ent in E .  s t i edae ( Wagenbach and Burns , 1 9 6 9 ) . 

After the sporulated oocys t s  have been i nge s ted , the 

s porozoi te s  are l i berated in the duodenum , mai nly by the act i on 

o f  pancreat i c enzyme s . Other factors a f f e c t ing excy s t a t i on of  the 

oocy s t s  are the pH , t emperature and t ime , and intr i n s i c  fac tors 

of the oocysts themselve s . After excy s tation , the l iberated 

s porozoi tes pene trate the mucosa of  the i n test i ne . P e l l erdy 

( 1 9 7 4 ) reports that in experimental i n f e c t i ons  after sporozoi tes 

have penetrated the i ntest inal wall they appear in the me senteric 

l ymphnodes 24  hours later and in the l i ver w i th i n  one to f i ve 

days . Horton ( 1 9 6 7 ) concludes that sporozoites reach the 

l ymphnodes via the lymph vesse ls . The same author obs erved 

s porozoi t e s  w i th i n  macrophages in the lamina propri a  of the 

duodenum , and s im i l ar observat ions are reported by Rose ( 1 9 5 8 )  

i n  her s tudies on the pathogenes i s  of the d i s ease . 

Pelle rdy and Durr ( 1 9 6 9 ) bel i eve that at l e a s t  some 

sporozo i t e s  migrate from the lymphnode s  to l i ver v i a  the blood 

s tream , al though they did not detect any free sporozo i t e s  i n  the 

blood , even after mass ive infection . Horton ( 1 9 6 7 ) observed that 

sporozo i te s  migrate from the lymphnodes to the l i ver both w i thin 

monocy s t s  and free i n  the blood . 

After the sporozoi tes have reached the l iver , they m i grate 

from the blood s t ream towards the b i l e  ducts  and l i e  at  the base 

of the epi thelial  cells , parallel to the long i tudi nal ax i s  of the 

duct . Two days later , the schi zonts  ar i se from the sporoz o i tes . 

By the f i fth day the second schi z on i c  generat ion develops . Both 

stages of  shi zonts  i nvade the b i l i ary duct epi the l i al c e l l s  a long 

the luminal s ide . Another three generat i ons  of sch i zon t s  develop 

up to the 1 1 th day a fter infection . The s exual s tages develop 1 2  

day s after infec t i on and d i f ferent i a t e  later . The b i l i ary duc t 

epi th e l i um become s packed with sexual s tage s  and the epi thel i um 
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pro l i ferates . Gametogony i s  completed 1 6  days after i n f e c t i on 

when ooc y s t s  are pas s ed in the faeces 1 5  days a f ter i n fe c t i on and 

by the 2 3 rd day there are up to 1 5  or 1 6  m i l l ion ooc y s t s  per gram 

of faeces ( Pell erdy , 1 9 7 4 ) . The numbers  then start decreas i ng 

rap idly unt i l  the 3 7 th day when very few can be found i n  the 

faeces ( Dav i e s  et al , 1 9 6 3 ) . 

From the fourth day after infect i on the b i l i ary duct 

epi the l i um s tarts pro l i ferat ing and in  two days the prol i fera t i ng 

cel l s  may entirely f i l l  the l umen o f  the d i s tended b i l i ary 

cap i l lari e s . Eight to  ten days a fter experimental i n fe c t i on the 

l i ver become s enlarged and morphologically resembles  that of 

natura l l y  i n fected l ivers ( Pell erdy , 1 9 7 4 )  

Almo s t  a l l  the epithelial cells  of the bile  duc t s  are packed 

wi th para s i tes and the pus l ike mater i al in the l iver nodules 

cons i s ts almost ent irely of oocys t s  The b i l e  ducts are 

surrounded by cellular infil trat ion of vary ing inten s i ty , ma inly 

of  l ymphoc y tes , plasma cel l s , eos i noph i l s  and s omet imes 

neutroph i l i c  leucocytes . Peripheral ly , f ibrous t i s sue deve lops 

f rom one periportal f i eld to another . 

enlargement often we ighing 2 0 %  o f  

( normally  only about 3 .  7 %  o f  body 

The whole l iv e r  shows gross 

the total c arca s s  we ight 

we ight ) . Apart from the 

mul t iple hepatic les ions , containing yelow pus - l i ke material , the 

k i dneys may show subcapsular petech i a l  haemmorrhages and the 

peri toneal and pleural cav i t i e s  are f i l led wi t h  a y e ll ow i sh 

s e rous exudate . The gall bladder i s  enlarged and t h i ckened and 

the carca s s  somet imes is j aundi ced and oedematous .  At a l ater 

s tage the l iver becomes c i rrho t i c  but w i thout s y s temi c evidence 

of j aund i c e  ( Davi e s  et  al , 1 9 6 3 ) . 

Accordi ng to Pellerdy and Teme s i  ( 1 9 5 0 ) ,  2 1  days after 

i n fec t i on rabb i t s  develop a s trong i mmunity aga i n s t  further 

i nfec t i on . The s ame authors succeeded in es tabl i sh i ng complete 

protec t i on by infecting the rabbits  at  intervals of 3 0  days . Rose 

( 1 9 5 9 ) e s t imates the durat ion o f  immun i ty to be up to  two years . 
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Lightly in fec ted an imals show few , i f  any , c l i n i cal  s igns . 

In  heavy i nfections , anorexi a ,  loss o f  we ight fever and 

meteorism ( bloat ) ,  are relat ively constant s igns ( Fl ynn , 1 9 6 6 ) . 

Diarrhoea and ic terus are common s igns o ften assoc i a ted w i t h  

subs equent death , espe c i a l l y  in young r abb i t s  ( Fl ynn , 1 9 6 6 ) . 

L i ver enlargement may be  palpable and even the coccidial nodul e s  

o n  i ts surface may b e  g rossly v i s ible through the s k i n  in d i re c t  

sunl ight ( Pel lerdy , 1 9 7 4 ) . 

The typical c l i n i cal  s i gns of hepa t i c  cocc idios i s  toge ther 

w i th the demons trated ooc y s t s  of E .  s t i edae in  faeces are 

relatively  conclus ive d i agnos t i c  feature s . The absence of ooc y s t s  

of  E .  s t i edae i n  the faeces cannot b e  cons idered as lack o f  

evidence o f  infection , a s  of ten severe s i gns of  di sease occur 

be fore oocysts  are shed . A de finite di agno s i s  can be made onl y  

i f  a t  necropsy the l i ver shows the typical les ions i n  whi ch 

coc c i dial  paras i tes can be demons trated ( Fl ynn , 1 9 6 6 ) . 

Various  forms o f  treatment of  hep a t i c  cocc i dios i s  are 

recommended . These include Sul fadimidine or Sul fameraz ine at a 

dos e  of  1 0 0mg/kg l i veweight for three con s ecutive day s , folowed 

by a week wi thout treatment and repe t i t i on of the cycle twice 

( Spanoghe et al , 1 9 7 2 ) . S imultaneous treatment w i th 0 . 0 1 % 

S u l f aquinoxaline and 0 .  0 2 5 % Pyrimethamine i s  very e f fec t i ve 

aga i nst E .  st iedae ( Durr and Schrecke 1 9 7 0 ) . However , Dav i e s  

e t  al , ( 1 9 63 ) ,  suggest that under prac t i cal  cond i t ions a 

s u l fonamide i s  best  g i ven , as  soon as  the d i sease i s  d i agnosed , 

for 7 - 1 0 days , to al l rabb i t s  of  the colony and the treatment 

repeated a f ter a week ' s  interval wi thout treatment . 

In  a s tudy of l iver coccidios i s  i n  r abbi ts , bri e f  re ference 

to  intest inal cocc idios i s  of these ani mals i s  nece s s ary for 

s everal reasons : F i rs t ,  the s imilar i t y  of the s igns of  d i sease 

a s soc i ated wi th both l iver and intestinal cocc idios i s . S econd l y , 

coccidios i s  in rabbi ts i s  usually assoc i ated w i th i n f ec t i on of  

two or more spec i e s  of  Eimeria . Thi rdly , for an accurate 

i dent i f i cat ion of the oocysts of E .  s t i edae in  rabb i t  faeces , a 
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knowledge o f  the spec i f i c  characteri s t i c s  o f  other oocysts  i s  

nece s s ary ( Pel lerdy , 1 9 7 4 ) . 

I n  practice i t  i s  d i f f i cu l t  to de termine whi ch s pec i e s  of  

Eime r i a  play the main role i n  the express ion of  the d i sease . 

Inve s t igat ions by Rutherford ( 1 9 4 3 ) ,  i ndi cated that E .  i rres idua 

and E .  magna were the primary agents . Pel lerdy and Babos ( 1 9 5 3 ) 

bel i eve that E .  med ia  and E .  i rresidua are more important than 

E .  magna , because they devel op subepi thel ial l y . E .  pi ri form i s  i s  

cons idered dist inctly pathogenic  ( Pe l lerdy , 1 9 7 4 ) . 

In  t e rms of the pathogene s i s  of i ntes tinal coccidios i s ,  the 

extent of the inflammatory changes depends on the res i s tance of 

the rabbi t ,  the pathogeni c i t y  of the paras i te and the number o f  

ooc y s t s  i nges ted . I n  cases where very large numbers o f  oocy s t s  

are ing e s ted , even i f  o f  pot entially low pathogen i c i t y , severe 

dige s t ive troubles and denudation of the intest inal ep i thel i um 

can occur ( Pellerdy , 1 9 7 4 ) . 

I n t e s t inal coccidios i s  i s  not always regarded as  an 

independent di sease but to be as soc i ated wi th cond i t ions ari s i ng 

from other cause s .  Durr ( 1 9 7 1 ) states that there i s  pos s ib i l i t y  

o f  synerg i sm between certain spec ies  o f  fungi and enter i c  

coc c i d i a  i n  produc ing ent e r i c  di sease in rabbi t s . Wh i tney and 

Arch ( 1 9 5 7 ) suggest that v i ral agents may also play a rol e . 

Some speci e s  of E imeria assoc iated w i th intest inal 

coc c i d io s i s  in rabbits are described in the fol lowing text , as  

the  morphological features o f  the oocysts are  important i n  

rel a t i on t o  d i f ferentiat i ng them from those o f  E .  s t i edae . 

E .  i rre s i dua : Thi s  i s  one o f  the more pathogeni c  spec i e s  that 

develops in the epi thel ium o f  · the v i l l i  of the 

small inte s t i ne , from the duodenum to the lower 

i l eum . The l i fecycle is completed in e i gh t  day s . 

The oocys t s  are yellow in colour , wi th a mean s i z e  

o f  38 . 3� x 2 5 . 6� , ovoi d  i n  shape with a 



E .  magna : 

E .  med ia : 

1 4 8 

prominent mi cropyle . Sporulat i on occurs i n  5 0 - 6 4  

hours and the sporulated ooc y s t  has a sporocy s t i c  

r e s i dual body ( Davi e s  et al , 1 9 6 3 ) .  

I s  found mainly in  the mid j e j unum and i l eum and 

never in the upper sma l l  intest ine . The l i fe cycle  

is  comple ted in seven days . This is  one of  the 

more pathogenic spec i e s . The oocysts  are broad , 

ovoid and yellow to yel low-brown in  colour . They 

measure 3 5 . 5� x 2 4 . 4 �m . The y  have a promi nent 

m i c ropyle and large otoc y s t i c  res idual body . 

Sporulat ion occurs i n  4 8  hours ( Dav i e s  et al , 

1 9 6 3 ) . 

Thi s  spec i e s  develops throughout the length o f  the 

small intestine . The duration of the l i fe cycle i s  

s i x days . The paras i te i s  regarded a s  non 

pathogen i c . The ooc y s t s  are e l l ipsoidal in shape , 

s i ze  3 1  . 2� x 1 8 . 5� ,  have we l l  developed 

oocys t i c  res idual body and they are orange - p i nk 

i n  colour . They have also a prominent m i cropyle 

( Davi es e t  al , 1 9 6 3 ) . 

E .  perforans : Th i s  spec ies  i s  found i n  the gut from the lower 

duodenum to the lower i leum . The l i fe cycle i s  

completed in  five days . Th i s  species i s  cons idered 

to be of  low pathogeni c i ty . The oocy s t s , whi ch are 

faintly p i nk in colour and ell ipsoidal in shape , 

measure 2 2 . 7� x 1 4 .  2�m . The micropy l e  i s  not 

eas i l y  d i s t ingui shable . The minimum s porula t i on 

t ime i s  3 0  hour s . They conta in an ooc y s t i c  

residual body , whi ch read i l y  d i f feren t i a te s  thi s 

oocyst from that o f  E .  s t i edae ( Davi e s , e t  al , 

1 9 6 3 ) . 

I t  i s  generally b e l i eved that although l iver cocc i d ios i s  of 

rabbits  is a d i sease of young animals , rabb i t s  up to approx . the 



1 4 9 

1 5 t h  day o f  l i fe are res i stant to infec t i on by the oocys t s  o f � 

s t i edae . However , experimental work carried out by P e l l erdy 

( 1 9 6 9 ) ,  Schrecke ( 1 9 6 9 ) and Schrecke and Durr ( 1 9 7 0 ) , has shown 

that the d i sease can be induced in young rabb i t s  dur i ng the f i rs t  

two weeks o f  l i fe ,  by g i ving them mas s i ve doses o f  ooc y s t s  o f  � 

s t i edae . Under natural conditions , a fter the age o f  1 5  day s , 

young rabb i ts become s usceptible to the i n fection unt i l  about 

four months o f  age . A f ter the fourth mon t h , it  has been s hown 

exper imentally that , r e s i s tance to infec t i on develops ( Ko t l an and 

P e l l erdy , 1 9 3 6 ) . 

An extens ive s tudy of the rabb i t  popul a t i on i n  New Z ea l and 

( Bu l l , 1 9 5 8 ) showed that hepatic  cocc i di os i s  a ffects rabb i t s  o f  

mainly  6 - 1 1  weeks o f  age al though younger or older rabb i t s  may 

be l e s s  frequent ly a f fected . 

E i ther i n  the w i l d  or in rabbi tries , long breeding s e asons 

normally result i n  h igh population dens i t i es whi ch is a h a z ard 

for the young rabbi t s . In these c i rcums tances the envi ronmen t  may 

become very heav i l y  contami nated and genera t i ons of young 

rabb i t s , born later in the season , are exposed to mas s ive dos e s  

o f  sporul ated oocysts  and subsequently develop severe hepa t i c  

cocc idios i s  ( Bul l , 1 9 5 8 ) . Such young rabbits are i nvari ably 

concurrent l y  i n fected w i th coccidia caus i n g  enteri c  coc c i d i os i s . 

I t  i s  thought that such dual i n fection exacerbates the adverse 

e f fects o f  E .  s t i edae infec t i on ( Bul l , 1 9 5 8 ) . 

Some inves t i gators beli eve that coprophagi a ,  a phenomenon 

spec i f i c  for rabb i t s , contributes to the occurrence of the 

d i s ease . They bel ieve that the " so f t "  faeces , i ngested duri ng 

coprophagi a ,  could c ontain act i ve sporo z o i  tes  or s c h i z on t s , whi ch 

may serve to rei n fe c t  the rabbits ( F i t zgerald , 1 9 7 2 ) . Other 

authors d i s agree w i th thi s  theory and s ugges t  that coprophagi a  

should have no e f f e c t  on the pathogenes i s  of  l i ver cocc i d i o s i s  

because the " so f t "  f aeces do not . con t a i n  sporulated ooc y s ts 

( c i ted by Anon ( 1 9 8 6 ) ) .  Unfortunately not  enough i n format i on i s  
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ava i l able to clari fy the s i gn i f i cance of  coprophag i a  i n  relat ion 

to the l i fe cycle of hepa t i c  coccidios i s . 

I t  has been found in Europe ( Boughton , 1 9 3 2 )  that during 

years of  high rainfall , the preval ence of  hepa t i c  cocc i d i os i s  in  

hare s , was higher than during years wi th normal rainfal l . I t  i s  

unc l ear i f  this  i s  due to the effect o f  the mo i s ture prolong ing 

the survival of  oocysts in  the envi ronment . 

The i ntroduct ion to the rabbi try of  subc l i n i c a l l y  i nfected 

young breed ing s t ock , can i n i t i ate a s evere outbreak of  hepat i c  

coc c i di o s i s , especially i f  management faul t s  coex i s t  o n  the farm 

( pe rsonal observat ion ) .  

Husbandry i s  a ma j or factor i n  success fu l  commercial  rabb i t  

produc t i on .  Hous ing rabb i t s  on t h e  floor , i n  l imi ted space , 

poten t i a l l y  exposes  young rabbits to infec t i on w i th mas s i ve dos es 

of oocy s ts . For rabbits  reared i n  cages , both the cons truct i on 

of cages and me thods of clearing and d i s infec t i on can a f fect the 

i n c i dence and s everity of hepat i c  coccidios i s . Other factors , 

includ i ng the n umber of animals per cage , the water supply and 

the qua l i ty of the food , can also af fec t the inc i dence and 

sever i t y  of the d i sease . 

From the work reported i n  Chapter E ight , i t  would appear that 

rabb i t s  subm i t ted for s l aughter , come from e i ther farms 

endem i c a l l y  i n f ected wi th E .  s t i edae , or from f arms where 

i n fec t i on is absent . Closer s crut i ny of the total rabbi t 

populat ions on d i f ferent farms , would help to test this  

hypothe s i s . I t  must  be  appreciated that  the  h i s tolog i cal  changes , 

thought to be a s s ociated w i t h  previ ous i nfect ions w i th E .  s t i edae , 

are not necessari ly pathognomon i c , and that d emons tration of the 

paras i te i s  the only  absolute cri terion , on whi ch a d e f i n i t e  

d i agno s i s  c a n  be based . I t  was there fore decided to v i s i t  both , 

a farm thought to be free o f  infection and others thought to be 

endem i c a l l y  i nfected , and to examine the faeces of rabbi ts  of 

d i f fe rent ages and mater i al from the environment ,  for the 
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presence of  oocy s ts of E .  s t i edae . Thus the coccidial s tatus of  

the farms could be  more de fini t ively asse s s ed . 

MATERIALS AND METHODS 

Farms S tudied 

Three rabbi tries were s tudi ed . Two f arms ( 1 and 4 )  had 

suppl i ed animal s for slaughter which had gross and h i s tological 

les ions  of hepatic coccidios i s . One farm ( 7 )  had subm i t ted 

an imal s for s l aughter , none of which had ei ther gross or 

h i s tological l e s ions . 

Farm 1 

The rabbi try i s  s i tuated in  the Taihape area , i s  a small uni t  

w i th ten , Angora wool produc ing does , and the same number o f  New 

Zeal and Wh i t e  does . The animal s are housed in an open ended hay 

barn w i th an earth floor . The doe s  are caged in indiv i dual w i re 

cage s and the young rabbi t s  in  groups of up to approx . ten per 

cage . The cages are in f ive l i nes , about hal f a meter from the 

floor . The water supply to the animals is by nipples in each cage 

from a central supply and pel lets are pres ented in conventional 

indiv idual hoppers . Hay and green feed i s  also g i ven to the 

an imals every day . Breeding is carried out approx . four t ime s per 

doe per year . 

A t  our vi s i t , the s t andards of  hygi ene and " hous e  keeping " , 

both wi th i n  the rabb i t  house and on the farm ,  were generally 

poor . Surface water was  present in  many places and exce s s ive 

amounts of  manure mixed with mud was present both w i t h i n  the shed 

and i t s  i mmed i ate environment .  According to the owner , the shed 

is c leaned out twice a year . 

The ma j or health problems a f fecting the rabbi t s , as perceived 

by the owner , are snuffles and coccidios i s  ( hepa t i c  and 
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inte s t i na l } .  The onl y  drugs used for the treatment of rabb i t s  are 

peni c i l l in and s t reptomycin . 

Usual l y  the farm sends rabbits betwee n  1 0  and 1 1  weeks o f  age 

for s laughter , every three to four weeks . According to the owner 

i t  i s  not a pro f i table bus ines s ,  because of the expenses i nvolved 

in s end i ng animals  to the abattoir , such a l ong d i s tance away 

from the farm . 

F i v e  sample s  o f  faeces were col lected on a paper on the n i ght 

be fore the  vi s i t . These cons i s ted of  one s ample from a cage o f  

four young rabb i t s  of four and a hal f  weeks of age , one from 

another cage of s i x  rabb i t s  of the same age , one from one rabb i t  

twe lve weeks old and one from a 1 4  week old rabb i t . F i v e  m ixed 

faecal s amples were collected from the ins i de of  the shed at 

least 0 . 7  of a me ter from the cages contain ing rabb i ts ( s ee table 

9 . 1 , page 1 58  } . 

Farm 4 

Th i s  farm i s  at  Wa i totara approx . 2 0  km from Wanganu i .  I t  i s  

a large Angora breeding rabbi try of approx . 3 0 0  does , mai n l y  for 

wool production . Old cull does are sent  to the abatto i r . 

Th i s  farm i s  relat ively new , cons i s t ing of several sheds 

s i tuated in two areas approx . 2 0 0  meters apart . The relat ive l y  

n e w  bu i ldings are about 8 0  meters i n  length and three to  four 

meters in width , w i th open s ide s , containing two rows o f  w i re 

cages on e i ther s ide of a central passage . The pel l e t s  are 

pre sented in feeders and the water i s  suppl i e d  automat i c al l y . The 

general s tandards of hygi ene are reasonable and the an imals  

appear healthy . During the  visit  mus i c  was  played as a background 

calming influence on the animals . Further i nformat ion on the  farm 

and management s y s tems , was not ava i lable because no-one was 

present  at the t ime of the v i s i t . Thi rt y  four faecal s amp l e s  were 

col lec ted from both a breeding and a growing shed on the farm , 

from f aecal mater i al which had accumu lated under the cage s . One 
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s ampl e was collected from animals of three weeks o f  age , ten f rom 

anima l s  o f  four to f ive weeks of age , f ive from anima l s  s i x  to 

e i ght weeks of age , s even from animal s  nine weeks of age , one 

from a group 1 1  weeks of age , two s amples from young adults 

( around 2 0  weeks of age ) and e i ght from i ndividual adu l t  rabb i ts . 

Farm 7 

Th i s  i s  a smal l  rabbi try ( of 1 0  - 1 5  New Zeal and Wh i t e  doe s 

and a few bucks ) ,  s i tuated i n  the Himatangi area near Palme r s ton 

North and owned by the " inspector" at the Mas terton abattoi r .  

Animal s  are housed i n  two adj oining open fronted sheds wi th wire 

screens to prevent the entry of b i rd s . The equi pment o f  the 

rabbitry i s  qui te o l d  and the cages are very close to each other . 

The rabb i try i s  c l e aned every two- three months . The cages are 

always c l eaned and f l amed with a hand operated f l ame gun and l e f t  

outside f o r  a coupl e  of weeks before be ing used for a new batch 

of  rabb i t s . The animals  are fed pellets  and hay and water 

suppl i e d  by a conven t i onal nipple sys tem . Does are bred three to 

four t i me s  a year . The maj or source of income from th i s  un i t  i s  

the s a l e  o f  ped igree breeding stock . Sub- s tandard an imals  are 

submi t t ed for s laughter at the abatto i r  at Mas terton . 

Dur i ng the f i r s t  v i s i t , ten faecal sampl es were col l ected 

from the material accumul ated under the cages of growing rabb i t s , 

choos i ng recentl y  void faecal pelle t s . Efforts made to collect 

faecal material d i rectly from the rec tum failed . One s ample was 

taken f rom under the cage of three week old animals , four s ampl e s  

from f ive week o l d  animals ,  two from t e n  week o l d  animals ,  two 

from e leven week old and one from rabbits of 1 4  - 1 6  weeks o f  

age . 

Two weeks a fter the f i r s t  vis i t , the owner was asked by phone 

to put the 1 1  rabb i t s  i n  the cage from whi ch E . s t i edae ooc y s t s  

were recovered , i nto individual cages and to s end the i r  

ind i v i dual faecal s amples to the laboratory for exam i na t i on . 
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After these sample s  had been proces s ed , i t  was decided to 

purchase two o f  thes e  e le ven rabb i t s  for further inve s t igations , 

becaus e  they showed intest inal oocysts in  their faece s , whereas 

the remai n ing nine ind i v i dual faecal sample s  were found free from 

any oocy s t s . Thes e  two rabbits were s l aughtered and proc e s s ed 

immediately after purchase and were examined . Examinat i on 

con s i sted o f  a s t andard autopsy ,  including h i s tolog i c a l  

exam i nat i on o f  the nine s i tes  in  the l iver described i n  Chapter 

E i gh t , the gall bladder ,  the duodenum , proxi mal and d i s tal parts 

o f  the i leum , c aecum , colon and rectum . Contents o f  the GIT f rom 

the s e  s ix s i te s  were also examined for the presence of cocc i d i a l  

oocysts . 

Examina t i on of the Faecal Mater ial 

Samples taken on the farm were collec t ed in clean plas t i c  

conta iners and i f  neces s ary s tored overn ight a t  4°C . The faecal 

material coll ected from the three farms , as  well as the twe lve 

s amples taken from the GIT of the two rabb i t s , were all exam i ned 

by the s imple flotat i on techn i que . A concentrat ion techn i que was 

carried out on those s amples from wh i c h  oocy sts  had been 

demons trated by the flotation technique . 

( a )  Flotat ion Techn ique 

v 
An approx . 2 g sample of faecal pal l e t s  was homogen i z ed w i t h  

saturated salt solut ion ( NaCl spec i f i c  gravi ty ( s / g ) 1 . 2 )  and 

subsequently s trained , using a 1 mm s i eve . The solut i on was then 

poured into 1 5  ml tubes f i l led to the top and covered w i th a 

covers l ip . Af ter at  least  1 5  minutes the covers l i p  was removed , 

pl aced on a glas s s l i de and examined m i c roscopi cally for the 

presence of  oocys ts . 

The investigat ion of the content o f  the gallbladder was 

carried out by wash i ng out the content o f  thi s  organ w i th a 

s aturated salt solu t i on ( 1 . 2  s /g ) . The solut ion ( sa l t  and b i l e ) 
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was poured i n  a 1 5  ml tube f i l led to the t op and treated and 

exami ned as already described . 

( b )  Concentration Method 

Approx . 4 g o f  faecal material from each sample was 

homogeni zed i n  approx . 50  ml of tap wat e r  and subsequent l y  

s trai ned f i r s t  through 1 mm and then through a 5 0  � s i eve . 

The faecal suspens i on was centri fuged for s i x  m inutes a t  1 5 0 0  

g ,  the supernatant removed , the material resuspended and the 

proc e s s  repeated unt i l  the supernatant was c lear . 

The material was suspended i n  saturat e d  s a l t  s olut ion , l e f t  

for 1 5  minute s , and centri fuged a t  5 0 0  g .  The top 4 m l  o f  the 

suspens i on was removed the remaining mater i a l  suspended in  water 

and recen t r i fuged a t  5 0 0  g .  Th i s  procedure was repeated f i v e  

t i me s . 

The supernatant was then removed leavi n g  two to three ml i n  

the bot tom o f  the tube . Thi s  was then well shaken and trans ferred 

to a sma l l e r  centri fuge tube ( 1 5  ml ) and centri fuged a t  1 5 0 g .  

The upper part of the s upernatant was d i s c arded by suc t i on and 

the rema i n i ng 2 - 3  mls shaken into suspen s ion and poured i n t o  

p e t r i  d i sh e s  of 6 c m  d i ameter . Two t o  three m l  o f  2 . 5 % potass i um 

d i chromate was added , and the s amples wer e  incubated a t  2 7°C for 

four days to  sporulate . 

Fol low i ng incuba t i on , the solution , i f  c lear , was poured i n t o  

1 5  ml  tube s , f i lled u p  t o  the top with sucros e  solut ion ( 1  . 2  s / g )  

covered w i th a covers l i p ,  whi ch after 1 5  minu t e s , was exam ined 

under the microscope . If  the solution was c l oudy , it  was 

centri fuged for five minutes a t  1 5 0 g ,  resuspended i n  a sucros e  

solut i on and the proce s s  repeated unt i l  the supernatan t  solut i on 

was c lear . The s l ide was then examined m i c roscopi cally . 
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Identi f ic ation o f  the Oocyst s  

Two cri teri a were used for the iden t i fication o f  the 

sporulated oocy s t s . Firs t , spec i f i c  morpholog i cal features wh i ch 

for ooc y s t s  of E . s t iedae are a flattened mi cropyle , a thin wall 

of the oocyst , an ovoidal or ellipsoidal shape , an orange 

yel low i s h  colour and the absence of a res idual body . Secondly , 

the s i z e  of the oocyst , whi ch for E .  s t i edae i s  3 6 . 9�m x 1 9 . 9�m 

( Dav ies  et al , 1 9 6 3 ) . 

Bot h  cri teria were obs erved and measured , us ing d i f feren t i al 

interference contrast microscopy at a magn i f i cation of  S O Ox . The 

ooc ysts  were measured us ing an electronic  eyepi ece mi crome ter 

( Olympus Opt i cal Company L . M . D .  Model O . S . M . D . C . ) .  

Hi s tological Examination of Samples from the GIT 

The 1 2  sect ions taken from the wal l of  the GIT of  the  two 

rabb i t s  as well as the 1 8  b locks from the two l ivers were f i xed 

in 1 0 % formal i n ,  embedded in wax and s tained by Hematoxylin­

Eos i n . 

RESULTS 

The results  from the examination of all faecal s ample s  are 

presented in tables 9 . 1  and 9 . 2 .  

Farm 1 

Two out o f  five faecal samples from under the cages were 

found to conta i n  oocys ts . One of  these was from a cage of four 

rabb i t s  four and a hal f weeks of age , and the other f rom a cage 

of three rabbi t s , eight weeks of age . E .  s t i edae was ident i f ied 

from the former sample only . Oocysts were demonstrated in  four 

out of f ive environmental samples but in only one E .  s t i edae 

ooc y s t s  were ident i f i ed . 
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Farm 4 

Of the 3 4  samples examined , four originating from rabb i t s  

four t o  f iv e  weeks of age , one s ample from a cage w i th three week 

old rabb i t s  and two from nine week old rabbi t s , revealed E imeria 

spp . ooc y s t s . One out of the four samples ( from 4 week old ) 

revealed E .  s t i edae oocy s ts , whi le the remaining s i x  were oocysts 

of  inte s t i nal cocc idia . 

Farm 7 

Faecal s amples : Two out of the ten sample s  revealed � 

s t i edae oocysts . Two weeks later , individual s amples from 1 1  

rabb i t s  f rom the two cages from which E .  s t i edae was 

demonstrated , were examined . At thi s  time no ooc y s t s  of � 

s t i edae were found but ooc y s t s  of intest inal cocc idia were 

demons t rated in two samples . 

Content from the GIT : Out of 1 2  samples ( s ix from each 

rabb i t ) t aken from d i f ferent parts of the GIT of the two rabb i t s , 

only  one ( from the large i ntest ine ) revealed an ooc y s t  which 

could not however be ident i f i ed . 

Gal l  Bladder : No ooc y s t s  were found in the content of the 

gall- bladder taken from the two rabbi t s . 

Sec t i ons taken from the wal l of the GIT : No oocyst s , 

developi ng s tage s  of the E imeria spp . , or m i cros copical changes 

were found from the sections taken from di f ferent places of the 

GIT of the two rabbits . 

L iver Sections : Seventeen out of e i ghteen sections of  the two 

l i vers s howed f ibros i s  and bi l i ary proli feration , whi l e  the 

remaining sect ion showed eos i noph i l s  and lymphocytes ( see table 

9 . 2 .  page 1 5 9 ) . 
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Table 9 . 1 

Detection of oocysts in faeces 

Age No . of No . of No . with No . with 
( weeks ) rabbits samples oocys t s  E .  s t iedae 

examined oocysts 

4 . 5  1 0  2 
Farm 8 3 1 
No . 1  1 2  1 

1 4  1 
Environ-
mental 5 4 

3 6 1 1 
4 - 5  2 6  1 0 4 

Farm 6 - 8  3 5 
No . 4  9 1 2  7 2 

1 1 4 1 
Young 
adults 4 2 
Adults 8* 8 

3 6 1 
5 4 4 

Farm 1 0 3 2 
No . 7 1 1  2 2 

1 4 - 1 6 1 1  1 1 
1 6 - 1 8  1 1  1 1  2 

* = Individual f aecal samples 



S ampl ing 
S i te* 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

* 
* *  

Table 9 . 2  

Results of microscopical examination of two livers from 
rabbits from a hepatic coccidiosis f ree f arm 

Eos . Lymp . 

+ + 

Other 
Inf l am . 
Cel l s ** 

+ 

= See F i g . 8 . 1 ( page 1 2 8 )  
= P l asma c e l l s ,  neutroph i l s  

Fi br . 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Bi l i ary 
Prol . 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Oocysts or 
Deve loping 
s tages 

Abbrev i a t ions : 

Eos . = Eos i noph i l s  
Lymp . = Lymphocytes 
Inf l am . = I n f l ammat ory 
Fibr . = F ibro s i s  
Prol . = prol i feration 

1 5 9 
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Di scus s i on 

The a ims  of the s tudy described i n  thi s  chapter were to 

inves t igate the val i d i ty of the hypothes i s , that the h i s tological 

changes already described are pathognomonic for hepa t i c  

coc c idios i s , and t o  i nvestigate s ome aspects o f  the epidemi ology 

of this d i s ea s e  i n  rabbits  i n  New Z ealand . 

No rabb i t s  submi tted for slaughter from f arm 7 had 

h i s tolog i c a l  hepatic  lesions However ,  l i ver samp l e s  f rom two 

rabbits from which a cage of 1 1  rabb i t s  on farm 7 from which 

faecal mate r i al contained oocysts of both E .  s t i edae and 

intestinal s pec ies of Eimeri a ,  had h i s tolog i c al changes typical 

of those a s s oci ated w i th hepa t i c  cocc i d i os i s . The faeces o f  the 

other n i ne rabbits from thi s  cage contained no ooc y s t s . Given the 

co- exi s tence of enter i c  and hepat i c  cocc i d i os i s , i t  was concluded 

that both t ypes of i nfect ion occurred s imul taneou s l y . Presumably 

the other n i ne rabb i t s  were e i ther infected at an earl i e r  period 

of the i r  l i fe but had ceased excreting oocy sts , or they were 

never i nfec t ed . Unfortunately i t  was not pos s ible to purchase 

these other nine animals and carry out h i s tological examination , 

as funds were unavai l able . 

I t  i s  i nterest ing to speculate why these two rabb i t s  d i d  not 

have ooc y s t s  of E .  s t i edae in  their faeces two weeks after  they 

were f i r s t  examined . The durat i on of excretion of the ooc y s t s  i n  

the faece s i s  around three weeks { Davi e s  e t  a l ,  1 9 6 3 ) . However , 

i f  i t  i s  a s s umed that the two rabbits , when f ir s t  examined were 

close to the end of the ir excretory peri od , they would be l i kely 

to have no oocys t s  i n  the i r  faeces , two weeks l ater . 

I t  would there fore appear that on farm No . 7 ,  i nfec t i on w i th 

E . s t i edae i s  not endemi c and i s  l imi ted to i nd i v i dual cages of 

rabbi t s . Only one c age was found to conta i n  in fected rabb i t s , and 

these had m i croscop i c  hepatic lesions . The rabbi t s  i n  cages wh i ch 

conta i ned animals  s laughtered at the aba t to i r , were apparently 
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not i n fected . As recorded i n  Chapter E i ght , none o f  the a n i mals  

had h i s tological les ions . 

Oocysts o f  E . s t i edae were ident i f i e d  i n  samples f rom both 

farm 1 and farm 4 ,  and the rabb i ts from these f arms when 

s laughtered had typical mi croscopical hepat i c  les i ons . 

I t  would there fore appear that the hepa t i c  l e s i ons , d e s c ribed 

in chapter eigh t , are pathognomoni c  for detect ing rabb i t s  which 

have been inf fected wi th hepatic  coc c i d i os i s . 

In terms of  the second aim of  thi s s tudy , resul t s  from faecal 

exam i n a t i ons from farms 1 and 4 ,  i nd i cate that the patte rn o f � 

s t i edae in New Z ealand is s imilar to that recorded in other 

countries . Mos t of  the infected rabb i t s  were young , be tween s ix 

and el even weeks o f  age , as recorded by Bul l  ( 1 9 5 8 ) . Th i s  author 

bel i eves that cases occurring after the 1 1 th week of age , are 

assoc i a ted w i th low leve l s  of envi ronmental contam i na t ion w i th 

oocy s t s  of  E .  s t i edae . I n  the present s tudy the two i n fec ted 

rabb i t s  on farm 7 were 1 4  to 1 6  weeks of age and were from a farm 

with h i gh standards of cage hygi ene . Accordi ng to the owner of  

this rabbi try , a l l  cages on  the  farm were f l amed w i th a hand­

operated flame gun and l e f t  unused for at least two weeks , be fore 

being reused . Th i s  low degree of env i ronmental contaminat i on w i th 

oocy s t s  of  E .  s t i edae , resul t i ng from the s tr i c t  hygi ene measures 

employed on the f arm , was probably respon s i ble for the l ack of 

evidence of infection in the group o f  3 1  rabb i t s , wh i c h  were 

exam i ned at the abatto i r . The presence of  m i c roscop i ca l  les ions 

of the para s i�e found in the l iver of the two rabb i t s  of 1 6 - 1 8 V 

weeks o f  age ori ginat i ng from the s ame farm , indicates that i n  

farms w i th low d egree o f  environmental con t amina t i on w i th the 

oocys t s , contam inat ion occurs after the age of  8 - 1 0  weeks , when 
;t t...e �c_ !;,�i f5  . 
the se are usually  slaughtered and before the 1 6 th week when 

increas i ng i nnate res i s tance to the paras i te occurs ( Bu l l , 1 9 5 8 ) . 

Th i s  i ndicates also that even in  the c leane s t  farms , the presence . 

of the patholog i cal agent cannot be excluded . 

V 
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I n  cases where the contaminat ion of  the environment o f  the 

rabb i ts i s  low , as is bel i eved to be the case in  rela t i on to the 

sma l l  animal u n i t  and farm 8 ,  whi ch was free from gro s s  les ions 

for 1 2 months ( see table 8 .  3 ,  page 1 3  7 ) , the prevalence of 

h i s tological hepat i c  les ions was less and degree of  change l e s s  

marked , than i n  rabb i t s  from mos t  other propert i e s , and gro s s  

l e s i ons were absent . Convers e l y  i f  contamina t i on of  the 

envi ronment i s  high , early infec t i on usually  occurs and by the age 

of e ight to ten weeks , when rabb i t s  are normal ly s l aughtered , 

excretion of the oocysts  in the faeces w i l l  have c e as ed . Th i s  

pre s umably was the reason why occys t s  where demons trated i n  the 

l i ve r  of only one rabbi t ,  from the i nfected farms s end i ng animal s 

for s l aughter at the abattoir . Th i s  was a l s o  the l i kely reason 

why only ooccysts were demons trated in  faeces from four to four 

and hal f week old rabb i t s  on farms 1 and 4 .  Thi s  early infect ion 

of young rabbi ts on endemically i nfected farms i s  i n  agreement 

w i th previous findings ( Bull 1 9 5 8 , Dav i e s  et al , 1 9 6 3 ) . 

Th i s  pre s umed early infect ion of rabbi t s , on heavi l y  

contami nated farms , i s  substanti ated b y  the chron i c  i n f l ammatory 

hepatic les ions ( f ibros i s  and bi l i ary prol i fera t i on ) s een in  

rabb its  and descr ibed i n  the previous chapter . If  the l e s i ons 

were associ ated with only act i ve infection they would be more 

acute . In such c i rcums tances one would expect to see greater 

numbers of l ymphocytes and other inflammatory c e l l s  than thos e  

obs erved , as  we ll as  oocys ts and developing s tages of  the 

paras i t e . 

The resul ts pres ented in  th i s  chapter , tend to v a l i date the 

h i s tological criter i a  used as  a benchmark in  the invest igat ion 

of  the accuracy of meat inspect ion procedures ,  to detect hepat i c  

cocc idios i s . The more general epidemiologi cal inves t igat i ons  tend 

to indi cate that the pattern of  hepat i c  cocc i d i os i s  in New 

Z e aland i s  s imi lar to that described e l s ewhere i n  the world . 
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CHAPTER TEN 

GEN ERAL DISCUSSION 

The work presented in  t h i s  thes i s  has indicated two ma j or 

problems as soci ated w i t h  the produc tion of  rabb i t  meat , namel y  

the problem o f  humane s laughter of rabb i ts and t h e  hyg i e n i c  

produc tion of rabb i t  meat . 

An imal wel fare i n  g eneral , and the humane slaughter o f  s tock 

i n  par t i cular , are areas of great concern in modern society . I n  

New Zealand the slaughter o f  s tock , game and poul try regul a t i on s , 

1 9 6 9 , amendment No . 1 . 1 9 7 7 / 2 6 6  ( Anon , 1 9 7 7 ) , spec i fy the approved 

methods of s tunning and slaugh ter . However , the ind i cators o f  a 

so- called humane method of s tunn ing are not always comple t e l y  

rel iable . In  some cases , animal s ,  al though ful ly sensible , d o  

n o t  react to painful s t imul i  during exsanguination and v i s e ­

versa . An imals , al though insens ible a s  a result o f  the s tunn i ng 

method , may exhibi t v iolent body movements  or vocal i z at ion , 

g i v ing the subj ective fal s e  impres s ion o f  sen s i bi l i ty to p a i n  

( c i ted in  Bl ackmore and Delany 1 9 8 8 ) . I n  the present s tudy , 

attempts were made to determine i f  d i s l ocat i on o f  the neck 

i nduced i mmediate i nsens ibi l i ty i n  rabbi ts . After care ful  

observat i on of various reflexes exhibited by the s tunned animal s , 

e spec ially  pupillary dilatat ion , i t  was concluded that the 

humanenes s  of the method was ques t ionable .  However d i s loc a t i on 

o f  the neck , as i t  was carried out a t  the aba t toir by an 

experienced person , e f fect ively induced immobi l i z a tion , a lthough 

not necessarily insens ibi l i ty of the animal s .  In  the opi nion o f  

t h e  author , disloca t i on of the neck i s  a n  acceptable procedure 

for the s tunning of rabb i t s , for two reasons : f i r s t , i t  gives the 

observer the impres s ion that the rabb i t  is insens ible and 

secondly , i t  fac i l i tate s  the handling of the animal s dur i ng 
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s l aughteri ng . However , i t  i s  emphas i z ed that further 

inve s t i gation is nece s s ary in order to fully c lari fy  the 

humaneness of  the method . Compared to neck d i s location , s tunni ng 

by a penetrati ve percuss i ve me thod , j udging f rom the magni tude 

of  the brai n  damage infl i c ted , undoubtedly render s  the animal 

i ns ens i ble . However , rabb i t s  reac t w i th violent spontaneous body 

movements , g i ving the s ub j ective impres s i on of s ens ibi l i ty . 

Cons idering the severe bra in damage these  v i olent movements are 

beli eved to be purely of  spinal origin . 

I n  relation to the hygienic product ion o f  rabb i t  meat , the 

resul t s  of the s tudies on the washing of r abb i t  carca s s e s  by 

immers ion are comparable wi th s tudies  of wash i ng of  lamb 

carcas ses ( Turne r ,  1 9 8 7 ) . Washing of carcasses  mus t ,  from a 

hyg i e n i c  point of  view , be considered contrai ndicated because i t  

can result i n  a red i s tribution o f  microorgan i sms , and not 

neces sarily in a reduct ion in ac tual numbers . The add i t ion o f  

l arge amounts of  hypochlorite o r  organ i c  acids to the washing 

water as sures a reduction in the surface f lora ( Skelley et al , 

1 9 8 5 ) . In  the opinion of  the author the bac terial count s  could 

be improved by increas i ng the rate of water replacement in the 

wash i ng bath , by mov ing the carcasses contrary to the water flow 

in the bath or by us ing a combina t ion of  thes e . Assoc ia ted w i t h  

d i f ferences i n  the rat io o f  we ight to surface a r e a  i t  appears 

that the handl ing of  small rabbi t  carca s s e s  is  a factor o f  

greater concern with regards to the bacter i al load a s  compared 

to carcas ses of  the large meat animals . 

According to the WHO ( World Heal th Organi za t ion ) expert 

comm i ttee on hygi en i c  meat produc t i on , there is  l i tt l e  

epidemiolog i cal  evidence that the present s y s t ems of  meat 

inspection can control the high inc idence o f  food born d i seases 

i n  humans in developed countries . Bearing in mind that nowadays 

whole salers , as wel l  as local consumer organizati ons , ask for 

more than the trad i t ional "hygi eni c slaughter s tandard s "  ( S tol l e , 

1 9 8 8 ) , the committee recommended the es tabl i shment of  the HACCP 

( Hazard Analys is  Cri t ical Control Point ) sys tem w i th three mai n  
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cons iderations . I n  the case of mea t : to assess the hazards 

associ ated w i th the product ion of animals and the proc e s s i ng o f  

meat , to determine the cri t i cal control points requi red to control 

any iden t i f i able haz ard , and to establ i sh sui table procedures to 

moni tor the crit i cal control point s . 

A s  previou s l y  di scussed ,  the trad i t i onal pos t mortem 

inspec t i on of meat carcas s e s , i nclud i ng those of rabb i t s , is o f  

l imi ted value in terms o f  detecting meat which might be a r i s k  

to pub l i c  health . Vi sual control , even by skil led personne l ,  e . g .  

veterinarians , are not s u f f i c i ent to  guarantee hyg i en i c meat 

process ing ( Stol l e , 1 9 8 8 ) . The s ame also appl i e s  to certain 

aes the t i c  defec t s  like non-zoono t i c  para s i t i c  l e s i ons . Post 

mortem inspect ion in its present form , can be use ful for the 

detec t i on of gro s s  lesions , such as c i rrho t i c  l i vers , pleur i s y , 

bru i s ing , abnormal pigmentation etc , which are only aesthe t i cally 

unacceptable . The detec t i on of non - z oonot i c  aes the t i c  defects 

should be the res pons ibi l i ty of the meat processing company and 

be sub j ected to a qual i ty assurance programme laid down and 

moni tored by the regulatory author i ty . 

The contami nation o f  the carcas ses dur ing proces s i ng w i th 

enter i c  pathogens ,  i s  of cons iderable publ i c  health s i gn i f i cance . 

I t  i s  necessary , however , that emphas i s  should be paid to 

standards of hygi ene w i thin the proce s s i ng plant , al though 

carcas s  contaminat ion can probably n ever be completely avoided . 

The e s tab l i shmen t  of cri t i cal control points fol lowing a haz ard 

analys i s , should however resu l t  in a r i s k  reduc t i on . Factors 

whi ch could affect the level o f  contamina t i on of the carcas s e s  

duri ng processing have already been described elsewhere i n  thi s  

Thes i s . 

Bearing i n  mind that whi ch has already been d i s c u s s ed , and 

cons idering s ugges t i ons already made for a new approach to 

inspecti on procedures for pou ltry , as wel l  as for other meat 

produc ing animals ,  it could be said that s im i lar procedures could 

also be adapted to the i nspection of rabb i t s . The l im i ted scale 
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of rabb i t  farming , compared with other meat animal s ,  i s  an extra 

reason for pay ing a greater emphas i s  on the health s tatus of the 

rabb i t s  submi tted for s l aughter , than to individual pos t mortem 

inspect ion of carcass es . I n  a country l ike New Z ealand , w i th a 

smal l ,  i ntens ive rabb i t  industry , i t  would be relative l y  e a s y  to 

introduce requi rements for a cert i f i cate showi ng the health 

status o f  flocks o f  rabbi t s , issued a t  regular interval s  by the 

veterinary servi ces . Such cert i f i cates , accompanying rabbits  

submi tted for s l aughter , could provide a useful  gu i de to 

determ i ne a sui table procedure to be employed at pos t  mortem 

inspec t i on . 

The sys tem already suggested for the product i on of  

wholesome rabb i t  meat , could be inc luded in a general package o f  

changes for the manufacture of whol e s ome products from a l l  meat 

animal s .  Countries l ike New Zealand , being an important exporter 

of bee f and lamb , could be leading the world in th i s  f i e l d . Such 

changes are very important becaus e of  the implement a t i on of 

stringent hyg i ene requi rements by some countries , and the 

protect ion of the exports of  meat  and meat products , to countries  

with a developed public health sys tem . An  a l ternat ive solution , 

wh ich could be employed unt i l  the " health cert i ficat e "  s y s tem i s  

implemented , i s  the sys tematic  pos t  mortem inspe c t i on o f  

individual rabb i t  carcasses carri ed out b y  a well tra ine d  c ompany 

employee . In such ci rcumstances , the regulatory author i t i e s  

should vis i t  the rabb i t  s l aughter houses to inves t igate and t o  

as sure that proce s s ing i s  carried in a hygi enic manne r  a n d  the 

environment of the slaughter-house i s  maintai ned to an acceptable 

standard of  hygiene . It  would a l so be advi s able for the 

regulatory authori t i e s , during the i r  v i s i t s  to take s amp l e s  from 

carcasses , machinery and ins truments used during proce s s ing , the 

proce s s ing envi ronment and of water for bac t e r i ol og i c al 

exami nation . Thi s  would a llow an apprai sa l  o f  the status o f  the 

overall  hygi ene of meat produc t i on . 
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