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I NTRODUCT I ON 

The p resent t rends towa rd the meat type hog and t he ·consume r's 

demand for l ea n  cut s  have resu l ted i n  the i nves t i gat i on o f  me thod s  

t o  p roduce l ea ne r  p i gs .  Du r i ng recent years . the re has  been cons i de rab l e 

i nterest  i n  the effe ct of d i etary  p rote i n l eve l s on g rowth rate , feed 

eff i c i ency and ca r ca s s  cha racte r i s t i cs . �f swi ne . Seve ra l  repor ts 

have i nd i cated tha t  i ncreased d i e ta_r
·
y p rote i n  l eve l s may i mp rove 

g rowth pe rfo rmance and/or  ca rcass  l eanness  wi thout adve rse l y  affe� t i ng 

the qua l i ty�of the pork  p rodu ced . 

Ho\rleve r ,  l i t t l e resea rch has been conducted to show i f  th i s · 

decrease i n  ca rcass  q ua l i ty of p i g s fed a l ow p rote i n d i e t  cou l d  be 

a t  l east  par t i a l l y  due to d i ffe rences i n  age , not p rote i n��· 

P i g s fed l ow p rote i n d·et s  have bee· n shown to reach marke t  we i ght 

a t  an o l de r  age d ue to a decreased rate of  ga i n .  Ca rcass  deve l opment 

of swi ne i s  cha racte r i zed by  a pe r i od of rap i d  musc l e g rowth f rom 

b i r th to app rox i mate l y  e i g h ty days of age; a t rans i t i on per i od f rom 

80 to app rox i mate l y 1 20 days  of age whe re the rate of mus c l e deve l opmen t 

s tab i l i zes and  then a s tage of i ri creased fat depos i t i on f rom 1 20 days 

of age to  s l a ughte r . Thus ,  th i s  i ncreased fat to l ean rat i o  i n  

ca rcasse- s of  p i g s fed the l ow p rote i n  d i et s  cou l d  be due to the 

longer pe r i od of  t i me  t ha t  these an i ma l s a re i n  the s t age of re l at i ve l y 

h i gh fat depos i t i on compa red to p i gs fed h i gh p rote i n l eve l s .  

The obj ect i ves  of th i s  s tudy we re to  dete rm i ne the effect of 

d i e ta ry p rote i n  l eve l a nd age on · the fo l l owi ng cha racte r i s t i cs o f  

g rowi ng-f i n i sh i ng sw i ne : 
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1. G rowt h  ra te 

2 .  Feed  e f f i c i ency 

3. Ca r cass  compos i t i on 

4 . Consumer a cceptab i l i ty and cook i ng cha racte r i s t i cs of t he 

J ong i s s i mus  dor s i musc l e 

5 .  Appa rent  rat i on d i ges t i b i l i ty 



REV I EW OF L I TERATURE 

Effect of P rote i n  Leve l .Q!1 G rowth Perfo rmance 

Resea rch conducted p r i o r  to the ea r l y 1 950 1 s  by Ke i th a nd 

H i l l e r  ( 1 939) , ( 1 941 ) ,  Ca r ro l l and Bu r roughs ( 1 939) and M i. t che l l 

( 1 939) as  c i ted by Cat ron e t  ,tl .  ( 1 952) showed t ha t  22, 1 7  to 20 

3 

and 1 5% p rote i n  d i et s  we re t he req u i red l eve l s. for max i ma l  g rowt h  

pe rformance of p i g s f rom 1 3  t o  34, - 34 t o  5 7  and 5 7  to  9 1  k g  1 i vewe i gh t , 

respect i ve l y . 

W i th  the app 1 i ca t i on of new l y acq u i red know l edge conce rn i ng 

t he nut r i t i on of g rowi ng-f i n i sh i ng swi ne , espec i a l l y  the u se of 

v i tami n s12 and ant i b i ot i cs ,  i t  was found that the crude p rote i n 

content  of the d i et cou l d  be reduced wi thou t adve rse l y a f fe cting 

rate of g rowth or  feed e ff i c i e ncy . 

Cat ron e t  .s!· ( 1 952 ) repor ted sat i sfactory g rowt h  a nd feed 

eff i c i ency of sw i ne fed a corn-soybean mea l d i et  for t i f i ed w i th 

m i ne ra l s and v i tamins that was l ower i n  p rote i n than p rev i ous l y  

recomne nded . I n  t he p resence of ant i b i ot i cs , a 1 4 - 1 1  - 8% p ro te i n 

l eve l comb i na t i on fed f rom wean i ng to 34, 34 · to 68 and 68 to  9 1  kg 

l i vewe i ght  supp l i ed't he p i g's need for p rote i n .  Becke r e t�· ( 1 954) , 

feed i ng a 1 4 - 1 2% p rote i n  sequence ,  corn- soybean mea l d i e t ,  

observed norma l ga i ns and feed conve rs i on f rom 1 8  t� 45 and 45 t o  9 1  

kg , respect i ve l y .  Resu l t s  by Hoefe r � !_L .  ( 1 952 ) s�owed tha t  a 

1 5  - 1 2% d i etary p ro te i n  l eve l had an equ i va l e.nt effe ct on pe r fo rmance 

of the p i g  f rom 1 1  to 45 and 45 to  9 1  kg l i vewe i gh t ,  respe ct i ve l y, 
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as  d i d a 1 8  - 1 5% prote i n  l eve l o' Jensen £! .!!.· ( 1 955 ) , feed i ng d i et s  

o f  1 0 , 1 2 , 1 4, 1 6 , 1 8  and 20% p rote i n  t o  p i g s f rom 1 6
. 

t o  9 1  kg, 

reported the fas tes t rate of g rowth on the 1 4 and 1 6% prote i n  

· ·d i e ts  i n  the absence and p resence of. ant i b i ot i cs ,  respect i ve l y .  Feed 

eff i c i ency was not s i gn i f i cant l y affected by d i eta ry p rote i n l eve l . 

I n  a subseq uent  t r i a l , bo th rate of ga i n  and feed eff i c i ency we re 

max i m i zed at  t he 1 4% p rote i n  l eve l . Wo rk by Hanson , Ferr i n and  S i ngh 
-

( 1 955) and Meade ( 1 956) a l so demons t rated tha t d i e tary p rote i n  l eve l s 

l owe r  than that  prev i ou s l y recommended cou l d  be fed to  swi ne w i thou t 

affect i ng average da i l y  ga i n  o r  feed eff i c i ency . · 

Du r i ng t he l as t  decade , there has been an i ncreased consumer 

demand for me�t of a h i g h l ean and reduced fa t content . The re fo re ,  

t he effect o f  i ncreased d i e tary p rote i n l eve l s  on pe rfo rmance and 

carcass  character i s t i cs of swi ne has been extens i ve l y reeva l ua ted . 

I n  three tr i als i nvo l v i ng 1 76 p i g s ,  Aunan,  Hansori and Meade 

( 1 96 1 ) obse rved no s i g n i f i can t d i f fe rence i n  rate of ga i n  or feed 

eff i c i ency when p i gs we re fed d i et s  of 1 7  - 1 5  or 1 5  - - 1 1 % prote i" n . 

I n  a fou rth  tr i a l ,  Aunan .tl fil. ( 1 96 1 ) eva l ua ted 1 6  - 1 1 ,  1 4 - 1 1  and · 

1 2  1 1 % d i eta ry pro te i n comb i nat i ons . A s i gn i f i cant i ncrease i n  

ra te of ga i n  of. p i g s fed the h i gh p rote i n  l eve l was no ted dur i ng the 

per i od f rom 20 to 57 kg .1 i vewe i ght . The effect of i n i t i a l prote i n. 

l eve l on ga i n  decreased as  the a n i ma l s g rew o l de r  and heav i er .  

Howeve r ,  further ana l ys i s  s howed that t he prote i n  effe ct for the ent i re 

tr i a l  was s i g n i f i cant  even though the t hree t reatment group s  ga i ned 

at near l y the same rate f rom 57 to 91 kg . No s i gn i f i cant  d i f fe rence 

was observed i n  feed eff i c i ency due to prote i n l eve l . 
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I n  a study by Ha le  and Sou thwe l l ( 1 967) , rate of ga i n  was 

not  s i gn i f i cant l y  affe cted by i ncreas i ng the d i etary p rote i n  content 

f rom 1 4 - 1 1  to 1 8  - 1 5  pe r cen t .  Feed req u i re d .pe r uni t  of  ga i n  was 

s i gn i f i can t l y  reduced when the p rote i n  content  of the d ie ts wa s 

i n creased f rom 1 4 - 1 1  to e i the r  1 6  - 1 3  o r  1 8  - 1 5  pe rcen t .  Boenke r ,  

Tr i bb l e  and  Pfander { 1 960) , feed i ng 1 3  - 1 0 , 1 6  � 1 3  and  1 9  - 1 6% 

p ro te i n  l eve l comb i na t i on s� showed l i t t le . e ffect of p rote in l eve l  
� 

on ga i n  o r  feed e f f i c i e ncy .  On l y  p i gs fed the 1 0% p rote i n d ie t  

ga ined  s i gn i f i cant l y  s l owe r  and we re l ess  e ff i c i ent  than  t hose fed 

· .  1 3  or 1 6% p rote i n d i ets  f rom 57 to 91 kg 1 i vewe i gh t .  I n · t h ree t r i a l s, 

Steve nson , Davey and H i ne r  ( 1 960) compa red d i e t s  of 18 - 1 5  and I 4 - 1 1  % 

p rote i n . Rate of ga i n  and da i l y  feed consump t i on we re not s i gn i f i ca nt l y  

affe cted by d ie ta ry p rote i n leve l . Howe ve r ,  a s l i gh t l y fas te r  rate 

of ga i n  and an  i mp roved feed e ff i c i ency we re cons i s ten t l y.p rodu ced 

by the h i ghe r  p rote i n d i e t .  

Wag ne r il fil_ • . ( 1 96 3) fed p i gs d i ets  of 1 3 , 1 9  and 25% 

p rote i n and showed that as  the d i eta ry l eve l i ncreased ove r 1 3% 

p rote i n  the ave rage da i l y  ga i n  a nd feed e ff i c iency de crease d .  

Duke l ow il fil_. ( 1 963)  fed 1 2 , 14 and 1 6% d i eta ry p rote i n  l eve l s to 

72 p i g s  f rom 2 5. to 90 kg l i vewe i ght . · Rate of ga i n and  feed· e ff i c ie ncy 

we re not s i gn i f i cant l y  affected by . p rote i n  leve l . P i g s fed d i e ta ry 

p rote i n  leve l s of 1 9  - 1 3 ,  1 7  - 1 3 , 1 5  - 1 3  a nd 1 3  - 1 3% s howed 

no d i ffe ren ce i n  g rowth  rate o r  feed e ff i c iency i n  wo rk by  G ree l ey e t  !.L· 

(1 964b) . Wong , Boyland a nd S t rothe rs (1 968) , feed i n g  a 1 7  o r  1 3% p rotei n  

d ie t  t o  p i g s du r i ng the f i n i sh i ng pe r i od , f rom 5 0  t o  1 00 kg , obta i ne d  
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s i m i l ar resu 1 t s . Co l e  a nd L�s combe { 1 969) a l so repor te d  nons i gn i f i cant  

d i ffe rences  i n  rate of  ga i n  and  feed convers i on i n  swi ne fed 1 7 . 1  - 1 3 . 7 ,  

1 3 . 8  - 1 2 . 0  or  1 l .2 - 1 0 . 3% d i eta ry p rote i n  _seq uences f rom 2 3 t o  54 

and 54 to 9 1  kg . B l a i r ..tl fil .  ( 1 969) found no s i g n i f i cant  i ncrease 

i n  g rowth rate by i nc reas i ng the p rote i n 1 eve 1 above 1 6,' 1 4, 1 2  and  

1 2% for p i g s fed f rom 23  to 45 , 45 to  68 , 68  to  9 1  and 9 1  to 1 14 kg 

l i vewe i ght, respect i ve l y . Howeve r ,  the feed req u i red per u n i t of 

ga i n  was s i gn i f i cant  1 y redu ced du r i ng t he 23 to 45 kg we i ght  per i od 

by " i ncreas i ng t he p rote i n l eve l to 1 8  percen t .  
, 

See r l ey ,  Po l ey and Wah l st rom ( 1 964) found a s i g n i f i ca n t  

i ncrease i n  ave rage da i l y  ga i n  o f  p i gs fed a 1 4. 4% p rote i n , co rn-

soybean mea l d i e t compa red to a 1 2 . 5°/ci p rote i n  d i e t .  The h i ghe r 

d i e ta ry p ro te i n l eve l decreased feed req u i red pe r un i t  of ga i n  by  6 

per cent . The p ro te i n  con tent  of · t he d i  et  d i d  not i n f l uence feed 

i ntake . C l awson ( 1 967) , i n  compa r i ng d i et s  of 1 4 . 8  a nd 9 . 0% p rote i n, 

obse rved tha t  t he h i ghe r p ro te i n l eve l s i gn i f i cant l y  i ncreased 

average da i l y  ga i n  of  p i g s fed a corn-soybean mea l d i e t .  S i gn i f i cant l y · 

J ess  feed per u n i t of ga i n  was requ i red when the 1 4 . 8% p ro te i n d i et 

was fed . Howeve r ,  i n  a l a te r t r i a l  C l awson ( 1 967) fou nd no s i gn i f i cant  

d i ffe rence i n  ave rage da i l y  ga i n  o r  feed eff i c i ency . of p i g s fed  a 1 4  

or  1 0% p rote i n  d i e t f rom 1 7  to 97 kg 1 i vewe i gh t . Da i l y  feed i ntake 

was not s i gn i f i cant l y  i nf l uenced by p rote i n  l eve l . · Wo rk by S tevenson 

e t!!.!_. ( 1 960) showed tha t  p i gs fed a 1 8  - 1 5% p ro te i n l eve l . f rom 

20  to 45 and 45 to 95 kg d i d not ga i n  s i gn i f i can t l y fas te r than  t hose 

fed a 1 4  - 1 1 % p rote i n  d i e t ,  however ,  feed eff i c i ency was. i mp roved 

by 5 pe rcent . 
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Lee , M cBee and Horvath ( 1 967) stud i ed three p rotein  l eve l 

comb i na t i ons , 2 1  - 1 8  - 1 5 , 1 8  - 1 5  - 1 2  and 1 5  - 1 2  - 9%, fed to  

p i g s f rom 25 to 34,  34  to  57  and 57 to  95 kg  1 i vewe i ght , respect·ive l y .  

I ncrea s i ng the  d i eta ry p rote i n l eve l resu l ted i n  s i gn i f i cant l y  i mp rove d  

g rowth rate a n d  feed eff i c i ency. Young � �· ( 1 968) fed t h ree 

. p rote i n seq uences  of 1 9 . 2  - 1 7 . 4, 1 7 . 4  -- 1 5 . 5  and 1 5 . 5  - 1 4 . 2% to 

p i gs f rom 20 to 50 and 50 to 95 kg . A l i near i ncrease i n  g rowth rate 
� 

and cu rvi l i nea r reduct i on i n  feed req u i red per kg of ga i n  we re 

.p roduced by i ncreas i ng the d i eta ry p rote i n  l eve l fed to p i gs from 20  

to 50  kg. D u ring the 50 to 95  kg we i ght  pe r i od ,  the t h ree p ro te i n 

l eve l s fed d i d  no t s i gn i f i cant l y  i nf l uence rate of ga i n , _ but  feed 

requ i red per u n i t  of ga i n i ncrea sed l i near l y  as  the p rote i n  l eve l 

decreased . C rum.!:.£ 21· ( 1 964) study i ng 1 7 - 1 7 , 1 7  - 1 5 , 1 3  - 1 3 and 1 3  -

1 1% p rote i n sequences fed to  p i gs f rom 20 to 45 kg and 45 to  95  kg 

l i vewe i ght , respect i ve l y , noted s i gn i f i cant l y  i mp roved g rowth rate 

and fee d  u t i l i za t i on by p i g s fed e i the r  of the h i gh p rote i n  d i e ts .  

Seymou r � .!!.· ( 1 964) repor ted a s i m i l a r-advantage i n  p i g s  fed a -

20 - 1 7  - 1 4% p ro te i n l eve l comb i nat i on f rom 3 to 7 weeks , 7 weeks to 57 

kg an d 57 to 9 1  kg compa red to an i ma l s fed a
- 1 6  - 1 3  - 1 0% d i e t a ry 

p rote i n sequence .  I n  a s tudy by J u rgens il .fil.. ( 1 96 7) , i t was obse rved  

tha t 1 20 p i g s fed a 1 6% p rote i n ,  m i  l o-soybean mea l d i e t f rom 57  to 

98 kg had s i gn i f i cant l y  h i gher ave rage da i l y  ga i ns - and imp roved feed 

eff i c i ency compa red to those fed a 1 2% p rotei n  die t.-



E ffect of P rote i n Leve l £!! Quant i tat i ve Carcas s  Tra i t s 

Ashton e t  fil .  ( 1 955) fed a
· 

fort i f i ed corn- soybean mea 1 d i  e t  

o f  1 0 , 1 2 ,' 14,. 1 6 , 1 8  and 20% p rote i n  ·content  to• swi ne f rom 1 5  t o  9 1  

kg l i vewe i gh t . I n  t he f i rs t  t r i a l , the on l y  s i gn i f i cant  e f fect of  

i nc reas i ng the d i eta ry p ro te i n l eve l f rom 1 0  - 20% was a l i nea r  
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i nc rease i n  spec i f i c  g. rav i t y .  Th i -s i nc reased spec i f i c  g rav i ty  i nd i ca ted 

a s i gn i f i cant l y  g reate r p ropo r t i on of l ea n  to fa t content i n  the 

ca rca s s . I n  a second t r i a l , backfat t h i ckness ,  spec i f i c  g rav i ty,  

percent 1 ean cuts  and 1 onq i s s  i mu s dors i (l. do rs i ) .a rea we re a 1 1  

s i gn i f i cantly affec ted by d i e ta ry p rote i n l eve l . The l· dor s i a rea 

reached a max i mum a t  1 8% d i eta ry p rote i n. For the othe r cr i te r i a , 

each i nc rease i n  p ro te i n  l eve l f rom 10 - 20% resulted i n  a dec reased 

backfat  t h i ckness  and an  i nc reased pe rcent  l ean cut s  and spec i f i c  

g rav i ty . However ,  the re we re no s i gn i f i cant d i fferences i.n these 

ca rcass  charac te r i st i cs between any two adj acent  l eve l s of p rote i n .  

No l and and Scott  ( 1 960) , compa r i ng 1 2 , 1 6  and 2 0% p ro te i n 

d i ets  fed to p i gs f rom 20  to 9 1  kg , reported l onge· r ca rca s ses  and 

decreased d res s i ng percent  i n  p i g s fed the two h i ghe r  p rote i n  d i e t s , 

however ,  backfat  th i ckness  was not s i gn i f i ca.nt l y  affected . · W i l son 

£!A!_. ( 1 953 ) obta i ned s i m i l a r resu l t s due to i nc reased d i e ta ry 

p ro te i n when feed i ng 20 - 17 - 1 4, 1 6  - 1 3  - 1 1  and 1 2  - 1 0  - 9.5% 

p rote i n  seq ue n ces  to  p i g s f rom 1 8  to 34, 34 to 68 ahd 68 to 98 kg 

1 i Ve\\le i ght . 

Ha l e  and Sou thwe l l ( 1 967 ) compa red 1 8  - 1 5 ,. 1 6  - 1 3  a nd 1 4 - 1 1 % 

p ro te i n ,  corn-soybe·an  mea l d i et s  and observed s i gn i f i cant l y  dec reased 
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backfat th i cknes s  and l a rge r l· do rs i a rea of  carcas ses  f rom p i gs fed 

the 1 8  - 1 5°/o p ro te i n d i e t .  The l ean cut s  y i e l d was s i g n i f i cant l y  

i nc reased when the p rote i n l eve l of  the d i e t s  was i nc reased above 

the 1 4 - 1 1 % p rote i n sequence . See r l ey � ..21.· ( 1 964 ) repor ted s i m i l a r 

resu l ts o f  i nc reased l· dors i a rea , percen t  l ean cuts  and reduced 

backfa t th i ckness  i n  p i g s fed a 1 4.4 ve rsus  a 1 2. 5% p rote i n  l eve l . 

Wong .!U_ !.!.· ( 1 968) no ted a s i gn i f i cant  reduct i on i n  backfa t t h i c knes s  

of  p i g s fed a 1 7'/o pro te i n l eve l compared t o  those fed a 1 2% p ro te i n  

d i e t .  I n  work by Seymou r et!.!.· ( 1 964 ) , a 20 - 1 7  - 1 4  p ro te i n sequence 

s i gn i f i cant l y  i nc reased pe rcent  l ean cut s  and dec reased backfat 

th i ckness  i n  p i gs compa red to a 1 6  - 1 3  - · 1 0% d i eta ry  p ro te i n sequence . 

Wagne r� .s.l· ( 1 963) , feed i ng 1 3 , 1 9  and 25% p ro te i n  d i e t s ,  

showed that increased d i e ta ry p rote i n l eve l s s i g n i f i cant l y  dec reased 
.. 

carcas s  backfat th i c kness ,  d res s i ng percen t  and i nt ramuscu l ar fat 

con tent  bu t i nc reased the y i e l d of percen t  l ean  cuts . Howeve r ,  

these autho rs sugges t  that  a s i g n i f i cant dec rease i n  feed consump t i on 

by p i g s fed the two h i gh p rote i n d i et s  may have caused the reduced 

backfat th i ckness . Two s tud i es by Stevenson� fil .  { 1 960 ) , compa r i ng 

a 1 8  • 1 5  and 1 4 - 1 1 % p rote i n sequence, showed that backfat t h i c kness  

and  pe rcen t  fat of t he carcass was reduced by 6 and 1 or� respec t i ve l y ,  

and pe rcent  l ean cuts  i nc reased i n  p i gs fed t he h i gh p ro te i n d i etary  

sequence . 

C rum et  fil.. ( 1 964) fed 1 7  - 1 7 , 1 7  - 1 5 , 1 3  - 1 3  a nd 1 3  - ·1 1 3  

p rot.e i n  I eve 1 comb i nat i ons  t o  swi ne f rom 20 to 92 kg 1 i vewe i gh t .  

I ncreased p rote i n l eve l s s i gn i f i cant l y  i nc reased the percentages of ham, 
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l o i n  and lean cuts  but dec reased carcass  f i rmness and ma rb l i ng .  

I n  cont ras t  t o  p rev i ou s  resu l ts·, Aunan et  fil. ( 1 96 1 ) obse rved 

no i nf l uence of d i e ta ry p rote i n  l eve l on carcass · cha rac te r i s t i cs · when 

comb i nat i ons  of  1 7  - 1 5 , 1 5  - 1 1 ,  1 6  - 1 1 ,  1 4  - 1 1  and 1 2  - 1 2% 

prote i n  we re fed . Cat ron e t!.!.· ( 1 952 ) , feed i ng 20 - 1 7  - 1 4, 1 8  - 1 5  -

. 1 1 ,  1 6  - 1 3  - 9 ai:id 1 4 - 1 1  - 7% p ro te i n l eve l comb i nat i Ons  to p i gs , 

a l so found no s i gn i f i cant  d i ffe rence i n  backfat t h i c kness , l eng th 

and pe rcent  l ean  cut s  due to  d i etary  p rote i n l eve l . Bowl and and 

Be rg ( 1 9 59 ) repo r ted no s i g n i f i cant d i ffe rence i n  d ress i ng pe rcent , 

l ength ,  backfat t h i ckness , pe rcen t ham and l o i n and ca rcass g rade o f  

p i gs fed 20 , 1 6  or  1 3% p ro te i n  d i e ts  a l though i nc reased p rote i n 

l eve 1 s tended to  i mp rove ·ca rcass  1 eanness .  

Duke l ow � .9l· ( 1 963) , feed i ng a cor n- soybean mea l d i e t ,  

showed no s i gn i f i ca n t  d i fference i n  backfat th i ckness , l· d o  r s  i 

a rea o r  pe rcent  trinmed ham- l o i n  i n  pig s  fed 1 2 , 1 4  o r  1 6% protein 

d i e t s . · c 1 awson ( 1 967) repo r ted s i m i l ar resu l t s  excep t  for a 

s i gn i f i cant l y  i nc reased l· dors i a rea i n  p i gs fed a 1 4 . 5  ve rsus  9.0% 

p rote i n d i  e t . 

Sm i th , C l awson and Ba r r i ck ( 1 967) showed no . i nc rease i n  

carcass  l eanness  i n  p i g s fed d i e t s  con ta i n i ng more . than 1 4 . 3% p ro te i n . 

E ffect of Prote i n  Leve l .Q.!! Qua l i tat i ve Ca rcass  T ra i t s  

J u rgens � .!,l. ( 1 967) and K roff e t  .2.!G ( 1 959 � repor ted  

that t he percent p ro te i n  was s i gn i f i cant l y  i nc reased a nd the pe rcent  

fat  s i g n i f i cant ly dec reased i n  the l· dors i musc l e of  p i g s fed a 



1 6% p rote i n diet compa red to those fed a 1 2% prote i n d i e t .  S i m i l ar 

resu l ts we re reported by  Ashton il fil_., ( 1 955) , who found that  a s  ·the 

d i etary  p rote i n  l eve l i nc reased f rom 1 0  to 20% i n i nc rements of 2%; 

t he p ropor t i on of  l ean  to  fa t i n  the ca rcass i nc reased l i nea r l y .  

Howeve r , n o  s i gn i f i cant  d i ffe rences between any two adj acent  p rote i n 

l eve l s we re obta i ned o 
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Lee e t  !.!.· ( 1 96 7) repor ted i nc reased fat and dec reased p rote i n  

and mo i s tu re content i n  car casses of  p i gs fed e i ther  a 2 1 - 1 8  - 1 5  

o r  1 8  - 1 5  - 1 2% p rote i n sequence compa red to those fed a 1 5  - 12  - 9% 

p rote i n l eve l . These authors  �uggest  tha t the chang�s i n  p rote i n, fat 

and mo i s tu re content of the carcass  due to d i e ta ry p rote i n l eve l . i s . 

l a rge l y caused by the a l te rat i ons of the fat con ten t . E the r ext rac t 

va l ues of t he l· do rs i muscle we re shown to vary i nve rse l y  w i t h  t he 

p rote i n content . The d i ffe ren ce i n  c rude p rote i n content wa s not 

s i gn i f i cant  i f  conve rted to  a fat-free bas i s . V i ppe rman e t  ll· 

( 1 963) showed that  an  i nc rease i n  mo i s tu re and a s h  conten t  of the 

musc l e  i s  accompan i ed by a dec rease i n  fa t .  Lee's e t  .!J_. ( 1 967) 

taste pane l and shea r tes t  va l ues showed that on l y the tenderne s s  

o f  t h e  me a t  was s i gn i f i cant l y d i ffe rent between d i e ta ry p rote i n l eve l s .  

The meat f rom the l ow p rote i n d i ets  was favored . Kau ffman il .fil. 

( 1 964) and Henry ,  B rat z l e r  and Luecke { 1 963) found that  an  i nc rease 

i n  i ntramuscu l a r fat i n  pork  i mp roved the tende rne ss,  j u i c i ness  a nd 

f l avo r  of cooked. meat .  These resu l t s  suggest tha t the taste  pane l 

prefe r red  the mea t  f rom p i g s fed_ l ow p ro te i n  d i e ts due · to t he 

i nc reased fa t content o f  the · mea t . 



I n  cont rast to p rev i ous results , C ramp ton and Ash ton 

( 1 946) repor ted no s i gn i f i cant  d i ffe rence i n  ca rcass q ual i ty of  p i gs 

fed e i the r a 1 3  o r  1 5°/o p rote i n  d i e t .  Bla i r £!. .!!· ( 1 969b) found that 

ne i t he r  t he chem i cal compos i t i on nor the pH of the l· dors i  muscle 

was s i gn i f i cantly affected by d i etary p ro te i n  levels above 1 6  and 1 4% 

fed to p i gs f rom 23  to 68 and 68 to 9 1 'kg l i vewe i ght , respect i vely . 

Howeve r ,  the pe rcent  d ry mat te r  and i n t ramuscula r_ fat content  rose 

w i th i ncreased we i ght . The co 1 or  and f I rmness scores a nd shear va 1 ues 

we re also s i gn i f i cantly i nc reased by i ncreased we i gh t  but ne i t he r· 

we re i nfluenced by  d i e ta ry p rote i n level o r  sex . 

Assum i ng that  d i e ta ry p rote i n ·levels do s i gn i f i can t l y  affect 

the fa t content  of the p i g , 01hea and Leve i l le ( 1 969 ) stud i ed 

poss i ble modes of  a ct i on of the p rote i n  level on fat depos i t i on .  
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They showed that a h i gh p rote i n  d i et fed to p i gs reduced  the act i v i ty 

of ce rta i n  key enzymes i n  ad i pose t i ssue that a re asso c i a ted wi t h  fatty  

ac i d synthes i s .  Thus i t  was suggested that  the d i e ta ry p rote i n  

level may i nfluence the amount and type of fat ty a c i d synthes i s  

i n  the body . 

Us i ng results f rom p rev i ous work, Clawson tl fil .  ( 1 962 ) 

concluded  that once a p i g1s g rowth requ i rement for p ro te i n and am i no 

ac i ds i s  met , no fur the r i mp rovement i n  ca rcass leanness w i ll resul t .  

They also s tated that  excess p rote i n i n  .the d i et decreased feed 

i n take and da i ly ga i ns .  Us i ng these assumpt i ons, G reeley tl !.!.· 

( 1 964b) suggested t hat  t h i s  dep ress i on i n  feed i ntake wi t h  resultant 

decrease i n  ga i n  may result i n  an i ncrease i n  the age of  t he p i g  a t  



slaughte r ,  wh i ch i n  i tse l f may cont r i bute to more appa rent  leanness 

and muscl i ng i n  the p i g .  

E ffe ct of Feed Rest r i ct i on .2!l G rowth Pe rformance 

Vanschoub roch , DeW i l de and Lampo ( 1967) stud i ed t he effects 

of feed res t r i ct i on i n  s teps of 5% reduct i on f rom a· 9 5% level of  

ad  l i b i tum i ntake to a 55% level of i ntake .  We i ·ght  ga i n  and  ba ckfat 

th i ckness decreased as .feed i ntake�decreased . As the deg ree of  feed 

res t r i ct i on i ncreased , the decrease i n  da i 1 y ga i n  became re 1 a t  i vei y 

g reate r wh i le the decrease i n  backfat th i ckness became re l a t i vely 

smal l e r .  Feed eff i c i ency i mp roved up to t he 2 5°/o rest r i ct i on level of 
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ad l i b i tum i ntake and t he n  .decreased as feed i n take was fu r the r 

rei t r i cted . These au t hors suggested tha t the decrease i n  feed requ i red 
.. 

pe r u n i t of g a i n fo l lowed by an i ncrease i s  the resu l t of two oppos i te 

effects . Ow i ng to t he rest r i ct i on of feed , ga i ns con ta i n  less fat  

w i th mo re p rate i n  and wate r ,  hence a re of 1 ower ene rgy content . 

Howeve r ,  the feed requ i rement for ma i n tenance i ncreases because the 

g rowth per i od i s  of g reate r  du rat i on .  By ave rag i ng seve ral expe r i ments ,  

these aut hors noted tha t a 1 5 . 8% feed rest r i ct i on dec reased da i ly ga i n  

by 1 2 . 5°/o, . i mp roved feed eff i c i ency by 3 . 96% and decreased ba ckfat 

th i ckness by 7 . 63 pe r cent .  

Bla i r il &· ( 1 969a} showed that ga i ns were; s i gn i f i cantly 

decreased when feed i ntake was lower than ad l i b i tum. Feed req u i red 

pe r un i t-of ga i n  was s i g n i f i cantly decreased by feed res t ri'ct i on 

only i n  the l i ve we i gh t  range of 23  to 45 kg . Howeve r ,  d u r ing t he 

45 to 1 1 3 kg we i gh t  pe r i od ,  a l i mited feed i ntake resul ted i n  g reate r 

272173 c.ni 11 H DAKOTA �TATE UN!VERSlTY LIBRARY. 
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quant i t i es of  feed requ i red pe r u n i t of ga i n  • .  Be cker il fil.· ( 1 963) 

repor ted that l i m i t feed i ng 1 . 82 kg of feed twi ce da i ly s i gn i f i cant l y 

reduced rate of ga i n  but  d i d not i nf l uence feed u t i l i za t i on compa red 

to a fu l I feed reg i me . C ramp ton , Ashton and L l oyd ( 1 954); B raude 

£!.!!.· ( 1 959) and Bake r e t  fil. .  ( 1 968) al l no ted that a rest r i cted · 

. ene rgy i ntake cons i s tent l y  reduced rate of ga i n , . bu t i t s effe ct on 

feed eff i c i ency was h i gh l y va r i able . 

Effect of Feed Res t r i ct i on .Q.!1 Quant i ta t i ve� Qua l i tat i ve Ca rcass Tra i ts 

Kee se et  fil. ( 1 964) compa red ad  J i b i t um fed p i g s to p i g s full 

fed to 45 kg and then res t r i cted to 2 . 27 kg of  feed d� i ly unt i l  

slaughte r .  The fu l l  fed p i g s had s i gn i f i cantly i ncreased da i l y 

ga i ns ,  backfat th i ckness  and pe rcent be l l y bu t had s i gn i f i cant l y  

lower per cent  ham and per cent  lean cut �  than the l i m i ted  fed p i gs .  

The rest r i cted fed p i g s tended to be longer wi th  l a rge r l· dors i 

a rea and spec i f i c g rav i ty values of the carcass . Reduced feed i ntake 

a l so resul ted i n  ino re tende r ,  j u i c i e r  muscles wi th  h i ghe r co l o r and 

f i rmnes s  s cores  than t hose f rom full fed p i gs .  

B raude and Townshe nd ( 1 958) stud i ed t_he effe ct s o f  a d  1 i b i tum 

feed i ng versus  t h ree deg rees of  feed res t r i ct i on on g rowth pe rformance 

and carcass  t ra i t s .  These authors  obse rved that res t r i cted fed p i gs 

g rew mo re s l owly , were less eff i c i en t ,  had s l ightly l onge r car casses ,  

l es s  backfat and  large r l· dors i a reas than ad l i b i tum fed p i gs .  

S i m i l a r effe ct s  of feed i ntake on backfat th i�kness  and l· dor s i -

a rea we re noted by Pas sbach il fil. ( 1 968) . Howeve r ,  these worke rs· 

showed no effe ct of feed i n take on per cen t ham- l oin ,  pe r cent  lean  cu t s , 



spec i f i c g rav i t y  of  the ca rcass  o r  the U o SoD .A. ca r ca s s  g rade . 

Rest r i cted feed i ng tended to lncrease the occu r rence o f  pa l e , sof t ,  

exudat i ve pork and pe r cen t  cook ing  l oss of · l o i n  roast s ,  b u t  d i d not 

affect t he ma rb l i n g ,  percen t mo i st u re ,  percen t e the r ex t ra ct o r  

the pH o f  the l· do rs i musc l e .  Ne i t he r  d i d  res t r i cted feed i ng 

i nf l uence the shea r fo rce o r  pa l a tab i l i ty va l ue of cooked roa s t s. 

Keese il fil.. ( 1 964) , compa r i ng an ad 1 i b i tum i ntake to 2 . 27 kg 

of feed/day i n  p i g s f rom 45 to 9 1  kg , observed a s i m i l a r l ack o f  

effect of feed res t r i ct 1 on on pork pa l a tab i l i ty score s .  

I n  t h ree t r i a l s i nvo l v i ng 1 2 7 p i gs ,  K l ay ,  Smi t h  and We l l e r  

( 1 969) a l so noted i ncreased l· do rs i a rea·.an d pe rcen t l ean  cut s  and 

decreased backfat due to  res t r i cted feed in take s  of 2 . 25 ,  2 . 00 and 

1 . 80 kg of feed pe r day . I n  cont ras t  to p rev i ous wo rk,  t he se s tud i es 

tended to  s how a l owe r  f l avo r s co re ,  a h i ghe r shea r tes t  and_ g reate r 

cook i ng l os s  f rom ca rcasses  of p i gs fed a l i m i ted in take .  Decreased 

tende rness  and pa l atab i l i ty of  the l· do rs i mus c l e of p i g s res t r i cted 

to th ree-fou rths  the g ross ene rgy of p i gs . fed ad  l i b i tum was a l so · 

noted by Thorton ,  A l smeye r and Davey ( 1 968) . These wo rker s  sugges ted 
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that t he fa t content  o f  the ca rcass  may be l i nked w i th , o r  respon s i b l e  

for ,  good pa l a tab i l i ty of the meat . I n  th i s s tudy ,  a l l l i m i ted 

fed . p i g s  w i th  decreased backfat · t h i ckness had l ower tender ne s s  and  

pa l atab i l i ty score s  than  fu l l  fed  p i gs .  

G ree r _tl fil·. ( 1 965) fed p i gs 85% of · fu l l feed and observed 

an  i ncreased deg ree o f  unsatu rat i on of the backfa t ,  e spe c i a l l y  i n  

1 i no l e i c ac i d concent ra t i on .  Howeve r ,  a furthe r  res t r i ct i on to 75°/o 

of fu l l feed caused a decreased l i no 1 e i c ac i d l eve l f rom that  found 



i n  t he 85% res t r i cted fed p i g so . These same autho rs repo rted tha t 

pa 1m i t i c ac i d  decreased as  t he feed l eve l was re s t r i cted  to  85%, 

but that  i t  i ncrea sed as the feed l eve l wa s f u rthe r  res t r i c ted  to 

75 pe rcent . Dah 1 and Pe rsson ( 1 964) , Lucas ,  Mc Dona l d  and Ca 1 de r  

( 1 960) and Merke 1 � s.L. ( 1 958) noted a s l owe r  ra te o f  fat depos i t i on ,  

b u t  a n  i ncreased concent rat i on of  unsa t u ra ted  fat ty a c i ds , e spec i a l l y 

l i no l e i c ,  in p i gs . re s t r i cted fed 70% of ad l i b i tum . 

I n  cont ra s t  to p rev i ous  resu l. t s, two t r i  a 1 s by Koch , Pa r r  

and Me rke 1 ( 1 968a ) .showed tha t  w i t h  feed i n takes be 1 ow 80% of t he· 
· 

ad l i b i t um 1 eve 1 , p i g s had s i gn if i cant 1y  l ess  sa t u ra te d  fa ts  whe reas 

l ess  res t r i cted d i e t s  p rodu ced no change i n  fa t ty . ac i d compos i t i on .  
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E ffect of P rote i n  Leve l a nd� Res t r i ct i on .Q.!J. Nut r i e n t  D i.ge s t i b i 1 i ty 

Lowrey , Pond and Manne r ( 1 958) repor ted d ry ma t te r  d i ges t i b i 1 i ty 

was not s i gn i f i cant ly  i nf l uenced  by d i e ta ry p rote i n l eve l when p i gs 

.we re fed d i e ts  of 1 3 , 1 6  or  1 9% p rote i n .  Howeve r ,  p rote i n  and f a t  

d i ges t  i b i  1 i ty we re s i gn i f ic ant 1 y i ncreased by i n creas i ng t he p ra te i n  

· con teh t of the d i e t .  

G ree l ey ,  Meade and Hanson ( 1 964a ) fe� 1 3 , 1 5 , 1 7  a nd 1 9% 

p rote i n d i et s  to  p i g s tw i ce a day to appet i te .  A l t hough p ro te i n 

l eve l s d i d no t s i g n i f i cant ly  af fect da i ly d ry m a t te r  consum p t i on 

·or  eff i c i ency of  conve rs i on of the d ry m a t te r  to ga i n , · t he re was a 

� i gn i fi cant  l i near decrease i n  d ry ma tter  consump t i on and i n  d ry 

ma t te r  consume d  pe r u n i t of ga i n  w i th  i ncreas i ng p rote i n  l eve l s . 

A s i gn i f i cari t  i ncrease i n  appa ren t d i ges t i b l e  p ro te i n  and appa rent  

d i ges t i b l e  ene rgy resu l ted f rom i nc reased p rote i n i n  the d i e t. 



D i e ta ry p rotein l eve l s s i gn i f ican t l y  affec ted t he e f f ic i e ncy of 

conve rs i on of d i ges t i b l e  p rote i n  to ga i n  wi th a l i near t re nd toward  

dec reased e f f i c i ency o f  u t i l i iat i on of d i ges t i b l e  p rote i n  wi t h  

i nc re as i ng l eve l s of  p rote i n .  Ether ext rac t  d i.ges t i b i l i ty was n ot 

s i gn i f ic an t ly i n f l uenced by d i e ta ry p ro te in  l eve l . 

Ku ry v i a 1 and Bow l and ( 1 962 ) s t ud i ed nut r i ent  d i ge st i b i l i t i es 

of 7 an d 45 kg p i g s fed 22p 1 8  and 1 4% prote i n  d i e ts .  I nc reased 

d i e� a ry p rote i n  l eve l s s i gn i f i cant ly  dec reased ene rgy d i ges t i b i l i ty · 

i n  p i gs of  both we i ght  g roups . The two h i ghe r p rote i n d i e t s  had 

s i gn i f ican tly h i ghe r p rote i n  d i ges t i b i l i t i es i�  t he 45 kg � i gs .  

I nc reas i ng the p rote i n  con tent of the d i et i nc reased n i t rogen 

reten t i on in the 7 kg p i g but reduced i t s reten t i on i n  t he 45 kg 

an i ma l . L i kusk i , Bow l and and Be rg ( 1 96 1 ) repor ted  s i m i l a r  resu l ts 
.. 

of i ncreased n i t rogen retent i on i n  8 kg p i g� but s i gn i f i cant ly 

dec reased retent i on i n  20  and 50 kg p i g s fed a 1 8  ve rsus  1 4% p rote i n  

d i e t. 

I n  con t rast i ng resu l t s ,  Lowrey .tl fil.. ( 1 962 ) found no 

s i gn i f i c an t  d i f fe rence i n  appa ren t p rote i n d i ge s t i b i l i ty i n  p i g s fed 

1 9 , 16 or  1 3% p rote i n d i e t s  f rom 20 to 9 1  kg . 1 i vewe i gh t .  S i m i J a r 

resu l ts were shown by C l awson e t  fil. ( 1 962 ) i n  p i gs fed 1 9 , 1 7 , 15  

. o r  1 3% p rote i n  d i et s  f rom 1 7  to 9 1  kg . 

1 7 

Wo rk by G ree l ey £!. .s.l· ( 1 9641> ) i nd i cated that p i gs fed 1 9  - 13, 

17 - 1 3 , 1 5  - 1 3  o r  1 3  - 1 3% p ro te i n l eve l com b i n a t i - ons  f rom b i r th 

to 42 day s  of age and 43  day s  to s l aughte r ,  respec t i ve ly ,  d i d  not  

d i f fe r  s i gn i f i c an t ly i n  appa rent ene rgy d i gest i b i l i ty .  



I I 
, __ 

Kornegay and G rabe r ( 1 968) stud i ed the effect s  of feed 

res t r i ct i on on d i ge s t i b i l i ty of nut r i ents  i n  two t r i a l s compa r i ng 2 5  

and 50% feed res t r i ct i on t o  a d  l i b i tum feed i ng .  I n· both t r i a l s , . 

appa rent d i gest i b i l i ty of d ry matte r ,  p rote i n  and ene rgy was not 
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s i gn i f i cant l y  af fected by l eve l of feed i ntake a l thoug h  t he res t r i cted 

fed _ p i g s had a sma l l ,  cons i s tent  advantage . 



MATER I ALS AND METHODS 

The s i xty p i gs used i n  t h i s  s tudy we re Yorksh i re- Hampsh i re• 

Chester  Wh i te crossbred p i g s f rom the South Dakofa S tate Un i vers i ty 
' 

swi ne herd . 

Twen ty g roups  of  t h ree I i t te r.-mate p i gs we re each random l y 

a l l otted across  t reatments on the bas i s of we i ght  and sex i nto  1 5  

l ots o f  fou r p i gs each .  F i ve rep l i cated l ots  rece i ved  ea ch o f  the 

th ree d i etary t reatmen t s . Each l ot con ta i ned 2 ba r rows and  2 g i l ts 

ave rag i ng 20 . 4  kg i n i t i a l l y . The expe r i men t  was i n i t i ated on May 1 ,  . .  

1 97 1  when rep l i cates  one and two were a l l o t ted to the t r i a l . 

Rep l i ca tes 3, 4 and 5 we re s ta r ted on expe r i ment one week l a ter .  

Expe r i men ta l an i ma l s we re housed i n  2 . 4  by 3 . 0  mete r i ndoor 

pens wi th access  to au omat i c  wa te r founta i ns .  The so l i d  cement  

f 1  oored pens  we re bedded wi t h  s t  raw at  a 1 1  t i  mes .  Each o f  t he pens  

was connected to  i nd i v i dua l 2 . 4  by 4. 9 mete r  concrete su r fa ced ,  

ou tdoo r runways by means of  a swi ng i ng doo r .  A 225 kg  capa c i ty ,  

three compartment  se l f-feeder was supp l i ed i n  each out s i de l ot of  

p i g s fed ad  l i b i tum. The res t r i cted-fed p i gs we re fed i n  a . 46  

by 1 . 20  mete r i nd i v i dua l feed i ng s ta l l twi ce .da i l y a t  8 : 00 A.H. 

and 5 : 00 P .M . , respect i ve l y .  The fou r s ta l l ,  wooden s t ru ctu re w i t h  

ove rhead roof i s  shown i n  f i gu re 1 .  
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I -

F i gu re 1 . Feed i ng sta 1 1 s  used for i ndTv i dua l · feed i ng o f  t reatment 3 • .  

A l l d i e t s  we re m i xed at the un i ve rs i ty feed un i t  i n  a tw i n 

· sp i ra l m ixe r .  The v i tam�n,  m i nera l and ant i b i ot i c p rem i xes  we re 

p rewe i g hed and m i xed w i th a d i l uent  before be i ng added to the m i xe r  

wi th the othe r i ng red i ent s  • . . Compo s i t i on of the fort i f i ed corn- soybean 

mea l d i et i s  shown . i n  tab l e  1 .  

P i gs i n  t reatment 1 we re fed the 1 6% p rote i n d i e t� l i b i tum 

to an  ave rage l ot we i gh t  of  50 kg and the 1 4% p rote i n  d i et f rom 

50 - 95 k i l og rams . Treatment 2 cons i s ted of feed i ng the 1 2% p rote i n  

d i et ad l i b i tum to 50 kg fo l l owed by the 1 0� p rote i n  d i e t for t he 

f i n i sh i ng per i od .  P i g s i n  t reatment 3 rece i ved the 1 6  - 1 4% p rote i n 

d i e ta ry sequence at a res t r i cted l eve l to p roduce the same ave rage 

l ot ga i n  as i n  t reatment 2 .  The p i gs we_ re we i g hed tw i ce week l y  to 

adjust the feed i ng l eve l of t reatment 3 i n  o rde r to equa l i ze the 

average da i l y  ga i ns  �f t reatment s  2 and 3 . When each p i g  reached 



TABLE 1 .  

I ng red i ent  

G round ye l l ow corn  
Soy bean mea l (44. 0%) 
D ic a lc i um phospha tea 

. G round 1 i me s toneb . · 

Trace m i ne ra l i zed · sa l tc 
Prem ixd 

Ca lc u l a ted ana lyse s , % 
Ca l c i um 
Phospho r u s  

Chem i ca l  ana lyse s ,  % 
D ry mat te r 
P rote i n  
Ethe r ext rac t 

2 1  

COMPOS I T I ON OF D I ETS (PERCENT) 

% P rote i n  {Ca 1c u 1  a ted) 
1 6  12 1 4 1 0  

76 . 41 87 . 7 1  8 1 . 94 93 . 44 
20 . 83 9 . 38 l S . 20 3 . 63 

l. 7 1  1 • 8 1  2 . 03  2 . 1 3  
. 53 . ss . 26  . 27 
. so . so . so . so 
• 08 . 08 .08 . . 08 

. 6S . 65 . 60 . 60 

. so . so . ss . . ss 

90 . 76 9 1 . 06 89 . 93 90·. os 
1 6 . 3 1  1 3 . 49 1 4. 72 1 1 . 02 
3 .  1 6  3 . 48 3. 7 1  3 .87 

a Twenty-one to 24% c a lc i um and 18 . 5% phosphorus . 
b Th i r ty-e i gh t % c a lc i um .  
c Con ta ined  N aC l� 97%; Z n ,  0 .8%; Co . , 0 . 002%; Mn , 0 .4%; Cu . 0 . 048%; 

Fe , 0 . 33%; 12, 0 . 0 1 1%. 
d P rov ided per kg of  d i et :  1 , 300 l . Uo of v i tam i n  A , . 200·1 . U . o f  

v i tam i n  D, 1 1  l . U .  of  v i tam i n  E ,  2 . 2  mg of  r i bof l av i n, 10  m g  o f  n i a c i n ,  
1 1  mg  of  pantothen i c  ac i d, 1 1  m cg of  v i tam in  s 12  and 22 mg of au reomyc i n . 
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a m i n i mum we i ght  of  93.2 kg on the week l y  we i gh date, i t  was removed 

f rom the expe r i men t  and t ransported to the un i ve rs i ty meat l aborato ry 

for s l aughte r .fo l l ow i ng a ·24 hou r sh r i nk .  

D i gest  i b i  1 i t y  was dete rm i ned by the ch romj c oxi de i nd i cator' 

method. Ch rom i c ox i de L-Cr2o3 _7 was added as 0 . 1 6% a nd 0 . 50% of 

the feed i n  co l l ect i on one and two, respect i ve l y .  The l ow l eve l of  

ch rom i c oxi de u sed i n  co l l e ct i on one was due  to an unde tected m i s take 

i n  add i ng the necessa ry quant i t i es - of ch rom i c ox i de to the feed. 

The ch romi c C?X i de conta i n i ng feeds were fed for th ree days . Fe·ca· l 

samp l es we re co 1 1 ected f rom i nd i v i dua l p i gs a t  6:00 A . M .  on the 

fou rth  day. The p i g s we i ghed an  average of 40 . 8  and 77 . 5  kg a t  

the t i me  of the  f i rst  and second co l l ect i on ,  respect i ve l y. Mos t 

samp l es we re co l l e cted w i thou t t he i r touch i ng the f l oo r .  Hqwever ,  

i f  samp l es we re removed f rom the f l oor ,  any st raw o r  deb r i s i n  the 

samp l es was removed before d ry i ng .  

A l l feed and . feca l samp l es were d r i ed in a for ced- a i r d ry i ng 

oven at 78 C for 48 hou rs .  Both  feed and fe ca l samp l es we re g round 

th rough a one m i l l i me te r s creen i n  a W i l ey_ m i l l . The g round samp l e  

was then put  th rough a Gamate d i v i de r  for a ·more random m i xtu re o f  

the samp l e  part i c l es .  The poo l ed feca l samp l es used fo r chem i ca l  

ana l ys i s  we re obta i ned by m i x i ng togethe r  a n  equa l amount  o f  each 

of the fou r i nd i v i dua l  samp l es pe r pen and re runn i ng t h i s  comb i ned 

samp l e th rough the Gamate  d i v i de r  for the f i na l  m i x i ng . 

A co l or i me t r i c  p rocedu re was u sed for.ch rom i c ox i de ana l ys i s. 

The ch rom i c ox i de was p re c i p i ta ted du r i ng d i gest i on w i th n i t r i c ac i d 



and heat . Co l o r deve l opment and ch rom i c ox i de so l u t i on we re ach i eved 

by heat i ng the d i gested mate r i a l  i n  the p resence of 70% pe rch l or i c 
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a c i d .  Co l or  i nten s i ty was read o n  an Eve l yn co l or i me te r  w i th  a 44o mu 

f i l te r .  Samp l es we re read aga i ns t  a pe rch l or i c ac i d and water b 1 ank .  

The chromi c ox i de content was ca l cula ted by  f i rst ca l cu l at i ng an  L 

va l ue, wh i ch i s  equa l to 2- l og of the ga l vanomete r read i ng,  for each 

ga l vanomete r read i ng .  A va l ue, K,  was ca l cufated f rom read i ng s  on 

so l u t i ons of known ch rom i c ox i de concent rat i ons . The K va l ue of a 

s tanda rd s o l u t i on i s  equa l to the m i l l i g rams of ch rom i c ox i de pe r-

f l ask  d i v i ded by the L va l ue of that so l u t i on .  K va l ues we re ca l cu l a ted 

for seve ra l  known ch rom i c oxi de so l u t i ons and then  ave raged . Th i s  

ave rage K va l ue i s  u sed to ca l cu l a te the pe rcent chrom i c ox i de i n  the 

feed and feca l  samp l es .  

K x L % C r203 i n  samp l e  
= (samp l e  wt . i n  g } ( 1 0) 

Dup l i cate samp l es of  a l l feed and feca l co l l ect i ons  we re 

analyzed for mo i s tu re ,  crude p rote i n and ether ext ract a s  des c r i bed 

by the A . O .A.C .  ( 1 970) . C h rom i c oxi de , .crude p rote i n  and e ther 

ext ract we re determ i ned on a mo i s t u re f ree bas i s .  Appa rent  d i ges t i b i l i ty 

coef f i c i ents  we re ca l cu l a ted accord i ng to the fo l l ow i ng equat i on .  

D i g .  ; 1 00 - ( 1 00 x % i nd i cator  i n  feed x % nutr i ent i n  feces ) 
% i nd i cato r  i n  feces % n u t r i ent  i n  feed 

Ca rcass data was co l l ected afte r  a 24 hou r ch i l l .  Backfat 

measurements  were taken at  the f i rst  r i b, l as� r i b  a nd l as t  l umba r  

ve rteb ra to ca l cu l a te a n  average backfat th i ckness . Length  of the 

carcass  was dete rmi ned by meas u r i ng the d i stance f rom the ante r i or 



, 

edge of the f i rs t r i b to the ante r i or edge of the a i tch bone . The 

l o i n was cut between the 1 0 th and 11 th r i b and an acetate  t ra c i ng was 

taken of the a rea of the l ongi s s i mus dors i (!. dors i ) . The a rea  

was · then determ i ned u s i ng a compensat i ng po l a r p l an i mete r .  The 

r i ght  s i de of the car cass  was used to de te rm i ne ca rcass  compos i t i on .  

Pe rcent ham, l o i n , ham- l o i n ,  shou l de r , "  J ean  cu ts  and be l l y  were 

dete rm i ned . Ham and shou l de r  percentages  were obta i ned two ways : 

bone- i n , pack i ng house t r i m  and bone l ess , c l ose l y  t r i mmed. The 

percent  ham� 1 o i n and l ean cut s  va l ues  we re dete rm i ned on the bas i s 

of bone • i n , pack i ng house t r i mned .  The 1 0 th t h rough 1 4t h  r i b 

chops we re removed , _ bagged and f rozen fo r fu tu re a na l ys i s. 

P rox i mate ana l yse s  for mo i s tu re ,  crude p rote i n and e ther 

ext ract we re determ i ned a s  descr i bed by the A . O . A . C .  ( 1 970) on 

dup l i cate samp l es f rom the 1 1 th chop . The rema i n i ng th ree chops 

we re we i ghed to  the nea res t  0. 1 g and cooked i n  an e l ect r i c oven  

to an i n te rna l temperatu re of 74 C .  The pe rcentages o f  cook i ng l os s ,  

d r i p l oss and vo l at i l e  g a s  l os s  were dete rm i ned on t he chops b y  the 

fo l l ow i ng method s : 
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Cook i ng l os s  % = ( wt .  of  f resh sam2l e - wt . of  cooked same l e  x 1 00) wt . of f resh samp l e  

D r i p  l os s  % =  ( wt . of d r i 2  co l l ected du r i ng cook i ng X wt . o f  f resh samp l e  

Vo l at i l e  gas l os s  % = pe r cent  cook i ng l os s  - pe rce nt d r i p l os s  

A twe l ve membe r t a s te pane l  eva l ua ted the samp l es fo r tende rne s s , 

j u i c i ness  and f l avor on the bas i s of a 8 po i n t s ca l e .  Tende rness  

1 00) 

was a l so eva l uated w i th  a Wa rne r- Bra t z l e r  shear  u s i ng a 2. 54 cm co re 
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f rom both med i a l  and l a te ra l pos i t i ons of one cooked chop f rom each 

ca rcass .  A v i sua l e s t i ma te of ma rb l i ng and co l o r  a nd f i rmness  was 

made on the f re s h  chop u s i ng t he p rocedu res and i l l us t rat i ons  of  

Tope l and  Rus t  ( 1 969) . 

Back fat samp 1 es , con ta i n i  ng both ' i nner and oute r l aye rs  of fat 

f rom the m i  d l  i ne above the f i rst  and second r i b , we re ana l yzed by 

gas- l i q u i d- ch romatog raphy for fat t y  a c i d concent rat i ons  • . Afte r fat 

samp l es we re ext racted wi th  ethe r ,  dup l i cate 1 50 mg samp l es of each 

ext ract was sapon i f i ed wi th  . 5  N methano l i c  sod i um hyd rox i de and 

bo i l ed w i th B F3 me t hano l . The methy l  es ters  we re then f l �ated ou t of 

the m i xtu re ,  u s i ng a satu rated sa l t so l u t i on ,  and ext racted wi th  

hepta ne .  A 5 m i cro l i te r  samp l e  o f  the methy l este r  was a na l yzed w i th  

a Va r i an Ae rog raph Mode l 1 800 f i l tered by a hyd rogen f l ame i on i za t i on 
" 

detector .  A s ta i n l es s  s tee l co l umn ( 1 . 8 m d i amete r X 3 . 2  cm l eng th) 

was packed w i th  1 0% EGSS - X on a 1 00/ 1 20 mesh  ch romosorb P .  The 

car r i e r  gas  was n i t rogen , the co l umn and i nj ector por t  tempe ra tu res 

were 1 70 a nd 2 1 0  C ,  respect i ve l y .  Myr i s t i c, p a l m i t i c ,  s tea r i c ,  

pa l m i to l e i c, o l e i c and 1 i no l e i c ac i d concent rat i ons  we re measu red by 

the t r i angu l at i on me thod . 

Data we re a na l yzed s tat i s t i ca l l y by the l eas t squa res ana l ys i s  

of va r i ance method ou t l i ned by Stee l and Tor r i e  ( 1 960) . When  s i gn i f i cant 

d i ffe rences  we re obta i ned f rom a g i ven  s.et  of data , Tukey ' s  " w" p rocedu re 

was used to dete rm i ne wh i ch t rea tments were s i gn i f i ca nt l y  d i f fe rent . 



RESULTS AND D 1 SCUSS l bN 

G rowth Pe rfo rman ce 

� summa ry of the g rowth pe rforman ce da ta i s  p resented  i n  

tab l e  2 and the ana ly s i s  of va r i ance f o r  ave rage da i ly ga i n , feed 

consumpt i on and feed ef f i c i en cy a re shown i n  tab l es 3 ,  4 and 5 ,  

respect i ve ly .  I n  pe r i od one , f rom an ave rage of app rox i ma te l y  20 

to 50 kg l i vewe i gh t , p i g s fed the 16% p rote i n d i e t ad l i b i tum 
� �. 

ga i ned s i gn i f i can t l y ( P � . 0 1 ) faste r than p i gs fed e i the r the 1 2% 

p rote i n  d i e t ad l i b i tum or  the 16% p rote in d i e t  a t  a res t r i cted 

l eve l of i n take . In  pe r i od two , f rom an ave rage 1 i vewe i gh t  of abou t 

50 to 95 kg , p i g s ga i ned s i gn i f i can t 1y ( P � . 05 ) faste r when  fed the 

1 4% p rote i n d i e t  ad l i b i tum than when fed e i the r of the othe r two 

d i e ta ry t reatments . A"t'e rage da i ly ga i ns dur ing  pe r i od one we re 

0. 70 , o .64 and o .63  kg and du r i ng per i od two we re 0 . 83 ,  0 .64, a nd 0 . 70 

kg for t reatment  1 ,  2 and 3 ,  respect i ve l y . The a ttemp t to  equa l i ze . 

the ga i ns of p i g s i n  t reatment  two an d th ree by rest r i ct i ng  t he 

d i et i n ta ke fed to p i g s i n  t reatment th ree was q u i te successf u l i n  

the f i rs t  pe r i od of  g rowth . Howeve r  i n  pe r i od two , a l though no t 

s i ·gn i f i cant l y  d i fferen t ,  da i l y ga i ns we re 9 . 3% fas te r  for p i g s i n  

t reatmen t t h ree than t hose i n  t reatmen t two . Th i s  d i f fe ren ce was d ue 

to remov i ng i n d i v i dua l p i gs f o r  s l aughter a s  they reached a we i gh t  

of app rox i ma te l y  9 5  k i l og rams . P i gs fed the l ow p rote i n d i e t were 
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much mo re va r i ab l e  in pe rfo rman ce an d adj ust i ng l o t we i ght s be came 

more d i ff i cu l t after  the best  ga i n i ng p i g s had been removed f rom the i r 

1 ots  • . 



TABLE 2 .  EFFECT O F  PROTE I N  LEVEL AND FEED RESTR I CT I ON O N  GROWTH 
PERFORMANC E  OF GROW I NG-F I N I SH I NG SW I NE 

Treatment ( 1 ) (2 ) ( 3) 
P rote i n Leve l ,  Pe r cent  1 6  - 1 4  1 2  - I 0 1 6  - 1 4  

27 

Feed i ng Method ad l i b i tum ad l i b i tum res t r i cted 

No . of p i g sa 

Avg •. i n i t i a 1 wt  • , kg 
Avg . f i na l  wt . ,  kg · 
Avg . da i l y  ga i n, kg 

20 - 50 kg 
50 - 95 kg 
20  - 95  kg 

Avg . da i l y  feed, kg 
20 - 50 kg 
so - 95 kg 
20 - 95 kg 

Avg . feed/ga i n 
20 - 50 kg 
50 - 95 kg 
20 - 95  kg 

20  
20 . 36 
96 . 72 

.
• 
701 b 

. 83jb 

. 7 7 1 b 

1 . 82� 
2 . 62 
2 . 27b 

2 62b, c 
• b 3 . 2o

b 2 . 98 

20 2 0  
20 . 4 1 20 . 34 
9 3 .· 1 6  95 . 1 6  

. 64 J C . 632c 

. 645c . 699b, c 

. 644c . 664C 

1 . 87b 1 . 49c 

2 . 4 1 b, c 2 . 1 5c 
2 . 2ob I . 86C 

2 . 95b 2 . 37c 
4 . 35c 3 . 32b 

3 . 77c 2 . 92b 

a . F i ve rep l i cated l o ts  Qf fou r p i gs each . 
b, c  Means  on t he same l i ne w i t hout a common supe r s cr i p t we re 

s i g n i f i cant 1 y d i f f  e rent  ( P < o 0 5) • 



TABLE 3 .  

Sou rce of 
Va r i at i on 

Treatment (T) 
Rep 1 i ca t i on (R ) 
Sex (S ) 
T X R 
T X S 
R X S 
T X R X s 
Res i dua l 

•': P <. . 05 
-k--k P <  . 0 1 

TABLE 4 .  

Sou rce of  
Va r i at i on 

Treatment  
Rep l i ca t i on 
Res i dua l 

* P <  . 05 
*1: P < . 0 1 

ANALYS I S  OF VAR I ANCE 

df 

2 
4 
I 
8 
2 
4 
8 
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ANALYS I S  

Pe r i od I 

. 02804'i'�': 

. 00945 

. 0 1 247 

. 00057 

. 00048 

. 0 1 433-

. 0036 1 

. 00842 

OF VAR I ANCE 

FOR AVERAGE DA I LY GA i N 

Mean Sguare s  

Per i od I I  To ta l T r i a l 

• 1 832 1 *  • 1 008 b'-* 
• 09902*1: . 03944 
• ] 356 ]'i': - . 06607 
. 02620 . . 00734 
. 0 1 286 . 00560 
. 0 1 757 . 0 1 597 
. 0 1 495  . 00 705 
• 02423 . 0 1 485 . 

FOR FEED  C ONSUMPT I ON 

Mean  Squa res  

df  

2 
4 
8 

Pe r i od I 

• 2 1 42 1 *1: 
. 02462 
. 0 1 763 

Pe r i od 1 1  

• 2760 J -;': 
0 07586 
. 01+369 

Tota l T r i a l  

. 2 389 l 'i'm  

. 0 1 5 72 

. 02 58 3  

28  



TABLE 5 . ANAL VS I S  OF VAR I ANCE FOR FEED EFF I C l  ENCY 

Mean Squa res 
Sou rce of 
Va r i at i on d f  Pe r i od I Pe r i od I I Tota l Tr i a l 

Treatment 2 . 42 1 28 .. h'( 2 .  0 1 885�"' 1 . 1 3802.,'H: 
.Rep 1 i ca t i on 
Res i dua l 

* p <. .  05 
-t:..\- P <  . 0 1  

4 
8 

. 07654 . 35778* . , . 1 4 1 1 7 

. 04652 . 06439 -- . 0552 3  

F i ve p i g s fed the l ow p rote i n d i e t g rew ve ry s l ow l y du r i ng 

the 50 to 95 kg g rowth  pe r i od .  Because o f  t he sta rt i ng o f  a new 

expe r i ment  and the need of pen space ,  th ree of the a bove f i ve p i g s 

we re taken  off  tes t  before they reached 95 kg , th i s res u l ted  i n  an 

�pprox i ma te 3% reduct i dn i n  the ave rage f i na l  we i ght  of  p i g s i n  

t reatment  two . 

Feed consump t i on d i d  not d i ffe r s i gn i f i can t l y be tween p i g s 

fed · t he 1 6  - 1 4  o r  1 2  - 1 0% p rote i n  d i ets  ad l i b i tum i n  e i the r  pe r i od 

of g rowth . Res t r i ct i ng the 1 6  - 1 4% p rote i n  d i e ts to  obta i n ga i ns 

equa l to those of p i g s fed the l ow p rote i n d i e t ad l i b i t um res u l ted 

i n  a s i gn i f i cant l y  ( P <:, . 0 1 )  l owe r  feed consump t i on than by p i g s fed 

e i ther of the ad l i b i t um d i e ts  i n  pe r i od one . Howeve r  i n  pe r i od 

29 

two, on l y  p i g s fed t he h i gh p rote i n d i et ad l i b i t um cons umed s i g n i f i can t l y 

(P < . OS) more da i l y  feed . Ove r the ent i re expe r i ment , both  ad  l i b i t um 

fed d i e t s were consumed at a s i g n i f i cant l y  ( P c( . 05)  h i ghe r l eve l than 

the l i m i ted fed d i e t o 
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Feed eff i c i ency d i ffe red s i gn i f i cant l y  between t reatments  

du r i ng a l l g rowt h  pe r i ods . P i g s fed the l ow p rote i n d i e t ad  l i b i t um 

we re s i gn i f i cant l y  ( P <. . 0 1 ) l e ss eff i c i e nt i n  feed conve rs i on du r i ng 

both we i gh t  pe r i ods than the h i gh p rote i n res t r i cted fed p i g s .  I n  

per i od two , the 1 0% l ow p rote i n d i e t was ' a l so u t i l i zed s i g n i f i cant l y  

( P � . 0 1 ) l e ss  e ff i c i e n t l y t han the 1 4% p rote i n  d i e t when both we re fed 

ad l i b i tum .  The d i ffe rence i n  feed requ i red pe r u n i t of ga i n  fo r the 

ent i re t r i a l was a l so s i g n i f i cant l y- affected by p ro te i n l eve l . P i g s 

fed t he 1 6  - 1 4% p rote i n  d i e ts we re s i g n i f i cant l y  (P < . O l ) more 

eff i c i en t  than those p i g s fed the 1 2 - 1 0% p rote i n  d i et s .  The l eve l 

of  feed i n� the h i gh p rote i n  d i e t had no s i gn i f i cant  effect on feed 

eff i c i ency . 

The i nc reased g rowth rate and feed eff i c i ency p roduced by  

the h i gh p rote i n d i e t s  a re i n  ag reement wi t h  J u rgens .!!.! �· ( 1 967 ) , 

who obse rved tha t  p i g s fed a 1 6% p rote i n , m i  l o- soybean d i e t had 

s i gn i f i cant l y h i ghe �  average da i l y ga i ns a nd an i mp roved feed  e f f i c i ency 

compared to p i gs fed a 1 2% p rote i n d i e t .  See r l ey,  Po l ey and Wah l st rom 

( 1 964) , compar i ng a 1 4 . 4%
.
and 1 2 . 5% p rote i n  d i et ,  a l so found  s i gn i f i can t l y  

i ncreased ave rage da i l y  ga i n  i n  p i gs fed the h i ghe r  p rote i n d i et .  The 

1 4. 4% p rote i n d i et de creased feed requ i red pe r u n i t of ga i n  by 6%, 

howeve r ,  feed i ntake was not s i gn i f i cant l y i n f l uenced . C l awson ( 1 96 7) 

repor ted that ave rage da i l y ga i n  and fe�d e ff i c i enc� we re s i gn i f i cant l y  

i mp roved when p i gs we re fed a 1 4 . 8% p rote i n l eve l compa red  to a 9 . 03 

p rote i n d i e t .  
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Howeve r  i n  con t ras t to  the resu l t s p resented . he re , C l awson 

( 1 967) found no s i g n i f i ca n t  d i f fe.re.nce i n  g rowth rate , feed eff i c i ency 

o r  da i l y feed consump t i on of  p i g s fed 1 4  or  1 0% p rote i n  d i e t s  f tom 

1 7 to 97 .kg 1 i vewe i gh t . These authors  suggest  th i s l a ck o f  p ro te i n 

effect was due to the p resence of a constant am i no a c i d ba 1 a n ce 

· rega rd l ess  of d i e ta ry p rote i n l eve l . ,Th i s ba l ance was obta i ned by 

supp l y i ng a constarit ra t i o  of corn to soybean mea l  i n  the d i e t .  

D uke l ow � 2..1. · ( 1 963) and Co l e  · and lus combe ( 1 969) a l so reported no 

s i gn i f i cant  d i f fe rences  i n  g rowth rate or feed eff i c i ency when p i g.s 

were fed d i et s  d i f fe r i ng i n  p rote i n content . 

D i e ta ry p rote i n l eve l s ,  rang i ng f rom 1 6  to  1 2%, d i d  not 

s i gn i f i cant l y  i nf l uence ra te of ga i n  or  feed eff i c i ency i n  work  

by  Hoe fe r _tl fil. ( 1 952 ) , Wah l s t rom ( 1 954) , Hanson , Fe r r i n a nd S i ngh 

( 1 955 ) ,  J ensen .!:..! Al· { 1 955 � and Meade ( 1 956) . 

I n  t he s tudy repor ted he re i n, an app rox i mate 1 6 . 4% res t r i ct i on 

i n  feed consump t i on of  the h i gh p rote i n d i e t s i gn i f i cant l y  decreased 

rate of  ga i n  bu t d i d not s i gn i f i cant l y  i n f l uence feed eff i c i ency . 

S i m i l a r resu l t s we re shown by Becker � 21.· ( 1 963 ) 0  B raude � �­

( 1 959) and Luca s , McDona l d  and Ca l der ( 1 960) a l so repor ted that 

rest r i ct i ng feed i ntake to 7'3'/o of ad l i b i tum d i d no t s i gn i f i can t l y  

i nf l uence feed eff i c i ency . 

However Me rke l e t  a l . ( 1 958) found that p i g s fed 70% of  , - - ' 

.!S! l i b i tum requ i red s i g n i f i cant l y  l ess  feed per u n i t ___ of ga i n  than 

t hose on a fu l l feed reg i me .  Vanschoubrach ,  DeW i l de and Lampo ( 1 967) , 

s tudy i ng feed i n takes  f rom 55 to· 9'3'k of ad I i  b i  tum, repor ted feed 
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ef f i c i ency was i mp roved  up to the 25% res t r i ct i on l eve l  of ad l i b i tum 

a nd the n  decreased as feed i n take was fu rther  res t r i cted . These 

authors suggest  tha t th i s  i ncrease i n  feed ef f i c i ency fo l l owed by a 

dec rease i s  the resu l t of two oppos i te effect s .  Owi ng t o  the feed 

res t r i ct i on ,  ga i ns conta i n  l e s s  fa t w i th  mo re p rote i n and wa te r ,  he nce 

a re of l owe r  ene rgy con tent . Howeve r ,  the feed req u i reme n t s  fo r 

ma i n tenance i ncrea se becau se the g row i ng pe r i od i s  of  g rea te r dura t i on • . 

The 1 2  and 1 0% p rote i n  d i e t s� fed i n  th i s  expe r i.men t  we re 

ca l cu l a ted to conta i n  0 . 40 and 0 . 27% l ys i ne ,  respe ct i ve l y .  These 

l eve l s a re cons i de rab l y be l ow the Na t i ona l Re sea r ch Cou n c i l ' s (NRC)  

( 1 968) req u i reme nt s  o f  0 . 70% fo r 20  to 35  kg p i gs and . 50% fo r 

35 to 9 5  kg p i gs .  Wah l s t rom e t  fil .  ( 1 97 1 ) reported t h a t  supp l eme ntat i on 

of 1 2  - 1 0% p rote i n ,  co rn-soybean mea l d i e t s  w i t h  0 .  1 5% l ys i ne 

s i gn i f i cant l y  i ncreased ave rage da i l y  ga i n  and l ·  dors i a rea a nd 

decreased ba ckfat th i cknes s . Wo rk by B l a i r e t  fil. ( 1 969b) , P i ck 

and Meade ( 1 970) and  V i ppe rman fil. fil. ( 1 963) a l so i nd i ca ted t hat 

the l eve l s of l ys i ne i n  the l ow p rote i n d i e t s  we re be l ow tha t req u i red 

by the p i g  for  max i mum g rowth  pe rformance . 

I n  pe r i od two (50 to 95  kg) , ba r rows ga i ned s i gn i f i cant l y  

( P <. . OS )  fas te r than  g i l ts .  Th i s  i s  i n  ag reeme nt w i th  work by You ng 

� �- ( 1 968) , Ha l e  a nd Sou thwe l l ( 1 967) , C rum � .21· ( 1 964) and  

Wagne r e t  fil. ( 1 963 ) . 
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Appa rent Nut r i en t  D i gest i b i l i ty 

I nd i v i d ua l feca l samp l es for de term i na t i on o f  appa ren t  d i ge s t i on 

coeff i c i en t s  we re co l l e cted once da i l y  at  6 : 00 A . M .  Lu ce ,  Peo a nd 

Hudman ( 1 964) , s tudy i ng rat i on d i ges t i b i l i ty by t he ch rom i c ox i de 

method , repor ted  t hat  one co l l e ct i on du r i ng the day was suf f i c i en t  

t o  compa re t reatments  a s  n o  t rea tment by t i me i n te ra ct i on was found . 

Ge rma n ( 1 968) repo rted that  poo l ed feca l samp l es showed essent i a l l y  

the same t rend s  i n  d i ges t i b i l i ty a s  the i nd i v i dua l feca l samp l es .  

Thus ,  a compos i te f rom the feca l samp l es of the fou r p i g s pe r pe n 

was u sed i n  the chem i ca l  a na l ys i s to  determ i ne d i ges t i b i l i ty coe ff i c i ents . 

Summa r i zed data of  the d i gest i on s tudy i s  shown i n  tab l e  6 

and the s ta t i s t i ca l  ana l ys i s  of the data i n  tab l e  7 . No s i gn i f i cant  

d i ffe rence s  i n  appa rent d ry mat te r  d i ges t i b i l i ty was found between 

the d i etary t reatmen ts . Howeve r ,  appa rent  e the r ext ract d i ge s t i b i l i ty 

was s i gn i f i cant l y (P <( . 0 1 ) i ncreased and appa re nt  p rote i n d i ge s t i b i l i ty 

wa s s i gn i f i can t l y  ( P < . O l )  dep res sed when p i gs we re fed the 1 2  - 1 0% 

p rote i n d i e t s  compa red to  e i the r of the 1 6  - 1 4% d i eta ry p rote i n  

t reatment s . Appa rent p rote i n  d i ges t i b i l i ty was· not s i gn i f i cant l y  

affected by l eve l of feed i nta ke of the 1 6  - .1 4% p rote i n  d i et s . 

Howe ve r , appa ren t e the r ext ra ct d i ges t i b i l i ty was s i gn i f i can t l y 

(P < . O l )  l owe r on  the 1 6  - 1 4% p rote i n , res t r i cted fed d i e t .  A l though 

negat i ve appa re n t  ethe r  ext ra ct d i ges t i b i l i t i es we re· obta i ned when 

the 1 6  - 1 4% p ro te i n d i e t s  we re fed , the i nd i v i dua l va l ues i n  each 

t reatmen t  we re ve ry con s i s tent . Two pos s i b l e  causes for  these 

negat i ve d i ge s t i b i l i t i e s a re that a ve ry sma 1 1  amount of  d i e ta ry fa t 



. TABLE 6� E FFECT OF  PROTE I N  LEVEL AND FEED RESTR I CT I ON ON 
APPARENT D I GESTI B I L I T I E S OF DRY MATTER , PROTE I N  

AND ETHER EXTRACT 

Treatment ( I ) 
. '( 2 ) 

P rote i n  Leve l , Pe rcent  1 6  - 1 4  1 2  - 1 0  
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(3 )  
16  - 1 4  

Feed i ng Met hod  ad l i b i tum ad l i b i tum res t r i cted 

No . of p i gs 20  ,1 20 2 0  
Avg � d ry ma tter  d i g . , % 

20 - 50 kga 93 . 65 93 . 44 9 3 . 92 
50 - 95 kgb 94. 07 93 . 87 9 3 . 96 
20 - 95 kg 93 . 86 93 . 65 9 3 . 94 

Avg . p ro te i n d i g . , % 
72 . 83d I 20  - 50 kg: ]6 .  J OC 77 . 47c 

I 50 - 95 kg 75 . 1 9c 67 . 1 1 � 75 . 5 7c . 
' 20 - 95 kg 75 . 64C 69 . 9 7  76 . 52 c 

�vg . e the r ext ract d i g . ,  % 
-24. 05c 2 1 . 1 3d - 38 . 64C 20 - 50 kga 

50 - 95 kgb 8 . 1 3 1 8 . 69d 1 5 . I 5 
20 - 95 kg - 7 . 96C 1 9 . 9 1 - 1 1 .  74e 

a De te rm i ned a t  a n  ave rage p i g  age of  9 5 . 6  days . 
b Det e rm i ned  a t  a n  ave rage p i g  age o f  1 43 . 4  days . 
Cid , e  Means on  t he same l i ne wi thou t a common supe r s cr i p t we re 

s i g n i f i cant l y  d i ffe rent  (P <. . 05) . 



TABLE ] .  ANALYS I S  OF VAR I ANC E FOR APPARENT D I GEST I B I L I T I E S  OF 
D RY MATTER , _ PROTE I N  AND ETHER EXTRACT 

. 

Mean Squa res  · 

Sou rce of App . D o M .  App . P rote i n App . E . E o  
Va r i a t i on d f  D i ge s t i b i l i ty D i ges t i b i l i ty D i ge s t i b i l i t y 

Treatment 2 . 2 1 664 1 26 . 45625-l:-'/( 2987 . 7521t-O·l�': 
Rep l ·i cat i on 4 1 • 390 1 7•h': 1 0 . 4492 1 570 . 4 1 855 · 
Pe r i od 1 • 59 36 1 60 . 46360•': 58 1 3 .  S4880•b� 
T X  R 8 • 1 037 1 2 . 798 1 4  2 1 3 . 69 356 
T X  P 2 • 1 1 602 1 6 .  1 1 872-:: 2 0  l 1 • 56870•':...': 
R X  P 4 • 3522 7•': 4 .  30798 265 . 7 1 988 
Res i dua l 8 . 08787 3 . 1 659 1 2 1 1 . 32044 

-:: p <: .  05 
-;':;': p < . 0 1  

i n  re l a t i on to the me tabo l i c  f ract i on was a ctua l l y  i nvo l ve d  and that 

t he re was substan t i a l  v� r i ab i l i ty between i nd i v i dua l ch rom i c ox i de 

de te rmi na t i ons of the fe ces  and feed con ten t .  

The s i g n i f i ca nt i n crease i n  appa ren t  p rote i n d i ge s t i b i l i ty 

and decrea se i n  appa ren t  e the r ext ract d l ges t i b i 1 i ty w i t h  i n creased 

d i eta ry p rote i n  l eve l s  i s  s i m i l a r to resu l t s of Ku ryv i a l  a rid Bowl and 

( 1 962} . Lowrey ,  Pond and Manne r ( 1 958) a l so- obse rved  no d i e ta ry 

prote i n  effect on d ry ma t te r  d i ges t i b i l i ty ;  howeve r ,  they repor ted 

that  p rote i n and· e the r ext ract d i gest i on coeff i c i en t s  we re both  

s i gn i f i ca nt l y  i mp roved when d i e ta ry p rote i n i ncreased f rom 1 �  to 

e i the r 1 6  or  1 9% .  G ree l ey ,  Meade and Hanson ( 1 964a ) - noted no d i e ta ry 

p rote i n  e f fe ct on d ry ma t te r  o r  ethe r ext ra ct d i ge st i b i l i ty bu t 

repo rted a s i g n i f i ca n t  i ncrease i n  appa rent d i ges t i b i l i ty o f  p rote i n  

and ene rgy . I n  oppo s i t i on to p rev i ou s resu l ts ,  wo rk by  C l awson fil fil. 

35 
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( 1 962 ) and Lowrey il fil. ( 1 962 ) i nd i ca ted no effect of d i e t a rY. p ro te i n 

on appa rent p ro te i n d i ges t i b i l i ty .  

I n  t h i s  s tudy ,  the 1 6 . 5% res t r i ct i on i n  feed i ntake of  p i gs 

fed the h i gh p rote i n  d i e t fu rthe r  depres sed appa re nt ether  ext ract 

d i ges t i b i l i ty but  d i d  no t s i gn i f i cant l y  i nf l uence appa ren t  p rote i n 

or  d ry ma t te r  d i ges t i b i l i ty .  Kornegay and G rabe r ( 1 968) , compa r i ng 

a 25  and 50% feed res t r i ct i on to ad l i b i tum, repor ted that  appa ren t  

d i ges t i b i l i t i es  o f  d ry ma t te r ,  p rote i n  and ene rgy we re not s i g n i f i cant l y  

affected by feed i n take , a l though l i m i ted fed p i g s had a sma l l ,  but  

cons i s te nt advantage . S i m i l a r resu l t s we re shown by Cas t l e  and Cas t l e  

( 1 957) . 

I t  shou l d  be noted t ha t  appa rent  d i gest i on coeff i c i en t s  a re 

l owered by the p resence of h i ghe r  l eve l s of metabo l i c  nu t r i ent s .  
,.. 

The metabo l i c  p rote i n and l i p i d  f ract i on from the l ow p ro te i n ad l i b i tum 

fed and h i gh p rote i n  res t r i cted fed p i g s wou l d  rep resent  a re l at i ve l y 

g reate r p ropor t i on of  t he tota l quant i t i e s of p ro te i n  and e the r ext ract 

i n  the fe ces  compa red to the h i gh p rote i n ad l i b i tum fed p i g s .  

S i g n i f i cant  d i ffe rences i n  d i gest i b i l i t y we re found be tween 

co l 1 ect i ons .  Feca l co l l ect i on one , obta i ned a·t an  ave rage we i gh t  

and age o f  4 1  kg and 9 6  days , resu l ted i n  s i gn i f i cant l y  {P <_ . 05) 

h i ghe r p rote i n  bu t s i g n i f i cant l y  { P <:. O l ) l owe r  ethe r  ext ract 

d i gest  i b i  1 i t  i es than co 1 1  ect i on two , obta i ned a t  an a ve_ rage we i gh t  

and age o f  7 7  and 1 43 days , respect i ve l y . The ana l y� i s of va r i ance 

for appa rent nut r i ent  d i ges t i b i l i ty by co l l ect i on i s  shown i n  tab l e B o  

A l though  the 1 2  - 1 0% p rote i n d i e t had s i gn i f i cant l y  { P <. 0 1 ) l ower 



. TABLE 8 .  ANALYS I S  OF VAR I ANCE FOR APPARENT D I GESTJ B I L I T I ES OF DRY MATTER , PROTE I N  
AND ETHER EXTRACT I N  PER I ODS ONEa AND TWOb · 

Mean Squa res 
( 1 ) (2 ) ( 1 ) 

Sou rce of  App . D . M . App . D .M . App . P rote i n 
Va r i at i on df D i ges t i b i l i ty D i ges t i b i l i ty D i gest i b i l i ty 

Trea tment 2 . 29646 . 0362 \ 28 . 40249•':;': 
Rep 1 i cat i on 4 1 • 38488�:.t: • 3$757•':;': J .  3397 1 �:;': 
Res i dua l 8 • 1 6 1 78 . 0298 1 . 70 1 07 

a Dete rmi ned at an ave rage p i g  age of  95 . 6  days . 
P Determi ned at  an ave rage p i g  age of  1 43 . 4  days . 

* P < . OS 
"/("k p < . 0 1 

(2 ) 
App . P rote i n 
D i ges t i b i l i ty 

1 1 4. 1 7249•'d: 
7 . 4 1 748 
5 . 26299 

( 1 ) 
App . E . E .  

D i ges t i b i l i ty 

4854. 96550*-': 
688 . 2438 1 
1 95 . 5 1 806 

(2 ) 
App . E . E . 

D i ges t i b i l i ty 

1 44. 35565 
1 47 . 89462 
229 . 49594 

\N 
""-J 
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prote i n d i ges t i b i 1 i t i es at  both co l l ect i on pe r i ods , the e the r ext ract 

d i gest i b i l i ty was s i g n i f i ca nt l y  (P <;. 0 1 ) i mp roved over the 1 6  � 1 4% 

p rote i n  d i e ts on l y  i n  co l l e ct i on one . I t  appea rs  that a s  the p i g s 

g ro� o l de r  they tend to have decreased p rote i n d i gest i b i l i ty a nd 

s l i ght l y  i mp roved fa t absorpt i on .  Be l l  �nd Loos l i  ( 1 95 1 ) reported 

s i m i l a r resu l ts of de creased appa rent � i t rogen d i gest i b i l i ty w i t h  

i ncreas i ng age . The se authors  suggest that a s  the p i g matu re s ,  the 

re l a t i ve amount of p rote i n req u i red for g rowth decreases and thus  

at  a constant  l eve l of  p ro te i n i n take a decreas i ng p ropo r t i on wou l d. 

be used for t i ssue g rowth . 

Quant i ta t i ve Ca rcass  Tra i t s  

The effects o f  d i e ta ry p rote i n l eve l and feed res t r i ct i on 

on quant i ta t i ve ca r cass  t ra i ts a re p resented i n  tab l e  9 .  The ana l ys i s  

of va r i ance for a ve rage ca rcass  l engt h ,  !· do rs i mu s c l e a rea and 

backfat th i ckness  a re shown i n  tab l e  1 0 . 

No s i gn i f i cant  d i f fe rences i n  carcass  l eng th we re obse rved 

between d i e ta ry t reatment s .  Ave rage ca rcass l ength was 75 . 5 , 76 . 1 

. and 77 . 2  cm for t rea tment 1 ,  2 and 3 ,  respect i ve l y .  G i l t  ca r ca sses 

we re s i gn i f i cant l y  ( P <:, . 05) l onge r than t hose ·of ba r rows . Kroff � 2.J... 

( 1 959 ) , Se l f  e t �· ( 1 957) and Ha l e  and Southwe l l ( 1 967) reported a 

s i m i l a r effect of sex on ca rcass l eng th . 

Ca rcass  back fat th i ckness ( 3 o· o cm) of p i  gs  fe
.
d t he 1 6  - 1 4% 

p rote i n  d i e t s  a t  a res t r i cted l eve l of i ntake wa s s i gn i f i ca n t l y (P <.. 0 1 ) 

l es s than t he 3 . 5  and 3 . 3  cm of ca rcass  backfat of p i g s fu l l  fed the 



TABLE 9.  E FFECT OF D I ETARY PROTE I N  AND FEED RESTR I CT I ON ON 
QU'\NTI TAT I VE CARCASS TRA I TS 

Treatment ( 1 ) 
P rote i n  Leve l , Pe rcent 1 6  - 1 4 
Feed i ng Method ad l i b i tum 

No . of p i g s 1 9a 

Avg . backfat ,  cm 3 o 33e 

Avg o l ength ,  cm 7fj . 46  
Avg . l· dors i  a rea , sq . cm 28 . o6e 
Avg . d res s i ng pe rcent . 7 1 . 83 
Avg o pe rcent hamC 2 1 . 1 8e 

Avg . pe rcent l o i n1n� 1 7 . 52e 

Avg . pe rcent ham- l o i n - 38 . 7 1 e 

Avg . pe rcent shou 1 de re · 1 7 . 59e 
Avg . pe rcent l ean cut sc��� 56 . 3oe 

Avg . pe rcent be l l y  1 2 0 07e 
Avg o pe rcent ham {bone l ess ) d 1 4. 76e 

Avg . pe rcent shou l de r  {bone l ess) d 1 2 . 05e 

a One p i g  d i ed of l oad i ng s t ress . 
b Three p i gs we re removed before reach i ng s l aughter we i gh t .  � Bone i n  - pack i ng house t r i m . 

(2 ) 
1 2  - 1 0  

ad l i b i tum 

1 7b 

3 . 5oe 

76 . 1 1  
22 . 64f 

7 1 . 1 6
f 20 . 09 . f 1 6 . 09
f 36 . 1 8
f l 6 . 98
f 53 . 1 6  

1 1 . 99� 
1 3 . 04 
1 1 .  25f 

( 3) 
1 6  - 1 4 

res t r i cted 

20 
2 . 96f 

77 . 22 
28 . 9 1 e 
70 . 94 
22 . 379 
1 8 . 2oe 
40 . 59g 
1 s . 22e 

I 58 . 8 1 9 
1 1  . 25f 
1 5 . 489 
1 2 . 47e 

pone l ess - c l ose l y  t r i mned .  
e ,  , g  Means on the same l i ne wi thout a common superscr i p t were s i gn i f i cant l y  d i fferent (P ( . 05) . 

w 
\D 



TABLE 1 0 . ANALYS I S  OF VAR I ANCE FOR BACKFAT, LENGTH AND 

. Sou rce of 
Va r i a t i on 

Treatment 
Rep l i ca t i on 
Sex 
T X R 
T X S 
R x s 
T X R X S 
Res i dua l 

* p <.. 05 
*-'' p <· 0 1  

d f  

2 
4 
1 
8 
2 
4 
8 

26 

.!:.· DORS I AREA . 

Mean Sqyares 
Back fat  Length  

I • 4 34 38•'�: 1 5 . 1 7089 
. 33946* 3 . 9036 1 
. 74 1 32* 43 .  20058•': 
. 05727 3 . 8 1 1 74 
• 007 1 0 . 59692 
. 06554 4. 35294 
. 07458 2 . 5 1 79 1  
. 1 1 2 1 1 1 . 93654 

_b. Do r s  i A rea 

1 9 1 • 74079�-;': 
3 . 6356 1 
7 0 1 8250 

1 2 . 88683 
1 . 9 5883 
7 . 23340 
7 . 550 1 5 
9 . 25 1 7 3  

1 2  � 1 0  and 1 6  - 1 4% p rote i n  d i e t s , respect i ve l y . No s i gn i f i ca n t  

d i f fe rences we re noted i n  ca rca s s  backfat between the · h i gh a n d  l ow 

p rote i � d i e t s  fed ad l i b i tum .  

G i l t s we re noted to  have s i g n i f i cant l y (P <.. 05 ) l owe r backfat 
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th i ckness  than ba rrows . S i m i l a r  resu l t s  we re ob ta i ned by Wagne r £1 .s.l· 

( 1 963) , Bow l and a nd Be rg ( 1 959} and Wa l d ren ( 1 964) . 

P i g s fed t he 1 2  - 1 0% p rote i n  d i e t s  had an  ave rage !· dors i 

musc l e a rea of 22 . 6  cm2 wh i ch was s i gn i f i cant l y  (P <: . 0 1 ) l es s  than  t he 

28 . 1  and 28 . 9  cm2 l ·  dors i a reas of p i g s fed t he h i gh p ro te i n d i e t s  

.!!! l i b i tum or  a t  a res t r i cted l eve l , respect i ve l y .  The two l eve l s  

of feed i ng the 1 6  - 1 4% p ro te i n d i et s  d i -d not resu l t  j n  a s i g n i f i cant  

e ffect on the a rea of the l· dors i mus c l e . 

Thu s  i n  t h i s  s tudy , d i eta ry prote i n  l eve l d i d  not s i g n i f i cant l y 

affect car cas s l ength  o r  backfa t t h i cknes s .  Howeve r ,  the h i gh p rote i n  



d i e t s  p roduced a l a rger l· dors i musc l e a rea . Th i s  l ack of  p ro te i n 

ef  feet on ca rcass  1 eng th and backfat th i ckness i s  i n  ag-reeme nt w i th 

work by G i l s te r  ( 1 972 ) and J u rgens � .fil. ( 1 967) , bu t d i ffe rs f rom 

the repo r t s  of No l and and S_cot t  ( 1 960) and W i l son � fil. ( 1 953) who 

found that a 1 6  or 20% p rote i n d i e t p roduced s i gn i f i ca nt l y  l onge r 

carcasses t han  a 1 2% p rote i n  d i et .  Howeve r ,  ne i the r of these s tud i es 

showed a s i gn i f i cant  effect of p rote i n  1 eve 1 on backfat . t h i ckness  . • 

Ash ton -� .2J.. ( 1 955 ) , feed i ng 1 0 , 1 2 , 1 4 ,  1 6 , 1 8  and 20% p ro te i n 

d i e ts , found . no s i g n i f i cant  d i f fe rence i n  backfa t th i ckness  between 

any two adj acent l eve l s of p rote i n . However ,  the re was a s i gn i f i cant  
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l i nea r t rend towa rd decreased backfat t h i ckness wi th i nc reased p rote i n 

l eve l s .  Seymou r
-
� .2.1.· ( 1 964) , Ha l e  and Southwe l l ( 1 967) and  Lee ..!:! .!.!.· 

( 1 967) a l so observed  a reduced ca rcass backfat due to i ncrea s i ng 
,. 

l eve l s  of d i eta ry p rote i n .  

A s i m i l a r i ncrease i n  l·  do rs i a rea , a s  noted i n  t h i s s tudy 

due to i ncreased d i e t a ry p rote i n l eve l , was obse rved by See r l ey ,  

Po l ey and Wah l s t rom ( 1 964) and C l awson ( 1 967) feed i ng 1 4 . 5 ,  1 2 . 5  

and 9 . 0% p rote i n  d i e t s . I n  cont rast  to these resu l t s ,  Duke l ow e t  fil. 

( 1 963) reported no s i gn i f i cant  d i fferences i n  l· dors i a rea between 

p i gs fed a 1 2 ,  1 4  or 1 6% p rote i n d i et .  

The decrease i n  ca r cass  backfat obse rved when p i g s rece i ved  

a 1 6 . 5°� reduct i on i n  feed i ntake ag rees .w i th  work by  B raude et  .fil. 

( 1 959) and Passbach et .21· ( 1 968) . Howeve r ,  these a�thors  noted 

that a res t r i cted l eve l of feed i ntake a l so p rodu ced a l onge r ca r cass  

and an i ncreased l·  dors i musc l e a rea . 



TABLE 1 1 .  ANALYS I S  OF VAR I ANCE FOR DRESS I NG PERCENT AND PERCENTAGE OF HAM, 
LO I N , HAM-LO I N ,  SHOULDER AND LEAN CUTS 

Mean Sgua res 
Sou rce of D ress i ng · Hama Lo i n  Ham- Lo i na Shou l de ra 
Va r i at i on df Pe rcent Percent Pe rcent Pe rcent Pe rcent 

T reatment 2 3 . 96329 22 • 8 3882-1(';': 1 9 .  70978·1':-;'( 79 . 833 1 4';'(';': 6 . 72950;'(';': 
Rep l i ca t i on 4 2 . 57222-;': 1 . 4 1 858 2 . 20804 5 . 83005 1 . 050 1 9  
Sex 1 . 82720 2. 1 8882 1 3 . � 472 ] ;': 28 . 99058 . 27 1 9 1  
T X R 8 1 .  06758 . 88936 1 . 30280 . 98072 . 65741 
T X S 2 . 94042 . 42694 . 85002 . 1 377 1 . 2 30 1 5 
R X S 4 1 .  52 1 1 1  1 • 1 1 554 1 . 4495 1  5 . 09986 . 43592 
T X R X S 8 1 . 9 1 202 . 66803 1 .  1 9877 1 .  65500 . 99890 
E r ror  · 26 . 940 1 9 1 0 06884 1 .  602 1 1 3 0 95 1 54 1 . 1 3596 

� 

a Ham and shou l ders  - bone i n , pack i ng house tr i rrmed • 

..,': P "- . 05 
"i'rl: p <::.. • 0 1 

• I 

Lean Cutsa 
Pe rcent 

1 1 9 . 79227 ........ 
7 . 5 1 75 1  

1 1 .  28367 
2 . 05725 
3 . 641 64 
6 . 00337 
3 . 66867 
6 . 46788 

.i:­
N 



Sou rce of 
Var i at i on 

Treatment 
Rep l i cat i on 
Sex 
T R 
T s 
R s 
T R s 
Res i dua l 

TABLE 1 2 .  ANALYS I S  O F  VAR I ANCE FOR PERCENTAGES  O F  BELLY , 
BONE LESS HAM AND BONELESS SHOULDER 

Mean Sgua res 
Be 1 1  y Bone l ess Hama 

df Pe rcent Pe rcent 

2 3 . 85272�: 26 . 52428·kk 
4 . 43487 � 1 . 64786 
1 . 33882 l 1 .  05657 
8 . 76303 . 3247 1  
2 2 . 74786 1 . 24497 
4 2 . 85585 . 77 1 38 
8 1 .  76590 . 55969 

24 2 . 20423 1 .  53520 

a Exte rna l fat l ayer removed . 
-;•: P < . as 

"l�'c P < •  0 1  

Bone l es s  Shou l de ra 

Pe rcent 

6 .  24542•b': 
. 98725 

1 .  02722 
. 527 1 7  
. 08687 

L 1 1 850 
. 78642 
. 95000 

.i:­
w 
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The app rox i ma te 1 8  day i ncrease i n  age a t  s l augh te r ,  due to 

a s l owe r rate of g rowth , d i d not s i gn i f i cant l y  affect ca rca s s  l eng t h ,  

backfat t h i ckness  o r  l· do rs i a rea o f  p i g s .  

The ana l ys i s of va r i ance for d ress i ng pe rcen t and per centages 

of ham, l o i n , ham- l o i n ,  shou l .de r and l ean cu ts  a re shown i n  tab l e  1 1 .  

D ress i ng pe rcent was not s i g n i f i cant l y  affected by d i e t a ry t reatment . 

P i g s  fed the 1 2  - 1 0% p rote i n d i e ts  ad 1 i b i tum had s i gn i f i cant l y  (P < . 0 1 ) 

l owe r  pe rcentages of ham, l o i n , ham- l o i n  and J ean cu t s  .t han p i gs fed 

the 1 6  -
.
1 4% p rote i n d i e t s  ad l i b i tum or at the res t r i cted l eve l of 

i ntake .  Res t r i ct i ng the feed con sump t i on of p i g s fed the 1 6  - 1 4% 

p rote i n  d i e ts s i gn i f i cant l y  (P <. . 0 1 )  i n creased the pe r cen tages of  ham, 

ham- l o i n  and l ean cu t s  compa red to p i g s fed the h i gh p rote i n d i e t 

.!.Q 1 i b i  tum . Per cent ham- l o i n was 38 . 7 , 36 . 2  and 40 . 6  and pe rcent  
.. 

l ean cu t s  we re 56 . 3 , 53 . 2  aQd 58 . 8  for p i gs fed t he 1 6  - 1 4%.  p rote i n 

d i e ts  ad l i b i tum , t he 1 2  - 1 0% p rote i n d i et s  ad l i b i tum a nd t he 

1 6  - 1 4% p rote i n  d i e t s  a t  a 1 6 . 5% rest r i cted l eve l of i n ta ke ,  

respect i ve 1 y .  

G i l ts we re shown t o  have s i gn i f i cant l y  h i ghe r pe rcent  l o i ns 

than bar rows . Th i s  ag rees w i t h  the concept of a l eane r ,  mo re mus cu l a r  

carcass  p roduced by g i l t s ve rsus  ba r rows a s  shown i n  wo rk by Wong 

· .!U. !.!.. ( 1 968) , Wagner et .2J_. ( 1 963) , Wa l d ren ( 1 964) , Bow l and a nd Be rg 

( 1 959) and Ha l e  and Sou thwe l l  ( 1 967 ) . 

The ana l y s i s  of va r i ance for pe rcentages of _bone l es s  ham ,  

bone l ess shou l de r and be f l y  a re shown i n  tab l e  1 2 . W i t h  comp l e te 

remova l of t he ou ts i de fat cove r on the bone l es s  ham and shou l der  to 



m i n i m i ze effects  of va r i a t i on i n  fa t depos i t_ i 0!1 due to d i  e t ,  feed i ng 

the two h i gh p rote i n d i e ts  s t i l 1  resu l ted i n  s i g n i f i ca nt l y  ( P < . O l ) 
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g reate r pe r cent ham and pe rcent shou l der  than when the l ow p rote i n · 

d i e t  was fed . P i gs fed the 1 6  - 1 4% p rote i n  d i e t s  a t  a res t r i cted l eve l 

of i ntake had a s i gn i f i cant l y  (P < . Ol ) i �creased pe rcen t bone l es s  

ham and a s i gn i f i cant l y  ( P < . 05) l ower
: 
percent be l l y . 

I n  th i s  s tudy , i nc reased d i eta ry p rote i n  l eve l s s i gn i f 1 cant l y 

i ncreased the p rodu ct i on of l ean or  mus cl e deve l opment  o f  the ca rca s s . 

Th i s  effect of p rote i n l eve l  on quant i ta t i ve ca rca s s  t ra i ts i s  

� i m i J a r  to res u l t s by  C rum il fil. ( 1 964) who found that i ncreased 
I 
prote i n  l eve l s s i gn i f i cant l y  i ncreased the percentage·s of ham ,  

l o i n  and  l ean  cu ts . Ashton ( 1 955 ) , feed i ng 1 0 , 1 2 ,  1 4, 1 6 , 1 8  o r  20% 

p rote i n d i ets , noted that each i ncrease i n  p rote i n l eve l f rom 1 0  - 1 8% 
.. 

resu l t�d i n  a i ncreased pe rcent l ean cut s  and l· dors i a rea bu t a 

decreased backfat th i ckness .  Young et .21· ( 1 968) , G i l s te r  ( 1 972) and 

Ha l e and Sou thwe l  1 ( 1 967) reported s i m i l a r i mp rovements  i n  ca rcass  

deve l opment w i th i ncrea s i ng d i eta ry p rote i n  · 1 eve l s .  

I n  cont ras t ,  Aunan � .§!l. ( 1 96 1 ) observed no s i g n i f i cant  

d i ffe rences i n  ca rcass  back fat ,  l e ngth , d ress i n.g  pe rcen t ,  pe rcent  l ean  

cut s ,  l· dors i a rea , fa t o r  l ean content of  p i g s fed 1 6  - 1 1 ,  1 4  - 1 1  

�r 1 2  - 1 1 % p rote i n  comb i na t i ons . Th i s  l ack of effect of p rote i n 

l eve l  on q uant i tat i ve ca rcass  deve l opment may be at l ea s t  pa r t i a l l y  

exp 1 a i ned by the 1 ow 1 eve 1 of p rote i n fed i n  the f i n i sh i ng phase of 

a l l th ree d i eta ry t rea tmen t s .  Wor� by G i l ste r  ( 1 972) has i nd i ca ted 

that the p rote i n l eve l s fed to p i gs dur i ng the 50 - 95  kg pe r i od of 



g rowth has the mos t s i gn i f i cant e.ffect on ca r�ss deve l opme nt . 

Rest r i ct i ng t he feed i ntake of p i gs fed the h i gh p rote i n d i e t 

fu rthe r i mp roved ca rcass  l eanness . S i m i l a r resu l ts we re obta i ned by 

Keese � .2J_. ( 1 964) , who repo rted s i gn i f i cant l y  i ncreased pe rcentages 

of ham,  p i cn i c and l ean cuts  accompan i ed
,
by a de creased pe rcent  be l l y  

and backfat th i ckness  of p i g s fed 2 . 27 kg of  feed per day compa red to 
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those on a fu l l  feed reg i me .  The re was a cons i stent ,  but nons i gn i f i cant , " 
-

t rend for the l i m i ted fed p i gs to be l onge r wi th a l a rger l· dors i 

a rea than ad  l i b i tum fed p i gs .  I n  three t r i a l s , K l ay et �· ( 1 969 ) 

found i ncreased pe rcent  l ean cu ts and l· dors i a rea and dec reased 
I 

backfat  th i ckness  due to rest r i cted feed i ntake s .  Work by Babatunde 

!!!. !l· ( 1 966) , B raude � AL· ( 1 959 ) and C ramp ton , Ashton and  L l oyd 

( 1 954) a l so i nd i cated that a res t r i cted l eve l of feed i ng i mp roved 

.carcass l ean  pa rame ters  and reduced fat measu rements  compa red to an  / . 

!s!. l i b i tum feed i ng reg i me .  Me rke l � sJ_. ( 1 958) repor ted that p i g s 

fed 70% of ad l i b i tum we re s i gn i f i cant l y  l onge r  w i th h i ghe r pe r centages 

of ham and l ean  cut s  than those fed to appe t i te .  However ,  no s i gn i f i cant 

d i ffe rences i n  backfat th i ckness or l· dors i a rea were obse rved.  

D i ffe ren ces  i n  age between the fas te r  g rowi ng t reatment one 

p i gs and the s l ower g rowi ng t reatment two and three an i ma l s  had l i tt l e  

i nf l uence on quant i tat i ve ca rcass characte r i st i cs .  Th i s  i s  i n  ag reement  

wi th work by Van Stave rn ( 1 960) who compa red p i g s vary i ng i n  age  a t  

s l aughte r we i ght f rom 1 29 t o  1 83 days . No s i gn i f i cant re l a t i onsh i p  

between age and the car cass  character i s t i cs of pe rcent p r i ma l  cuts , 

Percent 1 1 • a rea and backfat t h i ckness cou l d  be shown • . ean cu ts , 
_

. dors  1 
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These authors  conc l uded that car casses f rom young , rap i d  ga i n i ng p i gs 

a re not s i gn i f i cant l y  d i f�e rent f rom ca rcasses p roduced by o l de r ,  

s l owe r  ga i n i ng p i g s .  J udge � 21. o  ( 1 959) a l so repor ted  no s i gn i f i cant  

effe ct of age  of p i gs on  l·  dors i a rea o r  pe rcent 1 ean  tu ts . B runne r 

and Van S tave rn ( 1 96 1 ) , s tudy i ng p i gs rang i ng i n  age f rom 1 26 to 1 85 

days a t  9 1  kg 1 i vewe i gh t , found no s i gn i f i cant  d i ffe rence between age 

g roups i n  ca rcass  l engt h , l· dors i a rea or pe rcent l ean cut s  f rom 

bar rows . Howeve r ,  l· dors i a rea and pe rcent J ean cut s  we re s i g'n i f i cant l y  

cor re l ated wi t h  age g roups fo r g i l ts .  As the g i l t  matu red , t he 

l· . do rs i a rea and pe r cent l ean cu ts  i ncreased . 

Qua l i ta t i ve Ca rcass  Tra i t s 

The effe ct s of p rote i n l eve l and feed res t r i ct i on on q ua l i tat i ve 

carca ss t ra i t s  a re p re sented i n  tab l e  1 3 . The ana l ys i s of  va r i ance 

fo r mo i 's t u re ,  p rote i n, ethe r ext ract , marb l i ng score and co l o r and 

f i rmness  s co re of  the l· dors i muscl e a re shown i n  tab l e  1 4 . S i g n i f i cant l y 

(P � o O l ) l es s  mo i stu re and p rote i n and s i gn i f i cant l y  (P <:, . 0 1 ) more 

ether ext ract was p resent i n  the l· dors i musc l e of p i g s  fed t he l ow 

p rote i n d i e t s compared to those fed e i ther  of the 1 6  - 1 4% p rote i n 

d i ets . Muscl es  f rom p i g s fed the l ow p rote i n  d i et s  had 70 . 5 , 1 9 . 4  

and 9 . 2 pe rcent mo i s tu re, p rote i n and fat ,  respect i ve l y , compa red 

to 72 . 3 ,  2 1 . 9 and 4. 7 pe rcent when the h i ghe r p rote i n d i e t s  we re fed 

.ISi. l i b i tum and 73 . 0 , 2 1 . 6  and 3 . 6  percent of these respect i ve nut r i ents 

when the h i gh p rote i n d i et s  we re res t r i cted o No s i gn i f i cant  d i ffe rences 

were obse rved i n  the chem i ca l  compos i t i on of  the l·  dors i mus c l e f rom 



TABLE 1 3. EFFECT OF PROTE I N LEVEL AND FEED  RESTR I CT I ON ON 
QUAL I TAT I VE CARCASS TRA I TS 

Treatment 
P ro te i n Leve l , Pe rcent  
Feed i ng Method 

No . of p i g s 
L .  Dors i , f resh  -

Avg . mo i s tu re , % . 
Avg . p rote i n , %-
Avg . e the r ext ract , % 
Avg . ma rb l i ng scorea 
Avg . co l or and f i rmness  s co reb 

L .  Dors i , cooked -
Avg·. shea r va 1 ue , kgc 
Avg . tende rness  s cored 
Avg . f l avor scoree 
Avg . j u i c i ness  sco ref 
Avg . cook i ng l os s ,  % 

Avg . d r i p l os s ,  % 
Avg . vo l at i l e  gas l oss ; % 

( 1 ) 
1 6  - 1 4  

a d  l i b i tum 

1 9  

72 . 2Sg 

2 1 . 909 
· 4 . 669 
2 . 55g 

2 . 90 

7 . 06 
3 . 67 
3 . 49 
4.  1 69 

22 . 2 1  
8 . 79 

1 3 . 42 

(2 ) 
1 2  - 1 0  

ad  l i b i tum 

1 7  

70 . 47� 
1 9 . 38

h 9 . 20 
3 . 6oh 

2 . 90 

6 . 57 
3 .  1 3' 
3 . 34

h 3 . 09 
22 . 1 0 

8 . 99 
1 3 . 1 1  

a Based on. 1 to 5 sca l e ,  1 = t race to 5 = abundant .  
b Based on 1 to 5 sca l e 9 1 = pa l e , sof t  and wate ry t o  5 = da rk and f i rm . 
c K i l og rams of force to shea r a core 2 . 54 cm i n  d i amete r .  · 

d Based on a I to 8 sca l e ,  1 = ext reme l y tende r to 8 = extreme l y  tough . 

'-

( 3 ) 
1 6  - 1 4  

res t r i cted 

20 

72 . 959 

2 1 . 609 

3 . 629 
2 . 359 
2 . 85 

7 . 02 
3 . 95 
3 . 47 
4 . 559 

23 . 53  
8 . 88 

1 4 . 65 

e Based on a 1 to 8 sca l e , 1 = ext reme l y des i rab l e  to 8 = ext reme l y  undes i rab l e .  
f Based on a 1

' 
to 8 s ca l e , 1 = ext reme l y  j u i cy to 8 = ext reme l y  d ry .  

g , h  Means on the same l i ne wi thout a corrmon · s u pe r s c_r i p t we re s i gn i f i cant l y  d i ffe re n t  (P <. . 05) . 

� 



TABLE J 4. ANALYS I S  OF VAR IANCE FOR MO I STURE PERCENT, PROTE I N  PERCENT, ETHER EXTRACT PERCENT, 
MARBL I NG SCORE  AND COLOR AND F I RMNE SS SCORE OF THE FRESH _b. OORS I 

Mean Sgua re s 

Sou rce of Mo i stu re Prote i n  Ethe r Ext ract Ma rb l i ng Co l or and F i rmnes s  
Va r i at i on df  Pe r cent Pe rcent  Pe rcent Sco re Sco re 

Treatment 2 27 . 55 1 2s�·rlc 1 4  7 .  08044;':-!: 3 1  • 2 3548;'�:r 7 .  50 1 96;'n': - . 0 1 566 
Rep 1 i cat i on 4 2 . 1 3330 2 . 2 1 327 4 . 28735* . 48586 . 70700 
Sex 1 6 . 785 1 5  1 4 . 25 1 1 3 . 1 2 . 24003* . 94 1 1 8  . 0 1 4706 
T X R 8 1 .  1 83 52 2 . 38059 . 60509 . 85928 . 3 1 37 1  
T X S 2 6 . 0253 1 8 . 8689 1 2 . 06407 3 .  060]0;': . 1 7754 
R X S 4 2 . 29 32 1  3 . 0 1 5 1 2  . 9009 1 . 99652 . 25252 
T X R X S 8 2 . 658 1 3 7 .  7299 3;': 2 . 07598 . 45676 . 50 1 73 
Res i dua l 26 1 . 86954 2 . 42600 1 .  06665 1 . 42 308 . 55 769 

-:: P < . os 
�'rlc P < . O l 

$ 
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p i gs fed t he 1 6  - 1 4% p rote i n  d i e t s  ad l i b i tum o r  res t r i cted .- J u rgens 

� il· ( 1 967) , compa r i ng 1 2  and 1 6% p rote i n d i e t s ,  repo r ted s i mi l a r 

resu l t s  of decreased fa t content  and i ncreased p rote i n i n  the l· do rs i 

musc l e of p i g s fed h i ghe r p rote i n  d i e t s . Lee !:! .!.!_. ( 1 967)  a l so noted 

a decreased fa t and i ncreased p rote i n and mo i s tu re content  i n  p i g s 

fed e i t he r  a 1 8  - 1 5  or  2 1  - 1 8  - 1 5  p rote i n l eve l comb i nat i on compa red · 

to a 1 5  - 1 2  - 9% p rote i n sequence .  These au t ho r s  sugges t  that  t he 

a l te ra t i ons i n  chem i ca l  compos i t i on of the ca rcass  i s  ma i n l y due to  

change s i n  the fat content .  The ether  ext ra ct va l ues of the l· dor s i 

musc l e we re shown to  be i nve r se l y re l ated w i t h  t he p rote i n con tent ; 

howeve r ,  the crude p ro te i n content of the carcass was not s i g n i f i ca n t l y  

affected by d i e ta ry p rote i n l eve l i f  conve rted to a fat- f ree bas i s .  

V i pperman e t  a l . ( 1 963)  a l so s howed tha t  a n  i ncrease i n  mo i st u re a nd 
- - ,. 

ash content of t he mus c l e i s  a ccompan i ed by a decrease i n  fa t .  0 1 hea 

and Leve i l l e  ( 1 969) , s t udy i ng poss i b l e  modes of act i on of  d i e ta ry 

p rote i n  l eve l o n  fat depos i t i on ,  showed that a h i gh p rote i n d i
'
e t  

fed to p i gs reduced the act i v i ty of certa i n  key enzymes i n  ad i pose 

t i s sue tha t a re a s soc i a ted wi th fatty  ac i d synthes i s . Thus ,  i t  may 

be sugge s ted that d i eta ry p rote i n l eve l may i nf l ue nce the amoun t  and 

type of  fa t ty a c i d synthes i s  i n  the body . The l ow qua l i ty p ro te i n  

i n the 1 2  - 1 0% ad l i b i tum fed d i ets  cou l d  pos s i b l y  fu rthe r exp l a i n  

the decreased p ro te i n  a nd i ncreased ether ext ract cont�nt o f  the l· 

dors i  musc l e of p i g s fed the l ow p rote i n d i et s .  The_ am i no a c i d s  

absorbed i nto  the body , but  wh i ch rema i n  unused i n  the forma t i on of  

b d t he def ·1 c ·i ency or  i mba l ance
_ 

of am i no a c i d s , o Y p rote i n  because of 
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may be deam i n i ze d  to se rve as an  ene rgy sou r ce.  The ami no ac i ds 

ca rbon ske l e ton may be conve r ted  to acety l -CoA from wh i ch fa t ty a c i ds . 

cou l d  be synthes i zed and depos i ted i n  t he meat .  

A s i gn i f i cant l y  ( P < . 05 ) g reate r deg ree o f  marb l i ng was noted 
· i n  p i g s fed the l ow p rote i n d i e t s  compared to those fed e i t he r  of 

the 1 6  - 1 4% p rote i n t reatment s .  Th i s  co rresponds to t he i ncreased 

ethe r  ext ract con tent of the meat i n  the l ow p rote i n fed p i g s .  Co l o r 

and f i rmness  s co re s  we re not s i g n i f i cant l y d i fferent  between d i e t a ry 

t reatments . J u rgens e t  a l . ( 1 967) reported s i gn i f i can t l y decreased  

�arb l i ng s co res  but i ncreased f i rmness  s cores  when p i gs we re fed 

h i ghe r p rote i n d i et s . Howeve r ,  work by C rum et  a l . ( 1 964) i nd i cated 

that a 1 7  - 1 5°/o p rote i n seq uence s i gn i f i cant l y  l owe red both ma rb l i ng 

and f i rmness  s cores compa red to a 1 3  - 1 1 % d i eta ry p rote i n l eve l . 
-

No s i g� i f i cant  d i ffe rence s  we re found i n  col o r  sco res  due to d i e ta ry 

p rot e i n l eve l s i n  wo rk  by Lee ( 1 967 ) . 

The ana l ys i s of va r i ance for taste pane l , shea r test  a nd pe r cent  

cook i ng l os ses of the meat  a re shown i n  tab l es  1 5  and 1 6 . Lo i n  chops 

f rom p i g s fed the 1 2  - 1 0% p rote i n d i et s  we re rated s i g n i f i cant l y 

(P <. 0 1 ) J u i c i e r than the samp l es f rom e i the r of the 1 6  - 1 4% p ro te i n 

treatments . A cons i s tent , bu t nons i gn i f i cant ,  h i ghe r tender ness  and 

f l avor  score of the l·  dors i musc l e  was obta i ned from p i g s fed . the 

l ow p rote i n  d i e t s compa red to those fed · the h i gh p rote·i n  d i e t s . Th i s  

i mp rovement i n  bas i c eat i ng des i rab i l i ty of the l o i n chops f rom 

the l ow p ro te i n fed p i g s may be du� to the i ncrease i n  i nt ramuscu l a r 



TABLE 1 5 . ANALYS I S  OF  VAR I ANCE FOR SHEAR TEST, TENDERNES S SCORE , 
FLAVOR SCORE AND J U I C I NESS SCORE OF THE·  COOKED J.:.0 OORS I 

Mean Sgua res 
Sou rce of Shea r Tende rness F l avo r  J u i c i ness  
Va r i at i on d f  Test  Sco re Score S co re 

Treatment- 2 1 . 1 8833  2 . 92574 . l 1 1 85 9 .  62 76 s�':"k 
· Rep 1 i ca t i on 4 2 . 94674 . 3 1 240 • 08 1 2 3  . 09684 
Sex 1 . 05308 . 42882 . 35 309 1 • 65235�': 
T X R 8 1 .  1 4644 . 76453 . 03797  • 32 1 75 
T X  S 2 2 . 08259 • 14893 . 0839 7 . 76050 
R X S 4 2 . 095 1 3  0 63976 . 1 2734 • 1 343 1 
T X R X S 8 2 . 47547 1 .  00457 • 1 9  32 1 . 564 1 7 
Res i dua l 26 3 . 38558 1 . 0 1 1 1 5 . 1 0750 . • 362 3 1  

* P <. OS 
�-k p < . 0 1  

TABLE 1 6 . ANALYS I S  O F  VAR I ANCE FOR COOK I NG LOSS PERC ENT, DR I P  LOSS 

. PERCENT AND VOLA I LE GAS LOSS PERCENT OF THE COOKED J:. OORS I 
.. 

52 

Mean Sgua res 
Sou rce of Cook i ng Loss D r i p Loss · Vo 1 a t i 1 e Gas 

Va r i at i on df Pe rcent  Pe r cent  Los s  Pe rcent  

Treatment  2 1 1 0 73 3 1 1 • 1 5856 1 4 . 748 39 

Rep 1 i ca t i on 4 7 . 87627 8 . 98608 . 7 1 87 1  
Sex I . 0094 1 . 700 1 5 2 . 33470 
T X  R 8 4 . 2369 1 2 . 962 1 5 3 . 82637  

T X  S 2 4 .  3242 3 3 . 42396 6 . 40724 

R X S 4 3 . 48556 5 . 28098 3 . 24548 

T X R X S 8 7 . 74979 3 . 04725 9 . 29326 

Res i dua l 26 1 0 . 69923 5 . 83327 7 . 95654 

�·: P < . os 
** P < . O l  
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fat ,  as  i nd i ca ted by t he chem i ca l  ana l ys i s  and marb l i ng sco res  o f  these 

carca sses . Tho r ton .!:,! fil.. ( 1 968) sugge s t s  that t he fat content  of 

the ca rcass  may be l i nked wi th or  respon s i b l e  for good meat pa l at ab i l i ty .  

Kaufman il fil.. ( 1 964) and Henry, Bra tz l e r and Luecke ( 1 963) a l so 

showed that an i ncrease i n  i nt ramu s cu l a r
' 
fa t i n  po rk was a�soc i ated  

wi th  h i g he r  f l avor ,  tende rness  and , es�ec i a l l y , j u i c i ness  s co res o f  

the cooked,  fresh  p roduct . 

The J .  dors i mus c l e of g i l ts had a s i gn i f i cant l y  ( P � . 05)  

l owe r j u i c i ness  sco re t han  bar rows . Kroff  et  a l . ( 1 959 ) repo rted t he 

l ean t i ssue of  g i l ts to  be h i ghe r  i n  p rote i n and mo i s t u re and l owe r  

i n  fa t con tent  than ba rrows . Thus ,  th i s  sex d i ffe rence m i g h t  be 

expected s i nce a l ow fa t content i s  assoc i a ted wi th decreased j u i c i ness . 

No s i gn i f i cant  cU ffe rences  were found i n  the tenderne s s ,  

j u i  c i  ness  o r  f l avo r  between the cooked 1 o i  n chops f rom p i  gs  o ·n the 

fu l l  fed or res t r i cted fed 1 6  - 1 4% p rote i n  d i et s .  Tende rne s s , as 

eva l uated by t he shea r tes t ,  was not s i gn i f i cant l y affected by d i· e ta ry 

p rote i n content o r  feed i ntake l eve l , a l t hough chops f rom the l ow 

p rote i n fed p i gs had a s l i gh t l y  l ower shea r va l ue .  I n  work b y  Lee 

.!U .!!J.. ( 1 967) on l y  t he tende rness  of the meat ,  as dete rm i ned by 

taste pane l and shea r tes t  va l ues , was s i gn i f i cant l y  d i ffe ren t  between 

p i gs fed d i e t s  d i f fe r i ng i n  p rote i n con tent o G i l s ter  ( 1 972 ) repor ted 

a gene ra l bu t nons i g n i f i c i ant  t rend for more des i rab l e  tende rnes s ,  

f l avor  and j u i c i ness  sco res  of  l o i n chops from l ow p ro te i n fed p i g s . 

Pe rcentages of  d r i p  l os s ,  vo l a t i l e  gas l oss and t ota l cook i ng 

l oss we re not s i gn i f i cant l y  d i fferent  between d i eta ry t reatment s o 
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G i l s te r ( 1 972 ) repor ted that l os ses du r i ng cook i ng we re not a f fe cted 

by d i e ta ry p rote i n comb i nat i ons rang i· ng f rom 20 - 20 - 20 to 1 2 - · 1 0 -

1 0%. 

I n  th i s  expe r i me nt ,  ne i ther  feed rest r i ct i on nor age s i gn i f i -

cant l y  a f fected the chem i ca l compos i t i on �  consume r  acceptab i l i ty o r  
· cook i ng cha racte r i s t i cs of  the l· dors i mus cl e .  

Rest r i cted feed i ng ,  a s  reported b y  Passbach .!:,! .s.!. ·  ( 1 968) , 
-

tended to i ncrease the occu r rence of pa l e ,  sof t ,  exuda t i ve pork a nd 

percent cook i ng l os s  o f  l o i n  roas t s ,  but d i d not s i gn i f i cant l y  affect 

the ma rb l i ng ,  pe rcent  mo i s tu re o r ether ext ract , pH of the l· dors i 

musc l e ,  shea r for ce o r  ove ra l l pa l atab i l i ty va l ues  of the meat . 

Howeve r ,  K l ay � l!l.· ( 1 969) reported that a l i m i ted feed i ntake reg i me  

tended to decrease the tende rness  and des i rab l e  f l avor  and i ncrease 

the shea r test  va l ue s  and pe rcent  cook i ng l osses  of the meat • . Kee se 

.!U. .!l· ( 1 964) repor ted that l i m i ted feed i ng d i d not s i gn i f i cant l y 

affect pa l atab i l i ty sco res , but i nd i cated a t rend towa rd h i ghe r  

j u i c i ness and l owe r  f l avor  scores i n  p i gs fed a res t r i cted l eve l of  

feed i n take . Decreased tende rness and pa l a ta b i l i ty of the ca r cass  

due to l i m i ted feed consump t i on was a l so obse rved by  Thornton et �. 

( 1 968) . 

I n creased age i s  gene ra l l y  accepted to be assoc i a ted  w i th  

i ncreased fat and decreased mo i s tu re and p rote i n content of  the 

carcass (McMeekan ,  1 940a ; Bu ck , 1 963 ; Stant � !_L. , J 968 and 

Ca l l ow, 1 949) . J udge � 1!]_. ( 1 959) . found no s i g n i f i cant  ffe ct of  

age on co l or ,  ma rb l i ng or  f i rmness of  the meat .  Kl ay � !l· ( l 9G9) 
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reported nons i gn i f i can t  d i ffe rences i n  j u i c i ness  and ove ra l l  des i" rab i l i ty 

of meat from p i gs rang i ng i n  age f rom 85 to 392 days . 

Fat ty � Compos i t i on 

The fat ty a c i d compos i t i on data and t he ana l ys i s of var i ance 

for the concen t ra t i on of myr i s t i c, pa l mi t i c , pa l mi to l e i c, stea r i c , · 

ol e i c and l i no l e i c a c i d a re shown i n  tab l es  1 7  and 1 8 . On l y  t he fat ty 

a c i d concent rat i ons of pa l m i to l e i c, o l e i c  and l i no 1 e i c a c i d we re 

s i g n i f i cant l y affe cted by d i et a ry t reatment . Shou l de r  backfat f rom -

p i g s fed the 1 6  - 1 4% p ro te i n d i e t s  had s i g n i f i cant l y ( P < . O l ) h i g he r  

concent ra t i ons o f  pa l m i to l e i c and l i no l e i c ac i d and s i g n i f i ca nt l y  

( P < . 05) l owe r  l eve l s of o l e i c a c i d than t he fat of p i g s fed the l ow 

p rote i n  d i ets ad l i b i t um . Res t r i ct i ng the l eve l of i ntake of . p i gs fed 

the h i gh p rote i n d i e ts s i gn i f i cant l y  (P <. . O I ) i ncreased the l i no l e i c 

ac i d coAcent rat i on .  

Feed res t r i ct i on and i ncreased age tended to p roduce a mo re 

unsatu rated fat . Th i s  d i f fe rence cou l d  be ma i n l y  due to  the rate  of  

ga i n  of these p i  g s .  Babat unde il ll• ( 1 966) conc.1 uded tha t  t he 

sof te n i ng of backfa t i s  a phe nomenon accomp l i shed by the g radua l 

rep l acement or  d i l u t i on of the a l ready ex i s t i ng satu rated fat s w i th  

u nsatu rated one s .  Fu rthermore , these authors  obse rved t h a t  ave rage 

da i l y  ga i ns we re re l a ted pos i t i ve l y  to sat u rated fat ty .a c i d s  a nd 

negat i ve l y to the u nsatu rat ed one s .  S i m i l a r resu l ts by Ca l l ow ( 1 935) , 
-

as c i ted by Babatunde � �· ( 1 966) , showed that a s l owe r g row i ng 

p i g usua l l y has a s l owe r  rate of fat synthes i s  and depos i t i on , wh i ch 

i n tu rn was re l ated t o  a softe r backfat . 



TABLE 1 7. EFFECT OF PROTE I N  LEVEL AND FEED RESTR I CT I ON ON THE 
CONCENTRAT I ONS OF MYR I ST I C ,  PALM I T I C ,  STEAR I C , PALM I TOLE I C , 

OLE I C AND L I NOLE I C  AC I D  I N  SHOULDER BACKFAT 

Treatment ( 1 ) (2 ) ( 3 ) 
P rote i n Leve 1 ,  Pe r cent 1 6  - 1 4 1 2  - J 0 1 6  - 1 4 

56 

Feed i ng Method · ad l i b i tum ad 1 i b i tum res t r i cted 

No . of p i g s 1 9 1 7  20  
Satura ted , % 41 . 59 40 . 80 40 . 4 1 

Hyr i  s t  i c, % 1 .  73  1 . 64 1 .  78 
Pa l mi t i c, % 26 . 37 25 . 74 2 5 . 74 
Stea r i c, % 1 3 . 49 1 3 . 42 1 2 . 89 

Unsa t u rated , % 58. 6 1  59 . 2o
b 

59 . 59 
I Pa lm i to l e i  c ,  % 3 . 378 2 . 87 3 . 588 

0 1 e i c ,  % 42 . 9 1 a , b 44. 1 78 42 . 3ob 

L i no l e i c ,  % 1 2 . 338 1 2 . 1 8a 1 3 . 7 1  b 

a ,  b :: Means  on the same 1 i ne wi thout a common supe rscr i p t we re 
s i gn i f i cant l y  d i ffe rent  ( P < . OS) • 

...... 



TABLE 1 8 .  ANALYS I S  OF VAR I ANCE FOR PERCENTAGES OF HYR I ST I C ,  PALH I T I C , STEAR I C , PALM I TOLE I C , 
OLE I C AND L I NOLE I C  AC I DS I N  SHOULDER BACKFAT 

Mean Square s  
Source of Pe rcent  Pe rcent Pe rcent Pe rcent Pe rcent Pe rcent 
Va r i at i on df  Myr i s t i c  Pa l m i t i c S tea r i  c Pa l m i to l e i c O l e i c L i no l e i c 

Treatment 2 . 08632 2 . 37689 2 . 06200 2 • 260681'-7: 1 5 .  3284 3-.·. 1 3 . 2 7099-.'rl• 
Rep l i cat i on 4 . 07 342 1 . 782 1 8 6 .  04384-.h'• . 89596-.·.-.·· s . 439 74 2 . 99560 
Sex 1 . 03049 5 . 6494 1  6 . 628J 3 . 05 1 42 3 . 09 1 9 1  1 1 .  5047 1 
T X R 8 . 03 1 45 1 . 1 3255 1 . 03424 • 1 3568 2 . 46898 . 63099 
T X S 2 • 03 1 1 8 . 329 1 0  3 . 2 3658 . 27636 • 1 3541 1 . 2 1 067 
R X S 4 . 058 1 2  . 88624 4. 38790-.·· • 56768;':--k 3 . 72 1 56 2 . 0 1 672 
T X R X S 8 . 02306 1 . 49 348 1 . 09048 • 1 3870 1 . 6439 5 1 0 22686 
Res i dua l 26 • 041 5 1  1 . 43750 1 . 44594 . 09262 2 . 00706 2 .  1 4056 

._,, P < . 05 
.. ·:--,•: p <. . 0 1  

\11 
"'-J 



Work by Dah 1 and Persson ( 1 965) , as  c i ted by Koch et fil. 

( 1 968) , i nd i cated that pol yunsatu rated fat ty ac i d s ,  espe c i a l l y  

1 i no 1 e i c,  we re p refe rent i a l l y  depos i ted . These au thors conc l u ded 

tha t due to the l onge r  g rowth pe r i od of the s l ow ga i n i ng an i ma l s ,  
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more t i me was a l l owed fo r the p referent i a l  depos i t i on of  the unsa t u rated 

fa tty ac i ds . S i m i l a r effect s  of g rowth rate on fat t y  ac i d compos i t i on 

were obta i ned by McMeekan ( 1 940b) . 

A s l i ght  t rend towa rd i ncreased unsatu rat i on of  fat t y  a c i ds 

was noted i n  work  by Merke l � �· ( 1 968) and B raude and Townshend 

( 1 958) when feed i ntake was res t r i cted . These authors reported  the 

d i ffe rence i n  u nsatu ra t i on was p roduced by a decreased l eve l of 

pa l mi t i c  a c i d and an  i ncreased l eve l of l i no l e i c ac i d .  G ree r £!. Al· 

· ( 1 965 ) repo rted s i mi l a r -�creases i n  saturat i on and i ncreases i n  

l eve l s of l i no l e i c ac i d i n  p i gs fed 85% of fu l l  feed . But fu r the r  

res t r i ct i on be l ow 75% o f  fu l l  feed grea t l y redu ced the effect of 

l i m i ted feed i ntake . on unsatu ra t i on ,  espec i a l l y  the l i no 1 e i c a c i d 

concent rat i on .  The i ncreased l eve l s of l i no l e i c ac i d fou nd i n  

th i s study due to  the app rox i ma te 1 6 . S'°i> res t r i ct i on i n  feed i ntake wou l d  

tend to be i n  ag reement  w i th t hese resu l ts .  Howeve r ,  Koch � .!.!.� 

( 1 968) reporte d  s i gn i f i cant l y l ess  satu rated fat s  when feed i ntake 

was rest r i cted be l ow 80% of ad l i b i turn whereas l e ss res t r i cted d i et s  

p roduced no change i n  fat ty ac i d compos i t i on .  
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S UMMARY 

S i xty cros s b red p i g s we re a s s i ·gned to f i v� rep l i ca tes of 

th ree t rea tments  and fed f rom a we i gh.t of  app rox i ma te l y  20  to 9 5  kg 

to  determ i ne the effe ct s  of d i e ta ry p rote i n l eve l and  age o n  rate and 

eff i c i ency of ga i n , q ua n t i ta t i ve and qua 1 i tat  i ve ca rca s s  characte r i s t i cs 

and  appa ren t  nu t r i e� t d i ge� t i b i 1 i ty .  

From i n i t i a l  we i gh t  t o  5 0  kg ; p i g s fed a 1 6% p rote i n , co rn­

soybean mea l d i et ad 1 i b i tum ga i ned s i gn i f i ca nt l y  (P <:. . O l ) fast e r  

t han  p i g s fed a 1 2% p ro te i n ,  co rn- soybean me a l  d i e t ad l i b i tum o r  a 

1 6% p rote i n d i e t  a t  a re st r i cted l eve l of  i n take . Feed con s ump t i on 

a nd feed eff i c i ency we re not  s i g n i f i ca nt l y  d i ffe re n t  be tween p i g s 

fed the 1 6  or  1 2% p rote i n d i e t s  ad l i b i tum .  Howeve r ,  p i g s l i m i ted 

fed t he 1 6% prote i n d i e t to obta i n  - ga i ns equa l to  those of  p. i g s  fed 

the l ow p ro te i n d i e t  ad  l i b i tum consumed app rox i ma te l y 1 6 . 5% l es s  

feed and we re s i g n i f i ca nt l y  (P < . O l ) mo re eff i c i e n t  i n  conve rt i ng 

feed to ga i n  than  t he l ow p ro te i n ad  l i b i tum fed p i g s .  

Du r i ng t he 5 0  - 9 5  kg we i gh t  pe r i od ,  p i g s fed t he 1 4% p rote i n  

d i  e t  ad 1 i b i  tum g rew s i g n i f i cant  1 y (P <. .  05)  faste r t han  p i  g s  fed t he 

res t r i cted 1 4% p rote i n  d i e t o r  the 1 0% p rote i n  d i e t ad 1 i b i t um . 

No s i g n i f i cant  d i ffe rence i n  feed consump t i on was ob ta i ned between 

p i g s fed the 1 4  and 1 0% p rote i n  d i e t s  ad l i b i tum ;  howeve r , p i g s  fed 

t he h i gh p rote i n d i e t  ad l i b i t um o r  a t  a res t r i cted l eve l of  ·i n take 

requ i red s i gn i f i cant  1 y (P <:: . 0 1 ) 1 ess  feed per kg of ga i n  t han  t hose 

fed the l ow p ro te i n d i e t .  



Ove ra l l g rowth  rate of p i g s fed the 1 6  - 1 4% p rote i n seq uence 

ad l i b i tum was s i gn i f i cant l y  h
.
i ghe r than that of p i g s fed e i the r of 

the othe r d i e ta ry t rea tmen t s . Th i s faster ra te of g rowth of  the h i gh 

p rote i n ad l i b i t um fed p i g s resu l ted i n  an i ncreased ave rage age a t  

s l aughte r o f  1 7 . 1  and 1 8 . 2  days for p i gs fed the l ow p rote i n and 

res t r i cted d i e ts , respect i ve l y . The 1 ow p rote i n ad l i b i tum fed p i g s 

requ i red s i g n i f i cant l y  ( P <: . 05)  more
_ 

feed pe r un i t of ga i n  for the 

ent i re expe r i ment  than p i gs fed the 1 6  - 1 4% p rote i n d i et s  at e i th�r 

l eve l of i ntake . 

Backfat t h i ckness  was s i g n i f i cant l y  ( P < . O I ) redu ced i n  p i g s 

l i m i ted .fed the 1 6  - 1 4% p rote i n  d i e ts . No s i gn i f i cant  d i f fe rence i n  

ca rcass  backfa t th i ckness  was obse rved between p i gs fed the 1 6  - 1 4% 

or 1 2  - 1 0% p rote i n d i et-s ad l i b i tum . The l· dors i mus c l e a reas  of  

p i gs fu l l fed  o r  res t r i cted fed the 1 6  - 1 4% p rote i n d i e t s  we re 

23 . 9  and 27 . 73 l a rge r (P < . 0 1 ) , respect i ve l y , than the l· do rs i 
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a reas of  p i g s fed the 1 2  - 1 0% p rote i n  d i e ts . No s i g n i f i cant  d i ffe rences 

i n  ca rcass  l ength  or  d res s i ng percent we re obse rved be tween d i e t a ry 

t reatment s . Ca rcasses  of g i l t s we re s i gn i f i can.t l y  (P < . 05) l onge r 

than t hose of  ba r rows . 

Pe rcentages of ham , l o i n ,  l ean  cu ts , . bone l ess  ham and bone l es s  

shou l de r  f rom p i g s fed t he l ow p rote i n  d i e t . ad  l i b i tum we re s i gn i f i cant l y 

(P < . 0 1 ) l ower than f rom p i g s fed the 1 6  • 1 4% p rote i n d i e ts a t  e i the r 

1 eve 1 of i n take . Res t r i ct i ng the feed i ntake of  p i  g_s fed t he 1 6  - 1 4% 

p rote i n d i e t s  s i g n i f i cant l y  ( P  <: . o l)  i ncreased pe rcentage s of ham , 

ham- l o i n ,  l ean  cu ts  and bone l ess  ham and s i g n i f i cant l y ( P < . 05 ) 



decreased the per cent  be l l y . The pe rcent l o i n  was s i g n i f i can t l y  

(P <: . 0 1 ) g reater i n  carca s ses from g i l ts than f rom ba r rows . 

6 1  

A s i gn i f i cant  (P <( . 0 1 ) reduct i on occur red i n  p ro t.e i n and 

mo i s tu re con tent  of the l ·  do rs i musc l e of p i � s fed · the 1 2  - 1 0% 

p ro te i n d i e t s  wh i l e the e the r ext ract content was s i g n i f i ca nt l y  (P < . 0 1 ) 

h i ghe r  than p i gs fed t he 1 6  - · 1 43 p rote i n  d i e t s . ·As wou l d  be 

expe cted w i th the i ncreased i nt ramuscu l a r fa t content , the ma rb l i ng 

and j u i c i ness scores of the l·  dors i muse )  e of p i  g s  fed ,t he 1 ow 

p rote i n d i e t s we re s i gn i f i cant l y  (P < . O l ) h i gher than  p i gs fed . the 

1 6  - 1 4% p rote i n d i e t s ,  rega rd l es s  of l eve l of feed i ng .  Howeve r ,  

f l avor  tende rness  a_nd  shea r test  va l ues w� re not s i g n i f i cant l y  a f fected 

by p rote i n l eve l of feed i ng ra te . The J o i n  chops of g i l ts we re ra ted 

s i gn i f i cant l y  (P < . 05) ess j u i cy than t hose from ba r rows . 

Per centages of d r i p  l oss , vo l a t i l e  gas l os s ,  cook i ng J os s  and 

co l o r and f i rmness  s co res  we re not s i g n i f i cant l y  d i ffe ren t  between 

d i e ta ry t rea tment s .  

S l i ght l y  h i g he r  concent rat i ons 6f satu rated fat ty a c i ds  i n  

shou l de r  backfat we re obta i ned when p i g s we re fed the 1 6  - 1 4% p ro te i n 

d i e t s  ad l i b i t um .  Shou l de r  backfa t samp l es f r6m p i g s fed t he 1 2  - 1 0% 

p rote i n d i e t s  ad  1 i b i t um conta i ned s i gn i f i cant l y  (P < . 0 1 ) l e s s  

pa l m i to 1 e i c and 1 i no l e i c a c i d  and s i gn i f i cant l y  ( P < . OS) mo re o l e i c 

ac i d than t hose f rom p i g s res t r i cted fed the 1 6  - 1 4% p rote i n  d i e t .  

The 1 6  - 1 4% p rote i n  d i e t ,  ad l i b i tum fed , p roduced � i gn i f i can t l y 

(P < . 0 1 ) h i g he r  conce n t ra t i ons of pa l m i to l e i c ac i d than t he l ow 

p ro te i n ad l i b i tum fed d i e t .  Rest r i ct i ng the l eve l of feed i n take of 



p i g s fed the 1 6  - 1 4% p rote i n  d i e t s  s i g n i f i cant l y  (P <.. 0 1 ) i ncreased 

the l i no l e i c ac i d concen t ra t i ons . 
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P i g s fed t he 1 2  - 1 0.% p rote i n  d i ets  had s·i g n i f i ca nt J y  (P <. . O l ) 

l owe r p ro te i n d i ges t i b i l i t i es a t  both  we i ght  pe r i ods ; howeve r ,  the 

ethe r  ext ract d i ges t i b i l i ty was s i gn i f i cant l y (P � . 0 1 ) i mp roved over 

the 1 6  - 1 4% p rote i n d i e ts  on l y  i n  pe r i od one . 

I n  the ove ra l l t r i a l , appa ren t p rote i n  d i ges t i b i l i ty wa s · 

s i gn i f i cant l y  (P <. . 0 1 ) dep res sed and appa rent ether  ext ract d i ges t � b i l i ty · 

s i g n i f i cant l y  (P < . O l ) i mp roved i n  p i gs fed t he 1 2  - 1 0% p rote i n d i e ts . 

P i g s  fed the 1 6  - 1 4% p rote i n  d i e t s  had s i gn i f i can t l y  (P < . 0 1 )  l owe r  

appa rent ethe r  ext ract d i ges t i b i l i ty when feed i ntake was res t r i cted . 

Appa rent d ry matter  d i ges t i b i l i ty was not s i gn i f i cant l y  a f fe cted by 

d i e ta ry t reatment . 

S i gn i f i cant d i ffe rences  i n  d i gest i b i l i t i e s between g rowth 

pe r i ods we re obse rved . Feca l co l l ect i ons obta i ned a t  an  a ve rage 

we i gh t  of 41 and 77 kg and age of 96 and 1 43 days i n  pe r i od one and 

two , respect i ve l y , resu l ted i n  s i gn i f i cant l y  (P < . 0 1 ) h i ghe r p rote i n 

and s i g n i f i cant l y  ( P <'.:. . 0 1 ) l owe r e the r ext ract d i gest i b i l i t i es 

i n  co l l ect i on one compa red to co l l ect i on two . 



63 

L I TERATURE C I TED 

A. O .A . C .  1 970 . Off i c i a l Methods of Ana l ys i s ( 1 1 .th e d . ) . Associ a t i .ori 
of Off i c i a l  Ana l yt i ca l  Chemi s t s ,  Wash i ng ton , D .  C .  

Ashton ,  G .  C . , J .  Kas te l i c, D .  C .  Acke r ,  H
··
. M .  Maddock, E .  A o  K l i ne 

and D .  V .  Cat ron . 1 955 . D i fferent  p rote i n l eve l s w i th and 
w i thout a nt i b i o t i cs for g rowi ng- f i n i sh i ng swi ne : E ffect on 
ca rcass  l eanness  • . J .  An i m . Sc i . 1 4 : 82 • 

.... 

·A u nan ,  W .  J . ,  L .  E .  Hanson a nd R .  J .  Meade . 1 96 1 . I n f l uence of 
l eve l of  d i e t a ry p ro te i n on l i ve we i ght  ga i ns and . ca r ca s s  
cha racte r i s t i cs o f  swi ne . J .  An i m. Sci . 20 : 1 48 .  

Baba tunde , G .  M . , W .  G .  Pond , L .  D o  Van V l i ck ,  G .  H .  K roen i ng ,  J .  T .  
Re i d , J .  R .  Stou ffe r and G .  H .  We l l i ngton . 1 966 . Re l a t i onsh i" p s  
among some p hys i ca 1  and chem i ca l  pa ramete rs for  fu 1 1 - ve rsus-
1 i m i ted fed Yorksh i re p i g s s l aughte red at  d i f fe rent J i ve 
we i gh t s .  J .  An i m. S c i . 2 5 : 526 .  

Bake r ,  D .  H . , D .  E .  Becke r ,  A .  H .  Jensen and B .  G .  Ha rmon . 1 968 . 
Effect of d i e ta ry d i l u t i on on per fo rmance of f i n i sh i ng swi ne . 
J .  An i m. Sc i . 27 : 1 322 . 

Becke r ,  D .  E . , A .  H .  J ensen ,  B o  G .  Ha rmon , H .  W .  Norton a nd . B .  C .  
B re i denste i n. 1 963 0 Affect of rest r i cted d i et on t he 

· pe rformance of  f i n i sh i ng p i gs .  J .  An i m . Sc i . 22 : 1 1 1 6 . 
(Abst r . ) . 

Becker ,  D .  E . , J . W �  Lass i te r ,  S .  W .  Te r r i l l  and H .  W .  Norto n .  1 954 . 
Leve l of  p rote i n i n  p ract i ca l rat i on for the p i g . J .  An i m . 
Sc i . 1 3 : 6 1 1 .  

Be l l ,  J . M .  and J .  K .  Loos l i .  1 95 1 . Effect of body we i gh t  on the 
b i o l og i ca l  va l ue of p rote i n for g rowi n.g swi ne . J .  An i m . Sc i . 
1 0 : 50 .  

B l a i r ,  R . , J .  B .  Dent , P .  R .  Eng l i sh and J .  R .  Raebu rn .  1 969a . 
P rote i n , l ys i ne and feed i ntake l eve l s  effect on  p i g  g rowth .  
I .  Ma i n  effect s . J .  Ag r i . Sc i . 72 : 379 .  

B l a i r ,  R . , J . B .  Den t , P . R .  Eng l i sh and J . R .  Raebu rn .  1 969b .  
P ro te i n , l ys i ne and feed i n take l eve l s effect o n  p i g  g rowt h . 
J .  Ag r i . S c i . 73 : 395 � 

Boenke r ,  o .  E . , L .  F .  T r i bb l e and W .  A .  Pfande r .  1 960 . An eva l ua t i on 
of ca l or i e-p rote i n rat i os fo r g rowi ng- f i n i sh i ng swi ne . J .  
An i m. Sc i . 1 9 : 1 248 .  (Abst r . ) . 



Bowl a d ,  J .  P .  and R .  T .  Be rg . 1 959 . I nf l uence of s t ra i n  and  sex 
on the re l a t i onsh i p  of p rote i n to ene rgy i n  t he rat i on of 
g rowi ng and f i n i sh i ng p i gs .  Can .  J .  An i m. Sc i . 39 : 1 02 .  

B raude, R . ,  K .  G .  M i t che l l ,  A .  S .  G ray. A .  Franke and P .  H.  Sedgwi ck . 
1 959 . Compa r i son of d i ffe rent l eve l s of a l l mea l  feed i ng 
for fa t ten i ng p i g s .  J .  Agr i . Sc i . 52 : 22 3 .  

B raue.le, R .  a n d  M .  J i l l  Townshend . 1 958 . ' ·A l a rge s ca l e  tes t  of  the 
effects of  food res t r i ct i on on the pe rformance of  fat ten i ng 
p i gs  • J • �g r i . S c i  • 5 1  : 2 08 . .. 

B runne r ,  w .  H. and  D .  B .  Van S tavern .  1 96 1 . I nf l uence of  age on 
the car ca ss cha ra cte r i st i cs -of  bar rows a nd g i l ts .  J .  An i m . 
Sc i . 20 : 9 1 3 .  (Abs t r . ) . " 

Buck. s . F .  1 963 . A compa r i son of p i gs s l aughtered . a t  3 d i ffe rent  
we i ghts .  1 1 .  Assoc i a t ·i on between d i ssect i on resu l t s ,  va r i ou s  
measu rements  and v i sua l a ssessments . J .  Agr i . S c i . 60 : 27 .  

Ca l l ow, E .  H .  1 935 . · Ca rca s s  q ua l i ty o f  the p i g  i n  re l a t i on to g rowth 
a nd d i et .  Emp i re J .  Exp . Ag r i . 3 : 80 .  

Ca l l ow, E .  H. 1 949 .  Compa rat i ve s tud i es o f  meat .  I l l .  Ra tes of  
fat ten i ng i n  reJ at i on to percentages of muscu l a r and fat ty 
t i s sue i n  a ca rca s s . J .  Ag r i . Sc i . 39 : 347 .  

Ca r ro 1 ·, W .  E .  and  W .  Bu r ro�gh s .  1 939 . An  a t te"llt to  l ocate t he 
most adva ntageous pe rcentage of p rote i n i n  the ra t i on of 
g rowi ng-fat ten i ng p i g s of d i fferent we i ght s .  P ro c .  Ame r  • . 

Soc. An i m . P rod . 32 : 1 32 .  

Cast le,  E .  J .  and M .  E .  Cas t l e . 1 957 .  Fu rther s tud i es on the 
ra te of  passage of food th rough the a l i menta ry t ra ct of  p i g s .  
J .  Ag r i . S c i . 49 : 1 06 . 

Cat ron ,  D .  v . , A.  H.  Jensen , P .  G .  Homeye r ,  H� H .  Maddock and G .  c .  
Ashton. 1 952 . Re-eva l uat i on o f  p rote i n req u i remen t s  of  
g row i ng-fat ten i ng swi ne as  i nf l uenced by fee d i ng a n t i b i ot i cs .  
J • An i m .  S c i  • 1 1 : 2 2 1 • 

C l awson, A .  J .  1 967 .  I nf l uence of  p rote i n l eve l , ami no a c i d rat i o  
and ca l o r i c dens i ty of the d i et on feed i n take and pe rfo rmance 
of p i g s .  J .  An i m . Sc i . 26 : 328 . 

-

C l awson ,  A .  J . ,  T .  W .  B l ume r ,  W .  W .  G .  Sma rt , J r . and E .  R .  Ba r r i ck . 
1 962 . I nf l uence of e ne rgy-p rote i n  rat i o  on pe r fo rmance a nd 
carca s s  chara cte r i s t i cs of swi ne . J .  An i m. Sc i . 2 1 : 62 . 

64 



65 

Co l e , D .  J .  and J .  Q.  Lus combe . 1 969 . A note on the e f fe ct of  va r i at i on 
i �  crude p rote i n  l eve l s i n  d i et s  for bacon p i g s .  An i m . P rod . 
1 1 : 598 . 

C rampton , E .  W.  and G .  C .  Ashton . 1 946 .  The effect of a v i tam i n B 
m i xtu re , of l eve l of p rote i n and of p ropor t i on of p rote i n 
of an i ma l  o r i g i n i n  the supp l ements to  ba r l ey and to wheat 
i n  the bacon hog rat i on .  Sc i . Ag r i .  26 :43 • 

. C ramp ton , E .  W . , G .  C .  Ashton and L .  E .  L l oyd . 1 954 . The effect of 
re s t r i ct i ng . feed i ntake of marl<et hogs du r i ng the f i n i sh i ng 
per i od on the q ua l i ty of the bacon carcass . J .  An i m. Sc i . 
1 3 : 32 1 . 

C rum, R .  c . , J r . ,  H .  D .  Wa l l ace ,  A . Z .  Pa l me r ,  J .  w .  Ca rpente r ,  G .  H .  
Tak i  and G .  E .  Comb s .  1 964. P rote i n l eve l effect o n  sw i ne 
pe rfo rmance and ca r cass . J .  An i m . Sc i . 2 3 : 87 1 . (Abs t r . ) . 

I 
Dah l , O .  and Ka i -Ake Pe r s son .  1 965 . P rope r t i es of  a n i ma l  depot  fat 

J .  Sc i . Food Agr .  1 6 :452 . i n  re l a t i on to d i e tary fat .  

Duke l ow, W .  R . ,  R .  S .  G rant , R .  J .  Meade and J .  H .  Go i h l . 1 96 3 .  
I nf l uence of p ro te i n l eve l , and o f  am i no ac i d supp l ementa t i on ,  
on  performan ce  of g row i ng swi ne , and on  ca rca s s  characte r i s t i cs .  
J .  An i m . S c i . 22 . 1 1 1 9 .  (Abst r . ) . 

German, c .  s .  1 968 . D r i ed whey, f i sh so l ub l es and d i s t i l l e r s  d r i ed 
g ra i ns wi th  so l ub l es i n  g rowi ng- f i n i sh i ng swi ne rat i ons and 
effect s of d i s t i l l e rs d r i ed g ra i ns wi th �o l ub l es on rat i on 
d i gest i b i l i ty . M . S .  Thes i s . Sou th Dakota S ta te Un i ve rs i ty ,  
B rook i ng s ,  Sout h  Dakota . 

G i l s te r ,  K .  E .  1 9 72 . The effect of l eve l of d i e ta ry p rote i n on the 
g rowth and ca r cass  character i s t i cs of g rowi ng- f i n i sh i ng swi ne 
fed to a heavy we i ght . Ph . D . Thes i s . S_outh Dakota  S ta te 
Un i vers i ty, B rook i ngs,  Sou th Dakota . 

G ree l ey , M .  G . , R .  J .  Meade and L .  E .  Hanson . 1 964a . E ne rgy  and 
p rote i n i ntake s  by g row i ng swi ne . I .  Effect s  on  rate and 
eff i c i ency of ga i n and on nut r i ent d i gest i b i l i ty .  J .  An i m . 

Sc i . 2 3 : 808 . 

G ree l ey ,  M .  G . ,  R .  J .  Meade , L .  E .  Hanson and J .  Nordst rom .  1 964b .  

Ene rgy and p rote i n i ntakes  by g rowi ng swi ne . 1 1 .  Effe �ts
. 

on ra te and e ff i c i ency of ga i n  and on carcass cha racte r 1 s t 1 cs .  

J . An i m. S c i . 2 3 : 8 1 6 . 

G reer , s .  A .  N . , v .  w .  Hays , v .  c .  Spee r ,  J .  T .  McCa l l  and E .  G .  

Hammond . 1 965 . Effect of l eve l of corn and ba : l ey-base 
. 

d i e ts on pe rfo rmance and body compos i t i on of sw i ne . J .  An 1 m . 

Sc i . 24 : 1 008 . 



66 

Ha l e , O .  K .  and B .  L .  Southwe ! 1 ·
. 

1 967 . D i fferences i n  swi ne pe rfo rmance and carca s s  cha racte r 1 s t 1 cs · because o f  d i etary p rote i n  l eve l . 
sex and b reed .  J .  An i m . Sci . 26 : 34 1 . 

' 

Hanson, L .  E . , E .  F .  Fer r i n  and s .  N .  S i ngh . 1 955 . The i nf l uence 
of a rsan i l i c a c i d on p rote i n  requ i rements of g rowi ng p i gs .  
J .  An i m. S c i . 1 4 : 52 5 .  

Hen ry, W .  E .  L .  J .  B rat z l er and R .  W.  Luecke . 1 963 .  Phys i ca l  and 
chemi ca l  re l a t i onsh i p of pork carcasses . J .  An i m.  S c i . 22 : 6 1 3 .  

Hoefer ,  J .  A . , R .  W .  Luecke , F .  Thorp , J r . and R .  L .  J ohnson . 1 952 . 
The effect of te r ramyc i n on �he g rowth of p i g s fed d i f fe rent  
l eve l s of p ro te i n .  J . An i m. S ci . 1 1 :455 . 

�ensen , A .  H . ,  D .  C .  Acker , H .  M� Maddock, G .  C .  Ashton, P .  G .  
Homeye r ,  E .  o . Hady and D .  V .  Cat ron . 1 955 . D i ffe rent  p rote i n  
l eve l s w i th  and w i t hout ant i b i ot i cs for sw i ne :  E f fe ct on 
g rowth rate and feed eff i c i ency .  J .  An i m. Sc i . 1 4 : 69 .  

J udge , H. D . ,  V .  R .  Cah i l l , L .  E .  Kunk l e  and W. H .  Brune r .  1 9 59 . 
Pork qua l i ty .  I .  I nf l uence of some factors on pork musc l e 
cha racte r i s t i cs .  J .  An i m. Sci . 1 8 :448 .  

Ju rgens, M .  H . , D .  B .  H dman ,  c .  H .  Adams and E .  R .  Peo , J r . 1 967 . 
I nf l uence of a d i e ta ry supp l ement of l ys i ne fed a t  two l eve l s 
of p rote i n on g rowth ,  feed eff i c i ency and ca rca s s  characte r i st i cs 

· of swi ne . J .  An i m. S c i . 26 : 32 3 .  

Kaufman, R 0  G . ,  Z 0  L .  Carpente r,  R .  W .  B ray and W .  G .  Hoeks t ra .  1 964. 
· B i ochemi ca l p rope r t i es of pork and the i r re l at i onsh i p to 

qua l i ty .  J .  Food S c i . 29 : 70 .  

Keese, W.  c . ,  D .  L .  Hand l i n  G .  C 0  She l l y , J r . and R .  F .  Whee l e r .  1 964. 

Effect of feed rest � i ct i on on f i n i sh i ng swi ne . J .  An i m . Sc i . 

2 3 : 880 . (Abs t r . ) . 

Ke i th , T .  B .  and R .  c .  M i l l e r .  1 939 . The p rote i n  req u i rements  of the 

young p i g . P roc.  Ame r .  Soc. An i m. P rod . 32 : 1 28 .  

Ke i th , T . e .  and R .  c .  M i l 1 e r .  1 941 .  Leve l s o f  p rote i n f o r  p i g s .  

Penn . Ag r i . Exp . St a .  Bu l . 4 1 0 .  

Kl ay, R . F . , G .  c . Smi th and M.  G .  We l l e r .  1 969 . Effect o f  res t r i cted 

feed i n take on performance,  ca rcass measu rements , f 1 avo� and 
· J A · m  S c i  

tende rne ss o f  Hampsh i re and Pa l ouse sw i ne . • n i  • • 

29 :41 7 . 



.,,,, .. , --

67 

Koch ,. D .  E . ,  A •
. 

F .  Pa rr  and R. A . Merkel . 1 968a . Fat ty a ci d compos i t i on -
of  the 1 nne r and outer l ayers of po rci ne backfat a s  .af fe cted by 
ene rgy l eve l , sex and s i re .  J .  Food Sc i . 33 : 1 76 .  _ 

Koch , D .  E . , A .  M . Pearson,  w .  T .  Magee , J .  A.  Hoefe r  and B .  s . 
S chwe i ge r t .  1 968b . Effect o f  d i et o n  the fat ty a c i d compos i t i on 
of pork fat .  J .  An i m. Sci . 27 : 360 . 

-
_ 

-

Kornegay, E .  J .  a nd G .  G rabe r .  1 968 . Effect o f  food i ·ntake and 
mo i s tu re ·content on we i ght ga i n, d i ges t i b i l i ty of  d i et 
cons t i  t uent.s and n i t rogen retent i on of swi ne . J .  An i m.  S c i . 
27 : 1 59 1 . 

' 

'Kroff ,  D .  H . , R .  W .  B ray , P . H .  Ph i l l i ps and R . H .  G rumner .  1 959 . 
Effect s  of p rote i n l eve l and qua l i ty i n  swi ne rat i on s  upon 
g rowth  a nd ca rcass deve l opment . J .  An i m . S c i . 1 8 : 755 . 

Ku ryv i a l , M .  S .  a nd J .  P . Bowl and . 1 962 . Supp l ementa l fat a s  a n  
ene rgy sour ce i n  the d i e t  of swi ne and ra ts . I I .  E ne rg y  
and n i t rogen d i gest i b i l i ty,  n i t rogen retent i on and ca rcass  
fat compos i t i on .  Can . J .  An i m. Sc i . 42 : 33 .  

Lee , C . , J .  L .  McBee , J r . and D .  L .  Horvath . 1 967 . D i e ta ry p rote i n  
l eve l and swi ne car cass t ra i ts .  J .  An i m. Sc i . 26 : 490 . 

L i kusk i , H . J .  A . , J .  P .  Bowl and and R .  T .  Be rg . 1 96 1 . Ene rgy  
d i gest i b i l i ty and  n i t rogen retent i on by  p i gs and  rat s  fed 

· d i e ts  conta i n i ng nonnut r i t i ve d i l uents and va ry i ng i n  
p rote i n l eve l . Can .  J .  An i m. Sci . 41 : 89 . 

Lowrey , R .  s . ,  w .  G .  Pond and J .  H .  Manner .  1 958 . The effe ct of  the 
ca l o r i e-p ro te i n rat i o  on d i gest i b i l i ty, feed eff i c i ency and 
we i ght  · ga i n  i n  g row i ng swi ne . J .  An i m. Sci . 1 7 : 1 1 65 .  (Abs t r . ) . 

Lowrey, R .  s . ,  w .  G .  Pond , J .  H .  Manner and J .  K .  Loos l i .  1 962 . 
Effect of d i e t a ry fat l eve l on apparent _ d i gest i b i l i ty by 
g rowi ng swi ne . J .  An i m. Sc i . 2 1 : 746 . 

Lucas , 1 .  A . M . , 1 .  McDona l d and A.  F.  c .  Ca l �e r .  1 960 . Some fu r�he r 

observat i on s upon t he effects of vary � ng the p l ane
.
of f7ed 1 ng 

for p i gs between wean i ng and bacon we i ght .  J .  Ag r a . Se a .  

54 : 8 1 . 
. 

W G E R P J d D B Hudman .  1 964. Effects of  
• . , • • eo , r .  an • • 

ami no a c i d supp l ementat i on of rat i ons conta i _n � ng '™;a: �nd 

s craps  on ra te of ga i n , feed convers i on and d 1 ges t 1 b 1 l 1 ty 

of ce rta i n rat i on componen ts for g rowi ng-f i n i sh i ng swi ne . 

Luce , 
bone 

J . An i m. S c i . 23 : 52 1 . 



68 

HcMeekan , C .  P .  1 940a . G rowth and deve l opment i n  the p i g  w i th spec i a l  
reference t o  ca rca s s  q ua I i  ty characte r i s t i cs .  I .  Age changes 
i n  g rowth and deve l opmen t .  J .  Ag r i . Sc i . 30 : 2 76 .  

McMeekan ,  C .  P .  1 940b . G rowth and deve l opment i n  - the p i g  w i t h  spe c i a l  
refe rence t o  ca r cass  qua l i ty characte r i s t i cs . I I .  The 
i nf l uence of the p l ane of nu t r i t i on on g rowth and deve l opmen t .  
J .  Ag r i . S c i . 30 : 387 . 

�eade , R .  J .  1 956 . The i nf l uen ce of p rote i n content  of  the d i et and
· 

of  ch 1 o r te t racyc l  i ne a nd/o r  v i--tam i ns e 1 2  supp 1 ementat  i on upon 
performance of g rowi ng fatten i ng p i g s .  J .  An i m. Sc i . 1 5 : 29 7 .  

Me rke l , R .  A . ,  R .  W .  B ray , R .  H .  G rumne r ,  P .  H .  Ph i l l i ps a n d  G .  Bohs tedt . 
1 958 . The i nf l uence o f  l i m i ted- feed i ng ,  u s i ng h i gh-f i be r _ 
rat i ons ,  upon g rowth and ca rcass  characte r i s t i cs o f  swi ne . 
I I .  Effe ct s  upon ca r cass  cha racte r i s t i cs .  J .  An i m. S c i . 1 7 : 1 3 . 

M i t che l l ,  H .  H . 1 939 . Nut r i t i ona l req u i rements of wean l i ng p i g s­
coord i nated s urrma ry . P roc.  Ame r .  Soc. An i m . P rod . 32 : 1 52 .  

N . R . C .  1 968 . Nut r i ent Requ i rements of Domest i c An i ma l s ,  No . 2 .  
Nut r i ent Req u i rement  o f  Swi ne . Nat i ona l Resea r ch Cou nc i l ,  
Wash i ngton,  D .  C .  

No l and ,  P .  R .  a nd K .  W .  Scott . 1 960 .  Effect of va ry i ng p rote i n and 
ene rgy  i ntakes  on g rowth and car cass  qua l i ty o f  swi ne . J .  

· An 1 m .  Sc i . 1 9 :67 .  · 

0 1 hea , E .  K .  and G .  A .  Leve H l e .  1 969 . L i pogenes i s  and enzymat i c  
a ct i v i ty of p i g  ad i pose t i ssue as  i nf l uenced by  d i e tary p rote i n  
and fat .  Fed .  P roc.  28 : 687 . (Abst r . ) . 

Passbach ,  F .  L . , J r . ,  R .  W .  Rodge rs ,  B .  G .  D i_ gg i and B .  Bake r .  1 968 . 
Effect s o f  l i m i ted feed i ng on ma rket hogs : Pe rformance and 
q uant i tat i ve a nd qua l i ta t i ve carcass  characte r i st i cs .  J .  An i m. 
Sc i . 2 7 : 1 284 .  

P i ck, R .  I .  and R .  J .  Meade . 1 970 . Nut r i t i ve va l ue of h i gh l ys i ne 
cor n : Def i c i en c i es  of l ys i ne and ava i l ab i l i ty of l ys i ne 
and i so l euc i ne for g rowi ng swi ne . J .  An i m . S c i . 3 1  : 509 . 

See r l ey ,  R .  W . , G .  E .  Po l ey and R .  C .  Wah 1 s t rom o 1 964. Ene rgy and 
p rote i n re l a t i onsh i p s tud i es w i th  g row i ng-f i n i s h i ng swi ne . 
J .  An i m. S c i . 2 3 : 1 0 1 6 . 

Se l f , H .  L . , R .  w .  B ray and R .  J .  Re i e rson . 1 957 . Lea n  cut y i e l d 
and an eva l uat i on of  hams and l o i ns of U . S . D .A .  po rk ca r cass  
g rades . J .  An i m. S c i . 1 6 : 642 . 



Seymour ,  E . W . , V .  C .  Spee r ,  V .  W.  Hays ,  D .  w. Mango l d and T .  c .  
Hogan . 1 964. E ffect s  of d i eta ry p rote i n l eve l and env i ron­
me n t  temperat u re on pe r formance and carcass  qua l i ty o f  
g rowi ng- f i n i sh i ng swi ne . J .  An i m. Sc i . 2-3 : 375 . 

Smi th ,  J . ,  J r . ,  A .  J .  C l awson and E .  R .  Ba r r i ck .  1 967 . E ffe ct o f  
rat i o  of  p rote i n f rom corn and soybean mea l  i n  d i e ts of  
vary i ng tota l p rote i n  on  performance ,  car ca s s  des i rab i l i ty 
and d i et d i gest i b i l i ty i n  swi ne . ' J .  An i m. S c i . 26 : 752 . 

S tant , E . G . , J r . , . T .  G .  Ma rt i n, M .  D � J udge and R .  B .  Ha r r i ngton . 
1 968 . Phys i ca l  sepa rat i on and chem i ca l  ana l ys i s of the 
p�r c i ne carca s s  a t  2 3 ,  46 ,  68 and 9 1  k i l og rams l i vewe i gh t .  
J . An i m . S c i . 2 7 : 636 . 

�tee l , R .  G .  and J .  H .  Tor r i e .  1 960 . P r i nc i p l es and P rocedu re s  of 
Stat i st i cs .  McG raw-H i l l Book Co . , New York . 

Stevenson , J .  W . ,  R .  J .  Davey and R .  L .  H i ne r .  1 960 . Some e ffects 
of d i eta ry p ro te i n and a l fa l fa mea l and ant i b i ot i c supp l emen­
tat i on on g rowth ,  feed e ff i c i ency and ca rca s s· cha ra cte r i s t i cs 
of sw i ne .  J .  An i m . Sc i . 19 : 887 . 

Thornton , J .  W . , R .  H .  A l smeye r and R .  J .  Davey.  1 968 . Genet i c, 
d i e t and p i g  ag� effect s on pork tende rness  and pa l atab i l i ty . 
J .  An i m . S c i . 27 : 1 229 . 

Tope l ,  D .  G .  and R .  E .  Rus t . 1 969 . Standa rds fo r pork co l o r , 
f i rmness  a nd marb l i ng .  I owa Est . Se r .  Pm-452 . 

Vans choub roch , F . , R .  Dewi l de and Ph . Lampo.  1 967 . The quant i tat i ve 
e ffects of feed res t r i ct i on on fatten i ng p i g s on we i ght  ga i n, 
eff i c i ency o f  feed ut i l i zat i on a nd backfat t h i ckne s s . An i m . 
P rod . 9 : 67 .  

Van Stave rn ,  D .  B . ,  L .  E .  Kumb l e , w .  H .  B rune r  and R .  M .  J oh nson ,  � r . 
1 960 . Characte r i s t i cs of the ca rcass  and compo s i t i on of  
mus cl e and ma rket  hog s as  i nf l uenced by age at  s l aughte r .  
J • An i m .  S c i  • 1 9 :  1 24 3 .  (Ab s t  r . ) • 

V i ppe rman ,  P .  E . , J r . c .  c .  B rooks , R .  F .  Kee l y , P .  P .  G ra ham and 
. H .  R .  Thomas .  1 963 . Effect of d i e ta ry l ys i ne on mus c l e 

s i ze and compos i t i on i n  swi ne . J .  An i m o S c i . 22 : 674. 

69 

Wagne r ,  G .  R . ,  A .  J .  C l a rk ,  V o  W .  Hays and V .  C .  Spee r .  1 96 3 .  E f fe ct 
o f  p rote i n-ene rgy re 1 at i on.sh i p  on the pe rforman ce and ca r cas s  
q ua l i ty o f  g rowi ng swi ne . J .  Ari i m . Sc i . 22 : 202 . 



Wah l st rom, R .  C .  1 954. The effect of pen i c i l l i n and B v i tam i ns  on 
the g rowth of p i gs fed d i fferent 1 eve 1 s  of p rote i n . ·. J .  An i m. 
S c i . 1 3 : 9 1 8 . 

Wah l s t rom,  R .  c . ,  K .  E .  G i l s te r , G .  W . L i ba J  and J �  F .  F red r i kson . 
1 97 1 . P ro te i n l eve l and l ys i ne e ffects on pe r fo rman ce a nd 
car ca s s  t ra i t s  of  swi ne .  J .  An i m . Sc i . 33 : 1 1 54. (Abs t r . ) . · 

Wa l d r i n , D .  E .  1 964 . I n f l uence of energy and p rote i n l eve l i n  
rat i ons for  f i n i s h i ng ma rket p i g s on pe rformance a nd ca r cass  
cha racte r i st i cs .  Can .  J .  An i m. Sc i . 44 :  1 68 .  

W i l son , G . D . , J . E .  Bu rns i de ,  R .  H . - G runmer and R .  w .  B ra y  • .1 953 . 
Pork ca r ca s s  va l ues  as  affected by p rote i n l eve l and supp l e­
menta t i on w i th  au reomyc i n and v i tami n B 1 2 . J .  An i m • . S c i . 

· 

1 2 : 29 1 . 

Wong , W .  c . ,  W .  J .  Boy l an and s .  C .  S t rothe rs . · 1 968 . E ffect s of  
d i etary p rote i n  l eve l and  sex on  sw i ne perfo rmance and ca rcass  
t ra i t s . Can .  J .  An i m. Sc i . 48 : 383 . 

Young , L .  G . ,  G .  c .  Ashton , R .  P .  Fo rshaw and R .  H .  I ng ram. 1 968 . 
Re l at i onsh i p  of d i e ta ry p rote i n l eve l s to pe r formance and 
ca rcass me r i t f ma rket  sw i ne .  Can .  J .  An i m. S c i . 48 : 7 1 • .. 

70 


	The Effects of Protein Level and Age on Performance, Carcass Characteristics and Nutrient Digestibility of Growing-finishing Swine
	Recommended Citation

	Stahly-Tim_1972-0001
	Stahly-Tim_1972-0002
	Stahly-Tim_1972-0003
	Stahly-Tim_1972-0004
	Stahly-Tim_1972-0005
	Stahly-Tim_1972-0006
	Stahly-Tim_1972-0007
	Stahly-Tim_1972-0008
	Stahly-Tim_1972-0009
	Stahly-Tim_1972-0010
	Stahly-Tim_1972-0011
	Stahly-Tim_1972-0012
	Stahly-Tim_1972-0013
	Stahly-Tim_1972-0014
	Stahly-Tim_1972-0015
	Stahly-Tim_1972-0016
	Stahly-Tim_1972-0017
	Stahly-Tim_1972-0018
	Stahly-Tim_1972-0019
	Stahly-Tim_1972-0020
	Stahly-Tim_1972-0021
	Stahly-Tim_1972-0022
	Stahly-Tim_1972-0023
	Stahly-Tim_1972-0024
	Stahly-Tim_1972-0025
	Stahly-Tim_1972-0026
	Stahly-Tim_1972-0027
	Stahly-Tim_1972-0028
	Stahly-Tim_1972-0029
	Stahly-Tim_1972-0030
	Stahly-Tim_1972-0031
	Stahly-Tim_1972-0032
	Stahly-Tim_1972-0033
	Stahly-Tim_1972-0034
	Stahly-Tim_1972-0035
	Stahly-Tim_1972-0036
	Stahly-Tim_1972-0037
	Stahly-Tim_1972-0038
	Stahly-Tim_1972-0039
	Stahly-Tim_1972-0040
	Stahly-Tim_1972-0041
	Stahly-Tim_1972-0042
	Stahly-Tim_1972-0043
	Stahly-Tim_1972-0044
	Stahly-Tim_1972-0045
	Stahly-Tim_1972-0046
	Stahly-Tim_1972-0047
	Stahly-Tim_1972-0048
	Stahly-Tim_1972-0049
	Stahly-Tim_1972-0050
	Stahly-Tim_1972-0051
	Stahly-Tim_1972-0052
	Stahly-Tim_1972-0053
	Stahly-Tim_1972-0054
	Stahly-Tim_1972-0055
	Stahly-Tim_1972-0056
	Stahly-Tim_1972-0057
	Stahly-Tim_1972-0058
	Stahly-Tim_1972-0059
	Stahly-Tim_1972-0060
	Stahly-Tim_1972-0061
	Stahly-Tim_1972-0062
	Stahly-Tim_1972-0063
	Stahly-Tim_1972-0064
	Stahly-Tim_1972-0065
	Stahly-Tim_1972-0066
	Stahly-Tim_1972-0067
	Stahly-Tim_1972-0068
	Stahly-Tim_1972-0069
	Stahly-Tim_1972-0070
	Stahly-Tim_1972-0071
	Stahly-Tim_1972-0072
	Stahly-Tim_1972-0073
	Stahly-Tim_1972-0074
	Stahly-Tim_1972-0075
	Stahly-Tim_1972-0076
	Stahly-Tim_1972-0077

