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INTRODUCTION 

There are ten amino acids that are considered to be essential 

in diets for growing swine. If the dietary concentration of any 

essential amino acid is less than the amount required for maximum 

growth, it is said to be a limiting amino acid. Lysine is the first 

limiting amino acid in most cereal-based diets for swine. Thus, in 

cereal-based diets the lysine- requirement must be met first if the 

pig's protein anabolism is to be efficient and.maximal. 

The most widely used diet in the swine industry today is the 

1 

corn-soybean meal diet. Corn is deficient in lysine, �ut soybean meal 

is a relatively good source of lysine, so soybean. meal is added to the 

corn base to increase the diet's lysine content. Synthetic lysine 

(L-lysine monohydrochloride) also can be added to corn-soybean meal 

diets to increase lysine content or added as a replacement for part of 

the soybean meal. However, the dietary protein level should be reduced 

a maximum of only 2% or other amino acids may become limiting. 

Recent research has indicated that the lysine level recommended 

by the National Research Council (NRC) may be inadequate for maximum 

growth and feed efficiency for 10- to 20-kg pigs. This is in agreement 

with European estimates of the lysine requirement for starter pigs. In 

fact, many commercial starter diets contain lysine levels closer to 

European recommendations than that level recommended by the NRC. 

However, little research has been conducted to determine if the higher 

lysine levels responsible for improved performance in the starter period 

are beneficial to performance for the entire growth period (8 to 100 kg). 



or if hi gher leve l s  o f  lys ine in s tar ter diets a f f e c t  carcass charac

teris t ics o f  f inished pig s .  Ther ef ore , it i s  imp o rtant to de t ermine 

if  increasing the lys ine content of s tar ter die t s  i s  economi ca lly 

b ene f i c ial when rai s ing pig s from approxima te ly 8 t o  100 kg . 

2 

The ul t imat e  objec t ive of this s tudy was to det ermine the 

optimum lys ine level in swine s tarter diets (8 to 20 kg ) wh ich would 

result in maximum p er f ormance f rom 8 to 100 kg w i thout adver s e ly 

aff e c t ing car c a s s  charac ter i s t i c s . The parame ters u s ed wer e as follows: 

( 1) P ig .  p er formanc e as measured by average dai ly gain , 

avera ge da ily f eed intake and feed ef f ic iency during the s tart er ( 8  to 

20 kg ) , grower (20 to 35 kg and 20 to 55 kg ) ,  f inish ing (35 to 100 and 

55 to 93 kg ) and overall (8 to approximately 100 kg ) per iod s . 

(2) Quantitat ive carcass  charac ter is t i c s  at 100 kg inc luding 

car cas s leng th , average backf at , long is s imus mus cle area and percent 

mus c le . 
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REVIEW OF LITERATURE 

Lys ine in Nutr i t io n  

In 1 9 1 4 ,  lys ine was f ir s t  shown t o  be a n  es s en t ia l  amino a c i d  

for young whi t e  rats by Osborne and 11endel. In the fir s t  of two s tudies , 

g l iadin wa s the sol e  pro t e in sour ce in the gliadin and g liadin plus ly sine 

( . 54%) exper imental d ie t s . Zein and ede s tr in wer e  the pro tein sources  

for the ba sal and lys ine supplement ed ( .54%) basal die t s  in the second 

s tudy . Re sult s f rom b o th s tudies were s imilar . Rats receiv ing uns up p le

mented die t s  only maintained their s tar t ing we ight , whi l e  rats fed lys ine 

supp lemented d ie t s  exhib i t ed normal growth . 

Lys ine wa s proven to be es sential for chi cks by Almqui s t  and 

Mec chi ( 1 9 4 2 ) . Us ing d iet s compo sed of zein,  ede s t r in and ca s ein , they 

observed tha t chicks exhib ited the be s t  growth ra t e  when rec eiving no 

less  than . 90% L-ly s ine in their diet . Other species tha t  have been 

shown to requ ir e  lys ine are the adul t dog (Rose and Rice ,  1 9 3 9 ) , young 

mouse ( Bauer and Ber g , 1 94 3 ) and adul t young man (Ros e , 19 4 7 ) . 

Mer t z  and othe r s  ( 1 949 ) f ir s t  proved tha t lys ine was an es s ent ial 

amino acid f or weanl ing pigs� Wi th zein a s  the s o l e  protein source , thes e 

worker s f ormula ted a contr o l  diet containing 23 . 5 % pro tein and .029% lys ine . 

Pig s  consuming the contro l die t s  for 28 d no t onl y  ceas ed to gr ow but 

also exhib i t ed rough hair co a t s, emac ia ted app earances and app ar ent 

inani t io n . Pigs f ed the contro l  diet p lus 2% DL-ly s ine monohydrochlor ide 

exhib i ted bo th no rma l growth and appearanc e .  Pig s  orig ina lly fed the 

control d iet resumed no rmal growth and def ic iency symp toms wer e alleviated 

when they were f ed lysine supp lemented die t s . 
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Lys ine Requirement for S tar ter Pigs 

The Nat ional Re search Counci l  (NRC , 1 9 7 9 ) es t ima ted the lys ine 

requirement of 1 0- to 20-kg pig s  to be .79% and pro t e in and metabo lizable 

energy requir ement s to be 1 8% and 3 , 160 kcal, respec t ive ly . The ly s ine 

level necessary f or op t imum per formance is no t cons tant , however , s ince 

lys ine requirement s are af f ec t ed by sever a l  factors . 

In 1 948, Grau stated " . . . the lys ine requirement exp r es s ed as a 

percentage o f  the diet  should be qua lif ied in t erms o f  the level o f  

dietary pro t ein . "  Hutchinson et a l. ( 1 9 5 6 ) indicated tha t die tary 

lys ine requirement was dependent upon die tary protein leve l . 

Br inegar et al . ( 1 95 0 )  conduc ted a s tudy to de termine the ly s ine 

requirement s o f  weanling pigs at  two protein levels .  Var ious levels  o f  

1-lys ine-HC l wer e  add ed t o  the 10 . 6% pro tein lins eed mea l and 2 2.0% 

protein s e same meal d iet s . Af ter a 4-wk tr ia l ,  the minimum leve l s  o f  

lys ine whi ch suppor t ed maximum gain and e f f iciency were .60% and 1.20% 

for the 10 . 6% and 22 . 0% protein d iet s , res p e c tively . The d i f f erence 

b e tween lys ine lev e l s  wa s largely elimina ted w�en the requirements were 

expres s ed as a per c entage of the die tary pro tein , 5 . 7 % in the 10 .6% 

pro tein diet and 5.5% in the 22.0% pro tein diet. 

In 1 95 8 , Chance and o ther s s tudied the p r o t e in ef f ec t  on lys ine 

requirement for weanl ing pig s. Three levels of pro t e in ( 10 % ,  1 5 %  and 

20%) and lys ine ( .5% , .7% and . 9%) wer e used in two tria l s .  Treatment 

dif f er ences were only ob s erved in tr ial 2. The lys ine requirement for 

pigs f ed 1 0  and 1 5% p ro t e in die t s  appeared to b e  .7% and increa s ed to 

.9% for 20% pro t e in d iets. HeWard et al. ( 1 95 9 )  no t e d  similar resul ts 
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feeding sesame seed meal die t s  to 13 . 6-kg p i g s  f o r  28 d .  Six ly sine 

additions in . 1% incr ements were added to 1 2 . 8  and 2 1 . 7% pro tein basal 

die t s .  At the lowes t ly sine level s ,  . 33 and . 57 %  for the 1 2 . 8  and 2 1 . 7% 

pro tein diet s ,  res p e c t ively , p ig s  exhibited anorexia , rough hair coa t , 

depres sed gr owth and poo! eff iciency . P ig s  consuming higher levels o f  

lysine were devo id o f  def iciency symp toms and p er f ormanc e imp roved as 

ly sine level s incr ea sed . Op t imum per f ormance wa s achi eved when the 1 2 . 8% 

protein diet contained . 7 1% lys�ne and the 2 1 . 7% p r o t e in diet contained 

. 95% lys ine . McWard et al . ( 1 95 9 )  also su gges ted tha t lys ine ne ed , when 

expr essed as a percentage of pro tein , could be determined us ing the 

formula Y = 7 . 23 - . 1 3 1X ,  wher e Y is the lys ine need and X is the 

percentage dietary p r o t ein . 

Baker et al . ( 1 9 7 5 ) conduc ted a 2 x 6 fac toria l experiment to 

det ermine the lys ine requ irement of 1 8-kg pigs  at two pro tein level s .  

Basal corn- s e s ame meal die t s  conta ining 16 and 1 2 %  pro t ein wer e  increas ed 

in lysine cont ent from . 43 to . 9 1 %  ( . 08% increment s ) by addi tions o f  

synthe tic lysine . Lys ine level s  requir ed for �ximum gains were de ter

mined to b e  . 7 7 and . 69% f or the 1 6  and 12% pro t ein die t s , respectively . 

The aforement ioned autho r s  propo sed tha t  lys i ne requirement 

decrea se s  a s  protein level decrea s e s . This i s  in agreement with o ther 

work done by K lay ( 1 9 64 ) and Lunchick et a l . ( 19 7 8 ) . McWar d  et al . 

( 1 9 5 9 )  sugges ted a . 02 7% decrease in lys ine for every 1% de crease in 

pro tein , while Baker et al . ( 1 9 7 5 ) proposed decrea s ing the lysine level 

. 0 2% for every 1% decrea se irt pro tein . Lunchick et a l . ( 19 7 8 )  ob s erved 

similar perf ormanc e for . 0 2 and . 04% lys ine redu c tions p er each 1% 

decr ease in pro t ein . 
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The decrea s e  in lys ine requirement at lower pro t ein leve ls can 

b e  expla ined by two factor s. Firs t, mo re lys ine is  provided b y  synthe tic 

lys ine in low pr o t ein die t s  than in high pro tein diet s.  S ince s ynthetic 

lys ine is much more available than lys ine supplied by grain sources,  a 

lesser amount of d ie tary lys ine is needed in low pro te in die t s  to provide 

an equ ival en t  amount o f  available lysine (Gupta e t  a l ., 1 95 7 ;  Ne tke and 

Sco t t, 1 9 7 0; Klein et a l . ,  197 2 ) . Sec ondly, some res earcher s have found 

feed consumpt ion inc r eased as prot e in level decr ea sed (Klay, 196 4;  Katz 

et  a l., 197 3;  Baker et al . ,  197 5 ) . Ther ef ore, even though di etary lys ine 

level wa s lower, ab s o lute da ily lys ine intake remained unchanged . 

However, o ther res earcher s (Whit elaw et al., 1 9 6 6 ;  Lunchick et a l., 19 7 8; 

Wyl l ie and Owen, 1 9 7 8 )  observed tha t pro tein levels d i d  no t a f f ec t  feed 

intake. 

Ca tron et al. ( 1 95 3 )  showed synthe t i c  lys ine can be us ed to 

replace part of the soybean meal in swine di e t s .  Altho ugh Baker et  al. 

( 1 9 7 5 )  sugg e s t ed a maximum 2% lowering o f  the pro tein leve·l when replacing 

soybean mea l  with synthe t ic lysine and corn, Wahls tr om and Lib a l  (1974 )  

observed no dif f erence in performanc e be tween pig s  cons uming a 1 7 % 

pro t ein, corn-soyb ean meal diet or a lysine- supplement ed, 1 4 %  pro tein 

corn-soybean meal diet. Depending on economics,  low pro tein diets 

supplement ed with L-lysine monohydro chloride can be us ed to replace 

h igher pro t ein diets.  

I n  1 96 5 , Heade and other s s tudied lys ine suppl ementa tion o f  low 

pro te in diet s. Three-week-old pig s were f ed co rn- soybean mea l  di e t s  

conta ining ei ther 16% pro tein, 1 6% protein plus . 2% L-ly s ine and . 05% 
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DL-methionine or 1 8% protein .  Lys ine and me thionine supplementa tion had 

no ef f ec t  on da ily ga in ,  but feed ef f ic iency was improve d . Als o , lys ine 

and methionine add i t io ns improved f eed ef f ic iency equa l to tha t o f  the 

18% pro t e in d ie t . Orr et al . ( 1 9 7 6 )  obs erved simi lar r esult s f eeding 

4-wk-o ld p igs sor ghum grain- soybean mea l die t s . Gains o f  p igs cons uming 

16% prot ein die t s  supplement ed wi th either . 1  or . 2% lys ine were as rap id 

and e f f ic ient a s  tho s e  of pigs  consuming 18% pro t ein diets . 

Campbe l l  ( 1 9 7 8 )  c onduc ted a s tudy to det erm ine the res po ns e  o f  

weanling p igs receiv ing subop t imal pro tein die t s  t o  supplementa l lys ine . 

Wheat-soyb ean mea l  d i e t s  used were a 20 % protein control ,  a 1 4 . 6% pro tein 

basal p lus lys ine add i t ions to provide . 54 ,  . 7 2 ,  . 90 and 1 . 0 8% to tal 

lys ine and a 1 6 . 6% protein basal p lu s  lys ine a ddi tions p roviding . 7 2 ,  

. 90 ,  1 . 08  and 1 . 26% tota l  dietary lys ine . I n  the 5 . 5 - to 20 -kg growth 

p er iod , p ig s  consuming diet s conta ining 1 . 08% lys ine at e ither subopt imal 

pro tein level had ga ins and ef f ic ienc ie s simi lar to p igs receiv ing the 

20% pro tein diet . 

Us ing co rn-soybean meal die t s , Katz e t  al . ( 19 73 )  found tha t pigs 

fed 16% p ro t ein d ie t s  conta ining levels of lys ine and me thionine 

equivalent to a 1 9% protein diet per formed sup erior to pigs fed an 

unsupp l ement ed 1 6% pro tein diet . Als o , p igs f ed amino acid-supplement ed , 

1 6% protein diets  exhib i ted gains s imilar to pigs  fed 19% p ro t ein diets . 

Pelura et a l .  ( 1 9 8 0 )  and Yen and Veum ( 1 9 8 2 ) found no di f ference in 

perf ormanc e be twe en p i g s  consuming ei ther an 18% pro tein , corn- s oybean 

mea l diet or a lys ine -supplemented , 1 5% prot ein corn-soybean mea l diet . 
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Pro t e in lev e l s  of 20 , 1 8 , 16 and 14% wer e use d  in a study 

conduc ted by Lunchick et al . (1 9 7 8 )  to de termine the ef f e c t  of varying 

lys ine levels at dif f erent protein levels on the p er f o rmance of 9 . 2 -kg 

p ig s . Dietary p r o t e in wa s provided by corn and soyb ea n  mea l . Pos i t ive 

contro l  die t s  conta ined 20% protein and 1 . 08% ly s ine . Lys ine was added 

to 1 8 ,  16 and 1 4% protein die t s  to provide die tary lys ine leve ls equal 

to that o f  the 20% p r o tein diet minus . 02 and . 04% ly s ine p er each 1% 

decrease in pro t e in level . No dif fer ence in pig p er f o rmance was 

ob served b e t ween . 02 and . 04% reduc t ions in ly sine leve l . How ever , pigs 

f ed 1 4% pro t ein diet s gained s lower and less ef f i c i en t ly than pigs 

consuming h igher pro te in die t s . There was no dif f er ence in perf ormance 

between p ig s  f ed 16, 18  or 20% p ro tein diets , but p er f ormance was 

maximized with 1 6% prot ein diet s  containing .9 2 %  lys ine . In 19 7 3 , Allee 

and o ther s fed f our iso- lysine , milo- soybean mea l d i e t s  cont aining 1 2 , 

1 4 , 16 or 1 8% pro t ein to 9 . 7-kg p ig s . Pig s f ed 1 2  o r  1 4% pr o t ein die ts 

ga ined s lo wer and were le s s  ef f ic ient than pig s  cons uming 18% p ro tein 

die t s . Gain and e f f ic iency wer e similar for pig s consuming ei ther 1 6  

o r  1 8% p ro t e in diet s . 

Long et  al . ( 1 962 ) f �d corn- soybean mea l d ie t s  containing . 9 3  

and 1 . 86% lys ine a t  methionine levels o f  ei ther . 32 o r  . 68% to 4 . 2-kg 

p ig s . Da ily gain and feed consump t ion wer e  reduc ed at the higher ly s ine 

level but improved wi th methionine add i tion . Thi s  can b e  explained if  

1 . 86% lys ine wa s in exc e s s  o f  the requir ement o f  the young pig and then 

me thionine became the f ir s t  l imit ing amino acid at the higher lys ine 

level . Ko rnegay ( 1 9 7 2 )  f ound tha t ,  wher ea s lys ine addi tio ns o f  . 1 2 and 
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. 25 %  to 1 8 . 0 , 1 6. 4  and 1 4 . 5% p rotein corn- soybean meal d i e t s  wer e 

benef icial , add i tion o f  . 4% lys ine at any pro tein level did no t impr ove 

performanc e over that of unsupp lemen ted die t s .  S imilar ly , i n  wo rk done 

by All ee et al . ( 1 9 7 3 )  and Kornegay ( 19 7 2 ) , lysine add i ti ons to high 

pro t ein die t s  were no t b enef icial to per formanc e . Thi s  could b e  due to 

an amino a c id imba lanc e .  

Cole e t  a l. ( 1 967 ) observed tha t pigs  ea t to fulf ill their energy 

needs. It c ould then be a s sumed p ig s  consuming high energy diet s would 

eat less fee d  daily and would theref ore requir e  higher dietary pro tein 

level s in order to mee t  their daily pro tein need s . However , res ear ch 

re sults invo lving calor ie : protein and calor ie : ly s ine int err e la t ions hip s 

have b een incons is tent . 

In 1 95 7 , P ea and other s s tudied the fat-pro tein interr ela tionship 

in baby p ig d iet s using a 4 x 4 fac toria l  des ign. Pro t e in level s and 

fat addi t ions u sed were 1 5 , 20 , 25 and 30% and 0 ,  2 . 5 ,  5 and 10% , 

re sp ec t ive ly . P i gs fed 20% p ro tein diets produced maximum ga ins and 

ef f ic ienc ie s .  However , there wa s no pro t ein x fa t interac tion and fat 

add i t ion had no ef fect  on gain or ef fic iency . Lack o f  a p rotein x fa t 

interac t ion was in agr eement with work done by Kenningt on et al . ( 19 5 8 ) . 

Lewis et a l . ( 1 9 8 1 )  conduc ted an exper iment to determine the 

lys ine requirement for 5-kg pigs  fed die t s  wi th and wi thout f a t . Fat 

level s  used were 0 and 5% and dietary lys ine level s wer e .9 5 , 1 . 05 , 1 . 15 ,  

1 . 25 ,  1 .3 5  and 1 . 45% . Pigs fed fat- supp lement ed die t s  consumed les s  

feed and wer e mo re ef f ic ient than pigs fed unsupp lemented di ets . Lys ine 

add i t ions up to 1. 25 % resu lted in improvements in gain and ef f i ciency . 
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However, no fat x lysine interaction was found, and there was no 

indication that fat additions increased lysine requirement. In. a 

similar study, Tribble et al. (1979) added . OS and . 10% lysine to 

sorghum-soybean meal diets containing either 4 or 8% fat. From 28.6 to 

101 kg, pig performance was not affected by the calorie:lysine ratio. 

Using diets containing 2,9 26, 3,267 and 3,718 kcal metabolizable 

energy per kg at six different lysine levels ranging from . 54 to 1. 14%, 

Mitchell et al. (1965b) found n� energy x lysine interaction on rate of 

gain but did find an interaction for feed efficiency. From these data, 

they suggested increasing dietary lysine levels as energy levels were 

increased. 

Anderson and Bowland (1967) investigated the fat-lysine inter

relationship in weanling pig diets. Four lysine additions in . 2% 

increments were added to a 14. 2% protein basal diet along with fat 

additions of 0 and 5%. Lysine level appeared to be related to energy 

content of the diet. Calorie:lysine ratios of 4,000 and 3,500 kcal 

digestible energy per kg per unit percentage lysine were shown to be 

necessary for max·imum efficiency and gain, respectively. �1itchell 

et al. (196Sb) calculated the lysine requirement to be . 23% per 1,000 

kcal metabolizable energy and recommended lysine levels of .80 and . 98% 

in diets containing 2,926 and 3,718 kcal per kg, respectively, in order 

to achieve maximum efficiency. 

Lewis et al. (1981) attempted to explain why the calorie x 

lysine interaction was sometimes absent. Reasons cited were (1) changes 

in carcass composition may have masked changes in requirements, 



( 2 ) p arame te r s  used were no t sensitive enough to dete c t  changes in 

ly sine requirement and ( 3 ) additiona l fat may have promo ted more 

ef f icient utilizat ion of lysine . 

Lys ine Ef fec t on Car c a s s  Characteris tics 

1 1  

The ul t.ima te obj ec t ive of swine produc tio n  is to produce pork 

profitab ly . Dietary lysine has be en repor ted to a f f ec t  no t only ra te 

and ef f ic iency of swine growth but also cer tain charac teris tics o f  the 

carcas s . With pac ker and consumer empha sis on lean pork, it is 

economically impor tant tha t  the ef fect of lysine o n  car ca s s  charac

teri stic s be det ermined. 

Vipperman et al. ( 1 963 ) s tud ied lys ine ef f e c t  on car ca s s  

charac ter is t ic s  o f  sw ine . They f ed 14.5-kg pig s 1 6% pro tein corn-p eanut 

oil mea l  die t s  with lys ine additions of 0 ,  . 3 ,  . 6 , . 9  and 1 . 2 %. 

Reduct ions in pr o tein level to 1 4  and 12% were made a t  pig weights o f  

3 4  and 5 7  kg , resp ec t ively , along with correspo nding decreas es in die tary 

lysine levels .  Pig s  were slaughtered at 84 kg and carcas s  data ob tained . 

Long is simus mus c le area and total lean yie ld inc r ea s ed when feeding 

supplemental lysine. The addit ion of . 6% lys ine app ea red to re sul t in 

op t imum respons e .  Al s o, chemical analys is of the long i s s imus mus c le 

showed increa s e s  in to tal pro tein , mo is tur e and ash wi th increasing 

lys ine level s and a decrea se in intramu s cular fat as p ro tein conten t  

increa sed . Cahilly and other s ( 1 963 ) conduc ted a simi lar s tudy feeding 

corn-peanu t oil mea l  diets to 1 3 . 6-kg pigs . I dentical protein and 

lysine level s  wer e used with reduc tions in bo th mad e  at similar we ight s . 

Lean cut yield , lo ng i s simus muscle ar ea and carca s s ba ckf at thicknes s  



inc r eased w i th lys ine supplementat ions up to .6% , but to tal fat was 

una f f ec ted. P ro t e in content o f  the longis s imus mus c l e  was increased , 

while mo is tur e decreased with lys ine add i t ions . 

1 2  

E a s t er and Baker ( 1 9 8 0 )  examined lys ine ef f e c t  o n  car ca s s  

charac t er i s t ic s  at  two pro tein level s. P o s i tive and nega tive corn

soybean mea l  d ie t s  c onta ined 1 6 , 1 3  and 1 2 %  pro t e in and 14 , 1 1 .5 and 1 1% 

pro t ein , respe c t ively , with pro tein changes made at pig weights o f  4 7 .2 

and 7 8.4 kg. Lys ine was added �o the negat ive contr o l  die t s  to equal 

to tal lys ine in the high pro tein die t s  and in an amo un t  to equal the 

pos i t ive contr o l  d ie t s  minus .0 2% lys ine for every 1% decrea s e  in 

pro tein. P ig s  wer e slaughtered at approxima tely 9 3  kg and carcass 

mea surements taken. Cro ss-sect ional area o f  the long is s imus mus cle and 

percent four lean cut s  tended to incr ease as die tary lys ine leve ls 

increa sed. Increa sed long is s imus mus c le area due to the add i t io n  o f  .4% 

lys ine to a 1 0% corn- soybean mea l diet wa s observed by C lawson et al. 

( 1 9 6 3 ) . Jur gens et  al. ( 1 96 7 )  fed 12 or 16% pro t ein milo-soybean die ts 

to 5 7-kg pig s to s tudy lys ine ' s ef fect on carca�s char a c teris tics. A 

lysine add i t ion o f  .1%  was added to bo th pro tein lev e l s  and car ca s s 

data were ob ta ined at 95 kg. P i g s  consuming lys ine-suppl ement ed d ie t s  

produc ed carca s s e s  with lower dr ess ing per centa ges and lar ger ham and 

lo in perc entages than pig s consuming �he ba sal die t s .  Baird and 

Mc Campbe ll ( 1 9 6 2 )  found suppl ementing 1 2% pr otein co rn-soyb ean mea l  

d ie t s  with .1%  lys ine tended t o  result i n  increas ed car ca s s  leannes s .  

Wil l iams et  al . ( 1 9 8 4 )  s tudied lys ine requirements f or growing

finishing boar s and barrows. Carcas ses  from boa r s  f ed lys ine-supplemented 
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die t s  had les s  backf a t  and larger longis simus mus c le ar ea and ham-lo in 

and lean cut p er c entages than pigs fed unsupplemented diets . However , 

only longi s s imus mus c le ar ea increa s ed in barrow car ca s s es when 

suppl emental lysine was previous ly fed . 

In 1 9 7 4 ,  Wahl strom and L ibal fed 1 7  and 1 4 %  pro tein corn-s oybean 

mea l  d ie ts to p i g s  to 50 kg and 1 4  and 1 1% protein die t s  to a s laughter 

we ight of 9 5  kg . Two level s  of suppl emental lysine ( .1 and . 2% )  and 

methionine ( .2 and . 4% )  were added to low protein die ts . No differences 

were detec t ed in carca s s  leng th , backf a t  thickne s s  or longis s imus muscle 

ar ea due to lys ine supplementa tion. They recommended , however , that 

�p igs from 1 3 . 5  and 1 7.5 kg to 50 kg requir e . 5 3% ly s ine for op timum 

ef ficiency and car c a s s  leanne s s . Brown et a l. ( 19 7 3b ) sugge s t ed tha t , 

for op t imum percent pro t ein and ether extract in the long i s s imus musc le ,  

lysine level s  of .60 ± .05 % and . 55 ± . 03% should be us ed. Als o , they 

recommended .5 1 ± .0 3% die tary lysine to ob tain op timum p er c entage of 

the four lean cut s  in swine carc a s ses. 

In 1 9 6 3 , Ald inger and Rober ts fed 45-kg pig s corn-soyb ean mea l  

die t s  containing 1 1 % pro tein to tes t lysine's effec t o n  car cas s qua l i ty. 

No diff erenc es wer e  detec ted in backfa t thicknes s ,  grade , percent lean 

cut s or carca s s  leng th due to .05 %  lys ine supp lementa tion . Lys ine 

add it ion of .1 5% to a 15% prot ein corn- soybean meal diet did no t affect 

backfa t thicknes s ,  cro ss-sectiona l area of the long i s s imus mus c le o r 

p ercentage of the four lean cut s  in a s tudy conduc ted by Meade et al. 

( 1 96 6a ) . 
1!08222 
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Dukelow e t  al . ( 1 963 ) fed pig s iso lysini c corn-soybean meal 

d iet s containing 1 2 ,  1 4  or 1 6% pro tein . No dif f er ences in c ar ca s s  

character i s t ic s  due t o  pro tein ef fec t  were obser ved . Meade e t  al . 

( 1 966b ) repor t ed tha t lys ine supplement ation to 1 2 , 1 4  and 1 6% pr o tein 

corn-soybean mea l diets did no t af fec t backf a t  thicknes s ,  cro ss

s ec t iona l area o f  the longis s imus musc le o r  yiel d o f  trimmed ha m and 

loin . S imilar observa t ions were made by Bla ir and o ther s ( 19 69 ) .  

Compensa tory Per formance 

Compensatory per f ormance ,  the abili ty to o ver come the ef fects  

o f  a previous l y  res tr ic ted diet when fed a nutr i t io na lly adequate diet , 

has been repor t ed to af fec t  pig s in severa l ways that migh t be benef icial 

to the producer . Fir s t , if there is  no adver se ef fec t on overall rate 

and ef f ic iency o f  gr owth , s tarter pig s could be f ed lower pro tein diets 

which would dec rea se feed co s ts. Second ly ,  a mor e  consumer -acceptab le 

produc t would be produced if pro tein or lys ine res tri c tions in the 

s tar ter period were responsible for leaner car ca s s es at market weight . 

I t  is theref ore ec onomically impor tant to determine if pigs can 

compensate for previous nutr i.t iona l  res tr i c tions . 

Whitel aw et a l . ( 1 966) fed 2 1 0  pig s  iso lys ini c di ets containing 

ei ther 1 4 ,  18 or 2 2% pro tein from day 21 to day 56. From d ay 56 to 

s laughter at 90 kg , all pi gs received the same diet . In the s tar ter 

per io d , no s ignif icant di f ferences in da ily gain o r  ef f i ciency were 

found . Als o , o verall per formance and carca s s  charac ter i s t i c s  were 

unaf fec ted by pro tein trea tmen t s. Like resul t s  were obs erved by Wy llie 

and o ther s ( 1 9 7 8 ) . From 7 to 27  kg , pig s were fed 1 4  or 28% pro tein 
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die t s  and then trea ted identically f rom 2 7  t o  1 13 kg . Pig s  from each 

tr eatmen t were s laughtered at individual weight s of 2 7 , 5 4 , 82 and 1 1 3 

kg . Per fo rmanc e o f  pig s  f .rom 7 to 27  kg and 2 7  to 1 1 3 kg was no t 

dif f erent b e tween trea tments . At 2 7  kg , car cas se s  from pigs fed 1 4% 

pro tein diet s  wer e  f at t er and contained les s lean tis sue than pig s 

consuming 28% pro tein die t s. However , by the time they reached 5 4  kg , 

pigs initially f ed 1 4% pro t ein diet s  compensa ted and had leaner 

carc a s s e s  than pig s fed 28% pro tein die t s . Pig s fed the low pro t ein 

diet in the star t er per io d  also had leaner carcas s e s  a t  8 2  and 1 1 3 kg. 

Pro tein level s o f  10 , 1 7 , 24 and 3 1% wer e f ed to pigs from 4 . 8  

to 24 kg b y  Wyl lie and o ther s ( 1 969 ) . All pig s receiv ed corn-s oybean 

meal diets c ontaining 1 6% pro tein f rom 24 to 5 7  kg and 1 2% pro t ein from 

5 7  to 9 2  kg . In the s tarter perio d , maximum gains resulted from 1 7% 

prot ein die t s  and ef ficiency was optima l f or 24% pro t ein die ts . From 

24 to 5 7  kg , no dif ferences in per f ormance were ob s erved , but f eed per 

unit o f  gain inc r ea sed linearly (P< .0 1 )  with increasing s tar ter pro t ein 

level from 5 7  to 9 2  kg. For the overa ll perio d; s ta r t er pro tein levels 

o f  1 0  and 24% resulted in optimal ef ficiency and gain. There were no 

signif icant dif f er enc es in carcas s  charac t eris tic s  among treatment s at 

92 kg , but pig s  on the low pro tein regime tended to pr oduc e leaner 

carc as se s .  

Tjong-A-Hung et al . ( 1 9 7 2 )  f ed corn-soyb ean meal diet s  containing 

1 6 ,  20 and 24% pro tein to pig s from 5.4 to 2 3 . 1  kg . Pig s  fed 16 or 2 0% 

pro t ein die t s  gained less than pig s fed 24% pro tein die t s  and pigs 

consuming 1 6% pro t ein die t s  were les s  ef ficient than pigs fed either 20 
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or 24% pro tein die t s. However, by the time pigs r ea ch ed s laughter 

weight ( 9 4. 1 kg ) ,  no diff erenc es due to die tary pro tein level in the 

s tar ter period wer e obs erved for gain, ef ficiency or c ar cas s  leannes s .  

Campb e l l  and Bid en ( 1 9 7 8 )  fed 5. 5-kg pigs diet s  containing either 164, 

1 9 2  or 2 1 9 g pro tein/ kg feed to weights of 20 kg . From 20 to 7 0  kg, 

pig s were tr ea t ed alike . In the s t ar ter period, pig s fed diets 

containing 1 64 g pro tein/kg feed gained slower and wer e  les s ef ficient 

than pigs fed higher prot ein diets.  However , from 20 to 45 kg, 

compensation o ccurred and by the time pigs r ea ched 70 kg there wer e no 

differ ences in overall per formanc e or carca s s  quality. Thes e  two 

studie s suppor t  the s ta tement by Shields and Mahan ( 19 80 )  tha t  temporary 

modera t e  pro t ein restric tion s  can be pla ced on pig die t s  without 

adver sely affec ting overall gain and carcass  qua lity. 

Gjef sen et al. ( 1 9 80 ) s tudied the effects  o f  different pro tein 

levels fed to  e ar ly weaned pig s. Pigs weaned at 3 wk o f  age were fed 

die t s  co ntaining 15, 20 or 24% pro tein. From 22 kg to s laughter at 

100 kg, pigs wer e  treated al ike. In the s tar ter period, daily gains 

were reduc ed when fee ding the low pro tein die t s ,  but no diff er ences in 

performanc e or carca s s  charac teris tics wer e found for the overal l  

period. Gil s t er and Wahl s trom ( 19 7 3 )  obs erved tha t, wher eas performanc e 

o f  s ta r t er pig s wa s  depres s ed by feeding low pro tein die t s ,  the 

depres sion was elimina ted when pig s  were fed adequa t e  pro tein leve ls 

from 45 to 1 1 3 kg. Libal and Wahl s trom ( 19 7 6 )  fed pig s corn-soybean 

meal die t s  containing 1 2  and 16% pro tein from 26 to 5 2  kg. From 5 2  to 

7 8  kg, pig s wer e  fed 1 2, 14 or 1 6% protein diet s  and 1 2% pro t ein diets 
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from 7 8  t o  1 04 kg . In the initial p er io d , ra te and ef ficiency o f  gain 

were sup e r io r  for p i g s  f ed 16% pro tein die t s .  When p ig s  ini tially fed 

low pro t ein die t s  wer e  f ed 1 6% pro tein diets from 52 to 78 kg , gain and 

ef f iciency wer e o p t imal .  No dif f erenc e in p er forman c e  was obs erved 

be tween 78 and 1 04 kg. 

P ier ce and Bowland ( 1 9 7 2 )  fed 5-wk-old p igs 20 , 1 7  or 14% 

pro t ein d ie t s  for 6 wk. From 6 wk to market weight, a l l  p ig s  were 

trea ted a l ike . I nf er io r  perform�nce wa s exhibited b y  pig s  consuming 

14% pro t e in diet s for the fir s t  6 wk . For the overa ll per io d , however , 

performanc e wa s not a f f ec t ed by s tarter pro tein level .  No di f ferences 

in car c a s s  quality were no ted exc ep t pigs fed the low pro tein tr ea tment 

had smaller long is s imus musc l e  areas in one tr ial . Z immerman and 

Khaj arern ( 1 9 7 3 )  f ed d ietary protein level s of 10 and 24% to pigs from 

5 to 23 kg . From 23 to 57 kg, pigs  rec eived 16% pro t e in d i e t s  and 1 2% 

prot ein diet s from 5 7  to 90 kg . Pigs wer e  s laughter ed at 2 3  and 90 kg . 

In the s tart er per iod, pig s fed high protein die t s  p er f o rmed bet ter and 

their carc a s s e s  conta ined more wa ter and protein but les s ether extrac t .  

No dif f erenc es in car c a s s  charact eris t ic s  were found a t  90 kg , but 24% 

pro t ein diets  improved gains , while 10% protein diet s impr oved 

ef f icienc y f or the overall per iod . 

Wahl s tr om and Libal ( 1 9 8 3 ) s tudied comp ens a t o ry ef f e c t  on 

growing p ig s . Corn-soybean meal die ts containing 1 2 , 14  or 16% protein 

were fed . Dur ing the pro t ein- re s tr ic ted perio d , gain and ef f i ciency 

were decrea s ed f or low pro tein diets. Overall pe r f o rmanc e  of pigs fed 

14 and 16% pro te in diets was similar when pigs had an ini tial we ight 



of 25 kg or mo re . Lighter p ig s  did no t fully compensa te as was the 

ca se for p ig s  f ed 1 2% p ro t ein diet s .  

1 8  

Pond et al . ( 1 9 80). s tudied compensa tory respons e o n  gene tically 

obe s e  and lean pigs . Four-wk-old pig s wer e  fed ei ther 1 2  or 1 8% pro tein 

die t s  f o r  8 wk and then 18%  pro tein. diet s to s laught er . Dai ly gains for 

the ini t ial and overall per iods  were higher for pigs  consuming 18% 

pro tein diet s . Ob e s e  pigs were le s s  af f ec t ed than lean pigs  and 

rep let ion on a high pr o t ein die� was no t a s s o c ia ted w ith compens at ory 

growth in lean p ig s . Ho gberg and Z immerman ( 19 7 8 )  conduc t ed a comparab le 

s tudy with s tr a ins of fat and lean ho g s . Fat-s train ho g s  made ei ther 

par t ia l or c omp l ete compensation for per formanc e and ca rca s s  quali ty 

by 100 kg , but l ean- s train p igs did no t compensa t e  for gain af ter p r o t ein 

res tr ic t ion and had smaller cro s s - se c t ional areas of long i s s imus mus c le . 

Krop f  et a l . ( 1 9 5 9) s tud ied pro tein level and qua l i ty on 

performanc e and carca s s  qua l ity . They f ound 1 6  and 1 2% pro tein diets 

suppo r t ed good ga ins from weaning to 91  kg a s  long as each diet contained 

s ome high qual ity p r o t ein .  Dre s s ing p er cent and gain wer e lowes t for 

p i g s  consuming 1 6% p oor quality protein diet s . From thi s  s tudy , i t  could 

be inf erred tha t amino ac id make-up of the pro t e in is  also an impor tant 

factor in compensatory per formance .  
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}�TERIAL S AND METHOD S 

Three experimen ts involving a to tal o f  2 7 2  cro s s br ed weanling 

pig s wer e conduc ted to det'ermine the ef f e c t s  o f  varying ly s ine levels 

in s tarter d ie t s  on pig perf ormance and car cas s  charac t er i s tics . A 

rand omized compl et e blo c k  design was use d  and t wo barro ws and two gil ts 

wer e a ll o t ted to each pen based on weight and ances t ry. From average 

weaning weight s o f  7 .8 to pen average we ights o f  20 kg , pigs wer e fed 

experimenta l d ie t s  in an environmentally contr o l l ed nur s ery a t  the 

South Dako ta S ta te Univer sity Animal Science Complex. Experimenta l 

die t s  were identical in each re spective exper iment exc ep t for lys ine 

cont ent and met or exc eed ed NRC ( 1 97 9 )  recommendations for all other 

nutrients ( see appendix tab le 1 for calcula ted and chemi cal analys es 

o f  s tarter die t s ) . Suppl emental lysine was provided by 1-lys ine mono -· 

hydrochlo ride a t  the expense o f  corn . Flooring types us ed wer e ei ther 

rubber-coa t ed ,  expanded metal or pla s t ic s la t s .  Tempera tur e was 

initially maintained a t  2 6 . 7  C and then gradual ly de cr ea sed to 2 3 . 3  C 

as the experiment s  pro gres s ed . Feed and wa ter wer e o f f ered ad lib i tum 

and pig weights ,  feed add it ions and feed wa s tage wer e  record ed weekly . 

From 20 kg to the termina t ion of each exper iment , pigs were 

housed in a conf inement barn in pens wi th concrete s la t ted floors at  the 

South Dako ta S ta te Univer s ity swine res earch unit. Pen allo tmen t was 

the same a s  in the nur s ery . All pig s rec eived ident ical diets  and 

wa ter ad l ib itum . P ig we ight s and feed intake wer e re corded every 

2 wk. At the termina t ion po int in experiment s 1 and 3, pig s  w�r e 



s laughtered at the S outh Dako ta S tate Univer s ity aba t t o i r  and car ca ss 

da ta ob tained . 

2 0  

Throughout t h e  thr .ee exper iments , 16 pig s either died or were 

removed due to abnorma lly poor performance . Gains (ADG ) were ca lculated 

from the las t  normal we igh day and average daily feed intake s (ADF ) and 

feed e f f ic ienc ies (F/G ) were adj us ted based upon maint enanc e  requir ement 

for each p ig . 

Data wer e analyzed us ing_a lea s t- squares pro cedur e ( SAS , 1 9 7 9 ) . 

Variance was d iv id ed int o linear, quadratic and cub ic c omponen t s . When 

a treatment ef fect  wa s found (P< . 05 or les s ) ,  a Wal l er -Duncan K-rat io 

t tes t was used to f ind which treatment means wer e  d i s s imilar ( S te el 

and Torr ie , 1 9 8 0 ) . S inc e replicates wer e random , r eplica tio n  x trea tment 

mean squar es wer e  the denomina tor in F-tes t s  for a l l  individua l 

parame ters except carc a s s  charac teris t ic s  in exper iment 3 .  Res idual 

mean s�ares wer e used as the denomina tor for car cas s  da ta in experiment 

3 because replicate 6 had nd individua l in tr eatment 1 .  Res idual mean 

squares were used as the denomina tor when tes ting trea tment ef f e c t s  o f  

feed intake and ef fic iency . Analys is o f  var iance f o r  a l l  variab les in 

experiment s  1 ,  2 and 3 are p resent ed in append ix tab l e s  2 thro ugh 1 2 . 

Exper iment l 

Ninety-s ix pigs averag ing 7 . 9  kg wer e allo t ted to 24 p ens . 

Each o f  the six r ep lica tions had f our pig s per tr ea tment . Pig s  were 

fed corn- soybean mea l-oa t gro a t s  die t s  calcula ted to contain . 7 5 ,  . 85 ,  

. 95 and 1 . 05% lysine to a pen average weight o f  20 kg . Compos i tion o f  

the b a s a l  die t is shown in table 1 .  
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TABLE 1 .  COMP OSITION OF D IETS (EXPERIMENT 1) 

Starter a Grower Finishing 
(7 . 9  to ( 20 to ( 35 to 

Ingredient 20 kg) 35 kg) 100 kg) 

Corn 50 . 2 2 80 . 18 84 . 1 0 
Oa t groats 20 . 0  
Soybean meal , 44% 1 4 . 2 1 7 . 0  1 3 . 5  
Dr ied whe y  1 0 . 0  
Yellow grea se 2 . 0  
Di cal c ium phosphate 2 . 2  1 . 6 1 . 3 
Ground l imes tone b . 65 . 70 . 70 
Trace minera l  mix . 05 . 05 . 0 5 
White salt . 30 . 30 d . 30d Vi tamin mix . 0 3 c . 03 . 0 3 
ASP 250e

f . 25 
Baruninth . 1 0 . 1 0  
Aureo-50g . 04 . 0 2 

a L-lys ine monohydrochlo r id e  rep lac ed corn to supply di e t s  
cousa ining . 85 , . 95 and 1 . 05 %  lys ine . 

Suppl ied the following in ppm : zinc , 100 ; ir on , 7 5; mangane s e , 
25; copper , 7 . 5; iod ine , . 1 7 5; and selenium , . 10 .  c Sup p l ied the following per kg d iet : vitamin A ,  4 , 40 0  I U; 
vi tamin D ,  440 IU; niac in , 26 . 4  mg; pantotheni c  acid , 1 9 . 8  mg; 
vitamin B12 , 1 9 . 8  meg; vi tamin E ,  16 . 5 IU; r ib oflavin , 4 . 95 mg; and 
vitamin K, 3 . 3  mg . 

Sup p l ied the f o l lowing per kg of diet : vitamin A ,  3 , 300 I U; 
vitamin D ,  3 3 0  IU; niac in , 1 7 . 6  mg; panto theni c ac i d , 1 3 . 2  mg; 
vitamin B12 , 1 3 . 2  meg; vitamin E, 11  IU; riboflavin , 3 . 3  mg; 
and vitamin K ,  2 . 2 mg . e Sup p l ied the following per kg o f  d ie t : aureomycin , 1 10 mg; 
sul�amethazine , 1 1 0 mg; and penic illin , 55 mg . 

Sup p l ied 106 mg p yrantel tar trate per kg o f diet . g Sup p l ied 44 and 22 mg aur eomycin per kg o f  diet in growing and 
finishing per io d s, res pe c t ivel y .  



From p en average weight s o f  20 to 35 kg and 35 to 100 kg , all  

pigs were f ed corn-soybean meal die t s  conta ining . 70 and .6 1 %  lys ine , 

respec t ively. Dietary compo s ition is shown in tab le 1 .  
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At ind ividual we ights  o f  approxima tely 100  kg,  44  b arrows were 

removed from f eed and wat er for 1 8  h and s laughter ed .  Car cas s weights  

were ob ta ined pr ior to moving the carca sses  into the b la s t  coo ler . 

Car c a s s e s  were chil l ed for a minimum o f  20 h at 0 to 1 . 1 C p rior to 

ob ta ining carcas s  mea sur emen t s . Backf a t  thi cknes s  and car cas s  leng th 

were average measurements taken from bo th s ides o f  the car ca s s ,  while 

lO th r ib fat and long iss imus mus c l e  area wer e ob ta ined f r om th e ri gh t  

s i d e  o nly. S inc e carca sses were skinned , .25 em was added to each 

backf a t  mea surement. Carcas s  mea surements a nd per c ent l ea n  were 

ob ta ined by f o ll owing the proc edures outlined by the Nat iona l  Pork 

Producer s Counc il ( 1 98 3) . A comp ensating po lar p lanime t er was us ed to 

de termine area of the long i s s imus mus c le traced on a c e ta t e  p ap er . 

Exper iment � 

Eighty weanling p ig s  we ighing 7 . 9  kg wer e allo t te d  to five 

rep l icat ions each conta ining four trea tments .  Trea tments us ed were 

corn-soybean meal die t s  conta ining ei ther . 8, . 9, 1 .0 or 1 .1 %  ly sine. 

Composit ion o f  the basal diet is shown in table 2. When pigs reached 

a pen average we ight of 20 kg , they wer e  f ed iden t i ca l  corn-soybean 

meal die t s  conta ining . 7 0% lysine until individua l pen we igh ts averaged 

35 kg. Dietary compo s it ion is shown in tab l e  2 .  Exp er iment 2 was 

terminated at p en average we ights of 35 kg due to an outbreak o f  



TABLE 2 .  COMPOS ITION OF DIET S  (EXPERIMENT 2 )  

Ingredient 

Co rn 
. So ybean mea l , 44% 
Dr ied whey 
Yel low grea s e  
Dicalc ium pho s phate 
Ground l ime s tone b Trace mineral mix 
White sa l t  
Vitamin mix 
ASP 250e

f Banminth 
Aureo -50g 

S tar ter a 

( 7 . 9 to 2 0 kg ) 

65 . 7 1 
18 . 7 1 
10 . 00 

2 . 00 
2 . 20 

. 65 

. 0 5 

. 30 

. 03 c 

. 25 

. 1 0 

Grower 
( 20 to 35 kg) 

80 . 1 8 
1 7 . 00 

1 . 60 
. 70 
. 05 
. 30 d . 0 3 

. 10 

. 0 4 

a L-lysine monohydrochlorid e  rep la c ed corn to supp ly 
dies s conta ining . 9 ,  1 . 0  and 1 . 1% lys i ne . 

S uppl ied the following in ppm : zinc , 100 ; iron , 7 5 ;  
manganes e , 2 5 ;  copp er , 7 . 5; iodine , . 1 7 5 ;  and selen ium ,  
. 1 0 .  c S uppl ied the following per kg o f  diet : vi tamin A ,  
4 , 400 I U; vi tamin D ,  440 IU; niacin , 26 . 4  mg; p anto the ni c 
acid , 1 . 98 mg; vitamin B12 , 19 . 8  meg ; vitamin E ,  16 . 5  IU; 
ribg f lavin , 4 . 9 5  mg; and vitamin K, 3 . 3  mg . 

S upplied the following per kg o f  diet : v i tamin A ,  
3 , 300 IU; vi tamin D ,  330 I U; niacin , 1 7 . 6  mg; p anto theni c 
ac id , 1 3 . 2  mg; vitamin B12 , 1 3 . 2  meg ; vitamin E ,  1 1  IU; 
r ibo f lav in ,  3.3 mg; and vi tamin K ,  2 . 2  mg . e S uppl ied the following per kg o f  diet : aur eomycin , 
1 1 0 fmg; su lfame tha z ine , 1 1 0 mg; and peni c i l l in , 55 mg .

· 

Supp l ied 106 mg pyrantel tar tra te p er kg o f  diet . g Suppl ied 44 mg aureomycin per kg o f  d iet . 

2 3  
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Haemophilus pleuropneumoniae. The outbreak oc curred when pigs weighed 

approximat ely 75 kg so data up to 35  kg were una ffec ted. 

Experiment l 

Ninety- six weanling pig s averaging 7 . 6  kg were allo t t ed to one 

of four dietary lysine trea tmen t s. Ther e wer e  s ix rep lica tions of each 

trea tment and 24 pig s  per replica tion. Lysine levels  of the experi

mental corn- soybean meal diets  wer e  . 8, . 95 ,  1.10 and 1 . 25� . 

Compos ition of the basal diet is shown in tabl e  3 .  Diet s  were chang ed 

at average pen weight s  of 20 and 55  kg and ly sine cont en t  reduced to 

. 70 and .6 1% , respec tively . Tab le 3 shows die tary compo s itions . At 

individual weight s  of 93 kg, 13 barrows and (or ) gil t s  from each 

trea tment were s laught er ed. Procedures f or ob taining car ca s s  da ta were 

as s pecified for experiment 1 .  
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TABLE 3 .  COMPOSITION OF DIETS (EXPERIMENT 3 )  

S tarter a Grower Finishing 
( 7 . 6  to ( 20 to ( 55 to 

Ingredient 20 kg) 55 kg) 9 3 kg) 

Corn 65 . 7 1 78. 2 8  83. 60 
Soybean meal , 44% 1 8 . 7 1 1 9 . 00 14 . 00 
Dr ied whey 1 0 . 00 
Yellow grease 2 . 00 
Dicalc ium pho s phate 2 . 20 1 . 50 1 . 30 
Ground l imes tone b Trace minera l mix 
White sale 
Vitamin mix 
ASP 250e

f Baruninth 
Aureo-50g 

. 65 

. 05 

. 30 .. c . 03 

. 25 

. 1 0 

. 7 0 

. 05 

. 30 d . 0 3 

. 1 0  

. 04 

a 1- lysine monohydrochlor ide replaced corn to s upp ly di e ts 

. 70 

. 0 5 

. 30d . 0 3  

. 0 2 

co�a ining .95 , 1 . 10 and 1 . 25 %  lys ine . . 
Suppl ied the f o l l owing in ppm : zinc , 100; iron , 75 ; manganes e ,  

25;  co pper , 7 . 5; iod ine , . 1 7 5; and sel enium , . 10. c Suppl ied the f o l l owing per kg o f  diet : vi tamin A ,  4 , 400 IU; 

vitamin D ,  440 IU; nia c in ,  26 . 4 mg; pantothe nic acid , 1 9 . 8  mg; 
vitamin B12 , 1 9 . 8  meg; vitamin E ,  16 . 5  IU; r ibo f lavin , 4 . 9 5 mg; and 
vitamin K ,  3 . 3  mg . 

S uppl ied the f o ll owing per kg of diet : vi tamin A ,  3 , 30 0  IU; 

vi tamin D ,  3 3 0  IU; niac in , 1 7 .6 mg; panto thenic acid , 1 3 . 2  mg; 
vitamin B12 , 1 3 . 2 meg; vi tamin E ,  1 1  IU; ribo f lavin , 3 . 3  mg ; and 
vi tamin K , 2 . 2  mg . e Supp l ied the fol lowing per kg o f  die t : aur eomy c in , 1 10 mg; 
sulfame thazine , 1 10 mg; and penic il lin , 55 mg . 

Supp l ied 106 mg pyrantel tar trate p er kg of die t . g Sup plied 44 and 2 2  mg aureomycin p er kg o f  diet in growing and 
f inishing per iod s ,  respec t ively . 
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RESULTS 

Experiment 1 

P erfo rmanc e data o f  pig s fed s tar ter die t s  containing .7 5 ,  .85 , 

.95 and 1 .05% lysine ar e presented in tabl e 4. From pen average weight s  

o f  7 .9 t o  2 0  kg , daily gains incr eased l inea r ly (P< .0 1 )  with inc reasing 

levels of ly s ine. Feed intake was no t a f f ec ted by die tary lysine level 

during this per iod. Feed efficiency improved linear ly (P< .. 0 1 ) f r om 2.20 

for pig s f ed die t s  containing .75 % lys ine to 1 .86 when pigs were fed 

die t s  containing 1.05% lysine . 

During the period from 20 to 35 kg , pig per f ormanc e was no t 

significantly dif f er ent due to s tar ter lysine lev e l , but  s ex did af f ec t  

average daily ga in ( P< .06 ) . Gains for barrows and gil t s  wer e .60 and 

.5 3 kg , res pec t ively. 

Although ra te o f  gain did no t dif f er among trea tment s during 

the 20- to 35-kg per iod , gains did dif f er (P< .OS ) for the combined 

weight period o f  7.9 to 35 kg. Daily gains wer e  .43 ,  .4 5 , .4 7 and .4 7 

kg f or pig s  f ed s tar t er die t s  containing .7 5 , .8 5 , .9 5 and 1 .05% lysine , 

respec t ively. F eed intake and conver s ion were no t s ta tis tically 

dif ferent for the per iod from 7.9 to 35 kg , but f eed conver s i on tended 

to be more e f f ic ient ( P< .2 5 ) f or pigs which had consumed s tar t er die t s  

containing .95 and 1.05% lysine. 

Lys ine lev el s  in the s tar ter die t s  did no t a f f ec t  daily gain 

or f eed intake from 35 to 100 kg or 20 to 100 kg . Feed conver sio n ,  

ho wever , tended t o  b e  mo s t  ef f ic ient in bo th perio d s  f o r  pig s fed 

s tar ter die t s  containing .7 5% lysine , al though the means wer e  no t 



TABLE 4 .  LEAST-SQUARES MEANS FOR PERFORMANCE DATA (EXPERIMENT 1 )  

I t em 

7 . 9 to 20 kg 
a ADG, kg 

ADF e kg 
F /G 

20 to 35  kg 
ADG, kg 
ADF, kg 
F /G 

35 to 100 kg 
ADG, kg 
ADF, kg 
F/ G 

7 .  9 to 3 5  kg 
l ADG, kg 

ADF, kg 
F/G 

20 to 100 kg 
ADG, kg 
ADF, kg 
F/ G 

7 . 9 to 100 kg 
ADG, kg 
ADF, kg 
F /G 

Dietary lysine level , 7 . 9 to 20 kg 
. 75 . 85 . 95 1 . 05 

. 5 7 
1 . 78 
3 . 19 

. 8 1  
3 . 00 
3 . 7 6 

. 4 3b 

1 . 1 6 
2 . 7 7 

. 7 4 
2 . 67 
3 . 65 

. 63 
2 . 1 4 
3 . 4 6 

. 36b c  

. 7 2 
2 . 06g 

. 56 
1 . 85 
3 . 29 

. 78 
3 . 1 7  
4 . 10 

. 45bc 

1 . 22 
2 . 74 

. 7 2 
2 . 82 
3 . 93 

. 63 
2 . 29 
3 . 67 

. 38 cd 

. 7 1h 1 . 86 

. 5 7  
1 . 70 
2 . 97 

. 80 
3 . 1 1  
4 . 0 1 

. 4 7 c 

1 . 16 
2 . 50 

. 7 4  
2 . 70 
3 . 79 

. 65 
2 . 23 
3 . 5 1  

. 5 7  
1 . 79 
3 .  1 5  

. 79 
3 . 1 4 
4 . 00 

. 4 7 c 

1 . 2 1 
2 . 5 7 

. 7 3 
2 . 79 
3 . 8 3 

. 65 
2 . 30 
3 . 5 5 

: LiRear ef fec t (P< . O l ) . , c ,  Means wi th unl ike super s cr ipts dif fer (P< . 0 5 ) . 
� L�ear ef fect (P< . 00 1 ) . 
, , g , Means with unl ike super scr ipts dif f er (P< . 00 1 ) .  

l Linear ef fec t  ( P< . 0 5 ) . 

SE 

. 0 1 1 

. 0 1 9 

. 0 34 

. 0 20 

. 1 2 1  

. 18 4 

. 0 2 0  

. 10 3  

. 1 19 

. 009 

. 0 5 2  

. 10 7  

. 0 16 

. 0 7 7  

. 098 

. 0 1 3 

. 063 

. 0 8 2  

2 7  
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s t at is t ically dif f er ent . Dif ferences i n  ra te and ef f ici ency o f  ga in 

due to d ietary lys ine levels no ted from 7 . 9  to 20 kg were no t ob served 

for the overall period from 7 . 9  to 100 kg . Ther e wer e , however , 

dif f er ences in daily gain (P< . 0 1 )  due to sex . Gains f o r b arrows and 

gilt s ,  resp e c t ively , were . 8 5 and . 7 3 kg from 35 to 1 0 0  kg , . 78 and 

. 68 kg f rom 20 to 100 kg and . 68 and . 60 kg from 7 . 9 to 100 kg (s ee 

app end ix table 1 3  f or sex ef fec t on average daily gain ) . 

Carca s s  characteris t ic s  ··did no t dif f er due to ini tial lys ine 

tr eatment s  ( tabl e  5 ) . Area of long is s imus mus c le and car ca s s  length 

rang ed from 29 . 30 cm2 and 79 . 80 em when pigs were f ed . 7 5% dietary 

lys ine to 3 1 . 25 cm2 and 80 . 60 em for tho s e  p ig s  f ed s tar ter die t s  

containing . 95% lys ine . When p ig s  wer e f ed s ta rter d i e t s  containing 

1 . 05% lys ine , the gr eates t percent mus cle and lea s t  b a ckf a t  thi cknes s  

result ed , while . 95% dietary lys ine produced carcas s es wi th the lowes t 

percent mus c le and grea test  backf a t  thicknes s .  

TABLE 5 .  LEAST-SQUARE S MEANS FOR CARCAS S  CHARACTERI STI CS 
(EXPERIMENT 1 )  

Di etarl lJ:s ine level s 2  7 . 9 t o  20 kg 
I t em . 7 5 . 85 . 9 5  1 . 0 5  

Backfa t ,  em 3 . 05 3 . 1 3 3 0 15  3 .·oo 
Longis simus musc le , cm2 29 . 30 29 . 33 3 1 . 25 29 . 86 
Huscle , % 5 2 . 35 5 2 . 79 5 2 . 3 3 53 . 1 2  
Length , em 79 . 80 80 . 05 80 . 60 80 . 14 

SE 

. 1 1 7 

. 9 05 

. 7 1 3 

. 68 5  
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Exper iment � 

Per formanc e  data o f  pig s  fed various lys ine levels ( .80 , .90 , 

1 .00 and 1 .10% )  dur ing th� s tar ter per iod are pr esented in tab le 6. 

During the ini t ia l  per iod , pig s  fed die t s  conta ining . 90 ,  1.0 0  and 1 .10% 

lys ine gained fas ter ( P< .05 ) than pig s  f ed die t s  containing .80% lys ine. 

Also , pigs f ed d ie t s  containing .90 %  lys ine consumed mor e  f ee d  (P< .05 ) 

than pig s  fed the thr ee o ther lysine levels. Feed convers ion improved 

l inear ly ( P< .0 1 )  as dietary lys ine level increased. Fee d/ gain was 1 .95 

for pig s  f ed . 80% dietary lys ine and 1 .7 2  for tho s e  fed die t s  containing 

1 . 10% lys ine. 

Dur ing the per iod from 20 to 35 kg , da ily gains wer e  s imi lar , 

but f eed intake and ef f ic iency were signif icantly dif f er ent (P< .06 and 

P< . 05 ,  respec t ively) . Feed intake s wer e  1 . 69 ,  1 .5 3 , 1 .5 5  and 1 .56 kg 

and f e ed e f f ic ienc ies  were 3.20 , 2.7 1 , 2.92 and 2 .8 2  for pigs ini t ia lly 

fed die t s  conta ining . 80 ,  .90 , 1.00 and 1.10% lys ine , resp ec tively. 

Average da ily ga in and feed intake we re no t s igni f i cantly di f f er ent for 

the comb ined 7.9- to 35-kg period. However , from 7 .9 to 35 kg , pigs fed 

the d iet conta ining . 80% lys ine in the s t ar t er per io d  were les s ef f ici ent 

(P< .05 )  than p ig s  f ed diet s conta ining .90 , 1. 00 and 1 . 1 0 %  lys ine during 

the s tarter per iod. 



TABLE 6 .  LEAST -SQUARE S MEANS FOR PERFORMANCE DATA 
( EXPERIMENT 2 )  

Dietar:z: lys ine level , 7 . 9  to 20 kg 
I t em . 80 . 9 0 1 . 00 1 . 10 

7 . 9  to 20 kg b . 39 b . 40b ADG ,  kgf . 3 5 a . 40b ADF kg . 7 0a . 7 6 b . 6 9 a . 6 9 a 

F / Gg 1 . 95 a 1 .  90 a 1 . 78 b c  1 . 7 2 c 

20 to 35 kg 
ADG , kgh . 5 2d . 5 9 . 5 3  . 5 2 d e e 1 . 5 6  e ADF kg 1 . 69 1 . _? 3b 1 . 55 b F / Gf 3 . 20a 2 . 7 1 2 . 9 2 a 2 . 8 2b 

7 .  9 to 35 kg 
ADG , kg . 4 3  . 48 . 4 5 . 4 6 
ADF g kg 1 . 1 5 1 . 1 3b 1 . 10 b 1 . 1 2b F / G  2 . 66a 2 . 35 2 . 4 1 2 . 35 

� , b , c  Means wi t h  unl ike sup er scrip t s  dif f er (P < . 0 5 ) . 
f

, e  Mean s wi th unl ike super scrip t s  dif f er (P< . 0 6 ) . 
Cub ic ef f e c t  (P< . 05 ) . 

� Linear ef f e c t ( P< . 0 1 ) . 
Quadrat ic ef fec t (P< . 06 ) . 

Experiment l 

S E  

. 0 1 0 

. o 1 7  

. 04 5  

. 0 25 

. 0 3 9  

. 0 9 8  

. 0 1 3 

. 0 1 6 

. 0 6 3  

The ef f ec t s  o f  d ie tary lys ine l evels o f  . 80 ,  . 9 5 ,  1 . 1 0 and 

1 . 25 %  dur ing the s tar ter per iod ( 7 . 6  to 20 kg ) on per f o rmance of p ig s  

3 0  

t o  s laughter we i ght ( 9 3  kg ) are summar i z ed i n  tab l e  7 .  Dai ly ga in and 

f eed intake wer e  no t signif icant ly dif f erent among tr ea tmen t s  fr om 

7 . 6  to 20 kg . F e ed e f f ic iency wa s a f f ec ted (P< . 0 5 )  however and improved 

linea r ly (P< . O l )  with increa s ing lysine levels . 

Daily ga in s  wer e  d if ferent (P< . O S )  from 20 to 5 5  kg . Gains 

wer e  .7 2 ,  .7 2 ,  . 6 6 and . 6 9 kg for pig s f ed s tar t er di e ts conta ining 

� 80 ,  . 9 5 ,  1 . 1 0 and 1 . 25 % lys ine , resp ec t ively . Feed intake and 
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TABLE 7 .  LEAST-SQUARES MEANS FOR P ERFORMANCE DATA 
(EXPERIHENT 3 )  

D i etarr l:Ys ine level , 7 . 6  to 20 kg 
I t em . 80 . 9 5 1 . 10 1 . 25 SE 

7 . 6  to 20 kg 
ADG , kg . 34 . 3 6 . 36 . 3 5 . 0 0 7  
ADFa kg . 7 5b . 7 5b . 6 9  . 7 0 . 0 1 9 
F / G  2 . 20 2 . 09 c 1 . 98 c 1 . 9 5 c . 05 0  

20 t o  5 5  ka 
ADG , kg . 7 2b . 7 2b . 6 6 c . 6 9b c  . 0 1 4 
ADF , kg 1 . 99 1 . Q 1  1 . 8 7  1 . 80 . 06 8  
F / G 2 . 88 2 . 7 9 2 . 9 0 2 . 6 3 . 1 05 

55 to 93 kg 
ADG , kg . 85 . 8 3 . 7 7 . 8 1  . 0 2 3  
ADF e kg 3 . 4 9f 3 . 90 3 . 3 6 f 3 . 2 8 f . 1 7 1  
F/ G 4 . 1 0  4 . 7 5 g 4 . 3 3 g 4 . 1 1 . 1 7 1  

7 . 6  to 5 5  kg 
ADG , kg . 5 6 . 5 8 . 5 4 . 55 . 0 1 0 
ADF , kg 1 . 50 1 . 43 1 . 4 1  1 . 3 6 . 0 4 6  
F / G  2 . 69 2 . 60 2 . 65 2 . 46 . 0 6 9  

2 0  t o  9 3  ka 
ADG , kg . 7 9 h . 7 7h . 7 1 i . 7 5 hi . 0 1 1 
ADF , kg 2 . 6 9 2 . 7 9 2 . 5 7 2 . 48 . 0 9 2  
F / G  3 . 5 6 3 . 7 3  3 . 6 3 3 . 35 . 1 05 

7 . 6  to 9 3  �g 
ADG , kg . 6 6b . 6 6b . 6 2 c . 6 4 b e  . 0 1 0 
ADF , kg 2 .  1 1  2 . 2 1 2 . 09 2 . 00 . 0 6 6  
F / G  3 . 3 2 3 . 4 7 3 . 38 3 . 1 5 . 08 3  

� L inear ef f e c t  (P< . 0 1 ) . 
d

, c  Means wi th unl ike super scrip t s  d i f f er (P< . 0 5 )  . 
Linear ef f e c t  (P< . OS ) . 

� �uadr a t ic ef f ec t  ( P< . 05 ) . 
d i f f er (P< . 0 6 ) . ' . Means wi th unl ike super s cr ip t s  h , l . h l " k  . d i f f er (P< . 0 1 ) . Heans Wl t un l e super scr lp t s  



feed / gain from 20 to 5 5  kg wer e  no t s ignif i cant ly af f e c ted (P> . 0 5 )  b y  

ini t ial lys ine trea tment s .  Also , da ily gain , f eed intake and f e ed 

conver sion from 7 . 6  to 55 kg wer e  no t s i gnif icant ly d i f f er ent among 

trea tment s .  

From 55 to 9 3  kg , feed ef f ic iency wa s the only paramet er tha t 

was s i gnif icantly af f ec ted (P< . 05 )  by s tar ter lys ine leve l . Feed 
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e f f ic ienc i e s  ranged from 4 . 1 0  for p ig s  fed . 80 %  lys ine s tarter di e t s  to 
-

4 . 7 5 f or pi g s  f ed . 95 %  ly sine star ter d i e t s . Feed intake and e f f i c i ency 

we re no t s ta t i s t ica lly a f f ec ted by s tar ter lys ine lev e l s  for the 

comb ined p er io d s  o f  20 to 93 kg or 7 . 6 to 9 3  kg , b u t  feed convers ion 

tend ed to be mo s t  ef f ic ient in all per io ds for p ig s  f ed 1 . 2 5 %  die tary 

ly s ine in the s tar ter per iod . Daily gains for the 20 to 93 kg and 7 . 6  

to 9 3  kg comb ined periods decr eased linear ly (P< . O S )  as ly s ine leve l s  

inc r ea sed and wer e  gr ea t er f o r  p ig s  fed s tar ter d i e t s  conta ining . 80 

and . 9 5 %  lys ine than ga ins for tho se f ed 1 . 1 0 %  ly s ine s ta r t er di e t s . 

Gains for pigs f ed 1 . 25 %  lys ine s tarter diets wer e  no t d i f f erent from 

tho s e  o f  p i g s  f e d  the other thr ee s t arter trea tment s  in e i ther th e 7 . 6  

to 9 3  kg or 20 t o  9 3  kg per iod s . 

Barrows ga ined fas ter than g il t s  for the p er io ds from 5 5  to 9 3  

kg , 20 to 9 3  kg and 7 . 6  to 9 3  kg . Dif f er ences a t  5 5  to 9 3  kg ( . 8 6  vs 

. 7 7 kg ) and 20 to 93 kg ( . 7 7  vs . 7 3 kg ) wer e  s igni f i cant at th e 5 %  

level , while d i f f erenc e s  f o r  the overall p er io d  ( . 6 6  v s  . 6 4 kg ) wer e  

s i gn i f icant a t  the 6% level . 

i�o s igni f icant dif ferenc e s  in carca s s  charac t e r i s t i cs wer e  

observed among t r ea tment s ( table 8 ) . Backf at thickne s s  rang ed from 

3 . 30 ern for the . 80 %  lys ine trea tment to 3 . 1 4 em for the 1 . 25 %  ly s ine 
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TABLE 8 .  LEAST-SQUARES MEANS FOR CARCAS S  CHARACTERI S TI C S  
(EXPERIMENT 3 )  

Dietary lys ine level 2  7 . 6 to 20 kg 
I tem . 80 . 95 1 . 1 0 1 . 2 5 S E  

Backfa t ,  em 3 . 30 3 . 1 9  3 . 1 9 3 . 1 4 . 1 1 2  
Long is smus mu s c l e ,  cm2 26 . 84 28 . 9 7 2 6 . 9 1 28 . 29 . 9 9 5  
Husc le , % 5 2 . 08 5 3 . 85 5 3 . 0 1  5 3 . 3 0 . 6 8 3  
Leng th , em 7 9 . 28 79 . 18  7 9 . 1 6 79 . 6 6 . 5 39 

treatment . Haximum value s f or longi s s imus mus c le area and p er cent 

musc le wer e  ob served for the . 9 5 %  lys ine tr ea tment , wh i l e  minimum values 

were ob ta ined fo r the . 80 %  lys ine tr ea tment . Car ca s s  l eng ths were 79 . 28 ,  

79 . 1 8 ,  7 9 . 1 6 and 7 9 . 66 em for the . 80 ,  . 95 ,  1 . 10 and 1 . 25 %  ly s ine levels , 

r e sp ec t ively . 

• 
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DI SCU S S ION 

Data f r om thi s  s�udy sugges t tha t lys i ne supp lemen ta tion o f  a 

1 6 %  pro t e in , corn- so ybean mea l diet improves p ig p er f ormanc e  dur ing the 

s tar t er per iod ( 7 . 8 to 20 kg ) . Imp r ovement s  in da ily ga in and f eed 

ef f ic i ency due to ly s ine supp l emen ta tion dur ing the s tar ter pe riod wer e 

s igni f icant (P< . 05 )  in all exp er iments excep t f or average da ily gain in 

expe r iment 3 .  However , in tha � exp er iment , the r e  wa s a tr end (P< . 1 0 )  

for improvemen t in g a in wi th sup p l ementa l ly s ine . Drawing from the 

resu l t s o f  all thr e e  exp er iment s ,  it wa s conc luded tha t the s tar t er 

p ig ' s  ly s ine r equ irement based on da i ly gain wa s app ro xima tely . 9 0% , 

while 1 . 00 %  lys ine wa s the sugges ted need when b a s ed o n  feed conver s ion 

da ta . 

Improved per f ormanc e o f  p i g s  due to hi gher ly s ine levels in 

s tar ter die t s  ha s been observed by many researche r s  (Lunchick et al . ,  

1 9 7 8 ; Ka t z  e t  al . , 1 9 7 3 ;  Lewis e t  al . , 1 98 1 ) . However , es t ima t e s  of 

the ly s ine requiremen t  for the young p ig vary grea t ly among researche r s . 

Lewi s et a l . ( 1 9 8 1 )  p r op o s ed the s tar ter p i g ' s  lys ine requi r ement was 

be twe en 1 . 1 5 and 1 . 2 5 %  when a 1 9 %  prot ein , corn- soyb ean mea l  diet was 

f ed , wh ile B rinegar et al . ( 1 9 5 0 ) sugges t ed tha t lys ine lev el s  o f  . 6 0 

and 1 . 20 %  me t s tarter p i g s ' need s when fed 1 0 . 6  and 2 2 . 0% p ro t ein die t s , 

resp ec t ively . The va r ia � ion in es tima tes can b e  redu c e d  by exp r es s ing 

lys ine requ irement as a per c entage of di etary pro t ein (B rinegar et al . ,  

1 9 5 0 ) . The es t ima t e s  repor ted her ein , . 90 and 1 . 00 %  ly s ine wh en based 

on gain and ef f ic i ency of a 16% protein diet , ar e equa l to 5 . 6 and 6 . 3% 

o f  the d ie tary p r o t e in ,  respec t ively . The es t ima ted need o f  5 . 6 % o f  
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the d ie tary pro t e in as lys ine in these exp er imen t s , ba s ed on average 

da ily ga in , was similar to lys ine va lues o f  5 . 7  and 5 . 5 % of the prot ein 

in d i e t s  c onta in�ng 1 0 . 6  and 2 2 . 0% p r o t e in (B rinegar e t  al . , 1 9 50 ) and 

equa l to the value ( 5 . 6 % )  de termined by Lunchick et al . ( 19 7 8 )  when 

f eed ing a 1 6 %  pro t e in diet . Campbe l l  ( 1 9 7 8 ) sugges t ed tha t 6 . 5 % o f  

the dietary pro t ein ( 1 . 08 %  lys ine in a 1 6 . 6% pro t e ip d i e t ) was the 

lys ine r equiremen t for young weaned pig s , wh i l e  Lewi s and o thers ( 1 9 8 1 )  

e s t ima ted the ly s ine requirement to be be twe en 6 . 1  and 6 . 5 % of the 

pro t e in in a 1 9 % p r o t e in diet . The r esults of the two a f o r ementioned 

resear cher s ar e s imilar t o  the value ba sed on f e ed ef f i c iency r epor ted 

herein ( 6 . 5 % o f  the dietar y  pro t ein ) . 

A higher lys ine requ ir ement for f eed conv er s io n  than for ga in 

ha s also be en ob served by Alding er and Rober t s ( 1 9 6 3 ) , Cah i l ly et al . 

( 1 9 6 3 )  and Wahl s tr om and L ibal ( 1 9 7 4 ) . Campb ell ( 19 78 )  and Hi tche l l  

et al . ( 1 9 6 5 a ) , however , reported no d i f fer enc e i n  lys ine requiremen t 

whe ther ba sed on gain or feed ef f ic iency . Brown e t  al . ( 1 9 7 3a )  

a t t emp t ed to exp la in the d i f ferenc es by sugges ting tha t ,  af ter th e 

requ irement for gain wa s me t ,  fur ther add i t io ns o f  lys ine enab ied o ther 

die tary amino ac id s to be used in pro tein synthes i s  ins t ea d  of b e ing 

deaminat ed and used as an ener gy sour c e . 

Comp ensat ory per f ormanc e ,  the improvement in p er f o rmanc e when 

fed a nu tr it ionally adequat e  diet af ter a pr ev ious p er io d  of nu trient 

res tric t io n , d id no t o ccur dur ing the grower phas e  ( 20 to 35 kg ) in 

exper iment s  1 and 2 .  However ,  compensa t ion did app ear to o c cur in 

exp er iment 1 from 35 to 1 0 0  kg , s inc e rate and e f f ic ien cy o f  gain dur ing 
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the 35 - to 1 00 -k g  p er iod tended to be sup er ior f or p ig s  p revi ous ly f ed 

s tar ter die t s  conta ining . 7 5 %  lys ine . Als o , da ta fr om the s e exp er imen ts 

sugges t tha t , when c ompensat ory perf ormance o c c ur s , it is duri ng the 

lat er growth or f ini shing per io ds ( af t er 35 kg in exp e r iment 1 ) . 

Wyl l ie e t  al . ( 1 9 6 9 )  o b served tha t compensa t ory p er f o rmanc e f o r  p i g s  

f ed pro t ein- re s tr i c t ed d ie t s  from 4 . 8 t o  2 4  k g  o ccur r ed no t i n  the 

sub sequent p er iod fr om 24 to 5 7  kg bu t  ra ther in the la ter p er io d  from 

5 7  to 9 2  kg . However ,  Ho gberg and Zimmerman ( 19 7 8 ) , Camp b e ll and Biden 

( 1 9 7 8 ) and Z immerman and Khaj arern ( 19 7 3 )  ob s erved tha t comp ens a tory 

performanc e occur r ed in the sub s equent grower p er io d  when di e t s  adequa te 

in pro t e in wer e f ed a f t er a pro t e in-res tr ic ted s ta r t er p er i o d . 

In expe r iment 1 ,  pi g s f ed the low- ly s ine lev e l  d i e t s  app ear ed 

to comp l e t ely c omp en sate for the lys ine-res tr i c t ed s tar ter d i e t s  dur i ng 

the ov erall per iod , sinc e the poorer p er f ormanc e ob s erved from 7 . 9 to 

20 kg for p i g s  fed . 7 5 %  ly s ine s tar t er d i e t s  was no t pr es en t  for the 

ov era ll per iod f r om 7 . 9  to 100 kg . In s tudies wher e s tar t er p i g s  wer e  

fed protein- re s tr ic t ed d ie t s  from approxima tely 6 t o  2 4  kg , Zimmerman 

and Khaj ar ern ( 1 9 7 3 )  and Wyll.ie and Owen ( 19 7 8 )  also ob s erved no di f f er

ences in per formanc e from weaning to marke t we ight whe n  pigs we re fed 

nu tr i t ionally adequa t e  d ie t s  fol lowing pro t ein res tr i c t ion . 

Feed / ga in decr eased linear ly (P< . O l ) wi th inc r ea s ing ly s ine 

leve ls from 7 .  6 to 20 kg in exp er iment 3 .  However , comp ens a tion did 

no t appear to oc cur cons i s t ent ly in subs equent o r  over a ll p eriods . 

Feed / ga in from 5 5  to 93 kg wa s grea ter (P< . 0 6 )  for p ig s  f ed s tar t er 

d i e t s  conta ining . 9 5 %  ly s ine than for pigs f ed s ta r t er d ie t s  containing 
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. 8 0 o r  1 . 25 %  lys ine . The reason for this ef f e c t  is unknown , b u t  i t  

was no t ed -tha t p i g s  f ed s tar ter die t s  conta ining . 95 %  ly s ine had a 

much higher f eed inta ke from 55 to 9 3  kg wi tho ut a f f ec t ing ra te o f  

gain . I t  s e ems po s sibl e  tha t thi s may have b e en d u e  t o  exc es s iv e  feed 

lo s s  whi ch could no t be mea sured in the conf inement barn and thus wou ld 

have resul ted in an eleva ted feed / gain ra t i o . 

Fac tor s wh ic h might exp l a in some of the var i a t ion in comp ensatory 

p er f o rmanc e resul t s  are we ight at whi ch r e s t r i c tion o c curr ed , s tr a in of 

p ig and degree o f  r e s t r i c t ion . Wahl s trom and Lib a l  ( 1 9 7 4 )  rep o r t ed tha t 

early grower p i g s f ed 1 2  and 1 4 %  prot ein die t s  for 4 wk did no t perf orm 

as we l l  as p ig s  f ed 1 6 %  p ro t e in diets . When a ll p ig s  wer e then fed 1 4% 

prot ein d i e t s  af ter pro t e in re s tr ic t ion , p ig s  ini t ia l ly f ed 1 4 %  di e ts 

exhib i t ed overa ll per f o rmanc e ( approxima tely 26 to 100 kg ) s imilar to 

that of p i g s  ini t ia l ly f ed 1 6% prot ein diet s . However , p ig s  fed 1 2% 

pro t ein d i e t s  init ially d id no t comp ensa te for the ir ear ly poor 

perf ormanc e . They a l s o  ob served tha t pigs ini t i a l ly we i ghing 1 8 . 2 ,  2 2 . 7  

and 27 . 3  kg all ga ined fas ter and mor e  ef f ic ien t ly when f ed 1 6 %  p r o t e in 

d ie t s  dur ing an ini t ia l  4-wk .p er io d  when compared to p i g s  f e d  1 4 %  pro tein 

die t s . P i g s  we i gh ing 1 8 . 2  kg did no t comp ensa te for the reduced 

performanc e o f  the ir f ir s t  4-wk per io d  when a l l  p i g s  wer e f ed 1 4 %  p ro tein 

die t s  to 100 kg . Howev er , the heavy and med ium we ight group p ig s  

exhibi t ed f a s ter and mor e  ef f i c ient gains dur ing the s ub s equen t  p er iod 

to 100 kg . For the overall period ,  p i g s  ini t ia l ly we i ghing 2 7 . 3  kg fully 

comp ens a t ed and 2 2 . 7 kg p i g s  near ly compensa ted f o r  the reduced 

per f ormanc e exhibited dur ing the ear ly pro tein r es tr i c ted per io d . 
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Hogberg and Zimmerman (1978) and Pond et al. (1980) observed that fat

strain pigs more fully c?mpensated for early protein restriction than 

did lean-strain pigs . 

Zimmerman and Khaj arern (197 3) suggested that the mechanism for 

compensatory performance involved protein turnover rate, and turnover 

rate may be influenced by enzymes that catabolize amino acids . Nakano 

and Ashida (1970) observed tha � previous feeding of a high-fat or high

carbohydrate diet decreased the concentration of amino acid degrading 

enzymes . Therefore, the feeding of a low-protein diet in the starter 

period would result in a lower concentration of catabolic enzymes for� 

amino acids and hence a lower protein turnover rate in the growing p hase . 

No statistical differences in carcass characteristics at market 

weight were observed due to initial lysine treatments . In related 

studies, researchers have found that carcasses from starter p.igs fed 

low-protein diets contained more fat and less protein (Zimmerman and 

Khaj arern, 1973 ; Campbell and Biden, 1978 ; Wyllie et al . ,  19 69) . The 

increased fat deposition can be attributed to a decrease in. protein 

synthesis due to low protein levels. When pigs initially fed suboptimal 

protein levels were then fed adequate protein levels to market weight, 

no differences in carcass qua-lity were detected . In explaining the 

lack of differences in carcass quality at market weight, Zimmerman and 

Khaj arern (1973) referred to the normal growth curve which was 

partitioned into fat and lean gains . They stated that lean mass 

deposition increases exponentially to about 60 kg, at which point 

it increases asymptotically and eventually plateaus . Thus, when 
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compar ing lean ga ins of two group s with dif f er en t  lean ma s s e s , the lean 

ma s s  o f  the sma l l er group will converge towar d tha t o f  the heavi er gr oup 

dur ing the a symp t o t i c  phase and the amount of lean ma s s in ea ch group 

sho uld b e  id ent ical a t  marke t we ight . Tha t resp onse could exp lain the 

rea son tha t d i f f er ences in carcass chara c ter i s t i c s  due to ly s ine 

tr ea tment wer e  no t observed at marke t we ight . 
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SUMMARY 

Thr e e  exper iment.s wer e  conduc t ed to det ermine th e ef f e c t of 

varying ly s ine levels in s tar ter d ie t s  on p ig p er f o rmanc e to 20 kg and 

on subsequ ent per f ormanc e and carcass charac ter i s t i c s  at marke t  weight . 

Pigs were fed varying lysine levels from approxima t e ly 7 . 8  to 20 kg . 

From 2 0  kg to the termina t ion o f  each resp ec t iv e  s tudy , p ig s  wer e fed 

iden t i ca l  die t s . 

In exp er iment 1 ,  L-lys ine monohydr o chlor ide wa s added to a 

1 6% pro t ein , corn-oa t groat s- soybean mea l ba sa l d i e t  to provide di etary 

lys ine lev e l s  o f  . 7 5 , . 8 5 ,  . 95 and 1 . 05 % . From 7 . 9  to 20 kg , gains 

incr eased linea r ly ( P< . 0 1 )  and fe ed conver sion improved linear ly 

( P< . 00 1 )  with increa s ing lys ine level s . No signi f i can t di f f erences in 

p er formanc e we r e  obs erved in sub s equent per iods or f o r  the overa ll 

per io d  from 7 . 9  to 1 00 kg . Also , backf a t  thickne s s , long i s s imus mus c le 

area , per c ent mus c le and carc a s s  leng th a t  mar ke t  we i gh t  were unaf fec ted 

by s tar ter ly s ine level . 

L-ly s ine monohydr ochloride wa s added to a 1 6 %  pro te in , . corn

soybean mea l  basal d ie t  in exper imen t 2 to provide d i e tary ly s ine leve ls 

of . 8 0 ,  . 90 ,  1 . 00 and 1 . 1 0 % . Gains from 7 . 9  to 20 kg were gr ea t er 

( P< . 05 )  for p i g s  f ed . 90 , 1 . 00 and 1 . 1 0 %  lys ine d i e t s  than for p ig s  

f e d  the d i e t  conta ining . 80 %  lys ine . Dur ing the same perio d , f eed / gain 

decreased l inea r ly ( P< . 0 1 )  wi th incr ea s ing lys ine leve l s . Feed 

e f f ic iency f or the p er iod from 7 . 9  to 35 kg improv ed linear ly (P< . 0 1 )  

wi th increas ing lysine levels . 
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I n  exper iment 3, ly s ine wa s added t o  a b a s a l  di e t  s imilar to 

tha t  in expe r iment 2 to provide die tary lys ine lev e l s  o f  . 80 ,  . 9 5 ,  1 . 1 0 

and 1 .25%. Feed / gain decreased l inear ly (P< . O l )  f r om 7 . 6 to 20 kg with 

inc r ea s ing lys ine level s .  From 20 to 55 kg and 7 . 6 to 9 3  kg , gains 

incr ?a sed linear ly ( P< . 05 )  with increa s ing lys ine l ev els in the s tar ter 

per iod . C ar ca s s  charact er is t i c s  wer e  no t af f e c t e d  in exp er iment 3 by 

s ta r t er lys ine l evel s .  

From the resul t s  o f  the s e  thr ee exp er iment s ,  i t  is recommended 

that produc er s  ra i s ing feeder p ig s  for sale at weights o f  app roxima t ely 

20 kg should f eed d i e t s  containing 1 . 00 %  lys ine . Howev er , when rais ing 

p ig s  f rom weaning to marke t we ight , the NRC ( 19 7 9 )  recommended lys ine 

level o f  . 79% in s tar t er diets app ea r s  to be adequa te f o r  overall 

performanc e  and car ca s s  qual ity . 
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APPEND IX 

TABLE · ! .  ANALYS I S  OF STARTER DIETS 

Calculated Chemi cal a 

Die t Lys ine Lys ine Pro tein 

Expe riment 1 

1 . 7 5 . 7 6 1 6 . 7  
2 . 8 5 . 96 1 7  . 1  
3 . 9 5 1 . 02 16 . 9  
4 1 . 05 1 . 05 1 6 . 4  

Experiment 2 

1 . 80 . 7 4 
2 . 90 . 83 
3 1 . 00 . 9 9 
4 1 . 1 0 1 . 08 

Exper imen t 3 

1 . 80 . 85 16 . 2  
2 . 9 5 . 85 15 . 6  
3 1 . 1 0 1 . 05  15 . 7 
4 1 . 25 1 . 23 15 . 4  

a As f ed ba s i s . 



49 

TABLE 2 .  ANALYS I S  OF VARIANCE FOR AVERAGE DAILY GAIN (EXPERIMENT 1 )  

Mean sguares Hean sguares 
7 . 9- 20- 7 . 9- 35- 20- 7 . 9-

S our ce df 20 kg 35 kg 35 kg df 1 0 0  kg 1 0 0  kg 100 kg 

To tal 9 2  9 1  
Rep l icat ion (R)  5 . 0 1 0 . 03 5  . 005 5 . 0 7 6 a . 0 38 . 00 9  a . 03 8a Trea tment ( T )  3 . 0 65b . 00 1  3 . 0 2 4  . 00 9  . 0 1 6  

Linear 1 . 1 9 1  . 00 1  . 1 1 2a 1 . 0 1 4 . 00 1 . 0 3 1  
Quadr a t i c  1 . 004 . 000 . 00 3  1 . 00 8  . 00 3  . 000 
Cub ic 1 . 00 1  . 000 . 00 2  1 . 05 0  . 0 2 2  . 0 1 7  

1 5  . 0 1 3  . 04 6  . 00 9  1 5  c . 0 29b . 0 1 8b R X T . 04 2b 
Sex ( S )  1 . 00 1  . 50 7 c . 1 1 4 1 1 . 50Gb 1 .  1 9 1 . 650 
R X s 5 . 0 2 6  . 08 0  . 03 3  5 . 0 8 9  . 06 3a . 0 3 3  
T X s 3 . 00 7  . 096 . 03 7  3 . 0 1 8 . 0 28 . 0 1 8 
R X T X S 1 5  . 0 1 9  . 038 . 02 2  1 5  . 0 1 7  . 0 1 4 . 009 
Res idual 45 . 0 2 4  . 036  . 02 4  44 . 02 3  . 0 1 9 . 0 15 

a P< . 05 . b P< . 0 1 . c P< . 06 . 

TABLE 3 .  ANALYS I S OF VARIANCE FOR AVERAGE DAILY FEED INTAKE 
(EXPERIMENT 1 )  

Mean sguares 
7 . 9- 20- 7 . 9- 3 5 - 2 0 - 7 . 9 -

S ource df 20 kg 35 kg 35 kg 100 kg 1 0 0  kg 1 0 0  kg 

To tal 2 3  
Rep lica t ion (R) 5 . 0 1 7  . 44 7  . 04 6  . 54 9  . 49 6  . 26 4  
Treatment (T ) 3 . 00 2  . 1 1 2 . 0 2 5  . 1 6 2  . 1 40 . 15 8  

Linear 1 . 003 . 0 20 . 0 1 2  . 1 8 2  . 0 7 4  . 234  
Quadr a t ic 1 . 00 1  . 00 1  . 000 . 1 4 3  . 0 3 1  . 0 4 7  
Cub ic 1 . 00 2  . 3 1 5 . 06 3  . 1 6 1  . 3 1 6 . 1 9 2  

Res idual 1 5  . 0 10 . 42 9  . 0 7 8  . 3 12 . 1 7 3  . 1 1 0  
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TABLE 4 .  ANALYS I S  OF VARIANCE FOR FEED CONVERSI ON (EXPERIMENT 1 )  

Mean sguar es 
. 7 .  9- 20- 7 . 9- 3 5 - 20- 7 . 9 -

Source df 20 kg 35 kg 35 kg 100 kg 1 0 0  kg 1 0 0  kg 

To tal 23 
Repl icat ion (R ) 5 . 0 1 8b . 1 1 9  . 0 30 . 2 2 5  . 1 6 9 a . 1 25a 

Trea tment (T ) 3 . 1 7 1b . 1 1 0  . 1 0 3  . 1 2 8  . 0 86 . 04 7  
Linear 1 . 4 7 1  . 06 6  . 20 8  . 1 2 5  . 0 50 . 005 
Qua dr a t ic 1 . 0 25 . 008 . 0 18 . 1 8 6  . 08 9  . 0 39 
Cub ic 1 . 0 1 5  . 25 5  . 08 4  . 0 7 5 . 1 19 . 09 8  

Res idual 1 5  . 00 7  . 203  . 06 8  . 08 5  . 05 8  . 040 

a P< . 05 .  b P< . 0 1 . 

TABLE 5 .  ANALYSI S  OF VARIANCE FOR CARCA S S  CHARACTERI STI CS 
(EXPERIMENT 1 )  

Mean sguares 
Long is s imus He an 

mus c le P er c ent sguar e s  
Source df  Backfa t  ar ea mu s c le df Length 

To tal 43  42  
Replication (R ) 5 . 025 1 . 07 4  3 . 35 0  5 1 . 35 4  
Trea tment ( T )  3 . 00 9  . 20 4  1 . 5 9 3  3 . 1 79  

Linear 1 . 00 2  . 1 7 1  1 . 84 2  . 1 9 4  
Quadrat ic 1 . 02 2  . 1 2 5  . 3 14 . 19 9  
Cubic 1 . 000 . 3 1 7  2 . 25 8 . 12 9  

R X T 1 5  . 0 23 . 2 1 6  5 . 59 2  1 5  . 80 1  
Res idual 20 . 02 9  . 50 4  4 . 1 8 2  1 9  . 890 
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TABLE 6 .  ANALYS I S  OF VARIANCE FOR AVERAGE DAILY GAIN ( EXPERIMENT 2 )  

Mean 
squares Mean sguares 

7 . 9- 20- 7 . 9 -
Sour c e  df 20 kg df 35 kg 35 kg 

To tal 79  7 6  
Rep lica t ion (R ) 4 . 07 9  4 . 1 3 4  . 05 3  
Trea tment ( T )  3 . 04 l a 3 . 1 0 3  . 0 38 

Linear 1 . 06 7 . 00 7  . 0 1 7  
Quadra t ic 1 . 03 2  . 15 6  . 048 
Cubic 1 . 02 8  . 15 5  . 05 2  

R X T 1 2  . 00 9  1 2  . 05 7  . 0 15  
Sex ( S )  1 . 00 3  1 . 20 5  . 0 7 7  
R X s 4 . 0 2 3  4 . 05 1  . 02 2  
T X s 3 . 008 3 . 0 3 7  . 009 
R X T X S 1 2  . 0 1 5  1 2  . 0 2 4  . 0 15 
Res idual 39 . 03 7  3 7  . 06 4  . 04 2  

a P< . OS . 

TABLE 7 .  ANALY S I S  OF VARIANCE FOR AVERAGE DAILY FEED INTAKE AND 
FEED CONVERS ION (EXPERIMENT 2 )  

S our ce df 

To tal 1 9  
Rep lica t io n  (R ) 4 
Trea tment ( T )  3 

Linear 1 
Quadra t ic 1 
Cub ic 1 

Res idual 1 2  

� P< . 0 1 . 
P< . OS . c P< . 06 . 

Avg dail_l feed 
7 . 9- 20-
20 kg 35 kg 

a . 1 09 . 05 3b . 0 25 . 1 25 c 

. 0 1 1 . 1 5 9  

. 02 0b . 1 6 7 c 

. 044 . 05 0  

. 00 7  . 03 8  

Mean sguar es 
intake Feed c.onver s ion 

7 . 9- 7 . 9- 20- 7 . 9 -
35 kg 20 kg 35 kg 35 kg 

. 034 c . 0 1 9b . 1 36b . 0 34b . 0 1 1  . 05 7  . 2 25 . 1 1 2  

. 0 20 . 1 6 7 a . 2 1 3  . 1 89a 

. 00 9  . 00 0  . 1 9 6b . 0 86 

. 00 5  . 00 4  . 2 64 . 0 60 

. 00 6  . 0 10 . 048 . 0 20 
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TABLE 8 .  ANALYS IS OF VARIANCE FOR AVERAGE DAILY GAIN TO 55 KG 
(EXPERIMENT 3)  

Mean 
sguar es Hean sguares 

7 . 6- 20- 7 . 6-
Sourc e  d f  20 kg df 55 kg 5 5  kg 

To tal 9 1 87 
Rep l ica t ion (R )  5 . 005 5 . 0 7 4  . 0 2 2  
Treatment ( T )  3 . 0 1 3  3 . 089 a . 0 2 6  

Linear 1 . 0 1 2 . 14 0 a . 0 19 
Quadratic 1 . 02 7  . 03 3  . 00 4  
Cub ic 1 - . 000 . 10 2  . 05 9  

R X T 1 5  . 005 15 . 0 2 0  . 0 1 1  
S ex ( S )  1 . 026 1 . 00 0  . 00 6  
R X s 5 . 02 5  5 . 00 7  . 0 1 5 
T X s 3 . 020 3 . 0 1 7 . 0 1 6 
R X T X S 1 5  . 0 22 15 . 05 1  . 0 3 1  
Re s idua l  4 4  . 0 24 40 . 0 3 1  . 0 2 1 

a P< . OS .  

TABLE 9 .  ANALYS I S  OF VARIANC E FOR AVERAGE DAILY GAIN TO 9 3  KG 
(EXPERIMENT 3 )  

Mean sguar e s  
5 5 - 2 0 - 7 . 6-

S our ce df 93 kg 9 3  kg 9 3  kg 

To tal 85 
Rep lica t ion (R ) 5 . 05 8  . 0 2 2  . 0 1 3b a Trea tment (T ) 3 . 1 2 1  . 1 0 8b . 04 3b Linear 1 . 1 84 . 1 5 9  . 07 1  

Quadra t ic 1 . 09 3  . 0 7 5  . 00 9  
Cub ic 1 . 08 7  . 09 0  . 05 1  

R x T 1 5  . 053 b . 0 1 2b . 0 10 
S ex ( S )  1 . 65 9  . 1 3 2  . 0 39 c 

R X s 5 . 06 7  . 0 1 4 . 006 
T X s 3 . 1 1 4 . 0 1 4 . 0 1 1  
R X T X S 1 5  . 06 8  . 0 3 8  . 0 25 
Re s idual 38 . 06 1  . 0 2 6  . 0 1 7 

a P< . O l . b P< . OS . c P< . 06 . 
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TABLE 1 0 . ANALYSI S OF VARIANCE FOR AVERAGE DAILY FEED INTAKE 
(EXPERIMENT 3 )  

Mean squar e s  
7 . 6- 20- 7 . 6- 5 5 - 20- 7 . 6-

Source df  20 kg 55 kg 55 kg 9 3  kg 9 3  kg 9 3  kg 

To tal 24  
Rep l ic a t ion ( R )  5 . 00 2  . 43 4a . 1 2 7  . 58 9  . 4 3 2  . 286  
Trea tment (T ) 3 . 0 3 2  . 1 7 1  . 09 8  2 . 1 8 7  . 5 45 . 2 1 7  

Linear 1 . 0 7 2a . 508 . 28 2a 1 . 9 9 7  1 . 0 7 5  . 3 1 9  
Quadra t ic 1 . 000 . 00 1  . 00 2  1 . 7 60 . 2 5 2  . 242 
Cub ic 1 . 02 5  . 005 . 0 10 2 . 80 3  . 30 8  . 089 

Res idual 1 5  . 0 1 1  - . 1 3 6  . 06 1  . 8 5 8  . 2 48 . 12 6  

a P< . OS . 

TABLE 1 1 . ANALYS I S  OF VARIANCE FOR FEED CONVERS ION (EXPERIMENT 3 )  

Sourc e df 

To t a l  23 
Rep l ic a t ion (R) 5 
Trea tment (T)  3 

Linear 1 
Quadra t ic 1 
Cub ic 1 

Res i dual 15  

� P< . OS .  
P< . 06 .  c P< . 0 1 . 

7 . 6-
20 kg 

. 006  

. 08 1 a 

. 1 98 c 

. 02 9  

. 0 1 5  

. 0 1 5  

Mean 
20- 7 . 6-

55 kg 55 kg 

. 05 6  . 1 3 1  . 

. 09 1  . 06 1  

. 1 2 2  . 12 6 a 

. 05 4  . 0 1 5 

. 09 9  . 04 1  

. 06 7  . 02 8  

squares 
55- 20 - 7 . 6-

9 3  kg 9 3  kg 9 3  kg 

. 2 1 8b . 05 0  . 0 3 5  

. 5 5 9  . 1 5 7  . 10 9  

. 04 5  . 1 5 7  . 10 9  
1 . 1 4 8a . 30 8a . 2 1 5a 

. 4 8 5  . 00 4  . 00 3  

. 1 7 5  . 06 3  . 04 1  
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TABLE 1 2 . ANALYS I S  OF VARIANCE FOR CARCAS S CHARACTERI STI CS 
(EXPERIMENT 3 )  

Mean sg,uares 
Longi s s imus 

muscle 
Sourc e  df Backf a t  ar ea 

Total 5 1  
Treatment (T ) 3 . 008 . 3 2 9  

Linear 1 . 0 20 . 0 7 8  
Quadra t ic 1 . 00 2  . 04 2  
Cub ic 1 . 00 2  . 8 3 4  

S ex ( S ) 1 - . 04 4  . 008 
T X s 3 . 03 3  . 7 8 6  
Re sidual 44 . 02 5  . 309 

TABLE 1 3 . SEX EFFECT ON AVERAGE DAILY 

Per io d  

2 0  a to 35 kg b 35 100 kgb to 
20 to 100 kg b 
7 . 9  to 1 0 0  kg 

c 55  to 9 3  kg . c 20 to  9 3  kg 
7 .  6 to 93 kg a 

Lea s t - sguares 
Barrows 

Ex,Eer iment 

. 60 

. 85 

. 7 8 

. 68 

Ex.Eer iment 

. 8 6 

. 7 7 

. 6 6 

a Means d if f er (P< . 06 ) . b Means dif fer (P< . O l ) . c Means dif fer (P< . 05 ) . 

means (kg )  
Gil t s  

1 

. 5 3 

. -7 3  

. 68 

. 60 

3 

. 7 7 

. 7 3 

. 6 4 

Per c ent 
mus c le 

7 . 1 16 
4 . 98 3  
6 . 80 6  
8 . 4 2 4  
1 . 2 2 1  
6 . 46 0  
6 . 60 1  

GAIN 

SE 

. 0 1 9  

. 0 20 

. 0 1 7  

. 0 1 2 

. 0 1 8  

. 00 8  

. 00 6  

Length 

. 1 0 3  

. 1 2 2  

. 1 7 2  

. 0 20 

. 6 3 1  

. 5 6 4  

. 58 5  
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