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South Dakota S tate Univers i ty 
Brookings , S outh Daktoa 

Dep artment o f  Animal Science 
Agricultural Experiment St ation 

Vi tamins , Trace �finerals and Feed Add itives 

Richard C .  Wahls trom 

A . S .  Series 7 6-25 

Xos t  swine diet s  are compos ed of one or More of the cereal grains and a 
protein supplement as the maj or feed ingredients t o  furn ish the energy and 
protein needed . The quantitat ive need o f  swine for vitamins , trace minerals 
and feed addit ives is small compared to their need for energy and protein . 
Approximately 30 d i f ferent vitamins and minerals are required by swine and 
each performs an impor t ant funct ion despite the small amount whi ch may b e  
required . 

Although natural feeds tuf f s  supply varying amounts o f  mos t  o f  the vitamins 
and trace minerals , practical diet s for s •vine are generally supplemented with 
certain of thes e nut rients . This article will d is cuss those vi t amins and trace 
minerals that need more at tent ion in s wine feeding and feed addit ives that are 
used for growth promot ion . 

Vi tamins 

Thos e vitamins that should b e  added to swine diets are the fat s oluble 
vitamins A ,  D ,  E and K and the water soluble vitamins (als o known as the B 
complex) rib o flavin or B2 , pantothenic acid , niacin , choline and vi t amin B12• 
Recommended levels o f  thes e vitamins in swine diets are shown in t ab le 1. 

The vitamin A needs o f  swine can b e  met by either vit amin A or carotene. 
Vi tamin A does not occur in plant p ro duct s ,  but carotene present may be 
convert ed to vitamin A by the pig . Corn cont ains carotene but is not a 
dependab le s ource b ecaus e much may be des troyed in s t orage . Therefore , in 
formulat ing swine d iets the carotene content o f  corn is dis regarded . Other 
cereal grains are low or devoid o f  carotene.  Dehydrated alfalfa meal , good 
quality alfalfa hay and green pas tures are good natural sources of caro tene. 
Supplemental vitamin A can be provided b y  the use of s tabilized vitamin A 
supplements . 

Vitamin D is known as the "sunshine vit amin , "  as an imals having access t o  
sunligh t p roduce vitamin D by irrad iat ion . Wi th the excep t ion o f  s un-cured 
hays , mos t feeds tuffs are pract ically devoid o f  vitamin D. Therefore , fortifi
cat i on o f  diets with vi tamin D is neces sary when pigs are fed in confinement . 
Vi tamin D is needed for effic ient utili z at ion o f  calcium and phosph orus . A 
lack o f  this vitamin results in s t i f fness , lameness ,  ricket s , b roken o r  
deformed b ones and general unthri ft iness . 

Although i t  is d i f f i cult t o  pro duce a vitamin E deficiency in swine fed 
practical diet s , vitamin E deficiency symp toms have b een reported . Grains low 
in s elenium increas e the need for vitamin E as the dietary level o f  one o f  
thes e nutrients affects the requirement o f  the other . Deficiency symptoms in 
the growing pig are sudden death , j aundice,  edema , whi te muscles and liver 
necrosis . Sows may show a high level o f  embryonic death . 
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�os t  natural feedstuffs cont ain vitamin K and it is also synthesi z ed by 
inte s t inal mic ro flora . However , a def i c iency has been reported in p racti cal 
swine diets and is frequently as soci ated wi th moldy feeds . Int ernal bleeding 
is common and death may occur . Dehydrated alfalfa meal ( 2 . 5% o f  the diet)  is 
a good source o f  vitamin K or i t  may b e  supplied by menad ione sodium bisulfit e . 

The cereal grains and plant by-products such as s oyb ean meal are 
relat ively poor s ources of the B vitamins ribo flavin , pantothenic acid and 
B

1 2• 
Niacin in cere al grains o ccurs in a b ound form and is largely unavailable 

to the pi g .  With pract ical diets de fic iency symptoms mos t  apt to o ccur would 
b e  poor growth or diarrhe a .  Thes e nonspecific symptoms may be due t o  a low 
diet ary level o f  all o f  thes e B vi tamins . Vitamin supplement s containing these 
four vi tamins are read ily available for us e in mixing wi th natural feeds tuffs . 

Choline is needed in swine diets but the exact amount necess ary has not 
been determined .  Res ea rch has indicated that feeding supplement al ch oline 
increas ed li t t er s i z e  when pregnant sows were fed corn-s oyb ean meal diets . 
It has b een sugge s te d  that choline deficiency is the cause o f  sp raddle legs 
in newborn pigs. Howeve r ,  this has not been proved in res earch s o  there 
apparently are other caus es of the spraddle leg condit ion . 

Trace Hinerals 

Nos t swine diets require supplementat ion wi th a source of calcium and 
phosphorus and salt to supply sodium and chlorine . In add i tion to the s e  four 
mine rals the pig requires at leas t t en more mineral elements in small amoun t s  
and thes e a r e  called trace minerals . The natural feed ingredients i n  swine 
diets will usually furnish adequate amounts o f  cob alt , magnes ium ,  potassium 
and s ulfur . However , a trace mineral s upplement may be needed to supply small 
amounts o f  copper , iod ine , iron , manganese ,  s elenium and z inc . These minerals 
may b e  p rovided in a trace mineral premix or by the use of trace mineral s alt . 
Excessive feeding o f  minerals should be avoided as it can reduce performance 
as much as wi th a shortage of minerals . Table 2 g ives sugges ted levels for 
thes e trace minerals in swine diet s . 

It has b een shown tha t  feeding pigs p ract ical diets formulated from 
ingr ed ient s grown on low selenium s oils can result in a selenium de ficiency . 
The FDA has app roved the addition o f  0.1 part per million (ppm) o f  selenium t o  
source diets . Mos t  areas o f  S outh Dako t a  have adequate selenium p res ent in the 
soil so that a deficiency of s elenium should not exis t. In fact , a few isolated 
areas have problems wi th excess selenium . Howeve r , the level of selenium added 
to swine d iets , 0.1 ppm , is low enough that i t  should not cause any problems 
i f  added t o  diets fo rmulate d  from South Dakot a grown ingredients . 

Feed Additives 

Additives used in swine diets for growth promo t i on include ant ib io t ics , 
ars eni cals and nitro furans . These compounds are not nutrients but are drugs 
and thei r use is regulated by the Food and Drug Adminis t ration . Many o f  these 
p ro duc ts are require d  by law t o  be wi thdrawn from the diet for a s pecified 
t ime b e fore s laugh ter . Regulations concerning levels and wi thdrawal time are 
s ubj ect to change s o  i t  is important to follow the direct ions s tated on the 
f eed t ag or package o f  the drug used. 
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Thes e feed addit ives may als o  imp rove the health o f  the animal . Although 
feed add i t ives can h elp control diseas e prob lems , they should not be consi dered 
a s ubs t i tute for good management . 

The greates t response from these addi tives is in p igs up to a weigh t o f  
100 pounds . High l evels of  ant ibiot ics during the b reeding season have b een 
reported t o  increase concep t i on rate , and feeding j us t  prior to and following 
farrowing may improve pig l ivab ility and performance.  Recommended levels o f  
ant ib i ot ics range from 100 grams per ton in p i g  s t arter diet s to 10 grams per 
ton for fini shing pigs . Con t inuous feeding o f  the s ame add itive may decreas e 
i ts effect ivenes s . Periodic changing o f  drugs is a good pract ice . A lis t o f  
feed addi tives approved for us e in growth promot ion o f  swine is shown in 
t ab le 3. 

Tab le 1 .  Recommended Vit amin Addi t ions Per Ton o f  Swine Diets 

Vi tamin 

Vi tamin A ,  IU 
Vi tamin D, IU 
Vi tamin E, IU 
Vi tamin K, g 
Ribo f lavin , g 
Pant othenic acid , 
Niacin , g 
Vi tamin B 1 2 , mg 
Choline , g 

g 

Starter 
diet 

4 , 000 , 000 
400 , 000 

10 , 000 
2 
3 

16 
20 
2 0  

170 

Grower- finish er Sow 
diet dieta 

2 , 400 , 00 0  4 , 000 , 000 
2 40 , 000 4 00 , 000 

10 , 000 10 , 00 1  
2 2 
2 . 4  4 

1 2  Hi 
16 2:1 
12 2') 

100 5()() 

a
Based on daily intake of 4 to 5 lb . for ges tat i on and 9 t o  12 lb . 

during lac t ation . 

Tab le 2 .  Recommended Trace }fineral 
Add itions Per Ton o f  ryiet 

Trace mineral Level of  mineral 

Copper , g 5 . 4 
Iron , g 5 4 . 0  
Iodine , g 0 . 5 
Manganes e ,  g 1 8 . 0  
Zinc , g 45 . 0  
Selenium , mg 90 . 8  
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Tab l e  3 .  Feed Add i tives App roved for 
Growth Promo t ion of S wine 

Additive 

Baci t rac in 
Zinc b aci tracin 
Bambennycin ( fl avomycin) 
Chlortetracycline ( aureomycin )  
Ery thromycin 
Oleandonycin 
Oxytetracycline (terr amycin )  
Penici llin 
St rep tomyc in 
Tylos in 
Virginamycin 
Carb adox ( us e  to 75 lb . only )  
Furazolidone 
Arsani lic acid 
3-nitro-4-hydroxyph enylars onic acid ( Roxarsone) 
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South Dakot a  S t at e  Unive rs ity 
Brookings , South Dakot a  

Department o f  Animal Sc ience 
Agr icultural Experiment St at ion 

Effects of Energy Source in Late Ges tat ion 
on P ig S urvival and Performance 

Ri chard C .  Wah l s t rom and George W .  Lib al 

A . S .  Series 76-26 

Pig weigh t at b i rth can b e  influenced by the amount o f  feed fed to the 
s ow during the ges tat ion period . An increased energy intake by s ows generally 
res ults  in s ome increas e in pig b i rth weight . S ome re cent research has 
indicated that the sour ce o f  energy in the diet the las t few weeks o f  
ges tat ion , par ti cularly the type o f  l ipid o r  fat source i n  the diet , may 
influence the livab i lity o f  pigs a f ter bi rth . 

The ob j ec t ive o f  the experiment rep orted herein was t o  determine i f  the 
source o f  energy in the ges tat ion diet during the las t 4 weeks of ges tat ion 
would have an e f fect on pig survival and performance . 

Experimental Pro cedure 

Thi rty sows and gilts  were allotted on the basis of p arity , weight and 
ances try into two treatment groups app roximat ely 30 days prior to farrowing . 
The two d iet ary t reatments were a concentrated hi gh-energy diet cont aining 
corn , soyb ean meal and corn oil and a lower energy diet cont aining corn , soy
bean meal and alfalfa meal . The corn oil diet was fed at a rate of 4. 5 lb . 
per day and the alfalfa meal diet fed at 5 . 6  lb . per day s o  that total energy 
int ake was essentially equal . The compos i t ion o f  the diets is shown in 
table 1 .  

At 1 1 0 days of  ges tat ion the animals were moved to the farrowing house 
and placed in individual farrowing crat es . The respect ive gestation treatment 
diets were fed through the firs t week of l ac t at ion and all s ows were full-fed 
the s ame lactation diet during the next 2 weeks . 

�esults 

Tab le 2 s unnnarizes the dat a  ob tained in this experiment . 

Both t reatment gro ups received app roximat e ly the s ame energy intake 
during the l as t month of ges t at ion . Gains during this period averaged s l igh tly 
great er for the animals fed the higher energy diet , although ave rage gain o f  
s ows was great er when fed the low energy d ie t  and the reve rs e  occurred with 
gil t s . Howeve r ,  gains during the lactat ion period favored the gilts and sows 
on the high energy ges tat ion treatment. These animals showed a gain at both 
7 and 2 1  days o f  lactation , wh i le those on the l ow energy treatment los t 
weigh t during the f i rs t  7 days of lactat ion and then essentially maintained 
their weigh t  the next 2 weeks when both groups were fed the s ame lac t at i on 
diet . 
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Although there was a significant d i fference in the number o f  pigs 
farrowed between t reatments ,  this difference was due to chance as allotment 
o ccurred after the sows were nearly 3 months pregnant and there were n o  
diff erences i n  number o f  s t il lborn p i g s  between t reatments . At 7 days there 
appeared t o  be a trend for bet t e r  survival of  pigs from gilts fed the corn 
oil die t .  One might expect s omewhat better survival o f  thi s  group since the 
pigs f rom sows and gilts fed the corn oil diet were s i gn i ficantly heavier at 
bi rth . These dams also farrowed less pigs per litter and it is known that 
l i tter s i ze does a f fect pig birth weight . Howeve r ,  litter birth weigh t s  we re 
s ligh tly heavier for both gilts and s ows fed the corn oil diet even though 
there were l es s  pigs per l it t e r .  Thi s  would indicate that t h e  die t ary t reat
ment may have had some e f fect on pig birth wei gh t s . 

Summary 

Thi rty s ows and gilts were fed diets differing in energy s ource during 
approxiPlately the last 4 weeks of ges tation and the fi rs t week of lactat ion . 
Both groups received the s ame lactat ion diet from 7 to 2 1  days o f  lactat ion . 

Animals fed the higher energy diet containing corn oil as a fat s ource 
f arrowed heavier pigs , which could have been due in part to farrowing less  
pigs . Lit ter wei ghts were s l igh t ly great er wh en dams were fed  corn oil . 
Survival rat e  o f  pigs at 7 days was 90 . 2% from gilts fed the corn oil diet 
and 79 . 3�� when gilts were fed the al falfa meal die t . There was little 
difference between t reatments in percent s urvival o f  pigs farrowed by s ows . 

Table 1 .  Compos i tion o f  Tre atment Die t s  L as t 30 Days 
of Ges tat ion (Percent ) 

High energy Low energy 

Ground yel low c orn 
Soybean meal, 4 8% 
Corn oil 
Dehydrated al falfa meal , 1 7% 
Di calcium phosphate 
Ground l imes tone 
Trace mineral salt 
Vi tamin premixa 

8 1 . 5  
10 . 0  

5 . 0 

2 . 0  
0 . 8  
0 . 5  
0 . 2  

6 8 . 2  
4.0 

2 5 . 0  
2.1 

0 . 5  
() .  2 

8rrovided per lb . o f  diet: vi tamin A ,  1 500 IU; vitamin D, 1 50 IU; 

vitamin E ,  3 IU ; ribo f lavin , 1 . 25 mg ; pantotheni c acid , 5 mg; niacin , 8 mg; 
chol ine , 2 5  mg and vitamin B

1 2
, 5 micrograms . 
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Table 2 .  E f fect o f  Energy Source Dur ing Late Ges tat ion 
on P ig Survival and Performance 

Sows ralt s  
High Low High Low 

ener y energv energy energy 

Avg . ini t ial wt . , l b .  444 448 448 4()() 
Avg . gai n ,  2 5  days pref arrowing , lb . 1 8  2 4  2 7  15 
Avg . gain , 0- 7 d ays lactat ion , lb . 2 - 6 4 - 5 
Avg . gain , 0- 2 1  day s  lactat ion , lb . 1 2  - 6 1 5  - 4 
Numbe r live pigs 

B irtha 8 . 8  9 . 8  9 . 6 10 .0 
7 days 7 . 6  8 . 6  8 . 6 8 . 0  
2 1  days 7 . 0  8 . 5  8 . 5  7 . 7  

Pe rcent s urvival 
7 d ays 87 . 3  86 . 8  90 . 2  79 . 3  
2 1  d ays 8 1 .  2 85 . 4  88 . 3  76 . 2  

Avg . litter wt . ,  lb . 
Bi rth 30 . 4  29 . 9  12 . 3  30 . 9  
7 days 3 1 . l 30 . 9  36 . 5  36 . 2  
2 1  days 6 7 . 0  9 0 . 8  86 . l  82 . 7  

Avg . pig wt . , lb . 
Bi rth a 3 . 6  3 . 0  3 . 4  3 .  l 
7 days 4 . 0  3 . 6  4 . 3  4 . 6  
2 1  days 9 . 5 1 1) .  8 10 . 1  10.9 

a
S ignif icant difference between treatments (P<.05). 
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South Dako t a  S tat e Unive rsi ty 
Brookings , S outh Dakot a  

Department o f  An imal S cience 
Agricultural Expe riment S t at i on 

Dehulled Oats and Hulles s B arley in Die t s  
o f  Young Weaned P igs 

Richard C .  Wahlstrom and George W .  L ib al 

A . S .  Series 7 6-2 7 

Young weaned pigs have a higher requi rement for p ro tein than during later 
s tages of  the growth peri od . They als o need a diet high in available energy 
for opt imum gains . Ce real gr ains such as oats and barley are much higher in 
protein than corn and could be used to reduce the amoun t  of supplemental protein 
needed in young pig diets . However ,  thes e grains are also higher in f ib e r  and 
thus have l ess energy than corn .  Hulless varie t ies or processing the grain to 
remove the hul l are possible ways to ob t ain grains o f  a relative ly high protein 
and energy value . These methods have not b een too succes s ful to  date because 
mos t hulless varie t ies of barley do not yield well and dehulling oats removes 
ab out 30% of the weight of the ori ginal grain and there fore incre as es the cos t 
of  the product . 

The obj ective o f  the experiment reported herein was to evaluate a dehulled 
high protein o ats and a hulless b arley in diets of young weaned pigs . 

Expe riment al Pro cedure 

One hundred eigh t  crossb re d  pigs having an average ini tial weigh t  o f  
2 5  lb . were allot t ed into 1 8  groups on the basis o f  ance s t ry and wei ght. 
Groups we re randomly as s igned to  six experimental die t s  from three repl icate 
groups. All pigs were housed, six pigs per pen , in an enclos ed building wi th 
solid concrete floors that were b edded wi th wood shavings .  The experiment was 
continued for 4 weeks wi th feed and water provided ,!<!_ libi tuM . 

The experiment al di etary t reatment s we re as follows : 

Diet 
Diet 
Diet 
Die t 
Diet 
Diet 

1 --Corn-s oyhean meal ( 1 8 %  pro tein) 
2--0a ts replaced hal f of corn in diet 1 
3--Dehulled oats 
4--Dehulled oats plus 0 . 2% L-lys ine 
5 --Hul less b arley-s oybean meal ( 1 8% protein ) 
6--Hul less barley replaced hal f of  corn in diet  1.  

The compos it ion of  the die t s  is shown in tab le 1 .  The Spear oats was a 
high protein variety that hy chemi cal analysi s cont ained 1 6% protein a�d 0 . 65% 
lysine in the whole kernel ,  wh ile the dehulled oats analyzed 'l.9 3% lysine . The 
hulless barley contained 0 . 50% lys ine . 

Results 

Rate o f  gain, daily feed consump t ion and feed e f f i ciency data are 
presented in table 2 .  There were signifi cant di fferences in both rate and 
efficiency of gain among t reatment s .  Pigs fed the corn-s oybe an meal , corn
oats and dehulled oats plus lys ine diets (Diets 1, 2 and 4) gained at a 
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s imi lar rat e , 0 . 88 ,  0 . 8 3 and 0 . 85 lh . per day , respectively , which was 
signi f i cant ly fas ter than the 0 . 59 lb . per day gain o f  pigs fed the hul less 
barley diet ( Diet 5 ) . Signi ficant ly more feed was required per gain when 
pigs were fed the hulless barley diet than when pigs were fed ryie t s  1 ,  2 and 
4 .  I t  would appear that the poor performance o f  pigs fed the hulless barlev 
diet (Diet 5 )  was because of a de fi ciency of lysine . On analys is this diet  
contained on ly 0 . 7 1 %  lysine . Gain and feed/ gain were improved when corn 
rep l aced half of  the b arley ( Diet 6 ) , but neither gain nor feed/ gain were 
equal to those for pigs fed corn , corn-oat s or dehulled oats plus lysine as 
the cereal grains , even though D iet  6 should have been adequate in lvsine 
cont ent . 

P igs fed the dehulled oat s diet s upplemented with 0 . 2�; lys ine ( Diet 4) 
gained app roximately 1 5% faster and required 2 7% les s feed/ gain th an pigs fed 
the unsuppl emented dehulled oat s die t . These results s uggest  a de ficiency o f  
lys ine i n  the dehulled oats . However , the analys is o f  0.92% lys ine would 
indicate that the diet should have been adequat e in lys ine unles s  the lysine 
in dehulled oats was n o t  totally available . 

Diets 1 ,  2 and 6 all cont ained equal levels o f  soybean meal and other 
nutrients and diff ered only in the energy source whi ch was corn , equal parts 
of  corn and o ats and equal par t s  of corn and hulless barley , respect ively . 
The hulless b arley did not appear to be  as good an energy s ource in the diet 
as corn or Spear o ats as evidenced by slower gains and more feed/gain for pi gs 
fed the b arley-corn diet . 

Summary 

One hundred eigh t  weanling pigs we re fed diets cont aining corn , equal 
parts of corn and oats , dehulled o at s , hulless barley and equal parts of corn 
and hulless barley as the cereal grains for a 4-week experimental period . 

Supplement ing the dehulled oat s diet wi th 0 . 2 � L-lysine increased rate 
and e f f i ciency of gain . P igs fed diets of  co rn , corn-oat s and dehulled oats 
plus lysine gained s i gni fican t ly fas ter and required less feed / gain than pi gs 
fed hulless barley as the grain s ource . P igs fed the corn diet also require d 
l ess feed/gain than pigs fed the dehulled oats diet wi thout supp lemental 
lys ine . 
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Tab le 1. Composition of  Expe rimental Diets (Percen t )  

Diet number 

Ground corn 
Ground oats 
Dehulled oats 
Hulless barley 
Soyb ean meal , 4 8% 
Dicalcium phosphate 
Ground limes tone 
Trace mineral salt 
L-lysine hydrochloride

a 

Prernixb 

1 

7 3. 2 

24. 2 
1. 4 
0. 7 
0. 4 

0 . 1  

2 

36. 6 
36. 6 

24. 2 
1. 4 
0. 7 
0. 4 

0 . 1  

3 4 

9 7. 5  9 7. 2  

1. 1 1. 1 
0 . 9  0. 9 
0. 4 0 . 4  

0. 3 
0 . 1  0 . 1  

5 

9 0. 6 
6.9 
1. 1 
0 . 9  
0 . 4 

0 . 1  

6 

36. 6 

36. 6 
24. 2 

1. 4 
0. 7 
0 . 4  

0 . 1  

:supplied 0. 2%  L-lysine. 
Supplied per lb. o f  diet : vitamin A ,  1800 IU; vitamin D ,  1 80 IU; vit amin E , 

3 IU; rib o flavin , 1. 5 mg ; pantothenic acid , 6 mg; niacin , 9 . 6 mg: choline , 
30 mg ; vit amin B 1 2 • 6 rncg; aureomycin , 50 mg; penicil lin , 2 5  mg and sul fa
methazine , 50 mil ligrams. 

Table 2.  Effect of Dehulled Oats and Hulless Barley 
on Performan ce o f  Young Weaned P igs 

-

Diet�treatments 
1 2 3 4 5 

--------

�lumb er o f  pigs 
a 

1 8  1 8  1 8  1 8  1 8  
Avg. initial wt. , lb . 2 5 . 3 2 5. 2  25. 2 25. 2 2 5 . 1 
Avg. final wt. , lb. b 4 9 . 9 4 8. 3 4 6 . 0 49. 0  4 1. 5  
Avg. daily gain , lh. b 0. 88 0. 8 3  0 .  7 4  0. 85 0. 59 
Daily feed consumed , lb. 1. 85 1. 9 6  2. 30 2. 0 3  2 .  l(l 
Feed/gainb 2 . 10 2. 3 8  3. 08  2. 2 3  3. 57 

6 

1 8  
2 5 . 4  
46,() 

n. 74  
2. 0 7  
2. 81) 

- -------------

:Th ree lots of  6 pigs each per treatment. 
Significant difference (P<. 0 1 )  among treatment s. 
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South Dakota State Unive rs i ty 
Brookings , South Dakot a  

Dep artment o f  Animal Sc ience 
Agricultural Expe riment Station 

Supp lemental Vitamin D in Pig Diets 

Richard C.  Wah ls trom and George W.  L ibal 

A.S. Series 76-28 

Vi t amin D is necess ary for abs o rpt ion and met abolism of calcium and 
phosphorus in the b o dy. A deficiency of  this vit amin wi ll result in ri ckets. 
�os t feeds tuffs us ed in swine d iets are essentially devoi d  of vi t amin n. The 
animal can receive the necess ary vitamin D i f  exposed t o  the ultraviolet rays 
of the s un. There fore , pigs raised in conf inement wi th no opportunity to be  
expos ed t o  sunshine need s upp lement al vi tamin n in t�e i r  diets . 

Dur ing the pas t year we experienced the death of  several pigs at about 8 
to 10 weeks of  age. These pigs had b een weaned at 4 weeks of  age and fed diets 
that contained a vitamin D supplement. Some of  these pigs died very suddenly 
wi tho ut any previous sympt oms , while later s ome exhib i ted a tetany-like 
condi tion , hypertensi on and s o ft bones . On analysis  of  the vitaTiin D supp le
ment it was found that there was no vit amin D activi tv.  Apparently the 
vitamin D activi ty had b een l os t  dur ing storage of the supplement . Blood 
analysis revealed a low blood cal cium leve l. These symptoms indicated the 
pos s ib i l i ty of a vitamin D deficiency. However , it seemed rather unusual to 
have this condition o ccur in pigs at this young age. There fo re , we conducted 
an experiment to s tudy the effect o f  feeding diets that did not contain 
s upplemental vitamin D to young weaned pigs confined in an enclosed b uilding. 

Experimental P ro cedure 

Thi rty-s ix crossb red pigs were weaned from sows that had b een in a 
confinement b arn during the lact at ion period. 'T'he pigs averaged ab out 5 weeks 
of age and 1 8  lb . wh en allotted on the b asis of weigh t and ances try to two 
treatments , each replicated three t imes so  that there were six pigs per pen. 
The pigs were housed in an enclosed b uilding having solid concrete floors that 
were b edded with shavings. Feed and water were p rovided ad lib i tum and the 
experiment was conducted fo r 8 weeks . 

The composi t ion o f  the b asal diet is shown in t ab le 1. The experiment al 
treatments were : 

1. Basal diet - no vitamin D 
2 .  Basal diet plus 200 IU vi tamin D per lb. 

Blood s amp les were ob tained from the pigs after 28 and 56  days on the 
dietary t reatments. Blood was analyzed for calc ium , phos phorus and magnesium. 

Res ult s 

Data on gain , feed efficiency and levels o f  calcium ,  phosphorus and 
magnesium in the b loo d are shown in tab le 2. 
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There were no significan t  differences in any o f  the t raits meas ured in 
this experiment. Pigs fed the diet supplemented with vitar.iin D did gain 
sligh tly fas ter (1.05 vs 0.99 lb . per day ) and required less feed / gain (2.15 
vs 2. 34). There were no visib le signs o f  ricke t s  or o ther vitamin D sympt oms . 
Blood levels of  calcium , phosphorus and magnesium were similar between t reat
ments at b oth 28 and 56 days . The values ob tained here are considered t o  b e  
normal levels and also would n o t  indicate any trend o f  a vitamin D deficiency . 

These results are similar to  those reported b y  others that have not shown 
any resp ons e from supplement al vit amin D in short tenn experiment s. The 
result s sho uld not b e  int erpre ted to indicate that vitamin D is not necess ary 
for confined swine , as over a longer period o f  time one mig�t expect s ome 
sympt oms of rickets to appear . 

These results are dif ficult to  relate with the prob lems ob served 
previously in pigs fed a similar die t  in the same facilities where vitamin D
like symp t oms o ccurred in 4 to 6 weeks . A possib le explanation migh t b e  that 
an anti-vit amin D me tab olite was present in the problem diet which blocked all 
vitamin D me tab olism in the b o dy. 

Sununary 

Thirty-six weanling pigs were divided into two treatment s  with one group 
being fed a diet devoid of  supplement al vitamin D and the o ther group receiving 
a diet containing 200 IU o f  vitamin D per pound. The pigs were fed these 
die ts for 8 weeks in an enclos ed b uilding . 

No differences were obs e rve d in perfonnance of  the pigs or in blood 
levels of calcium , phosphorus and magnesium . There were no visible symp toms 
of vitamin D deficiency . 

Table 1. C omposition o f  Basal Diet 

Ingredient Percent 

Ground corn 
Soyb ean meal , 48% 
Dicalciun phosphate 
Ground limes tone 
Trace mineral salt 
Premixa 

7 3 . 1  
2 4 . 2  

1. 4 
0.8 
0 . 4 
0 .1 

a
Supplied per lb . o f  diet : vitamin A ,  

2000 ID; vitamin E,  3 IU; vitamin K, 1.2 
mg; riboflavin , 1.5 mg; pan t othenic acid , 
6 mg; niacin , 9.6 mg; choline , 30 mg; 
vitamin B12• 6 mcg; aureomycin , 50 mg; 
penicillin , 25 mg and sulfamethazine , 
50 milligrams . 
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Tab le 2. E f f e ct o f  Vi tamin D Supplementat ion 
on P ig Performance 

--------------------· 
Supplemental vi t amin D 

0 200 IU 
·---·----

Number o f  pigs 
a 1 8  1 8  

Avg. ini t ial wt . , lb. 1 8 . 0  17 . 9  

Avg . f inal wt. , lb . 7 3 . 3  76.9  

Avg. daily gain , lb . 0 . 99 1 .05 

Avg . feed consumed , lb . 2. 29 2. 2 7  

Feed/ gain 2. 34 2. 1 5  

Blood calcium ,  mg/ 1 0 0  ml 
2 8  days 9. 8 10 . 2  

56 days 1 0 . 4  1 0  . 6  

Blood phosphorus , mg/ 100 ml 
2 8  days 9 . 0  9. 5 

56 days 9 . 1 9 .6 

Blood magnesium, mg / 1 00 ml 
2 8  days 2. 16 2 . 1 2 

56 days 2 . 9 1  2 . 89 

------

Cl.rhree lots o f  6 pigs each per treatment . 
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S outh Dakota State Unive rs ity 
Bro okings , S outh Dakota 

Dep artment of Animal Science 
Agr icult ural Experiment St at ion 

Ef fect o f  Hous ing and Supplemental Diet ary I ron 
on Pe rformance o f  Growing-Finishing P-.igs 

Ri chard C .  Wahls trom and George W .  Lib al 

A. S. Series 76-29 

In a previous experiment at this s tation reported at the 1975 Swine Day 
(A. S. Se ries 75-52 ) , it was found that pigs housed in wooden houses wi th 
concre te flo ors and concre te outsi de pens gained faster during the finishing 
perio d than pigs housed in similar houses in dirt lots or in a confinement 
house wi th slatted floors. The increas e in gain was ass ociated wi th an 
increas e in feed consumpti on. Thi s  experiment was conducted to see i f  thi s 
di f ference in performance was repeat ab le. The value o f  add ing a high level 
of iron to the diet was also s tudied , since s ome swine producers had indicated 
improved performance of pi gs fed s upplemental iron. 

There fore , the obje ct ives of this experiment were (1) to determine the 
performance of pigs fed in a conf inement or open- front typ e  b uilding wi th 
concrete outside lots and ( 2 )  to determine the e ffect of 250  ppm o f  supple
mental iron on gain , feed consump t ion and feed e ff i ciency of growing-finishing 
pigs. 

Experimental P rocedur� 

Seventy- two crossb red pigs weighing app roximat ely 80 lb . were allot ted to 
eigh t  lot s  of  9 pigs per pen. Replicated lots were as s i gned to the four 
t reatments as follows : 

Treatment 1 
Treatment 2 
Treatment 3 

Trea tment 4 

Confinement hous e , no supplemental iron 
Conf inement hous e , 250 ppm supplement al iron 
Outs i de concrete pen , no supplemental iron 
Outs i de concrete pen , 250 ppm supplement al iron 

The pens in the confinement house were 9 by 7.5 feet wi th 3.5 inch 
aluminum slats spaced 1 inch apart . The outside pigs were housed in 8 by 12 

foot wooden houses having concrete floors and a 12 by 16 foot outside conc rete 
lo t where feeders and wat ere rs were located. The experiment was conducted from 
Augus t 18 t o  �ovember 19. r,ompos i t ion of  the bas al d iets is shown in table 1. 

Res ults 

The e ffects of  hous ing type and s upp lemental diet ary iron on rate o f  
gai n ,  feed cons umpt ion and feed effi ciency are summarized in t ab le 2. Pigs 
housed in the conf inement house gained significantly slower than p igs with 
outs i de lot s  during both the growing and finishing periods . In b oth periods 
gain was reduced app roximat ely 0 . 2  lb . per day as  it was als o for the entire 
experiment. !)uring the growing period from 80 to 125 lb. there was no 
difference in feed cons umption. Therefore , the pigs with access t o  the out
s i de environment were more e ff icient , requiring ab out 14% less feed during 
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this time . In the finishing period pigs in the confinel'.lent hous e consumed 
less feed per day b ut required 4% more feed than pir,s with access to the 
outside . For the ent ire experiment both rate and e f f iciency o f  gain were 
signific antly reduced for pigs in the confinement house . 

The difference in performance o f  thes e pigs may b e  due to several 
factors . Although the pigs hous ed in confinement had a space a llo tment equal 
t o  that reconnnended for pigs on s latted floors , the nonconfined pigs had a 
total pen space ( s leeping and eating) app roximately four times larger . There 
was a lso a difference o f  concrete f loors in out side housing and aluminum slat s 
in the con finement b uil ding . Temperature , air movement, gas es from the pit  
under the s latted floor , nois e from exhaust fans and dus t are a few other 
factors that wo uld h ave varied and it is not known what these e f fects were on 
the performance ob served here . 

Supp lementing the b as a l  diet with 250 ppm of  iron did not affect rate of  
gain , feed consumption or feed efficiency during either the growing or 
finishing periods . Performance was almos t identical for both t reatment s 
during the entire experiment. Rate o f  gain was 1 . 68 lb . per day for both 
treatment groups and feed per gain was 3. 6 1  and 3. 63 fo r the unsupple�ented 
and iron supp lemented groups , respe ctively . 

Summary 

An experiment was conducted using 7 2  crossbred pigs fed corn-s oyb ean neal 
diets wit h  0 or 250 ppm o f  supplemental iron frol'.1 h eptahydrated ferrous 
sulfat e . Four l ots of pigs received the iron supp lemente<l diets and four lots 
the uns upplemented b asal diet . In addition, two lots of  pigs receiving each 
of these two diets were housed in a confinement b uilding in pens with aluminum 
slatted floors and the o ther four lots were housed in wooden, open-front tyne 
buildings with access to an outside concre te lot for feed and wa ter . 

Pigs with access t o  the outside environment gained significant ly fas ter 
and required sign ifican tly less feed/ gain t�an those in the confinement 
building . There was no effect on pig perfo rmance by including 250 ppm o f  
iron in the b asal diets . 

Table 1 .  Composition o f  Basal Diets (Percent ) 

Ground yellow corn 
Soyb ean meal , 44% 
Dical cium phosphate 
Ground limes tone 

a 
Trace mineral s alt 
Vitamin- ant ibiotic mix

b 

�Cont ained 1 %  z inc . 
Supp lied per lb . o f  diet : 

vitamin E, 2. 5 IU; ribo flavin , 
choline , 2 5  mg; vitamin B

1 2 , 5 

14% crude protein 
To 1 2 5  lb. 

1 2% crude protein 
1 2 5  to 2 25 lh . 

8 1 . 9  
1 5 . 0  

1 .  2 
0. 9 
0 . 5 
0. 5 

87. 5 
9. 3 
1 . 3 
I). 9 
0.5 
0. 5 

vitamin A ,  1 5 0 0  IU; vit amin D , 1 5 0  IU; 
1. 2 5  mg; pantothenic acid , 5 mg; niacin , 
mcg and aureomy cin, 1 0  milligrams . 
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Table 2. Effect of Type of Housing and Supp lemental Dietary Iron 
on P ig Performance � 

Type of housing SupElemental iron � 
Ins ide Outs ide 0 2 5 0  ppm 

Number of pigs 3 6  3 6  36 36 
Avg. initial wt. , lb. 80. 5 80. 6 80. 5 80. 6 
Avg. final wt. , lb. 2 20. 7 2 2 5 . 5 2 2 3.0 2 23. 2 

I Ini t ial to 125  lb. 

1 111 Avg. daily gain , lb. 
a 

1. 4 1  1. 6 3  1 .  5 2  1. 5 3  

1111 Daily feed cons umed , lb. 4. 83 4. 79 4. 7 3  4. 88 

11 Feed/gain 3. 4 3  2. 9 3  3. 1 5  3. 2 1  

1 2 5  lb. to 2 25 lb. 
lb.

a , b 
Avg. daily gain , 1. 6 6  1 .  86 1. 76 1. 76 
Daily feed consumed , lb. 6. 30 6 . 9 5  6.  70 6. 5 5  
Feed/gain 3. 9 2  3. 7 5  3. 8 3  3. 84 

Ini t ial to 2 2 5  lb. 
lb. 

a , b  
Avg. daily gain , 1. 5 8  1 .  7 8  1. 6 8  1. 6 8  
Daily feed cons umed , lb. 5. 7 7  6. 1 7  6 . 00 5. 9 4  
Feed/ gainc 3 . 7 6 3. 4 8  3. 6 1  3. 6 3  

a
S ignif icant di f ference (P< . 0 1 )  due to type of housi ng. 

bsignificant difference (P<.0 1 )  due to sex. 
csigni ficant di f ference (P < .OS) due to type of housing. 

i 
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S outh Dakota State University 
Brookings , S outh Dakot a  

Dep artment o f  Animal Science 
Agr icultural Experiment S t at ion A . S .  Series 76-30 

Blood Meal and Meat '-feal as Sub s t itutes for S oyb ean '�eal 
in Diets for Growing-Finishing Swine 

Richard C .  Wahls trom and r..eorge W. Lib al 

Dried b lood meal is an important by-p roduct of the packing indus try that 
cont ains over 80% p ro tein . Howeve r , the convent ional dryi ng methods us ed in 
the pas t have used a high t emp e rature b a t ch drying p rocess that has res ulted 
in poor availab i l i ty of  certain amino acids , part icul arly lys ine , and a product 
lacking pal at ab i l i ty for swine . Recent research at South Dako ta using b lood 
meal dried by a continuous drying method in a rot ary s team drver has indicated 
a higher value for s uch b lood meal . 

This experiment was conducted to ob tain addit ional data on the value o f  
rot ary s team dried b lood meal and meat meal as alternat ive prot ein sources to 
repl ace s oyb ean meal in diets for growing-finishing swine . 

Experimental Procedure 

Eigh ty-four crossbred p i gs ave rag ing 5 3  lb . were randomly allo t ted to 
four treatments in three rep licat es on the b asis  of sex , ances try and weigh t . 
Each pen consi s ted o f  four b arrows and three gil ts . The pir,s were hous ed in 
a total ly enclosed conf inement building in pens 5 feet by 15 feet . Feed and 
water were availab le ad lib i tum . 

Diets were formulated t o  cont ain equal levels of  lys ine and are shown in 
t ab les 1 and 2 .  The lysine leve ls were 0 . 7 1 and 0 . 5 77" in the grower and 
f inisher diet s , respectively. Th e supp lemental protein was furn ished by 
s oyb ean meal , b lood mea l  and meat meal in various combinat ions as shown in 
t ab les 1 and 2 .  

Res ult s 

Tab le 3 s ummari zes the results of average daily gain , feed consump t ion 
and feed/gain of pigs fed the four experiment al diets . Blood meal and meat 
meal were s at is factory rep l acement s of soyb ean meal as a source o f  lysine and 
o ther essential amino acids as there were no significant differences in 
performance of pigs among treatments . There did appear to b e  an adverse 
ef fect on palatabi l i ty wh en b lood meal or meat meal was include d in the diet 
during the growing peri od. Pigs fed the soybean meal diet consumed signi fi
cantly more feed than those fed the diets containing s oyb ean meal and b lood 
or meat meal dur ing this period. Sligh tly less daily feed was consumed by 
pigs fed diets cont aining b lood meal during the 1 2 5  to 2 15 lb . perio d . 

Summary 

Eigh ty-four cross b red pigs weighing app roximat ely 5 3  lb . were used to 
eva luate b lood meal and meat meal as protein s ub s t i tutes for s oyb ean meal in 
diets for growing-f inishing p i gs . 
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The res ults o f  this experiment indicate that b lood meal and meat meal are 
sat is factory rep lacements of soyb ean meal . The data reported here indicate 
that b lood meal c an cons titute approximat ely 60% of the supplemental protein 
in diets where the remainder o f  the sup plemental prot ein is supplied by soyb ean 
meal or meat meal . 

Tab le 1 .  Compos i tion of  Diets ·Fe d to 1 2 5  P ounds (Percent ) 

Corn 
Soyb ean meal , 4 4 %  
Blood meal 
He at meal 
Di calcium phosphate 
Ground l imes t one 
Trace 1;1ineral salt 

a 

Premix 

a
c . d 1°1 

Soybean 

79 . 9  
1 7.5 

1.  2 
0 . 8 
0 . 5  
0 . 1  

Blood meal- Soyb ean meal--
meal meat meal blood meal 

87 . 5  84 . 6  
7 . 0  

5 . 7  5 . 7  
5 . 7  
0 .1� 1 . 4  
0 . 1  0 . 7  
0 . 5  0 . 5  
0 . 1  0 . 1  

Soyb ean meal-
meat meal 

82. 9 
10 . 4  

5.7 
0 . 2  
0 . 2  
0 . 5 
0 . 1  

b 
onta1ne ,, z inc . 

Supp lied per lb . o f  diet : vitamin A ,  1 5 00 IU; vitamin n, 1 5 0  IU; vitamin E ,  
2 . 5  IU; rib o f lavin , 1 . 2 5  mg ; pantotheni c acid , 5 mg; niacin , 8 mg: choline , 
2 5  mg; vitamin B

1 2
, 5 mcg and tylan , 10 milligrams . 

Tab le 2 .  Compos i tion of  Diets Fed From 1 2 5  to 2 15 Pounds (Pe rcent ) 
Blood meal- Soyb ean meal- Soyb ean meal-

�b ean meal meat meal b lood meal meat meal 

Corn 8 5 . 1  9 0 . 4  88 . 3  8 7 . 2  
Soyb ean meal , 447� 1 2 . 3  5 . 0 7 . 3  
Blood meal 4 . 0 4 . 0  
:vle at meal 4 . 0 4, I) 
Di cal cium phosphate 1 .  3 0 . 7 1 .  4 () .  5 
Ground l imes tone 0 . 7  0 . 3  0 . 7  0 . 4  
Trace giineral salt 

a 
0 . 5  0 . 5  0 . 5  0 . 5  

Premix 0 . 1  0 . 1  0 .1 0 . 1  

:cont ained 1 %  z ir.c . 
Supp lied per lb . o f  diet: vitamin A ,  1500 IU; vitamin D, 1 50 IU; vit amin E, 

2 . 5  IU; rib o flavin , 1 . 25 mg; p antothenic acid , 5 mg ; niacin , 8 mg; chol ine , 
25 mg ; vitamin B

1 2
, 5 mcg and tylan , 10  milligrams . 
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Tab le 3 .  Performance of P igs Fed Diets Conta ining 
Blood Heal and Neat "1eal 

Soyb ean meal
blood meal 

Soyb ean meal
meat me al 

B lood meal

----�-�-----S�oy�b
_e_a_n_m_e_a_l __ rn_e� at meal ---

•,T b f • 
a 

num er o p i gs 
Avg . ini t ial wt . , lb . 
Avg . f inal wt . , lb . 
Avg . daily gain , lb . 

5 3  to 1 2 5  lb . b 

1 2 5  to 2 1 5 lb . 
5 3  to 2 1 5  lb . b 

Avg . feed cons umed/day , 
5 3  to 1 2 5  lb .c 

1 2 5  to 2 1 5  lb. 
5 3  to 2 15 lb . 

Feed/ gain 
5 3  t o  1 2 5  lb . 
1 2 5  to 2 1 5 lb . 
5 3  to 2 1 5 lb . 

2 1  
5 3 . 8  

2 1 4 . 4  

1 . 5 4  
1 .  7 4  
1 .  6 4  

lb. 
4 . 32 
6 . 95 
5 . 6 3  

2 .  7 7  
3 . 96 
3 . 40 

2 1  
5 3 . 3  

2 1 5 . 7  

1 . 44 
1 .  7 1  
1 . 58 

4 . 03 
6 . 4 6  
5 . 2 9  

2 . 79 
3 . 7 6 
3 . 33 

2 1  
5 2 . 9  

214 . 8  

1 . 52 
1 .  71 
1 . 61  

3 . 87 
6 . 37 
5 . 1 4 

2 . 53 
3 . 70 
3 . 1 6  

2 1  
5 l1 . 3 

2 1 4 . 9  

1 .  5 2  
1 . 83 
1 .  67 

3 . 9 7  
6.90 
5 . 40 

2 . 65 
3 . 7 5  
3 . 2 2 

-----------------------------------------------

�Three rep l icates of  7 pigs each per treat�ent. 
Significant difference due to sex (P< . 05 ) . 

c
Significant di f ference due to treatment (P<.05). 
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Brookings , South nakot a  

Dep artment o f  Animal Science 
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Evaluation of  Chelated C opper as a Growth St imul ant 
in Diets of Growing P igs 

Ri chard C .  Wahlstrom and George W. Lib al 

C opper is an essent ial e lement that mus t  be pres ent in the d iet for 
normal metabolic functi on of  the p ig .  
copper is included in the diet at high 
performance o f  growing pigs is  noted. 
and b e cause o f  this i t  is as sumed they 
h i gher rate than normal compounds. 

1lesearch has als o shown that when 
levels ( 1 2 5  to 2 5 0  ppm) a response in 
Chelated sub s tances are more solub le 
may be absorb ed and utili zed at a 

Th e ob ject ives of  thi s experiment 
chelat ed copper on rate and e f f i c i ency 
d i f ferent l evels o f  che lated copper as 

were to determine the e f fect o f  
o f  growing pigs and t o  evaluate 
a growth promo t ant . 

Expe riment al P rocedure 

One hundred thi rty-two c rossb red p i gs averaging app roximately 69 lb . were 
allotted on the basis of weight , ancestry and s ex to three rep l i cates of s ix 
treatments . Replicat es 1 and 2 contained 48 p i gs and replicate 3 had 36 p i gs . 
There were 4 b arrows and 4 gilts  in each lot in the f irs t two rep l icates and 
3 b arrows and 3 gilts in each lot in replicate 3 .  The pigs were housed in an 
enclos e d , slatted f loor confinement building . The experiment was conducted 
for 10 weeks . 

The compos i t ion o f  the b as a l  diet is shown in t ab le 1 .  The experimental 
treatments were as fol l ows: 

1. Bas al diet 
2.  Basal diet + 1 2 . 5  ppm chel ated copper 
3 .  B asal diet + 25  ppm chelated copper 
4 .  Bas al d iet + 50 ppm cl1elated copper 
5 .  Bas al d iet + 2 0:) ppm chelated copper 
6. Bas al d iet + 200 ppm copp er s ul fate 

Results 

Growth and feed data for this experiment are summarized in tab le 2 .  The 
mos t  rapid gains were made by pigs fed the highes t levels o f  coppe r ,  ei ther 
as chelated or nonchelated copper sul fate. The pigs fed these diets gained 
1 . 8 3 and 1 . 8 5 lb . per day , chelated and nonchelated , respectively , whi ch was 
approximately 0 . 1  lb . per day fas ter than pigs fed the l ower levels o f  
chelated copper and s l i ghtly fas ter th an the 1 . 7 7 lb . p e r  day gain o f  pigs 
fed the b as al diet . Howeve r ,  none o f  the d i f ferences noted here were 
s tatistically s i gnificant . 
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There were no significant differences in feed consumption or feed / gain . 
The highes t daily feed consumpt ion was by pigs fed the b asal diet . Feed/gain 
was highes t for pigs fed 1 2 . 5  ppm of chelated copper ( 3 . 3 3 )  and lowes t for 
pigs fed 200 ppm of nonchelated copper (3 . 1 4 ) . Previous work at this s tat ion 
has shown that leve ls of 200 to 250 ppm of copper are more consistently 
beneficial than lower dietary levels . Also , previous research h as shown that 
a greater response is ob tained in the young growing pig wi th a s tart ing weight 
of approximately 40 lb . and fed copper for about 8 weeks . 

There was no b enefit of the chelated copper sulfate compared to the non
chelated copper sulfate in this experiment as the l ow leve ls of chelated 
copper did not elicit a respons e in performance . P igs fed diet s of 200 ppm 
of copper performed similarly regard less of the form of coppe r used . 

Summary 

One hundred thi rty-two pigs of an average init ial weigh t of 6 9  lb . were 
fed diets of 0, 1 2 . 5 ,  2 5 , 50 and 200 ppm of added copper . There were no 
sign ificant differences among treatments in rate of gain , daily feed cons ump
tion or feed/gain . Pigs fed low levels of chelated copp e r , 1 2 . 5  t o  50 ppm , 
gained about 0 . 1  lb . per day slower than pigs fed 200 ppm of'chelated or non
chelated copper . 

T able 1 .  Comp os i t ion of Basal Diet 

Ground corn 
Soyb ean meal , 4 4 %  
Dicalcium phosph at e 
Limes tone 
Trace mineral salt 
Premix a 

Percent 

7 9 . 6  
1 8 . 0  

1 .  1 
0 . 8  
0 . 4  
0 . 1  

a
Supplied per lb . o f  die t : vitamin A ,  

1 50 0  IU; vit amin D ,  1 5 0  IU ; vitamin E ,  2 . 5  
IU; rib oflavin, 1 . 2 5 mg; pantothenic acid , 
5 mg; niacin , 1 0  mg; choline , 2 5  mg and 
vi t amin B

1 2
, 7 . 5  micrograms . 
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Table 2 .  Effect of Copper on Performance o f  Growing Pigs 

·---

Copper 
Che lated copper sul fate 

C o:e:ee r ,  PEm 0 1 2 . 5  2 5  5 0  200 200 

number of  pigs 
a 

2 2  2 0  2 2  2 1  21  2 1  
Avg . ini tial wt . , l b .  6 8 . 7  6 9 . 6  6 8 . 9  68 . 6  69 . 3  68 . 7 
Avg. final wt . ,  lb . b 1 92 . 7  188 . 9  189 . 7  188 . 5 190 . 4  192 . 3  
Avg. dai ly gain , lb . b 1 .  7 7  1 .  7 0  1 .  7 3  1 .  7 2  1 .  83 1 .  85 
Avg . daily feed , lb . 5 . 76 5 . 69 5 . 5 7 5 . 5 1  5 . 60 5 . 5 4 
Fee d / gain 3 . 2 5 3 . 33 3 . 2 3 3 . 18 3 . 2 2  3 . 1 4  

a
Thre e  repli cates of  8 ,  8 and 6 pigs per pen ini ti al ly . Dat a inc luded only 

f o r  those pigs that completed the experiment . 
bsign i f icant difference (P< . 0 1 )  between barrows and gilts . 
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A . S .  Series 76-32 

Previous res earch has shown that a variety (Dal ) o f  hi gh protein o ats 
wh ich contained over 1 6% prot ein and 0 . 66 %  lys ine could b e  used to replace up 
to 6 0 %  o f  the grain in growing-finishing pig diets . In addit ion , i t  was 
possible t o  reduce the amount o f  supplemental protein in the diet b ecaus e of 
the higher lys ine content of  this oat s. Recent ly the South Dakota St at ion has 
developed a new oats variety (Spear) that is also high in protein and lys ine , 
b eing similar t o  D al oats in content o f  these nutrient s .  

The object ive o f  this experiment was to determine the level o f  Spear oats 
that could be used in young , weaned pig s tarter diets when diet s contained 
equal amounts of lysine . 

Experimental Pro cedure 

One hundred twenty-six crossbred pigs averaging approximat ely 18 lb . were 
allotted on the b asis o f  wei gh t  and an ces try t o  three rep licates of seven 
treatments . Each l ot cont ained six pigs . The pigs were housed in an enc losed 
buil ding having solid concrete floors that were b edded wi th shavings . Feed 
and water were provided ad l ibi tum during the 4-week experiment . 

The compos i t ion o f  the diets is shown in tab le 1 .  The Spear oats 
contained 1 5 . 6% pro tein and 0 . 65 %  lys ine . All diets were formulated to con tain 
0 . 92%  lys ine . The experimental treatments were as fol lows: 

1 .  Corn-soy diet (no oats ) 
2 .  lO�S oats 
3 .  2o�s oats 
4 .  3o�s oats 
5 .  40% oats 
6 .  5 0% oat s 
7 .  60% oat s 

Res ults 

A summary o f  the res ults o f  th is t rial are shown in t ab le 2. There were 
s i gni ficant di f ferences in rate o f  gain , feed/ gain and dai ly feed consumption 
among treatments . Leve ls of 10 and 20%  high protein oats res ulted in fas ter 
and more e f f icient gains than those ob tained wh en pigs were fed the control , 
corn-s oybean meal diet . Both rat e of  gain and feed e f ficiency decreased 
progress ively wi th increas ing levels o f  oat s above 2 0 % . However , performance 
of  pigs fed the 30% oat diet was similar to performance of pigs fed the corn
soyb ean meal die t .  The oats in the 30% oat diet cons t ituted approximately 40% 
o f  the grain port ion o f  that diet . This diet also contained 4 . 2% less  soyb ean 
me al than the contro l diet , but they were o f  e qual lys ine content . 
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Diets cont aining 40 , 5 0  and 60/� oat s were qui te b ulky and some diff iculty 
was experienced wi th these d iets bridging in the feeders . Although feeders 
were checked several times a day to insure that feed was in the feed comoart
ments , it is  possib le that some degree of feed res trict ion may h ave been 
imposed on these pigs . 

�os t pigs did not gain weigh t during the first week o f  the experiment . 
We have found that weaning p i gs at a weigh t  o f  app roximately 18 lb . ,  as in 
this experiment , res ults in ab out a 2-week adj us tment period b e fore they are 
eat ing and gaining well . Howeve r ,  the amount o f  oats in the diet did not 
appear to affect feed consumpt ion during this adj us tment period excep t  for 
the leve ls of  5 0  and 60% oats . These two diets were not cons umed as readily , 
pos s ib ly b ecause o f  the i r  high f ib er level . 

Summary 

A t rial was conducted using 126  crossbred p i gs ave rar;:i nr; 18 lb . to 
evaluate various leve ls of h i gh p rotein ( S pear )  oats in s tarter di e t s  for 
weanling pigs . 

The resul t s  o f  this t rial indicat e that high prot ein oats can const itute 
at leas t 30 Z of  the diet wi thout sign i f icantly af fect ing performance of young 
pigs . Pi gs fed diets of  1 0  o r  20% oat s  gained fas ter and mo re e f f icient ly 
than those fed corn as the only grain , whi le pigs fed diets o f  SO or 60�< oats 
gained less and requi red mo re feed/gain . D iets cont aining 40Z o ats or more 
did not feed down in the self- fe eders as well as diets containing a lower 
level of  oats . App roximately 5 . 5% less supplemental prot ein was needed with 
each 10% leve l of high prot ein oat s in the diets or 10 lb . of oats replaced 
app roximately 8 . 6 lb . of  corn and 1 . 4  lb . of soyb ean meal . 

Tab le 1 .  Comp os i tion o f  Diets (Percent)  

Percent of high protein oats 
Ingre di ents 0 1 0  20 3() 40 so  6() 

Corn 73 . l 6 4 . 4  S S . 8  4 7. If 38 . 8  3') . 2 21. 7 

Spear o ats 10 . o  20 . 0  30 . 0  4 0 . 0  S').0 60 . 0  
Soyb ean meal , 4 8/: 24 . 2  22 . 9  21 . S  20 . 0  18.6 17.2 1.5. 7 

Di cal 1 . 4  1. 4 1 . 4  1 .  3 1. 3 1 .  3 1. 3 
Limestone 0 . 8  0 . 8 ') . 8 0 . 8  !) • 8 0 . 8 I) .  8 
Trace mineral salt 0 . 4 0 . 4 0 . 4 0 . 4  0 . 4 0 . 4  0 . 4  
Premix a 0 . 1  0 . 1  0 .1 0.1 0 . 1  0 .1 0 . 1  

a
Suppl ied per lb . of  di et : vitamin A ,  2000 IU ; vi tamin D ,  200 IU ; 

vitamin E ,  3 IU ; vitamin K ,  1 . 2 mg ; rib o flavin , l.S mg ; pantothenic acid , 
6 mg ; niacin , 9 . 6 mg ; chol ine , 3 0  mg ; vi tamin B l2 • 6 mcg : aureomycin , SO mg ; 
peni cil lin , 25  mg and sulfamethaz ine , SO milligrams . 
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Table 2 .  Effect of  Various Levels of High Protein Oats 
on Performance o f  Young Weaned Pigs 

Level of  high protein oats 
0 1 0  20 30 

:N'umb er of  pigs 
a 

1 8  1 8  1 8  1 8  
Avg . initial wt . , lb . 1 8 . 2  1 8 . 0  1 8 . 0  1 8 . 0  
Avg . final wt . , lb . b 3 3 . 2  36 . 0  36 . 2  3 3 . 1  
Avg . daily gain , lb . c 0 . 5 4 0 . 6 4 0 . 6 5  0 . 5 4  
Daily feed consumed , lb . c 1 . 28 1 .  38 1 .  39 1 .  26 
Feed/ g ainb 2 . 37 2 . 19 2 . 26 2 . 36 

a 
Three l ots  o f  6 pigs each per treatment . 

b Signi fican t  difference (P< . 0 5 )  among treatments . 
cS ignificant difference (P< . 0 1 )  among treatment s .  
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40 50 

1 8  1 8  
1 8 .  1 1 8 . 1  
32 . 1  30 . 3  

0 . 50 0 . 4 4  
1 . 1 5 1 . 28 
2 . 40 2 . 9 5 

60  

1 8  
1 8 . 3  
28 . 7  

1) . 38 
0 . 96 
2 .  72 



. 111 
!! 
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Lys ine and Energy Levels in Growing 
and Finish ing Swine Diet s 

A . S . Series 7 6- 3 3  

James L .  Girard , George W .  L ih al and Richard C .  Wahls trom 

High feed prices the pas t few years have s t imulated in teres t in adding 
fat to swine rat i ons in an attemp t to increase feed effi ciency and imp rove 
rate o f  gain . Research has sh own that , to get maximum utili zat i on o f  added 
energy , prot ein levels in the diet also mus t  be increas ed to  maintain the 
calorie to  protein rat i o . In normal corn-s oybean meal rati ons , lysine has 
been shown to  be the firs t  limi t ing amino acid . The expe riment reo orted here 
was conduc ted to determine the lys ine levels necess ary in diets  wi th and wi th
out fat and their e f fect on feed consump t i on , feed e f f i c iency and rat e o f  gain . 

The experiment cons i s t ed o f  a growing and a f inish ing tr ial . In the 
growing trial 1 0 8  crossb red pigs were allotted to 1 2  experimental treatmen t s  
i n  two rep l i cates on the b as i s  of  wei ght , s ex and ance s t ry .  I n  rep li cate 1 
there were 5 pigs per treatment and 4 per t reatment group in repli c at e  2 .  The 
growing trial was conduc ted for 5 weeks . Treatment s  cons i s t ed o f  two energy 
leve ls and s i x  lys ine levels wi thin each energy level . Diets were as fol lows : 

Diets 1 - 6 --Low ene rgy , corn-s oy-s tarch 
Diets 7- 1 2 --High ene rgy , corn-s oy-fat 

Lys ine content , "' 
'" 

Diets 1 and 7 0 , 60 
Diets 2 and 8 0 .  6 5  
Diets 3 and ') 0 . 70 
Diets 4 and 1 0  0 . 7 5 
Diets 5 and 1 1  0 . 80 
Diets 6 and 1 2  0 . 85 

The compos i t ions o f  the basal diets us ed in the gro,·Ying trial are shown 
in table 1 .  A low prot ein ( 1 3%) diet containing 0 .  6% lys ine was used wi th 
lys ine supp lemented at increments of 0 . 05%  up to 0 . 85% . 

In the finishing trial 96  crossb red pigs were allot ted to  1 2  treatments , 
wi th 4 pigs per pen and two repli cates per t reatment . The trial was conducted 
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for 5 weeks . Treatments again cons i s ted o f  two energv levels and s i x  lys ine 
levels wi thin each energy level . Diets were as follows : 

Die t s  1 -6--Low energy , corn-s oy-s tarch 
Diets 7 - 1 2--H igh energy , corn-soy- fat 

Lys ine content , % 
Diets  1 and 7 0 . 40 
Diets 2 and 8 0 . 4 5  
Diets 3 and 9 a . so 
Diets 4 and 1 0  0 . 5 5 
Diets 5 and 1 1  0 . 60 
Diets 6 and 1 2  0 . 6 5 

The comp os i t i ons o f  the 10% protein b asal diets used in the fini sh ing 
trial are shown in t able 2 .  Lys ine was added to  the basal diet  wh ich cont a ined 
0 . 4% lysine in 0 . 0 5%  increments up to 0 . 6 5% . 

All diets were supp lemented wi th minerals and vit amins t o  meet Nat ional 
Res earch Council recommendations . Feed and wat e r  were provi ded ad l ib i t um .  
The animals were housed in un insulat ed wooden b u ildings set  dn concre t e . 
Feeders and waterers were located on the out side concrete lot s to whi ch 
animals had access at all times . The growing t rial was conduct ed from the 
b eginning of Septembe r  to  mid-Octob er and the finishing t rial ran from the 
end of  Octob er to  mid-De cemb e r .  Blood s amples were taken at the end of each 
t rial for analys is of b lood urea ni trogen (BUN) . 

1lesults 

Results o f  the growing t rial are shown in table 3 .  �1eans for ave rage 
daily gains did not d i f fe r  s igni f i cantly among t reatments for e i ther lys ine 
or energy leve ls and no interaction was obs erved . Feed e f f i ci ency dat a ,  
although not significant ly d i f ferent , showed a trend toward greater e f f iciency 
when rati ons containing fat were fed . 

Blood urea n itrogen (Blm) levels we re s i gn i f ican t ly lower for the higher 
lys i ne diets . BUN leve ls are an indi cator o f  opt imum p rotein or amino acid 
levels . A lowe r Blf.'l value indicates fewe r amino acids are b eing us ed for 
energy . The higher values ob ta ined for the low lys ine di e t s  ( 1 ,  7 and 2 ,  8)  
indicat e  these diets were prob ab ly deficient in lys ine . Diets  containing 0 . 7% 
lysine or more appeared t o  be adequate in lys ine . 

Finishing 

Res ults of  the finishing t ri al are shown in tab le 4 .  

Pigs fed 
than pigs fed 
were ob served 

th e diets cont aining 5 %  fat ( d iets 7- 1 2 )  were 
diets with 5% added corn s tarch ( d iets  1 -6 ) . 
in regard t o  feed e f fi ci ency due to  di ffe rent 
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One int eract ion between lysine and fat levels exis ted wi th respect to 
average daily feed consumption .  As lysine levels in creased in the rati ons 
wi thout fat , average daily feed cons umpt ion decreas ed for the high lysine 
rati ons of 0 . 60 and 0 . 6 5% . For the rati ons wi th 5%  fat a trend in the opposite 
direction was ob s erved , as pigs fed the 0 . 6 5 %  lys ine diet had the highes t 
average daily feed cons umpt ion ( f igure 1 ) . This may indicate an amino acid 
imbalance occurred in the s tarch rat ion as the lys ine level increas ed . 

Summary 

One hundred eight cros sbred pigs averaging 50 . 9  lh . were used in the 
growing trial and 96 crossb red pigs averaging 160 . 6  lb . in the finishing tr ial . 
Both trials were us ed to s tudy the e f fect of  diet ary lysine and energy l evel s .  

BUN values for the growing pigs indicate that opt imum lysine l evels are 
around 0 . 7% of the die t . No increase in requirement was ob s e rved wi th di ets  
containing added fat . 

The results indicate that dietary fat improved f eed e ff iciency for 
finishing p igs and t ended to have a similar e ffect when fed t o  graving pigs . 
An int errelat ionship was o;) served in the f inishing diets b et�··een lys ine and 
energy levels . In creas ing lys ine b eyond 0 . 55 %  in diets that did not cont ain 
fat res ulted in decreased consumption , while c onsumpt ion increas ed with 
increas ing lys ine l evels when pigs we re fed diets of 5�� fat . 

Tab le 1 .  Composi tion o f  Growing Diets (Percent ) 

Diet no . 
Ingredi�nts 1 -6 7- 1 2  

Corn 7 7  . 6 7 7  . 6  
Soyb ean meal , 44�� 1 4  . 1  14 . 1  
Corn s tarch 5 . 0  
Fat 5 . 0 
Trace mineralized salt a 

0 . 5  0 . 5  
Di calc ium phosphate 1 .  3 1 .  3 
Limes tone 1 . 0  1 . 0 
Premixb 0 . 5  0 . 5 

a
c · d o So/ • 

b 
onta1ne , N z inc . 

Supplied per pound of  diet : vi tamin A ,  1 500 IU ; 
vit amin D ,  150 IU ; vitamin E ,  5 HT � rib oflavin , 1 . 25 
mg ; pant othenic acid , 5 mg ;  niacin , 8 mg ; c�ol ine , 
25  mg ; vitamin B

1 2
, 5 mcg and aureomy c in , 10  milli

grams . 
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Tab le 2 .  Composition o f  finishing Diets (Percent)  

---'-D=ie t no . 
_I�n�g�r_e_d_i_e_n_t 

__ �---�--�-- -- · -1-- 6������7_-_1_2 

Corn 
Soyb e an meal , 4 4 %  
Corn s tarch 
Fat 
Dical cium phosphate 
Limes tone 
Trace mineralized salt

a 

Premixb 

a 
b 

See table 1 .  
See tab le 1 .  

3 3  

86 . 0  
6 . 2 
5 . 0 

1 .  1 
0 . 7  
0 . 5  
0 . 5  

86 . 0  
6 . 2 

5 . 0  
1 . 1  
0 . 7  
0 . 5  
0 . 5  
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Tab le 3 .  
a 

Effect o f  Lys ine and Fat on Performance o f  Growing P i g s  

Lys ine % ___ _________ o _. 60 

Average daily gain , lb . 
Low ene rgy 
High energy 
Means for lysine 

Ave rage daily feed , lb . 
Low energy 
High energy 
Means for lys ine 

Fe ed/ gain , lb . 
Low energy 
High energy 
Means for lys ine 

BUN , mg %b 

Low energy 
High energy 
Means for lys ine 

1 .  4 2  
1 . 50 
1 . 46 

4 . 2 1  
3 . 9 0 
4 . 0 5  

3 . 00 
2 . 6 4 
2 . 8 2 

1 5  . 1 5 
1 4 . 8 9 
1 5 . 0 1  

0 . 6 5  

1 .  5 8  
1 .  5 2  
1 .  5 5  

4 . 5 8 
4 . 44 
4 . 5 1  

2 . 9 2 
2 .  9 6  
2 . 9 4 

1 3 . 0 2 
1 3 . 0 6 
1 3  . 0 /f 

------ - ---- - --------· 

0 . 70 

1 . 40 
1 .  5 5  
1 .  4 7  

4 . 0 8  
4 . 0 1  
4 . 0 4  

2 . 90 
2 . 6 0 
2 . 7 5 

1 1 .  9 5  
1 2  . 1 1 
1 2  . 0 3  

0 . 7 5 () , 8() 

1 .  5 0  
1 .  4 3  
1 .  4 7  

4 . 3 8 
3 . 9 2  
4 . 1 5 

2 . 96 
2 . 7 8 
2 . 8 7 

1 2 . 2 2 
1 1 .  74 
1 1 .  9 8  

1 .  4 8  
1 .  6 3  
1 . 5 5  

4 .  0 3  
4 . 3 7 
4 . 2 0 

2 . 7 6 
2 . 70 
2 . 7 4 

1 2 . 3 7 
1 0 . 5 6 
1 1 . 46 

0 . 85 

1 . 44 
1 .  5 3  
1 . 4 8 

4 . 0 5  
4 . 0 4 
4 . 04 

2 . 8 1 
2 . 6 7 
2 . 7 4 

1 1 . 0 6 
1 1 .  1 3  
1 1 . 0Q 

--------- ------------ --------------- -----· ·------.. -------

Heans for 
e,nergy 

1 .  4 7 
1 .  5 3  

4 . 2 2  
4 . 1 1 

2 . 89 
2 . 7 3 

1 2 . 6 3 
1 2 . 2 5 

:Nine pigs per trea tment--average ini t ial weigh t  50 . 9  lb . ,  average final weigh t 1 0 3  lb . 
Significant di fference due to lysine , mg % decrease at decreasing rate as lvsine 

increases ( linear , P < . 0 0 5 ; cubic , P < . 0 5 ) . 
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Tab le 4 .  Eff ect of  Lysine and Fat on Performance o f  Fini shing P igs 
a 

---- - ---- ----� ---�- --- � - - - ·--

�1eans for 
Lysine % 

__ ___ ________ Q_!..�o _ __ _Q_��5 
______ Q_._?O _ �.'?2-----��o_ _ _ _  Jl�§.5� _ _ _  e_n_erg5 

Ave rage dai ly gai n ,  lb . 
Low energy (starch ) 1 . 84 1 .  9 3  1 . 9 3 1 .  95  1 .  75  1 .  62 1 .  84 
High energy ( fat)  1 .  74 1 .  8 1  1 . 9 6  1 .  9 7  1 . 9 8  1 . 9 6 1 .  90 
Means for lys ine 

b 
1 .  79 1 . 8 7  1 .  q 5  1 . %  1 .  86 1 .  79 

Average dai ly feed , lb . 
Low energy 7 . 58 8 . 44 8 . 00 8 . 05  7 . 2 3 6 . 5 2  7 . 64 
High energy 7 . 32 7 . 5 6 7 . 38 7 . 4 8 7 . 5 2 7 . 84 7 . 5 2 
Means for lys ine 7 . 4 6 8 . 00 7 . 69 7 . 76 7 . 38 7 . 1 8 

Feed/gain , lb . c 

Low energy 4 . 1 4 4 . 4 2 4 . 1 4 4 . 1 2 4 . 1 3 4 . 04  4 . 1 7 
High energy 4 . 2 2 4 . 1 8 3 . 7 8 3 . 80 1 . Wl 4 .00 3 . %  
Means for lys ine 4 . 1 8 4 . 30 3 . 9 6 3 . 96 3 . 96 4 . 02 

BUN , mg % 
Low ene rgy 1 3 . 59 1 4 . 7 1  1 5 . 38 1 6 . 9 4 1 4 . 5 3 1 1 . 9 4  1 4 . 5 1 
High ene rgy 1 5 . 6 1  1 5 . 9 4  1 4 . 1 4  1 1 .  39 l l . 3 Q  1 2 .  6 0  1 3 .  7 1  
Means for lysine 1 4 . 60 1 5 . 32 1 4 . 76 1 4 . 1 7 1 3 . 5 4 1 2 . 2 7 

:Eight pigs per treatment --average initial we ight 1 60 . 6 ' 1b . ,  average final weigh t  2 2 5  lh . 
In teract ion be tween fat and lvs ine (P< . 05 ) . 

cSign i f icantly greater fee d / gafn for low energy than for high energy (P < . 05 ) . 
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A . S .  Series 76- 34 

For a numb e r  of years there has been a growing demand for a uni form 
sys tem o f  market hog evaluation . The pork indus try wanted a system where the 
bas i c  figures from product ion and carcass informat ion could be c ombined and 
res ults ob tained for indus try c ompari s on . After 2 years of study by the 
:·Jat ional P ork Producers Council in cooperat ion with the American Me at Science 
Associat ion , a new system of market hog evaluation b ased on percent or p ounds 
o f  lean mus cle in total carcass weight was initiated . The National P ork 
Producers Council hopes the sys t em wi ll meet the demands o f  the pork indus t ry 
for a uni form evaluation sys tem .  

Percent o f  mus cle in to tal carcas s wei ght rep laces percent o f  ham and 
loin as the s t andard . The percent o f  muscle figure along with age is us ed to 
determine the number o f  days pigs require t o  produce 85 lb . of lean . Age 
required to produce 85 lb . of lean s erves as an arb i t rary base to compare pigs . 
A 1 56 lb . carcass that has 4 . 4  sq . in . o f  loin eye area and 0 . 8  in . fat at the 
t enth rib wi ll yield about 85 lb . of muscle or 54 . 5 % of carcas s  weigh t in l ean 
mus cle . 

To find percent or pounds o f  muscle , three measurements are used : hot 
carcass weight (lb . ) , loin eye area (sq . in . ) and fat depth (in . ) at the tenth 
rib . The tenth rib fat measurement replaces the average b ackfat measurement 
whi ch was the average of meas urement s  at the first rib , l as t  rib and last 
lumbar verteb rae . 

The guidelines that have b een d eveloped are an at tempt to identi fy market 
pigs that excel in production e f ficiency and carcass desirability . The 
following guidelines as es t ah lished by the �ational P ork P roducers C ouncil 
include methods for combining production records , l ive visual apprai sal and 
carcass charact eris tics . 

Recommended Pro cedures t o  Evaluate Market Pi� 

Step 1 -- The pig should first meet the following MilJDITW STA.1-IDARDS :  

A .  P roduction informat ion--provided by the producer . 
1 .  Birth dat e . When desi red by the management , each producer should 

provide an age cert ifi cate whi ch has b e en ve rified by a represent a
tive des i gnated by the management .  

2 .  Minimum l itter s i z e  o f  eight pigs i f  first l i. t ter and nine i f  
produced b y  a s ow .  

3 .  Minimum lit ter weight at 2 1  days o f  age o f  9 5  lb . i f  first litter 
and 1 1 0 lb . i f  produced by a sow .  

4 .  vnien availab le a maximum o f  3 lb . feed requi red per live lb . 
o f  gain from 60 lb . to slaughter . 
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B .  Live Visual Ob servat ions--es t ablished by one or more experienced 
and knowledgeab le evaluators . 
1 .  Free from obvious infect ions , inj uries , hernias and blindness . 
2 .  Minimum s core o f  2 in s t ructural soundness of  feet and legs 

( 1  = struct urally un sound , 2 = sl ight s t ructural abnormality , 
3 = sound ) . 

3 .  Should not b e  a late cas trate . 
4 .  Free o f  symptoms related to po rcine stress syndrome . 

C .  Carcass Traits --es tab lished by one or more experienced and 
knowledgeab le evaluators . 
1 .  Free of  arthritis , abs cesses and o ther obvious diseases and 

abnormali ties . 
2 .  Free o f  cryptorchi dism . 
3 .  �-1in imum carcas s  leng th o f  2 9 . 5 inches . 
4 .  'Unimum adj usted hot carcas s weight o f  140 lb . 
5 .  Maximum trim loss of  3�� o f  carcass weight , 
6 .  �uscle color s core should range from 2 to 4 ( 1  = pale , 2 = 

sligh t ly pale , 3 = normal , 4 = sl ightly dark , 5 = dark) . 
7 .  �Iuscle marb l ing s core should range from 2 to 4 ( 1  = t races , 

2 = s li ght , 3 = smal l , 4 = mo derate , 5 = abundan t ) . 
8 .  Hus cle should b e  f irm and free o f  excess surface j uices . 
9 .  Should meet the following b reed certi f icat ion s t andards : 

Carcas ses should mee t minimum carcass cert ificat ion s tandards 
establ ished by the b reed as s ociations . For interb reed competit ions 
including crossb reds , the s tandards should be those estab l ished by 
the �at ional Associat ion of Swine Records . The fol lowing cert i f i
cat ion s t andards are b ased on 2 20 lb . live weights . Adj ustments 
should be made for pigs not weighing 2 2 0  pounds . 

Average Loin eye 
Carcass backf at area Days to 
leng th skin-on , ( lO t'.-1 rib ' 2 20 

Breed ( inches ) ( inches ) sq . in . )  pounds 
-- -

Hampshire 2 9 . 5  1 .  5 4 . 5 0  1 7 5  
Spo t ted swine 2 9 . 5  1 . 5  4 . 7 5 1 80 
All o ther breeds 2 9 . 5  1 . 5  4 . 5 0  1 81) 

and crossb reds 

Step 2 - - If the pig mee t s  the s t andards estab l ished in Step 1 ,  then it is 
ranked according to the following procedure : 

A .  De termine age of  pig in days . 

B .  De termine t otal pounds o f  muscle in carcass b y  using the following 
formula ( t o  determine percent muscle , divide pounds of mus cle by 
hot carcass weight ) :  

P ounds o f  mus cle = 2 . 0  + (hot carcas s weigh t , lb . ,  x 0 . 45 )  + ( lo in eye 
area , sq . in . , x 5 . 0 )  - ( 10 th rib fat , in . ,  x 1 1 . 0 ) 
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C .  De termine the number o f  age units required to produce 85 lb . o f  
muscl e .  Use the following formula : 

AGE lJNITS REQUIRED TO [ ( 85 x age at slaugh ter) - 5 1 00] 
PRODUCE 85 POUNDS OF = 

p d f l 
+ 60  

?filS CLE oun s o mus e  e 

D .  Except under special circums tances (i . e . , poor underl ines ) ,  i t  is not 
recoIIlll1ended to exhib i t  market gilts . However ,  if  permitted by the 
management ,  the age units requi red to produce 85 lb . o f  mus cle should 
be adj us ted by subtracting two units for gil t�. 

E .  Rank pigs on the b as i s  o f  adj us ted number o f  age units required to 
produce 85 lb . of mus cle . The pig requiring the fewe s t  number o f  
units would rank firs t .  

A b arrow , 1 60 days o f  age , that met all minimum s tandards and p roduced a 
1 60 lb . carcass wi th 5 . 0  sq . in . o f  loin eye area and a fat dep th o f  1 . 0  in . 
would , according t o  the formula in Step 2-B , yield 88 lb . o f  muscle . The final 
s tep would b e  to determine age units required to produce 85 lb . of mus cle . 
According to the formula in S t ep 2 - C , the b arrow would require 1 5 7  days or age 
i.mits to p roduce 85 lb . of lean . 

Local c ircums t ances wi ll often not permit att ainment o f  all the informa
t ion covered in this evaluati on format . I f  the availab le informat ion is put 
in s t andard form ,  it would provide a degree of s tandardizat ion for the indus try .  
I t  is hoped that these guidel ines c an b e  us ed in part or in total b y  anyone in 
the indus try at any locat ion to make comparis ons o f  animals , tes t s tation pigs , 
etc . It  should als o improve the e fficiency of  adminis tering contes ts , 
especially in the c ollect ion and interp retat i on o f  carcass dat a . 
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Compens atory Grow th of  Swine Following P rot ein Ins u f ficien cy 

George W .  Lib al and Richard C .  Tfah l s t rom 

It has been ob served (A . S .  S eries 7 1 - 39 )  that , wh en pigs are fed abnormal 
protein sequences of low prot ein followed by high protein diets , they tended 
to compensate somewh at for the poorer performance during the ear ly s t age o f  
growth by improved performance during t:-ie lat er grorvth p e ri od . I f  p r o t ein 
level sequen ce can be altered in this way , it would mean less supplenental 
prot ein necess ary and more economi cal production . 

The s tudy reported herein was desi gned to  s t udy the ability o f  the pig to  
compens ate for reduction in gain and e f fi c iency of  gain due to a low prot ein 
diet during an early growth period when fed adequate or exc ess prot ein during 
a later growth period . 

Experimental Pro cedure 

One hundred twenty-six pigs wi th an average s t arting weight of 5 5  lb . 
were used in three rep licates o f  six dietary treatment s .  Each pen cons is ted 
o f  four gilts and three barrows . The pigs were randomly allotted on the basis 
of  sex ,  wei ght and ances try . The pigs were housed in an envi ronment -modified 
building wi th s latted floors . The s ix dietary t reatments were protein 
sequences fed during growth periods from 55 to 1 1 5 lb . ,  1 1 5 t o  1 7 5  lb . and 
from 1 7 5  lb . to market weight of approximat ely 2 30 pounds . The t rea tments 
and diet ary sequences were : 

Trea tment �rotei!!_s�ences_(��)  
-----

1 1 2  - 1 2  - 1 2  
2 1 2  - 1 4  - 1 2  
3 1 2  - 1 6  - 1 2  
4 1 6  - 1 2  - 1 2  
5 1 6  - 1 4  - 1 2  
6 1 6  - 1 6  - 1 2  

During the firs t growth peri od , opt imum performance v7as expected from 
pigs receiving 1 6 %  prot ein and poor performance was expected from pigs 
receiving 1 2% prot ein . During the second grow th period 1 2% prot ein was 
cons idered inadequate , 1 4 %  prot ein adequate and 1 6 %  prot ein in excess of the 
pig ' s  requirement .  During the thi rd growth period , all p i gs received 1 2 %  
protein diet s . Compos i t ion of  the three diets i s  shown in tahle 1 .  

Results 

The average daily gain resp ons e to die t ary prot ein levels is  shown in 
tab le 2 .  Average daily gain is listed by growth periods and on an accumulative 
bas is from the s t ar t  of  the t rial . The t ab le lists  the resp ons e due to  dietary 
protein during the first growing period ( le f t  s i de ) , second growing period 
(middle) , and the c omb inati on of all growing periods (ri gh t  side) . 

4 0  



- 2 -

P igs rece iving 1 2 %  prot ein from 55 to 1 1 5 lb . live weigh t gained 
s i gni f i cant ly s lower , 1 . 4 1  lb . per day vs . 1 . 77 lb . per day , than those 
rece iving 1 6% pro tein during this period . However ,  during the second and 
thi rd growth periods the average gain of pigs in treatments 1 ,  2 and 3 was 
sligh t ly , b ut not s i gnifi cantly , fas ter than the average gain o f  pigs in 
treatment s 4 ,  5 and 6 .  On an accumulat ive basis , the dif ference in gain due 
to protein levels during the ini tial growth pe riod s t ill exis ted at the end 
of the experiment . Da ily gains for the total experiTien t averaged 1 . 5 7 and 
1 . 66 lb . for pigs fed 1 2  or 1 6 %  prot ein , respect ively , during the initial 
growth period .  

Gains were signifi cantly di f ferent due t o  p rotein levels fed during the 
second growth period . P igs receiving 1 6 �s or 14�� p rotein diets during thi s 
period gained fas ter than those pigs receiving 1 2 %  protein , indicating that 
1 6 %  and 1 4% protein were adequate or in excess of the pi g ' s  protein req uire
ment from 1 1 5 to 1 7 5  p ounds . 

During the third growth period all treatment groups we re fed the 1 2 �� 
prot ein diet and gains were equal for pigs which had re ceived the three 
di f ferent prot ein levels during the s econd growth period . On an accumulat ive 
basis no di fference in gain was obs e rved at market t ime due �o the di fferent 
protein levels f ed during the 1 1 5 to 1 7 5  lb . period . 

Average daily gains o f  the six treatment s  varied cons iderably during the 
three growth periods . However ,  accumulative gain for the ent ire exoerifllent 
indicates that p i gs fed the 1 2 - 1 2 - 1 2 %  prot ein s equence had the poores t daily 
gains , 1 . 48 lb . , compared to gains of 1 . 60 to 1 . 69 lb . for the o ther treat
ments . Compens atory gains of pigs fed the 1 2 - 1 6- 1 2 %  pro tein sequence occurred 
during the 1 1 5 to 1 7 5  lb . period when these pigs gained 1 . 83 lb . daily compared 
to 1 . 66 lb . for pigs fed the 1 6- 1 6- 1 2% protein sequence . For pigs fed the 
1 2 - 1 4 - 1 2 %  protein s equence , compensatory gains occurred during the 1 7 5  t o  
230 lb . period when they gained 1 . 75 lb . p e r  day compared to 1 . 45 lb . f o r  pigs 
fed the 1 6- 1 4 - 1 2% protein sequence . 

Feed e f f iciency ( t ab l e  3 )  followed the same pat tern as average datly 
gai n .  Feed/gain was b e t ter for pigs receiving 1 6% pro t ein during the ini t ial 
grow th period and for pigs re ceiving ei the r 14% or 1 6 %  protein during the 
second growth period . When the treatment s  were c ombined , no s i gni fi cant 
di fferences were ob served due to p rotein s eq uence . However ,  the poores t 
performance again was ob serve d when pigs received the 1 2- 1 2 - 1 2 %  protein 
sequence . Pigs receiving the 1 2- 1 4 - 1 2%  and 1 2 - 1 6- 1 2 %  pro tein had a closer 
feed/gain ratio to those pigs that received 16% protein during the in i t ial 
growth period . This hint s at compensatory performance wh en adeq uate or excess 
prot ein f o llows subopt imum perfo rmance from inadequate p ro tein . 

S ummary 

One hundred twenty-six pigs we re utilized t o  s t udy compens atory perform
ance due to a low protein diet during an early growth peri od followed b y  
higher pro tein levels during the subs equent growth period . P igs receiving 
1 6 �� prot ein dur ing the 55 to 1 1 5  lb . growth pe riod g ained fas ter and more 
ef fi ciently than pigs receiving 1 2 %  prot ein . Dur ing the 1 1 5 to 1 7 5  lb . growth 
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period pigs receiving 1 4 %  or 1 6% prot ein performed better than pigs receiving 
1 2 %  pro tein . The data showed a trend for compensatory performance when pigs 
had received a protein-deficient diet from 55 to 1 1 5 lb . and an adequate or 
excess protein level during the 1 1 5 to 1 7 5  lb . growth period . 

Table 1 .  Compos it ion o f  Experiment al Diets (%) 

Ingredient __ _ 

Corn 
S oyb ean meal , 44%  
Dical ci um phosphate 
Limes tone 
Trace mineral s al t , 1 . 0% zinc 
Vi t amin p remixa 

8 7 . 5  
9 . 3  
1 .  3 
0 . 9  
0 . 5  
0 . 5  

Prot ein levels 
1 4 %  

8 1 . 9 
1 5 . 0  

1 . 2 
0 . 9  
0 . 5  
0 . 5  

1 6 %  

76 . 2  
2 0 . 7  

1 .  2 
0 . 9  
0 . 5 
0 . 5  

a
Suppl ied per lb . o f  diet : vitamin A ,  1 500 IU ; vitamin D ,  

1 50 IU ; vi tamin E ,  5 IU ; rib o flavin , 1 . 2 5 mg ; pant othenic acid , 
5 mg ; niacin , 8 mg ; choline , 2 5  mg ; vi t amin B

1 2 , 5 mcg and 
aureomycin , 1 0  milligrams . 

-
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SS- l l S  lb . 
1 1 S - 1 7 S  lb . 
1 7 S- 2 30 lb . - -

S S- l l S lb . 
1 1 S- l 7 S  lb . 
1 7S-2 30 lb . 

S S- l l S lb . 
S S- 1 7 S  lb . 
SS- 2 30 lb . 

Tab le 2 .  Ave rage Daily Gai n  by Peri ods and Accumulative 

------------------------- ----- - ------ --- ------------------ ----Treatment� 
T, 2 ,  3

-
4 ,  s -:6---1,4---2;5---3;6·----r- ------2--- _____ 3

___ 
4 

Protein % 
------------- - - ----------- - -

--------- ---- ----1 2  1 6  1 2  1 2  
1 2  14  1 6  1 2  1 4  

1 2  1 2  -- -- --------------

1 .  4 1  
1 .  69  
1 .  62  

1 .  41  
1 .  SS  
1 .  S7  

1 .  7 7 ** 
1 .  6 3  
l . S 9 

Average 
1 .  6 2  
1 .  S S  
1 . 6 2  

Daily Gain Qy Period , �b .  
l . S8 1 . 5 8 1 . 4 1  
1 . 69 1 . 74** l . S 4 
1 . 60 1 . 6 1  1 . 5 3  

1 .  38 
1 .  70 
1 .  75 

Average Daily _9ain Accumula�1:._ve , Lb . 
1 . 7 7 ** 1 . 6 2  1 . 5 8 l . S 8 1 . 4 1  1 . 38 
1 . 6 9 ** 1 . S 7 1 . 6 3 1 . 6 5 1 . 4 7 1 . 5 4 
1 . 6 6 ** 1 . 59 1 . 6 1  1 . 6 3  1 . 4 8 1 . 60 

1 2  
1 6  
1 2  

1 . 4 5 
1 .  83 
1 .  5 9  

1 .  4 5  
1 . 6 3  
1 .  6 1  

----- - -- ---- ·-·---·· - --·-�- ----- ------ -----·-· 

1 6  
1 2  
1 2  

1 .  84 
1 .  5 5  
1 .  7 1  

1 .  84 
1 .  6 8  
1 .  6 9  

**Significant difference P< . 0 1 .  

5 

1 6  
1 4  
1 2  

1 .  7 7  
1 . 68 
1 .  45 

1 .  7 7  
1 .  72  
1 .  6 3  

6 

1 6  
16  
12  

1 .  7 1  
1 .  6 6  
1 .  6 2  

1 .  7 1  
1 .  6 7 
1 .  6 6  
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5 5- 1 1 5 lb . 
1 1 5- 1 7 5 lb. 
1 7 5 - 2 30 lb . 

5 5- 1 1 5 lb. 
1 1 5- 1 7 5 lb . 
1 7 5 - 2 30 lb . 

5 5 - 1 1 5 lb . 
5 5- 1 7 5  lb. 
5 5 - 2 30 lb . 

Tab le 3 .  Feed /gain by Pe riods and Ac curm l a t ive 

T reatmen t s  
-- ------------ ------ -·- ·-- ----- - - - - - -·- - - - - ·-·- - - -- - - - - --·- ----· 

1 , 2 , 3  4 , 5 , 6 1 , 4 2 , 5 3 , 6  1 2 3 4 

P ro t e in % 

5 6 

1 2  1 6  
------- - -- --- --·--- - - --------1:f - - - · - -12·------12- - -�-�-T6 

3 . 2 1  
3 . 38 
4 . 04 

3 .  2 1  
3 . 2 9 
3 . 5 7 

2.49** 
3 . 3 3 
3 . 8 1 

2 . 4 9 >'C* 
2 .  91) 1:>� 
3 . 1 8 >� 

1 2  1 4  1 6  1 2  14 1 6  1 2  1 4  1 6  
1 2  1 2  1 2  1 2  1 2  1 2  

_Fee<U_gain E_y R_�r}_od s  
2 . 9 4 2 . 8 3 2 . 7 9 3 . 3 5 
3 . 70 3 . 1 4  3 . 2 2 *  3 . 8 3 
4 . 1 3 3 . 7 9 3 . 86 4 . 5 4 

Jeed /gain A_������t ive 
2 . 9 4 2 . 8 3 2 . 7 9 3 . 5 5 
3 . 3 2 2 . 9 7  3 . 00 * 3 . 5 9 
3 . 5 8 3 . 2 7 3 . 2 8 3 . 9 1  

3 . 2 1  
3 . 2 1  
3 .  61) 

3 . 2 1 
1 .  1 () 
3 . 4 3 

3 , 0 8 
3 . 1 1  
3 . 9 9 

2 . 5 3 
3 . 5 8 
3 .  7 2  

3 . 0 8 2 . 5 3 
3 . n ci 3 . 0 4 
3 . 3 8 3 . 26 

2 . 4 5 
3 . 1) 6 
3 . 9 7 

2 . 4 9 
3 . 3 4 
3 . 74 

2 . 4 5 2 . 4 9 
2 . 7 !1 2 . 9 1  
3 . 1 0 .  3 . 1 8  

* S igni f i cant d i f f erence P < . 0 5 .  
**Sign i f icant d i f f e rence P < . 0 1 .  
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