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EFFECT OF SILAGE ADDITIVES ON TH E QUALITY AND 

UTILIZATION OF CORN STOVER SILAGE BY LAMBS 

R .  M. Luther ,  R. Drake and L. D. Kam stra 

Depart m e n t  of A n i mal  Sc i e n ce 
Exper i m e n t  Stat i o n  

Summary 

So u t h  Dakota State U n i vers i t y  
S H E E P  81-1 

Corn s tove r forage harve s t ed from the 1 97 9  corn crop was ens iled in 
exp e r imental s t e e l  barrel s i los . The mo i s ture content of the forage averaged 
5 5 % . Fou r s ilage add i t ive treatment s  were app l ied t o  the forage . 1 They were 
( 1 ) un t reated , ( 2 )  Lac t ob a c i l lus a c i doph i lus ferme�tat ion p roduct ( 1  lb . 
per  ton of forage ) , ( 3 )  a n i trogen-m ineral mixture ( 6 . 4 3 %  of dry mat t e r  per 
ton of forage )  and (4)  an organ i c  acid mixture (20 lb . per ton of forage ) . 
A chemical profi le ana ly s i s  was pe rformed on samp les colle c ted on t reated 
forage a t  ens i l ing and as  the s i l age was removed for feed ing . A dige s t ion­
n i t rogen balance t r ial wa s conduc t ed in which lamb s averag ing 60 lb . were fed 
th e experimental s ilage s . 

Chemi c a l  analyses  of the trea t ed forage at ens i ling showed that a sma l l  
amount of fe rment a t ive a c t ivity h a d  oc curred p r ior t o  s t o rage . Crude p ro t e in 
(d ry ba s i s )  averaged 4 . 5 % with the un t reated , mi crob ia l- inocu lated and 
organ i c  a c id-trea ted fo rage . Add i t ion of a n i t rogen-m iner a l  mixture increased 
the p ro t e in content t o  7 . 4% . Organ i c acids were app l ied in a ra t io of 4 to 1 
of p rop ionic to ace t ic a c id , bu t the chemical  analys i s  showed a rat io of 
2 par t s  propionic and 1 p ar t  a ce t ic in the forage at the t ime of s torage . 

Chemical analyses on s ilage removed for feed ing showed tha t the me thods 
of p repara t ion and s torage used 'in the study p roduced good qua l i t y  s i l age . 
Va lues for pH averaged 4 . 5 with no impor tant differences be tween add i t ive 
t reatmen t s . Lac t i c  a c id and vola t i le fa t ty acid concentrat ions were s imilar 
for un t rea ted , the mic rob ia l inoculant and the n i t rogen-mineral mixture 
treatmen t s . Lac t i c  a c id was no t i ceably lower in s t over t reated with o rgan i c  
ac ids , ind i c at ing t h e  add i t ive was effect ive i n  inh ib i t ing the fe rment a t ion 
p roces s . Ammoniacal n i t rogen va lues as  a percent age of s i lage dry mat ter 
were h igher for s tover trea ted with the n i t rogen-m ineral mixture ( 1 . 0 1 )  and 
fo r the organ i c  a c id treatment s  ( . 82 )  than for the unt reat ed and microb ia l­
t rea ted s tover ( . 1 5 each ) . 

Dige s t ib i l i ty of dry ma t ter , crude pro t e in and organ i c  mat te r  was about  
the same for the unt reated and the mic rob ial- ino cula t ed s tover d ie t s . Lower 
d ige s t ib i l i ty of these nu t r ien t s  was ob served with the d ie t s  in whi ch the 
s tover was t reated w i th organ i c  acids . Re su l t s  from u t i l i z a t ion of the diet  

yrep are d for Sheep Day , June 5 ,  1 98 1 .  
Si la-Bac S i lage Inoculan t , Microbial Produc t s  Divi s ion , P ioneer 
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in whi ch the s tover was treated with a ni t rogen-mineral mix ture are not 
r epo rted bec ause o f  a lower ni t r ogen int ake by lambs on thi s  t reatment whi ch 
apparent ly was a maj or factor  in a f f e c t ing d iges t ibil i ty o f  this  forage . 
Per cen tage o f  ni t rogen consumed tha t was retained by lambs fed diets  in whi ch 
the s t over wa s unt rea ted or t re ated with a microbial ino culan t  and organic  
acids were 35 . 3 ,  3 0 . 1 and 35 . 3 % , respec t ive ly . 

Introduct ion 

Res idue s  from c orn crop p roduct ion are abundan t ly available feed s  for 
bee f  cat t le and sheep . Cornstalks make su i table f eed s when p roper ly supp le­
ment ed for growing animals and for wintering brood cow s  and ewes . Corn 
s tover may be convenien t ly harve s t e d  following removal o f  corn grain and fed 
as  chopped f o rage . In tere s t  cont inue s in the use  o f  s t over forage as s ilage . 

At t emp ts to imp rove s ilage f ermenta tion with comme r c ial p roducts  or to 
add cer tain nutr ient s to the s ilage have been made with a number o f  compounds . 
Such ma t er ials have been repor ted to improve the qua l i t y  o f  s ilage , reduce 
dry ma t ter losses and improve u t i l i z a t ion of nut r ien t s . Benef i t s  t o  be 
obtained f or the use o f  a mi crobial inoculan t , the add i t ion o f  n i t rogen 
compounds and the e f fe c t  o f  a fermentat ion inh ibitor su ch as organ i c  acids 
have no t been we ll e s t abli shed with a low- quality for age su ch as corn s t ove r . 
The s e  addi tive s  have had more use  wi th forages harve s t ed at s t ages o f  
ma turi ty or mo i s t ure levels  more typ ical f o r  s ilage crops . 

The obj e c t ive s o f  this research were to de termine the e f fe c t  of treat ing 
c orn s t over forage with a microbia l s ilage ino culan t  (Lac t oba c i l lus 
ac idoph ilus fe rment a t ion p roduc t ) , a source o f  ammoniacal n i t rogen (Pro-Sil ) 
and a mix ture of  organi c acid s  (80%  p rop ionic and 2 0 %  a ce t i c  acid) . Respons e 
to the se add i t ives was compared with unt rea ted forage in terms o f  chemical 
f e rmentat ion character i s t ics , dige s t ibi l i ty o f  maj or cons t i t uent s  and 
u t i l ization of ni t rogen by lambs . 

Procedure s 

Corn s t ove r  forage from the 1 9 7 9  corn crop was harves ted in early 
November . Corns t alks were ga thered int o  windrows wi th a ro t ary scythe apd 
chopped with a f ield chopper equipped with j hay-f orage head . The chopped 
f orage was wei ghed into a feed mix ing wa gon equ ip ped with a s cale . The 
addi t i ves were weighed or mea sured , added to the for age and mixed f or 1 0  
minu t e s . The microbial inoculant was added a t  the rate o f  1 lb . p er t on o f  
forage . The n i trogen- containing add i t ive ( . 85 %  ni t rogen ) was app lied at the 
ra te  of 6 . 4 3 %  of the dry ma t ter per ton of forage . The quan t i t y  applied in 
th is s tudy was e s t imat ed t o  increase the protein conten t  o f  the s t over s i lage 
abou t 2 . 5 percen tage uni t s . The organic  acid mixture (80%  p rop ionic and 2 0 %  
acet ic a c i d )  was app lied a t  the rat e  of  20  lb . per t on o f  forage . 

The unt reated and t reated forages were transf erred t o  plas t i c  ba gs 
p laced ins ide the exper imental s ilos . The s ilos cons i s t ed o f  s teel barrels 
(about  34 inches high and 2 2  inche s wide ) equipped wi th lids . The lids had a 
rubber gaske t and were s ecured in place with a r ing-lock f as tener . The 
fo rage was packed in each s ilo to a level tha t wou ld j us t  allow the lid to 

3 Blair Manufac t uring Company , Blair , Nebraska . 

2 

• 

• 



• 

• 

- 3 -

f i t  in p lac e . The mix ing wagon was washed thoroughly with wa t er under 
p re s su r e  b etween each add i t ive treatmen t . 

Samples o f  abou t 1 . 3  lb . were collec ted at  ens il ing , during feed ou t o f  
s ilage and o f  was t e  s ilage separated f rom good s ilage a s  the s i los were 
emp t ied . The samples  were inuned ia tely f rozen for chemical analy s i s . The 
samples were p ro ce s s ed for  an�ly sis  by grinding . 2 2 lb . of frozen mat erial in 
a Vita Mix Super 3 600 gr inder . A port ion of the f inely ground ma ter ial from 
each samp le was used in det ermining the chemica l  p rof ile . 

The profile  included dry mat ter de t ermina tions by oven dry ing and by 
tolu ene di s t illa t ion ( c o r re c ted for acids ) .  Other charac ter i s t i c s  de t e rmined 
included p H ,  t i t ra tabl e  acidi t y ,  t o ta l  and ammoniacal n i t rogen , lac t i c  acid , 
organic acids ( a ce t ic , p ropioni c , bu tyr ic ) and ash . 

The u t i l i zat ion o f  nut rien t s  f rom each exper imental  s ilage was deter­
mined in a d iges t ion-ni t rogen balance trial with lamb s . Twent y- f ou r  lambs 
averaging abo u t  60 lb . were allo t ted to diet s containing the s tover s i lage 
trea tmen ts  with s ix lamb s each . The lambs were p laced in indiv id ual p ens and 
f e d  the exper imental d ie t s . Fo l lowing a 2-week adj us tment per iod , the lamb s 
wer e  p la ced in met abolism crates and a 5-day to tal colle c t ion trial was 
conduc t ed . Dige s t ion coe f f i c ient s  and value s  for  n i t rogen u ti li za t ion were 
ca lculated us ing the toluene d is t i lla tion p rocedure f or determining d ry 
ma t t e r . 

The lambs wer e fed a f ull f eed of  s ilage and a protein supplement once 
daily . The supplement used for  the die t s  cont aining the unt reated , the 
mic r ob ial-inoculated and the organ i c  acid- treated s t over cons is ted of 46 . 7 % 
ground corn , 46 . 7 % soybean meal ( 50%  protein ) , 4 . 7 % di calcium pho spha te and 
1 . 9% t r ace mineral sal t .  The supp lement fed wi th the nit rogen- treated s ilage 
con s is ted of  8 7 . 7 %  ground corn , 8 . 8% d ical c ium pho sphate and 3 . 5 % trace 
mineral salt . Bo th supp lement s  wer e  f o r t i f ied wi th v i t amin s  A and D.  The 
supp lement used wi th the thr ee s ilages was fed at 1 . 1  lb . per lamb daily , 
while the sup p lement with the s i lage con taining the ext ra n i trogen amounted 
to . 57 lb . per  l amb daily . I t  was as sumed tha t the protein added t o  the 
f orage by Pro- Sil  and tha t of the supplement would comp lement the p rotein in 
the ini t ial f orage to adequately mee t the need s o f  lamb s  of this wei ght . 

The s ilos were opened f or feed ing in Febr uary a f t er being ens iled f o r  
approximately 4 months . 

Resul t s  

The chemical p ro f ile o f  the exper imen tal forages a t  ens i ling are 
p res ented in table 1 .  The dry ma t ter conten t  of  c orn s tover forage s t ored 
the various ways var ied be tween 42 and 48% . Crude p ro t e in con t en t  o f  
untrea t ed , microbial- ino culated ( S ila- Ba c )  and organi c acid- t reated s tover 
r anged f rom 4 . 1 to 4 . 9 %  ( d ry bas i s ) . Use o f  the n i trogen add i t ive (Pro- Sil ) 
f o r  the forage t reatment increased the p ro te in con t en t  to 7 . 4 % .  

Fermentat ion ac t iv i t y  with each s ilage treatment i s  indica ted by the 
f ormat ion of small q uant i t ie s  of  lac t ic and vola t i le acids . I t  i s  not 
unconunon t o  ob serve s ome f ermentat ion between harves t ing and ens iling even 
with f o rage o f  this matur i ty and moi s ture conten t . 

4 Vit a  Mix Corpo rat ion , Cl eveland , Ohio . 
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Tab l e  1 .  Chemi cal Prof i le s  of Corn Stover Forage a t  Storage as 
Af f e c t ed by Si lage Add i t ives 

S il age addi t ive treatment 

Unt re a t ed Sila- Bac a Pro-Sil  b 

Dry ma t t er , %d 4 2 . 5 1  43 . 60 45 . 5 2 
Dry ma t ter , %e 4 2 . 5 9 44 . 94 4 7 . 6 6 
pH 

. d .  f 6 . 56 6 . 4 4 8 . 56 
Tit r a t ab l e  a c i  i ty . 1 6  . 24 . 00 
Percen t o f  d r y  ma t ter 

Ash 7 . 00 6 . 40 6 . 3 3 
Crude protein 4 . 9 1  4 . 1 4  7 . 40 
Ammonia nit rogeng . 08 . 08 . 8 1  
Lac t i c  ac id . 04 . 04 . 03 
Vo l a t i le f a t ty acids 

Ac e t i c  . 00 . 00 1 . 05 
Pr op ioni c .BR . 7 8 . 5 5 
Butyr i c  0- T . 03 . 0 1 
To t a l  . 88 . 8 1 1 .  6 1  

Organi c 
acidsc 

45 . 7 9 
45 . 06 

4 . 6 2 
6 . 1 4  

6 . 20 
4 .  7 2  

. 1 0 

. 0 2 

1 .  70 
3 . 36 

T 
5 . 06 

a Ino cula ted with Lac toba c i l lus ac idophilus fermen t a tion p roduc t at rate of 
1 lg . per  ton of  f orage . 

Added a t  rate  o f  6 . 4 3% of dry ma t ter per ton of  forage . c 
d Add ed a t  rate of 20 lb . per  ton of  forage . 

Oven dr ied a t  70 C f o r  24 hours .  � To luene dis t i l lat ion with a c id corre c tion . 
Mi l l i l i ters .IN KOH t o  raise pH to 7 .  � Percent o f  crude protein . 
T = t ra ce . 

The chemical  p r o f i l es for unt rea ted and mic rob ial-inoculated forage at 
s to rage were s imi lar . Corn s tover treated wi th ni t rogen wa s mor e  alkal ine 
in pH ( 8 . 5 6 )  with the forma t ion of smal l  quant i t i e s  of vo latile acids . The 
ab sence o f  t i tra t ab l e  a c id i ty is due to the value being higher than a neu t ral 
pH ( pH = 7 ) . However , a c id forma t ion was ob s erved in thi s  ins t ance which 
sugges t s  a pos s ible bu f f er ing ef fe c t  o f  ammoni a  n i t rogen a t  th i s  p H .  For age 
trea ted with organic acids wa s mor e acid in pH (4 . 6 2 ) , wi th higher t i t ratab le 
acid i t y  and higher values for ac e t ic and p rop ionic a c ids . Thi s  was as 
expec t ed becau s e  of the add i t i on of a mix ture of  ace t i c  and p rop ionic a ci ds 
to the s tove r . 

Re sul t s  o f  c hemical analy se s of s ilage samples during f eedout of  the 
s ilages are presented in t ab le 2 .  The p rocedures used in this s tudy for the 
preparat ion and s torage o f  exp er iment a l  s ilages appeared to resu l t  in s a t i s ­
factory s ilage forma t ion.  Th i s  is ind ica ted by the low p H  values (4 . 2  t o  4 . 8 ) , 
the adequ a t e  levels  o f  lac t i c  and / or vola t ile acids and e s s en t ially the ab s ence 
of  bu tyr ic acid  in the s ilages . Concentrat ions o f  lac t i c  acid and ace t i c  and 
p ropionic acids wer e  about the same for  s i lage treated wi th mi croorganisms or  
wi th ammoniacal ni trogen when compared to unt rea ted si lage . Lac t i c  acid , 
however , was no t ic eab ly lower in the s ilage trea ted with a mixt ure of organ i c  
ac id s which su gge s t s  t h e  inhib i tory inf luenc e of  this add it ive o n  the 
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Tabl e  2 .  Chemical Pr o f iles  o f  Corn S tover Si lage for Feed ing a s  
Af f e c t ed b y  S ilage Add it ives 

Silage addi t ive t reatmen t 

Unt rea ted Sila- Bac a Pro- Sil b 

Numb er o f  sam8les  1 1  1 0  1 0  
Dry ma t ter , % 4 1 .  1 2  4 2 . 2 6  44 . 38 
Dry mat ter , %e 4 1 .  2 4  4 2 . 6 2  46 . 3 2 
p H  

. d .  f 4 . 2 1  4 . 5 2 4 . 88 
T i t  ratab l e  ac i i ty 7 .  20 4 . 7 8 5 . 5 8 
Perc ent o f  dry ma t ter 

Ash 6 . 91  7 . 08 7 . 70 
Crude p ro te in 5 . 35 4 . 7 8 8 . 2 3 
Ammonia n i trogeng . 1 5  . 1 5 1 .  01  
Lac t i c  acid 2 . 1 3  2 . 06 2 . 1 9 
Vo l at i le fa t ty acids 

Ac e t ic 1 .  84 1 .  8 1  2 . 2 7 
Prop ionic 1 .  3 3  1 . 50 1 .  26  
Bu tyr i c  . 02 . 0 1 . 00 
To tal 3 . 1 9  3 . 3 2 3 . 53 

a-h See foo tnotes  for  tab le 1 .  

Organi c  
ac id s c 

1 0  
44 . 05 
44 . 09 

4 . 45 
8 . 4 3 

7 . 4 2 
4 . 8 7 

. 8 2 

. 4 6 

2 . 2 3 
2 . 6 7 

. 00 
4 . 90 

fermen t a t ion p ro ces s l eading to lower ed formation of  this acid . The add i tion 
o f  n i t rogen to corn s tover s ilage increased the pro t ein conten t  (8 . 2 3 %  versus 
5 . 3 5 %  for un t rea ted ) and marked ly increas ed ammonia n i t rogen as comp ared to 
the o ther s ilages . The ra t io o f  acet i c  t o  p rop ionic a cid was alter ed wi th 
the ni t rogen ( 2 . 2 7 : 1 . 2 6 )  add i t ive or wi th organi c acids ( 2 . 2 3 : 2 . 67 ) . In the 
la t t er case a shif t from p rop ioni c to ace t i c  was ob served during f ermen tat ion 
and s t orage as compared to the ra t io of the s e  acids in the forage at ens i l ing . 

Diges t ib i l i ty and n i t rogen u t i l i zation of  lambs fed  diet s cont aining c orn 
s tover s ilage wi th and wi thou t add it ive trea tment s  are presented in tab le 3 .  
Abou t  57 % o f  the die t dry ma t t er was p rovided by corn s tover s ilage . The 
remainder was supplied by a supp l emen t composed ma inly of ground corn and 
soybean mea l .  Pro t e in p rovided by these ingred ients along with a much sma l ler 
quan t i ty from s tover s i lage wa s adequate in meet ing the protein requirement s  
for lamb s o f  this we igh t . The diges t ib i l i ty value s  ref le c t  u t i l i zat ion o f  
the en t i re diet  and are cons iderab ly higher than tho s e  repor t ed for low 
qual i ty f o rages su ch as  corn s tover . 

Da ta for the diet in whi ch the ni trogen-m ineral mix ture was added to the 
s to ver ( Pr o- S i l )  have b een omi t t ed f rom this report  becau s e  intak� of p rotein 
was cons id erab ly lower than for the o ther diet s . Inclus ion o f  the data f or 
t h i s  t rea tment wou ld not al low j us t i f iab le compar i s ons to be mad e .  Fur ther 
research is need ed with th is addi t ive to f u l ly evaluate i t s  ef f e c t  on nutrien t  
u t i l iz a t ion . 

Dige s t ib i l i ty of  d ry mat ter , crude p ro tein and organ i c  mat ter was abo ut  
the same f o r  lambs f ed the d i e t  in  whi ch the s tove r  was inoculated as for  the 
cont ro l  d ie t . The d iet  con ta ining s tover trea ted with organic ac ids (80% 
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Tab le 3 .  Diges t ib i l i t y  and Ni t rogen Ret ent i on With Sheep 
Fed Corn Stover S i lage Die t s  

Numb er o f  lamb s 
Compos i t i on o f  d i e t  consumed (dry 

Corn s tover s il age 
Ground corn 
Soybean mea l  ( 50%  pro t e in)  
Dic alc ium pho spha te 
Trace mineral s a l t  
Vi t amins A and D 

To t a l  

Avg .  dai ly n i t rogen intake , g .  

Dige s t ib i l i ty , % 
Dry mat ter 
Crude p ro t ein 
Organ i c  mat ter 

N i t rogen bal ance , g . /day 
Fec a l  
Urinary 
Re t a ined 

Percent re t a ined of consumed , 

a , c  See t ab l e  1 .  

% 

Stover s i l age die t s  

Unt reated S i l a-Baca 

6 6 
ba s i s ) , g .  

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

1 6  1 6  
6 6 

+ + 
764 7 6 2  

2 3 . 5  22 . 6  

7 0 . 8 1  7 1 .  3 4  
7 9 . 32  7 8 . 0 2  
7 4 . 3 2  7 4 . 30 

4 . 87 4 . 9 9 
10 . 34 1 0 . 84 

8 . 3 1  6 . 8 1 

3 5 . 33  30 . 08 

Organ i c  
a c ids c 

6 

466 
1 5 6  
1 56 

1 6  
6 

+ 
800 

2 3 . 0  

68 . 45 
76 . 40 
7 2 . 39 

5 . 44 
9 . 6 3 
8 .  1 2  

35 . 26 

p rop ion i c  and 20% acet ic a c id )  resu lted in lower nu tr ien t  d iges t ib i l i t ie s  
than t h e  d ie t  con t aining un treated s t over . 

N i t rogen balance dat a  ind icate s ligh t ly lower n i t rogen int ake with lower 
ni trogen re tent ion for lamb s fed the diet  con t a in ing s t over inoculated with a 
microb ial  s i lage add i t ive . Re ten t ion of  ni t rogen by lamb s fed s t ove r treated 
with organ i c  acids  wa s about  the s ame as tha t for lamb s fed the un t reated 
s t over d i e t . 

The chemical value s used as indicators  of  s i lage qual i ty re late wel l  to 
the ut i l iz a t i on o f  nutrien t s  as de t ermined wi th lamb s in this s t udy . 
Ap parent ly , pro f iles  for the corn s t over s ilages were not enough d i f ferent 
in lac t i c  and vo la t i le ac ids content  ( excep t organ i c  acid-treated stover ) to 
have much inf luence on dige s t ib i l i ty and n i t rogen reten t ion . The organ i c  
acid-treated s tover wh ich h a d  lower lac t i c  a c i d  and higher vo lat i le fat ty 
a c id con cent ration s  re su l ted in s l igh t ly lower dige s t ib i l i t y  of  nutrien ts . 
The leve l o f  a c i d s  added to the s t over did no t appear to reduce f eed 
consump t ion . 
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