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Abstract:
Lignin in Gallatin Valley grasses increased with advancing season, beginning at about five per cent in
May, and rising to a high of eighteen per cent for Bromus inermis at the end of August, contrasted with
fourteen per cent for Bromus marginatus. The wheatgrasses ranged in between, with Agro-pyron
pauciflorum remaining lower in lignin than crested wheatgrass during the first half of the season.
Cellulose content closely paralleled lignin content. Grasses at Judith Basin followed a similar course,
but matured about a month earlier. 
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ABSTRACT

L ig n in  i n  C a l l a t i n  V a lley  g ra s s e s  in c re a s e d  w ith  advancing  se a so n , be­

g in n in g  a t  about f iv e  p e r  c en t in  May, and r i s i n g  to  a  h ig h  o f e ig h te e n  p e r  

c e n t f o r  Bromus ln e rm is  a t  th e  end o f  A ugust, c o n tr a s te d  w ith  fo u r te e n  p e r  

c e n t f o r  Bromus m a rg in a tu s . The w h e a tg ra sae s  ranged  in  betw een , w ith  A gro- 

pyron  p su o iflo ru m  rem a in in g  low er in  l i g n in  th an  c r e s te d  w h ea tg rass  d u r in g  

th e  f i r s t  h a l f  o f  th e  se a so n . C e llu lo se  c o n ten t c lo s e ly  p a r a l le l e d  l i g n in  

c o n te n t .  G ra sse s  a t  J u d i th  B asin  fo llo w ed  a s im i la r  c o u rs e , but m atured

abou t a month e a r l i e r
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INTRODDOTIC®

Q raseea a re  w ith o u t douht th e  moat im p o rtan t p la n t s  f o r  m an 's  w e lfa re  

o f  a l l  p la n t s  grown i n  th e  w o rld , b ecause  he l i v e s  c h i e f ly  upon g ra s s e s  and 

th e  an im als  who depend on them f o r  fo o d . Range la n d  i s  v a s t l y  im p o r ta n t 

f o r  th e  p ro d u c tio n  o f  th e se  a n im a ls , and in  th e  U n ited  S ta te s  a lo n e  i t  re p ­

r e s e n t s  ap p ro x im a te ly  f o r ty  p e r  c e n t o f  th e  c o u n tr y 's  t o t a l  a r e a .  W ithout 

g r a s s la n d s ,  man would have to  r e s t r i c t  h ie  home and a c t i v i t i e s  to  an amaz­

in g ly  sm all p o r t io n  o f  th e  lan d  he now in h a b i t s  on t h i s  e a r t h ,  and human c i ­

v i l i z a t i o n  would be s im i la r ly  l im i t e d .

Wheat and c o m  a re  o n ly  two o f  th e  many g ra s s e s  t h a t  a re  o f  g r e a t  im­

p o rta n c e  in  th e  U n ited  S t a t e s .  However, w ith o u t even th e s e  two o u r e n t i r e  

p a t t e r n  o f  l i f e  would have to  be changed , because th e y  p la y  enorm ously  im­

p o r ta n t  p a r t s  in  o u r p re s e n t-d a y  l i f e .

Montana i s  composed p r im a r i ly  o f  ran g e  la n d , as  th e  amount u n d e r c u l t i ­

v a t io n  i s  i n s i g n i f i c a n t  as  compared w ith  th e  t o t a l  a c reag e  used  f o r  g ra z in g  

p u rp o s e s . I f  th e  peop le  o f  M ontana a re  to  p ro s p e r , i t  i s  n e c e ssa ry  f o r  them 

to  have a t  t h e i r  d is p o s a l  a l l  p o s s ib le  in fo rm a tio n  re g a rd in g  Montana ran g e  

g ra s s e d ,  s in c e  th e s e  g ra s s e s  a re  o f  v i t a l  im portance  to  them .

One way o f  o b ta in in g  a  g r e a t e r  u n d e rs ta n d in g  o f  g ra s s e s  i s  by a chem i­

c a l  s tu d y . By d e te rm in in g  th e  v a r io u s  chem ical c o n s t i tu e n ts  o f  g r a s s e s  i t  

i s  p o s s ib le  to  probe in to  t h e i r  in n e r  s t r u c t u r e s ,  and many tim es v a r i a t i o n s  

th e r e  a re  a p p a re n t which a re  n o t v i s i b l e  to  the  e y e . More p a r t i c u l a r l y ,  an 

a n a ly s i s  o f  t h e i r  l ig n in  and c e l lu lo s e  c o n te n ts  w i l l  o f f e r  s p e c i f i c  in fo rm a­

t i o n  re g a rd in g  t h e i r  n u t r i t i v e  v a lu e .  From a n u t r i t i o n a l  p o in t o f  v iew  a



knowledge o f  th e sea so n a l changes o f  the l ig n in  and c e l lu lo s e  con ten ts o f  

Montana range g r a sse s  should he a d e f in i t e  a id , as w ith t h i s  knowledge i t  

i s  p o ss ib le  to  compare the s h i f t in g  sea so n a l feed  v a lu es  o f  the g r a sse s  

s tu d ie d . Such a comparison should n a tu r a lly  lead  to  a w is e r  u t i l i z a t i o n  o f  

Monteina range la n d , a n i  i t  i s  hoped th a t t h is  w i l l  e v e n tu a lly  be the c a se .

- 4 -
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A. H isto ry  o f  Feed A nalyses

S h o rtly  a f t e r  the beginn ing o f  the n in eteen th  oentury Davy 2 j / l l /  v a l ­

ued fe e d in g  s t u f f s  according to  the amount o f  e x tr a c t  th a t  was removed by 

d ig e s t io n  w ith  hot w ater. In  1809 Thaer 9 1 / introduced h i s  system  o f  hay 

e q u iv a le n ts , u s in g  meadow hay as th e standard . He estim a ted  th a t 90 pounds 

o f  dry hay, or c lo v e r , or v e tc h , or a l f a l f a ,  or s a in fo in ,  or 200 pounds o f  

p o ta to e s , or 266 pounds o f  c a r r o ts , or 350 pounds o f  rutabagas w ith  to p s , or 

460 pounds o f  b e e ts  w ith  to p s , or 525 pounds o f ra d ish es  or 600 pounds o f  

w hite cabbage were equal to  100 pounds o f  meadow hay in  feed in g  v a lu e . These 

hay v a lu es  were an advance over the o ld er  methods o f  v a lu a t io n , but th e f a i l ­

ure to  con sid er  the p ro te in  fr a c t io n  o f  the feed  le d  to  d iscord ant r e s u l t s .  

Other ob servers obtained d if fe r e n t  hay v a lu e s , and so a mass o f co n tra d ic ­

to r y  ta b le s  began to  accumulate in  the l i t e r a t u r e .  B o u esin g a u lt, %] in  

1844, proposed the v a lu a tio n  o f  c a t t le  fe e d s  upon the b a s is  o f t h e ir  n it r o ­

gen content as compared w ith ordinary hay o f  1 .3 4 $  n itro g en  con ten t.

I t  was the great s e r v ic e  o f  Henneberg to  break away e n t ir e ly  from th e  

o ld  hay eq u iv a len t concep tion  and to  base th e v a lu a tio n  o f  feed in g  s t u f f s  on 

th e percentage o f  the th ree  major n u tr i t iv e  c o n stitu en ts*  p r o te in s , f a t s  

and carbohydrates. Crude f ib e r ,  assumed to  be in d ig e s t ib le ,  was determ ined  

by a m o d ifica tio n  o f  the old  E inhof procedure, which c o n s is te d  o f  removing 

the more e a s ily -h y d r o ly z e d  c e l lu lo s e  c o n s t itu e n ts  w ith  su c c e ss iv e  p o r tio n s  

o f  b o i l in g  d i lu te  ac id  and a lk a l i .  The sum o f the p ercen tages o f  m o istu re ,
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crude f a t ,  crude p r o te in  (N x 6 .2 5 )»  ash  and orude f i b e r  s u b tra c te d  from  IQO 

gave th e  p e rc e n ta g e  o f  n i t r o g e n - f r e e  e x t r a c t .  The c rux  o f  the  whole H -fre e  

e x t r a c t  problem  i s  in  th e  n a tu re  o f  th e  su b s ta n c e s  removed by th e  b o i l in g  

a c id  and b o i l in g  a l k a l i  t re a tm e n t in  th e  d e te rm in a tio n  o f  orude f i b e r .  

Q u e stio n s  o f  te rm in o lo g y  b o th e re d  H enneherg , 4 j /  a s  he s t a t e d  t h a t  th e  sub­

s ta n c e  c a l l e d  wood f i b e r  i s  e v id e n t ly  n o t always th e  same s u b s ta n c e , s in c e  

th e  p ro d u c t o b ta in e d  from th e  same fe e d in g  s t u f f  v a r ie s  w ith  d i f f e r e n t  p ro ­

c e s s e s  o f  m echan ica l com m inution. For t h i s  reaso n  he c o n s id e re d  i t  d e s i r ­

a b le  to  g iv e  th e  re s id u e  o b ta in e d  by th e  tre a tm e n t w ith  a c id  and a l k a l i  a  

l e s s  d e f i n i t e  d e s ig n a t io n  th en  wood f i b e r  ( i . e . ,  c e l l u l o s e ) .  T h is  i s  e sp e ­

c i a l l y  n e c e s sa ry  s in c e  th e  re s id u e s  o b ta in e d  from d i f f e r e n t  su b s ta n c e s  by 

e x a c t ly  th e  same p ro c e ss  have a v e ry  d i f f e r e n t  co m p o sitio n  (c lo v e r  hay r e s i ­

d u e , f o r  exam ple, i s  q u i te  d i f f e r e n t  from  th a t  o f  wheat s tra w  o r from t h a t  

o f  th e  fe c e s  o f  an an im al fe d  c lo v e r  h a y , e t c . ) ,  and a re  e s s e n t i a l l y  u n l ik e  

th e  pure  wood f i b e r  o r  c e l lu lo s e  o f  th e  c h em is t. He f e l t  i t  n e c e s s a ry , 

t h e r e f o r e ,  to  p ropose  f o r  th e  r e s id u e  in  q u e s tio n  th e  name "orude f i b e r . "

F or a  s im i la r  re a so n  th e  names "N -fre e  e x t r a c t"  and "o rude  p ro te in "  were de­

v is e d .

The o ld  H enneberg method o f  feed  a n a ly s is  h a s  been u sed  s in c e  1866 w ith  

v e ry  few ch an g es . I t  i s  s t i l l  th e  s ta n d a rd  method o f  fe e d  a n a ly s is .  The 

H enneberg system  o f  a n a ly s is  i s  a s  fo l lo w s :

1 . Orude f a t  ( e th e r  e x t r a c t ) .

2 . Crude f i b e r  ( e x t r a c t io n s ,  d i l u t e  a l k a l i  and a c id s ) .

3 . Ash.



4 .  P r o te in  (N x 6 .2 5 )•

5* N itro g e n - f r e e  e x t r a c t  (by  d i f f e r e n c e ) .

A f te r  a  s tu d y  o f  th e  above system  o f  a n a ly s is  one w i l l  f in d  th a t  n o t 

one o f  th e  above e x i s t i n g  s o - c a l le d  f r a c t i o n s  i s  a pure compound, b u t e ach  

i s  a  m ix tu re .

I .  E th e r  E x tra c t  I j /

True f a t s  ( t r i g l y c e r i d e s )  and f a t t y  a c id s  w hich a re  u t i l i z e d  by an im a ls  

a s  so u rc e s  o f  en erg y  and o f  th e  e s s e n t i a l  f a t t y  a c id s .

P h o s p h o lip id s , s t e r o l s , waxes and r e s i n s , and p la n t  p igm en ts . T h is  

g roup  may make up a s  h ig h  as  f o r ty  p e r  c en t o f th e  e th e r  e x t r a c t ,  and w ith  

th e  e x c e p tio n  o f  p h o sp h o lip id s  and c a r o te n e , ap p ea r to  be o f  l i t t l e  use  to  

th e  a n im a l.

F a t - s o lu b le  v ita m in s  Ai ( c a r o te n e ) . D.E and K. E s s e n t i a l  d i e t a r y  con­

s t i t u e n t s .

2 . Crude P r o te in  (N x 6 .25)

The K je ld a h l method f o r  d e te rm in in g  crude p ro te in  in  feed s  i s  r e a l l y  

o n ly  a method f o r  d e te rm in in g  t o t a l  n i t r o g e n .  S ince  many p u r i f ie d  p r o te in s  

have been found to  c o n ta in  16$ n i t r o g e n ,  100 d iv id e d  by t h i s  f ig u re  g iv e s  

6 . 2 5 , which i s  th e  custom ary  f a c to r  u sed  f o r  e x p re s s in g  r e s u l t s  a s  crude 

p r o t e in .  The re q u ire m e n ts  o f  an anim al a re  fo r  c e r t a in  amino a c id s  which 

a re  c o n s t i tu e n ts  o f  p r o te in s .  Of more th a n  t h i r t y  amino a c id s  w hich have 

been  i d e n t i f i e d  so f a r ,  a p p ro x im a te ly  te n  have been shown by Rose 6 0 / to  be 

e s s e n t i a l  f o r  norm al grow th and m ain tenance  o f r a t s .  T hat t h i s  re q u ire m e n t



o f  the ra t oannot be taken to o  l i t e r a l l y  fo r  o th er B p e c ie a  o f anim als wae 

r e c e n t ly  shown by A lm quist, who found th a t g ly o in e  i s  an e s s e n t ia l  amino 

aoid  fo r  o h iok s. 2 /  P revious to  t h i s  tim e g lyo in e  has always been con­

sid ered  to  be a n o n -e s s e n t ia l amino a o id .

Regarding ruminants (th e  type o f  anim als w ith which we are con cern ed ), 

th ere i s  a s e r io u s  q u estio n  as to  whether the amino ao id  content o f  the feed  

( in  o th er words, the q u a lity  o f  the p r o te in ) i s  o f  v ery  great s ig n if io a n o e .  

T his i s  because th ese  herbivorous anim als depend la r g e ly  fo r  th e ir  n u tr ie n ts  

upon the a c tio n  o f  microorganism s which not only break p ro te in s  down in to  

amino a c id s ,  but are a ls o  ab le to  sy n th es iz e  e s s e n t ia l  amino a c id s  which are 

then used by th e  anim al. An example o f  t h i s  i s  the u t i l i z a t io n  o f  urea fo r  

o a t t l e .  Urea i s  a sim ple organ ic n itro g en  compound which i s  not known to  

have any food value i t s e l f ,  but which oan be used by microorganism s in  the  

rumen in  sy n th e s iz in g  e s s e n t ia l  amino a c id s . For t h i s  reason i t  seems prob­

able th at an e x te n s iv e  survey o f  the amino aoid content o f  feed s fo r  rumi­

nants would be o f  dubious v a lu e , and the t o t a l  n itro g en  determ ination  i s  

probably s a t is f a c t o r y  fo r  most purposes.

3 . Ash

T his in c lu d e s  a l l  m ineral elem ents except th at p o r tio n  which esca p es  

during ig n i t io n ,  p a r t ic u la r ly  s u lfu r , ch lor in e  and io d in e .

The importance o f  m ineral e lem en ts in  the n u tr it io n  o f  anim als has been 

known fo r  a lon g  tim e . However, u n t i l  recen t years the study o f  m in era ls  in  

t h i s  r e la t io n  has been lim ite d  to  a few o f  the major e lem en ts , s p e c i f i c a l ly  

ca lciu m , phosphorus, sodium, potassiu m , magnesium and c h lo r in e . These are
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" m ajor" e lem en ts  o n ly  in  th e  sense  t h a t  th e y  a re  r e q u ire d  in  r e l a t i v e l y  

la rg e  q u a n t i t i e s  by th e  a n im a l. Of no l e s s  im portance  a re  the s o - o a l le d  

"m inor" e le m e n ts , whioh a re  r e q u ire d  in  sm a lle r  q u a n t i t i e s  but a re  none th e  

l e s s  e s s e n t i a l .  I o d in e , f o r  i n s t a n c e , needs be p re s e n t  in  the p la n t  o n ly  in  

q u a n t i t i e s  m easured in  p a r t s  p e r  b i l l i o n ,  and y e t a d e f ic ie n c y  o f  io d in e  in  

p la n t  m a te r ia l  u sed  as  fe e d  cau ses  p ro found  changes in  th e  an im als th u s  de­

p r iv e d  o f  t h i s  e lem en t.

S p e c i f ic  knowledge o f  th e  n u t r i t i o n a l  s ig n if ic a n c e  o f  m in e ra ls  i s  due 

p r im a r i ly  to  r e s e a r c h  w ith in  th e  l a s t  q u a r te r  o f  a  c e n tu ry . I t  i s  now known 

t h a t  in  a d d i t io n  to  t h e  "m ajor" e lem en ts  m entioned above, io d in e ,  i r o n ,  s u l ­

f u r ,  m anganese, c o p p e r, z in c  and c o b a lt  a re  e s s e n t i a l  e lem en ts  in  n u t r i t i o n .  

I t  i s  p ro b ab le  t h a t  f u r th e r  work w i l l  add more m in e ra ls  t o  th e  l i s t ,  pos­

s i b l y  in c lu d in g  s i l i c o n ,  f l u o r in e ,  b o ro n , brom ine, aluminum, a r s e n ic  o r  

n i c k e l .  A ll o f  th e s e  a re  found r e g u la r ly  in  th e  an im al body.

4 . Crude F ib e r
(E x t r a c t io n  w ith  d i l u t e  a c id  and a l k a l i )

C e llu lo se  6^ /  i s  a m ajor o o n s t i tu d e n t  o f  the  crude f i b e r  f r a c t i o n .  The 

c e l lu lo s e  in  p la n t  c e l l  w a lls  i s  p r a c t i c a l l y  i n d ig e s t i b l e  by c a rn iv o ra  and 

d i g e s t i b l e  to  a w id e ly  v a r ia b le  e x te n t  by omnivora and h e rb iv o ra . C e l lu lo se  

u t i l i z a t i o n  by any anim al i s  dependen t on in te rm e d ia ry  a c t io n  by b a c t e r i a  o f  

th e  d ig e s t iv e  t r a c t  f o r  i t s  d e g ra d a tio n  to  g lu c o se . C e llu lo se  i s  an im por­

t a n t  so u rce  o f  en erg y  to  h e rb iv o ro u s  a n im a ls .

Only p a r t  o f  th e  l ig n in  i s  found in  th e  crude f i b e r  f r a c t i o n .  The r e ­

m ainder i s  found in  th e  n i t r o g e n - f r e e  e x t r a c t .  L ig n in  i s  i n d ig e s t ib le  i t -
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s e l f  and a ls o  in h ib i t s  the d ig e s t io n  o f  c e l lu lo s e .  I t  was o r ig in a l ly  as­

sumed th a t the crude f ib e r  fr a c t io n  was in d ig e s t ib le  and th e  n itr o g e n -fr e e  

e x tr a c t  d ig e s t ib l e .

One can see  from the above th a t t h i s  i s  d ec id eIy  not th e c a se . A lso , 

the fa c t  th a t the crude f ib e r  con ta in s  v a r ia b le  amounts o f  l ig n in  makes any 

assum ptions drawn from th e crude f ib e r  content o f  p lan t m a ter ia ls  o f  l i t t l e  

v a lu e •

5 . N itro g en -free  E xtract 
(Obtained by d if fe r e n c e )

The fa c t  th a t t h is  fr a c t io n  i s  obtained  by d if fe r e n c e  i s  on ly  one o f  

th e o b jec tio n s  to  i t s  u s e . I t  i s  cu stom arily  assumed th a t n itro g e n -fr ee  ex­

t r a c t  i s  a measure o f  th e d ig e s t ib le  en ergy-su p p ly in g  m a ter ia l o f  fe e d . The 

n itr o g e n -fr e e  e x tr a c t  con ta in s most o f  the l ig n in ,  which i s  approxim ately  

98 per cent in d ig e s t ib le  by an im als. To make m atters even w orse, a high l i g ­

n in  content 1 1 /7 4 / may prevent the d ig e s t io n  o f the e a e i ly - d ig e s t ib le  por­

t io n s  o f  the p la n ts  by in o r u stin g  them and thus keep ing them from coming 

in to  con tact w ith  in t e s t in a l  b a c te r ia  and d ig e s t iv e  j u ic e s .  Thus i t  i s  pos­

s ib le  fo r  them to  pass through and remain in ta c t  in  the f e c e s  o f  the anim al.

The n itr o g e n -fr e e  e x tr a c t a ls o  co n ta in s  hemic e l l u l o s e , s tarch es and 

sugars which are more or l e s s  e a s i l y  d ig e s te d  and are en ergy-su p p ly in g  ma­

t e r i a l s .

The hemic e l lu lo s e s 74/  are w id e ly  d is tr ib u te d  in  the vegetab le  kingdom 

and next to  c e l lu lo s e  are undoubtedly th e most abundant o f  the m a ter ia ls  o f  

p la n t o r ig in . H em ioellu lose may be d e fin ed  as carbohydrate substances t h a t ,
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in  th e ir  n a tu ra l s t a t e ,  are in so lu b le  in  b o il in g  water but are so lu b le  in  

d ilu te  aqueous s o lu t io n s  o f  a lk a l i s .  Upon h ea tin g  them w ith  d ilu te  a c id s  at 

atm ospheric p ressu re , hemic e l lu lo s e s  a ffo rd  sim ple sugars and fr e q u e n tly  a l ­

so u ron ic  a c id s . In  connection  w ith  c e r ta in  typ es o f  hemic e l lu lo s e  two 

term s have r e c e n t ly  come in to  u se ; nam ely, "polyuronides" and " o e llu lo sa n a ."  

The term "polyuronides" i s  formed by the conju gation  o f  c er ta in  sugar a c id s  

(g lu cu ro n ic  and g a la o tu ro n io  a c id s) w ith  su gars. While most o f th e  hemic e l ­

lu lo s e s  are p o ly u ro n id es , i t  must be emphasized th a t not a l l  p o lyu ron ides  

are hemic e l l u l o s e s , fo r  p e c t in s , gums and m ucilages a ls o  contain  u ron ic  

a c id s .

The term " o e llu lo sa n s"  r e fe r s  to  th ose  hemic e l lu lo s e s  th a t are u s u a lly  

fr e e  o f  u ron ic  ac id  and are in t im a te ly  a sso c ia te d  w ith  c e l lu lo s e .

An e x c e l le n t  review  o f  the p resen t knowledge o f  hemic e l lu lo s e s  i s  found 

in  Norman's book, B iochem istry o f  C e l lu lo s e , P o ly u ro n id es , L ignin e t c .

From the above d is c u s s io n  o f  the Henneberg system  o f  feed  a n a ly s is  one 

would assume th a t some o th er  method o f  a n a ly s is  would be much b e t t e r .  T his  

i s  indeed the c a se . A complete a n a ly s is  o f  feed s in  which one would analyze  

fo r  the va r io u s carbohydrates ( f o r  exam ple, p en tosan s, s ta r c h e s , hemic e l lu ­

lo s e  , e t c . )  would be very  long and te d io u s  and could on ly  be performed in  a 

few o a se s . I t  would a lso  be im p racticab le  where a la rg e  number o f  a n a ly ses  

were needed. Taking t h is  in to  c o n s id e ra tio n , a system  o f  a n a ly s is  which 

overcomes the f a u l t s  o f  the crude f ib e r  method and y e t i s  simple enough fo r  

ro u tin e  use has been presented  by Norman. He su ggested  th e fo llo w in g  pro­

cedure I
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1 . S ther e x tr a c t .

2 . Crude p ro te in  (H x  6 .2 5 )•

3 . C e llu lo s e .

4 . L ig n in .

5 . Ash.

6 . E a s ily -d ig e s te d  carbohydrates (b y  d if f e r e n c e ) .

This system  d isca rd s  a fr a c t io n a t io n  which i s  w h olly  a rb itra ry  and 

w ithout b io lo g ic a l  s ig n if ic a n c e  in  favor o f  a sep a ra tio n  o f  the feed  in to  

groups which can be tr u ly  eva lu ated  from a n u tr it iv e  stan d p o in t.

The determ ination  o f  p lan t c e l l u l o s e , for  in s ta n c e , o f fe r s  the advan­

tage  th a t i t  i s  more s p e c i f ic  than th e  crude f ib e r  f r a c t io n . I t  i s  known 

th a t c e l lu lo s e  per se i s  almost com p lete ly  d ig e s t ib le  in  the ruminant.

The d eterm ination  o f  l ig n in  i s  a d e f in it e  s te p  forw ard, s in ce  l ig n in  

i t s e l f  i s  a t le a s t  98$ in d ig e s t ib le  and a ls o  d e f in i t e ly  retard s the d ig e s t i ­

b i l i t y  o f  o th er  c o n s t itu e n ts .

B. L ignin

The fu n ctio n  o f  l ig n in  in  the p lan t may be to  g iv e  stren gth  and r ig id ­

i t y  to  the c e l l  w a ll .  U n lig n if ie d  m a ter ia l u s u a lly  i s  s o f t  and co n ta in s  

a high percentage o f  w ater. I t  a lso  breaks much more e a s i l y  than l i g n i f i e d  

m a te r ia l. On th e o th er hand, a high percentage o f  l ig n in  w il l  o ften  make 

th e woody m a ter ia l b r i t t l e .  L ignin  i s  extrem ely r e s is t a n t  to  decay and bac­

t e r i a l  a c t io n . Wood buried  at le a s t  500,000 years has been found and on 

a n a ly s is  much o f  the l ig n in  was in  an apparently  u n a ltered  s t a t e .



-13'

The l ig n in  in  animal m etabolism  i s  very  s ig n i f i c a n t , s in ce  i t  i s  ex­

trem ely  r e s is ta n t  to  d ig e s t io n  by enzym es. When i t  i s  fed  to  dogs 2 1 / th ere  

i s  a p a r t ia l  breakdown o f  the l ig n in ,  as evidenced by an in crea se  in  the  

amount o f b en zo ic  a c id  e lim in a ted  as h ip p u rio  acid  and a ls o  a lo s s  in  m eth- 

oxy l content o f  the l ig n in  from the f e c e s .  I t  i s  p o stu la te d  th at such break­

down o f  l ig n in  as does occur i s  probably not due to  b a c te r ia l  a c tio n  but 

th a t i t  ta k es  p lace  in  the stomach, p o s s ib ly  through some enzyme p resen t in  

the g a s t r ic  j u ic e .  In the human body th ere  i s  no ev id en ce at present th a t  

any o f  the l ig n in  in g e s te d  can be u t i l i z e d .

L ignin  i s  th e in o r u stln g  part o f  p la n t and wood t i s s u e  which i s  charac­

te r iz e d  by i t s  p h en o lic  c h a r a c te r is t ic s  and by i t s  m ethoxyl co n ten t, and i s  

th a t p o rtion  o f  p lan t t i s s u e  recovered  by the 72 per cent s u lfu r ic  ac id  or 

fuming h y d ro ch lo r ic  acid  method fo r  determ ination  o f l ig n in .  Recent work 

2 2 /5 S /6 ^ / has fu rth er  subdivided the in o r u stln g  or fib er-b on d in g  m a ter ia ls  

in  wood in to  two f r a c t io n s ,  the lig n in -b o n d in g  m ater ia l and the n o n -lig n in ­

bonding m a te r ia l. T his i s  o f  grea t in t e r e s t ,  s in ce  the more gen era l d e f in i ­

t io n  o f  l ig n in  must be r ev ised  to  take t h is  in to  c o n s id e ra tio n . S ince no 

c le a r -o u t d e f in it io n  o f  l ig n in  has been o ffe r e d , t h i s  attem pt o f  fu r th er  

su b d iv is io n  o f  p la n t- in c r u s t in g  m a ter ia ls  may lead  to  confu sion  in  term in o l­

ogy. Experim ental work has in d ic a te d  f a i r l y  d e f in i t e ly  th a t both l ig n in  and 

another m a ter ia l are concerned in  the bonding to g eth er  o f  wood f ib e r s .  The 

n o n -lig n in  bonding m a ter ia l has been examined in  h o lo c e llu lo s e  s e c t io n s  o f  

wood; i t  has been found t h a t  treatm ent w ith  d ilu te  s o lu t io n s  o f sodium hy­

droxide w i l l  remove i t  and so permit m aceration . The l ig n in  i s  removed by
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c h lo r in a t io n  o f  th e  wood sam ples and w ashing w ith  w a te r . Both t ie  l i g n in  

and n o n - l ig n in  "bonding m a te r ia l  must he removed b e fo re  f i b e r s  w i l l  s e p a r a te ;  

th e  rem oval o f  e i t h e r  i s  n o t s u f f i c i e n t  to  cause such s e p a r a t io n .  The n a ­

tu r e  o f  t h i s  n o n - l ig n in  bonding  m a te r ia l  h as  no t been d e f i n i t e l y  worked o u t 

b u t may c o n s is t  o f  hem ic e l lu lo s e  c o n s is t in g  o f x y la n , u ro n io  a c id  and p ro b ­

a b ly  g lu o o sa n , to g e th e r  w ith  o th e r  components whose e x a c t n a tu re  i s  n o t known.

Sohulze 84/  i s  g e n e r a l ly  c r e d i te d  w ith  the  in t r o d u c t io n  o f th e  term  

" l ig n in "  i n to  p la n t  c h e m is try , 7j /  a s  i t  was e a r ly  re c o g n iz e d  th a t  th e r e  was 

p re s e n t  in  p la n t s  a  woody " l i g n i f le d "  p o r t io n .

By t r e a t i n g  wood w ith  n i t r i c  a c id  and po tassium  hydrox ide  Payne 7 0 / ob­

ta in e d  a more o r  l e s s  pure c e l lu lo s e  and p o in te d  out t h a t  some su b stan ce  had 

been  removed which was r i c h e r  in  carbon  th a n  c e l l u lo s e .  T h is su b stan ce  h a s  

been  named l i g n i n .

L ig n in  6 ^ / i s  a su b stan ce  o r m ix tu re  o f  su b s ta n c e s  w hich composes th e  

more r e s i s t a n t  o r  woody p o r t io n s  o f  p la n t  t i s s u e .  I t  sh o u ld  be p o in te d  ou t 

c l e a r l y  t h a t  l i g n in  i s  a vague, c ru d e , g e n e ra l  term  and co v ers  th e  woody 

p o r t io n  o f  p la n ts  much a s  th e  word " p r o te in "  co v ers  th e  l i v i n g  n itro g e n o u s  

p o r t io n  o f l i v i n g  p l a n t s .  The c h em is try  o f  l ig n in  to d a y  i s  in  th e  s t a t e  

t h a t  th e  c h e m is try  o f  p r o te in s  was in  tw en ty  y e a rs  ago .

Thus, in  th e  d e te rm in a tio n  o f  l i g n in  when one in v e s t i g a to r  r e p o r t s  a  

p e rc e n ta g e  o f  l i g n in  in  a  sample and a n o th e r ,  by a d i f f e r e n t  method o f  a n a ly ­

s i s ,  r e p o r t s  a  d i f f e r e n t  p e rc en ta g e  in  th e  same sam ple, no one a t  p re s e n t  

CEin say  which one i s  c o r r e c t .  To overcome t h i s  d i f f i c u l t y  one chooses a 

method o f  a n a ly s is  o f  l i g n in  t h a t  b e s t  s u i t s  h is  n e e d s . I n  the  d e te rm in a -



t lo n  o f  l ig n in  in  feed  one ohooaee a method th at h ast r ep resen ts  th a t por­

t io n  o f  the p lan t th a t i s  in d ig e s t ib le  by anim als, as determ ined by d ig e s ­

t io n  t r i a l s .  With t h is  in  mind a b r ie f  d isc u ss io n  o f  the chem istry o f l i g ­

n in  w i l l  be presented  h ere.

The l ig n in  p resen t in  woody m a ter ia l may be ch em ica lly  combined w ith  

carb ohydrates. There are two view s h eld  a t present as to  the lin k age o f  

l i g n i n  w ith the carbohydrate m a ter ia l;  one i s  th a t th ere  i s  an e s t e r - l ik e  

26/ 100/  union between an a c id ic  group in  the l ig n in  and an hydroxyl o f  th e  

carbohydrate, w hile the o th er view  51/ 38/ 62/  i s  th at an e th e r - l ik e  lin k age  

e x i s t s  between l ig n in  and the carbohydrate. Due to  the fa c t  th at l ig n in  i s  

more d i f f i c u l t  to  sep arate in  some p la n ts  than in  o th e r s , i t  i s  p o s s ib le  

th a t e i t h e r  one or both lin k a g es are p resen t in  v ar iou s p la n ts .

There has been con sid erab le  sp e c u la tio n  as to  the precu rsors o f  l ig n in .  

Some o f  the probably precursors are* c e l l u lo s e , 36/  so lu b le  carbohydrates, 

p e n to se s , m ethyl p e n to se s ,5 ^ /5 ^ /5 ^ /7 8 /7 2 /8 5 / hexosea and p e c t in .24/  Some o f  

th e e a r ly  in v e s t ig a to r s  o f  l ig n in  even went so fa r  as to  s ta te  th a t l ig n in  

o f  p h en o l!0 ch aracter  was not p resen t in  p lan ts and wood, but formed as a 

r e s u lt  o f  the a c tio n  o f  chem ical reagen ts on the carbohydrates. T his view ­

p o in t has been d e f in i t e ly  d isca rd ed ;6%/ however, i t  has been recognized  th a t  

v a r io u s  methods fo r  the determ ination  o f  l ig n in  64/  may form in so lu b le  con­

d en sa tion  products from the carbohydrate a o f p la n ts . These carbohydrate con­

d en sa tio n  products seldom amount to  as much as 10 per cent o f the t o t a l  l i g ­

n in  determ ined.

L ignin shows a number o f  c o lo r  r e a c t io n s .7 6 / N early  one hundred years
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ag o , Runge 8 j /  found th a t  p ine  o i l ,  when t r e a t e d  w ith  pheno l and h y d ro c h lo r ic  

a c id ,  assumed a  g re e n is h -b lu e  c o lo r a t io n ,  and when t r e a t e d  w ith  a n i l i n e - s u l ­

f a t e ,  a y e llo w  c o lo r  was p roduced . Bcth o rg a n ic  and in o rg a n ic  r e a g e n ts  have 

been  em ployed. Among th e  fo rm er, " p h lo ro g lu o in o l re a g e n t"  o r  "W iesen er1s r e ­

a g e n t ,"  which g iv e s  a r e d d is h - v io le t  c o lo r a t io n  w ith  d ig n i f ie d  m a te r ia l ,  h as  

been w id e ly  u sed  in  t e s t i n g  f o r  l i g n i n .  C o lo rs  in  g e n e ra l  are produced when 

l i g n i f i e d  t i s s u e s  a re  t r e a t e d  w ith  p h e n o ls  and w ith  am in es. The c o lo r  r e a c ­

t i o n s  g iv en  by l i g n i f i e d  m a te r ia l  w ith  a ro m a tic  compounds a re  p ro b a b ly  due to  

an a ld e h y d ic  su b s ta n c e  which i s  c lo s e ly  a s s o c ia te d  w ith  th e  l ig n in  com plex.

In  u s in g  c o lo r  t e s t s  f o r  l ig n in  one must r e a l i z e  th e y  may be m is le a d in g .

A c r i t i c a l  su rv ey  shou ld  p recede th e  use o f  any c o lo r  t e s t  f o r  l i g n in  to  he 

su re  t h a t  i t  i s  s p e c i f i c  f o r  l i g n in  and n o t due in  p a r t  to  o th e r  c o n s t i tu e n ts  

o f  th e  p l a n t .

A ccord ing  to  H a r r i s ,4 ^ /  l i g n in  can he i s o l a t e d  o n ly  w ith  the  a p p l ic a ­

t i o n  o f  h y d r o ly t ic  r e a c t io n s .  Even th e  s o - c a l le d  " n a t iv e  l ig n in "  (K la e o n ) , 

th e  a lc o h o l - s o lu b le  l ig n in  o b ta in e d  from wood w ith o u t th e  u se  o f added a c id ,  

was found to  he a r e s u l t  o f th e  a c t io n  o f  h y d ro ly t ic  enzym es.

The q u a n t i t a t iv e  e s t im a tio n  o f  l i g n in  i s  d iv id e d  in to  two c l a s s e s » th e  

d i r e c t  and th e  i n d i r e c t  m ethods.

I n d i r e c t  M ethods

S chulze 84/  o x id iz e d  l i g n i f i e d  p la n t  m a te r ia l  w ith  n i t r i c  a c id  and po­

ta ss iu m  c h lo ra te  and assumed th e  lo s s  in  w eigh t r e p re s e n te d  l i g n i n .  T h is  

method i s  o n ly  o f  h i s t o r i c a l  i n t e r e s t , as  th e  r e s u l t s  o b ta in e d  a re  to o  ttig h ;
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n o t o n ly  i s  th e  l ig n in  co m p le te ly  o x id iz e d , bu t a ls o  th e  hem ic e l lu lo s e s  and 

p erhaps some o f  th e  c e l lu lo s e  i s  a ls o  d e s tro y e d . B ened ik t and Bamberger 6 / 

d e te rm in ed  th e  number o f  m ethoxyl g roups in  wood sam ples and computed th e  

p e rc en ta g e  o f l ig n in  in  th e  sam ple. T h is  method i s  based  on th e  assum ption  

th a t  in  l i g n i f i e d  m a te r ia l  l i g n in  i s  th e  on ly  su b s tan ce  c o n ta in in g  m ethoxyl 

groups and th e  m ethoxyl c o n te n t in  l i g n in  from v a r io u s  so u rc e s  i s  th e  same. 

C ro ss , Bevan and B rig g s  20/b a s e d  t h e i r  method on th e  r e a c t io n  betw een l ig n in  

and p h lo ro g lu o in o l .  Due to  th e  com bina tion  o f  p h lo ro g lu c in o l  w ith  th e  f u r ­

f u r a l - y i e ld i n g  g ro u p s , t h i s  method g iv e s  to o  h ig h  a r e s u l t .  The method o f  

S e id e l 8 6 / i s  based  on th e  f a c t  t h a t  when n i t r i c  a c id  i s  added to  l i g n i n ,  ox­

id e s  o f  n i t r o g e n  a re  l i b e r a t e d ,  and may be d e te rm in ed  by t i t r a t i o n  w ith  p e r­

m anganate, The method o f  W aentig and Q ie r iso h  i s  based  on th e  f a c t  t h a t  l i g ­

n in  ta k e s  up a c o n s id e ra b le  q u a n t i ty  o f  c h lo r in e .  By d e te rm in in g  th e  amount 

o f  c h lo r in e  adso rbed  th e  p e rc en ta g e  o f  l i g n in  i s  c a lc u la te d .  M ehta 6 2 /ta k e s  

advan tage o f  th e  f a c t  t h a t  a s o lu t io n  o f  p h o sp h o tu n g stio  and phosphom olybdic 

a c id s  in  p h o sp h o ric  a c id  i s  a  v e ry  s e n s i t iv e  re a g e n t f o r  d e te c t in g  m inute 

amounts o f  a ro m a tic  su b s ta n c e s  c o n ta in in g  hyd roxy l g ro u p s . E io h le r  2Jg/ r e ­

g a rd s  f lu o re s c e n c e  as a  v e ry  good method o f e s t im a tio n  o f  l i g n i f i c a t io n ,  and 

he re g a rd s  i t  as a more s e n s i t iv e  method th a n  c o lo r  r e a c t io n s .

D ire c t  M ethods

The d i r e c t  m ethods f o r  q u a n t i t a t iv e  e s t im a tio n  o f  l i g n in  a re  d iv id e d  

in to  two c l a s s e s ,  th o se  which depend upon d is s o lv in g  c e l lu lo s e  and o th e r  

c a rb o h y d ra te s  out and le a v in g  th e  l i g n in  as  an in s o lu b le  r e s id u e ,  and th o se

f



which d is s o lv e  out the l ig n in  and thus sep arate i t  from the c e l lu lo s e  and 

o th er  carbohydrate m a te r ia l.

The s u l f u r ic  a c id  method 2 8 /5 ^ /6 8 /5 2 / I s  most commonly used tod ay . 

However, th ere  are se v e r a l o b jec tio n s  to  i t .  I t  i s  based on the fa c t  th a t  

co ld  72 per cent s u lf u r ic  ac id  w i l l  hydrolyze c e l lu lo s e .  U su a lly  t h i s  i s  

preceded by an e x tr a c t io n  with w ater to  remove w ater- and a lc o h o l-so lu b le  

p o r tio n s  o f  the woody m a ter ia l. I f  one adds a formaldehyde so lu t io n  to  the  

72 per cen t s u l f u r ic  a c id , the tim e required  fo r  the h y d ro ly s is  o f  the carbo­

hyd rates i s  con sid era b ly  red u ced .8 2 / The o b jec tio n s  to  t h i s  method are the  

p o s s i b i l i t y  o f  incom plete h y d ro ly s is  o f  th e carbohydrates, the form ation o f  

condensation  products o f  the carbohydrates and contam inating the l ig n in  r e s ­

idue w ith n itrogen ou s com plexes.

Norman and Jenlcins poin t out th a t fr u c to s e , x y lo s e ,  a ra b in ose , and 

p o ly sa cch a rid es  g iv e  a s o l id  resid u e  on stand ing in  72 per cent s u lf u r ic  

a c id  and, th e r e fo r e , in te r fe r e  w ith  the l ig n in  d eterm in ation  by t h i s  method. 

The time o f  treatm ent w ith  72 per cent s u lfu r ic  acid  can be regu la ted  so  

th a t t h i s  erro r  can be reduced to  the p o in t th at i t  i s  not a se r io u s  fa c to r .

The fuming h yd roch lor ic  ac id  method 9 2 /8 1 /8 /. method i s  s im ila r  to  the  

72 per cent s u lf u r ic  ac id  method excep t th a t fuming h yd roch loric  a c id  i s  

u sed . This method i s  su b ject to  two e r r o r s *7^/ one, incom plete h y d r o ly s is  

o f  p ro te in s  and two, form ation o f  r ev e r s io n  products o f  hum us-like m a ter ia l 

when th e  hydrolyzed product i s  d ilu te d  w ith  water before f i l t r a t i o n .

The l ig n in  in  a l iq u e f ie d  m ater ia l can be removed by h eatin g  w ith a lk a­

l i  under p ressu re , and a c id i f y in g .6 2 / T his method g iv e s  va lu es th a t are too

—18—
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low owing to  th e  p a r t i a l  d e g ra d a tio n  o f th e  l ig n in  by sodium hydrox ide  s o lu ­

t i o n  h e a te d  t o  a c o m p ara tiv e ly  h ig h  te m p e ra tu re .

Por i n d u s t r i a l  p u rp o ses  d e l i g n i f i c a t io n  i s  b ro u g h t about by h e a t in g  

wood w ith  a c id  s u l f i t e s  u n d er p r e s s u r e ,  p ro d u c in g  s o lu b le  l ig n in  s u l f o n ic  

a c id ,  which i s  so ld  com m ercially  as th e  b a s ic  calc ium  s a l t .

W hatever method i s  u se d , th e  f in e ly -g ro u n d  p la n t  m a te r ia l  must f i r s t  be 

f r e e d  from v a r io u s  " e x t r a c t iv e s "  such  a s  f a t t y  s u b s ta n c e s , r e s in s  and v o la ­

t i l e  o i l s .  - th e r  and e th a n o l ,  o r  ace to n e  and e th a n o l ,  o r  a  1 :2  a lc o h o l-b e n ­

zene s o lu t io n  a re  u sed  f o r  t h i s  e x t r a c t i o n .  T h is may be fo llow ed  by an ex ­

t r a c t i o n  w ith  h o t o r  oo ld  w a te r . I n  some oases a  p re l im in a ry  tre a tm e n t w ith  

5 p e r  cen t sodium h y d rox ide  i s  su g g es te d  to  remove th e  gummy s u b s ta n c e s , b u t 

i n  u s in g  t h i s  th e re  i s  alw ays th e  danger o f  lo s in g  some o f  th e  l i g n i n .  I t  

i s  n o t n e c e s sa ry  in  th e  d e te rm in a tio n  o f  l ig n in  in  g r a s s e s .

There i s  a s  y e t no method by which l ig n in  oan be i s o l a t e d  unchanged .

As a r e s u lt  o f acid  tr e a tm en t,58/  l ig n in  may polym erize, r e s in i f y ,  condense, 

or carb on ize.

W hatever method i s  em ployed, a l i g n in  p re p a ra t io n  i s  o b ta in ed  which i s  

no lo n g e r  i d e n t i c a l  w ith  th e  n a tu r a l  l i g n i n .  A lso , i t  sh o u ld  be p o in te d  ou t 

t h a t  th e  l i g n in  o b ta in e d  by d i f f e r e n t  m ethods o f a n a ly s is  may n o t be s im i l a r  

in  c o m p o sitio n . H i lp e r t  4 8 / p o in ts  ou t t h a t  when one c o n s id e rs  th e  l i g n in  

i s o l a t e d  by th e  two d i f f e r e n t  m ethods to  he i d e n t i c a l ,  one i s  o v e rs te p p in g  

th e  l i m i t s  o f  to le ra n c e  in  co m p o sitio n  f u r t h e r  th a n  i s  custom ary  in  chem­

i s t r y .  Even shou ld  two l ig n in s  ag ree  in  th e  m ethoxyl c o n te n t ,  one oan s t i l l  

n o t draw c o n c lu s io n s  as to  i d e n t i t y  i n  co m p o sitio n .
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L ig n in  oan be i s o l a t e d  from  wood by h e a t in g  w ith  a lc o h o l and h y d ro ch lo ­

r i c  a c i d . 3 2 /3 ^ /4 2 /4 8 /  In  p la c e  o f  e th a n o l o th e r  hyd ro x y l compounds oan be 

u s e d , such  as  b u ty l  and amyl a lc o h o ls ,  e th y le n e  g ly c o l ,  th e  monomethyl e th e r  

o f  e th y le n e  g ly c o l ,  and g ly c e r o l  ^Cmonoohlo ro h y d rin . I n  a l l  o ases  a p ro ­

d u c t i s  o b ta in e d  c o n ta in in g  th e  a lk y l  o r a ry l  group  in  com bination  w ith  the  

l i g n i n .  I t  has been su g g es ted  th a t  a  p ro d u c t in  th e  n a tu re  o f  an a c e t a l  i s  

form ed, b u t t h i s  has n o t been d e f i n i t e l y  p roved .

L ig n in  oan a ls o  be e x t r a c te d  from  wood w ith  p h e n o ls . Ig!/$ 2 /95/  These 

combine c h e m ic a lly  w ith  th e  l i g n i n ,  y ie ld in g  s o - c a l le d  "phenol l i g n i n . "  The 

r e a c t io n  p ro d u c t i s  f i l t e r e d ,  and th e  f i l t r a t e  steam  d i s t i l l e d  to  remove th e  

e x c e ss  p h e n o l. The l i g n in  rem ains in  th e  d i s t i l l i n g  f l a s k .

L ig n if ie d  m a te r ia l  such a s  wood and s tra w , when h e a te d  s e v e ra l  h o u rs  

w ith  a c e ty l  b rom ide, d is s o lv e s  c o m p le te ly . Yfhen t h i s  s o lu t io n  i s  poured  in  

i c e  w a te r , a  p r e c i p i t a t e  o f  bromo l i g n in  s e p a ra te s  o u t .

A r a t h e r  pure l i g n in  m a te r ia l  has been p re p a red  by e x t r a c t in g  w ith  d i -  

a z o t iz e d  s u l f a n i l i o  a c id  in  th e  p re sen c e  o f  sodium hydrox ide  s o lu t io n .  The 

d is s o lv e d  l i g n in  was p r e c ip i t a t e d  w ith  /^naph thy lam ine  h y d ro c h lo rid e  o r  

w ith  ^>-brom oaniline h y d ro c h lo r id e . The o b je c t io n a b le  f e a tu re  o f  t h i s  method 

i s  th e  f a c t  t h a t  p a r t  o f  th e  c e l lu lo s e  i s  a ls o  d is s o lv e d  by the  d ia zo b e n z en e - 

s u l f o n ic  a c id  t r e a tm e n t .

The c o n s t i tu e n t  g roups o f  l i g n in  have been c a r e f u l ly  s tu d ie d  bv many 

i n v e s t i g a t o r s .41/ 72/ 71/3 0 /3 1 /3 2 /  The p resen ce  o f  m ethoxyl groups ( - OCH^) 

h as  been d e f i n i t e l y  e s t a b l i s h e d .  S ince th e  m ethoxyl g ro u p s  a re  n o t r e a d i ly  

s p l i t  o u t ,  th e y  a re  p ro b ab ly  a t ta c h e d  as  an e th e r  l in k a g e  r a th e r  th a n  an
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e a te r  l in k a g e . A lso , i t  i s  thought th a t th e methoxyl group® are a tta ch ed  to  

arom atic n u c le i .  The ra te  o f  removal o f  methoxyl groups in  l ig n in  w ith  hy-  

d r io d io  aoid  warn found to  correspond c lo s e ly  to  th a t o f  v a n i l l in .

Ho d e f in i t e  content o f  m ethoxyl groups in  l ig n in  has been a s c e r ta in e d ,  

as i t  v a r ie s  w ith  the source o f  the l i g n i f i e d  m ateria l and a lso  w ith  the  

method employed fo r  the i s o la t io n  o f  the l ig n in .

The presence o f  hydroxyl groups in  l ig n in  i s  in d ic a te d  by the fa c t  th a t  

i t  can be a o e ty la te d  and a lk y la te d . A lc o h o lic  groups, as w e ll as p h en o lic  

groups are p r e se n t .

Wood and o th er  l i g n i f i e d  m a te r ia ls , when d i s t i l l e d  w ith  d ilu te  m ineral 

a c id s ,  g iv e  form io and a c e t ic  a c id s . T his in d ic a te s  th a t l ig n in  may co n ta in  

a c e ty l  and form yl groups, although t h e ir  presence in  l ig n in  has not been de­

f i n i t e l y  e s ta b lis h e d .

There i s  a ls o  ev id en ce th a t carbonyl groups are p resen t in  l ig n in .  As 

l ig n in  p rep aration s reduce P eh lin g ’ s s o lu t io n ,  a ldehyd io  groups may be p res­

e n t .  But i t  must be remembered th a t o th er  su bstan ces b e s id e s  aldehydes re ­

duce F e h lin g 1B s o lu t io n . I n d e f in ite  condensation products are obtained  w ith  

phenylhydrazine and aem i-oarbazide. I t  may be th a t the formaldehyde a r is e s  

from the m ethylene d io x id e  group ( O-OHg-O) present in  the l ig n in  m o lecu le , 

as compounds co n ta in in g  t h i s  group are known to  y ie ld  formaldehyde when th ey  

are d i s t i l l e d  w ith h yd roch loric  a o id .

The form ation o f  ra th er  u n stab le  l ig n o s u lfo n io  a o id s by the in te r a c t io n  

o f  l i g n i f i e d  m a ter ia l w ith  su lfu ro u s a c id  and b i s u l f i t e e may be due to  an 

e th y le n io  bond JJjj/ in  l ig n in .

Data on the h a lo g en ation  o f l ig n in  are ra th er  in c o n c lu s iv e  as su b -
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B t i tu t i o n  a s  w e ll  a s  a d d i t io n  o f  brom ine no doubt ta k e s  p la c e .

L ig n in  oan be a o e ty la te d  4 2 / w ith  a o e t io  an h y d rid e s  and p y r id in e  o r  a o e -  

t y l  c h lo r id e .  I t  a p p e a rs , how ever, t h a t  i s o l a t e d  l ig n in  must be so a l t e r e d  

by th e  h y d ro c h lo r ic  a c id  s e p a ra t io n  method th a t  i t s  a c t i v i t y  tow ard a c e ty la ­

t i o n  i s  d im in ish e d . A b en so y l d e r iv a t iv e  o f  a l k a l i  l i g n in  has been p re ­

p a red  by t r e a t i n g  th e  l i g n in  w ith  b enzoy l c h lo r id e  and p y r id in e .  R e s u l ts  o f  

th e  a n a ly s is  o f  th e  b e n z o la te d  p ro d u c t f o r  carbon and hydrogen in d ic a te  th e  

p re sen c e  o f  f o u r  benzoy l g ro u p s .

L ig n in  oan be r e a d i ly  a lk y la te d  8 8 /8 6 /3 ^ / by th e  u s u a l  a lk y la t in g  r e ­

a g e n ts .  One method i s  t o  suspend l i g n in  in  10 p e r  cen t sodium h y d rox ide  

s o lu t io n  and addd im ethy l s u l f a t e ,  k e ep in g  th e  te m p e ra tu re  h t  60° C. The 

m e th y la te d  l i g n in  in  some o ases e x h ib i t s  double r e f r a c t i o n .

By c h lo r in a t io n  C ross and Sevan 1 8 / o b ta in e d  a  su b s ta n c e  which th e y  

r e p re s e n te d  by th e  fo rm u la  C^gE^gCl^Og. T h is  su b stan ce  d is s o lv e s  in  a lk a ­

l i n e  s o lu t io n s  and in  g l a c i a l  a o e t io  a c id  and a lc o h o l .  By a d r a s t i c  c h l o r i '

n a t io n  u s in g  antim ony p e n ta o h lo r id e  c o n ta in in g  a sm all amount o f  io d in e ,  p e r -  

o h lo ro e th a n e  and hexaoh lo rohenzene were o b ta in e d . L ig n in  w i l l  a ls o  a b so rb  

b ro m in e , whioh in d ic a te s  i t  may have one o r  s e v e ra l  e th y le n io  bonds. A lso , 

when l i g n in  i s  b ro m ln a ted , a lo s s  o f  m etboxyI ta k e s  p la c e  to  th e  e x te n t  o f

30 p e r  c en t o f  th e  o r ig i n a l  m ethoxyl c o n te n t .  S ince a l l  th e  m ethoxyl g ro u p s

oould  n o t he removed hy th e  b r o o in a t io n ,  i t  i s  p ro b a b ly  t h a t  a l l  th e  meth­

oxyl g ro u p s in  l i g n in  a re  n o t s im i la r ly  com bined.

L ig n in  oan be n i t r a t e d  S ^ / v e ry  e a s i l y .  An amorphous n i t r o  su b s ta n c e  

can be o b ta in e d  by n i t r a t i n g  l i g n in  w ith  5 N n i t r i c  a c id .  T h is i n d ic a te s
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t h a t  l ig n in  haa a  p h e n o l!o s t r u c t u r e .

When wood and s im i la r  l i g n i f i e d  m a te r ia ls  a re  h e a te d  w ith  a  s o lu t io n  o f  

s u l f u r o u s  ao id  and ao id  s u l f i t e s ,  a s  in  th e  s u l f i t e  p ro c e ss  f o r  p u lp in g  wood, 

th e  l ig n in  goes i n to  s o lu t io n ,  le a v in g  th e  c e l lu lo s e  in  more o r  l e s s  pure 

s t a t e .  The s o lu t io n  c o n ta in in g  th e  l i g n in  ( o r  w aste  s u l f i t e  l i g n in  from 

p u lp  m i l l s )  has been th e  s u b je c t  o f  numerous i n v e s t i g a t i o n s .  There i e  a t  

p r e s e n t  a d isag reem en t among I n v e s t ig a to r e  as to  th e  meohaniem o f  th e  re a c ­

t i o n  betw een l i g n i n  and s u lfu ro u s  a o id  and h i s u l f i t e s .

When l i g n in  i s  s u b je c te d  to  even  m ild  o x id a t io n ,  com plete d i s r u p t io n  o f  

th e  m olecule ta k e s  p la ce  and sim p le  d e g ra d a tio n  p ro d u c ts  a re  o b ta in e d .

Among th e  o x id a tio n  p ro d u c ts  7 8 /9 2 /4 0 /5 6 /5 2 /^ /  found were fo rm ic  and o x a l ic  

a o id ;  a ls o  su o o in io  a o id ,  m alonio  a c id s ,  and a d lp io  a o id . In  some c asea  o f  

o x id a t io n  sm all q u a n t i t i e s  o f th e  a ro m a tic  a c id s  have been o b ta in e d , such  aa 

b e n z o ic , p h th a l io ,  i s o p h th a l io ,  t r i m e l l i t i o ,  h e m im e ll l t io ,  p r e h n i t i o ,  p y ro - 

m e l l i t i o ,  benzene p e n ta o a rb o x y lio , and m e l l i t i o  a c id s .  A r e c e n t  p a te n t  in ­

d i c a t e s  th a t  v a n i l l i n  i s  a  r e s u l t  o f  o x id a tio n  o f  l i g n in  u n d e r c e r t a in  con­

d i t i o n s .

No d e f in i t e  compounds have been  i s o l a t e d  by th e  r e d u c tio n  o f  l i g n in  

w hich a re  o f  muoh a id  in  d e te rm in in g  th e  s t r u c tu r e  o f  l i g n i n .

L ig n in  h as  been  dem ethoxy lated  by h e a t in g  w ith  d i l u t e  a c id s  u n d e r p re s ­

s u r e .  There was ev id en ce  a lso  t h a t  th e  p ro d u c t h e re  had undergone c o n s id e r ­

a b le  i n t e r n a l  change, a s  many o f  i t s  r e a c t io n s  had changed. L ig n in  i s o l a t e d  

from  corn  cobs h as  been shown to  be e n t i r e l y  f r e e  from f u r f u r » l - y i e ld in g  sub­

s ta n c e s .  H y d ro ly s is  o f  l ig n in  w ith  h y d ro c h lo r ic  a o id  g iv e s  no re d u c in g  su­
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g a r  b u t th e  fo rm a tio n  o f  a hydrazone m e lt in g  a t  155°  0 . in d ic a te s  th e  p r e s ­

ence o f  a ra h in o se #

The fu e in  o f  l i g n in  2 2 / w ith  a l k a l i  y ie ld s  in  n e a r ly  a l l  o ases  p r o to -  

c a te  ohu lo  a c id ,  c a te c h o l ,  o x a l ic  and o th e r  sim ple a l i p h a t i c  a c id s .  V a n i l l i c  

a c id  h as  a l s o  been re p o r te d  as one o f  th e  d e g ra d a tio n  p ro d u c ts .  I n  a d d i t io n ,  

th e r e  i s  alw ays form ed a d a rk , am orphous, h u m in -lik e  d e g ra d a tio n  p ro d u c t 

c a l l e d  l i g n io  a c id .

The S tr u c tu re  o f  L ig n in

I t  i s  im p o ss ib le  to  g iv e  a  s t r u c t u r a l  fo rm ula  f o r  l i g n i n ,  s in c e  l i g n in  

h a s  n e v e r  been i s o l a t e d  in  th e  pure s t a t e .  The l i g n in  o b ta in e d  by one m eth­

od o f  s e p a ra t io n  d i f f e r s  from th e  l i g n in  o b ta in e d  by any o th e r  m ethod.

N e a rly  a l l  r e c e n t  w orkers ag ree  t h a t  o o n if e ry l  a lc o h o l o r  o o n ife ry l  a ldehyde  

o r  some c lo s e ly - r e l a t e d  compound i s  th e  e s s e n t i a l  g ro u p in g  in  th e  l i g n i n .

Of th e  many fo rm u las  p re s e n te d  f o r  l i g n i n ,  on ly  two w i l l  be p re se n te d  h e r e .

K u rsch n e r*s fo rm u la  f o r  lig n in *

He ^  O —{  — C = CH-^CHaOH

^C--CHa OH
I

HC — f  y-------O C = CH-CHa OH

K uraohner su g g e s ts  58 / t h a t  l ig n in  i s  a polym er o f  th e  g ly c o s id e  o o n i f e r in .

However, s in c e  no n -h e x y lio d id e  was i s o l a t e d  from th e  re d u c tio n  p ro d u c ts ,  i t  

seems u n l ik e ly  K u rsch n e r1B fo rm ula  w i l l  h o ld .
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F reu d en lerg1B l i g n i n i

He su g g e sts  tw elve m olecu les o f  o a f f e io  a lco h o l condense w ith  them­

s e lv e s  to  form primary l ig n in  having the formula c i2 0 3144°37 "the s tr u c ­

tu re in d ic a te d .3 2 / Freudenberg n o tes  th a t in  t h is  form ula the lin k a g es  are  

d e p ic te d  as ta k in g  p lace in  th e para p o s i t io n ,  although a part o f  the u n it s  

may be lin k ed  in  the meta p o s it io n . P h i l l ip s  7 2 / su g g e sts  th at the funda­

m ental u n its  are gu a iaoo l and n -p r o p y l-g u a ia o o l, where the hydrogen in  th e  

n -p rop yl s id e  chain i s  su b s titu te d  by a lco h o l hydroxyl groups.

C e llu lo se

C e llu lo se  D iscu ss io n

In  the case o f  most p lan t m a ter ia ls  in  which c e l lu lo s e  p lays a s tr u c ­

tu r a l r o le ,  the c e l lu lo s e  does not occur in  a pure or e a s i ly - p u r if ie d  condi­

t io n ,  but i s  found in  the most in tim a te  a s so c ia t io n  w ith oth er c e l l - w a l l  

c o n s t itu e n ts .  Separation  ahd i s o la t io n  i s  a m atter o f  con sid erab le  d i f f i ­

c u lt y .  This le d  in  the past to  the id ea  o f  compound c e l lu lo s e s ,  as l ig n o — 

c e l l u lo s e ,  p e o to o e l lu lo s e , o u to o e llu lo s e , e t c .  However, th e  modern concept 

o f  the s t e r io  stru c tu re  o f  the c e l lu lo s e  m olecule r u le s  out the p o s s i b i l i t y  

o f  c e l lu lo s e  a c tin g  as a s tr u c tu r a l c o n stitu en t w h ile  in  chemical combina­

t io n  w ith any oth er large  m olecu le . C e llu lo se  d e r iv a t iv e s ,  when th ey  do ex­

i s t ,  appear to  lo s e  the p h y sica l p r o p e r tie s  and s tr u c tu r a l stren gth  which 

ch a ra cter ize  c e l lu lo s e  in  i t s  s k e le t a l  r o le ,  and assume th e  p h y sica l pro­

p e r t ie s  o f  a m u cilage. Hence the th eory  th a t compound c e l lu lo s e s  occur in  

the p lan t sk e le to n  i s  u n ten ab le .



No s in g le  tre a tm e n t i s  known w hich , w ith o u t a t t a c k in g  th e  c e l l u l o s e , 

w i l l  remove th e  e n c r u s t in g  m a t e r i a l s , c h ie f ly  l ig n in  and hem ic e l l u lo s e .  The 

"best method a t  p re s e n t  i s  a l t e r n a t e l y  e x p o sin g  m a te r ia l  t o  c h lo r in e  and ex­

t r a c t i o n  w ith  h o t sodium s u l f i t e  s o lu t io n .  The re s id u e  th u s  f r e e d  o f  l i g n i n  

and hem ic e l lu lo s e  i s  ta k e n  as th e  o e l lu lo s io  a g g reg a te  o f  th e  m a te r ia l .

C o tton  c e l lu lo s e  i s ,  in  f a c t ,  pure g lu co se  p o ly s a c c h a r id e , and can n o t 

he re g a rd e d  as  a ty p ic a l  p la n t  c e l l u l o s e .  Norman u se s  th e  analogy  o f ju d g ­

in g  m in e ra l o re s  a g a in s t  a v e in  o f  n a t iv e  m e ta l. P la n t  " c e l lu lo s e "  i s  a  

m ix tu re .

By tre a tm e n t o f  c e l lu lo s e  in  th e  co ld  w ith  1 7 .5  p e r  cen t NaOH, a  r e s i ­

d u e , term ed «<c e l l u l o s e , i s  o b ta in e d  w hich , a lth o u g h  n o t a b s o lu te ly  f r e e  

from a s s o c ia te d  p o ly s a c c h a r id e s , i s  ta k e n  as r e p r e s e n t in g  t ru e  c e l lu lo s e  f o r  

i n d u s t r i a l  p u rp o se s . The s tro n g  a lk a l in e  e x t r a c t  i s  a c id i f i e d  and th e  p r e c i ­

p i t a t e  which i s  formed i s  te rm e d / '’c e l l u l o s e . The rem a in in g  c e l lu lo s e  in  

s o lu t io n  i s  term ed  j r c e l lu lo s e .

C e llu lo sa n  im p lie s  a  hexosan o r  p en to san  o c c u r r in g  in te rm ix e d  w ith  th e  

t r u e  c e l lu lo s e  in  th e  n a tu r a l  o e l lu lo s io  a g g re g a te . The a s s o c ia te d  p o ly sa c ­

c h a r id e  found in  most s t r u c t u r a l  c e l lu lo s e  i s  x y la n .

Thus, when one speaks o f n a tu r a l  c e l l u l o s e , one means p la n t c e l l u lo s e  

o r  ( t r u e  c e l lu lo s e  + o e l lu lo s a n ) .

B ea rin g  in  mind th e  above d e f i n i t i o n  o f  n a tu r a l  c e l l u l o s e , any m ethod 

o f  d e te rm in in g  c e l lu lo s e  must y ie ld  a  r e s id u e  c o n ta in in g  a l l  th e  o e l lu lo s a n s  

s in c e  t h i s  f r a c t i o n  i s  to  be re g a rd e d  as  an i n t e g r a l  p a r t  o f  the  o e l lu lo s io

—2 6 —
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The n a tu r a l  e e l lu lo e e a  o f  p la n t  m a te r ia ls  a re  much le a s  r e s i s t a n t  t o  

th e  a c t io n  o f  a c id s  and a l k a l i s  th a n  i s  c o tto n  c e l l u l o s e .  T his i s  p ro b a b ly  

due to  th e  in f u s io n  o f  x y lan  ch a in s  o f  s h o r te r  le n g th  th a n  the  pure c e l l u ­

lo s e  c h a in s ,  which a re  more e a s i l y  h y d ro ly zed  th a n  th e  pure  c e l l u lo s e .

Norman s t a t e s i "There i s  a p o s s i b i l i t y  which has n o t been con sid ered  

by workers on c e l lu lo s e ;  namely, th a t th ere  may be mixed chains o f  xy lan  an 

c e l l u lo s e ,  o r , more a c c u r a te ly , o f  x y lo se  and g lu c o se . The presence o f  a 

few such mixed chains might account fo r  th e extreme s t a b i l i t y  o f  a sm all pro­

p o r tio n  o f  the x y la n , which r e s i s t s  e x tr a c t io n s  by lon g  b o il in g  w ith  10 per  

cent sodium h y d ro x id e .”

I t  i s  su ggested  th a t the chains are not a jum ble, but th at a short 

chain o f  x y lo se  i s  connected to  a chain o f  g lu cose  u n it e .  In  o th er  words, 

i t  i s  u n lik e ly  th a t se v e r a l g lu cose  m o lecu les , then a x y lo se  m olecu le , then  

s e v e r a l g lu co se  m o lecu le s , are hooked to g e th er  a t random.

B a c te r io lo g ic a l s tu d ie s  em ploying n atu ra l c e l lu lo s e s  in  p lace o f  the  

h ig h ly -p u r if ie d  o e l lu lo s io  su b str a te s  cu stom arily  used might y ie ld  r e s u l t s  

o f  con sid erab le  in t e r e s t .  I t  seems l i k e l y  th at the a b i l i t y  o f b a c te r ia  to  

use c e l lu lo s e  in  the presence o f  o th er  a v a ila b le  carbohydrates w i l l  be more 

common than g e n e r a lly  supposed. An analogy here would be the case o f  an an i­

mal w hich, i f  fed  e n t ir e ly  on s ta r c h , would d ie ,  but which would l i v e  and 

prosper and be ab le to  u t i l i z e  sta rch  i f  i t  were fed  to  th e ex ten t o f  $0 per 

cent o f  h is  d ie t  along w ith  oth er n ecessa ry  in g r e d ie n ts . The use o f  pure 

c e l lu lo s e  probably has le d  many b a c t e r io lo g is t s  to  erroneous co n c lu sio n s  

when attem p tin g to  determ ine i f  c e l lu lo s e  i s  a ttack ed  by c er ta in  organism s.
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The Chemioal C o n s t i tu t io n  o f C e l lu lo s e

Anaelme Payne 7 0 / i s  u s u a l ly  c r e d i te d  w ith  th e  f i r s t  i s o l a t i o n  o f  c e l l u ­

lo s e  in  1838 . In  1895 T o lle n s  46/  p roposed  a fo rm u la  f o r  c e l lu lo s e  t h a t  was 

g e n e r a l ly  a cc e p ted  u n t i l  ad vanc ing  r e s e a rc h  p o in te d  out c e r t a in  p r o p e r t i e s

o f  c e l lu lo s e  t h a t  th e  T o lle n s  fo rm u la  co u ld  n o t e x p la in .

At th e  tim e th a t  T o lle n s  su g g es te d  h i s  fo rm ula  f o r  c e l lu lo s e  th e  fo llo w ­

in g  f a c t s  were known co n ce rn in g  c e l lu lo s e  1

I .  The p ro d u c t o f  h y d ro ly s is  o f  c e l lu lo s e  i s  g lu c o s e .

2 . A o e to ly s ie  y ie ld s  a t r i -  o r  d is a o o h a r id e .

3 . There a re  p ro b a b ly  no t more th a n  th re e  h y d ro x y ls  which r e a c t  a s  a l ­

c o h o lic  g ro u p s .

4 . There i s  l i t t l e  in d ic a t io n  o f  f r e e  a ldehyde g ro u p .

T o lle n s  th o u g h t,  th u s ,  t h a t  c e l l u lo s e  was a  lo n g  c h a in  o f  g lu co se  anhy­

d r id e s  l in k e d  to g e th e r  th ro u g h  g lu c o se  an h ydride  u n i t e .

Ha. H H H I-I O
1 1 1  1 I i n
C - C - C - C -  C - O
i l l ' l l

Ha H H H H O O O O O H  
11 1 1 1 1 x  /  H H H
C - C - C - C - C —  O
1 / 1 1 /

H a H H H H O O  O O O  
H I I I I \  /  H  M  H

C - C - C - C - C —  c
I /  I I I

I-LH H H H O O  O O O  
11 I I I / W  H H Hc - c - e - c - c —c
I l l l l  I 

O O O O O  H 
H H H H H
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The amorphous nature o f c e l l u lo s e , I t s  in s o lu b i l i t y  and o th er  proper­

t i e s  have p laced  i t  in  a c la s s  o f  substan ces o f  a high m olecu lar w eigh t.

T his formula shown i s  on ly  a sm all p ortion  o f  the t o t a l  m olecule o f c e l lu ­

lo s e  .

T o llen s  had a d e f in it e  id ea  as to  how the g lu cose  anhydrides are lin k ed  

to g e th e r , as shown by h is  form ula.

S ince the tim e o f T o lle n s ’ proposed form ula th ere has accumulated in  

th e l i t e r a t u r e  a large  number o f  s tr u c tu r a l form ulas fo r  the c e l lu lo s e  mole­

c u le .  At p resen t one can probably say th a t th e b est one i s  very  s im ila r  to  

T o lle n s 1 o r ig in a l formula excep t th a t the amylene o x id e , g lu c o s e , i s  p r e se n t , 

and th a t lin k age occurs a t the 1-4  p o s i t io n s .

The Degradation o f  C e llu lo se  by B io lo g ic a l P ro cesses

C e llu lo s e , s in c e  i t  i s  p resen t in  many p la n ts  in  a con sid erab le  per­

cen ta g e , p la y s  a very  im portant part in  many b io lo g ic a l  a c t i v i t i e s .  Nature 

has provided fo r  the d e s tr u c tio n  o f c e l lu lo s e  by the a c t i v i t i e s  o f m icroor­

ganism s; i . e . ,  fu n g i and b a c te r ia . By o o n tr o l l l in g  the oohdtions o f b io lo ­

g ic a l  d e s tr u c tio n  (fe r m e n ta t io n ), va lu ab le  products such as a lc o h o ls , a c id s ,  

e t c .  may be o b ta in ed . T his forms the b a s is  o f  important branches o f  indus­

CHjl OH

t r i a l  u t i l i z a t i o n  o f  c e l lu lo s e  w astes
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Ferment at io n  o f  c e l lu lo s e  e v en tu a lly  r e s u lt s  in  a number o f  g a s e s , de­

pending upon the typ es o f m icroorganism s u sed . Four k inds o f  ferm en tation  

oan be d if f e r e n t ia t e d .

1. Methane ferm en tation , brought about by the a c tio n  o f  sewage bac­

t e r ia ,  produces c h ie f ly  methane, w ith  sm aller  amounts o f  carbon d iox id e  and 

the lower f a t t y  a c id s  (from form ic to  b u ty r ic ) .

2 . Hydrogen ferm en tation , produced by Bacterium fe r m e n ta tio n is , y ie ld s  

m ainly hydrogen, w ith  sm aller  amounts o f  carbon d iox id e  and the low er f a t t y  

a c id s  mentioned in  ( l ) .

3 . Methane-hydrogen ferm en ta tio n , produced by variou s th erm op h ilic  

b a c te r ia , such as are capable o f  a s s im ila t in g  n itro g en  from the a ir  or o th er  

n itro g en  so u r ce s , y ie ld s  n itro g en  and carbon d io x id e .

4 . N itrogen  ferm en ta tion , produced by d e n it r i fy in g  b a c te r ia , such as  

are capable o f  a s s im ila t in g  n itro g en  from the a ir  or oth er n itro g en  so u r ce s , 

y ie ld s  n itro g en  and carbon d io x id e .

As to  the form ation o f  methane, i t  i s  assumed by Symons and B usw ell and 

oth ers th a t p r im arily  carbon d io x id e  and hydrogen are l ib e r a te d , and th ese  

then rea ct to  form methane and w ater, w ith organ ic  a c id s  as in te r m e d ia te s .  

Although w ithout qu estion  organ ic  a c id s  are in term ed ia tes  i t  seems h ig h ly  

improbable th a t carbon d iox id e  and hydrogen, once l ib e r a te d , would again  re­

act to  form methane.

The p rocess o f  ferm en tation  i s  preceded by h y d ro ly s is  through hydroly­

t i c  enzymes. I t  has been p o s s ib le  to  d ir e c t  t h is  p rocess so th a t e i t h e r  c e l— 

lo b io se  or g lu co se  p r e v a ils  by a llo w in g  e i t h e r  o f  the enzym es, o e l lo h ia s e  or
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o e I lu la e e , to  a o t . This may he aooompliahed by a d ju stin g  tem perature  

co n d it io n s  to  the optimum and by a r r e s t in g  the p ro cess  o f  ferm en tation  by 

means o f  a n t is e p t ic s .  In  view  o f  t h i s ,  the assumption may be made th a t the  

b io lo g ic a l  p ro cess  p a sses  through the same s ta g e s  as c e l lu lo s e  su b jected  to  

h y d r o ly s is  by a ohemioal p rocess in  the la b o ra to ry . I t  appears l ik e ly  th a t  

th e b a c te r ia  a ls o  e f f e c t  a gradual sh orten in g  o f  the c e l lu lo s e  ch a in , and 

th a t w ith  r e f in e d  methods o lig o sa c ch a r id es  and even fr a c t io n s  o f  h igh er mo­

le c u la r  w eigh ts might he i s o la t e d .  Steps in  t h i s  d ir e c t io n  may be seen in  

the work which le d  to  the r ec o g n it io n  th a t oleavage o f  th e  lo n g er  chains  

(from  o e l lu lo s e  down to  the w a ter-so lu b le  d e x tr in e ) i s  app arently  e f fe c te d  

e x c lu s iv e ly  by o e llu la e e  whereas the o lig o sa c ch a r id es  undergo s c is s io n  

o h ie f ly  under the a c tio n  o f  o e l lo b ia s e .  Thus one may d is t in g u is h  between 

M -glyoopolyaaooharaee" and " -g lu o o b lig o sa o o h a ra se ."

However, nc connection  i s  apparent between ob servation s o f  t h i s  kind  

and the fa c t  th a t some b a c te r ia  cease to  aot a f t e r  th ey  have shortened the  

c e l lu lo s e  chain  to  a c e r ta in  e x te n t . I t  would appear th a t accum ulation o f  

d egrad ation  products a t t h i s  s ta g e  in h ib i t s  fu r th er  growth o f  b a c te r ia .

The number o f is o la te d  and w e ll-d e fin e d  b a c te r ia  capable o f  c e l lu lo s e  

d e s tr u c t io n  has g r e a t ly  in crea sed  during recen t y e a r s , and very  in te r e s t in g  

r e s u l t s  o f  e x te n s iv e  research  work, e s p e c ia l ly  in  the f i e l d  o f  s o i l  micro­

b io lo g y , are a v a i la b le .

A llen  and Carlson l /  found that w ild  r a ts  could not d ig e s t  c e l lu lo s e ,  

and th a t in  a l l  oases the w ild  r a ts  d ied  o f  s ta r v a tio n  or e n t e r i t i s .  Enzyme 

p rep aration s from the animal d ig e s t iv e  tr a c t  had no d ig e s t in g  e f f e c t  on c e l -



lu lo s e  from oelo t e x .

The carn ivorous anim als oannot d ig e s t  app reciab le  q u a n tit ie s  o f  c e l lu ­

lo s e .  The ruminants a r e , however, ab le to  u t i l i z e  a la rg e  portion  o f  th e  

c e l l u lo s e .  Jacques 51 / found th a t P leotrid iu m  o e llu lo y tio u m  is o la te d  from  

th e rumen o f  c a t t le  ferm ents c e l lu lo s e  w ith  the form ation o f  f a t t y  acid s*

The t o t a l  q u a n tity  o f  f a t t y  ac id  formed rep resen ted  80 per cent o f  the c e l ­

lu lo s e .

Woodman and Stewart 4 2 / in v e s t ig a te d  the a c tio n  o f  therm ophylio c e l lu ­

l o s e - s p l i t t i n g  b a c te r ia  on the f ib e r  o f  a number o f t y p ic a l  feed in g  s t u f f s .  

They s ta te d  th a t a sm all amount o f  l ig n o o e llu lo e e  was probably r e sp o n s ib le  

fo r  a d i s t in c t  low erin g  o f  d i g e s t i b i l i t y ,  caused not e n t ir e ly  by the p res­

ence o f  l ig n o o e l lu lo e e ,  but a ls o  by the manner o f  i t s  d e p o s it io n  w ith in  the  

c e l l  w a lls .  A lso , th ey  demonstrated th a t during the growth o f p eren n ia l rye 

g r a ss  the in crea se  in  l ig n in  con ten t was a sso c ia te d  w ith  reduced d ig e s t i ­

b i l i t y ,  a con c lu sio n  which i s  in  harmony w ith  o th er  fe e d in g  t r i a l s .  L ater  

in v e s t ig a t io n  has su b sta n tia ted  t h e ir  f in d in g s , w ith  the ex cep tion  o f  t h e ir  

u se o f the term " lig n o o e llu lo e e ."  I t  has n et been proved f a r i ly  d e f in i t e ly  

th a t l ig n o o e llu lo e e  as a compound does not e x i s t ,  and th a t  the d ecrease in  

d i g e s t i b i l i t y  o f  the c e l lu lo s e  i s  due in  main to  the manner of d e p o s it io n  o f  

l ig n in  in  the c e l l .

Pryanishnikov 7%/ found the d i g e s t i b i l i t y  o f  roughage may he in flu en ced  

by the fo llo w in g  fa c to rs*  the presence o f  l ig n in ,  the content o f  s i l i c o n  in  

th e c e l l  w a l ls ,  the d if fe r e n t  m ic e lla r  co n d itio n s  o f  c e l lu lo s e  and the modi­

f ic a t io n s  in  the character  o f the c lo se  con n ection s between c e l lu lo s e  and
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in o r u e ta n ta .

Wakaman 9 j /  s t a t e s  t h a t  when l i g n i n  i s  removed from  p la n t  m a te r ia ls  th e  

r a t e  o f  c e l lu lo s e  d ecom position  in  th e  rum inan t in c r e a s e s  hu t th e  p re sen c e  

o f  o n ly  8 p e r  c en t l ig n in  was found to  he s u f f i c i e n t  to  reduce  th e  r a t e  o f  

c e l l u lo s e  d eco m p o sitio n  by 50 p e r  c e n t .  A re d u c tio n  o f  th e  l ig n in  c o n te n t 

t o  1 .5  p e r  c e n t e n a b le s  th e  c e l lu lo s e  to  decompose a s  r e a d i ly  as in  th e  pure  

fo rm . He c o n s id e rs  th e  d e p re s s in g  e f f e c t  o f  l ig n in  on c e l lu lo s e  decom posi­

t i o n  to  he due to  th e  manner o f  co m bina tion  w ith  c e l l u l o s e ,  which i s  p ro ­

t e c t e d  from ra p id  a t ta c k  by s a p ro p h y tic  m ic ro o rg an ism s.

Crampton h as  made e x te n s iv e  s tu d ie s  on th e  e f f e c t  o f  l ig n in  on d i g e s t i ­

b i l i t y  o f  g r a s s e s .  X jJ  He s t a t e s  t h a t  th e  n u t r i t i v e  v a lu e  o f

herb ag e  may change a p p re c ia b ly  in  a  te n -d a y  p e rio d  in  th e  summer. In  mid­

summer th e  a v a i l a b i l i t y  o f  th e  c a rb o h y d ra te  f r a c t io n  o f  th e  herbage i s  ma­

t e r i a l l y  re d u c ed . T h is  i s  due to  th e  amount and k in d  o f  d e p o s it io n  o f  th e

l i g n i n ,  which a f f e c t s  th e  d i g e s t i b i l i t y  and n u t r i t i v e  v a lu e s  o f  h e rb a g e .90/  

Crampton a ls o  su g g e s ts  th e  u se  o f  r a b b i t s  as  a  s u b s t i t u t e  f o r  s t e e r s  in  d i ­

g e s t i b i l i t y  t r i a l s ,  a s  th e r e  i s  a  h ig h  c o r r e la t io n  betw een th e  two s p e c ie s  

in  case  o f  d i g e s t i b i l i t y  o f  crude p r o te in  and l i g n i n .

I t  i s  o f  i n t e r e s t  to  n o te  t h a t  p e p s in ,  re n n in , c a ta la s e  and o th e r  en­

zymes can he removed from s o lu t io n s  by a s in g le  f i l t r a t i o n  th rough  c o t to n ,  

o r  to  a c e r t a in  e x te n t  by f i l t e r  p a p e r , due to  a d s o rp tio n  o f  enzymes by c e l ­

l u l o s e . 44/  For f u r t h e r  in fo rm a tio n  on c e l lu lo s e  d ig e s t io n  the  fo llo w in g  a r ­

t i c l e s  a re  r e f e r r e d  to*  9 8 /9 9 /lO O /lO /.

I t  has been  found t h a t  in  t e r m i te s  t h a t  oause d e s t r u c t io n  o f  wood th e
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o e l lu lo a e  i s  d e s tro y e d  by b a o te r ia  w ith in  th e  i n t e s t i n e s  o f  th e  t e r m i t e s . ^ /  

The D eg rad a tio n  o f  C e l lu lo se  by Aoida

H y d ro ly s is  3 2 / w ith  m in e ra l a c id s  y ie ld s  g lu co se  t o  a  l e s s  e x te n t  th a n  

does h y d ro ly s is  w ith  o rg a n ic  a c id s .  I f  th e  h y d ro ly s is  i s  n o t com plete s  

number o f  in te rm e d ia te  p ro d u c ts  r e s u l t . They a re  composed o f  broken  c h a in s  

o f  th e  c e l l u lo s e  m o lecu le . T h is  i s  p ro b a b ly  caused  by th e  f a c t  t h a t  th e  

c e l lu lo s e  m o lecu le  i s  so la rg e  t h a t  h y d ro ly s is  must s t a r t  on th e  s u r fa c e  and 

p e n e t r a te  in w ard . T hus, i f  one were to  s to p  th e  h y d ro ly s is  b e fo re  i t  was 

com plete one would f in d  a m ix tu re  o f  compounds w ith  th e  fo rm ula  (^5® i2°6^X e 

The "X" in  t h i s  fo rm u la  would v a ry  from one to  th e  number r e p re s e n t in g  th e  

t r u e  c e l lu lo s e  m o lecu le . J u s t  how many g lu co se  u n i t s  from  a c e l lu lo s e  m ole­

c u le  can n o t be a c c u r a te ly  d e te rm in e d , and i t  i s  v e ry  p ro b ab le  t h a t  th e  num­

b e r  v a r ie s  in  c e l lu lo s e s  o f  d i f f e r e n t  p l a n t s .

The in te rm e d ia te  p ro d u c ts  o f  th e  d e g ra d a tio n  o f  c e l lu lo s e  can b e s t  be 

o b ta in e d  by h e a t in g  w ith  d i l u t e  a c i d s . By h e a tin g  c e l lu lo s e  f i b e r  w ith  d i ­

l u t e  h y d ro c h lo r ic  a c id  a p ro d u c t i s  o b ta in e d  which re sem b le s  o x y c e llu lo s e  in  

ap p earan ce  and b e h a v io r . Thus th e  c e l l u lo s e  em erges from  th e  tre a tm e n t a s  a 

weakened f i b e r  which may e a s i l y  he rubbed  to  a powder betw een th e  f i n g e r s .

I t  i s  term ed h y d ro o e l lu lo s e . In  th e  fo rm atio n  o f  h y d ro c e llu lo s e  th e  o n ly  

change co n ce iv ab le  i s  a  s h o r te n in g  o f  lo n g  c h a in s . U nder th e  h y d ro ly z in g  e f ­

f e c t  o f  th e  a c id ,  a number o f oxygen b r id g e s  may b re a k  u p , r e s u l t i n g  in  a 

s a c c h a r id e  h av in g  a pronounced re d u c in g  e f f e c t ,  due to  th e  p resence  o f  more 

a ld eh y d e  g ro u p s .
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In  h e a tin g  h yd rooeIlu loee  w ith  d i lu te  a lk a l i  (4 -6  per cent sodium hy­

d r o x id e ) , th e raw h y d ro o e llu lo ee  p rep ara tion s may be d iv id ed  in to  two com­

p on en ts. The f i l t r a t e  shows pronounced reducing power on F e h lin g 's  so lu ­

t io n ;  th us i t  must con ta in  the low er degradation  p rod u cts. The r e s id u e , how­

e v e r , on ly  shows a very  s l ig h t  reducing power, which means i t  con ta in s th e  

h ig h er  d egradation  p rod u cts, and i s  a ls o  so lu b le  in  h igh er  a lk a l i  concen tra­

t io n s  (8  per cent sodium h y d ro x id e). The p u r if ie d  a lk a l i - s o lu b le  h y d ro o e l-  

lu lo s e  has been termed " o e llu lo seA ."

I t  i s  p o s s ib le  by use o f  m ineral a c id  to  convert 99 per cent o f  the  

o r ig in a l  c e l lu lo s e  in to  a lk a l i - s o lu b le  c e l lu lo s e .  Organic a c id s such as 

fo rm ic , a c e t i c ,  and o x a l ic  may a ls o  be used fo r  co n version .

With concen trated  a c id s  such as s u l f u r ic ,  n i t r i c ,  h y d ro ch lo r ic , hydro­

f lu o r i c ,  or ph osp horic, c e l lu lo s e  s w e lls  co n sid era b ly , becomes p e p tize d , and 

f i n a l l y  d is s o lv e s  co m p lete ly . U su a lly , im m ediately a f t e r  preparation  th e  

s o lu t io n  shows reducing power toward F e h lin g 's  s o lu t io n . Upon d i lu t io n  w ith  

w ater im m ediately a f t e r  d is s o lv in g  and w ith  thorough c o o lin g , the g r ea ter  

p art o f  the c e l lu lo s e  may be regenerated  in  the form o f  w hite f la k e s  which 

show th e b ehavior and X -ray diagram o f m ercerized c e l l u lo s e .  The prepara­

t io n  obtained i s  o ften  termed "am yloid," m erely because i t  g iv e s  the same 

blue c o lo r a t io n  w ith  io d in e  in  th e presence o f tr a c e s  o f  s u lfu r ic  a c id  as  

s ta r ch  (amylum) d o es .

On stan d in g  o f  the c e l lu lo s e  d is s o lv e d  in  a c id , degradation  p ro ceed s, 

and by the a d d itio n  o f a lco h o l a p r e c ip ita te  ch a ra cter ized  by i t s  h igh  re­

ducing power may be ob ta in ed . I t  i s  p a r t ly  or e n t ir e ly  so lu b le  in  w ater and
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hae th e  name " ce l lo d e x t r i n . "  I t  h a s  p la y ed  a  g r e a t  p a r t  In  th e  en d eav o rs  to  

i s o l a t e  homogeneous in te rm e d ia te s  in  th e  cou rse  o f  th e  d e g ra d a tio n  o f  c e l l u ­

lo s e  . I n  th e  l i g h t  o f  modern co n cep tio n  o f  th e  chem ical c o n s t i tu t io n  o f  c e l ­

l u l o s e ,  c e l lu lo s e  d e x t r in  i s  f a r  from b e in g  a homogeneous p ro d u c t. I t  i s  

r a t h e r  re g a rd e d  a s  a  m ix tu re  o f  more o r l e s s  sh o rte n ed  g lu c o se  an h ydride  

c h a in s $ in  o th e r  w ords, a m ix tu re  o f  o l ig o s a c c h a r id e s  o f  v a ry in g  c h a in  

le n g th ,  th e  lo n g e s t  l in k  o f  which may com prise t h i r t y  o r  l e s s  g lu co se  anhy­

d r id e s .  S ince th e  m o lecu les  o f  s m a lle r  s iz e  c r y s t a l l i z e , th e  whole mass ap­

p e a r s  c r y s t a l l i n e . C e r ta in  b io se  an h y d rid e s  which a t  one tim e were c la im ed  

to  have been i s o l a t e d  a s  homogeneous d e g ra d a tio n  in te r m e d ia te s ,  a ls o  ap p a r­

e n t ly  r e p r e s e n t  m ix tu re s  o f  o l ig o s a c c h a r id e s  o f v a r io u s  c h a in  le n g th s  s im i­

l a r  to  c e l lu lo s e  d e x t r in e .

M ethods o f  A n a ly s is  o f  C e llu lo se

A lthough numerous methods f o r  th e  d e te rm in a tio n  o f c e l lu lo s e  ap p ea r in  

th e  l i t e r a t u r e  th e  g e n e ra l  p ro cedu re  i s  q u i te  s im i la r  in  a l l  o f them . L ig ­

n in ,  p e o t in  and r e l a t e d  compounds a re  removed by o x id a tio n  w ith  c h lo r in e  g a s ,  

n i t r i o  a o id ,  h y p o c h lo r i te  s o lu t io n  o r  o th e r  re a g e n ts  w hich w i l l  cause s o lu ­

t i o n  o f  th e  r e s i s t a n t  components o f  f ib r o u s  m a te r ia l .  A weak h y d ro ly s is  may 

o r  may n o t he em ployed, depending  on what p o r t io n  o f  th e  p en to san s  and h em i- 

o e l lu lo e e  one w ish es  to  c o n s id e r  a s  b e in g  a component p a r t  o f  th e  " p la n t  

c e l l u l o s e . "

The C ross and Sevan \%J method o f d e te rm in a tio n  o f  c e l lu lo s e  was one o f  

th e  f i r s t  m ethods o f  d e te rm in a tio n  o f  c e l lu lo s e  to  he e x te n s iv e ly  u sed  in



p la n t  a n a ly s i s .  I t  i s  th e  c h lo r in a t io n  m ethod. I t  depends upon o x id a tio n  

w ith o u t h y d ro ly s is  and does n o t remove th e  p en to san s  o r  hemic e l l u l o s e . Many 

o th e r  m thode  a re  a  m o d if ic a tio n  o f  th e  o r ig in a l  Oroae and Bevan m ethod.

The Konig 5 2 / method in v o lv e s  d ig e s t io n  a t  137° w ith  g ly c e r o l  and H2SO^. 

Waksman and S tev en s % /  remove th e  l i g n i n  from th e  o rg a n ic  m a tte r  w ith  a c id  

sodium s u l f i t e  s o lu t io n ,  fo llo w ed  by e x t r a c t io n  o f  th e  c e l lu lo s e  w ith  ammnn- 

i a c a l  copper s o lu t io n  and i t s  p r e c i p i t a t i o n  w ith  h y d ro c h lo r ic  a c id .  O st and 

W ilken ing  6 8 / u se  h y d ro ly s is  o f  th e  c e l lu lo s e - c o n ta in in g  m a te r ia l ,  p re v io u s ly  

f r e e d  from s u g a r s ,  s ta r c h e s  and hernlc e l lu lo s e  w ith  c o n c e n tra te d  a c id s ,  th e n  

co m p le tin g  th e  h y d ro ly s is  to  g lu c o se  by b o i l in g  w ith  th e  d i lu te  a c id .  The 

c e l lu lo s e  c o n te n t i s  c a lc u la te d  from th e  amount o f  re d u c in g  su g a r fo rm ed .

The Norman and J e n k in s  66/m ethod i s  b ased  on th e  assum ption  th a t  th e  o e l lu -  

lo s a n s  o r  p o ly sa c c h a r id e  m a te r ia l  a s s o c ia te d  w ith  "pure  c e l lu lo s e "  m ust r e ­

main i n t a c t  in  any s a t i s f a c t o r y  method o f  c e l lu lo s e  e s t im a t io n .  The method 

p roposed  f o r  s tra w s  and woods in v o lv e s  f i r s t  two t r e a tm e n ts  w ith  n e u t r a l  hy­

p o c h lo r i te  Eind th e n  th re e  o r more w ith  a c id  h y p o c h lo r i te ,  each fo llo w ed  by 

b o i l in g  w ith  sodium s u l f i t e .  W illiam s and O lm stead 9 6 / and o th e rs  f i r s t  f r e e  

th e  f i b e r  as co m p le te ly  as  p o s s ib le  from  th e  s t a r c h ,  p r o te in  and f a t  by en­

zymic d ig e s t io n .

R ecen tly  the monoethanolamine method o f R eid , N elson  and Aronovsky 8 o /  

has a ttr a c te d  the a tte n t io n  o f in v e s t ig a t o r s .  I t  i s  a rap id  method and con­

s i s t s  o f  r e f lu x in g  two hours w ith  monoethanolamine which decomposes the ma­

jo r  p o r tio n  o f  the l ig n in  in  p lan t m a ter ia l and removes th e l e s s - r e s i s t a n t  

p en tosan s, but has l i t t l e  e f f e c t  on the ^ c e l l u l o s e , e i t h e r  in  p lan t ma­

t e r i a l  or in  the i s o la t e d  form.

- 3 7 -
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STATEMEWT OF PROBLEM

The problem  f o r  t h i s  t h e s i s  c o n s is te d  

o f  th e  d e te rm in a tio n  o f  a s h , e th e r  e x t r a c t  

n i t r o g e n ,  l i g n in  and c e l lu lo s e  in  s e v e ra l  

range g ra ss  s p e c ie s ,  and in  a d d i t io n ,  a 

s tu d y  o f  th e  m ethods o f  a n a ly s is  f o r  l i g n in

and c e l lu lo s e
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EXPKRIMENTAL work

The g ra ss  sam ples were c o l le c te d  from Experiment S ta tio n  p lo t s  in  Gal­

l a t i n  and J u d ith  Basin C ou n ties. These c o l le c t io n s  were made at one-week 

in t e r v a ls ,  beginn ing May 14 , 1940, and la s t in g  u n t i l  September 15 , 1940.

The annual growth c y c le  o f  th ese  g ra sse s  was d iv id ed  in to  fou r d e f i ­

n it e  developm ental s ta g e s  and tend to  o f f e r  a convenient b a s is  fo r  p resen t­

in g  experim ental d a ta . These s ta g e s  a r e i

A. Snow disappearance to  flow er  s ta lk s  f i r s t  in  ev id en ce .

B. Flower s ta lk s  f i r s t  in  ev id en ce to  heads f u l l y  o u t .

0 . Heads f u l l y  out to  flo w ers in  bloom.

D. Flowers in  bloom to  seed s f u l l y  r ip e .

B. Seeds sh a tte r in g .

L is t  o f  G rasses C o llec ted  and Analyzed

G a lla t in  County

Agropyron oristatum  (L .)  G aertn. ,  Standard cre sted  wheatgrase  

Agropyron or ista tu m , Fairway c re s ted  wheatgrass 

Agropyron pauoiflorum  (Sohwein) H it c h .,  s len d er  w heatgrass 

Bromus lnerm is L e y s s .,  smooth brome grass  

Bromus m arginatus N e e s .,  mountain brome grass  

Elymus junoeus F is o h .,  Russian w ild -ry e  

J u d ith  Basin County

Agropyron or ista tu m , ’andard c re sted  wheatgrass

Agropyron o r is ta tu m , 19537, S tan d a rd  c re s te d  w h e a tg rass  ( s e le c t io n )
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Agropyron o r ista tu m , M 24-3» Standard created  wheatgraae ( s e le c t io n )

Agropyron o r ista tu m , Fairway crea ted  wheatgrasa

Agropyron o r ista tu m , 1350, Fairway crested  w heatgrass ( s e le c t io n )

Elymus ju n oeu s, Russian w ild -ry e

The g r a sse s  from G a lla t in  upon c o l le c t io n  were im m ediately brought in ­

to  th e lab ora tory  and placed in  an oven a t 50° G. u n t i l  dry. They were 

d r ied  as q u ick ly  as p o ss ib le  to  prevent any avoidab le change in  t h e ir  com­

p o s it io n . The g r a sse s  c o lle c te d  a t J u d ith  B asin , due to  the d ista n ce  o f  

th a t s ta t io n  from our la b o ra to ry , were on ly  a ir -d r ie d  b efore  sh ip p in g , and 

oven -d ried  a f t e r  a r r iv a l .

A fter  d ry in g , the g ra sse s  were ground in  a W iley m i l l  u n t i l  th ey  passed  

through a o n e -h a lf  m illim eter  screen . A ll an a lyses were run in  d u p lic a te .

M oisture was determ ined by p la c in g  a 2-gram sample fo r  5 hours in  a 

vacuum oven at 100° C. and 25 mm. T his was used in  c a lc u la t in g  a l l  o th er  

a n a ly se s  on an oven-dry b a s is .

Ash was determ ined by h ea tin g  a 1-gram sample fo r  one hour at 600° 0 .  

in  a m uffle  fu rn a ce .

T ota l n itro g en  determ ined by the K jeldahl method was m u ltip lied  by 6 .2 5  

to  g iv e  the crude p ro te in  co n ten t.

Ether e x tr a c t  was determ ined by e x tr a c t in g  a 1-gram sample overn igh t  

w ith  anhydrous e th e r  and weighing the e x tra c ted  m a te r ia l, which was d ried  

fo r  one hour a t 100° 0 . a f t e r  the e th er  had been evaporated o f f  on a steam  

p la t e .

"Other carbohydrates" was determ ined by su b tra c tin g  the t o t a l  ash , 

e th e r  e x t r a c t , p r o te in , l ig n in  and c e l lu lo s e  from 100.



Ljgnln Procedure

The method used fo r  the d eterm in ation  o f l ig n in  was that o f  Grampton 

and Maynard, I j /  which i s  a m o d ific a tio n  o f the 72 per cent s u lfu r ic  a c id  

method. Weigh out an a ir -d r y  1-gram sample o f  g ra ss  or fe c e s  and e x tr a c t  

w ith  e th er  fo r  16 hours by means o f  a B ailey-W alker e x tr a c to r . T ran sfer  the 

d ried  resid u e  in to  a 5 0 -co . g la s s -s to p p e r e d  Erlenmeyer f la s k  and add 40 oo. 

o f  a 2 .0 $  s o lu t io n  o f  pepsin  in  0 .1  N_ HCl. D igest overn ight at 40° C. Re­

cover the u n d igested  resid u e by f i l t r a t i o n  through 200-mesh b o lt in g  s i l k  in  

a Qooch c r u c ib le . In  the a n a ly s is  o f  f e c e s ,  use a No. 54 Whatman f i l t e r  pa­

per in s te a d  o f  b o lt in g  s i l k .  Wash s u c c e s s iv e ly  w ith  hot w ater, hot a lc o h o l,  

hot benzene, hot a lco h o l and e th e r . T ransfer the washed residu e to  a 10 0 -co . 

beaker, and a llow  the e th er  to  ev a p o ra te . M oisten the resid u e w ith  4 oo . o f  

40$ form aldehyde. Then add 4 oo. o f  72$ H^SO^, a llo w in g  i t  to  p en etra te  the 

sample (2  m in u tes). Add 6 oo. o f  concentrated  HgSO  ̂ and s t i r  v ig o r o u s ly  

w ith  a g la s s  rod to  a id  in  s o lu t io n , which should be complete in  from 10 to  

15 m in u tes. P a r tly  immerse the beaker in  cold water bath to  prevent th e  

tem perature from r is in g  above 70° 0 . When sample i s  d is s o lv e d , s t i r  in  35 

o o . o f  a g ra n u la tin g  reagent c o n s is t in g  o f  a 1:6  m ixture (by volume) o f  

chloroform  and g la c ia l  a c e t ic  a c id , and pour the whole in to  500 oo. d is ­

t i l l e d  water in  an 8 0 0 -oo. beaker. B o il g e n tly  u n t i l  th e  chloroform has 

been driven  o f f  (15  m in u tes), a f t e r  which the so lu t io n  should c le a r  and the 

l ig n in  s e t t l e  in  granular form. F i l t e r  (u s in g  a sb e sto s )  in  a Qoooh c ru c ib le  

w ith  s u c t io n . Wash in  not l e s s  than 200 oo . o f 5$ HCl. Dry at 110° C. and 

determ ine l ig n in  by lo s s  on ig n i t io n .

- 41-
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D ieouasion  o f the Crampton-Maynard Method fo r  L ign in  Determ ination

T his method c o n s is t s  o f  s o lu t io n  o f  the sample in  concentrated  HgSO  ̂

a f t e r  pretreatm ent to  remove f a t s ,  sugars and p ro te in s  which otherw ise  

would in te r fe r e  w ith  the l ig n in  v a lu es  ob ta in ed .

The s p e c ia l  problem in  the a n a ly s is  o f  forage and f e c e s  l i e s  in  the  

removal o f  th e  p ro te in  w ithout a sim ultaneous removal o f  a part o f  the l i g ­

n in . According to  p resen t in form ation , l ig n in  i s  so lu b le  in  varying d egrees  

in  d i lu te  a lk a l i  (h ot or c o ld ) ,  b o i l in g  water and d i lu te  m ineral ac id  ( 1 . 25%) 

a t  b o i l in g  tem perature. To overcome t h i s  d i f f i c u l t y ,  enzyme d ig e s t io n  has 

been u sed . V arious enzymes have been u sed . W illiam s and Olmstead, $ 6 / work­

in g  w ith  human d ie t s  and f e c e s ,  proposed the use o f  pan oreatin  in  a s o lu t io n  

b u ffered  a t pH 8 . The o b jec tio n  to  the use o f p an oreatin  i s  the fa c t  th a t  

l ig n in  i s  s l i g h t l y  so lu b le  in  a pan oreatin  so lu tio n  b u ffered  at a pH o f  8; 

a l s o ,  enzyme d ig e s t io n  resid u e i s  not com p lete ly  so lu b le  in  concentrated  

s u l f u r ic  a c id . U sing t h i s  method in  a s t e e r  d ig e s t io n  t r i a l ,  25 per cent 

more l ig n in  was recovered  in  the fe c e s  than was consumed!

P ep sin , on the o th er hand, i s  a c t iv e  in  acid  medium, and i t  has not y e t  

been shown th a t l ig n in  i s  so lu b le  in  d i lu te  m ineral ac id  a t tem peratures at 

which t h is  enzyme i s  a c t iv e .  The e f f e c t iv e n e s s  o f  p ep sin , according to  Hor- 

w i t t , 50/  in  removing n itro g en  from spinach le a v e s , was about 89 per cent o f  

the t o t a l  n itr o g e n . I t  i s  assumed th a t th e p ro te in  i s  reduced by p ep sin  d i ­

g e s t io n  to  a l e v e l  where i t  w i l l  no lon g er  s e r io u s ly  in te r fe r e  w ith  the l i g ­

n in  d eterm in ation .

The problem o f  com pletely  and r a p id ly  d is s o lv in g  th e u n d igested  resid u e



in  the stron g  aold was so lv ed  hy Eoss and H i l l ,8 2 /  who found th at l i g n i f i e d  

t i s s u e  would d is s o lv e  promptly ( 10-15 m inutes) in  72$ EgSO^ i f  f i r s t  m ois­

tened  w ith  fo rm a lin . The use o f  formaldehyde has not been accepted by some 

in v e s t ig a t o r s ,  due to  the fa c t  th a t formaldehyde condensation  products may 

be formed le a d in g  to  h igh  l ig n in  v a lu e s . With the sample in  contact w ith  

th e ac id  fo r  so sh ort a tim e, condensation  o f  the carbohydrates (p en to se s  

and h exoses) which might add to  the l ig n in  value i s  presumably la r g e ly  avoid­

ed .

A ccepting the h y p o th esis  th a t l ig n in  i s  not u t i l i z e d  by the anim al, the  

p r a c t ic a l  u s e fu ln e s s  o f  any l ig n in  method would be in d ic a te d  by a l ig n in  

balance t r i a l .  Crampton and Maynard found p r a c t ic a l ly  q u a n tita t iv e  recovery  

o f  the d ie ta r y  l ig n in ,  9 7 .8 $  in  r a b b its  and 99 .3$  in  s t e e r s ,  u sin g  t h e ir  

method.

The most se r io u s  o b jec tio n  to  the d eterm ination  o f l ig n in  in  feed  

a n a ly ses  i s  th a t the present methods o f  l ig n in  d eterm ination  are so lon g  and 

tim e-consum ing. I f  a rapid method o f  e st im a tio n  o f  l ig n in  o f s u ita b le  ac­

curacy could be found, the d eterm in ation s o f  l ig n in  and c e l lu lo s e  would no 

doubt be more g e n e r a lly  accepted  as a replacem ent o f  the Henneberg (crude  

f ib e r )  method.

C e llu lo se  P ro ced u re

The method used in  the determ ination  o f  c e l lu lo s e  was a m o d ifica tio n  

o f  the Crampton and Maynard m ethod.I j /  I t  c o n s is t s  o f  tr e a t in g  p lan t mate­

r i a l  w ith  a b o i l in g  m ixture o f n i t r i c  a c id  and a c e t ic  a c id .  The n i t r i c  a c id
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o x id iz e s  th e l ig n in  and r e la te d  compounda ao th a t th ey  go in to  s o lu t io n .

The a c e t ic  a c id  h yd ro lyzes the l e s s - r e s i s t a n t  carbohydrates. A m o d ifica tio n  

o f  t h i s  method was chosen because i t  compares favorab ly  w ith  r e s u lt s  o f  

oth er  c e l lu lo s e  m ethods5 in  a d d it io n , i t  i s  a very rapid  method. Since  

th ere  i s  a v a r ia t io n  in  the amount and com position by th e  d if fe r e n t  methods 

a method was chosen which was s u ita b le  fo r  use in  animal s t u d ie s , one th a t  

gave a h igh  recovery  o f  non -starch y  hexosan s.

The d e t a i l s  o f  the procedure used are as fo llo w s :  P lace a 1-gram, a i r -

dry sample in  a 6-in o h  Pyrex c en tr ifu g e  tu b e . Add I 5 Co. o f  80$ a c e t ic  a c id  

and 1 .5  00. oono. HNO .̂ Place a w a t e r - f i l le d  B a ttersea  c r u c ib le , top  diame­

t e r  30 mm., in to  the neck o f  the c en tr ifu g e  tu b e. This serv es  as a s im p li­

f ie d  r e f lu x  condenser. B o il g e n tly  fo r  20 minutes on a sand bath . Cool 

c en tr ifu g e  tu bes w ith  cold  water and remove B a ttersea  c r u c ib le s . Add about 

20 00 . o f  a lc o h o l , m ixing w e ll w ith  s t ir r in g  rod. C entrifuge u n t i l  p r e c i­

p ita te  s e t t l e s  (5  m in u tes). Decant the l iq u id . Wash ( in  cen tr ifu g e  tu b e) 

s u c c e s s iv e ly  w ith  a lc o h o l (2  w a sh in g s), hot benzene, hot a lc o h o l, e th e r .

Dry resid u e  in  c en tr ifu g e  tube a t room temperature u n t i l  no n o t ice a b le  e th e r  

odor rem ains, and p lace in  oven a t IOO0 C. for  one hour.

Remove p r e c ip ita te  from the c en tr ifu g e  tubes and w eigh. C a lcu la te  c e l ­

lu lo s e  as lo s s  on ig n i t io n .

Our exp erien ce  has shown t h i s  method to  g ive  rep rod ucib le r e s u l t s .  The 

on ly  o b je c tio n  i s  th a t i t  i s  ra th er  d i f f i c u l t  to  remove th e  c e l lu lo s e  q u an ti­

t a t iv e ly  from the c en tr ifu g e  tu b e s . T his d i f f i c u l t y  a r is e s  from the fa c t  

th a t the c e l lu lo s e  becomes e l e c t r i c a l l y  charged and i s  a ttr a c te d  by the g la s s .  

T his may be p a r tly  overcome by brushing a rubber policem an w ith a cam el’ s -
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h a ir  brush, cau sin g  the c e l lu lo s e  to  be a ttr a c te d  more to  the rubber p o lic e  

man than to  th e g la s s .

In  the method o f  determ ination  o f  c e l lu lo s e  which was used , in  which 

th e  c e l lu lo s e  i s  d is so lv e d  by a c e t ic  a c id  s o lu t io n  co n ta in in g  n i t r i c  a c id , 

by r e f lu x in g  and then p r e c ip ita t in g  in  a lc o h o l, i t  i s  probably th a t we are 

d e a lin g  here w ith  c e l lu lo s e  d ex tr in e  as a f in a l  produ ct.



RESULTS OF RANGE-GRASS ANALYSES*

S aap le  Kind o f  
Number G rass

D ate
C o lle c te d

Growth
S tage

M o istu re  
(d ry  b a s i s )

T o ta l
Ash

E th e r  Crude P ro -  
E x t r a c t  te in ( 6 .2 5 )

L ig n in  C e llu ­
lo s e

O ther Carbo­
h y d ra te

I S td . 5 /16 Al 5 .4 # 10 . 0% 4 .o  % 2 6 .4  % 5 .3  % 20 .2  % 33 .3  %
2 In e rm is 5/15 Al 5 .9 11 .7 5 .0 25 .9 5 .2 2 3 .2 2 9 .0
3 Fwy. 5 /16 A1 6 .2 10 .1 4 .5 25 .1 5 .7 2 2 .5 32.1
4 m arg in . 5 /1 6 Al 6 .4 13 .6 5 .3 2 5 .4 5 .1 21 .6 2 9 .0
5 p a u o i. 5 /16 Al 6 .3 1 0 .6 5 .5 2 4 .3 5 .3 2 1 .1 33.2
6 Ju n e . 5/22 A2 6 .2 10 .5 3 .0 2 4 .3 6 .5 2 3 .6 32 .1

14 ju n o . 4 /1 8 a2 3 .7 9 .4 3 .9 35 .5 4 .4 18 .8 28 .0
20 Ju n e . 5/22 a 3 6 .5 10 .8 3 .3 26 .7 6 .8 20 .7 31.7
29 Fwy. 5 /31 Al 6 .8 9 .7 4 .5 1 9 .0 7 .5 2 5 .5 33.8
30 S td . 5/31 Bi 5 .4 8 .7 4 .3 2 2 .5 7 .2 25 .2 32.1
31 m arg in . 5 /31 Bi 6 .7 10 .1 4 .4 19.7 6 .1 26 .8 32.9
32 In e rm is 5 /3 1 Bi 6 .4 10 .9 5 .0 22 .9 6 .0 27 .2 28 .0
33 p a u o i. 5 /31 Al 4 .7 9 .5 5 .2 2 0 .3 6 .7 2 4 .8 33 .5
34 ju n o . 6 /6 C2 6 .8 10 .1 3 .4 2 3 .8 8 .8 2 4 .6 2 9 .3
41 m arg in . 6 /12 Bi 6 .1 1 0 .5 3 .3 17 .0 9 .1 2 8 .6 31.5
42 In e rm is 6/12 Bi 6 .2 9 .6 4 .9 21 .8 8 .5 28 .8 2 6 .4  I
43 p a u o i. 6 /12 Al 5 .4 8 .7 4 .7 16 .2 7 .4 28 .1 34.9
44 S td . 6/12 Cl 6 .1 8 .6 4 .5 2 3 .3 8 .9 2 7 .6 27 .1
45 Fwy. 6 /12 Cl 5 .4 9 .0 3 .8 16 .7 9 .3 27 .9 33 .3
52 Ju n e . 6/19 B2 5 .6 8 .6 3 .1 17 .4 10 .8 2 9 .2 30.9
54 ju n o . 6 /6 B3 5 .9 8 .7 3 .2 19 .3 9 .0 2 3 .2 36.6
55 Fwy. 6 /6 B3 8 .2 7 .8 3 .5 14 .6 9 .4 2 6 .0 38.7
62 19537 6 /6 B3 5 .7 7 .7 4 .3 12.0 8 .0 2 4 .5 4 3 .5
63 1350 6 /6 B3 7 .2 1 0 .0 4 .9 11.2 8 .2 2 3 .6 42 .1
65 S td . 6 /6 C3 6 .9 7 .8 2 .5 15.9 13 .1 30 .0 30.7
66 M24-3 6 /6 B3 7 .5 8 .0 3 .4 12 .4 9 .6 23 .9 42 .7
67 Fwy. 6 /2 6 Bi 6 .5 8 .5 4 .4 15 .5 11 .6 29 .1 30.9
68 S td . 6 /2 6 Bi 5 .9 6 .9 3 .7 13.9 13 .2 32 .4 29.9
69 m arg in . 6 /2 6 Bi 5 .6 8 .6 3 .3 11 .9 11.2 29 .1 35.9
70 in e rm is 6 /26 Bi 6 .3 § :? i : § I i : ? $ : ff aug l .

W % 7 .3 3 .9 10 .1 9 .5 2 6 .4 42 .8

TABLE I



Sample Kind o f
'NTllmtlAI* frTaHH

Date
C o lle c te d

Growth
Stase

M oisture T ota l
Ash

Ether
Phrtraot

Crude Pro- 
ta ln f  6 .2 5 )

L ign in  C e llu -
_______ _ l,o a e ,

Other C
hvdi

77 ju nc. b/19 d 3 6 .4  % 9 .2 *  3 .2  *  1 6 .0 1 1 .8  % 2 7 .6 32 .2
79 Fwy. 6/19 g3 8 .1 5 .4 2 .7 9 .0 13 .2 29 .9 39.8
82 19537 6/19 c 3 6 .9 10 .7 3 .5 8 .7 n . 5 28 .2 37 .4
83 S td . 6/19 C3 6 .2 7 .7 2 .9 14 .1 1 3 .3 31 .0 30.7
84 M24-3 6/19 c 3 8 .2 8 .6 3 .5 10 .0 1 1 .0 28 .2 38.7
92 ju n c . 7 /3 Dg 5 .0 1 0 .6 2 .7 17 .8 1 1 .4 28 .7 28 .8
97 Fwy. 7 /1 0 Dl 5 .8 7 .8 3 .7 12 .4 1 1 .6 31 .1 33 .4
99 m argin. 7 /1 0 Dl 6 .1 10 .1 3 .3 8 .2 1 0 .8 2 9 .8 37 .8

101 Inerm ls 7 /1 0 D% 6 .0 1 0 .6 4 .4 13 .5 1 0 .5 27 .9 33 .1
103 p a n e l. 7 /1 0 Cl 4 .8 7 .7 3 .5 9 .6 1 0 .5 32 .8 35.9
105 S td . 7 /1 0 Di 4 .9 7 .3 3 .8 1 2 .5 1 2 .8 31 .4 32.2
107 19537 7 /3 D3 4 .6 8 .6 2 .8 7 .5 12 .1 2 8 .0 4 1 .0
111 M24-3 7 /3 D3 4 .5 3 .6 3 .6 5 .1 1 4 .1 30.8 4 2 .8
112 ju n c . 7 /3 D) 5 .6 11 .0 3 .3 11 .5 10 .9 30.2 33 .1
116 S td . 7 / 3 D3 4 .8 7 .8 2 .9 7 .6 1 3 .0 31.7 37 .0
117 1350 7 /3 d 3 5 .9 7 .1 4 .0 8 .0 11.7 2 8 .5 4 0 .7
119 FwjF. 7 /3 d 3 5 .0 8 .2 4 .2 6 .3 12 .7 29 .9 38.7
131 ju n c . 7 /17 Dg 3 .6 1 2 .5 4 .0 18 .8 1 0 .3 26.7 27 .7
133 Fwy. 7 /2 4 Dl 6 .1 8 .8 3 .5 7 .6 1 2 .4 30.8 36.9
135 S td . 7 /2 4 Dl 6 .0 6 .9 3 .5 9 .1 13 .7 33.7 33.1
137 p a u c l. 7 /2 4 Dl 6 .2 7 .2 2 .9 5 .7 1 3 .3 36 .6 34.3
139 m argin. 7 /2 4 Bi 6 .1 9 .4 2 .6 7 .3 13 .2 34.7 32 .8

.141 Inerm is 7 /2 4 Dl+ 6 .3 11 .6 4 .2 1 0 .4 1 2 .6 32.2 29 .0
150 ju n c. 7 /3 0 B2 5 .0 1 5 .1 4 .4 2 0 .4 9 .4 26 .1 2 4 .6
153 Fwy. 8 /7 Dl 4 .6 9 .4 3 .5 8 .4 1 1 .8 32 .1 34 .8
154 S td . 8 /7 Dl 4 .6 6 .7 3 .7 9 .0 1 3 .6 34.7 31 .3
155 p a n el. 8 /7 Dl 4 .3 8 .0 4 .1 5 .7 1 3 .3 35.8 33 .1
156 Inermia 8 /7 Dl 4 .5 8 .7 2 .7 7 .8 1 5 .4 37 .0 2 8 .4
157 m argin. 8 /7 Bi 4 .6 9 .6 3 .7 5 .7 11.7 32.2 37.0
160 1350 7 /17 D3 4 .8 8 .2 3 .5 5 .5 1 1 .8 30.4 36 .6
162 S td . 7 /1 7 d3 2 .6 6 .0 4 .1 5 .2 1 2 .3 31 .6 4 0 .8
163 Fwf. 7 /1 7 d3 4 .4 6 .2 3 .2 9 .2 13.7 32.2 35 .5
I 65 M24-3 7/17 D3 4 .0 7 .5 3 .5 4 .8 1 1 .8 30.7 41 .7
167 19537 7 /17 D3 6 .4 7 .6 3 .6 6 .5 12 .7 29 .9 39.7

»tea-

TABLE I 
(con

tin
u

ed)



Sample Kind o f 
Humber G rass

Date
C o lle c te d

Growth
Stage

M oisture 
(d ry  b a s is )

T o ta l
Ash

E th er
E x tra c t

Crude P ro- 
te in (6 .2 5 )

L ignin  C e llu ­
lo se

O ther Car­
bohydrates

170 June. 7 /17 E3 4 .8  % I 3 -8% 4 .3  I 7 .5  * 11 .4> 31.8% 31.2  £
173 19537 7 /31 d3 7 .8 7-3 v  4 .1 6 .9 15.3 35.1 31.3
175 Pwy. 7 /3 1 e 3 3 .8 10.0 3-5 5-3 13.9 33-6 33-7
177 1350 7/31 e 3 4 .2 8 .6 2 .3 5 .0 14.1 32.0 38.0
179 M24-3 7/31 D3 4 .4 9 .8 3-7 8 .0 13 .6 28.5 36.4
180 June. 7 /3 1 e 3 5 .5 13.7 4 .1 6 .3 11.9 3 5 8 28 .2
182 S td . 7 /31 d3 4 /3 7-3 3 .2 6 .9 14.2 33.1 35.3
185 June. 8 /1 4 Es 4 .1 14.0 4 .0 20 .8 7 .9 24.8 28.5
193 S td . 8 /2 2 5I 4 .4 7 .5 3 .1 9 .1 14.0 36.3 30.0
194 Fvy. 8 /2 2 Bi 4 .7 9 .0 2 .7 8 .6 13.7 35.6 30.0
195 m argin . 8/22 E i 4 .4 9 .9 2 .8 6 .2 12 .4 34.5 34.2
196 in e rm is 8 /22 E1 4 .1 7 -1 2 .3 4 .6 16.0 39-6 30.4
197 p a n e l . 8 /2 2 E1 4 .4 8 .1 3 .5 5 .6 13.7 37-3 31.8
198 June. 8 /2 6 E2 3 .8 12 .9 4 .2 1 6 .6 9 .5 29.9 26 .9
205 S td . 9 /4 E i 3 .5 5 .5 2 .4 6 .1 15.6 40.4 30.0
206 Pvy. 9 /4 Bi 5 .6 8 .6 2 .8 9 .0 14.1 36.9 28 .6
207 inerm is 9 /4 Bi 4 .5 8 .9 2 .4 6 .2 17 .8 41.3 23 .4
208 m argin . 9 /4 Bi 4 .7 9 .2 2 .5 5-5 13.3 38.5 31.0
209 p a u c i . 9 /4 E1 4 .1 7 .7 2 .9 4 .3 14.0 39.7 31.4

Sub-1  ■ P t .  E l l i s ,  G a l la t in  County 
Sub-2 = Campus, G a l la t in  County 
Sub-3 * J u d i th  B asin  County

♦The c o l le c t io n  o f  g ra s se s  and some o f  th e s e  an a ly ses  were perform ed by members o f  th e  Chem­
i s t r y  S ta f f  as a  p a r t  o f  r e g u la r  range g ra s s  p r o je c t s ,  and a re  in c lu d ed  here  f o r  th e  sake o f  
com ple teness.

TABLE I (con
tin

u
ed

).
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EXPERIMENTAL RESULTS

L ignin  Content o f QftViatln Covinty Qrasaes 

The H g n ln  co n ten t In  th e  f iv e  G a lla t in  County g ra s se s  ( f ig u re  l )  in ­

c re ased  from 5-6  p e r  c e n t in  th e  f i r s t  c o l le c t io n s  on May l 6 t o  13-18 p e r  

c e n t on th e  l a s t  c o l le c t io n ,  September 4 , 1941. I t  was in te r e s t in g  to  no te  

t h a t  th e  l ig n in  c o n ten t o f  th e  g ra s se s  in c re a se d  more o r  l e s s  un ifo rm ly  u n t i l  

June 26. On th e  n ex t c o l le c t io n ,  J u ly  10, th e re  was a  drop  i n  l ig n in  co n ten t 

o f  th e  fo u r  g ra s se s  t h a t  were in  s tag e  D. Only pauciflo rum , w hich was in  

s ta g e  C, showed a  s l i g h t  in c re a se  in  l ig n in  o v e r th e  p rev io u s  c o l le c t io n  

d a te .  A d ecrease  in  th e  H g n in  percen tage  does no t n e c e s s a r i ly  mean th a t  any 

l ig n in ,  once formed in  th e  p la n t ,  i s  decomposed; i t  i s  more p robab le  th a t  

th e  p la n ts  sy n th es iz ed  o th e r  c o n s t i tu e n ts  a  g re a t  d ea l f a s t e r .  Thus, a l ­

though th e re  may have been an a c tu a l  in c re a se  in  t o t a l  l ig n in  in  a  p la n t ,  

i f ,  s im u ltan eo u s ly , th e  p la n t  may have sy n th es iz ed  a  la rg e  q u a n ti ty  o f  c a r ­

b o h y d ra te s , th e  l ig n in  c o n ten t on a  p e rcen tag e  b a s is  would show a  d e c re a se .

Comparison o f the L ignin Content o f  Brcmus marginatus and
Bromur; Ine m3, s

There was a  c lo se  p a r a l l e l  in  growth s ta g e s  in  lnerm ls and m arg inatus. 

Both m atured e a r ly ,  having  reached  s ta g e  D by th e  l a t t e r  p a r t  o f  June, and 

rem ained in  s ta g e  D u n t i l  e a r ly  in  A ugust. There was a  c lo se  s imi l ar i t y  in  

H gTvtr̂  co n ten t u n t i l  s ta g e  E. During t h i s  p e r io d  th e  l ig n in  c o n ten t o f  In -  

e r a i s  r a p id ly  in c re a se d . Inexm is, on September 4 , showed th e  h ig h e s t l ig n in  

c o n ten t o f  a l l  g ra s se s  analyzed  . M arginatus d id  not show t h i s  tendency,



and a t  th e  end o f  th e  growing season  had th e  low est l ig n in  co n ten t o f  th e  

g ra s se s  p lo t te d  In  f ig u r e  I .

Comparison of Agropyron crlstatum  s e le c t io n s , Fairway and Standard

Fairway and S tandard  reached th e  seme growth s ta g e s  a t  about th e  same 

tim e . The lignin c o n ten ts  o f  th e se  g ra s se s  were n e a r ly  th e  same d u ring  

th e  e a r ly  grow th s ta g e s  (A, B and C ). S h o r tly  a f t e r  J u ly  I ,  bo th  g ra s se s  

were In  s tag e  D. Frcm t h i s  tim e on . S tandard  had a  co n sid e rab ly  h ig h e r 

l i gn in  c o n ten t th a n  Fairw ay. Fairway and S tandard  reached  s tag e  D about 

two weeks a f t e r  th e  brome g ra s se s .

Agropyron pauc lflorum

The rem arkable f e a tu re  o f pauc lf lo ru m  was th a t  I t  m atured l a t e  in  th e  

seaso n , n o t re ach in g  s ta g e  D u n t i l  e a r ly  In  August. As m ight be ex p ec ted , 

th e  pauciflo rum  had th e  low est l ig n in  c o n ten t o f th e  g ra s se s  te s te d  d u rin g  

June and J u ly .

Elymus .Iunceus

Junceus was sampled from th e  campus p lo t s ,  w hile  th e  o th e r  O e lla t ln  

County g ra s se s  were grown a t  F o rt E l l i s .  I t  was n o t p o s s ib le  to  compare i t  

w ith  th e  F o r t E l l i s  g ra s se s  u n le ss  o th e r  v a r ia b le s  b e s id e s  sea so n a l change 

were co n sid e red . I t  i s  o f  i n t e r e s t  to  n o te , however, t h a t  th e  l ig n in  con­

t e n t  In c reased  from  4 .4  p e r  cen t on May 18 to  11 .4  p e r  c en t on Ju ly  3 . There­

a f t e r ,  th e re  was a  s l i g h t  decrease  in  l ig n in  c o n ten t. The reason  f o r  th e  ap ­

p a re n t d ecrease  In  p e rcen tag e  o f l ig n in  was n o t d e te rmined .
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C ellu lo se  In G a lla tin  County Grasses

The c e l lu lo s e  content o f  the f iv e  G a lla tin  county g rasses p lo tted  on 

fig u re  2 increased  from 20-24 per cent on May l6  to  37-42 per cent on Sep­

tember 4. There was a marked tendency fo r  th e c e llu lo s e  to  increase along  

w ith  the l ig n in . On Ju ly  10 when th e  l ig n in  content showed a  decided drop, 

th e  percentage o f  c e l lu lo s e  in  lnerm is and Standard lik ew ise  decreased. On 

August 7 th ere was a decided drop in  both l ig n in  and c e l lu lo s e  in  marginatus. 

With th e exception  o f  paueiflorum , which had a low l ig n in  and a high c e l lu ­

lo s e  percentage in  mid season , there was a general tendency fo r  lig n in  con­

te n t  to  p a r a lle l  c e l lu lo s e  content. In en n is , a t th e  end o f th e  season, was 

h ig h est in  both c e l lu lo s e  and l ig n in . Standard, in  the la t t e r  part o f  June, 

was h ig h est in  both c e l lu lo s e  and l ig n in . lnerm is, in  th e f i r s t  part o f  

J u ly , had th e low est c e l lu lo s e  and l ig n in  contents o f  any o f  the g ra sse s .

What s ig n ifica n ce  t h is  co rre la tio n  may have i s  not known except th a t the  

form ation o f  l ig n in  c lo s e ly  p a r a lle ls  th e formation of c e l lu lo s e .  This may 

have value in  determ ining th e precursors o f  l ig n in .

Early in  th e  season th e  c e llu lo s e  content o f Elymus Junceus was about 

th e same as th e other G a lla tin  County g ra sse s . Here again, th e  c e llu lo se  

content c lo s e ly  p a r a lle le d  th e l ig n in , and on September 4 , had 29-9 per cent 

c e l lu lo s e ,  which was sev era l per cen t lower than the other G alla tin  County 

grasses grown a t Fort E l l i s .

Lignin Content o f Judith  Basin Grasses

S ix  grasses from Judith  Basin were analyzed; sampling began on June 6



and continued a t two-week in te r v a ls  u n t i l  Ju ly  31* The grasses a t Judith  

Basin matured e a r l ie r  than th ose in  G a lla tin  County. At th e time o f the  

f i r s t  c o lle c t io n  on June 6 , most p f the grasses were already in  or past 

stage  B. I t  i s  to  be reg retted  th a t data on th e  ea r ly  sta g es  o f  th ese  

grasses cannot be presented . The l ig n in  content o f  f iv e  Ju d ith  Basin 

grasses appears in  fig u re  3 . Fairway, S e le c t io n  1350» had a d e f in ite ly  

lower l i gnin content than Fairway u n t i l  th e l a s t  sampling (J u ly  31 ), a t  

which time the l ig n in  content o f both were about equal. S e le c t io n  1350 

had th e low est average H gnin content during th e  en tir e  season , in  compari­

son w ith  the other four grasses stu d ied .

Agropyron cristatum  Standard and S e lec tio n s  19537 and M24-3

Standard had a higher l ig n in  content than the oth er s e le c t io n s  when 

f i r s t  c o lle c te d  on June 6 . This was probably due to  th e  fa c t  th at the  

Standard samples were more mature and were already in  stage C when f i r s t  

c o lle c te d , w hile  th e other s e le c t io n s  were s t i l l  in  stage B. I t  i s  doubt­

f u l  i f  other v a r ia tio n s  in  l ig n in  content were s ig n if ic a n t . In f a c t ,  the  

e a r l ie r  values fo r  lig n in  may a l l  be questioned, due to  the fa c t  th at the  

samples from Judith  Basin contained more or l e s s  o ld  grass from the previous 

season.

In gen era l, the l ig n in  values o f  th e Jud ith  Basin g rasses in  June were 

higher than th ose from G a lla tin  County a t th e  same tim e. Late in  the sum­

mer ni I grasses had very nearly  the same l ig n in  content except lnermis in  

G a lla tin  County, which had sev era l per cent higher l ig n in  content than any 

other grass.

-5 6 -



-5 7 -

C ellu lo se  Content o f  Jud ith  Basin Grasses

The s im i la r i ty  o f  th e  c e l lu lo s e  and l ig n in  co n ten t o f th e s e  g ra sse s  

to  th e  c e l lu lo s e  and l i gn in  co n ten t o f  th e  G a lla t in  County g ra s se s  was p ro ­

nounced. They were n e a r ly  th e  same. S tandard  had a  much h ig h e r  c e l lu lo s e  

c o n ten t when compared w ith  th e  o th e r  g ra s se s  on June 6. S e le c t io n  19537 

showed th e  h ig h e s t  c e l lu lo s e  co n ten t on J u ly  31. Fairw ay, th roughout th e  

seaso n , bad s e v e ra l  p e r  c en t more c e l lu lo s e  th a n  S e le c tio n  1350, as n o tic e d  

in  f ig u re  4.

In gen era l, the Judith  Basin grasses had a s l ig h t ly  lower c e llu lo se  con­

te n t  than th e G a lla tin  County grasses.

Elymus .Iunceus -  Ju d ith  Basin

The H g n-Ln content o f  junceus May 22 was 6 .8 . I t  gradually  increased  

to  11 .8  per cent on June 19 and throughout th e  r e s t  o f  the season was nearly  

con stan t. At th e end o f  the season Elyraua Junceus had sev era l per cent l e s s  

n g n in  t-h«n the other Jud ith  Basin g r a sse s . The c e llu lo s e  rose gradually

from 20.7  per cent in  th e la t t e r  part o f  May to  35.8 per cent eafLy in  

August. Here th e  general tendency fo r  l ig n in  to  c lo s e ly  p a r a lle l  c e llu lo s e  

content was not apparent.

Comparing Junceus from G alla tin  County and Judith  B asin , the l ig n in  

content u n t i l  June 19 was p r a c t ic a lly  th e same. T hereafter, the lig n in  con­

te n t  in  G a lla tin  County Junceus decreased about 2 per cen t, w hile  in  Judith  

TUtairi County i t  remained constant a t  about 11 .5  per cen t. The c e llu lo s e  o f  

Junceus in  G a lla tin  County was sev era l per cent higher than Judith  Basin
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e a r ly  In th e season. This was reversed in  m id-season, and on Ju ly  31 the  

Jud ith  Junceus had 35*8 per cent c e llu lo se --a b o u t 10 per cen t more

c e llu lo s e  than th e G a lla tin  County Junceus.
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discussion

The chem ical a n a ly s is  o f  various Montana grasses has been undertaken 

w ith  th e hope th a t the r e s u lt s  w i l l  have value in  p red ictin g  feeding va lu es.

A complete chemical a n a ly s is  o f grasses a t present i s  not p o s s ib le , as our 

knowledge o f p lan t co n stitu en ts  i s  fa r  from complete. A lso , i f  one were to  

analyze one grass in  as much d e ta i l  as present knowledge perm its, i t  i s  

doubtful i f  one could complete such an a n a ly s is  in  sev era l years' tim e. 

T herefore, i t  seemed d es ira b le  to  l im it  th e an a ly sis  o f  grass t o  a few  

plan t co n stitu en ts  th a t are o f  importance in  pred ictin g  feed in g  values, un­

derstanding, however, th a t one, by in terp re ta tio n  o f r e s u lt s ,  i s  not pre­

sen tin g  a complete p ic tu re . Attempts were made, th ere fo re , t o  choose a 

method o f a n a ly s is  which would have th e g r ea te s t  b io lo g ic a l s ig n if ic a n c e ,  

and which would be capable o f  completion in  a reasonable amount o f tim e.

For reasons given in  the in trod u ction , the methods o f feed  a n a ly sis  (crude 

f ib e r ,  n itro g en -free  e x tr a c t)  as presented by the A ssocia tion  o f O ff ic ia l  

A gricu ltu ra l Chemists were not used. The a n a lysis  o f  g rasses was confined  

to  s ix  p lan t co n stitu en ts; namely, m oisture ( fo r  dry b a s is ) ,  t o t a l  ash, 

eth er  e x tr a c t , crude p r o te in , l ig n in , c e l lu lo s e  and other carbohydrates.

The m oisture determ ination was necessary in  order to  c a lcu la te  the other  

co n stitu en ts  from an a ir -d ry  b a s is  to  a  dry b a s is . The "other carbohydrate" 

fr a c tio n  was determined by d ifferen ce .

A b r ie f  d iscu ssio n  o f  th e  fa c to rs  th a t w i l l  a f f e c t  the growth and com­

p o s it io n  o f range grasses i s  perhaps necessary  before any in terp re ta tio n  o f  

r e s u lt s  i s  attem pted. Atkinson and Woodward 4 /  point out th a t many fa c to rs
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Influ en ce th e growth and com position o f pasture herbage. The c h ie f  fa c to rs  

are c lim a te , seasonal v a r ia tio n , s p e c ie s , s o i l  typ e, s o i l  f e r t i l i t y ,  f e r t i ­

l iz a t io n  and frequency o f  c u tt in g . Here aga in , i t  became necessary to  

segregate the fa c to r  o f  seasonal change and d iscu ss i t  in  as great d e ta i l  

as the a n a ly s is  p erm its. Probably on ly  when each fa c to r  a ffe c t in g  growth 

and com position o f forage p lan ts i s  understood w i l l  i t  be p o ss ib le  to  have 

a complete p ic tu re  o f p lan t l i f e .

In p red ictin g  feed ing values by chem ical an a lysis  a  study o f the grass  

or feed in g  m ateria l i s  on ly  h a lf  th e p ic tu re . A study o f th e  animal  i s  

ju s t  as important. There i s  a great d ea l o f  v a r ia tio n  in  anim als o f d i f ­

feren t sp ec ie s  in  th e ir  a b i l i t y  to  d ig e s t  c er ta in  p lan t c o n stitu en ts . Even 

in  animal a o f  th e same sp e c ie s , a l l  do not have the same a b i l i t y  for  assim i­

la t io n  o f  food . When one i s  feeding mixed ration s the d ig e s t ib i l i t y  o f the  

d if fe r e n t  co n stitu en ts  i s  sometimes m a ter ia lly  changed.

The Crampton and Maynard method fo r  determ ination o f  l ig n in  i s  s a t i s ­

fa c to ry  in  th a t i t  i s  p o ss ib le  to  obtain  reproducible r e s u lt s .  This method 

g iv es  approximately one hundred per cen t recovery o f  l ig n in  in  the fe c e s .

One main ob jection  to  t h is  method i s  th a t i t  i s  very long and time-consuming 

I t  i s  d ou btfu l, th ere fo re , i f  the determ ination o f l ig n in  w i l l  be put in to  

p r a c tice  by th ose running large  numbers o f  feed  analyses u n less  a more rapid  

method w ith  su ita b le  accuracy i s  found.

I t  i s  gen era lly  accepted th a t l ig n in  i s  in d ig e s t ib le  in  i t s e l f ,  and a l  

so , by ln cru stln g  or seme other means, i t  prevents th e d ig e s tio n  of other  

p lan t co n stitu en ts  which otherwise would be u t i l iz e d . L ignin may hi nder
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d ig e s t io n  by in a c tiv a tin g  th e enzymes by some means. I t  i s  indeed l ik e ly

th a t phenolic groups or others present in  th e  lig n in  complex have a to x ic

e f f e c t  on th e d ig e s t io n  enzymes. Waksman g V  found th a t the presence o f

on ly  8 per cent l ig n in  was s u f f ic ie n t  in  ruminants to  reduce the rate o f c e l ­

lu lo se  decom position by f i f t y  per cen t. I f  l ig n in  determ inations are to  be

o f  r e a l value in  feed  a n a ly s is , a great d ea l o f  sim ilar  research must be car-  

r i e d t n .

U n til the tim e th a t knowledge o f l ig n in  in  r e la t io n  to  feed  analyses

i s  put on a q u a n tita tive  b a s is ,  i t s  u se fu ln ess  i s  r e s tr ic te d . I t  i s

probable th a t l ig n in  i s  a mixture o f  d if fe r e n t  compounds. When the ehem-

ls t r y  o f l ig n in  i s  fu rth er  e lu c id a ted , the p art th a t l ig n in  p lays in  re ­

s t r ic t in g  d ig e s t ib i l i t y  can be put on a sound chemical b a s is .

The crampton and Maynard method fo r  c e l lu lo s e  was not changed in  prin­

c ip le ;  however, by use o f c en tr ifu g a l sep aration  i t  was p o ss ib le  to  shorten  

th e tim e required fo r  each determ ination.

As p rev iou sly  s ta te d , p lant c e l lu lo s e  i s  a mixture. The chemical and

Cf .

.■

A'Ct n u tr it iv e  p rop erties o f  m ixtures are d i f f i c u l t  to  determine accu rately . The

e f f e c t  o f  l ig n in  on th e  d ig e s t ib i l i t y  o f  p lan t c e l lu lo s e  i s  a  com plicating

fa c to r .

Percentages o f  c e l lu lo s e  and lig n in  were determined by lo s s  of weight

on ig n it io n . The percentage o f ash was about I  per cent o f th e  to t a l  w eight. 

The ash probably contained , in  main, s i l i c o n  d iox id e . A qu estion  n a tu ra lly  

a r ise s  as to  whether th e  ash present was due to  adsorption during a n a lysis  

or was ash o r ig in a lly  present as a co n stitu en t part o f  th e l ig n in  and c e l -
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lu l o s e . I f  low-temperature ig n it io n s  were employed to  ash th e  c e llu lo se  

and l ig n in  res id u es , phosphorus might p o ss ib ly  be found. Phosphorus, i f  

present in  the l ig n in  and c e llu lo s e  ash, should he c r i t i c a l l y  examined.

The d if fe r e n t  sugars present in  grasses are o f  much in t e r e s t ,  s in ce  

th ey  provide the main source o f  energy fo r  anim als. The determ ination o f  

th e  various pentoses and hexoses in  the w ater-so lu b le  h em ice llu lo se , and 

c e l lu lo s e  fr a c t io n s , might lea d  to  valuab le inform ation from a n u tr it io n a l  

standpoint No doubt the c e l lu lo s e  in  the grasses analyzed contained pen­

to se s  (probably z y lo se ) . Further in v e s t ig a tio n  o f the carbohydrates o f  

th ese  grasses i s  d e s ira b le .

The determ ination o f  c e llu lo s e  and l ig n in  i s  a d e f in ite  step  forward; 

th e foregoing d iscu ssio n  was presented to  po in t out th a t research in  th is  

f i e l d  i s  only in  i t s  infancy.

,I" '
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Lignin analyses on grasses from G a lla tin  V alley in d ica ted  a s im ila r ity  

o f  a l l  sp ec ie s  t e s t e d , during May and June, IgW . By the end o f August, 

however, inerm is had reached a  high o f  1 7 .8  per cent and on th is  b a s is  was 

probably th e le a s t -d ig e s t ib le  o f th e  g ra sse s . Contrasting w ith  th is  was 

m arginatus, which ended w ith  a l ig n in  content o f on ly  13-3 percent.

Standard cristatum  showed a tendency to  contain  more l ig n in  th at P a ir-  

way cristatum , and on t h is  b a s is  would be judged s l ig h t ly  in fe r io r . Lignin  

values fo r  th ese  two grasses f e l l  between th ose fo r  th e two brcme g ra sses.

Pauciflorum showed a d e f in ite  su p er io r ity  over th e o th er Agropyrons 

te s te d  in  th a t i t  m aintained a  lower l ig n in  content during May and June.

At Jud ith  Basin the f iv e  cristatum  se le c t io n s  sampled matured a month 

e a r l ie r  than cristatum  d id  in  G a lla tin  V a lley , but fo llow ed a  s im ila r  path 

o f  in crease in  l ignin co n ten t. The s p e c ia l s e le c t io n s  o f cristatum  con­

ta in ed  s l ig h t ly  l e s s  l ig n in  than th e regu lar p lo t s . Here, as in  G a lla tin  

V alley , Fairway contained l e s s  l ig n in  than Standard.

C ellu lo se  ranged from approximately 20 to  W per c en t, th e  changes in  

c e llu lo s e  c lo s e ly  p a r a lle lin g  changes in  l ig n in  content as th e  season ad­

vanced.
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