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An inexpensive,  rapid  method for  the evaluat ion of proteins  in forage 
crops would be desirable.  Amido black dye binding, wi th  equ ipment  
manufac tu red  by  Foss Electric Company,  Hillerod, Denmark ,  is now rou- 
t inely  used for  the quant i f icat ion of milk  prote in  and has been proposed 
for  adopt ion by  the Association of Official Analyt ical  Chemists  as an offi-  
cial method  (15). Milk has a ve ry  accessible protein sys tem tha t  rapidly  
interacts  wi th  azo dyes. Milk is therefore  most  sui table in adapt ing it to 
au tomated  protein de te rmina t ion  by  dye binding. Relat ively inaccessible 
prote in  systems, as found in forage crops, would not  exhibi t  such a com- 
plete  and rapid  react ion wi th  the dye. Dye-pro te in  interact ion with  such 
prote in  sys tems would be s lower  and subject  to a number  of conditions. 
The effects of several  analyt ical  p a r a m e t e r s  on the dye  binding capaci ty  
of a l falfa  protein remain  to be investigated,  in order  to de te rmine  the 
op t imum conditions and to propose a sui table method for accurate  and 
precise results. 

The chemis t ry  of dye binding is not  ent i re ly  understood. In working  
wi th  dye binding it  is necessary to control as m a n y  exper imen ta l  var iables  
as possible (14). 

Reaction t ime with the dye, as well  as part icle  size and uniformity,  
mus t  be controlled to allow for complete  dye binding in an equi l ibr ium 
s ta te  (9). Reaction t ime depends on the solubil i ty of the protein.  Milk, con- 
taining dispersed and soluble prote in  systems, will  a t ta in  equi l ibr ium in 
seconds (3), while wool, wi th  an insoluble protein,  requires  more  than  
24 hours  (7). Equi l ibr ium can be obtained fas ter  by  increasing the ra te  of 
agi tat ion of the pro te in-dye  system. 

The t empe ra tu r e  during dye binding is equally impor tan t  and an opti-  
m u m  could be de termined for  each prote in  system. However ,  high heat  
t r ea tmen t  might  cause a complexing be tween  carbohydra tes  of the sample  
and the basic amino acids, the reby  adverse ly  affect ing the dye-pro te in  
binding react ion (2, 13). Also, since the react ion is taking place at pH 2.2, 
hea t  dena tura t ion  would occur at a lower  t empe ra tu r e  than tha t  at  a 
h igher  pH (12). 

MacKenzie  and Pe t t i e r  (10) used Orange G dye for  the  de terminat ion  
of protein in a l fa l fa  and obtained a correlat ion of 0.88 with the Kjeldahl  
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method for  c rude  pro te in .  T h e y  conc luded  tha t  d y e  b i n d i n g  was  a su i t ab le  
me thod  for d e t e r m i n i n g  the  p ro t e in  in  feed an d  forage crops. Gengenbach 
and  Miller (8) also used  Orange  G dye in  d e t e r m i n i n g  the  p r o t e i n  c on t e n t  
of a l fa l fa  samples .  The i r  r esu l t s  f r o m  the  micro-Kje~dahl m e t h o d  of pro-  
te in  ana lys i s  and  dye b i n d i n g  ana lys i s  showed  a h igh  co r re l a t ion  (0.96); 
the r e l a t ionsh ip  was  l i nea r  over  the  r ange  of p r o t e i n  va lues  expec ted  of 
a l fa l fa  herbage .  A reac t ion  t ime,  w i t h  shaking ,  of at  leas t  90 rain. was  re -  
qu i r ed  to o b t a i n  cons i s t en t  resul ts .  Outen e t a l .  (11) also compared  forage 
dye b i n d i n g  w i t h  the  Kjeldahl  m e t h o d  and  f o u n d  s ign i f i can t  d i f fe rences  
be tween  t he  resu l t s  of the  two me thods  a n d  expressed  d o u b t  t h a t  dye  b i n -  
d ing  was  a sa t i s fac tory  a l t e r n a t i v e  to the  K~eldah~ method .  

In  this  paper ,  the  use of amido  black is d e m o n s t r a t e d  a nd  those condi -  
t ions  are  deve loped  tha t  are  mos t  su i t ab le  to sugges t  amido  b l a c k  dye 
b i n d i n g  as a s imple,  r ap id  s c r een ing  tes t  for  p r o t e i n  c o n t e n t  i n  a l fa l fa  a nd  
o ther  m i x e d  legumes.  

Materials and methods 

Source of material Forty-six samples of both alfalfa and other legumes from 
various areas were obtained from the  Pennsylvania  State Universi ty  Soil and 
Forage Testing Laboratory. About 70 % of these samples were categorized 
"mostly mixed legumes". 

Sampte preparation. The samples were ground in a Wiley mill using a 
2-ram screen and then reground in a small laboratory Wiley mill (40-mesh 
screen) (A. H. Thomas Co., Scientific Apparatus, Philadelphia, Pa.). 

Dye binding analysis. The citrate-buffered amido black dye (pH 2.2) was the 
same as required in the dye binding method described for milk by the Foss Pro- 
Milk MKII apparatus (1). In  general, t h e  basic technique employed was as 
follows: 

a) the sample, after grinding, was mixed with 20 ml of the dye in a Whir l -Pak  
plastic bag (NASCO, Inc., Fort  Atkinson, Wisconsin) 

b) several reaction periods and different reaction temperatures were selected 
to test for the opt imum interaction conditions between the dye and protein 
of the sample 

c} the supernatant  was recovered by fil tration 
d) light t ransmit tance through the supernatant  was then determined. 

The dye binding values recorded were obtained from the scale on the read- 
out uni t  of the Pro-Milk MKII. The lower scale indicates 0.0 for the unreacted 
dye and i00.0 for water. 

Duplicates of each sample were prepared by weighing 0.300 g into the plastic 
bags, followed by the addition of 20 ml amido black dye solution. The bags were 
then sealed and hung on racks holding ten bags each. The loaded racks were 
placed in a Dubno]~ metabolic shaking incubator (Precision Scientific Inc., 
Chicago, Illinois) covering a stroke of three inches and reciprocating at 44 stro- 
kes a minute.  The study included reaction times of 8, 12 and 24 hours and tem- 
peratures of 50, 55, 60 and 65 ~ C. 

After the reaction the samples were poured into the mixing tube of the Pro- 
Milk MKII, passed with air pressure through its specific sil icon-treated filter 
paper into the flow-through cuvette of the apparatus. Upon stabilization of the 
galvanometer needle, the dye binding value (DBV) was read. 

All samples were also analysed for crude protein content by the macro- 
KjeIdahl method. 
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Results  and discussion 

A series of p re l imina ry  invest igat ions was conducted to de te rmine  the 
pa rame te r s  for  the f inal  evaluat ion of the 46 alfalfa  samples.  I t  was  found 
tha t  increasing react ion t imes (up to 24 hours) also increased the dye bin-  
ding values obta ined (Fig. 1). A t ime of 24 hours  appeared  to be  the 
most  sui table react ion t ime for  a routine method,  and 24 hours  is bel ieved 
to be  the beginning of a p la teau in Fig. 1. As the reaction t empe ra tu r e  
increased f rom 50 to 60 ~ C, the dye binding values increased but  a t  65 ~ C 
the dye binding values were  lower  again (Fig. 2). 

The number  of dye  ions bound per  molecule is a lways  higher  for  dena-  
tured than  na t ive  prote ins  (4, 5, 6). Therefore,  it could be assumed tha t  the 
t empera tu re  is changing the protein to a more  dena tured  state as i t  increa-  
sed f rom 50 to 60 ~ C, since the dye  binding values increased under  these 
conditions. There  mus t  be an op t imum to this relationship,  since at  65 ~ C 
a decrease in the  dye binding values was observed. I t  is possible tha t  heat  
denatura t ion  or other  phenomena  occurred above 60 ~ C causing conditions 
tha t  lowered the prote in 's  dye binding capacity.  

Using 24 hours  and 60~  the dye binding values  were  corre la ted  to 
macro-Kje ldah!  values. A correlat ion of 0.88 was obtained. The l inear  
regression equat ion obtained was K m =  2.98 + 0.227 (DBV). This equat ion 
would account  for 78 ~ of the total  var ia t ion  in macro-Kjeldahl  values. 
The s tandard  e r ro r  of es t imate  b y  the  dye binding method was 1.67. 

In  summary ,  this s tudy with  amido black dye and the Foss Pro-Milk 
M K I I  appara tus  was designed to de termine  the conditions necessary for  
m a x i m u m  dye binding values wi th  such forage crops as alfalfa and other  
legumes. These conditions are  basic to a sui table method for  the deter -  
minat ion of prote in  in forage. Pas t  work  dealing with  the measu remen t  of 
a l falfa  prote in  b y  dye binding shows invest igat ions of t empe ra tu r e  as a 
p a r a m e t e r  tha t  m a y  influence dye binding values. F rom this s tudy it  can 
be concluded that:  
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Fig. 2. (see t ex t )  

1. t e m p e r a t u r e  p l a y s  a n  i m p o r t a n t  r o l e  i n  o b t a i n i n g  d y e  b i n d i n g  v a l u e s  
a n d  m u s t  b e  s t r i c t l y  c o n t r o l l e d ;  w i t h  60 ~ C y i e l d i n g  c lo se  to  m a x i m u m  
v a l u e s ;  

2. a r e a c t i o n  t i m e  of  24 h o u r s  y i e l d s  c lo se  to  m a x i m u m  d y e  b i n d i n g  
v a l u e s ;  

3. a m i d o  b l a c k  d y e  is s u i t a b l e  f o r  m e a s u r i n g  f o r a g e  l e g u m e  p r o t e i n  c o n -  
t e n t ;  

4. t h e  P r o - M i l k  M K I I  is a d a p t a b l e  to  m e a s u r i n g  a l f a l f a  p r o t e i n ;  
5. d e v e l o p m e n t  of  a s t a n d a r d  m e t h o d  w o u l d  b e  d e s i r a b l e .  

Summary 

A l t h o u g h  dye  b i n d i n g  h a s  b e e n  sugges t ed  for  t h e  d e t e r m i n a t i o n  of a l fa l fa  
p r o t e i n  con ten t ,  a s t a n d a r d  m e t h o d  ha s  no t  b e e n  a d v a n c e d .  More  da t a  a re  neces -  
sa ry  on  t h e  cond i t i ons  r e q u i r e d  for  t h e  d y e - p r o t e i n  reac t ion .  R e a c t i o n  t i m e s  of 
8, 12 a n d  24 h o u r s  a n d  r e a c t i o n  t e m p e r a t u r e s  of 50, 55, 60 a n d  6 5 ~  w e r e  se lec-  
ted  to o b t a i n  dye  b i n d i n g  v a l u e s  (DBV) w i t h  t he  Foss P r o - M i l k  a p p a r a t u s .  A 
c o r r e l a t i o n  of 0.88 w i t h  macro-Kjeldahl va lues  was  ob ta ined .  60 ~ C a n d  24 h o u r s  
r e a c t i o n  t i m e  c a n  be  c o n s i d e r e d  c o n d i t i o n s  y ie ld ing  m a x i m u m  DBV. I t  is sug-  
ges ted  to deve lop  a s t a n d a r d  m e t h o d  for  t h e  r o u t i n e  m e a s u r e m e n t  of f o r a g e  
l e g u m e  con ten t .  

Zusammenfassung 

O b w o h l  F a r b s t o f f b i n d u n g  schon  als  P r o t e i n t e s t  ffir L u z e r n e  v o r g e s c h l a g e n  
Worden  ist, is t  e in  S t a n d a r d v e r f a h r e n  noch  n ich t  e n t w i c k e l t  worden .  W e i t e r e  
G r u n d l a g e n  f iber  die V e r h ~ l t n i s s e  de r  F a r b s t o f f - P r o t e i n - R e a k t i o n  s ind  e r f o r d e r -  
lich. Mi t  e i n e m  F o s s - P r o - M i l c h - M k - I I - G e r ~ i t  w u r d e n  F a r b - P r o t e i n - V e r b i n d u n g s -  
w e r t e  e r m i t t e l t  nach  R e a k t i o n s z e i t e n  yon  8, 12 u n d  24 S t u n d e n  u n d  m i t  T e m -  
P e r a t u r e n  yon  50, 55, 60 u n d  65 r C. Der  K o r r e l a t i o n s k o e f f i z i e n t  m i t  d e m  K j e l -  
d a h l - S t a n d a r d v e r f a h r e n  w a r  0,88. R e a k t i o n s b e d i n g u n g e n  yon  60 ~ C u n d  24 S t u n -  
den  b r a c h t e n  die hSchs t en  F a r b - P r o t e i n - V e r b i n d u n g s w e r t e .  Es w i r d  e m p f o h l e n ,  
e ine  S t a n d a r d m e t h o d e  if ir  die rou t inem~i3 ige  E r f a s s u n g  des P r o t e i n g e h a l t e s  d ie-  
ser  F u t t e r m i t t e l  a u s z u a r b e i t e n .  
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