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I I n  t h e  United S t a t e s ,  because  o f  r e c e n t  i n c r e a s e s  i n  cheese pro-  
duc t ion  t o  n e a r l y  4 b i l l i o n  pounds y e a r l y ,  more t h a n  38 b i l l i o n  pounds 
of f l u i d  whey are  g e n e r a t e d  each  y e a r .  Although c o n s i d e r a b l e  advances 
have been made r e c e n t l y  i n  deve loping  novel  approaches f o r  t h e  u t i l i z a -  
t i o n  of  s u r p l u s  whey, more t h a n  h a l f  of  t h e  whey produced i s  thrown 
away o r  dumped i n t o  t h e  sewer.  For example, i n  Nebraska only  140 m i l -  
l i o n  of  t h e  700 m i l l i o n  pounds of  whey produced a n n u a l l y  a r e  u s e d ,  
w h i l e  560 m i l l i o n  pounds a r e  was ted .  

f a t  and s a l t s .  A s  s u c h ,  dumping huge q u a n t i t i e s  o f  whey down t h e  d r a i n  
c o n s t i t u t e s  a s i g n i f i c a n t  l o s s  of a p o t e n t i a l  energy  s o u r c e  as w e l l  as 
imposing a l a r g e  b iochemica l  oxygen demand on our waste w a t e r  t r e a t m e n t  
f a c i l i t i e s .  Fermentat ion of  t h e  l a c t o s e  t o  e t h a n o l  f o r  u s e  i n  gasohol  
(10% a lcohol /90% g a s o l i n e  f u e l  b lend)  i s  a n  a t t r a c t i v e  a l t e r n a t i v e  i n  
l i g h t  o f  t o d a y ' s  c u r r e n t  pe t ro leum s h o r t a g e s  and ever i n c r e a s i n g  c o s t s .  

Pre l iminary  s t u d i e s  r e v e a l e d  t h a t  l a c t o s e  i n  s w e e t  a s  w e l l  as a c i d  
whey can be  fermented i n t o  a l c o h o l .  Whey o b t a i n e d  from t h e  manufacture  
o f  Cheddar, Mozzare l la ,  Swiss  and o t h e r  h a r d  cheeses  is sweet whey, 
whereas t h e  Cot tage  cheese  whey i s  c a l l e d  a c i d  whey because  of i t s  h i g h  
a c i d  c o n t e n t .  To o p t i m i z e  t h e  economics o f  t h e  p r o c e s s ,  t h e  h i g h l y  
n u t r i t i o u s  and r e l a t i v e l y  expens ive  whey p r o t e i n s  w e r e  recovered  by 
u l t r a f i l t r a t i o n  and t h e  r e s u l t i n g  permeate  used f o r  a l c o h o l  p r o d u c t i o n .  
One hundred m i l l i l i t e r  a l i q u o t s  o f  permeate  were i n o c u l a t e d  w i t h  a 

Liquid  whey c o n t a i n s  approximate ly  5% l a c t o s e ,  1% p r o t e i n  and 1% 

t r a i n e d  l a c t o s e  fe rment ing  -Kluyveromyces y e a s t  or a combinat ion o f  E. 
f r a  i l i s  and t h e  c l a s s i c a l  a l c o h o l  producer  Saccharom c e s  c e r e v i s i a e .  
as :hewn i n  Table  1, t h e r e  were no d i f f e r e n c e s  i n  t h e ' u t i l i z a t i o n  o f  
l a c t o s e  o r  t h e  p r o d u c t i o n  of  e t h a n o l  when e i t h e r  t h e  E. f r a g i l i s  o r  t h e  
mixed c u l t u r e  was used .  

Table  1. Fermentat ion e f f i c i e n c y  of s e l e c t e d  organisms i n  sweet whey 
permea t e a  

C u l t u r e  
% Residual  l a c t o s e  % Ethanol  

12h 24h 2 4h 

K .  f r a g i l i s  

K .  f r a g i l i s  + S .  c e r e v i s i a e  0 . 2 5  0 . 1 2  2 .0  

aThe whey permeate  c o n t a i n e d  5 . 1 %  l a c t o s e  i n i t i a l l y .  

T h e o r e t i c a l l y ,  180 grams o f  l a c t o s e  would b e  expec ted  t o  y i e l d  92 
grams o f  e t h a n o l  and 88 grams o f  carbon d i o x i d e .  The 5.1% l a c t o s e  i n  
whey would y i e l d  approximate ly  2 . 5 %  e t h a n o l  assuming 100% e f f i c i e n c y .  
A more r e a l i s t i c  e s t i m a t e  of 70-75% e f f i c i e n c y  would r e s u l t  i n  t h e  pro-  
d u c t i o n  o f  70 m i l l i o n  g a l l o n s  o f  e t h a n o l  from t h e  23 b i l l i o n  pound 
annual  whey s u r p l u s  i n  t h e  U.S. According t o  our e s t i m a t e s  (Table  2)  
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the c o s t  would be $1.02 t o  $1 .07  p e r  g a l l o n  of e t h a n o l .  These f i g u r e s ,  
however, are based  on d r y  whey powder and do n o t  t a k e  i n t o  account  t h e  
u n f e a s i b i l i t y  o f  d i s t i l l i n g  a d i l u t e  fe rment  o f  2% a l c o h o l .  Low energy 
c o n c e n t r a t i o n  would b e  r e q u i r e d  i n  o r d e r  t o  make f e r m e n t a t i o n  o f  l i q u i d  
whey economical ly  f e a s i b l e .  

Table  2 .  Costs f o r  producing  e t h a n o l  from d r i e d  whey powder 

Whey c o s t s a  
By-product c r e d i t  

Di rec t  c o s t s  
Conversion 
Loan interest  

b 
Deprec ia t ion  
Taxes 
20% r e t u r n  

I n d i r e c t  c o s t s  
13  

8 
8 

$ 1.07 

aBased on 20 l b s  o f  d r i e d  whey @ $5.50/cwt .  

bFigures  adapted  from S c h e l l e r  (1). 

A d d i t i o n a l l y ,  a n o t h e r  p r o c e s s  i n v o l v i n g  f e r m e n t a t i o n  of  whey:grain 
mixtures  h a s  a l s o  been  developed  i n  o u r  l a b o r a t o r y .  A s  shown i n  F i g .  
1, t h e  whey permeate  r e p l a c e s  the w a t e r  r e q u i r e d  i n  t h e  p r e p a r a t i o n  of 
the g r a i n  mash. The amount of c o r n  which i s  o t h e r w i s e  r e q u i r e d  i s  re- 
duced p r o p o r t i o n a t e l y  t o  t h e  amount o f  whey s u g a r  i n  t h e  process  and 
the r e s i d u a l  whey s o l i d s  a r e  p a r t  o f  t h e  d i s t i l l e r ' s  d r i e d  g r a i n .  This  
p r o c e s s  r e q u i r e s  n o  equipment m o d i f i c a t i o n  o t h e r  t h a n  t h e  a d d i t i o n  of  a 
whey handl ing  f a c i l i t y  a t  t h e  a l c o h o l  p l a n t .  

Figure 3 shows t h e  c o u r s e  of f e r m e n t a t i o n  by E. f r a g i l i s  when mash 
w a s  p repared  w i t h  s w e e t  whey permeate  and 20% less c o r n  t h a n  normal. 
There appeared t o  b e  adequate  s u g a r  f o r  f e r m e n t a t i o n  by  t h e  E. f r a g i l i s  
a s  i n d i c a t e d  by t h e  p r o d u c t i o n  of approximate ly  12% a l c o h o l  i n  60 
h o u r s .  
water a l so  appeared  t o  have  no a d v e r s e  e f f e c t  on the f e r m e n t a t i o n .  As  
shown i n  Table  3 ,  t h e  p r o d u c t i o n  was s l i g h t l y  h i g h e r  i n  the e a r l y  
s t a g e s  when whole whey r a t h e r  t h a n  permeate  was used .  By 60 h o u r s ,  
however, t h e  sweet whey p e r m e a t e ,  sweet whey and a c i d  whey a l l  produced 
12% e t h a n o l .  

t i o n  e f f i c i e n c y  of t h e  K .  f ra  i l i s  and a mixed c u l t u r e  of  5 .  f r a  i l i s  
and 2. c e r e v i s i a e  on whzy:gra?n mixtures  w i t h  reduced  g r a i n  a h  
comparison, on s t a n d a r d  w a t e r  mashes. P r e l i m i n a r y  r e s u l t s  i n d i c a t e  
that  up t o  24% of  t h e  g r a i n  requi rement  can b e  r e p l a c e d  w i t h  t h e  whey 
w i t h  no a p p a r e n t  loss  i n  f e r m e n t a t i o n  e f f i c i e n c y .  

A f e a s i b i l i t y  s tudy  i s  c u r r e n t l y  underway t o  u t i l i z e  t h e  whey:  
g r a i n  fe rmenta t ion  p r o c e s s  f o r  a 21,000,000 g a l l o n  a l c o h o l  p l a n t  i n  
Wisconsin. Such a p l a n t  would r e q u i r e  about  7 . 5  m i l l i o n  b u s h e l s  of  
corn  and 96  m i l l i o n  g a l l o n s  o f  whey b a s e d  on a 15% r e d u c t i o n  i n  t h e  

S u b s t i t u t i o n  o f  whole sweet  whey o r  whole a c i d  whey f o r  t h e  

A t  t h e  p r e s e n t  t ime s t u d i e s  a r e  underway t o  compare t h e  fermenta- 
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Table 3 .  Ethanol p roduc t ion  by 5 .  f r a g i l i s  w i t h  va r ious  types  of whey 
i n  a 20% reduced g r a i n  system 

~~~ ~- 

% Ethanol  

12h 24h 36h 48h 60h 

Sweet whey permeatea 4 . 4  6 . 7  1 0 . 9  1 1 . 8  1 2 . 2  

7 . 4  1 0 . 7  11 .5  1 1 . 7  1 2 . 1  Sweet whey 

7 . 6  1 0 . 3  1 1 . 8  12 .2  1 2 . 0  b Acid whey 

S u b s t r a t e  

b 

aData a r e  an average  of  f o u r  s e p a r a t e  t r i a l s  w i t h  d u p l i c a t e  

bData a r e  an average  of  t h r e e  s e p a r a t e  t r i a l s  w i t h  d u p l i c a t e  
samples taken  a t  each time i n t e r v a l .  

corn  requi rement .  The s u b s t i t u t i o n  of whey would amount t o  a s av ings  
o f  more than  a m i l l i o n  bushe l s  of corn  p e r  yea r  amounting t o  a t o t a l  of 
n e a r l y  3 m i l l i o n  d o l l a r s  o r  14 c e n t s  p e r  g a l l o n  of a l c o h o l .  

samples taken  a t  each t i m e  i n t e r v a l .  
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