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A b s t r a c t  

S e l e c t i o n  o f  a  Yeas t  S t r a i n  f o r  Sweet S o r g h u m . F e m e n t a t i o n  

Melvin  C .  Bowling 
Albany J u n i o r  C o l l e g e ,  Albany,  G e o r g i a  

Seven n a t u r a l  and e i g h t  commercial  y e a s t  s t r a i n s  were  t e s t e d  f o r  f e rment -  
i n g  t h e  h i g h  s u g a r  c o n t e n t  o f  swee t  sorghum j u i c e  w i t h  a  h i g h  y i e l d  of  
a l c o h o l  and a h i g h  p e r c e n t a g e  u t i l i z a t i o n  o f  t h e  s u g a r  w i t h i n  a t e n  day 
p e r i o d .  The sorghum j u i c e  pH was a d j u s t e d  t o  r a n g e  between 4 and 5.  
A compar ison w a s  made w i t h  and w i t h o u t  a n  added n i t r o g e n  s o u r c e .  Fermenta- 
t i o n  t e m p e r a t u r e s  were  m a i n t a i n e d  a t  2 7 ' ~ .  

The American Type C u l t u r e  C o l l e c t i o n  #918, a  Saccharomyces s p e c i e s -  f e rmented  
t h e  sorghum j u i c e  a t  t h e  26 and 18-20 b a l l i n g  ( b r i x ) .  No y e a s t  s t r a i n  was 
found t o  f e r m e n t  t h e  30 b a l l i n g  j u i c e  w i t h i n  a  t e n  day p e r i o d  a t  90% 
u t i l i z a t i o n .  
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PURPOSE 

To s e l e c t  a  y e a s t  s t r a i n  which w i l l  f e r m e n t  t h e  h i g h  s u g a r  c o n t e n t  o f  sorghum 
j u i c e  a t  27OC and y i e l d  a  h i g h  a l c o h o l  c o n t e n t .  

PROCEDURE 

Y e a s t  Procurement  

- The f o l l o w i n g  c u l t u r e s  of  y e a s t  were  purchased  from t h e  American Type C u l t u r e  
C o l l e c t i o n ,  12301 P a r k l a v n  D r i v e ,  R o c k v i l l e ,  Maryland 20852. 

ATCC 26603 Saccharomyces c e r e v i s i a e  
918  5. s p e c i e s  

26602 - S .  uvarum 

The above y e a s t  s t r a i n s  a r e  a v a i l a b l e  f r e e  from t h e  C u l t u r e  C o l l e c t i o n  Re- 
s e a r c h ,  F e r m e n t a t i o n  L a b o r a t o r y ,  USDA, 1815 Nor th  U n i v e r s i t y  S t r e e t ,  P e o r i a ,  
I l l i n o i s ,  61604. NRRL Y-2034 Saccharomyces -- c e r e v i s i a e  was r e c e i v e d  a s  a n  
a d d i t i o n a l  s t r a i n  f rom t h i s  s o u r c e .  

The commercia l ly  used  s t r a i n s  below were  d o n a t e d  by V i k i n g  D i s t i l l e r y ,  Albany,  
G e o r g i a .  

Red S t a r  ( b a k e r y  y e a s t ,  d e h y d r a t e d ,  U n i v e r s a l  Foods) 
Budweiser (compressed b r e w e r ' s  y e a s t )  

T r ~ o  a d d i t i o n a l  commerical  y e a s t  t e s t e d  were  

F l e i s c h m a n n ' s  A c t i v e  Dry Yeas t  ( S t a n d a r d  Brands ,  I n c . )  
F i s h e r ' s  y e a s t  (Brewers ,  F i s h e r  S c i e n t i f i c  Co.)  

The n a t u r a l  y e a s t s  were  c o l l e c t e d  from p l a n t s  o r  n a t u r a l  s o l u t i o n  o f  h i g h  s u g a r  
c o n t e n t .  The y e a s t  were  i s o l a t e d  by t e m p e r a t u r e  g r a d i e n t s ,  t h i o g l y c o l l a t e  
medium, s t r e a k  and pour  p l a t e s  o f  y e a s t  ma in tenance  a g a r ,  20 and 25% g l u c o s e  
s o l u t i o n s  a t  pH's o f  3 , 4 , 5 ,  and 6 ,  a n d / o r  5% sorghum s o r t .  The more s u c c e s s f u l  
t e c h n i c  of  i s o l a t i n g  t h e  n a t u r a l  y e a s t  from o t h e r  p r o t i s t a  and p r o c a r y o t s  
was w i t h  t h e  a c i d - g l u c o s e  t o  pour  p l a t e s ?  t o  m i c r o s c o p i c  examina t ion ;  t o  YMA 
s l a n t s .  The i s o l a t e s  w e r e . m a i n t a i n e d  on r e f r i g e r a t e d  nlA s l a n t s .  ' The 
f o l l o v ~ i n g  n a t u r a l  y e a s t  s t r a i n s  were  t e s t e d .  

A J C  0 1  from b r o c h l l i  h e a d ,  Lee Co., GA 4 / 2 2 / 8 1  

A J C  02 . f rom c o r n  s i l k ,  Lee  C u . ,  GA 7 / 1 / 8 1  

A J C  04 Sweet  sorghum, C r i f f i n  A g r i c u l t u r e  Expt. Sta . . ,  GA 6 / 1 7 / 8 1  

A J C  05 ~ y e r ' s  Sorghum j u i c e ,  B l a i r s v i l l e ,  GA 1 0 / 1 8 / 8 0  

A J C  06 G r a i n  sorghum h e a d ,  Richmond, GA 1 1 / 1 / 8 0  

AJC 07 G r a i n  snrghum h e a d ,  Westover  Road, Do. Co., GA 1 / 2 1 / 8 1  

A J C  08 G r a i n  sorghum h e a d ,  S i l k  Hope Road, Chatam CO., N C .  9 / 1 / 8 1  



Pfedia f o r  F e r m e n t a t i o n  - 

Sorghum syrup  was purchased  from Roy F a r r e l l  o f  C o r d e l e ,  G A ,  and from New 
Communities, I n c . ,  L e e s b u r g ,  GA.  Sorghum j u i c e  (one s q u e e z i n g )  was purchased  
from t h e  Dyers ,  R l a i r s v i l l e ,  GA.  D i l u t i o n s  and r e a d i n g s  o f  s u g a r  c o n t e n t  
was made by u s e  of  B a l l i n g  ( B r i x )  h y d r o m e t e r s .  The sorghum j u i c e  had a n  
i n i t i a l  b a l l i n g  o f  1 8 . 5  - 21.5.  u n d i l u t e d  s y r u p  h a s  more t h a n  a  30 b a l l i n g .  

The pH of t h e  f e r m e n t a t i v e  medium was a d j u s t e d  where  n e c e s s a r y  t o  r a n g e  from 
4  t o  5  w i t h  H2SO4. A n i t r o g e n  s o u r c e  i n  t h e  form of  0 .8% Ammonium Monophos- 
p h a t e  [(NH4)214P04] was added t o  some media .  400 m l .  o f  medium was used p e r  
f e r m e n t a t i o n .  The medium was s t e r i l i z e d  i n  t h e  f e r m e n t a t i o n  f l a s k s  p r i o r  t o  
i n o c u l a t i o n .  

Y e a s t  Kart 

Y e a s t  s t r a i n s  were  t r a n s f e r r e d  t o  a  5  b a l l i n g  sorghum d i l u t i o n .  40 m l  o f  wor t  
was used a s  t h e  inoculum f o r  t h e  f l a s k s .  Dur ing  f e r m e n t a t i o n ,  t h e  a e r a t i o n  o r  
l a c k  of  a r e a t i o n  d i d  n o t  a l t e r  t h e  r e s u l t s .  

Fe rmenta t ion  F l a s k s  

A 500 m1,Erlenmyer f l a s k  o u t f i t t e d  a s  i n  Diagram A s e r v e d  a s  t h e  f e r m e n t a t i o n  
f l a s k .  

A l c o h o l  Produced and P e r c e n t  U t i l i z a t i o n  

The amount o f  a l c o h o l  produced was computed by d e t e r m i n i n g  t h e  d i f f e r e n c e  be- 
tween t h e  o r i g i n a l  b a l l i n g  measurement from t h e  s u b s e q u e n t  r e a d i n g s  and 
m u l t i p l y i n g  by t h e  maximum a l c o h o l  p r o d u c t i o n  f a c t o r ,  0 .511 .  The amount o f  
s u g a r  used by t h e  y e a s t  s t r a i n s  f o r  f e r m e n t a t i o n  d i v i d e d  by t h e  o r i g i n a l  
b a l l i n g  r e a d i n g  e q u a l s  t h e  p e r c e n t  u t i l i z a t i o n .  

When t h e  b a l l i n g  r e a d i n g  d i d  n o t  change a f t e r  s u c c e s s i v e  r e a d i n g s ,  f e rmenta -  
t i o n  was assumed t o  h a v e  c e a s e d .  D i l u t i o n  p l a t e  t e c h n i c  was u s e d  t o  coun t  
t h e  y e a s t  a f t e r  e a c h  r e a d i n g .  

F e r m e n t a t i o n  Tempera tu re  

The t e m p e r a t u r e  d u r i n g  f e r m e n t a t i o n  was m a i n t a i n e d  a t  27OC. 

I n  t a b l e  .I a t  30 b a l l i n g ,  t h e :  n a t u r a l  yeast . . . to.ok c o n s i d e r a b l y .  I o n g e r  
t o  f e rment  t h e  s u g a r s .  The a d d i t i o n  o f  a  n i t r o g e n  s o u r c e  d i d  a p p r e c i a b l y  a l t e r  
t h e  r a t e  o f  f e r m e n t a t i o n s .  Of t h e  commercia l  y e a s t s ,  o n l y  F i s h e r ' s  produced 
l e s s  w i t h  a  n i t r o g e n  s o u r c e .  The h i g h e s t  y i e l d ,  h i g h e s t  5 u t i l i z a t i o n  o f  
s u g a r ,  and l e a s t  t ime  was F l e i s c h m a n n ' s  y e a s t .  A l l  inoculums d e c r e a s e d  i n  
number o f  i n d i v i d u a l s  a t  t e r m i n a t i o n .  



500 ml Erlenmyer Flas'k' 



TABLE 1.. 30 BALLING 

Alcohol  Orig-Fircal P e r c e n t  Days 
Yeas t  S t r a i n  B a l l i n g  B a l l i n g  P e r c e n t  O r i g i n a l  1 U t i l i z a t i o n  Ferment 

ATCC 26603 30 13.29 26/30 86.7 1 4  

3 0 11.24 22/30 73.3  20 

ATCC 918 3 0 .  

ATCC 26602 3 0 

NRRLY- 2034 3 0 

3 0 

Red S t a r  30 

Budweiser 3 0 

30   leis chmann' s 

F i s h e r ' s  30 

3 0 

'NO a d d i t i o n  bf' (NH4) 2HP04 



TABLE I.. 

Alcohol Orig-Final  Percent  Days 
Yeast S t r a i n  Ba-ling ~ a l l i n ~ l  Percent  O r i g i n a l  U t i l i z a t i o n  Ferment 

A J C  01 30 12.26 24/30 . 80.0 2  2  

A J C  02 

A J C  04 30 

A J C  05 

A J C  06 

A J C  08 

'NO a d d i t i o n  of (NH4)2HP04 



Table  I1 c o n t a i n s  t h e  r e s u l t s  of  t h e  i n t e r m e d i a t e  b a l l i n g s ,  25-26.5. Of t h e  
commercial y e a s t ,  F l e i s c h m a n n ' s  produced more a l c o h o l  a t  a  h i g h e r  p e r c e n t  o f  
u t i l i z a t i o n  w i t h i n  t h e  l e , a s t  t ime .  The n a t u r a l  y e a s t  h a v e  a  h i g h e r  p e r c e n t  of 
u t i l i z a t i o n  b u t  a l l  r e q u i r e  s i x t e e n  d a y s  o r  l o n g e r .  The inoculurns v a r i e d  i n  
number of  i n d i v i d u a l s  a t  t e r m i n a t i o n .  

T a b l e s  111 l i s t  t h e  r e s u l t s  a t  low b a l l i n g s .  The n a t u r a l  y e a s t ,  A J C  0 7 ,  had 
o n e  f e r m e n t a t i o n  a t  a 95% u t i l i z a t i o n  and 9 .71% a l c o h o l .  The y e a s t  s t r a i n  

-. ATCC 26603 s u r p a s s e d  A J C  07 w i t h  a  n i t r o g e n  a d d i t i v e .  ATCC 918 pe r fo rmed  b e s t  
w i t h o u t  t h e  n i t r o g e n  a d d i t i v e  i n  t e rms  o f  d a y s  f e r m e n t a t i o n .  



TABLE 11. INTERMEDIATE BALLINGS 

Alcohol  Or ig -F ina l  P e r c e n t  Days 
Yeast '  S t r a i n  B a l l i n g  B a l l i n g  1 P e r c e n t  O r i g i n a l  U t i l i z a t i o n  Ferment 

ATCC 26603 26.5 12.78 25126.5 9 4 . 3  1 8  

25.5 11.24 22125.5 86 .3  5  

ATCC 918 2  6  1 2 . 0 1  23.5126 90.4  9  

2  6  11 .75  23/26 88 .5  19 

ATCC 26602 2  6  12.26 24/26 9 2 . 3  16 

2  5  10.99 21.5125 86 .0  19 

NRRLY-2034 2  6  11.75 23/26 88.5  1 0  

Red S t a r  25 

Budweiser 2  5  

F le i schmann ' s  26.5  

F i s h e r  25 7 .92 15.5125 62 .0  6 

A J C  02 2  5  12.14 23.75125 95.0 1 3  4  



T a b l e  11. I n t e r m e d i a t e  B a l l i n g  (Cont inued)  

1 
Alcohol  Or ig -F ina l  - P e r c e n t  Day s 

Yeas t  S t r a i n  B a l l i n g  B a l l i n g  . P e r c e n t  O r i g i n a l  U t i l i z a t i o n  Ferment 

A J C  0 4  

A J C  05 

A J C  06 

A J C  07 

A J C  08 

'NO a d d i t i o n  o f  (NH4) 2HP04 

I 



TABLE 111. LOW BALLINGS 

A l c o h o l  O r i g - F i n a l  P e r c e n t  Days , 

Y e a s t  S t r a i n  B a l l i n g  ~ a 1 l i . n ~  l P e r c e n t  O r i g i n a l  U t i l i z a t i m  Ferment  

ATCC 26603 20 10 .17  1 9 . 9 / 2 0  9 9 . 5  7  

ATCC 26602 

NRRLY- 2034 



Table  111. Low B a l l i n g s  (Cont inued)  

Alcohol  Or ig -F ina l  P e r c e n t  Days 
Yeas t  S t r a i n  B a l l i n g   alli in^ ' P e r c e n t  O r i g i n a l  U t i l i z a t i o n  Ferment 

Red S t a r  20 8.94 17.5120 . 87.5 8 

2 0 9 .07 17.75120 88.8 11. 

2 0 8 .94 17.5120 87.5 5 

Budweiser 20 9 .45 18.5120 92.5  9 

20 4 -09 8/20 40.0  16 

20 6.90 13.5120 6 7 . 5  7 

Fleischmann'  s 18 .5  9 .34  18.25/18.5  98.6 1 3  

2 0 9 . 7 1  19 / 20 95 .O 1 0  

2 0 9.20 181 20 90 .0  7 

2 0 7.41 14.5120 . 72.5 2 0 

2 0 8 .18  16 / 20 80.0 6 

20 9 .20 18/20 90 . O  7 

F i s h e r  

. 
'NO a d d i t i o n  of ' ( N H ~ ) ~ H P o ~  



TABLE 111. 

Alcohol Orig-Final  Percen: Days 
Yeast S t r a i n  Ba l l i ng  13alling1 Percent  O r i g i n a l  U t i l i z a t i o n  Ferment 

AJC 0 1  2  0 9 .96  19 .5120  97 .5  1 4  

AJC 0 2  

AJC 0 4  

AJC 05 

A J C  07 

A J C  0 8  2  0  
\ 

2  0  



CONCLUSIONS 

A y e a s t  s t r a i n  was n o t  fo.und which would fe rment  swee t  sorghum j u i c e  above t h e  
90% u t i l i z a t i o n  i n  l e s s  t h a n  t e n  days  f o r  b a l l i n g s  above 25. ATCC 918 was t h e  
o n l y  y e a s t  t o  f e r m e n t  a n  i n t e r m e d i a t e  b a l l i n g ,  26,  above t h e  90% u t i l i z a t i o n  
w i t h i n  t e n  d a y s .  A t  t h e  low b a l l i n g s ,  ATCC 26603, ATCC 918,  Budweiser ,  and 
A J C  07 fe rmented  above 90;; u t i l i z a t i o n  w i t h i n  t e n  d a y s .  

ATCC 918 and AJC 07 were  t h e  on ly  y e a s t  s t r a i n s  t o  pe r fo rm t h e  above fe rmenta -  
t i o n s  a t  t h e  low b a l l i n i s  w i t h o u t  a  n i t r o g e n  a d d i t i v e .  

ATCC 918  w i t h  a  n i t r o g e n  a d d i t i v e  performed t h e  b e s t  a t  t h e  i n t e r m e d i a t e  b a l l i n g .  
A t  t h e  lower  b a l l i n g  ATCC performed b e t t e r  w i t h o u t  a  n i t r o g e n  a d d i t i v e .  From 
t h e s e  l i m i t e d  t e s t s ;  ATCC 918  Saccharomyces s p e c i e s  produced t h e  h i g h e s t  y i e l d  
of  a l c o h o l  w i t h  t h e  higl.les t u t i l i z a t i o r i  p e r c e n t a g e .  

A n o t e  o f  thanks  t o  Don Eragg ,  s t u d e n t  r e s e a r c h  a s s i s t a n t .  




