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S u m m a r y  

Fe rmen ta t i o n  of  L-(+)-lactic acid  f rom soluble s ta rch  by Lactobac i l lus  
a m y l o p h i l u s  was studied. The bac te r ium p roduced  abou t  30 g o f  L-(+)-lactic 
acid f rom 50 g of  soluble s tarch w h e n  the  pH of  t he  cu l tu re  was r ang ing  
f rom pH S to pH 6.8 at 28°C. 53.4 g of L-(+)-lactic acid was p r o d u c e d  w h e n  
100 g of starch was added  in the medium.  The f e r m e n t a t i o n  p r o c e d u r e s  will 
r educe  the cost of  comple te  hydro lys i s  of  s tarch to glucose p r io r  to 
f e r m e n t a t i o n .  

I n t r o d u c t i o n  

Lactic acid can be used in food technology as preserva t ive  o r  taste 

enhanc ing  addit ive,  and  is the  source of  polylactic acid, a po lymer  used as 

biodegradable  plastic (Naude 1989). Lactic acid can be p r o d u c e d  by lactic 

acid bac te r ia  in the fo rm of  D-(-)-isomer, L-(+)-isomer, or  r acemic  mixture ;  

or  by chemica l  synthes is  as a racemic  mixture .  The racemic  p o l y m e r  a n d  

L-(+)-lactate p o l y m e r  d i f fer  f rom each  o t h e r  in physica l  p roper t i e s  

(Kulkarn i  e t  al 1971). For instance, lactate p o l y m e r  will possess a h igher  

mel t ing  po in t  a n d  crys ta l l in i ty  w h e n  L-(+)-lactic acid  wi th  h i g h e r  opt ica l  

pu r i ty  is p r e s e n t  in the lactate po lymer .  

Refined glucose a n d  sucrose are  the most  c o m m o n l y  used subst ra te  for 

p roduc ing  lactic acid in f e r me n t a t i on  process.  However,  p r o d u c t i o n  cost 

can be r edu c e d  if s tarch is used, as the sacchar i f ica t ion  process  can be 

el iminated.  Several  studies on the  f e rmen ta t i on  of  lactic acid using s tarch  

as the f e r m e n t a t i o n  substrate ,  have  been  car r ied  out  r ecen t ly  wi th  var ious  

mic roorgan i sms  such as DL-lactic acid p roduc ing  Lactobaci l lus  a m y l o v o r u s  

(Cheng er al 1991, Zang and Cheryan  1991); two kinds of  microorganisms:  

amyloly t ic  e n z y m e  produc ing  Asperg i l lu s  awamor i  and L-(+)-lactic acid  

p roduc ing  Strep tococcus  lacris (Kurosawa et al 1988); and L-(+)-lactic acid 

p roduc ing  R h i z o p u s  oryzae  (Hang 1989; Suntornsuk and  Hang 1994). 
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In  p u r i f i c a t i o n  p rocesses ,  it  is v e r y  di f f icul t  a n d  cos t  i ne f f i c i en t  to  

p u r i f y  L-(+)-lactic ac id  f r o m  b r o t h  m e d i u m  w h e n  v a r i o u s  o t h e r  ac ids  a re  

c o n t a i n e d  in it. A b r o t h  m e d i u m  wi th  no  acid o t h e r  t h a n  L-(+)-lactic ac id  is 

t h e r e f o r e  r e q u i r e d .  

In this  s tudy ,  t h e  p r o d u c t i v i t y  o f  L-(+)-lactlc ac id  f r o m  l i que f i ed  s t a r c h  

u s i n g  L. amylophilus (Nakamura  a n d  Crowell 1979) in  va r ious  c o n d i t i o n s  

has  b e e n  inves t iga ted ,  a n d  t h e  p r e sence  o f  poss ib le  ac ids  in  t h e  b r o t h  

m e d i u m  has  b e e n  analyzed.  

M a t e r i e l s  a n d  M e t h o d s  

Mlcroorgamlsm and medium; 

The LactobaciLlus amylophilus JCM 1125, used in t h e  p r e s e n t  i n v e s t i g a t i o n  

was o b t a i n e d  f r o m  The Ins t i tu te  o f  Phys ica l  a n d  Chemica l  Resea rch  

(Saitama, Japan) .  The  cu l tu re  m e d i u m  c o n t a i n e d  p o l y p e p t o n e  (Nihon  

Pharmaceut ica l ,  Tokyo;  10 g), yeas t  ext rac t  (Kyokuto,  Tokyo;  5 g), so luble  

s t a r ch  (Wako Pure  Chemical,  Osaka; 50 g), Tween 80 (1 g), s o d i u m  aceta te  

(0.5 g), a m m o n i u m  ci trate  (0.5 g), K2HP04 (0.5 g), MgSO4*H20 (0.2 g), 

MnSO4*H20 (0.05 g) in 1 li ter dis t i l led water .  

Cultivation; 

Cul t iva t ion  was p e r f o r m e d  in i l i ter  o f  c u k u r e  m e d i u m  w i t h  2- l i te r  

f e rmen te r .  The  t e m p e r a t u r e  was m a i n t a i n e d  at 28°C wi th  ag i t a t i on  s p e e d  of  

100 rpm.  The pH was control led  at pH 6.8 by adding 20% Na2C03 d u r i n g  

cu l t i va t ion  v ia  a pH cont ro l le r .  N i t rogen  gas was i n t r o d u c e d  in o r d e r  to 

k e e p  a n  a n a e r o b i c  cond i t ion .  

Analysis; 

T h e  c o n c e n t r a t i o n  o f  lactic ac id  a n d  ana lys is  o f  acids  in  b r o t h  m e d i u m  were  

d e t e r m i n e d  by p o s t - c o l u m n  reac t ion  s y s t e m  HPLC (CCPM-II, TOSOH) wi th  

s p e c t r o p h o t o m e r i c  de tec to r  (450 rim). The  analyt ical  condi t ions :  c o l u m n ,  

TSKgel OApak (7.8 m m  x 30 c m x  2) (TOSOH); c o l u m n  tempera ture ,  60°C; 

so lvent  for  e lut ion,  0.75 mM H2S04; so lvent  for react ion,  0.2 mM BTB-15 mM 

Na2HP04 so lu t ion  (pH 8.6); f low late, so lven t  for  e lu t ion ,  0.8 m l / m i n ;  so lvent  

for  reac t ion ,  0.8 m l / m i n .  

T h e  opt ica l  p u r i t y  o f  L-(+)-lactic acid was d e t e r m i n e d  by HPLC (655A-12, 

HITACHI) wi th  s p e c t r o p h o t o m e r i c  d e t e c t o r  (254 nm).  The  analyt ical  

condi t ions ;  co lumn,  TSKgel ENANTIO L1 (4.6 m m x  25 cm) (TOSOH); co lumn 

t e m p e r a t u r e ,  r o o m  t empera tu r e ;  so lvent  for elut ion,  0.5 rnM CuSO4 solu t ion;  

flow late, 0.8 m l / m i n .  
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R e s u l t s  a n d  D i s c u s s i o n  

Figure 1 shows the  p roduc t ion  o f  L-(+)-lactlc ac id  f r o m  l iquef ied  s t a r c h  

at var ious  t empe r a t u r e s .  The concen t r a t i on  of  L-(+)-lactic acid  p r o d u c e d  

was In an increasing o r d e r  at t empera tu re s  f rom 25°C to 35°C, bu t  at 40"C, 

the  p roduc t ion  was m u c h  reduced.  Thus  the o p t i m u m  t e m p e r a t u r e  for  t h e  

p r o d u c t i o n  of  L-(+)-lactic acid is be tween  28°C and  35"C, comparab le  to the  

o p t i m u m  growth  t e m p e r a t u r e  r ange  r e p o r t e d  p rev ious ly  (Nakarnura  a n d  

Crowell 1979). 

In o rde r  to d e t e r m i n e  the  o p t i m u m  pH for the  p r o d u c t i o n  o f  L-(+)-lactic 

acid, the cultivation was pe r fo rmed  at  pH 5.0, pH 6.0, and  pH 6.8. The  pH was 

con t inuous ly  cont ro l led  at  each pH wi th  2096 Na2C03. As shown in Fig. 2, 

t he r e  is no remarkab le  d i f ference  in the  p roduc t ion  f rom pH 5.0 to pH 6.8. 

Figure 3 indicates  the re la t ionship  be tween  the  concen t r a t i on  of  

substrate used  and  the concen t ra t ion  of  L-(+)-lactic acid p roduced .  The 

p roduc t ion  ra te  was broadly  sL~ilnj- for  3 d i f f e r en t  c o n c e n t r a t i o n s  o f  

substrate.  The final L-(+)-lactic acid concen t r a t ion  in the m e d i u m  was 

h i g h e r  w h e n  h i g h e r  ini t ial  s u b s t r a t e  concen t r a t i on  was used.  The  h ighes t  

concen t ra t ion  o f  lactic acid (53.4 g/l)  was observed at  100 g / l  of  initial 

concen t r a t i on  of  l iquef ied starch. However,  the p roduc t ion  rate became 

low when  the concen t ra t ion  o f  the p roduc t  a t ta ined 2.8% and  above. 
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Fig. ] Effect o f  pH and  fe rmen ta t ion  
pe r iod  on  L-(+)-Iactic acid 
p roduc t ion  by  L amylophilu& 
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Fig. 2 Effect o f  t empera tu re  and 
fe rmenta t ion  per iod  on 
L-(~)- lact ic  acid p r o d u c t i o n  
by L. amylophilus. 
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Fig. 3 
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Effect of starch concentrat ion and fermentation period on L-(+)-lactic acid 
production by L eunylophilus. 

Analysis  by  HPLC (resul ts  n o t  shown)  ind ica t ed  tha t  file bacter ia  

p r o d u c e  no  o t h e r  acids besides  lactic acid. 

The  opt ica l  p u r i t y  of  L-(+)-lactic ac id  was  f o u n d  to be 92.5% as shown in 

Figure  4 ind ica t ing  tha t  t he  b a c t e r i u m  p r o d u c e d  L-(+)-lactic acid as the  

m a i n  acid a n d  D-(+)-lactic as t he  minor .  
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Fig.4 Analysis of  optical puri ty of 
lactic acid in the cultured 
medium of/.- amylophilus by 
HPLC. The analytical procedure 
was described in "materials 
and methods". 

In  

m o r e  

Lactobaciilus.  The f e r m e n t a t i o n  p r o c e d u r e s  will 

c o m p l e t e  hydro lys i s  of s ta rch  to glucose.  

conc lus ion ,  a d i rec t  f e r m e n t a t i o n  o f  s ta rch  for  the  p r o d u c t i o n  of  

t h a n  30% of  L-(+)-lactic acid,  was first r e p o r t e d  to be the  genus  

r educe  the  cost  of  
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