
Biotechnology Letters Vol 12 No 7 531-534 (1990) 
Received 14th June 

SEMICONTINUOUS LACTIC FERMENTATION OF WHEY BY Lactobacillus bulgaricu~ 

I. EXPERIMENTAL RESULTS 

P.A.Sanchez Podlech, M.Furia Luna, Paulo R.Jerke, Carlos A.C.de Souza 

Neto, Rog~rio F. dos Passos, Ozair Souza and Walter Borzani*. 

Centro de Desenvolvimento Biotecnol~gico de Santa Catarina (Biotechno- 

logical Development Center of Santa Catarina),Rua Princesa Isabe l , l l 4 ,  

89200, Jo inv i l l e ,  SC, Brazi l .  

SUMMARY. A Monod-like equation correlates the lac t ic  acid product iv i ty  
and the volume f ract ion of inoculum in semicontinuous fermentation of 
whey by Lactobacillus bulgaricus. The volume of the inoculum varied 
from 10% to 80% of the reactor working volume. 

INTRODUCTION 
Several papers were published on batch and continuous lac t i c  fermenta- 
t ion of whey by L.bulgarieus, using ammonia as the neutral is ing agent, 
with the purpose to produce a ruminant feed supplement high in crude 
protein (Arnott at a l . ,  1958; Gerhardt and Reddy, 1978; Kel ler and 
Gerhardt, 1975; Marshall, 1972; Reddy at al .  1976; Stieber and Ger- 
hardt, 1979; Stieber and Gerhardt, 1981). No information were found 
about the application of semicontinuous technique to the above fermen- 
tat ion.  This is the main purpose of the present paper. 

MATERIALS AND METHODS 
Dehydrated whey (lactose, 73%; protein,  13%; minerals, 9%; fa t ,  I%; 
moisture < 4%) was dissolved in tap water in order to obtain the desi- 
red lactose concentration (39 to 49 g.L - I )  and was then pasteurized 
(70~ 15 min). Yeast extract was added to the fermenter (2.0 g.L-1)at  
the beginning of each fermentation test .  
The f i r s t  inoculum of each semicontinuous test  was prepared adding 80 
mg of lyophi l ized L.bulgaricus to a I -L erlenmeyer f lask containing 
400 ml of a s te r i l i zed  (I15oc; 15 min) culture medium (40g of skim milk 
powder and 360g of tap water) and then incubating the f lask (40-42oc ; 
15h). The f i r s t  fermentation of each semicontinuous test was carr ied 
out in a non-ster i l ized 15-L B io la f i t t e  fermenter under the fol lowing 
conditions: volume of pasteurized whey, 4.8L; volume of inoculum, 1.2L; 
temperature, 45oc; pH 5.6 (automatical ly control led by the addit ion of 
266.1 g.L - I  NH,OH solut ion) ;  impeller speed, 250 min - I .  
When the f i r s t  fermentation was completed, a certain volume of the fer 
mented medium was used as inoculum of the second fermentation, and pay 
teurized whey was added to the reactor in order to f i l l  up the reacto~ 
(working volume = 6.0 L). The other experimental conditions were as 
described above. 
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This technique was successively repeated using, in each serie of tests, 
always the same volume of recently fermented medium as inoculum of the 
next fermentation cycle, Several series of semicontinuous tests were 
carried out using the fol lowing volumes of fermented medium as inocu- 
lum: 0.6 L(B = 0.I0 or 10%), 1.2 L(B = 0.20), 2.4 L(B = 0.40), 3.6 L 
(8 = 0.60) and 4.8 L(~ = 0.80). 
Total sugars concentrations (calculated as lactose) were determined by 
the method described by Montgomery (1961). The lac t i c  acid product iv i -  
t ies were calculated from the ammonium hydroxide consumption because i t  
was observed (Baralle and Borzani, 1987) that the concentration of la- 
c t ic  acid produced is proportional to the volume of NH40H solut ion 
added to the reactor in order to control the fermenting medium pH. 

RESULTS 
Tables 1 and 2 show the results obtained using a fast-fermenting and 
a slow-fermenting L.bul#arious, respectively. 

TABLE I - Results obtained in semicontinuous tests using a fast-ferme~ 
ting L.bulgaricus. 

Test N Vi Vw Sw Va T P 
N.o (L) (L) (g.L - I )  (mE) (h) (g.L-1.h - 1) 

1 9 0.6 5.4 0.I0 49C3 331~6 12C2 2.98 

2 I0 1.2 4.8 0.20 42C2 309CII 8~I 4.19 

3 9 2.4 3.6 0.40 45C3 219C4 4.6C0.5 5.23 

4 6 3.6 2.4 0.60 45CI 146C5 3.9~0.5 4.16 

5 14 4.8 1.2 0.80 43C4 70~4 1.5~0.I 5.26 

TABLE 2 - Results obtained in semicontinuouS tests using a slow-fermen- 
t ing L.bulgarieus. 

Test N ~i ~ ~ Sw I) Va T P 
N.O ( ( (g.L- (mL) (h) (g.L-1.h - I  ) 

6 8 1.2 4.8 0.20 39~6 2 9 2 ~ 5  15~2 2.12 

7 IT 2.4 3.6 0.40 39C4 218• 9~I 2.66 

8 9 3.6 2.4 0.60 43~2 146~6 6.1~0.3 2.66 

Figure 1 shows that,  as was theore t ica l l y  expected, a good proportiona 
l i t y  (V a = 61.6 Vw) was observed between V a and V w. Considering tha t -  
the average value of S w was 43 g.L - I ,  and assuming that a l l  the sugar 
was converted into lac t i c  acid, the fol lowing correlat ion between Va 
and V w would be obtained: Va = 66.2 V w. In other words, the average 
fermentation y ie ld  was 93.0% of the theoret ical  value. 

Figure 2 shows that the fol lowing empirical equations represent the in 
fluence of B on P: 

a) fast-fermenting bacteria: P = 6.37 B/(O. I I I  + 8 )  (1) 
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Fig. l - Proport ional i ty  between the volume of NH. OH solut ion used to 

control the pH (Va) and the volume of whey added to the reac- 

tor  (Vw). Tests were carried out with fast-fermenting (e) 

and with slow-fermenting (o) bacteria. 
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Fig. 2 - Influence of the volume f ract ion of inoculum (B) on the lac t ic  

acid product iv i ty  (P) when fast-fermenting (o) and slow-fer- 

menting (o) bacteria were used. The point indicated by an 

arrow was not considered when equation ( I )  (see text)  was 

obtained. 
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b) slow fermenting bac ter ia :  P = 3.19B/(O.O99+B) (2) 

When the value of B approaches 1.0,  a continuous fermentat ion wi th  no 
ce l l  recyc le is a t ta ined .  In t h i s  case, equations ( I )  and (2) permit 
to evaluate the correspondent l a c t i c  acid p r o d u c t i v i t i e s :  5.73 and 
2.90 g .L-1 .h  - l .  

NOMENCLATURE 
N : number of  fermentat ion cycles a f t e r  the f i r s t  fermentat ion.  

P :~ l a c t i c  acid p roduc t i v i t y .  

S w : average t o ta l  sugars concentrat ion of the whey as lactose (the 
standard dev ia t ion  is  i nd i ca ted ) .  

T : average fermentat ion time (the standard dev ia t ion is i nd i ca ted ) .  

V a : average to ta l  consumption of  NH,OH so lu t i on  (the standard de- 
v ia t i on  is i nd i ca ted ) .  

V i : volume of recen t l y  fermented medium used as inoculum of  the next 
fermentat ion cycle.  

V w : volume of  whey added to the reac to r  at the beginning of each fe r  
mentation cycle.  

B : volume f r a c t i o n  of inoculum = V i / (V i + Vw). 
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