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ABSTRACT 
Brewers’ spent grain (BSG) is the major by-product of the brewing industry, representing around 85% of the total by-products 

generated. Per 100 L of beer produced 20 kg of brewer’s spent grain are obtained. BSG is a lignocellulosic material and due to its 
high content of protein and fibre, it can also serve as a raw material in biotechnology i.e. in lactic acid production. In this study 
brewer’s spent grain hydrolysate was produced using optimal conditions. Hydrolysates were used for lactic acid fermentation by 
Lactobacillus rhamnosus ATCC 7469 and Lactobacillus fermentum PL-1. The effects of CaCO3 addition (2%) and different yeast ex-
tract content in hydrolysate on lactic acid yield were investigated. In fermentations with Lactobacillus rhamnosus ATCC 7469 high 
lactic acid yields were obtained (>95%) while in fermentations with Lactobacillus fermentum PL-1 lactic acid yields were low 
(<50%). 
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REZIME 
Pivski trop čini najveći deo sporednih proizvoda proizvodnje piva; približno 85% od ukupnih sporednih proizvoda. Na 100 l pro-

izvedenog piva, dobija se oko 20 kg tropa. Trop nastaje u velikim količinama tokom cele godine, jeftin je ili besplatan. Pivski trop je 
lignocelulozni materijal, bogat proteinima i vlaknima (koji čine oko 20%, odnosno 70% suve materije pivskog tropa) i zbog toga se 
može primenjivati kao sirovina u biotehnologiji tj. u proizvodnji mlečne kiseline. Mlečna kiselina se tradicionalno proizvodi fer-
mentacijom skrobnih i šećernih supstrata pomoću bakterija mlečne kiseline. Upotreba sporednih proizvoda kao sirovine za proizvod-
nju mlečne kiseline može značajno unaprediti ekonomičnost i održivost procesa proizvodnje piva. Za proizvodnju mlečne kiseline 
pivski trop se mora hidrolizovati. U ovom radu hidorlizat pivskog tropa je proizveden pod optimalnim uslovima. Hidrolizat pivskog 
tropa je korišćen u mlečno-kiseloj fermentaciji pomoću Lactobacillus rhamnosus ATCC 7469 i Lactobacillus fermentum PL-1. U 
radu je takođe ispitan uticaj dodatka CaCO3 (2%) i različitih sadržaja ekstrakta kvasca u hidrolizatu na prinos mlečne kiseline. U 
fermentacijama u kojima je kao proizvodni mikroorganizam korišćen Lactobacillus rhamnosus ATCC 7469 ostvareni su visoki pri-
nosi mlečne kiseline tj. preko 95% dok su prinosi mlečne kiseline ostvareni u fermentacijama sa Lactobacillus fermentum PL-1 bili 
ispod 50%.   

Ključne reči: Mlečna kiselina, Lactobacillus rhamnosus ATCC 7469, Lactobacillus fermentum PL-1, hidrolizat pivskog tropa. 
 

INTRODUCTION 
Lactic acid has a wide range of applicatioins in food, phar-

maceutical, cosmetic, textile and polymer industries (Djukić-
Vuković et al., 2012a). Currently, there is an increased demand 
for lactic acid as a raw material for the production of biopolymer 
poly-lactic acid (PLA) which is a promising biodegradable, bio-
compatible, and environmentally friendly alternative to plastics 
derived from petrochemicals (Abdel-Rahman et al., 2011). Food 
and food-related applications account for approximately 85% of 
the demand for lactic acid, whereas the nonfood industrial appli-
cations account for only 15% of the demand (John et al., 2009). 
There are two optical isomers of lactic acid, L-(+)-lactic acid and 
D-(-)-lactic acid (Lu et al., 2010). Lactic acid can be manufac-
tured either by chemical synthesis or by microbial fermentations 
(Reddy et al., 2008). Chemical synthesis of lactic acid is mainly 
based on the hydrolysis of lactonitrile by strong acids, which 
provide only the racemic mixture of D-(-)- and L-(+)-lactic acid 
(John et al., 2007). In contrast, a desired isomer of lactic acid 
can be produced via fermentation using selected lactic acid-
producing strains (Cui et al., 2011). Besides this, microbial lactic 
acid fermentation offers an advantage in terms of the utilization 
of renewable carbohydrate biomass, low production temperature, 
and low energy consumption. Presently, almost all lactic acid 

produced worldwide comes from the fermentative production 
route (Abdel-Rahman et al., 2011). The demand for lactic acid 
has been estimated to grow yearly at 5–8% (Yadav et al., 2011). 
The annual world market for lactic acid production was expected 
to reach 367,300 metric tons by the year 2017 (Abdel-Rahman et 
al., 2013). 

Brewers’ spent grain (BSG) is the major by-product of the 
brewing industry, representing around 85% of the total by-
products generated (Xiros and Christakopoulos, 2012). Per 100 
L of beer produced 20 kg of brewer’s spent grain are obtained 
(Mussatto et al., 2006). The use of brewer’s spent grain is still 
limited, being basically used as animal feed. Researchers are try-
ing to improve the application of brewer’s spent grain by finding 
alternative uses apart from the current general use as an animal 
feed. Its possible applications are in human nutrition, as a raw 
material in biotechnology, energy production, charcoal produc-
tion, paper manufacture, as a brick component, and adsorbent. In 
biotechnology brewer’s spent grain could be used as a substrate 
for cultivation of microorganisms and enzyme production, addi-
tive or yeast carrier in beer fermentation, raw material in produc-
tion of lactic acid, bioethanol, biogas, phenolic acids, xylitol, and 
pullulan (Pejin et al., 2013). The chemical composition of brew-
ers’ spent grain varies according to barley variety, harvest time, 
malting and mashing conditions, and the quality and type of ad-
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juncts added in the brewing process but in general, brewers’ 
spent grain is considered as a lignocellulosic material rich in pro-
tein and fibre, which account for around 20 and 70% of its com-
position, respectively (Santos et al., 2003; Mussatto et al., 2006). 
The production of lactic acid from lignocellulosic materials can 
be performed by sequential steps of chemical and/or mechanical 
processing (in order to make the cellulose more accessible to the 
enzymes), enzymatic saccharification (for obtaining solutions 
containing glucose as main sugar) and finally, the hydrolysate 
fermentation by microorganisms, especially Lactobacillus spe-
cies (Mussatto et al., 2008).  

In this study brewer’s spent grain hydrolysate was produced 
using optimal conditions. Hydrolysates were used for lactic acid 
fermentation by Lactobacillus rhamnosus ATCC 7469 and Lac-
tobacillus fermentum PL-1. The effects of CaCO3 addition (2%) 
and different yeast extract content in hydrolysate on lactic acid 
yield were investigated. 

MATERIAL AND METHOD 
Brewers’ spent grain hydrolysate preparation 
Brewers’ spent grain obtained in a lager beer production was 

dried at 40 ºC for 12 hours. Dried brewers’ spent grain was 
finely ground in a laboratory DLFU mill from Bühler-Miag 
(Braunschwieg, Germany). For hydrolysate production 50 g of 
dry brewers’ spent grain were mixed with 300 mL of distilled 
water and pH value of the obtained mash was adjusted to 5.0 
with the addition of 10% H3PO4, prior to the hydrolysis. 
Brewer’s spent grain hydrolysis was carried out using automated 
mashing water bath (Glasbläserei, Institut für Gärungs Gewerbe, 
Berlin) using the following enzymes: Termamyl SC (1 hour at 
90 °C), SAN Super 240 L (1 hour at 60 °C), and Celluclast 1.5 L 
(10 hours at 45°C) at 180 rpm. All commercial enzymes used in 
brewers’ spent grain hydrolysis (Termamyl SC, SAN Super 240 
L, and Celluclast 1.5 L) were kindly provided by Novozymes 
(Denmark). After enzymatic hydrolysis obtained brewers’ spent 
grain hydrolysate was cooled to 20 °C and centrifuged (4000 
rpm, 20 min, centrifuge: BOECO model C-28A, Hamburg, 
Germany). Liquid hydrolysate was separated from solid hydro-
lysate. Liquid hydrolysate was used in lactic acid fermentations. 
Its pH was adjusted to 6.5 with the addition of 1M NaOH. Yeast 
extract content in hydrolysate was set to 1.0%, 3.0% and, 5.0% 
with the addition of corresponding amounts of yeast extract 
(HiMedia Laboratories, India). After this, liquid hydrolysate was 
sterilized at 121 °C for 15 min and used as a fermentation me-
dium. In experiments with the addition of CaCO3 (Merck, Ger-
many), it was added after sterilization at a concentration of 2% 
(w/v), prior to the inoculation with Lactobacillus strains. 

Microorganisms 
Lactobacillus rhamnosus ATCC 7469, a homofermentative 

L-(+)-lactic acid strain, was obtained from American Type Cul-
ture Collection (ATCC, Rockville, USA). Lactobacillus fermen-
tum PL-1, a heterofermentative lactic acid strain, was isolated 
from cheese and obtained from Department of Biochemical En-
gineering and Biotechnology, Faculty of Technology and Metal-
lurgy, University of Belgrade. Stock cultures of Lactobacillus 
rhamnosus ATCC 7469 and Lactobacillus fermentum PL-1 were 
stored at 20 °C in 3 mL vials containing de Man Rogosa Sharpe 
medium (MRS) (Fluka, USA) and 50% (v/v) glycerol as a cryo-
protective agent. The cultures were propagated under microaero-
philic conditions at 37 °C for Lactobacillus rhamnosus ATCC 
7469 and at 30 °C for Lactobacillus fermentum PL-1 in four 
consecutive steps for 48 hours each in MRS medium before in-
oculation to fermentation brewers’ spent grain hydrolysate. 

Lactic acid fermentation 
All lactic acid fermentations were performed as batch cul-

tures with shaking (150 rpm, Biosan model ES-20, Biosan Ltd., 
Lithuania). The fermentations were performed in 100 mL 
Еrlenmаyer flasks with 60 mL of brewers’ spent grain hydrolys-
ate for 72 h. The fermentation was initiated by the addition of 
inoculum (5% v/v). In experiments with Lactobacillus rhamno-
sus ATCC 7469 fermentation were conducted at 37 °C, while 
Lactobacillus fermentum PL-1 fermentations were carried out at 
30 °C. Lactic acid fermentations without the addition of cal-
cium-carbonate were conducted under aerobic conditions ob-
tained by constant shaking. Lactic acid fermentations with the 
addition of calcium-carbonate were conducted under microaero-
philic conditions. Although these samples were shaken, mi-
croaerophilic conditions were achieved since carbon-dioxide was 
formed from calcium-carbonate. During fermentations, pH 
value, reducing sugars content, L-(+)- and D(-)-lactic acid con-
tent and number of viable cells were analyzed every 24 h.  

Analytical methods 
The concentration of reducing sugars, calculated as glucose, 

was determined by 3.5-dinitrosalicylic acid method using spec-
trophotometer (Miller, 1959). A calibration curve was set at 570 
nm using standard glucose solutions. Lactic acid concentration 
was determined by enzymatic method (L-/D-Lactic acid assay, 
Megazyme, Wicklow, Ireland). Prior to the lactic acid determi-
nation, proteins were removed from samples (Methods of Enzy-
matic BioAnalysis and Food Analysis, 1997). The number of vi-
able Lactobacillus rhamnosus ATCC 7469 and Lactobacillus 
fermentum PL-1 cells was determined using the agar plate dilu-
tion method under microaerophilic conditions during 72 hours. 
Firstly, stock solution (1.0 mL of samples homogenized in 9.0 
mL of sterile buffered peptone water) and series of decimal di-
lutions (up to 10-9) were prepared. One milliliter of the prepared 
dilution was transferred into a Petri plate (θ 9cm), in which 
MRS medium was poured and samples were incubated for 72 
hours at 37 °C for Lactobacillus rhamnosus ATCC 7469 and at 
30 °C for Lactobacillus fermentum PL-1. Total viable cells 
number was expressed as log CFU/g. Microaerophilic conditions 
were maintained during incubation in Petri plates using double 
MRS medium layer. All chemicals used in experiments were of 
analytical and microbiological grade. 

RESULTS AND DISCUSSION 
In Figures 1-6 are given L- and D-lactic acid content, total 

lactic acid content, reducing sugars content, lactic acid bacteria 
cells viability and pH value in brewers' spent grain hydrolysate 
fermentations by Lactobacillus fermentum PL-1 without and 
with CaCO3 addition, and with CaCO3 (2.0%) and yeast extract 
(1.0, 3.0, or 5.0%) addition.  

Calcium-carbonate addition (2%) increased lactic acid bacte-
ria viability and pH value during fermentation. Calcium-
carbonate reacts with lactic acid during fermentation forming 
calcium-lactate which reduces lactic acid content and its nega-
tive effect on lactic acid bacteria cells. This could be a cause of 
higher lactic acid bacteria cells viability in fermentation with 
calcium-carbonate addition. Lactic acid bacteria growth opti-
mum is at pH 5.5-6.5 (Reddy et al., 2008). With calcium-
carbonate addition in hydrolysate, pH value closer to the optimal 
for lactic acid bacteria cells metabolism was achieved. 

Lactobacillus fermentum PL-1 produced similar contents of 
L-(+)- and D-(-)-lactic acid in all fermentations. Viability of 
Lactobacillus fermentum PL-1 cells was significantly higher in 
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fermentation with yeast extract addition than in fermentations 
without yeast extract addition. Higher Lactobacillus fermentum 
PL-1 cells viability could be explained by yeast extract addition 
i.e. yeast extract contains vitamins, minerals, proteins, amino 
acids and other nutritive compounds necessary for metabolism of 
lactic acid bacteria cells. 

 

 
Fig. 1. L- and D-lactic acid content in brewers' spent grain hy-
drolysate fermentations by Lactobacillus fermentum PL-1 with-

out and with CaCO3 addition 
  

 
 

Fig. 2. L- and D-lactic acid content in brewers' spent grain hy-
drolysate fermentations by Lactobacillus fermentum PL-1 with 
CaCO3 (2.0%) and yeast extract (1.0, 3.0, or 5.0%) addition 

 

 
 

Fig. 3. Total lactic acid content in brewers' spent grain 
hydrolysate fermentations by Lactobacillus fermentum PL-1 

without and with CaCO3 addition, and with CaCO3 (2.0%) and 
yeast extract (1.0, 3.0, or 5.0%) addition 

 
Fig. 4. Reducing sugars content in brewers' spent grain 

hydrolysate fermentations by Lactobacillus fermentum PL-1 
without and with CaCO3 addition, and with CaCO3 (2.0%) and 

yeast extract (1.0, 3.0, or 5.0%) addition 
 

 
Fig. 5. Lactobacillus fermentum PL-1 cells viability in brewers' 
spent grain hydrolysate fermentations without and with CaCO3 

addition, and with CaCO3 (2.0%) and yeast extract  
(1.0, 3.0, or 5.0%) addition 

 

 
Fig. 6. pH value in brewers' spent grain hydrolysate 

fermentations by Lactobacillus fermentum PL-1 without and 
with CaCO3 addition, and with CaCO3 (2.0%), and yeast extract 

(1.0, 3.0, or 5.0%) addition 
 
In Figures 7-12 are given L- and D-lactic acid content, total 

lactic acid content, reducing sugars content, lactic acid bacteria 
cells viability and pH value in brewers' spent grain hydrolysate 
fermentations by Lactobacillus rhamnosus ATCC 7469 without 
and with CaCO3 addition, and with CaCO3 (2.0%) and yeast ex-
tract (1.0, 3.0, or 5.0%) addition.  

During fermentation without calcium-carbonate addition 
Lactobacillus rhamnosus ATCC 7469 cells viability decreased 
by 37.13% while in fermentation with calcium-carbonate 
addition Lactobacillus rhamnosus ATCC 7469 cells viability 
increased by 25.43%. L-(+)-lactic acid content increased ap-
proximately 13 times with calcium-carbonate addition. Lactoba-
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cillus rhamnosus ATCC 7469 cells viability was significantly 
higher in fermentations with yeast extract addition than in 
fermentation without yeast extract addition. L-(+)-lactic acid 
content increased with yeast extract addition. 

 

 
 

Fig. 7. L- and D-lactic acid content in brewers' spent grain hy-
drolysate fermentations by Lactobacillus rhamnosus ATCC 7469 

without and with CaCO3 addition 
 

 
 

Fig. 8. L- and D-lactic acid content in brewers' spent grain hy-
drolysate fermentations by Lactobacillus rhamnosus ATCC 7469 

with CaCO3 (2.0%) and yeast extract  
(1.0, 3.0, or 5.0%) addition 

 

 
 

Fig. 9. Total lactic acid content in brewers' spent grain 
hydrolysate fermentations by Lactobacillus rhamnosus ATCC 

7469 without and with CaCO3 addition, and with CaCO3 (2.0%) 
and yeast extract (1.0, 3.0, or 5.0%) addition 

 

 
 

Fig. 10. Reducing sugars content in brewers' spent grain 
hydrolysate fermentations by Lactobacillus rhamnosus ATCC 

7469 without and with CaCO3 addition, and with CaCO3 (2.0%) 
and yeast extract (1.0, 3.0, or 5.0%) addition 

 

 
 

Fig. 11. Lactobacillus rhamnosus ATCC 7469 cells viability in 
brewers' spent grain hydrolysate fermentations without and with 

CaCO3 addition, and with CaCO3 (2.0%) and yeast extract 
(1.0, 3.0, or 5.0%) addition 

 

 
 

Fig. 12. pH value in brewers' spent grain hydrolysate 
fermentations by Lactobacillus rhamnosus ATCC 7469 without 

and with CaCO3 addition, and with CaCO3 (2.0%) and yeast ex-
tract (1.0, 3.0, or 5.0%) addition 

 

In Figure 13 is presented lactic acid yield in Lactobacillus 
fermentum PL-1 and Lactobacillus rhamnosus ATCC 7469 
fermentations.  

Calcium-carbonate addition increased lactic acid yield by 
3.38% in Lactobacillus fermentum PL-1 fermentation and by 
16.19% in Lactobacillus rhamnosus ATCC 7469 fermentation.  
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Fig. 13. Lactic acid yield in Lactobacillus fermentum PL-1 and Lac-
tobacillus rhamnosus ATCC 7469 fermentations  
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In Lactobacillus fermentum PL-1 fermentations the highest 

lactic acid yield (42.35%) was achieved when 5.0% of yeast ex-
tract was added while in Lactobacillus rhamnosus ATCC 7469 
fermentations the highest lactic acid yield (97.54%) was 
achieved when 1.0% of yeast extract was added. Yeast extract 
addition increased lactic acid yield by 12.28% in Lactobacillus 
fermentum PL-1 fermentation and by 13.78% in Lactobacillus 
rhamnosus ATCC 7469 fermentation. Đukić-Vuković et al. 
(2012a, 2012b, 2013) also achieved very high L-(+)-lactic acid 
yields (above 90%) in fermentations on distillery stillage by Lac-
tobacillus rhamnosus ATCC 7469.   

CONCLUSION 
Calcium-carbonate addition (2%) increased Lactobacillus 

fermentum PL-1 cells viability and pH value during fermenta-
tion. L-(+)- and D-(-)-lactic acid content as well as total lactic 
acid content increased 10 times with yeast extract addition. Lac-
tobacillus fermentum PL-1 produced similar contents of L-(+)- 
and D-(-)-lactic acid in all fermentations. Viability of Lactoba-
cillus fermentum PL-1 cells was significantly higher in fermenta-
tions with yeast extract addition than in fermentations without 
yeast extract addition. During fermentation without calcium-
carbonate addition Lactobacillus rhamnosus ATCC 7469 
viability decreased by 37.13% while in fermentation with 
calcium-carbonate addition Lactobacillus rhamnosus ATCC 
7469 cells viability increased by 25.43%. Lactobacillus 
rhamnosus ATCC 7469 cells viability was significantly higher 
in fermentations with yeast extract addition than in fermentation 
without yeast extract addition. Calcium-carbonate addition in-
creased lactic acid yield by 3.38% in fermentation with Lactoba-
cillus fermentum PL-1 and 16.19% in fermentation with Lacto-
bacillus rhamnosus ATCC 7469. In Lactobacillus fermentum 
PL-1 fermentations the highest lactic acid yield (42.35%) was 
achieved when 5.0% of yeast extract was added while in Lacto-
bacillus rhamnosus ATCC 7469 fermentations the highest lactic 
acid yield (97.54%) was achieved when 1.0% of yeast extract 
was added. Yeast extract addition increased lactic acid yield by 
12.28% in fermentation with Lactobacillus fermentum PL-1 and 
13.78% in fermentation with Lactobacillus rhamnosus ATCC 
7469.  
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