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. stressors

.. a high initial concentration of polymeric substrates - case of Lactobacillus amylovorus DSM 20531

... proteolitic, amylolytic and fermentative activity

... production of different ratios of D-/L-lactic acid by three Lactobacillus sp. 

(L. amylovors DSM 20531, L. rhamnosus DSM 20021, and L. coryniformis subsp. torquens DSM 20004)

... doors of opportunity - manufacturing of high-value chemicals from sustainably produced D-/L-lactic acid 

.. effect of dissolved oxygen concentration on acetate production by L. coryniformis subsp. torquens DSM 20004

.. encapsulation of L. amylovors DSM 20531 with polymeric substrate - towards integrated process for ethyl lactate production

.. production of -D-glucosylglycerol by Leuconostoc mesenteroides LMG 7954 under osmotic stress 

future plans

. overwiev
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unpublished data

. a high initial concentration of polymeric substrates - case of Lactobacillus amylovorus DSM 20531 

polenta

cultivations:

. batch

. fed-batch

. semicontinuous

. continuous 



. metabolism of proteins/amino acids : 

accumulation of Pro (osmotic stress);

His concentration below detection level;

very low concentration of branched-chain amino acids.

18th ISBAB, Bratislava, October 16-18 2024

. a high initial concentration of polymeric substrates - case of Lactobacillus amylovorus DSM 20531: proteolytic activity

GC: amino acid → N(O,S)-alkoxycarbonyl-alkyl ester

polenta
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unpublished data

. a high initial concentration of polymeric substrates - case of Lactobacillus amylovorus DSM 20531: amylolytic activity

microscopic image of L. amylovorus DSM 20531 

attached to starch granules

SEM image of starch granules obtained during hydrolysis 

by L. amylovorus DSM 20531 amylases

polenta



. complete hydrolysis of linear and branched chains of (raw) starch to maltooligosaccharides and maltose
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. a high initial concentration of polymeric substrates - case of Lactobacillus amylovorus DSM 20531: amylolytic activity

unpublished data

polenta
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. a high initial concentration of polymeric substrates - case of Lactobacillus amylovorus DSM 20531: amylolytic activity

. complete hydrolysis of linear and branched chains 

of (raw) starch to maltooligosaccharides and maltose

. mixture of maltooligosaccharides - a platform mixture 

to be used in numerous enzymatic and

whole-cell catalyzed reactions  

IEX-HPLC

glc7-glc5

glc4 glc3

mal

glc



polenta → D-/L-lactic acid solution
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unpublished data

. a high initial concentration of polymeric substrates - case of Lactobacillus amylovorus DSM 20531: proteolytic, amylolytic and 

fermentative activity
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. a high initial concentration of polymeric substrates - case of Lactobacillus amylovorus DSM 20531: proteolytic, amylolytic and 

fermentative activity

A. Trontel

I. Dusper

V. Tadić

A. Polenus

D. Kolanović

I. Inkret, I. Jakša

D. Švec

D. Kostelac
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. a high initial concentration of polymeric substrates - case of Lactobacillus amylovorus DSM 20531: mathematical model (A) -

amylolytic activity

unpublished data
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. a high initial concentration of polymeric substrates - case of Lactobacillus amylovorus DSM 20531: mathematical model (B) -

fermentative production of lactic acid
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batch systems

(carbon sourceconcentration / LAB / temperature (˚C / bioreactor)

wD-LA (%) wL-LA (%) product(s)

glc20/L. r./40/STB 7.4 92.6 D-/L-LA 

starch10/L. a.+L. r./40/STB co-culture 27.2 72.8 D-/L-LA

cgs60/L. a./20.5-34.7/HRTB 30.0 70.0 D-/L-LA

cgs100/L. a./45/STB 33.3 66.7 D-/L-LA

starch10/L. a./35/STB 43.7 56.3 D-/L-LA

suc10/L. a./40/STB 48.4 51.6 D-/L-LA

starch10/L. a./30/STB 49.1 50.9 D-/L-LA

starch100/L. a./45/STB 49.5 50.5 D-/L-LA

starch10/L. a./45/STB 49.7 50.3 D-/L-LA

glc20/L. a./40/STB 50.1 49.9 D-/L-LA

cgs100/L. a./45/STB 50.8 49.2 D-/L-LA

glc10/L. a./40/STB 50.8 49.2 D-/L-LA+AA

starch10/L. a./40/STB 52.0 48.0 D-/L-LA

mal10/L. a./40/STB 52.2 47.8 D-/L-LA+AA

starch10/L. a./50/STB 62.9 37.1 D-/L-LA

glc20/L. c. t./30/STB 100.0 0.0 D-LA+AA

glc20/L. c. t./30-50/STB 100.0 0.0 D-LA

18th ISBAB, Bratislava, October 16-18 2024

. production of different ratios of D-/L-lactic acid 

substrate

glc, glucose

starch

cgs, corn grits

suc, sucrose

mal, maltose

strains of lactic acid bacteria

L.a., L. amylovorus DSM 20531

L.r., L. rhamnosus DSM 20021

L.c.t., L.coryniformis subsp. torquens DSM 20004

bioreactor

STB, Stirred Tank Bioreactor  

HRTB, Horizontal Rotating Tubular Bioreactor

product(s)

LA, lactic acid

AA, acetic acid

unpublished data
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. doors of opportunity - manufacturing of high-value chemicals from sustainably produced D-/L-lactic acid 

18th ISBAB, Bratislava, October 16-18 2024



batch systems

(carbon sourceconcentration / LAB / temperature (˚C / bioreactor)

wD-LA (%) wL-LA (%) product(s)

glc20/L. r./40/STB 7.4 92.6 D-/L-LA 

starch10/L. a.+L. r./40/STB co-culture 27.2 72.8 D-/L-LA

cgs60/L. a./20.5-34.7/HRTB 30.0 70.0 D-/L-LA

cgs100/L. a./45/STB 33.3 66.7 D-/L-LA

starch10/L. a./35/STB 43.7 56.3 D-/L-LA

suc10/L. a./40/STB 48.4 51.6 D-/L-LA

starch10/L. a./30/STB 49.1 50.9 D-/L-LA

starch100/L. a./45/STB 49.5 50.5 D-/L-LA

starch10/L. a./45/STB 49.7 50.3 D-/L-LA

glc20/L. a./40/STB 50.1 49.9 D-/L-LA

cgs100/L. a./45/STB 50.8 49.2 D-/L-LA

glc10/L. a./40/STB 50.8 49.2 D-/L-LA+AA

starch10/L. a./40/STB 52.0 48.0 D-/L-LA

mal10/L. a./40/STB 52.2 47.8 D-/L-LA+AA

starch10/L. a./50/STB 62.9 37.1 D-/L-LA

glc20/L. c. t./30/STB 100.0 0.0 D-LA+AA

glc20/L. c. t./30-50/STB 100.0 0.0 D-LA

18th ISBAB, Bratislava, October 16-18 2024

. production of different ratios of D-/L-lactic acid 

substrate

glc, glucose

starch

cgs, corn grits

suc, sucrose

mal, maltose

strains of lactic acid bacteria

L.a., L. amylovorus DSM 20531

L.r., L. rhamnosus DSM 20021

L.c.t., L.coryniformis subsp. torquens DSM 20004

bioreactor

STB, Stirred Tank Bioreactor  

HRTB, Horizontal Rotating Tubular Bioreactor

product(s)

LA, lactic acid

AA, acetic acid

homofermentative

facultatively 

heterofermentative

glc below 

38.41 mM (6.92 g/L)

glc below

35.52 mM (6.40 g/L)

Slavica et al., J Biotechnol, 2015

mal below

27.64 mM (9.46 g/L)
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. acetate in the growth medium (glc20) without growth inhibition

. acetate switch in Escherichia coli

. intracellular osmotic pressure

. synthesis of methionine

. pool of glutamate

. more organic acids in growth medium

Wolfe, Microbiol Mol Biol Rev. 2005 https://doi: 10.1128/MMBR.69.1.12-50.2005.

Pinhal S, Ropers D, Geiselmann J, de Jong H. 2019. J Bacteriol https://doi.org/10.1128/JB.00147-19.

https://doi.org/10


batch systems

(carbon sourceconcentration / LAB / temperature (˚C / bioreactor)

wD-LA (%) wL-LA (%) product(s)

glc20/L. r./40/STB 7.4 92.6 D-/L-LA 

starch10/L. a.+L. r./40/STB co-culture 27.2 72.8 D-/L-LA

cgs60/L. a./20.5-34.7/HRTB 30.0 70.0 D-/L-LA

cgs100/L. a./45/STB 33.3 66.7 D-/L-LA

starch10/L. a./35/STB 43.7 56.3 D-/L-LA

suc10/L. a./40/STB 48.4 51.6 D-/L-LA

starch10/L. a./30/STB 49.1 50.9 D-/L-LA

starch100/L. a./45/STB 49.5 50.5 D-/L-LA

starch10/L. a./45/STB 49.7 50.3 D-/L-LA

glc20/L. a./40/STB 50.1 49.9 D-/L-LA

cgs100/L. a./45/STB 50.8 49.2 D-/L-LA

glc10/L. a./40/STB 50.8 49.2 D-/L-LA+AA

starch10/L. a./40/STB 52.0 48.0 D-/L-LA

mal10/L. a./40/STB 52.2 47.8 D-/L-LA+AA

starch10/L. a./50/STB 62.9 37.1 D-/L-LA

glc20/L. c. t./30/STB 100.0 0.0 D-LA+AA

glc20/L. c. t./30-50/STB 100.0 0.0 D-LA
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. production of different ratios of D-/L-lactic acid 

Acetate can be produced from: 

(1) pyruvate in reactions catalyzed by 

pyruvate dehydrogenase, 

phosphotransacetylase 

and 

acetate kinase; 

(2) lactate by the 

LDH-POX-ACK  pathway; 

and/or 

(3) amino acids: Ser, Asp, Val, Leu and Ile.

Drops in the concentration of three amino acids, 

Asp, Val and Ile, were connected with the start 

of the acetate production. 

Further increase in the acetate concentration was 

extended in the stationary phase of L. c. t.

Molar ratios of utilized or produced lactate, 

acetate and three amino acids obtained in

experiments do not correspond to stoichiometric 

ratios of metabolic pathways considered above.

glc below 

38.41 mM (6.92 g/L)

glc below

35.52 mM (6.40 g/L)

Slavica et al., J Biotechnol, 2015

mal below

27.64 mM (9.46 g/L)
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. effect of dissolved oxygen concentration on acetate production by L. coryniformis subsp. torquens DSM 20004 

. STB (working volume of 10 L)

. glc20

. 28˚C, pH 5.5 -6.1, 100 rpm

. D-LA + AA

(A) pO2 = 80-100%; mmax = 0.21 h-1         glc D-LA

(B) pO2 = 20-30%; mmax = 0.17 h-1     depletion production

(C) pO2 = 0-10%;  mmax = 0.21 h-1

. reoxidation of NADH + H+

. CO2 → acety-CoA

A B

C

unpublished data

glc limitation

(30-40 mM)
glc limitation

(30-40 mM)

glc limitation

(30-40 mM)

CO2

CO2
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. encapsulation of L. amylovors DSM 20531 with polymeric substrate
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unpublished data

B. Duić



. encapsulation of L. amylovors DSM 20531 with polymeric substrate - development of an integrated bioprocesses

A1

A2

B

A1-A2

B
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MS detection of ethyl lactate 

unpublished data

Leo Moguš
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. Leuconostoc mesenteroides LMG 7954 whole-cell catalysed glycosylation
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. ultrasound-assisted L. mesenteroides LMG 7954 permeabilization

. sucrose phosphporylase (EC 2.4.1.7)

. < 100 mM -D-glucosylglycerol 

sucrose

(0.8 M)
glycerol

(2.00 M)

-D-glucosylglycerol 

unpublished data

I. Vučenović

Iva Blašković

Ana-Marija Gruičić

Lucija Vrtodušić



learning from the best - Bernd Nidetzky, Univ.-Prof. Dipl.-Ing. Dr.techn. Dr.h.c

Engineering Saccharomyces cerevisiae for the one-step production of 

natural osmolyte glucosyl glycerol through Ccw12-based surface display of 

sucrose phosphorylase from Leuconostoc mesenteroides

Journal of Biological Engineering, under revision



learning from the best - Univ.-Prof. Dr.rer.nat. Robert Kourist 
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Digitalisation of nonthermal Extraction of proteins from plant by-products and Electroforming as output Product  Digitalizacija netoplinskih ekstrakcija proteina iz biljnih nusproizvoda i elektroformiranje kao izlazni proizvod

new challenges and opportunities - DEEP project

. the workflow

WP1. Design and developing of connection between nonthermal processing techniques (high power ultrasound and pulsed electric field) with Internet

of Things (IoT) hardware and software.

WP2. Optimisation of nonthermal IoT green extraction processes (NT-IoT-P) of proteins (RuBisCO): analytical and sustainable procedures.

WP3. Optimisation of electrospinning, electrospraying and encapsulation techniques of extracted proteins (RuBisCO): analytical procedures.

WP4. Developing and setting bioinformatic in-silico modeling in protein and peptide extraction.

WP5. Economic and sustainable assessment on NT-IoT-P in green extraction of proteins (RuBisCO).

WP 6. Dissemination and knowledge transfer.



Digitalisation of nonthermal Extraction of proteins from plant by-products and Electroforming as output Product  Digitalizacija netoplinskih ekstrakcija proteina iz biljnih nusproizvoda i elektroformiranje kao izlazni proizvod

new challenges and opportunities - DEEP project

- heat (H)- vs ultrasound (US)-assisted Osborne fractionation of proteins (RuBISCo) and other bioactive compounds from Beta vulgaris L. (beetroot) leaves - preliminary data
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