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INTRODUCTION

The sustainable utilization of agro-industrial waste for the production of high-value bioproducts offers significant opportunities to strengthen the circular bioeconomy. This study investigates lactic acid (LA) production
from dry distillers grains with solubles (DDGS), spent coffee grounds (SCG), wood chips, and whey using two bacterial strains, Lactiplantibacillus plantarum f53 and Lactiplantibacillus plantarum 2HS.

Both strains demonstrated the ability to assimilate sugars derived from all investigated waste substrates. A mathematical model based on the Gompertz and Luedeking—Piret equations was developed and experimentally
validated. The fermentation model includes differential equations describing microbial growth, substrate consumption, and lactic acid formation. The model equations were solved using MATLAB 2025b software.

The development of a reliable mathematical model and the accurate determination of kinetic parameters are essential for understanding, predicting, optimizing, and scaling fermentation processes.

From a food safety perspective, optimized lactic acid production supports natural antimicrobial interventions against foodborne pathogens, including Salmonella enterica, Escherichia coli infection, and Listeria
monocytogenes, thereby contributing to safer food storage systems.

In the field of animal health, strain-specific lactic acid production enhances feed acidification and silage quality, promoting gut health and reducing dependence on antibiotics. Regarding plant health, metabolites produced
by L. plantarum strains exhibit antagonistic activity against soil-borne pathogens such as Fusarium oxysporum, supporting biological control strategies and improving soil microbial balance.

Overall, the integration of strain selection and kinetic modeling enhances the potential for converting agro-industrial residues into lactic acid with applications across sustainable food and agricultural systems.
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KINETIC MODELING APPROACH

various waste materials, to study the kinetics, and to model the lactic acid production process. The waste streams
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The model equations were solved using MATLAB 2025b software
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The possibility of using waste materials for lactic acid production was tested in the present study. Different raw
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materials were used — DDGS, SCG, wood hydrolysate, and whey. A mathematical model based on the modified

Gompertz equation and the Luedeking-Piret equations was used to model experimental data, with excellent

agreement. The parameter values calculated by the model were of the same order of magnitude across all cases.
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CONCLUSION

The integration of strain selection and kinetic modeling enhances the potential
for converting agro-industrial residues into lactic acid for multi-sector

WHY THIS STUDY MATTERS

+ Converts low-value agro-industrial wastes into high-value lactic acid
+ Integrates strain selection with kinetic modeling
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+ Advances circular bioeconomy and sustainable bioprocessing applications in sustainable food and agricultural systems,

+ Delivers multi-sector benefits for food, animal and plant health

Biomass, RS and LA concentration, g/L
(o] N A 0 0 8 IIJ‘ ;

Biomass, RS and LA concentration, gL
(o] N A ) [0} 8 5 3

Time, h Time, h

Experimental and model results for microbial growth, substrate consumption, and lactic acid production from different carbon sources: lactose (a and b),

whey (c and d), SCG (e and ), DDGS (g and h), and WH (i and j) by L. plantarum £53 (a, c, e, g, i) and L. plantarum 2HS (b, d, £, h, j). Acknowledgment: The authors gratefully acknowledge the funding of grant PVU-63 BG-RRP-2.017-0047-CO1.
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		µmax 

		A

		λ

		YX/S,

		YP/S

		α

		β

		Q1

		Q2

		R12

		R22



		L. plantarum f53

		1

		0.513

		14.531

		13.866

		0.276

		2.573

		7.022

		0.009

		0.1895

		0.2837

		0.9950

		0.9986



		

		2

		0.472

		13.985

		12.569

		0.156

		2.361

		5.142

		0.010

		0.0696

		0.5467

		0.9984

		0.9984



		

		3

		0.394

		13.427

		13.492

		0.157

		5.407

		12.564

		0.009

		0.0309

		0.0219

		0.9885

		0.9998



		

		4

		1.174

		12.623

		24.249

		0.580

		4.493

		3.470

		0.029

		0.1013

		0.0335

		0.9914

		0.9986



		

		5

		0.490

		12.864

		15.504

		0.313

		2.312

		7.156

		0.008

		0.1231

		1.2410

		0.9950

		0.9861



		L. plantarum 2HS

		1

		0.383

		14.583

		10.922

		0.250

		2.393

		7.025

		0.011

		0.215

		0.2347

		0.9973

		0.9989



		

		2

		0.405

		13.129

		10.580

		0.455

		3.541

		7.701

		0.018

		0.1505

		0.9457

		0.9989

		0.9920



		

		3

		0.376

		12.590

		12.975

		0.191

		4.905

		10.349

		0.006

		0.1326

		0.0212

		0.9912

		0.9998



		

		4

		1.033

		11.769

		24.332

		0.349

		4.731

		5.712

		0.016

		0.0421

		0.0706

		0.9866

		0.9963



		

		5

		0.544

		11.978

		17.448

		0.2488

		1.122

		7.992

		0.006

		0.0874

		1.2025

		0.9920

		0.9844
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