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Introduction

Lactic acid (LA) is a value-compound widely used in industries, crucial for producing biodegradable polymers,
especially as a precursor of polylactic acid, biocompatible polymer increasingly used in packaging, biomedical
devices, tissue engineering and drug delivery systems (Ahmad et al. 2024). The global demand for LA continues
to rise, driven by the need for sustainable materials and the environmental impacts associated with petrochemical
plastics (Balasubramanian et al. 2024). Spent coffee grounds (SCG) are an abundant lignocellulosic residue
generated in millions of tons annually. Despite being rich in carbohydrates, lipids, nitrogenous compounds, and
phenolics, SCG are still predominantly disposed of in landfills, contributing to methane emissions, leachate
formation, and environmental pollution (Ruiz et al. 2021). Therefore, this biomass represents an underexploited
renewable resource with a high content of fermentable hemicellulosic sugars (mainly mannose, galactose, glucose,
and arabinose), making it a promising feedstock for biorefinery-based processes and bioenergy/biochemical
production (Dari et al. 2025). Lactic acid bacteria (LAB), which efficiently metabolize a wide range of
carbohydrates through homo- and heterofermentative pathways (Kim et al. 2022), represent promising
fermentative microorganisms for converting SCG hydrolysates into LA. Therefore, the goals of this work were
evaluated the production of AL by BALs (Lacticaseibacillus paracasei Shirota and Bifidobacterium animalis spp.
lactis) in hemicellulosic hydrolysate from spent coffee ground (HHSCG) under different conditions, enabling
sustainable bioprocesses and biomass valorization.

Material and Methods

The SCG was obtained from the NoCafe coffee shop (Araraquara, Sdo Paulo, Brazil), dried at 80 °C for 24 h to
5% moisture, and stored at —18 °C. Extractive removal followed (Sluiter et al. 2008) with adaptations from
(Fogarin et al. 2025): 3 g of dried SCG were subjected to Soxhlet extraction (5 cycles) using hot water and
isopropanol. The defatted material was then hydrolyzed under acid conditions (159 °C, 1.8% v/v H2SOs, 1:6 solid—
liquid ratio, 37 min) in sealed ampoule reactors to obtain the hemicellulosic hydrolysate (HHSCG). For selected
fermentations, HHSCG was detoxified by CaO neutralization, Biichner vacuum filtration, acidification to pH 2.5
with H3POy, followed by a second filtration and activated charcoal treatment (1% w/v), as described by Marton et
al. (2006). In other assays, non-detoxified hydrolysate was concentrated two-fold using a rotary evaporator (50
°C, reduced pressure) to increase the fermentable sugar content.

Fermentation assays were performed using both synthetic medium and HHSCG. The inoculum was prepared by
pre-growing each strain on inclined agar for 24 h, followed by cultivation in a nutrient-rich broth (40 g/L mannose,
12 g/L galactose, 10 g/L peptone, 10 g/L meat extract, 5 g/L yeast extract, 0.5 g/L cysteine) in 1000 mL Schott
flasks (with 600 mL of medium) at 37°C, 24h under static condition. Cells were harvested, washed with sterile
distilled water, and resuspended to an initial biomass concentration of 1.0 g/L. To assess the effect of agitation on
lactic acid (LA) production by L. paracasei Shirota and B. animalis spp. lactis fermentations of non-detoxified
and non-concentrated HHSCG supplemented with 10 g/L peptone, 10 g/ meat extract, 5 g/L yeast extract, 0.5
g/L cysteine, were conducted under static condition, 100 rpm, and 150 rpm in 15 mL Falcon tubes (9 mL working
volume), at 37°C for up to 60 h with periodic sampling. Parallel tests were conducted in a synthetic medium
containing equivalent sugar concentrations (mannose (40g/L) and galactose 12(g/L)), with the same
supplementation, in the same conditions of hydrolysate fermentation. Based on the best performance, subsequent
experiments evaluated the influence of HHSCG detoxification and the use of a two fold-concentrated, under
identical conditions. Sugar consumption and LA production were quantified by HPLC, while microbial growth
was monitored spectrophotometrically (600nm). Total phenolic content was determined by the Folin—Ciocalteu
method (Singleton et al. 1999). Data were analyzed by ANOVA, and means were compared using Tukey’s test (p
< 0.05). All experiments were conducted in triplicate.

Results and Discussion

The hemicellulosic hydrolysate from spent coffee grounds (HHSCG) was mainly composed of mannose (41.65
g/L), followed by galactose (16.32 g/L), glucose (9.06 g/L) and arabinose (4.79 g/L), together with furans and
phenolic compounds (6170.91 mg EAG/L) originating from lignocellulosic degradation. When this hydrolysate
was used as fermentation medium for L. paracasei Shirota, no significant differences in cell growth were observed



between the static condition (5.61 g/L) and 100 rpm agitation (5.37 g/L) although growth was reduced at 150 rpm

(4.84 g/L). The 100-rpm condition provided the best performance, resulting in the highest LA production (38.46

g/L), productivity (Qp =0.64 g/L-h) and yield (Yrs = 0.91 g/g), with these differences being statistically significant

according to Tukey’s test (p < 0.05). In contrast, B. animalis subsp. lactis cultivated in HHSCG showed markedly

lower fermentation performance compared with L. paracasei Shirota, with cell growth and lactic acid production

reduced by 37.24% and 51.89%, respectively. Therefore, L. paracasei Shirota was selected for subsequent

experiments due to its superior performance.

Contrary to expectations, the growth of L. paracasei Shirota in the detoxified hydrolysate resulted in lower

fermentative performance (36.7 g/L LA, 57.62% sugar consumption, Yps = 0.89 g/g, and Qp = 0.61 g/L.h)

compared with the non-detoxified hydrolysate. Furthermore, L. paracasei Shirota was able not only to tolerate but

also to assimilate part of the lignocellulosic degradation compounds typically regarded as fermentation inhibitors.

After 60 h, the bacterium consumed an average of 37% of total phenolics in the detoxified HHSCG and 10% in

the non-detoxified HHSCG. A similar trend was observed in the experiments using a synthetic medium simulating

the sugar composition of HHSCG: the strain exhibited markedly lower fermentative performance than in the

hydrolysate (maximum LA concentration of 27.23 g/L; QP = 0.45 g/L.h), suggesting that components present in

the hydrolysate but absent from the synthetic medium are required to support optimal metabolism. These findings

are consistent with previous reports demonstrating the tolerance of lactic acid bacteria to phenolic compounds

(Gubelt et al. 2020). However, concentrating on the hydrolysate (2x) increased both fermentable sugar content

(118.38 g/L) and the concentration of lignocellulosic degradation products (phenolics = 10427.27 mg EAG/L),

which markedly reduced cell growth (1.30 g/L) and sugar consumption (21.27%). These results indicate a

threshold of inhibitor tolerance and demonstrate the need for detoxification when concentrated hydrolysates are

used.

Conclusions

The results demonstrate that spent coffee grounds is a viable and renewable substrate for AL production by LAB.

Moderate agitation (100 rpm) improved microbial growth and fermentation efficiency, with L. paracasei Shirota

consistently outperforming B. animalis subsp. lactis under all tested conditions. Importantly, the notable tolerance

of L. paracasei Shirota to lignocellulosic degradation compounds can allow the omission of the detoxification step

without impairing performance, which represents a significant advantage for simplifying and reducing the cost of

the biotechnological process. However, hydrolysate concentration led to a significant reduction in process

effectiveness due to the increased levels of inhibitory compounds, indicating a tolerance threshold. Overall, the

hemicellulosic hydrolysate from coffee waste represents a promising feedstock for sustainable bioprocesses,

supporting advances in circular bioeconomy strategies.
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