Optimisation of acid and alkaline hydrolysis of dairy waste for enhanced nutrient
availability
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Modern agriculture requires the development of technologies that enable nutrient recovery from waste materials
and their reintegration into agricultural production cycles. Food industry by-products, including dairy waste, are
of particular interest because they contain organic matter, protein fractions and mineral nutrients. Their direct
agricultural use is limited by variable composition, low physicochemical stability and the restricted availability of
some nutrients(Ahmad et al., 2019).

One promising method for processing this type of material is chemical hydrolysis, which involves treating
waste biomass with carefully selected reagents to break down proteins into free amino acids and short peptides
and convert nutrients into forms that are more readily available to plants (Skrzypczak et al., 2023). Depending on
the medium, hydrolysis is classified as acid or alkaline. In the former case, strong mineral acids are most commonly
used (e.g., H2SO4 and H3sPO4), while the latter uses hydroxides, including KOH (Johannes et al., 2025; Lenihan et
al., 2010). The use of phosphoric acid(V) and potassium hydroxide is particularly advantageous from a
technological standpoint, as these reagents can simultaneously serve as hydrolysing agents and sources of
phosphorus and potassium (Mikula et al., 2023; Skrzypczak et al., 2024).

The aim of this study was to optimise the acid and alkaline hydrolysis of dairy waste and to evaluate the
effect of process conditions on the composition of the resulting hydrolysates.

To optimise the process, the response surface method (RSM) was applied using a Box-Behnken design (15
experiments). The independent variables were the concentration of hydrolysing reagents, the ratio of hydrolysing
medium to waste, and the process temperature. The system response was the nitrogen content in the resulting
hydrolysates, treated as an indicator of the efficiency of protein fraction degradation and the release of nitrogen
compounds. RSM identified the influence of individual parameters and their interactions on process efficiency
(Table 1).

Table 1. RSM experimental variables for acid and alkaline hydrolysis of dairy MIX waste

Parameter Acid hydrolysis Alkaline hydrolysis
Hydrolysing medium H2S04:H3PO4 mixture, ratio 2:1 KOH solution
Medium content 10-30% (m/m) 10-30% (m/m)
Medium concentration 10-100% 10-100%
Temperature 20-100°C 20-100°C
Reaction time 1h 1h

After the acid and alkaline hydrolysis were completed, the hydrolysates were combined to partially
neutralise the pH. Mixing the two hydrolysates partially neutralised the pH and homogenised the composition,
combining nutrient fractions from each hydrolysis variant. This yielded an intermediate product with more stable
physicochemical properties.
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Figure 1. Process scheme for dairy waste valorisation through acid and alkaline hydrolysis

The process conditions were optimised based on the ranges shown in Table 1, with a temperature of 90°C
for acid hydrolysis and 55°C for alkaline hydrolysis, acid content of 10% (m/m), and acid concentration of 32.5%
for acid hydrolysis, and KOH content of 20% (m/m) and KOH concentration of 30% for alkaline hydrolysis. The
reaction time was set to 1 hour for both acid and alkaline hydrolysis (Figure 1).

The process scheme shown in Figure 1 summarises the experimental design from raw material treatment
to the preparation of the mixed hydrolysate. It highlights that the acid and alkaline routes were not conducted as a
single combined reaction, but as two separately optimised processes.
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