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Introduction

The growing need for sustainable and low-cost biotechnological processes

has increased interest in the use of ago-industrial by-products and food ZEsie i

waste. These materials are often discarded but can be used as alternative AV T

substrates for microbial biomass production, supporting circular economy v e S e

approaches [1]. At the same time, maintaining the stability and viability of Do &N Sy

beneficial microoganisms remains a major challenge for their use in food (a) (b)

and feed products [2]. In this study, agro-industrial by-products and food

waste were evaluated for biomass production and cell immobilization of Figure 3. Freeze-dried immobilized Lacticaseibacillus rhamnosus OLXAL-1 cells on (a)
Lacticaseibacillus rhamnosus OLXAL-1 strain with the aim of developing brewer’s spent grain, (b) wheat, and (c) whey protein.

functional food ingredients aligned with a sustainable production approach.

Materials and methods

The wild-type strain L. rnamnosus OLXAL-1 was selected based on its
documented In vitro functional properties, antagonistic activity against
pathogens and spoilage microorganisms, resistance to simulated
gastrointestinal conditions, and compliance with EFSA safety requirements
[3]. A range of agro-industrial by-products and food waste, Including
expired fruit juices, dairy by-products, and formulated mixtures, were
evaluated as alternative growth media. Biomass production, maximum
specific growth rate (umax), and viable cell counts were determined and
compared with conventional laboratory growth media.

' 20pm ' ' 20pm
For cell stabilization, natural supports derived from agricultural residues Figure 4. Scanning electron microscopy (SEM) images of immobilized L. rhamnosus
and fiber-rich food matrices were tested as immobilization supports. OLXAL-1 cells on BSG (left) and wheat (right).
Immobilization efficiency was assessed by determining the viable _ _
immobilized cell load. The effect of freeze-drying on the viability of free and Conclusions and perspectives
Immobilized cells was subsequently examined.

« High L. rnamnosus OLXAL-1 cell counts (> 9 logcfu/mL), similar to

commercial MRS Broth and synthetic food-grade media, were achieved
when pineapple juice, whey-pineapple juice mixture (50:50) and milk-

Growth of L. rhamnosus OLXAL-1 cells in agro-industrial by-products and food waste o pineapple juice mixture (50:50) were used as cultivation media.
o * Expired milk — pineapple juice mixture exhibited the highest maximum
— e growth rate — .., (P < 0.05), among the tested growth media consisting
— o of agro-industrial wastes and food residues.

- e Cell populations of freeze-dried immobilized L. rhamnosus OLXAL-1
ey cultures on whey protein, wheat and brewer's spent grain were
: ooy o m recorded at levels > 8 logcfu/g.

oo * Agro-industrial residues and food waste proved effective microbial

- Whey-melases micues (550 growth cultivation substrates and immobilization carriers of probiotic

cells.
i ) X i i  Freeze-dried immobilized probiotic cell cultures on whey protein, wheat
and brewer’s spent grains were considered as promising “readily-
Figure 1. Cell concentrations (log CFU/mL) of L. rhamnosus OLXAL-1 during growth marketable” functional ingredients to be incorporated in food or animal

In agro-industrial residues and food waste compared with synthetic food grade feed products
media. |

Table 1. Maximum cell concentration (log CFU/mL) and maximum growth rate — References

Una (D) of Lacticaseibacillus rhamnosus OLXAL-1 strain in agro-industrial
residues, food waste and synthetic food grade media.
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concertation (10g concentration v Espinoza, A.J.; _Sucarl-Leon_, R.; Aroqqlpa-Duran, Y., M_unoz-Saenz_, JC
CFU/mL) (log CFU/mL) (h) et al. Technological Innovations and Circular Economy Iin the Valorization
MRS Broth 3.45+0.07 9.58+0.04 0.317 . ) :
Synthetic food grade medium - Procelys 3.42+0.04 9.68+0.03 0.334 Of Ag_n FOOd By PrOdUCtS' Advances, Challenges and
Synthetic food grade medium - Sensient 3.42+0.05 9.53+0.03 0.320 PGI’SpECtIVGS. FOOdS 20251 141 1950.
Pineapple juice 3.23+0.04 9.05+0.08 0.205 nttps://doi.org/10.3390/foods14111950
Milk — pineapple juice mixture (50:50) 3.42+0.08 9.54+0.06 0.258 2] Sionek B - Szyd’rowska A Trzaskowska M Ko’fozyn-Krajewska D
Molasses — milk mixture (50:50) 3.10+0.14 8.85+0.04 0.191 : h. ’ "f vsi h’ :’ | dit S . q b
Milk 2 38+0.04 8 7940.02 0,91 The _Impac_t of Physicochemical Conditions on Lactic Acid Bacteria
Whey 3.05+0.07 7.75+0.04 0.188 Survival IN Food Products. Fermentation 2024, 10, 298.
Whey — pineapple juice (50:50) 3.39:0.08 9.3410.03 0.188 nttps://doi.org/10.3390/fermentation10060298
Molasses 3.41+0.05 5.46+0.05 0.244 - . -
Whey — molasses mixture (50:50) 4 2840, 04 040,07 o11E 3]. EFSA BIOHAZ Panel, and Herman, L. Up(_jate of th_e Ilst_of qu_allfled
oresumption of safety (QPS) recommended microorganisms intentionally
Immobilization time Freeze-dried L. rhamnosus OLXAL-1 cultures added to food or feed as notified to EFSA. EFSA Journal 2023, 21, 7747.

https://doi.org/10.2903/).efsa.2023.7747

9,2 = I I ’ I = = - : : - _
L I 8 :
8,8 I 6

logcfu/g
logcfu/g

The research work was supported by the Hellenic Foundation for
Research and Innovation (H.F.R.l.) under the “First Call for H.F.R.I.

0 Research Projects to support Faculty members and Researchers and the
Time (1 orocurement of high-cost research equipment grant” (Project number:
B Wheat B Whey protein Brewer's spent grain Wet culture Freeze-dried culture (dry cell mass) Freeze-dried culture (wet cell mass) _IFRI_FM17_2496’ aCrOnym: IFU NCUltureS)-

(a) (b)

Figure 2. Determination of (a) the optimal time for cell immobilization on agro-industrial
residues; (b) immobilized cell loads (logcfu/g) after freeze-drying.
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