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FROM AGRO-FOOD WASTE TO EPS-BASED BIOSTIMULANTS: A CIRCULAR BIOECONOMY
STRATEGY TO ENHANCE SOIL HEALTH AND PLANT RESILIENCE UNDER SALINE STRESS

Enric Garcia-Muchart', Laura Mejias', Oscar Martinez-Avila', Guillem Verdaguer-Susin',Sergio Ponsa".
'BETA Technological Center. Universitat de Vic-Universitat Central de Catalunya. Ctra. de Roda, 70, 08500 Vic-Barcelona, Spain.

INTRODUCTION

Soil salinity is an increasing constraint for crop establishment and productivity, particularly in Mediterranean and other water-limited re-
gions. Salinity affects seed germination, plant water relations, and ionic balance, especially through excessive Na* accumulation and al-

tered Na'/K" homeostasis.

At the same time, agriculture needs circular strategies able to recycle agro-food side streams into safe, value-added bioproducts. Bacte-
rial exopolysaccharides (EPS) are promising non-microbial biostimulant candidates because they may improve water status, soil function-
ality, and plant tolerance to abiotic stress. However, scalable production and agronomic validation remain important challenges.

@MAIN ONJECTIVE: This study aimed to develop a circular SSF-to-agronomic valorization approach by converting ginger juice waste
into an EPS-based biostimulant through solid-state fermentation (SSF), and to evaluate its capacity to mitigate salinity stress at seed

and plant stages.

MATERIAL AND METHODS
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Ginger juice waste was fermented with B. cepacia in a 6 L packed-bed reactor loaded with 3000 g of substrate for 5 days, followed by
Box—Behnken-optimized aqueous extraction and validation through seed priming assays at 0, 100 and 200 mM NaCl and spinach pot

bioassays at 0, 4 and 8 dS m™' salinity.

RESULTS
A) Bench-scale SSF

B) Extraction optimization

Extracted carbohydrates per gram of dry fermented solid (mg g”' DM)

I 0

Indicator Lab-scale Bench-scale
Crude EPS (g kg™ DM) 55.4 +6.2° 845+2.1°
Bacterial biomass (g kg™ DM) 16.6+5.4° 17.7+1.3°
Reducing sugars consumption (%)  82.2+3.7° 78.1+3.3°
COC (g O, kg™ DM) 242.5+289° 226.4+23.6°
SOUR1 max (8 02 kg™ DM hY) 3.22+0.23°  4.04+0.21°

/' Bench-scale SSF reproduced the process and
achieved significantly higher crude EPS production.

C) Seed priming
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Salinity strongly constrained early seedling performance at 200 mM
NaCl, but diluted EPS priming, especially EPS20, showed the most
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consistent positive response under stress.

CONCLUSIONS

. Optimal extraction conditions: 60 °C, 60
min, 1:5 (w:v).

. Solid-liquid ratio was the most influential
factor.

. Temperature had secondary effect.
. Time was not significant.
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9.848 + 0.404 x TE - 0.831 x Tl + 8.268 x RT + 0.006 x TE x T/
+ 0.065 x TE x RT - 0.006 x TE* + 0.009 % TI*- 0.756 x RT?

D) Pot bioassay (at 4 dS m™)
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Carbohydrates (mg g DM)

Parameter _ EPS - Soil Commercial B - Soil
CB100
) Biomass (g FW) 2.22 3.79%* 4.32%
o Fo/Fm 0.663 0.627 0.757%*
=
] Na* (mg g DW) 35.09 22.89%* 39.37
= 5
i‘ = Na® / K’ ratio 1.10 0.71%* 1.74
p
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Under moderate salinity,
EPS soil application
=== mainly reduced Ionic
stress, while the commercial bi-
ostimulant showed the highest

' biomass and F./Fn response.

Ginger juice waste was successfully valorized through solid-state fermentation to obtain an EPS-rich biostimulant. Bench-scale production showed ro-
bust process performance and supports further scale-up, while aqgueous extraction provided a standardized liquid product for agronomic testing. Ove-

rall, the EPS-based biostimulant improved salinity response at seed and plant stages, particularly by supporting early-stage performance and impro-
ving ionic homeostasis under saline conditions.
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