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D How can we promote sustainable food
production with biological products if we
cannot ensure their long-term viability in
storage?

This pressing technological challenge is driving
innovation in agricultural formulation. As the industry
increasingly turns to biologicals for sustainable and profitable
farming, their potential remains limited by persistent stability
issues, particularly for products based on Gram-negative
bacteria. These organisms are especially vulnerable to
environmental stressors, making their survival during storage
and application a critical hurdle for their adoption.
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Gram-negative bacteria have the potential to become
key contributors to plant health and productivity programs.
They promote growth by fixing atmospheric nitrogen,
synthesizing phytohormones, solubilizing phosphates,
and they perform other essential functions. However, their
structural characteristics present a major obstacle to their
use in commercial agricultural products. Gram-negative
bacteria are characterized by a thinner peptidoglycan layer
and the absence of spore formation, so unlike spore-forming
bacteria, which can survive under different conditions by
reducing their metabolic activity, gram-negative species are
more susceptible to environmental stress. This vulnerability
severely limits their viability during storage, especially under
field conditions in tropical regions, where high temperatures
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are sustained year-round. As a result, extending the shelf life
of Gram-negative bacteria formulations is not just a technical
challenge, it is a critical step toward unlocking their full
potential and scaling their use in sustainable agriculture.

To address this challenge, Syensqo developed a novel
method, adaptable to various microorganisms and strains,
designed to create an adaptive microenvironment that
supports the survival and long-term stability of Gram-negative
bacteria. This approach relies on cellular protection strategies,
combining a bio-based polymer with a tailored nutrient source
(DV AgRHEA® SA359 in the examples below Figure 1).

When applied into a gram-negative bacteria solution, the
bio-based polymer modifies the liquid matrix by increasing
viscosity and providing a rheological structure. For the
bacteria, the polymer acts as a cell protector, stabilizing
the formulation by protecting the gram-negative bacteria's
external membrane physically. Additionally, the combination
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The following sections describe two potential
applications of DV AGRHEA® SA359. The first approach
is a two-step process (Figure 2-a), where bacteria are
initially cultivated in a specific culture medium, and the
resulting inoculum is then introduced into DV AgRHEA®
SA359. The second approach is a single-step process
(Figure 2-b), in which fermentation occurs directly within
DV AgRHEA® SA359. In both scenarios, the underlying
hypothesis is that the polymer exerts a protective effect
by stabilizing bacterial cell walls.. Furthermore, when the
bio-based polymer is combined with a suitable organic
nutrient medium, as in DV AgRHEA® SA359, it can create
a favorable environment that promotes both microbial
viability and physical stability over time.
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Figure 2: DV AgRHEA® SA359 possible applications: a) after the fermentation; b) during fermentation process
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D Gram Negative viability and Shelf-Life
effect of DV AGRHEA® SA359 use after

the fermentation (2 steps approach)

The viability of Bradyrhizobium japonicum
SEMIA586 within the DV AgRHEA® SA359 formulation
was evaluated for at least 300 days. This solution was
compared to a control, an organic medium containing
some nutrients but no cell-protectant molecules.

Figure 3 illustrates the effectiveness of DV AGRHEA®
SA359: while the control formulation maintains bacterial
viability for only one month, DV AgRHEA® SA359
ensures both bacterial survival and product shelf-life
stability for at least 10 months. These results support the
hypothesis that the polymer associated with nutrients
provides a protective effect by reinforcing the cell wall,
offering physical protection, and contributing to osmotic
balance.

Moreover, Bradyrhizobium japonicum exhibits natural
fluctuations in cell count over time. DV AGRHEA® SA359 helps
stabilize these fluctuations, maintaining colony numbers within a
consistent and controlled range. This suggests that the polymer
associated with nutrients protects the bacterial cells without
disrupting colony dynamics, potentially indicating microbial
acclimation within the formulation.

D Gram negative viability effect of DV
AgRHEA® SA359 use during the fermentation

(single step approach)

Following initial trials, the objective was to cultivate the gram-
negative (Bradyrhizobium japonicum) within the DV AgRHEA®
SA359 formulation to assess whether the solution offers additional
protective benefits without negatively impacting bacterial growth
mechanisms. To support this investigation, bacterial cultivation
was conducted in the presence of DV AGRHEA® SA359.

Log10 (cFUfmL)

Control (Organic Media)

6,6
6.3
5.9 5.8 5.9 6 62 5.9
2
0. 0. 0. 0. 0. 0. 0. 0. 0.
o 4+ : : :
30d 60d 20d 120d 150d 180d 210d  240d 270d

300d

B DV AgRHEA™ SA359

Figure 3: DV AgRHEA® SA359 effect in Bradyrhizobium japonicum Shelf Life Stability at 37°C
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Figure 4: DV AgRHEA® SA359 effect in Bradyrhizobium japonicum fermentation and after Shelf-Life Stability at 37°C
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Figure 4 results demonstrate that fermentation within
the DV AgRHEA® SA359 does not negatively impact B.
japonicum growth. In fact, the day 0 inoculum showed a
higher cell count, suggesting that DV AGRHEA® SA359
provides an improved microenvironment that enhances
cellular protection during fermentation. Subsequent
viability assessments indicated that B. japonicum cells
remained viable for at least 30 days post-fermentation,
even within the DV AgRHEA® SA359 matrix. Although
a reduction in CFU/mL was observed after 15 days, this
trend was consistent with the control. These findings
support the hypothesis that DV AGRHEA® SA359
enhances initial inoculum size by protecting cells during
fermentation. However, over time, a natural acclimation
phase occurs, resulting in a gradual decline in colony
numbers comparable to those seen in the control.

Additional conclusions can be drawn by comparing
the two processes. In the first trials, results from Figure
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3 indicate that culture acclimation occurs after
approximately 60 days. In contrast, fermentation
studies (Figure 4) show signs of acclimation as early
as 15 days into the shelf life. This suggests that the
fermentation process within the DV AGQRHEA® SA359
formulation may accelerate acclimation, likely due
to factors such as polymer exposure and higher cell
density. By 30 days, colonies appear less sensitive,
supporting the hypothesis that this exposure
enhances protein and cytoplasmic protection,
promotes osmoregulation, and helps maintain cell
membrane fluidity. These findings point to the
potential of fermentation to improve long-term
bacterial survival, warranting further investigation.

/0 Conclusion

By enhancing both physical protection and
nutritional support, DV AGRHEA® SA359 aims to
extend shelf life of Bradyrhizobium japonicum, while
enhancing its biological performance, paving the way
for more reliable and scalable use of Gram-negative
bacteria in agricultural applications. Leveraging our
microbiological expertise, we can tailor this solution
to support a wide range of microbial species, as
promising results obtained with Pseudomonas
fluorescens confirm.

In addition to addressing the needs of gram-
negative organisms, Syensqo has developed a
comprehensive offer for biological formulations,
supporting the transition toward more sustainable
agricultural input use. Convinced that formulation
makes a difference, Syensqo is committed to
assisting formulators in finding optimized strategies
for improved biological efficacy. For additional
information, please contact our specialist, Celine
Orizet, at celine.orizet@syensgo.com.
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