Modulation of Putrefactive Processes via

Flavonoid-Mediated Inhibition of

LuxS/Al-2 Quorum Sensing in E. coli

How does inhibition of the Al-2 enzyme in E. coli, through flavonoid supplementation of dihydromyricetin and baicalin, attenuate autoinducer synthesis and
consequently suppress putrefaction?
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Introduction & Background

Y¥~ Putrefaction ’ Dihydromyricetin (DMY)

Natural flavonoid with broad antibacterial activity. Damages cell
membranes, increases leakage of cell contents, and disrupts central energy
metabolism.

The secondary decompositional stage where tissue is broken down by
bacteria, fungi, or protozoa hosted in the human gastrointestinal tract.

ﬂ Baicalin Z Al-2 Quorum Sensing

Plant-derived flavonoid with antibacterial & antibiofilm activity. Disrupts Cells 'count' neighbors via Al-2 signaling molecule. Accumulation triggers
membranes, interferes with metabolic enzymes, and weakens biofilm biofilm formation, motility, virulence factor production & other collective
formation. responses.

+ Flavonoids act as 'signal-level' antivirulence agents — dampening LuxS/Al-2 signaling rather than acting as classic kill-everything antibiotics




How Quorum Sensing Works — & How Flavonoids Disrupt It

@ DMY & Baicalin Block Here
E. coli Al-2 Gene Biofilm &
Bacteria [ == Produced _ _ | Accumulates Expression Virulence

[ Y. |

Signal builds as

K-12 strain LuxS enzyme synthesizes autoinducer L
cell density rises

Lsr transporter activates group geneSollective behavior accelerates spoilage

Without Flavonoids With DMY or Baicalin

Al-2 signals freely = Biofilm + Virulence = Rapid putrefaction Al-2 signaling disrupted — Reduced collective behavior = Slower spoilage




Hypothesis & Research Objectives

1. Baicalin stocks will exhibit weaker biofilm formation & virulence — slower spoilage timeline than DMY
2. 10 mM stocks of both flavonoids will produce the slowest spoilage results

3. 10 mM baicalin stock will outperform 10 mM DMY stock

Research Objectives

G ‘ Compare the effect of DMY versus baicalin on the spoilage breakdown of meat samples
a | Evaluate the difference between 1 mM, 5 mM, and 10 mM DMSO-diluted stocks based on their effect on spoilage

e ‘ Contrast the distinct mechanisms: overall spoilage timeline (DMY) vs. biofilm/slime character (Baicalin)



Methodology

. Decomposition Rubric (0-3)
Materials Prep

0 — None 1 — Slight 2 — Moderate 3 — Severe
» DMY: 3.20 mg — 1.0 mL DMSO = 10 mM stock
» Baicalin: 4.46 mg — 1.0 mL DMSO = 10 mM
. TR . TS No noticeable Slightly off-odor, Clearly spoiled, Strong putrid,
> 5mM (1'1 dl|ut‘|0n) *1mM (1'10 dllutlon) Odor odor close only arm's length obvious on open

All tubes vortexed until fully dissolved

=/ I. I . Col Fresh, original Slight Grey/brown/ Extensive
M/ E- coll Inocu atlon oxl color dulling/darkening green patches discoloration

100 pL flavonoid added to 1 mL LB broth

Final DMSO =< 0.5-1% per tube Texture Dry/moist, normal Slightly tacky Visible slime layer  Thick slime, losing
/ Slime texture surface or mushy shape

~

~

E. coli K-12 inoculated at low optical density

~

Tubes vortexed; incubated overnight

~

Microbial . . Few small colonies Moderate Heavy dense
No visible colonies

. Growth visible coverage patches growth/mats
@ Meat Observation

100 pL E. coli culture applied to pork pieces

> 3 replicates per condition (7 conditions)

Incubated at room temperature, covered

Daily observations x 5 days



Results

Both Flavonoids Best Concentration Slowest Timeline Best Slime Control

Visible Effect 10 mM DMY Baicalin

vs. E. coli control outperformed 1 mM & 5 mM overall spoilage delay least biofilm formation

5-Day Observation Summary

E. coli Control Rapid browning Strong Significant Fastest spoilage
DMY 1 mM Moderate Moderate Moderate Slight delay
DMY 10 mM % Slowed Reduced Reduced Best DMY result
Baicalin 1 mM Moderate Moderate Less than control Slight delay

Baicalin 10 mM % Slowed Reduced Least slime Best slime control



Discussion & Limitations

Discussion

Both flavonoids show meaningful modulation of putrefaction,
supporting plant compounds as practical spoilage-control tools

10 mM stocks outperformed lower concentrations — a usable
concentration window where flavonoids remain non-sterilizing but
strongly influence bacterial behavior

DMY and Baicalin show distinct mechanisms: DMY slows overall
spoilage; Baicalin reduces slime/biofilm character

Distinct profiles suggest complementary use — combining both could
simultaneously maximize spoilage delay and minimize biofilm

E Limitations

Simplified System

Single non-pathogenic E. coli strain vs. real mixed microbial communities —
reduces confounding variables

Qualitative Readouts

Color/odor/slime observations introduce subjectivity; mitigated with
structured scoring rubric & consistent photography

Meat Sample Scale

Small pieces in a teaching lab; limited external validity to industrial food
systems or human cadavers

Controlled Model

A proof-of-concept — not a direct representation of complex real-world
decomposition



Key Conclusions

Both flavonoids showed visible effects vs. E. coli control

10 mM stocks were optimal for both DMY and Baicalin

Baicalin excelled at reducing slime/biofilm formation

DMY achieved the slowest overall spoilage timeline

Flavonoids act as 'signal-level' antivirulence agents — not classic
antibiotics

Future Work

‘ Map full dose-response curve below and above 10 mM to find optimal
QS-modulating window

‘ Add quantitative assays: CFU counts, crystal-violet biofilm assays, or Al-2
reporter strain to separate reduced biofilm from reduced growth

‘ Test combinations/sequences of DMY + Baicalin to simultaneously
weaken slime and maximize spoilage delay

‘ Expand to mixed microbial communities for greater real-world external
validity
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