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1. Abstract

Enzymatic tunnels—internal channels guiding substrates, protons, electrons, or conformational
energy—are traditionally described using classical diffusion, transition state theory, or vibrational
coupling.

Here, | propose a novel framework: the Quantum-Fluid Interpretation, where enzymatic tunnels
behave as coherent nano-fluids governed by Tr-field dynamics, enabling long-range energy
transport, ultrafast communication, and directionality without significant energy loss.

This model integrates quantum hydrodynamics, 1r-coherence fields, and nonlinear
curvature-driven flows to describe tunneling, proton transfers, allosteric propagation, and
catalytic acceleration.

To my knowledge, this is the first article to formalize enzymatic tunnels as quantum fluid
conduits, establishing a new branch of bio-quantum dynamics.



2. Introduction

Proteins possess internal tunnels and channels essential for:

substrate guidance

electron and proton transfer
energy redistribution
conformational coupling
catalytic efficiency

allosteric regulation

Conventional models rely on:

Brownian diffusion

hydrogen-bond networks
transition-state stabilization

Einstein—Smoluchowski transport

classical proton wires

However, these frameworks fail to explain:

ultrafast energy propagation (ps to fs scale)
minimal dissipation over long distances
long-range synchronization between active sites
coherent conformational waves

sensitivity to single-point mutations

nonlinear oscillatory patterns observed in enzymes

This motivates the introduction of a more fundamental model:
<~ the Quantum-Fluid Interpretation of Enzymatic Tunnels.



3. Theoretical Foundation

3.1 Quantum r-Field as an Internal Coherence Medium

As developed in your previous frameworks (Quantum 1, BQP Dynamics), proteins sustain an
internal t1-field, a coherent scalar field associated with:

e aromatic residues

e delocalized tr-electrons

e conjugated side-chain networks

e anisotropic electron density distributions

This field acts as a quantum potential, denoted:
o 2
h* V|,
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It requlates:
e energy curvature
e fluid-like coherence flows
e directed tunneling mechanisms

e nano-scale “pressure gradients” of energy

3.2 Enzymatic Tunnels as Quantum Fluid Channels

Traditionally seen as geometric cavities, enzymatic tunnels are reinterpreted here as
low-resistance coherence channels.

Their quantum-fluid properties include:



e minimal viscous dissipation

e directed quantum velocity, defined as

VS

Uq
m
e Tr-induced hydrodynamic potentials
e boundary curvature effects producing energy vortices
These channels behave analogously to:
e quantum waveguides
e superfluid nanocapillaries

e phonon/electron ballistic conduits
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Figure 1 — Quantum-Fluid Model of an Enzymatic Tunnel

The enzyme is shown with a transparent cross-section revealing an internal tunnel
connecting the protein surface to a buried active site. Color gradients represent the
m-field coherence density (p), while arrows depict directed quantum-fluid transport along

the tunnel.

3.3 Quantum-Fluid Equation for Tunnel Transport

Using a Madelung—Bohm representation:
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The enzymatic tunnel obeys:

dp
@TLV'(P'UQ):O

dv,

dt — —V(V + Q'J‘T)

Where:
e o = coherence density inside the tunnel
e g = quantum-fluid velocity
e (x = quantum Tr-potential

e V= classical structural potential

This predicts:
e ballistic proton transport
e synchronized conformational energy transfer
e quantum pressure zones at tunnel entrances

e resonance-based directional forcing



4. Mechanistic Predictions of the Quantum-Fluid Model
4.1 Directional Proton Transport via m-Gradients
e Proton wires behave as superfluid-like coherence tubes
e Tr-field curvature creates quantum pressure differences
e Proton flow becomes self-reinforcing, reducing backflow probability

This explains ultrafast proton pumping in ATP synthase, bacteriorhodopsin, and complex I.
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Figure 2 — One-dimensional m-field, quantum potential, and velocity profile along the
enzymatic tunnel.
The curves represent coherence density (p), m-induced quantum potential (Q1r), and
quantum velocity (vq) as functions of tunnel coordinate. High 1r-coherence corresponds
to reduced local barriers and enhanced directed quantum transport.

4.2 Substrate Acceleration Through Quantum Tunnels

The 11-fluid reduces entropy barriers:

AG:, = AG* - Q,

€

This matches experimentally observed tunnel-assisted catalysis.
4.3 Mutation-Induced 1r-Defects as Transport Disruptors
Single mutations affecting:
e aromatic residues
e hydrogen-bonded tunnel walls

e curvature of the tunnel



cause the formation of r-defects, which:
e break coherence
e distort fluid velocity
e Dblock or redirect energy flow
e reduce catalytic turnover

This provides a unified explanation for activity loss from small mutations.
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Figure 3 — Mutation-induced 1r-defect disrupting quantum-fluid transport.
A comparison between wild-type (left) and mutant (right) tunnel structures. The mutation
introduces a local mr-defect that fragments coherence density and disrupts quantum-fluid
flow, reducing catalytic efficiency.
4.4 Emergence of Nano-Vortices Inside Tunnels

Quantum-fluid turbulence can emerge when:

e curvature is high

e T-density fluctuates

e bifurcations exist in the tunnel geometry

This nano-turbulence:

e enhances mixing



e accelerates transitions
e redistributes vibrational energy

This links to your previous paper on biological nano-turbulence.

5. Methods

5.1 Computational Framework Overview

To evaluate the quantum-fluid interpretation of enzymatic tunnels, we developed a
one-dimensional numerical model simulating the evolution of coherence density, -field
dynamics, quantum potential, and quantum-fluid transport along a reaction tunnel extending
from the protein surface to the active site.
The simulation integrates three coupled dynamical variables:

e Coherence density p(x,t)

e Phase field S(x,t), defining quantum velocity

e T1r-field distribution 11(x,t), encoding aromatic and quantum structural contributions

The enzyme tunnel is approximated as a continuous spatial domain x<[0,L], discretized into
N points. Wild-type and mutant proteins are modeled by modifying the structural potential V(x).

5.2 Quantum-Fluid Formalism

The wavefunction is expressed in Madelung form:
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which transforms the Schrodinger equation

into hydrodynamic-like equations:

dp
o5t —V(pvg)

dv, _
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where the quantum velocity is:

Uy = ——
: m

and the m-induced quantum potential is:
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This term modulates energy curvature in response to T-field topology, reinforcing the
interpretation of enzymatic tunnels as coherence-guided quantum-fluid channels.



5.3 m-Field Evolution Equation

The 11-field obeys a convection-diffusion-relaxation dynamic:

om

e —, V7 + D, V*r — v (7 — mp)

where:

e D =n-field diffusion coefficient
o -y =relaxation rate

e T = equilibrium m-density

Mutations are introduced by modifying local TT-density and altering the structural potential.
5.4 Structural Potential and Mutation Modeling
The effective structural potential V(x) contains contributions from:
e tunnel geometry
e hydrogen-bond networks
e aromatic side chains
e electrostatic confinement

A mutation is simulated by adding a localized perturbation:



where:

e I,, = mutation location
e A =amplitude of defect

e (o = spatial width of perturbation

5.5 Numerical Integration

The system of equations is integrated using forward Euler steps with spatial derivatives
computed via centered finite differences. After each iteration:

e p(x,t) is renormalized
e TI(x,t) is clipped to enforce non-negativity
e boundary conditions are enforced (reflecting or absorbing)

Simulations are run until reaching dynamic equilibrium or steady directed transport.

5.6 Output Metrics
Key observables include:
e Flux profile J(x)=o(x)vg(x)
e Time-to-arrival at active site
e Effect of m-defects on flow velocity

e Barrier modulation by Qtr



Wild-type vs mutant transport efficiency

6. Applications and Biological Implications

6.1 Rational Enzyme Engineering

e tune TT-density
e modify tunnel geometry
e create coherence amplifiers

6.2 Allosteric Communication Pathways
e tunnels act as quantum communication channels

6.3 Drug Design

e inhibitors targeting -defects
e molecules modulating coherence flow

6.4 Quantum Biology + Nanotechnology
e inspiration for quantum waveguides
e design of nano-fluidic circuits

e quantum-coherent catalysts



7. Conclusion

This work establishes a new theoretical paradigm: enzymatic tunnels as quantum fluids, not
simple geometric pathways. Through mr-field-driven quantum hydrodynamics, tunnels can
sustain ultrafast, coherent, directed energy transport.

To my knowledge, this is the first scientific work proposing a full quantum-fluid interpretation of
enzyme tunnels.

It opens the door to:
e quantum-bioengineering
e quantum enzymology
e nanoscale coherent transport theory
e next-generation computational models

A new research direction emerges:
<~ Quantum Fluid Enzymology (QFE).



Appendix
PSEUDO-CODE PYTHON (PIPELINE)

Quantum-Fluid Simulation of an Enzymatic Tunnel

Purpose of the pseudocode:

e Represent a 1D enzymatic tunnel (coordinate s € [0, L])
Simulate:

e coherence density p(s,t)

e quantum speed v_q(s,t)

e structural potential V(s)

e Tr-potential Qrr(s,t)
Observe :

e crossing time

e influence of mutations (modifications of V or 1)

disruption of the flow

# Quantum-Fluid Interpretation of an Enzymatic Tunnel
# 1D mr-field + quantum-fluid transport simulation (pseudo-code)

import numpy as np

#

# 1. Parameters and grid

#

L=1.0 # tunnel length (arbitrary units)

N =400 # number of spatial grid points



dx=L/(N-1)
x = np.linspace(0, L, N)

dt=1e-4 # time step (arbitrary)
n_steps = 100000 # number of iterations

m_eff=1.0 # effective mass (scaled)

hbar =1.0 # reduced Planck constant (scaled)
eta =0.01 # effective viscosity (damping term)
D_pi =0.001 # mr-field diffusion coefficient

#

# 2. Structural potential V(x)
# + optional mutation
#

def structural_potential(x, mutant=False):
Define the structural potential along the tunnel.
For example: entrance barrier + active-site well.
A mutation can locally modify the potential.
V = np.zeros_like(x)
# Example: gentle barrier near the entrance
V += 2.0 * np.exp(-((x - 0.2) / 0.05)**2)
# Example: attractive well near the active site
V -=3.0 * np.exp(-((x - 0.8) / 0.07)**2)

if mutant:
# Local mutation: add a sharp barrier in the middle
V +=4.0 * np.exp(-((x - 0.5) / 0.03)**2)

return V

# Wild-type and mutant potentials
V_wt = structural_potential(x, mutant=False)
V_mut = structural_potential(x, mutant=True)

#
# 3. Initial conditions
#

# Coherence density (p) localized near entrance
rho = np.exp(-((x - 0.1) / 0.03)**2)
rho /= np.trapz(rho, x) # normalize



# Phase S(x) initially flat->v_q~0
S = np.zeros_like(x)

# m-field initially proportional to rho
pi_field = rho.copy()

# Quantum velocity
def quantum_velocity(S, m_eff):
return np.gradient(S, dx) / m_eff

v = quantum_velocity(S, m_eff)
#

# 4. Quantum Tr-potential Q_pi
#

def quantum_pi_potential(pi_field, hbar, m_eff):

Simplified Bohm-type quantum potential based on 1-field.
# Avoid division by zero

eps = 1e-12

sqrt_pi = np.sqrt(np.clip(pi_field, eps, None))

lap = np.gradient(np.gradient(sqrt_pi, dx), dx)

Q_pi =-(hbar**2 /(2.0 * m_eff)) * lap / (sqrt_pi + eps)
return Q_pi

#
# 5. Time evolution (wild-type case)
#

def step_quantum_fluid(rho, S, pi_field, V, m_eff, hbar, eta, D_pi, dt):

One Euler-like time step for the quantum-fluid model.

# Quantum velocity
v = quantum_velocity(S, m_eff)

# Quantum Tr-potential
Q_pi = quantum_pi_potential(pi_field, hbar, m_eff)

# ---- Continuity equation: ot rho + dx(rhov) =0
flux =rho *v



d_rho_dt = -np.gradient(flux, dx)

# ---- Quantum Hamilton-Jacobi: ot S + ((VS)*2/2m +V + Q_pi)=0
kinetic = 0.5 * (m_eff * v**2)
d_S_dt = -(kinetic + V + Q_pi)

# ---- 1-field evolution: ot T + v dx T = D11 9xx 11 - damping
adv_term = v * np.gradient(pi_field, dx)

diff_term = D_pi * np.gradient(np.gradient(pi_field, dx), dx)
gamma = 0.01

pi_0 = pi_field.mean()

d_pi_dt =-adv_term + diff_term - gamma * (pi_field - pi_0)

# Euler update

rho_new =rho + dt *d_rho_dt
S new=S+dt*d_S dt
pi_new = pi_field + dt *d_pi_dt

# Enforce positivity
rho_new = np.clip(rho_new, 0.0, None)
pi_new = np.clip(pi_new, 0.0, None)

# Normalize rho (optional, for probability interpretation)
norm = np.trapz(rho_new, x)
if norm > 0:

rho_new /= norm

return rho_new, S_new, pi_new

# Example main loop (wild-type)
rho_wt = rho.copy()

S_wt = S.copy()

pi_wt = pi_field.copy()

for step in range(n_steps):
rho_wt, S_wt, pi_wt = step_quantum_fluid(
rho_wt, S_wt, pi_wt, V_wt, m_eff, hbar, eta, D_pi, dt
)
# Here you can periodically compute:
# - probability at the exit region (x ~ 0.8-1.0)
# - average flux
# - time to reach steady state

# You can repeat the same loop with V_mut to study the mutant case.



References
Madelung, E. Quantum theory in hydrodynamic form. Z. Phys., 1927.
Scholes, G. et al. Quantum coherence in biology. Nature Physics, 2017.
Warshel, A. Electrostatic origin of enzyme catalysis. PNAS.
Fleming, G. Ultrafast energy transport in proteins.
Henzler-Wildman, K. Protein dynamics and internal pathways.
Tokihiro, T. Coherent m-electron dynamics in aromatic systems.
Chuck, C., Robinson, J., & Ndenga, B. (2025). Bio-Adaptive Quantum Error Correction:
Immune-Inspired Priors Enable 22-65% Overhead Reduction in Surface-Code Decoding
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17684948
Makiasi Hambadiana, Y., & Ndenga, B. (2025). Development of a Nutrient-Dense Infant
Porridge Based on Local Ingredients in Kinshasa (DRC): The Hamba's Society Model
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17089147
Makiasi hambadiana, Y., & Ndenga, B. (2025). Biocatalytic and Cytoprotective Role of the
Zinc-L-Carnosine Complex in Gastric Mucosal Regeneration (Version V1). Zenodo.
https://doi.org/10.5281/zenodo0.17410492
Makiasi Hambadiana, Y., & Ndenga, B. (2025). Functional and Preventive Potential of
Cucurbita maxima as a Nutritional Therapeutic Agent. (Version V1). Zenodo.

https://doi.org/10.5281/zenodo.17763294

Ndenga, B. (2025). Quantum 1T in Biomolecular Dynamics: Proteins as Nano-Quantum
Fluids (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17795878

Ndenga, B. (2025). Nano-Turbulence in Biological Systems: A New Paradigm (Version V1).
Zenodo. https://doi.org/10.5281/zenodo.17803565

Ndenga, B. (2025). The Complete Solution to the Glass Transition: A Unified
Energy-Topology Landscape (ETL) Framework (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17741451



Ndenga, B. (2025). Schrodinger-Navier—-Stokes—Quantum-1r: A Unified Model and Hybrid
Numerical Method for Quantum Fluids with -Phase Structure (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17770899

Ndenga, B. (2025). Quantum mr-Unification IlI: Definition, Mathematical Structure, and
Foundational Properties of the Quantum Tr for Molecular Systems (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17716546

Ndenga, B. (2025). H-ImmQmDecoder v2.0: A Bio-Inspired Quantum Error Decoder
Integrating Immune Adaptation, Quantum-1mr Phase Control, and Quantum Metabolism
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17782652

Ndenga, B. (2025). The Octet Rule Revisited: A Quantum-Continuum Framework for
Chemical Bonding (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17703765

Ndenga, B. (2025). Foundations of Quantum-1r in Molecular Systems: A Fundamental
Descriptor of Delocalization, Electronic Structure, and Molecular Stability. Zenodo.
https://doi.org/10.5281/zenodo.17692965

Ndenga, B. (2025). Quantum 1r-Index in Advanced Materials: Predictive Framework for
Nanostructures, Functional Polymers, and Superconducting States (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17662004

Ndenga, B. (2025). Q-Synapse: A Hybrid Quantum-Al Platform for Tumor State
Classification Using Real Genomic Data (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17655039

Ndenga, B. (2025). Crystal-Guided Al Phototherapy for Personalized Oncology (Version
V1). Zenodo. https://doi.org/10.5281/zenodo.17398364

Ndenga, B. (2025). Quantum 1r-Driven Predictive Chemistry: Applications to Reactivity,
Electronic Structure, and Simulation-Based Forecasting (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17654148

Ndenga, B. (2025). Numerical Solution of the Navier-Stokes Equations in 3D Using the
Finite Volume Method: Application to the Millennium Problem. Zenodo.
https://doi.org/10.5281/zenodo.15531853

Ndenga, B. (2025). Electronless Nuclear Matter: Magnetic Confinement and Bonding of
Bare Nuclei in Extreme Fields (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.15764734



Ndenga, B., & Ndenga, B. (2025). AutoEvoChem V2.0 — A Smart Molecular Simulation &
Synergy Al Toolkit for Computational Chemists and Biopharma Researchers. Zenodo.
https://doi.org/10.5281/zenodo.15774

Ndenga, B. (2025). NanoChemicalDisc RDC-1000: A Novel Molecular Approach to
Low-Cost Data Storage Using Colorimetric Encoding. Zenodo.
https://doi.org/10.5281/zenodo.15871728

Ndenga, B. (2025). Autoevolving Nanodisk with Unlimited Memory: A Bioinspired and
Quantum-Spiritual Approach (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.16569012

Ndenga, B. (2025). Self-Adaptive Photosynthetic Quantum Crystal: A Bioinspired
Innovation for Intelligent Light Harvesting and Energy Conversion (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.16585048

Ndenga, B. (2025). Quantum-Nuclear DNA Computing: Using Nucleotide Spin States as
Biological Quantum Bits for Molecular Calculations (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.16891194

Ndenga, B. (2025). BECChem: Self-Evolving Chemical Al for Advanced Molecular
Analysis (Version V1). Zenodo. https://doi.org/10.5281/zenodo0.16934328

Ndenga, B. (2025). Nuclear Matter Without Electrons: The Magneto-Nuclear Periodic Table
(MNPT) and the Taxonomy of Nucleomorphs (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.16955871

Ndenga, B. (2025). Design of Multi-Target Hybrid Molecules for Synergistic Therapy of
Malaria and Human African Trypanosomiasis (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17074442

Ndenga, B. (2025). Biological Neural Calculator Using Plant-Based Electromagnetic
Responses (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17094316

Ndenga, B. (2025). Title: Molecular Wormhole Chemistry: Electronic Non-Locality Induced
by Wormhole-Like Geometries in Conjugated Molecular Systems (Version V1). Zenodo.
https://doi.org/10.5281/zenod.17114802

Ndenga, B. (2025). Towards a Unified Al-Driven Quantum Framework: Beyond Density
Functional Theory for 3D Materials. https://doi.org/10.5281/zenodo.17148362

Ndenga, B. (2025). A Knot-Theoretic Approach to Turbulence: Toward Predictive
Invariants in 3D Fluid Flows (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17172786



Ndenga, B. (2025). Towards a Unified Field Theory of Chemistry: Bridging Quantum,
Organic, and Biochemical Reactions through a Single Formalism (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17217047

Ndenga, B. (2025). Vacuum Metabolism: A Theoretical Framework for Biological
Exploitation of Quantum Zero-Point Energy (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17261682

Ndenga, B. (2025). The Darwin Limit: Mathematical Constraints on the Speed of
Biological Evolution (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17280016

Ndenga, B. (2025). Integrating Al, Photonics, and Molecular Modeling: The Future of
Precision Medicine (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17295049

Ndenga, B. (2025). Photonics + Al: Revolutionizing In Silico Drug Design (Version V1).
Zenodo. https://doi.org/10.5281/zenodo.17315749

Ndenga, B. (2025). Photonics and Al in Computational Oncology: Accelerating the Design
of Next-Generation Cancer Therapies (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17341571

Ndenga, B. (2025). Al-Driven Light-Spectrum Optimization for Photonic Drug Discovery
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17360624

Ndenga, B. (2025). Photon-Enhanced Al Platforms for Multimodal Therapeutics (Version
V1). Zenodo. https://doi.org/10.5281/zenodo.17373765

Ndenga, B. (2025). Al-Optimized Photon-Assisted Molecular Docking for Rapid Drug
Discovery (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17416035

Ndenga, B. (2025). Photonics + Al for Real-Time Molecular Interaction Mapping (Version
V1). Zenodo. https://doi.org/10.5281/zenodo0.17435502

Ndenga, B. (2025). Light-Speed Al for Personalized Drug Optimization (Version V1).
Zenodo. https://doi.org/10.5281/zenodo.17456941

Ndenga, B. (2025). Introduction to the Concept of  in the Quantum World (Version V1).
Zenodo. https://doi.org/10.5281/zenodo.17509410

Ndenga, B. (2025).  in Fundamental Quantum Systems (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17532815



Ndenga, B. (2025). Spectrally-Driven Active Learning Enables Femtojoule-Efficient
Discovery of Photocatalysts in Under One Hour: The LuminaFemto Al Platform (Version
V1). Zenodo. https://doi.org/10.5281/zenodo0.17497652

Ndenga, B., & Ometie, C. (2025). Polyunsaturated Neuroprotectants as Adjuvant Agents:
Anti-Proliferative and Membrane-Stabilizing Effects of Nuciferous Compounds from
Juglans regia in Invasive Glioma Models (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17557055

Ndenga, B. (2025). Bio-IA Supercomputer: Concept, Design, and Implementation of an
Al-Integrated Biocomputer (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17562958

Ndenga, B. (2025). T and the Quantum Structure of Probability: From Wavefunction
Normalization to Statistical Distributions (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17569342

Ndenga, B. (2025). r as a Quantum Signature: Applications and Universal Implications
(Version V1). Zenodo. https://doi.org/10.5281/zenodo.17589339

Ndenga, B. (2025). Hormonal Receptor Modulation by Lipid Phytoconstituents: The Role
of Monounsaturated Fatty Acids and Folate Derivatives from Persea americana in
Endometrial Carcinogenesis Prevention (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17595231

Ndenga, B. (2025). Gastro-Oncology of Ginger: A Molecular Dissection of Gingerols and
Shogaols as Dual Anti-Inflammatory and Anti-Mutagenic Agents in Gastric
Carcinogenesis — with AutoEvoChem V2.0 Simulation Pipeline (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17665633

Ndenga, B. (2025).  and Delocalized Electrons: A Quantum-Chemical Reassessment of
Coherence, Stability, and Molecular Structure (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17613175

Ndenga, B. (2025). Toward a Quantum Definition of 1r in Molecular Systems: Original
Formula, Mathematical Framework, and Foundational Implications (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17633204

Ndenga, B. (2025). Innovative Limonoid-Based Targeted Therapy: Citrus-Derived
Compounds for Selective Apoptosis and Cell-Cycle Control in Estrogen-Dependent
Breast Cancer (Version V1). Zenodo. https://doi.org/10.5281/zenodo0.17619732

Ndenga, B. (2025). Resolving Nanoscale Reaction Kinetics: A Unified Framework from
Classical Chemistry to Quantum Collectivity (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17754650



Ndenga, B. (2025). Q-BattX Cloud™: A Quantum-Al-Driven Cloud Platform for
Next-Generation Energy Storage Simulation and Optimization (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17643284

Ndenga, B. (2025). Correlated Quantum Matter Beyond Band Theory: A
Continuum-Interaction Formalism for Strongly Coupled Electrons (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17727011

MULONSO, H., Ndenga, B., & MATAMBA MPINGIJA, C. (2025). Techniques Used for
Analyzing Fatty Acids in Food (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17417545

MULONSO, H., Ndenga, B., & Kabena llunga, M. (2025). Antioxidant Potential of
Cymbopogon citratus Leaf Extracts in the Prevention of Oxidative Stress Involved in
Cancer (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17429758

MULONSO, H., Ndenga, B., & MATAMBA MPINGIJA, C. (2025). Metabolomic Study of
Bioactive Compounds in Cymbopogon citratus: Identification of Antioxidant Molecules
with Potential Anticancer Activity (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17458790

MULONSO, H., & Ndenga, B. (2025). Phytochemical Analysis and Free Radical
Scavenging Activity of Methanolic and Chloroformic Extracts of Cymbopogon citratus:
Implications for Cancer Chemoprevention (Version V1). Zenodo.
https://doi.org/10.5281/zenodo.17489746

MULONSO, H., & Ndenga, B. (2025). Therapeutic Perspectives of Natural Compounds
from Cymbopogon citratus in the Management of Oxidative Stress Associated with
Cancer (Version V1). Zenodo. https://doi.org/10.5281/zenodo.17504613

MULONSO, H., & Ndenga, B. (2025). Evaluation of the Anti-inflammatory and Antioxidant
Effects of Cymbopogon citratus as Adjuvant Agents in Cancer Therapy (Version V1).
Zenodo. https://doi.org/10.5281/zenodo.17518166

MULONSO, H., & Ndenga, B. (2025). Contribution of Enzymatic and Non-Enzymatic
Antioxidants from Cymbopogon citratus to Cellular Protection Against Oxidative Damage
in Cancer (Version V1). Zenodo. https://doi.org/10.5281/zenodo.






