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The Epitome of American Innovation

Unlocking the Power of Sugar Beets: A Sustainable Path to
Biofuel Innovation with Community BioRefinery's Cutting-
Edge Mechanical Reduction Technology (MRT™)

By Scott Hewitt, CEO and Vincent R. James, Ph.D., A.B.D., CTO
Community BioRefineries, LLC

“The doctor of the future will give no medication, but will interest his patients in the care of the human frame,
diet and in the cause and prevention of disease.”
~Thomas A. Edison, circa 1903
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A close-up view of a sugar beet plant in the field, showcasing the vibrant green leaves and the bulbous root that together hold immense untapped
nutritional potential.

Thomas Edison, the prolific inventor and visionary, made this statement in the early 20th century amid rapid
industrialization and emerging understandings of nutrition’s role in health. At a time when medicine was shifting
from rudimentary treatments to more scientific approaches, Edison foresaw a preventive paradigm where diet
and lifestyle would eclipse reactive pharmaceuticals. This prescience aligns profoundly with the focus on
valorizing sugar beet leaves (SBLs)—a discarded agricultural by-product—into potent nutraceuticals and
proteins. By harnessing advanced technologies to unlock phytochemicals like polyphenols and betalains, it
embodies Edison’s ethos: transforming everyday plant matter into dietary tools for disease prevention,
sustainability, and economic empowerment. Just as Edison envisioned harnessing natural resources for
innovation (e.g., his work on plant-based materials for filaments), sugar beet leaves position as a “fuel” for
modern wellness, reducing reliance on synthetic drugs and promoting circular economies in agriculture.



From Agricultural Waste to Wellness Revolution

In an era defined by industrial agriculture and escalating health crises, wherein global food systems grapple with
waste and nutritional deficiencies amid rising demands for sustainable solutions, the story of the sugar beet
offers a compelling narrative of innovation born from necessity. During the Napoleonic Wars (1803-1815),
Europe confronted a severe sugar shortage due to British blockades, propelling the sugar beet from a humble
fodder crop to a vital economic pillar. French innovators, driven by necessity, harnessed its sucrose potential,
founded an industry that liberated continents from colonial dependencies and transformed farming landscapes.
Two centuries later, in 2025, this adaptable root inspires anew—not merely for its sugary core, but for its
overlooked leaves, embodying how SBLs, comprising 30-50% of plant biomass and typically discarded, emerged
as a powerhouse of phytochemicals, nutraceuticals, and proteins, perfectly positioned to address surging needs
for plant-based health products, akin to the everyday weeds in Edison’s vision of preventive nutrition.

Recent research underscores the immense potential of SBLs as a sustainable resource. For instance, a 2024
critical review highlights SBLs as rich in nutrients and bioactive phytochemicals, including polyphenols (e.g.,
flavonoids and phenolic acids), proteins, essential amino acids, chlorophylls, fiber, and essential fatty acids,
making them ideal for food industry applications within a circular economy framework. This valorization not only
reduces agricultural waste but also aligns with global sustainability goals, as SBLs represent a significant by-
product from sugar beet cultivation, often left in fields or used minimally as fodder.

Through sophisticated biorefinery processes empowered by advanced technologies—such as MRT™, the
Community BioRefinery’s (CBR) Cutting-Edge Mechanical Reduction Technology (MRT™) freeing up on a
molecular level key phytochemicals, our proprietary high-shear system that liberates polyphenols and proteins
via particle reduction to micron-scale (<100 um), optimizing yields through mechanical cell disruption and
enhanced surface area for subsequent extractions; and GreenExtract™, our proprietary aqueous shearing system
enhanced, non-thermal technology that liberates polyphenols and proteins via cavitation-induced cell
disruption, optimizing yields causing—sugar beet leaves to unlock applications in functional foods.

For health innovations, polyphenols from leaves fuel antioxidant supplements, anti-inflammatory formulations,
and natural preservatives; proteins support vegan protein isolate powders, emulsifiers in dairy alternatives, and
bioactive peptides for immune boosts; betalains enable natural colorants and anti-cancer agents; while its
integrated fibers promote gut health products, prebiotics, and low-glycemic foods. These deliver potent bio
actives with efficacies rivaling synthetics, yielding minimal waste like water and CO;, suitable for dietary
nutraceutical supplements, fortified beverages, bio-cosmetics, and pharmaceuticals - all harnessing SBLs’ eco-
advantages such as minimal water use compared to soy, soil enrichment via rotation, and carbon sequestration
potential when paired with biogas from residues. Moreover, by elevating the economic value of SBLs, these
transform them into high-margin health commodities that rival or exceed the per-ton value of root-derived sugar,
thereby providing sugar beet farmers with a vital new income stream from what was once waste, potentially
doubling revenue per acre through integrated root-and-leaf valorization.

Imagine the sugar beet, that unassuming root vegetable long celebrated for its subterranean sweetness, yielding
farmers around $50 to $70 per ton in raw crop value—enough to produce table sugar but often leaving the
plant's verdant crown, comprising up to half its biomass, as mere afterthought. Today, these leaves are typically
dismissed as low-value cattle feed at a paltry $50 per ton or simply plowed back into the soil as green fertilizer,
enriching the earth but squandering their hidden potential. Yet, in a revolutionary twist, the innovative CBR
technologies can unlock the leaves' treasure trove of proteins, polyphenols, and betalains, transforming them
into high-demand nutraceuticals like antioxidant supplements, vegan protein powders, and natural colorants
that command staggering prices of $5,000 to $10,000 per ton for extracted concentrates. This paradigm shift
not only eclipses the root's economic yield but could double a farmer's revenue per acre, turning agricultural
"waste" into a golden foliage economy that marries sustainability with superior profitability, proving the real



fortune grows above ground. Recent market analyses support this, with sugar beet prices facing downward
pressure (down more than 30% due to declining U.S. consumption influenced by weight-loss drugs and health
trends), while the global plant extract market, including leaf-derived nutraceuticals, is projected to grow
significantly, emphasizing the untapped value in leaves.

At CBR, we channel this heritage of resilience, converting by-product challenges into community-empowered
wellness solutions. Our path mirrors that historic shift, where scarcity sparked progress, guiding us to pioneer
technologies that uplift farmers and combat chronic diseases through nature’s bounty.

This Visionary Proclamation

This visionary proclamation captures the essence and foundational paradigm of nutraceuticals—the fusion of
nutrition and pharmaceuticals, where bioactive compounds from plants undergo bio-transformations to yield
health-promoting metabolites. Edison’s forward-thinking wisdom echoes deeply in modern biotechnology, as
we tap the nutrient-dense matrix of sugar beet’s leaves for sustainable health innovations, blending time-
honored agronomy with cutting-edge molecular techniques and systems biology.

The Rich History of Valorizing Sugar Beet Leaves

The utilization of sugar beet leaves traces back to the 19th century, when sugar beets rose as a key crop in Europe
amid geopolitical tensions like the British blockade, fostering beet industries in France and Germany; this
expanded worldwide, with leaves initially used as fodder or fertilizer. Interest in their nutritional value surged in
the early 20th century but accelerated post-World War |l with food security concerns, as Europe pioneered
extractions for proteins and pigments. In the U.S., sugar beet farming started in the 1800s, peaking at 26 million
tons by 2009 in 12 states, yet leaf valorization lagged due to a singular focus on roots. Pivotal advancements
include 1980s studies comparing leaf proteins to soy, revealing superior yields (up to 3% protein content). By the
2000s, USDA research in 2006 spotlighted sugar beet leaves’ potential for 20-23% dry weight proteins but
highlighted costs; 2009 trials in California and Washington demonstrated 2-3 times more bio actives per acre
than spinach, with co-products like fibers adding value via enzymatic breakdown or supplements.

In Europe, post-2007 reforms boosted leaf-based nutraceuticals, with life-cycle analyses indicating lower
environmental impact than animal proteins. Historical outcomes are varied: technically viable with high nutrient
profiles and health benefits, but economically hindered by processing expenses, root priority, and scale issues,
resulting in limited U.S. adoption despite pilots; globally, leaves contribute modestly to health products, favoring
integrated true biorefineries for sustainability. The introduction of advanced technologies in recent decades has
begun to shift this paradigm, enabling efficient release of compounds and enhancing economic feasibility for
farmers.

Contemporary efforts build on this history, with companies like Suiker Unie in the Netherlands producing plant
proteins from beet leaves since 2019, demonstrating commercial viability. Research from 2023-2025 emphasizes
biorefinery approaches, such as ultrasound-assisted extraction, to optimize recovery of proteins and
polyphenols, turning waste into value-added products like functional foods and supplements.

The Science and Biology of Phytochemicals in Nutraceutical Feedstocks

In nutraceutical development, the nature and configuration of bio actives in the source material critically
influence efficacy, compatibility, and outputs. Spinach and sugar beet leaves harbor unique profiles that dictate
their viability. Spinach offers glucosinolates and carotenoids, while sugar beet leaves abound in polyphenols,
betalains, and proteins. Grasping the science and biology of these unveils why customized methods, like those
in our Community BioRefinery, are crucial for maximal recovery.



Biologically, phytochemicals in plants stem from primary and secondary metabolism, where photosynthates like
glucose fuel synthesis of defense compounds via shikimate and mevalonate pathways. In spinach (Spinacia
oleracea), a C3 plant, oxalates (1-2% dry weight) and carotenoids like beta-carotene (up to 10 mg/100g)
accumulate for balance and protection. For nutraceuticals, these yield antioxidants, but processing mitigates
risks. In sugar beet leaves, phenolics include flavonoids (e.g., rutin at 1.46-30.14 mg/100g) and flavanols
(epicatechin 10.57-31.16 mg/100g); betalains derive from tyrosine, with betacyanins (betanin up to 200
mg/100g) and betaxanthins for pigmentation and health benefits like antioxidant potency 3-7.5 times vitamin C.
Proteins like RuBisCO (16.65-35.81% intensity) dominate, with essential amino acids. Total phenolic content
(TPC) reaches 4.2-19.7 mg GAE/g dw.

Advanced proteomics reveals over 817 proteins in SBL extracts, with RuBisCO comprising up to 35.81% of total,
highlighting their completeness as a protein source rivaling soy. Volatile compounds (36 identified) add aroma
and additional bioactivities, while fatty acids like linoleic and oleic support cardiovascular health. In true
biorefineries, blending sources boosts synergies, with our technologies excelling in processing. Ultimately, these
compounds’ biology—anchored in metabolic efficiency and protective strategies—guides selection, with science
steering conversion to innovations.

The health implications are profound: Phenolics exhibit antioxidant (DPPH scavenging), anti-microbial, anti-
inflammatory, anti-diabetic, and anti-cancer effects, with apigenin from leaves inhibiting prostate cancer cells
via mTOR regulation. Dietary fiber lowers cholesterol, and betalains enhance athletic performance and
chemoprevention.
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Illustration of the biorefinery process for extracting nutritional compounds from sugar beet leaves, highlighting sustainable valorization techniques.

Challenges with Traditional Extraction for Sugar Beet Leaves

While conventional solvent extraction relies on methanol or ethanol for polyphenols, this encounters major
hurdles when applied to sugar beet leaves akin to methods for other greens. Primary bio actives in leaves are
intracellular polyphenols and proteins, differing from root betalains (requiring diffusion). High fiber (2.4-12.9%)
in leaves creates viscous slurries, reducing yields to <50%, with lower TPC (9.8 mg/g dw ethanol vs. 19.7 mg/g
dw methanol). Inhibitors like oxalates impede activity without pretreatment. These disparities underscore why
traditional methods are less efficient for leaves than roots, opening doors for advanced techniques that manage
these traits.

Delving deeper, fibrous structures trigger incomplete release, with bound phenolics dropping efficiency in high-
fiber media. Studies show yields plummet at fiber >10%, with byproducts. Operational issues include
seasonality (fall harvest in US, 3-6 months operations), degradation (10-15% loss to wilting/mold), and thick
pulps needing clarification. Economically, costs hit $5-7/kg protein, with feedstock 60% of expenses (S50/ton



leaves), vs. soy’s $3/kg. US policies favor roots/sugar, with limited acreage (1.3 million) and infrastructure
mismatches. Policy barriers include no credits for leaves, while environmental regs favor low impact but don’t
offset costs. Historically, utilization has consolidated, with closures reducing capacity amid risks like weather and
labor. In sum, incompatibilities arise from biochemical (binding), technical (seasonality), economic (high costs),
policy (biases), and infrastructural factors, rendering traditional unviable despite superior profiles (23% protein
dry weight in leaves).

Recent studies confirm these challenges, noting that pretreatment like freeze-drying enhances bioactive
recovery but increases costs, while high-pressure methods address low-abundance proteins effectively.

Community BioRefinery as the Solution

This is where Community BioRefinery (CBR) emerges as the perfect solution, tackling every barrier through
innovative, decentralized tech tailored for sugar beet leaves. Unlike centralized plants, our model equips farmers
with modular units processing near-site, eliminating losses and downtime. Our technologies—MRT™ and
GreenExtract™—handle matrices without inhibition, directly extracting bio actives, yielding 79% proteins from
enzyme-aided mash, producing co-products like fibers. These achieve yields unattainable traditionally, elevating
per-ton value to compete with roots and driving farmer income.

Economically, CBR flips the script: units minimize overhead. Policy-wise, our model navigates protections by
valorizing underutilized parts, turning pressures into opportunities for the Sugar Beet Cooperatives.

In depth, for a 1,000-acre farm vyielding 20-30 tons/acre roots ($760-1,260/acre) and 10-15 tons/acre leaves
(traditionally $50/ton), extracting 20% bio actives at $5,000/ton adds $1,000-3,000/acre, potentially doubling
income while sustaining markets. This counters consolidation by revitalizing processors, creating rural jobs, and
ensuring succession through diversification. Environmentally, it maximizes advantages: water/nitrogen
efficiency, soil tolerance, and rotational benefits, reducing emissions.

Ultimately, CBR isn’t just a workaround—it’s a paradigm shift, making sugar beet leaves viable where traditional
systems fail, fostering sustainable, community-optimized health products that honor Edison’s vision while solving
21st-century challenges by turning waste into wealth for farmers.

The Science of Direct Bioactive Conversion

Central to Direct Bioactive Conversion are our proprietary systems: MRT™ for mechanical disruption and
GreenExtract™ for optimized non-thermal environments. These directly recover polyphenols, betalains, and
proteins through disruption, by fragmenting cell walls to release compounds without prior hydrolysis. Tech
features enable uptake and breakdown into solubles, with phases like high-shear/softening yielding ratios intact.
Leaves serve as prime sources, varying by conditions. This capability revolutionizes Community BioRefineries,
simplifying and reducing energy.

Using Community BioRefineries' technology, the plant protein emerges as a true 90%+ isolate, complete with all
the branch chain amino acids (BCAAs) inherently embedded in the leaves, delivering a premium, nutrient-packed
product ideal for high-performance health applications. Simultaneously, the phytochemicals are isolated and
extracted via ultra-pristine mechanical methods, ensuring all valuable components remain intact and
bioavailable, preserving their full spectrum of health-promoting properties without degradation.

Essential Treatments and Optimizations for Efficient Production

Though no harsh pretreatment is necessary for fresh materials—since our tech accesses directly—efficient
recovery requires standard optimizations.



Sugar Beet Leaves as a Prime Feedstock: Composition and Challenges

Sugar beet leaves excel with 19-23% proteins (dry weight), >98% bio actives like phenolics. Stored intracellularly,
necessitating release. Direct extraction from whole sugar beet is tough due to fibers, but our approaches
surmount this, making them competitive. CBR represents decentralized, farmer-driven systems like CBR CORE
(Community Optimized Renewable Energy), where wastes are converted on-site into nutraceuticals,
supplements, foods, and green energy. These integrate reduction, extraction, and purification—adaptable from
proteins/polyphenols.

Our Technologies: The Key to Unlocking Bio actives Directly

Our advanced technologies—MRT™ and GreenExtract™—disrupt cells releasing them into slurries without heat,
pressure, or harsh solvents. This permits immediate extraction, exposing biomass as accessible—akin to
"exploding" tech.

Conclusion: A Sustainable Future with Community BioRefineries

For CBR employing advanced tech on sugar beet leaves, direct recovery is feasible and economic, for full
valorization, supporting waste minimization and co-products. Yields of phenolics underscore this as a
sustainable avenue for local production, where enhanced value rivals roots, driving income amid pressures. At
Community BioRefineries, LLC, we’re committed to empowering agricultural communities with these
technologies, fostering a greener, healthier tomorrow.

Contact us to learn how our solutions can revolutionize your operations at: www.communitybiorefiery.com
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