
Systemic Integration of Cichorium 
intybus and Taraxacum officinale as 
Locally Cultivated Coffee Surrogates in 
the Berlin-Brandenburg Region: 
Agronomic, Phytochemical, and Culinary 
Dynamics 
The increasing global demand for caffeine-free, locally sourced beverage alternatives has 
catalyzed renewed commercial and gastronomic interest in the taproots of Cichorium intybus 
var. sativum (industrial chicory) and Taraxacum officinale (common dandelion)1. Both species, 
belonging to the Asteraceae family, produce massive taproots rich in the complex 
carbohydrate inulin and a highly specific matrix of phenolic acids and bitter sesquiterpene 
lactones4. When subjected to controlled thermal degradation through roasting, these roots 
undergo profound physicochemical transformations, developing a volatile metabolomic profile 
that closely mimics the organoleptic properties of roasted Coffea arabica7. 
The geographic transposition of this production system to the Berlin-Brandenburg region of 
Germany presents a unique set of pedoclimatic challenges and advanced agroecological 
opportunities10. To establish a viable, sustainable local supply chain for high-end culinary 
applications—specifically caffeine-free espresso surrogates and structural flavor components 
for complex desserts such as Tiramisu—every phase of production must be rigorously 
engineered12. This requires a systemic understanding of crop rotational architecture, heavy 
metal phytoindication, post-harvest enzymatic kinetics, roasting thermodynamics, solid-liquid 
extraction rheology, and human gastrointestinal physiology. 

Pedoclimatic Constraints and Agronomic System 
Design in Berlin-Brandenburg 
Climatic Boundaries and Operational Frost Windows 
The architectural design of an agronomic system for root cultivation in the Berlin-Brandenburg 
region must be inextricably linked to local climatic boundaries. Situated within USDA Hardiness 
Zone 7b, the region is characterized by significant seasonal temperature variations and an 
operational growing season strictly dictated by absolute frost dates10. Historical meteorological 
data indicates that the last spring air frost (0°C/32°F) typically occurs around May 8, while the 
first autumn air frost arrives near September 22, delineating a reliable frost-free window of 
approximately 136 to 137 days10. 
However, chicory and dandelion exhibit robust cold tolerance, establishing themselves as 



highly resilient cool-season crops. They thrive in moderate temperatures ranging from 10°C to 
24°C, with an optimal photosynthetic range between 15°C and 20°C15. By observing light 
ground frost thresholds (-1°C), the operational growing season in Berlin expands to up to 163 
days10. Furthermore, by deploying protective horticultural fleece or utilizing cold-hardy 
cultivars, this functional window can be pushed to roughly 204 days, allowing ample time for 
the massive accumulation of root biomass10. Extreme summer heat waves, which are 
increasingly prevalent in the Brandenburg region, present a significant physiological stressor. 
Temperatures exceeding 25°C (77°F) can induce premature bolting (floral initiation), decrease 
overall root quality, and rapidly elevate the concentration of bitter sesquiterpene lactones in the 
tissues10. 
Soil Pedology, Hydrology, and Nutrient Management 
The defining limitation of the Brandenburg agricultural landscape is its pedology. The region is 
dominated by Pleistocene-derived glacial sands and sandy loams (Arenosols), which are 
frequently characterized by critically low agricultural yield indices (rated between 25 and 40 
Bodenpunkte)10. These coarse-textured soils possess an abundance of macropores, ensuring 
excellent aeration and unhindered taproot elongation, which is essential for chicory roots that 
can penetrate 30 to 50 cm into the soil profile10. However, this porosity simultaneously results 
in an exceptionally low Available Water Capacity (AWC) and a high susceptibility to the 
downward leaching of water-soluble macronutrients, particularly nitrate and potassium10. 
To cultivate deep-rooting Asteraceae species successfully in this fragile environment, the soil 
structure and organic carbon pools must be systematically optimized. The inherently low 
humus content of sandy Arenosols necessitates a rigorously structured crop rotation. The 
integration of nitrogen-fixing leguminous species, such as the deep-rooting Blue Lupin 
(Lupinus angustifolius), into a multi-year sequence preceding chicory cultivation guarantees a 
closed-loop supply of macronutrients10. Blue Lupin, through symbiotic infection by 
Bradyrhizobium species, biologically fixes massive volumes of atmospheric nitrogen (up to 180 
kg N/ha) and develops taproots capable of penetrating up to 3.0 meters to fracture deep 
compaction layers10. 
 

Soil/Nutrient Parameter Pedological Impact on 
Asteraceae Taproots 

Mitigation Strategy in 
Brandenburg Arenosols 

Texture and Porosity Coarse sands (Arenosols) 
permit unhindered vertical 
taproot elongation but 
cause acute summer 
drought stress10. 

Maintenance of consistent 
irrigation; incorporation of 
engineered biochar to 
exponentially increase 
AWC10. 

Nitrogen (N) Availability Excessive synthetic N leads 
to rampant foliar growth at 

Utilize residual biological N 
from preceding leguminous 



the expense of root 
expansion, and elevates 
tissue bitterness11. 

cover crops (e.g., Hairy 
Vetch, Blue Lupin); limit 
active N top-dressing10. 

Potassium (K) Availability Essential for carbohydrate 
translocation, water 
regulation, and massive 
taproot expansion10. 

Soil inoculation with 
Potassium Solubilizing 
Bacteria (KSB) such as 
Bacillus mucilaginosus to 
weather highly insoluble soil 
silicates10. 

Rotational Architecture and Phytosanitary Gaps 
Chicory and dandelion cultivation must be integrated into the broader 5-year crop rotation 
characteristic of advanced organic systems in Berlin-Brandenburg10. A highly optimized 
sequence typically utilizes a heavy feeder phase (e.g., late winter cabbage or broccoli) followed 
by moderate feeders and soil-restoring species10. The primary pathological threats in this 
region dictate strict rotational intervals. Plasmodiophora brassicae, an obligate biotrophic 
pathogen causing clubroot in Brassicaceae, requires a strict 4-to-6-year cultivation pause 
between susceptible crops10. Similarly, Rhizoctonia solani poses severe risks to Solanaceae 
crops like potatoes10. 
Because Cichorium intybus and Taraxacum officinale belong to the Asteraceae family, they act 
as highly effective non-host rotational breaks. They do not harbor Plasmodiophora brassicae or 
Rhizoctonia solani, thereby starving these soil-borne pathogens of their primary hosts10. When 
slotted into the third or fifth year of a rotation—following the termination of cover crops like 
"Landsberger Gemenge" or winter rye via roller crimping and ultra-shallow tillage—chicory and 
dandelion benefit from the highly friable, aerated, and pathogen-suppressed seedbed without 
requiring deep moldboard plowing that would rapidly oxidize organic matter10. 

Cultivation Mechanics and Stand Establishment 
Cichorium intybus var. sativum (Root Chicory) 
Optimal root yield and morphology are highly sensitive to planting density and spatial 
geometry. For industrial root chicory, seeds are sown directly into the ground approximately 1.0 
to 1.5 cm deep in early spring (April to May), timed precisely 3 to 4 weeks before the final 
frost-free date15. To maximize individual root fresh weight while maintaining a dense canopy to 
suppress competitive weed emergence, an intra-row spacing of 12 to 15 cm (4.7 to 6.0 inches) 
and an inter-row spacing of 30 to 50 cm is strongly recommended15. 
Agronomic studies on plant density reveal that excessive crowding (e.g., extremely narrow 
intra-row distances) restricts individual root diameter, leading to weak, spindly taproots that 
lack the mass necessary for efficient roasting22. Conversely, excessive spacing promotes 
multiple head formations per root, which diminishes the concentration of deeply stored 
carbohydrates30. The cultivar 'Pagana', for instance, exhibits optimal root fresh weight per plant 



when cultivated at 15 to 20 cm spacings30. During the vegetative phase, chicory requires 
consistent, moderate moisture, particularly during germination and initial taproot 
establishment, receiving 1 to 2 inches of water per week14. Drought stress during this critical 
window triggers premature bolting and forces the plant to synthesize higher concentrations of 
defensive, bitter secondary metabolites15. 
Taraxacum officinale (Common Dandelion) 
Dandelion cultivation mirrors the spatial and thermal parameters of chicory but requires 
specific adjustments for seed morphology. The seeds are exceptionally small and require 
photic stimulation (light) to break dormancy and sprout11. Consequently, they must be sown 
ultra-shallowly, approximately 0.25 inches (0.6 cm) deep, and barely covered with fine soil11. 
Germination kinetics are highly temperature-dependent, optimizing between 10°C and 21°C 
(50°F to 70°F); soil temperatures exceeding 25°C (77°F) induce thermal dormancy and stall 
germination, rendering midsummer sowings highly ineffective in Brandenburg11. 
Once true leaves establish, seedlings are thinned to stand 15 to 20 cm (6 to 8 inches) apart 
within rows spaced 30 to 45 cm apart11. Dandelion is exceptionally resilient and 
low-maintenance, though maintaining steady moisture is critical to prevent the leaves and 
roots from developing overwhelming bitterness11. In non-irrigated, pure crop setups, 
Taraxacum officinale yields approximately 1.5 to 2.4 t/ha of dry root mass31. However, under 
optimized agricultural conditions with targeted nitrogen application (e.g., 20 kg N/ha), yields 
can scale dramatically, approaching 10.5 t/ha32. Furthermore, advanced crossbreeding 
programs utilizing Taraxacum kok-saghyz (rubber dandelion) genetics are currently being 
explored to radically increase root biomass and diameter, potentially revolutionizing the 
commercial viability of dandelion as a primary cash crop34. 

Urban Soil Toxicity and Heavy Metal Phytoindication 
A critical, often overlooked limiting factor for cultivating wild or semi-cultivated Asteraceae 
species in the Berlin metropolitan and peri-urban area is the inherent risk of heavy metal 
bioaccumulation. Both Cichorium intybus and Taraxacum officinale are exceptionally efficient 
phytoremediators and have been utilized globally as phytoindicators for severe soil pollution36. 
Dandelion and chicory roots function as aggressive perennial storage organs, efficiently 
absorbing and concentrating elements from the soil solution via symplastic and apoplastic 
mechanisms38. When grown in contaminated urban soils—which are frequently compromised 
by historical industrial runoff, tetraethyl lead residues from vehicular emissions, and 
atmospheric deposition—these plants accumulate exceptionally high levels of Cadmium (Cd), 
Lead (Pb), Zinc (Zn), and Copper (Cu)38. 
In controlled solution culture trials, chicory accumulated up to 890 µg Cd/g in its roots, while 
dandelion roots concentrated up to 1360 µg Cd/g37. The transport factors indicate that while 
heavy metals like Ni and Cu may preferentially accumulate in the foliage, highly toxic elements 
like Cd and Pb frequently deposit in the root cortex and caudex—the exact tissues utilized for 
coffee surrogates37. 
Because the European Food Safety Authority (EFSA) and the World Health Organization (WHO) 



set extremely strict maximum permissible concentrations for heavy metals in herbal and food 
materials (e.g., 0.3 mg/kg for Cadmium, 10.0 mg/kg for Lead, 0.2 mg/kg for Mercury), sourcing 
roots from unverified urban community gardens, vacant lots, or roadside foraging in Berlin 
poses a severe physiological hazard to consumers38. Consumption of heavy metal-laced 
botanicals disrupts ionic balance, stimulates oxidative damage to cellular DNA, and causes 
irreversible systemic toxicity40. Therefore, commercial cultivation must be strictly relegated to 
tested, pristine agricultural fringes in Brandenburg, ensuring that baseline EDTA-extractable soil 
concentrations of heavy metals result in a Target Hazard Quotient (THQ) well below 1.039. 

Post-Harvest Physiology: Fructan Depolymerization 
and Enzymatic Kinetics 
The primary carbohydrate stored in the taproots of both chicory and dandelion is inulin, a 

non-digestible, linear -(2,1)-linked fructan terminating in an -D-glucopyranose residue4. 
The extraction efficacy, roasting thermodynamics, and dietary prebiotic properties of the final 
beverage are fundamentally dictated by the Degree of Polymerization (DP) of this inulin matrix 
at the exact moment of thermal processing43. 
The Biosynthesis and Degradation Cycle 
Inulin synthesis during the vegetative growing phase is driven by a complex interplay of 
enzymes. Sucrose:sucrose 1-fructosyltransferase (1-SST) initiates the process by producing the 
trisaccharide 1-kestose, which is subsequently elongated by fructan:fructan 
1-fructosyltransferase (1-FFT) to build massive, long-chain fructan polymers44. Under optimal 
autumn conditions, industrial chicory roots can consist of 44% to 68% inulin by dry weight, with 
a high proportion of molecules exceeding a DP of 3047. 
However, the approach of the Brandenburg winter triggers a catastrophic biological shift within 
the root cortex. As ambient temperatures drop, the roots initiate cold acclimation to prevent 
cellular freezing damage. This cold stress drastically downregulates 1-FFT and massively 
upregulates the expression of the fructan 1-exohydrolase (1-FEH) enzyme family6. 
1-FEH functions as a highly aggressive biological scissor, systematically depolymerizing the 
long-chain inulin molecules by cleaving terminal fructosyl units49. This endogenous degradation 
acts as an osmoregulatory defense mechanism, flooding the cells with soluble sugars to lower 
the freezing point of the plant tissue49. While essential for plant survival, this rapid enzymatic 
shift destroys the industrial and culinary quality of the root6. An increased concentration of 
low-DP fructooligosaccharides (FOS) and free fructose leads to excessive, uncontrollable 
caramelization, extreme hygroscopicity (stickiness), and hazardous toxicological spikes during 
the roasting phase6. 
Storage Thermodynamics 
To arrest 1-FEH activity and preserve the high-molecular-weight inulin fraction, harvest timing 
and post-harvest storage must be exactingly controlled. Harvesting should occur in late 
autumn (October to November) before soil temperatures drop precipitously and trigger the 
systemic expression of the 1-FEH genes53. 



Crucially, storing the harvested roots at standard commercial refrigeration temperatures (e.g., 
4°C) actively accelerates inulin depolymerization by maintaining high 1-FEH hydrolytic activity 
without supporting concurrent 1-FFT synthesis6. In practical terms, roots left in cold storage will 
rapidly convert their stable inulin banks into highly reactive free fructose53. Conversely, 
immediately processing the roots, or flash-freezing them at -18°C, effectively denatures or 
completely halts the 1-FEH enzymatic pathways, locking the carbohydrate profile in its optimal, 
high-DP state53. 

Thermodynamics of Roasting: Pyrolysis, 
Caramelization, and Toxin Mitigation 
The roasting process is the thermodynamic crucible wherein the raw, astringent botanical root 
is transmuted into a complex, deeply aromatic coffee surrogate. This transformation relies on 
specific kinetic reactions occurring between 135°C and 220°C, balancing the degradation of 
carbohydrates, the destruction of bitter secondary metabolites, and the mitigation of 
neurotoxic byproducts56. 
Inulin Scission and Caramelization 
As the internal temperature of the dehydrated root fragments surpasses 135°C, dry heating 
induces the rapid thermal scission of the fructan chains57. By 195°C, the native inulin matrix is 
almost entirely shattered, experiencing up to 100% degradation57. The thermal breakdown of 

the -(2,1) bonds results in the formation of complex low-molecular-weight products, 
predominantly di-D-fructose dianhydrides (DFAs), alongside free monosaccharides43. 
Simultaneously, these released sugars undergo intense non-enzymatic browning and 
caramelization. This process generates massive quantities of 5-hydroxymethylfurfural (HMF), a 
highly reactive platform chemical that imparts the deep, sweet, and characteristic caramel-like 
visual and olfactory traits to the roast8. 
Thermal Degradation of Sesquiterpene Lactones 
The inherent, aggressive bitterness of chicory and dandelion roots stems from a high 
concentration of sesquiterpene lactones (SLs), specifically those possessing a rigid guaiane 
skeleton: lactucin, lactucopicrin, and 8-deoxylactucin, along with novel sulfate conjugates like 
11β,13-dihydrolactucin-8-O-sulfate (jaquinelin-8-O-sulfate)4. While these compounds provide 
the necessary bitter baseline required to mimic coffee, in their raw state, their astringency is 
overpowering and unpalatable4. 
Thermal processing facilitates the necessary breakdown of these molecules. At sustained 
roasting temperatures, the rigid lactone rings undergo structural cleavage, isomerization, and 
partial volatilization20. Exhaustive chromatographic analyses indicate that careful washing 
protocols followed by precise thermal application can significantly reduce the absolute 
concentration of lactucin and lactucopicrin64. This thermal degradation effectively tempers the 
harsh bitterness into a smooth, resonant profile that perfectly complements the sweetness of 
the DFAs and HMF27. 
Phenolic Acid Transformations 



Dandelion and chicory roots are exceptional sources of hydroxycinnamic acid derivatives, 
though they differ in their primary constituents. Dandelion root is heavily dominated by chicoric 
acid (dicaffeoyltartaric acid), an ester of two caffeic acids with tartaric acid, which acts as a 
potent antioxidant and anti-inflammatory agent55. Chicory root, conversely, is characterized by 
high levels of chlorogenic acid (5-caffeoylquinic acid)67. 
During roasting, the applied thermal energy causes the progressive destruction and 
transformation of these polyphenols. Chlorogenic and chicoric acid levels drop significantly as 
they are thermally cleaved into free caffeic acid, quinic acid, and subsequently converted into 
chlorogenic acid lactones (CGLs)69. Despite the loss of the parent phenolic molecules, the 
overall antioxidant capacity of the final brew often increases post-roast. This paradox is 
explained by the synthesis of melanoidins—high-molecular-weight, highly antioxidative brown 
polymers formed during the late stages of the Maillard reaction56. 
Acrylamide Generation and Mitigation Strategies 
A severe toxicological risk associated with roasting carbohydrate-rich roots is the generation of 
acrylamide61. Acrylamide forms via a specific Maillard reaction pathway when reducing sugars 
(which are highly abundant in roots where 1-FEH has prematurely broken down inulin) react 
with the amino acid asparagine at temperatures exceeding 120°C61. 
Because acrylamide is a known neurotoxin and is metabolically converted in the human body 
into glycidamide (a DNA-damaging mutagen), the European Union has established strict 
benchmark levels under Commission Regulation (EU) 2017/2158 for coffee substitutes61. 
To aggressively mitigate acrylamide formation without sacrificing the complex roast profile, 
advanced pre-treatments must be employed. Research demonstrates that soaking chicory or 

dandelion root pieces in a Calcium Chloride ( ) solution prior to dehydration and 
roasting fundamentally alters the Maillard kinetics, reducing final acrylamide concentrations by 
up to 40%61. Alternatively, utilizing enzymatic pre-treatments, such as incubating the roots with 
L-asparaginase derived from Penicillium crustosum, biochemically cleaves the asparagine 
precursor before heat is applied, reducing acrylamide formation by 75% to 80% without 
negatively impacting the structural retention of beneficial bioactive compounds61. 
 

Phytochemical 
Component 

Pre-Roast State Post-Roast 
Transformation 

Sensory / Health 
Implication 

Inulin (DP > 30) 
Long-chain -(2,1) 
fructan polymer4. 

Massive thermal 
scission into 
di-D-fructose 
dianhydrides (DFAs) 
and free fructose43. 

Generates 
sweetness; 
provides structural 
viscosity (mPa·s) to 
the brew57. 

Sesquiterpene High 
concentrations of 

Thermal ring 
cleavage and partial 

Tempers 
overwhelming 



Lactones lactucin and 
lactucopicrin4. 

degradation20. harshness into a 
smooth, coffee-like 
bitter baseline27. 

Phenolic Acids Chicoric acid 
(Dandelion), 
Chlorogenic acid 
(Chicory)65. 

Cleaved into 
caffeic/quinic acids, 
forming 
Chlorogenic Acid 
Lactones (CGLs)69. 

Synthesizes highly 
antioxidative 
melanoidins56. 

Asparagine + 
Reducing Sugars 

Natural amino acids 
and free fructose61. 

Maillard conversion 
into Acrylamide 
(>120°C)61. 

High toxicity risk 
requiring mitigation 

via  or 
L-asparaginase61. 

Volatile Metabolomics and the Olfactory Profile 
The ultimate objective of roasting chicory and dandelion is not merely to darken the root tissue, 
but to synthesize a highly specific matrix of volatile organic compounds (VOCs). Gas 
chromatography-mass spectrometry (GC-MS) and advanced olfactometry studies (utilizing 
Odor Activity Values, OAV) reveal that the aroma of roasted chicory is governed by complex 
pyrolysis and Maillard derivatives, specifically pyrazines and furans7. 
The Paramount Role of Rotundone 
The singular molecule overwhelmingly responsible for the characterizing, authentic "chicory 
coffee" aroma is rotundone9. Rotundone is an oxygenated bicyclic sesquiterpene that imparts a 
deeply woody, spicy, and resonant peppery olfactory note9. It possesses an extraordinarily low 
odor detection threshold in aqueous solutions—frequently calculated at a mere 8 to 16 
parts-per-trillion (pptr)75. 
Odor Activity Value (OAV) analysis—which mathematically quantifies the sensory impact by 
dividing a compound's absolute concentration by its odor detection threshold—unequivocally 
identifies rotundone as the most potent impact odorant in roasted chicory extracts74. 
Supporting Odorants and Flavor Architecture 
The complex aroma profile generated by the roasted roots is rounded out by a suite of 
high-OAV caramel- and sweet-smelling odorants synthesized during the intense heat of 
roasting: 

●​ Sotolon (3-hydroxy-4,5-dimethyl-2(5H)-furanone): A powerful furanone that imparts 
intense burnt sugar, fenugreek, and maple syrup notes9. 

●​ Dihydromaltol & Cyclotene: These cycloenolones provide soft, sweet, caramelized 
nuances that mimic the inherent sweetness of lightly roasted Arabica beans9. 

●​ Substituted Pyrazines (e.g., 2-ethyl-3,5-dimethylpyrazine): Deliver the crucial 
roasted, nutty, and earthy aromas fundamental to the structural backbone of any 



credible coffee surrogate9. 
Dandelion roots mirror this chemical profile, generating a deeply earthy, roasted aroma 
punctuated by similar pyrazines and trace volatile phenolic compounds80. The precise blending 
of these two roots yields a full-spectrum olfactory experience that masterfully replicates the 
acidity, roast complexity, and body of genuine coffee. 

Solid-Liquid Extraction Kinetics and Rheology 
Brewing the roasted, ground roots requires a precise understanding of solid-liquid extraction 
mechanics, which differ fundamentally from those of traditional coffee. In standard coffee 
brewing, the target Extraction Yield (EY)—the percentage of dry mass dissolved into the 
cup—is strictly bounded between 18% and 22%82. This EY results in Total Dissolved Solids (TDS) 
ranging from 1.15% to 1.45% for gravity-fed filter coffee, and 8% to 12% for high-pressure 
espresso82. 
Because chicory and dandelion roots lack the highly recalcitrant, woody cellulose structure of 
coffee beans and are instead primarily composed of highly water-soluble carbohydrates 
(residual inulin and DFAs), their solubility kinetics are exceptionally rapid47. The grounds are 
highly extractable, meaning that utilizing standard coffee brew ratios (e.g., a 1:15 ratio for filter, 
or prolonged immersion in a French Press) will rapidly force the extraction yield well past the 
22% threshold82. Pushing the extraction yield too high dissolves the last, most recalcitrant 
phenolic compounds and residual sesquiterpene lactones, resulting in a hollow, overwhelmingly 
dry, and intensely bitter astringency83. 
To optimize the brew, a slightly coarser grind size and shorter contact times are mandatory. 
High-pressure, short-duration extraction via a Moka pot or a calibrated espresso machine is 
ideal, as it halts the extraction before the bitterest phenolic fractions overwhelm the cup, 
maximizing the sweet, viscous DFAs82. 
Fluid Rheology and Viscosity 
A unique physical characteristic of the resulting chicory and dandelion extract is its elevated 
rheological viscosity. Even after enduring thermal degradation, the residual short-chain inulin, 
fructooligosaccharides, and DFAs significantly increase the viscosity (measured in 
milliPascal-seconds, mPa·s) of the aqueous continuous phase72. This high concentration of 
complex carbohydrates acts as a natural emulsifier, dramatically reducing droplet mobility and 
stabilizing the formation of foam86. This specific trait perfectly mimics the thick, luxurious 
mouthfeel of true espresso crema, an attribute highly prized in high-end culinary 
preparations82. 

Gastrointestinal Implications: The Prebiotic and 
FODMAP Duality 
The biological impact of the brewed root beverage on the human gastrointestinal tract is 
profound, exerting a powerful, dual-natured influence depending entirely on the consumer's 
baseline microbiome and gut health. 
Prebiotic Health Claims and SCFA Synthesis 



For individuals with a healthy gastrointestinal tract, the beverage acts as an exceptional 
functional food. Native chicory inulin and its complex FOS derivatives resist enzymatic 

hydrolysis by human salivary and small intestinal enzymes due to the -configuration of their 
anomeric C2 bonds87. Consequently, these carbohydrates reach the large intestine virtually 
intact, where they are selectively fermented by beneficial gut microbiota, notably 
Bifidobacterium, Lactobacillaceae, and Anaerostipes87. 
This targeted bacterial fermentation yields high concentrations of Short-Chain Fatty Acids 
(SCFAs), primarily butyrate, acetate, and propionate91. Butyrate is particularly critical; it lowers 
colonic pH, acts as the primary energy source for colonocytes, stimulates the intestinal 
epithelial barrier by regulating tight junction proteins (TJPs), and aggressively promotes the 
clearance of bacterial pathogens88. Based on exhaustive clinical trials demonstrating these 
physiological mechanics, the European Food Safety Authority (EFSA) authorized an exclusive 
Article 13.5 health claim confirming that a daily intake of 12 grams of native chicory inulin 
"contributes to normal bowel function by increasing stool frequency" and increasing overall 
stool softness90. 
The FODMAP Intolerance Paradox 
Conversely, inulin is formally classified as a highly fermentable oligo-, di-, monosaccharide, and 
polyol (FODMAP)93. In individuals suffering from Irritable Bowel Syndrome (IBS), Small Intestinal 
Bacterial Overgrowth (SIBO), or general fructose malabsorption, the rapid osmotic pull and 
aggressive fermentation of these fructans by dysbiotic bacteria generate excessive gaseous 
distension93. 
This manifests clinically as acute bloating, severe abdominal pain, and unpredictable, explosive 
motility93. For this demographic, a low-FODMAP threshold strictly limits chicory or dandelion 
root consumption to ≤ 0.5 g per serving, rendering concentrated, high-TDS espresso-style 
brews highly problematic95. Consequently, while the beverage acts as a potent, scientifically 
validated digestive tonic for a healthy gut, careful dose control and consumer awareness are 
mandatory to prevent severe GI distress in sensitive populations95. 

Culinary Application Engineering: Tiramisu 
Construction in Berlin 
The integration of concentrated chicory and dandelion root extract into the classic Italian 
dessert Tiramisu requires specific structural, rheological, and sensory adaptations compared to 
traditional Coffea arabica preparations. A classic Tiramisu architecture relies on the precise 
capillary saturation of Savoiardi (ladyfingers)—a highly porous, low-moisture, egg-and-flour 
sponge biscuit—with a bitter liquid, which is subsequently layered with a lipid-dense, whipped 
mascarpone cream13. 
Capillary Action and Saturation Mechanics 
Because the dandelion/chicory brew exhibits a significantly higher dynamic viscosity than 
standard coffee due to the heavy suspension of polysaccharide hydrocolloids (inulin and DFAs), 
the fluid dynamics of the biscuit soak are fundamentally altered13. The highly viscous liquid 



permeates the open cellular structure of the Savoiardi via capillary action at a heavily reduced 
velocity. 
If the culinary technician utilizes the standard rapid-dip protocol used for fluid espresso, the 
high-viscosity surrogate will fail to penetrate the core of the biscuit, leaving a dry, unpalatable, 
chalky center13. Conversely, extending the soak time excessively will cause the hydrocolloids to 
over-saturate and chemically disintegrate the fragile starch matrix, resulting in structural 
collapse and a mushy texture13. Therefore, the brew must either be applied via controlled, 
repeated brushing to ensure even saturation, or slightly diluted with warm water to explicitly 
lower the viscosity coefficient prior to dipping13. 
Sensory Balancing and Physiological Benefits 
From a sensory and physiological perspective, the chicory-dandelion blend is exceptionally 
well-suited for high-end Tiramisu. The total absence of caffeine ensures the dessert can be 
consumed in the late evening without antagonizing adenosine receptors in the brain. Caffeine 
directly blocks adenosine—the chemical that signals the brain to initiate sleep—leading to 
disrupted circadian architectures and delayed sleep onset, a frequent clinical complaint 
associated with traditional espresso-soaked Tiramisu98. 
Flavor-wise, the aggressive, earthy bitterness provided by the thermally degraded 
sesquiterpene lactones acts as an essential palate cleanser, cutting through the heavy, 
lipid-dense profile of the mascarpone (or modern vegan cashew/aquafaba cream 
equivalents)13. Furthermore, the high concentration of the impact odorant rotundone imparts a 
complex, woody, and spicy depth that perfectly bridges the gap between the rich dairy fats 
and the final, bitter dusting of alkalized cocoa powder, elevating the dessert beyond a mere 
caffeine-free substitute into a highly sophisticated, regionally authentic culinary experience9. 
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