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Abstract 10 

 11 

The gut microbiome plays a central role in host metabolism, immune function, and overall health, 12 

with disruptions in microbial composition (dysbiosis) being associated with a range of metabolic, 13 

inflammatory, and infectious conditions [1,2]. Consequently, strategies aiming to modulate the 14 

microbiome require selective activity that preserves beneficial commensals while limiting 15 

pathogenic organisms [3]. In this context, ThymoQuin®—a cold-pressed, standardized black 16 

cumin (Nigella sativa) seed oil developed by TriNutra Ltd. and defined by ≥3% thymoquinone (TQ), 17 

controlled p-cymene levels, and low free fatty acids (≤1.25%)—was evaluated for its microbiome-18 

relevant activity. In vitro minimum bactericidal concentration (MBC) assays across three 19 

independent batches demonstrated a biphasic, dose-dependent response. At intermediate 20 

concentrations (0.25–0.5%), Streptococcus thermophilus was strongly stimulated (up to 53-fold) 21 

and Lactiplantibacillus plantarum fully preserved, while Klebsiella pneumoniae was effectively 22 

reduced (>94%). Akkermansia muciniphila exhibited stable viability at concentrations below 1%, 23 

with reductions only observed at 1%. This is notable given its role as a mucin-degrading 24 

commensal that has been linked to metabolic health, but whose abundance may vary across 25 

physiological and disease contexts [4,5]. At concentrations ≥1%, selective effects diminished, 26 

resulting in broader antimicrobial activity and reduced specificity. These findings indicate a 27 

defined concentration range in which selective microbiome modulation is maintained, whereas 28 

higher thymoquinone levels may increase the risk of non-selective detrimental effect on 29 

microbes. 30 

 31 

1. Introduction 32 

 33 
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The human gut microbiome is a complex and functionally diverse microbial ecosystem that 34 

contributes to host physiology through multiple complementary mechanisms, including 35 

digestion of otherwise indigestible substrates, production of short-chain fatty acids (SCFAs), 36 

maintenance of epithelial barrier integrity, colonization resistance against pathogens, modulation 37 

of mucosal and systemic immunity, and regulation of host metabolic homeostasis. These 38 

functions are not uniformly distributed across all commensal bacteria. Rather, different microbial 39 

taxa occupy distinct ecological and metabolic niches, and their contribution to intestinal 40 

homeostasis depends on their substrate preferences, oxygen tolerance, metabolic output, 41 

interaction with the mucus layer, and capacity to communicate with epithelial and immune cells. 42 

SCFAs, particularly acetate, propionate, and butyrate, are among the best-characterized 43 

microbiota-derived metabolites and have been implicated in epithelial energy metabolism, 44 

barrier regulation, and immune signaling [6]. Within this ecosystem, lactic acid bacteria, strict 45 

anaerobic butyrate producers, and mucin-associated organisms represent functionally distinct 46 

groups of particular relevance for gut health. Lactic acid bacteria are commonly associated with 47 

fermented foods and probiotic applications and may contribute to intestinal resilience through 48 

fermentation, production of antimicrobial metabolites, competitive exclusion of pathogens, and 49 

modulation of host responses [7, 8]. In contrast, obligate anaerobic butyrate-producing 50 

commensals are closely linked to colonic epithelial energy supply and anti-inflammatory 51 

mucosal homeostasis [9, 10]. Mucin-associated bacteria occupy a separate ecological niche at 52 

the host–microbe interface, where they participate in mucus-layer turnover and influence 53 

epithelial and immunometabolic signaling [11]. Therefore, when evaluating bioactive compounds 54 

with potential antimicrobial or microbiome-modulating activity, it is important to test their effects 55 

across taxonomically and functionally distinct gut-associated bacteria. Such an approach helps 56 

distinguish selective, microbiome-compatible activity from broad, non-specific antimicrobial 57 

inhibition [12]. There is growing scientific and commercial interest in natural compounds that 58 

selectively modulate gut microbiota: favoring beneficial bacteria, suppressing pathogens, and 59 

preserving the diversity of the microbial community. 60 

Black cumin (Nigella sativa) seed represents a scientifically relevant candidate for microbiome-61 

compatibility testing and has been used in traditional medicine for over 2,000 years across the 62 

Middle East, Southeast Asia, and North Africa [13]. Modern research has isolated thymoquinone 63 

(TQ) as the principal bioactive constituent, responsible for the oil's well-documented antioxidant, 64 

anti-inflammatory, and antimicrobial properties [13, 14]. However, not all black seed oil products 65 

are equivalent — the market is characterized by enormous variation in TQ content, p-Cymene 66 

ratios, oil purity, and manufacturing quality.  67 
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ThymoQuin®, developed by TriNutra Ltd., represents a scientifically calibrated standard in black 68 

seed oil. Our study demonstrates how ThymoQuin®'s quality attributes and dose-response 69 

characteristics translate into optimal, selective gut microbiome performance — and why 70 

products with higher TQ concentrations may produce the opposite of the desired effect. In this 71 

context, a selection of key microbes present in the human gut were tested for their susceptibility 72 

towards ThymoQuin® in the frame of this study. Streptococcus thermophilus, Lactiplantibacillus 73 

plantarum, Klebsiella pneumoniae, and Akkermansia muciniphila provides a biologically 74 

meaningful test panel to assess whether ThymoQuin® exerts selective rather than broadly 75 

suppressive effects on representative beneficial or commensal gut-associated bacteria. These 76 

organisms cover complementary functional niches, including food-associated lactic acid 77 

fermentation, probiotic Lactobacillaceae activity, anaerobic butyrate production, and mucin-78 

associated host–microbiota crosstalk. 79 

S. thermophilus is a Gram-positive lactic acid bacterium widely used as a starter culture in yogurt 80 

and other fermented dairy products. Beyond its technological importance, it has gained interest 81 

as a beneficial bacterium because of reported health-relevant functions, including support of 82 

lactose digestion, production of exopolysaccharides, and other strain-dependent bioactive 83 

properties. Its long-standing use in food applications and its relevance to fermented-food-84 

associated microbiota make it an appropriate organism for assessing whether preserves or 85 

supports beneficial lactic acid bacteria rather than inhibiting them non-selectively [15].  86 

L. plantarum is a metabolically versatile lactic acid bacterium frequently investigated for probiotic 87 

potential. It is notable for its ability to survive diverse environmental conditions and for strain-88 

dependent properties that may include antimicrobial activity, gastrointestinal persistence, 89 

modulation of immune responses, and support of epithelial barrier function. Including L. 90 

plantarum in the test panel is therefore relevant for determining whether ThymoQuin® is 91 

compatible with a representative probiotic Lactobacillaceae species associated with gut 92 

resilience and pathogen exclusion [16].  93 

K. pneumoniae was included as a clinically relevant opportunistic pathobiont and Gram-negative 94 

facultative anaerobe that can colonize the gastrointestinal tract. The gut is an important reservoir 95 

for K. pneumoniae and gastrointestinal carriage has been shown to contribute to subsequent 96 

infection risk, particularly in vulnerable or hospitalized patients. Therefore, inclusion of K. 97 

pneumoniae enabled assessment of whether ThymoQuin® demonstrates selective inhibitory 98 

activity against an undesirable gut-associated pathobiont while preserving beneficial 99 

commensals involved in lactic acid fermentation, butyrate production, mucosal homeostasis,  100 

and host–microbiota signaling [17].  101 
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A. muciniphila is a mucin-degrading, mucosa-associated commensal that inhabits the intestinal 102 

mucus layer and participates in mucus turnover, epithelial barrier regulation, and host–103 

microbiota communication. It has attracted considerable attention as a next-generation probiotic 104 

candidate, particularly in metabolic and inflammatory contexts. However, the biological role of A. 105 

muciniphila appears to be context-dependent: while many studies associate it with beneficial 106 

metabolic and barrier-related effects, excessive enrichment or disease-specific microbial 107 

configurations may not always be favorable. For this reason, testing A. muciniphila is particularly 108 

relevant, since unnecessary suppression of this taxon may be undesirable, whereas excessive or 109 

inappropriate modulation may also be biologically unfavorable depending on host and disease 110 

context [18]. 111 

Together, these four taxa provide a functionally differentiated model panel for assessing 112 

microbiome compatibility. By including lactic acid bacteria, a strict anaerobic butyrate producer 113 

and a mucin-associated commensal, the experimental design allows evaluation of whether 114 

ThymoQuin® selectively affects specific microorganisms while preserving bacteria with 115 

recognized roles in gut homeostasis. This is particularly important for compounds derived from 116 

botanicals such as N. sativa, which may possess antimicrobial activity but should ideally avoid 117 

broad disruption of beneficial commensal taxa when positioned for gut-health applications. 118 

 119 

2. Material and methods 120 

 121 

2.1 Information on the test substance 122 

 123 

ThymoQuin®, standardized black cumin seed oil (N. sativa, purity 3%) developed by TriNutra Ltd., 124 

was tested in three independent batches: 4816078, 4820084, and 4820086.  125 

Each batch of the test substance was dissolved in squalane (99%, ThermoScientific, Lot 126 

#A0459480) to prepare a 10% (v/v) stock solution. 127 

This concentration corresponds to a 10-fold stock relative to the highest final test concentration 128 

(1%). Subsequent 10-fold working stocks for lower concentrations (5%, 2.5%, etc.) were prepared 129 

by serial 2-fold dilutions of the 10% stock in squalane. The final squalane concentration in the 130 

tests was always 10%, independent of the product concentration tested. 131 

 132 

 133 

 134 

 135 

.CC-BY-ND 4.0 International licensemade available under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted May 10, 2026. ; https://doi.org/10.64898/2026.05.10.724082doi: bioRxiv preprint 

https://doi.org/10.64898/2026.05.10.724082
http://creativecommons.org/licenses/by-nd/4.0/


2.2 Bacterial strains and growth conditions 136 

 137 

Table 1: Bacterial species used in this study. 138 

Strains Collection 

Number 

Liquid 

Medium 

Agar Description Reference / 

Source 

Akkermansia 

muciniphila 

DSM 22959 Enriched 

anaerobic 

broth  

(own 

production) 

Enriched 

anarobic 

agar  

(own 

production) 

Anaerobic 

strain, 

isolated 

from human 

intestinal 

tract 

[19] 

Klebsiella 

pneumoniae 

DSM  

681 

CASO  

(Carl Roth, 

Karlsruhe, 

Germany) 

CASO Aerobic 

strain, 

unknown 

source 

[20] 

Lactiplantibacillus 

plantarum subs. 

plantarum 

DSM 20174 MRS  

(Carl Roth, 

Karlsruhe, 

Germany) 

MRS Aerobic 

strain, 

isolated 

from pickled 

cabbage 

[21, 22] 

Streptococcus 

thermophilus 

DSM 20617 M17  

(Merck, 

Darmstadt, 

Germany) 

M17 Micro-

aerophilic 

strain, 

isolated 

from 

pasteurized 

milk 

[20] 

 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 

 147 

 148 
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2.3 Minimal bactericidal concentration (MBC) assay 149 

 150 

2.3.1 Cultivation of the bacteria 151 

Bacterial strains were pre-cultured from agar plates in appropriate growth media and incubated 152 

overnight at 37°C under species-specific conditions (including anaerobic conditions where 153 

required). Cells were harvested by centrifugation (4500 × g, 4°C, 5 min), washed in 1x phosphate-154 

buffered saline (ROTI®Fair PBS 7.4, Carl Roth), and adjusted based on optical density (OD₆₀₀=1). 155 

Standardized inoculi were prepared by diluting cultures in fresh, species-specific media to a 156 

defined starting density (OD₆₀₀ = 0.1) for subsequent minimum bactericidal concentration (MBC) 157 

assays. 158 

 159 

2.3.2 MBC conditions 160 

For the assays, sterile 12-well plates were prepared with a final volume of 2 mL per well. Treatment 161 

wells contained microbial suspension (1.8 mL) combined with either test substance dissolved in 162 

squalane or squalane alone as untreated control. ThymoQuin® was tested at final concentrations 163 

of 0.031%, 0.063%, 0.125%, 0.25%, 0.5%, and 1%. Blank wells (medium with or without squalane, 164 

without inoculum) were included for each condition. Agar plates were incubated for 24 h at 37°C 165 

under anaerobic conditions (0% O₂, 8% CO₂, 2% H₂). 166 

Following incubation, samples were mixed and serially diluted in sterile PBS. Aliquots (100 µL) of 167 

appropriate dilutions were plated in triplicate onto agar plates and incubated under species-168 

specific conditions. Colonies were counted on plates containing 30–300 colony-forming units 169 

(CFUs), and CFU/mL values were calculated based on dilution factors and plated volume. 170 

 171 

2.3.3 Statistical analysis 172 

For each experimental condition, CFU counts were obtained from three replicate plates at the 173 

most appropriate dilution (i.e., the dilution yielding 30–300 colonies). If no dilution fell within this 174 

range, the nearest dilution with reliably countable colonies was selected.  175 

Colony counts from each plate were converted to CFU/mL by multiplying the raw count by the 176 

corresponding dilution factor. For each organism and concentration, the mean CFU/mL and 177 

standard deviation (SD) were calculated from three technical replicates. The untreated control 178 

(squalane) mean and SD were calculated from at least six replicates and applied uniformly across 179 

all tested concentrations. 180 

The log₁₀ change relative to the untreated control was calculated as: 181 

Log₁₀ change = log₁₀(CFU/mL product) − log₁₀(CFU/mL control) 182 

 183 
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Negative values indicate inhibition of growth; positive values indicate an increase relative to the 184 

untreated control. The uncertainty of the log₁₀ change was estimated by error propagation of the 185 

individual standard deviations: 186 

SD(log₁₀ change) = √ [ (SD_control / ln(10) × mean_control)² + (SD_product / ln(10) × mean_product)² ] 187 

 188 

Results are additionally expressed as percentage of the untreated control, where the control is 189 

set to 100%: 190 

% of control = 100 + [(CFU/mL product − CFU/mL control) / CFU/mL control × 100] 191 

 192 

Values above 100% indicate growth relative to the untreated control; values below 100% indicate 193 

inhibition. The associated SD was estimated using the delta method: 194 

SD(% of control) = |% change| × √ [ (SD_product / mean_product)² + (SD_control / mean_control)² ] 195 
 196 

Where product counts fell below the detection limit (< 10 CFU/mL, based on a plating volume of 197 

100 µL without dilution), the log₁₀ change was reported as a minimum value ("> log₁₀ change") 198 

using the detection limit as a conservative substitute for the product mean. In figures, these 199 

values are indicated by a downward arrow (▼) with the label ‘BDL - below detection limit'. Results 200 

are presented per organism across the six tested concentrations (0.031%, 0.063%, 0.125%, 201 

0.25%, 0.5%, and 1%). 202 

 203 

3. Results: Effect of ThymoQuin® on key species of the human intestine 204 

 205 

To assess the susceptibility of selected human gut microbes to ThymoQuin®, four key bacterial 206 

species were tested in vitro: A. muciniphila (Fig.1), K. pneumoniae (Fig. 2), L. plantarum (Fig. 3), 207 

and S. thermophilus (Fig. 4). Minimum bactericidal concentration assays (MBCs) were performed 208 

using six different ThymoQuin® concentrations, followed by incubation for 24 h under strictly 209 

anaerobic conditions, to get as close as possible to the conditions in the intestine. After 210 

incubation, bacterial suspensions were plated to determine the effects of ThymoQuin® exposure 211 

on bacterial vitality relative to the untreated control. 212 

 213 

 214 

  215 
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3.1. Akkermansia muciniphila 216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

Figure 1: Effect of ThymoQuin® on the vitality of A. muciniphila. A. muciniphila was exposed to six concentrations of 231 
ThymoQuin® ranging from 0.031% to 1% for 24 h under anaerobic conditions. Three independent product batches, 232 
4816078, 4820084, and 4820086, were tested (= 3 biolog. replicates, each in three technical replicates). Bars represent 233 
the mean log₁₀ change in CFU/mL relative to the untreated control (log₁₀ change = log₁₀(CFU/mL treated) − log₁₀(CFU/mL 234 
untreated control)), calculated from three technical replicates (n = 3). Error bars indicate the propagated standard 235 
deviation. Negative values indicate a reduction in viable counts relative to the untreated control; positive values 236 
indicate growth. The downward arrow (▼) indicates that viable counts in all replicates fell below the detection limit of 237 
10 CFU/mL (corresponding to a minimum log₁₀ reduction of 7.3), and the true value may therefore be lower than shown. 238 
The horizontal line at log₁₀ change = 0 represents no change relative to the untreated control. The untreated control was 239 
prepared and incubated under identical conditions in the absence of the test substance. 240 

 241 

The three ThymoQuin® batches showed batch-dependent effects on the vitality of A. muciniphila 242 

(Fig. 1). At lower concentrations, particularly 0.031% and 0.063%, batches 4816078 and 4820084 243 

increased bacterial vitality above the control level, suggesting a low stimulatory effect at low 244 

concentrations. In contrast, at the highest concentration tested, 1%, all batches markedly 245 

reduced vitality, indicating an inhibitory effect at elevated ThymoQuin® concentrations. The 246 

response of A. muciniphila to ThymoQuin® appeared to be primarily concentration-dependent, 247 

while batch-specific differences were comparatively minor. The data suggest that A. muciniphila 248 

largely tolerated concentrations up to 0.5%, whereas 1% ThymoQuin® caused a marked reduction 249 

in bacterial vitality. 250 

  251 

ThymoQuin® Concentration 
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3.2 Klebsiella pneumoniae 252 

 253 

 254 
Figure 2: Effect of ThymoQuin® on the vitality of K. pneumoniae. K. pneumoniae was exposed to six concentrations 255 
of ThymoQuin® ranging from 0.031% to 1% for 24 h under anaerobic conditions. Three independent product batches, 256 
4816078, 4820084, and 4820086, were tested (= 3 biolog. replicates, each in three technical replicates). Bars represent 257 
the mean log₁₀ change in CFU/mL relative to the untreated control (log₁₀ change = log₁₀(CFU/mL treated) − log₁₀(CFU/mL 258 
untreated control)), calculated from three technical replicates (n = 3). Error bars indicate the propagated standard 259 
deviation. Negative values indicate a reduction in viable counts relative to the untreated control; positive values 260 
indicate growth. The horizontal line at log₁₀ change = 0 represents no change relative to the untreated control. The 261 
untreated control was prepared and incubated under identical conditions in the absence of the test substance. 262 

 263 

K. pneumoniae (Fig. 2) depicted a concentration-dependent decrease in vitality following 264 

exposure to ThymoQuin®. At the lowest concentration, 0.031%, vitality remained close to the 265 

control level for batches 4816078 and 4820084, whereas batch 4820086 already showed a 266 

moderate reduction. With increasing concentration, bacterial vitality declined progressively, 267 

although the magnitude of the effect varied between batches. This batch-dependent variation 268 

was particularly evident at 0.125% and 0.25%, where batch 4816078 retained comparatively 269 

higher vitality, while batches 4820084 and 4820086 caused a pronounced reduction. At 0.5% and 270 

1%, vitality was strongly reduced across all batches, approaching complete loss of viability at the 271 

highest concentration. Overall, K. pneumoniae was clearly sensitive to ThymoQuin®, with a 272 

pronounced concentration-dependent decline in vitality and evident batch-specific differences 273 

at intermediate concentrations. 274 

 275 

 276 

ThymoQuin® Concentration 
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3.3 Lactiplantibacillus plantarum subs. Plantarum 277 

 278 

 279 
Figure 3: Effect of ThymoQuin® on the vitality of L. plantarum. L. plantarum was exposed to six concentrations of 280 
ThymoQuin® ranging from 0.031% to 1% for 24 h under anaerobic conditions. Three independent product batches, 281 
4816078, 4820084, and 4820086, were tested (= 3 biolog. replicates, each in three technical replicates). Bars represent 282 
the mean log₁₀ change in CFU/mL relative to the untreated control (log₁₀ change = log₁₀(CFU/mL treated) − log₁₀(CFU/mL 283 
untreated control)), calculated from three technical replicates (n = 3). Error bars indicate the propagated standard 284 
deviation. Negative values indicate a reduction in viable counts relative to the untreated control; positive values 285 
indicate growth. The horizontal line at log₁₀ change = 0 represents no change relative to the untreated control. The 286 
untreated control was prepared and incubated under identical conditions in the absence of the test substance. 287 

 288 

L. plantarum (Fig. 3) presented relatively stable vitality across the tested ThymoQuin® 289 

concentration range, with most values remaining close to or above the control level. At lower 290 

concentrations, particularly 0.031% to 0.125%, batches 4820084 and 4820086 showed slightly 291 

increased vitality. At intermediate concentrations, 0.25% and 0.5%, vitality remained largely 292 

comparable to the control, with only minor batch-dependent variation. At 1%, a moderate 293 

reduction was observed for batches 4816078 and 4820086, whereas batch 4820084 remained 294 

close to the control level. Taken together, L. plantarum appeared to tolerate ThymoQuin® well 295 

across the tested concentration range, showing only a moderate batch-dependent reduction at 296 

the highest concentration. 297 

 298 

 299 

 300 

 301 
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3.4 Streptococcus thermophilus 302 

 303 

 304 
Figure 4: Effect of ThymoQuin® on the vitality of S. thermophilus. S. thermophilus was exposed to six concentrations 305 
of ThymoQuin® ranging from 0.031% to 1% for 24 h under anaerobic conditions. Three independent product batches, 306 
4816078, 4820084, and 4820086, were tested (= 3 biolog. replicates, each in three technical replicates). Bars represent 307 
the mean log₁₀ change in CFU/mL relative to the untreated control (log₁₀ change = log₁₀(CFU/mL treated) − log₁₀(CFU/mL 308 
untreated control)), calculated from three technical replicates (n = 3). Error bars indicate the propagated standard 309 
deviation. Negative values indicate a reduction in viable counts relative to the untreated control; positive values 310 
indicate growth. The horizontal line at log₁₀ change = 0 represents no change relative to the untreated control. The 311 
untreated control was prepared and incubated under identical conditions in the absence of the test substance. 312 

 313 

MBCs with S. thermophilus (Fig. 4) resulted in a pronounced concentration-dependent increase 314 

in vitality following exposure to ThymoQuin®. At low concentrations, 0.031% and 0.063%, vitality 315 

showed already dramatically increased values of up to 460% compared to the control. An even 316 

stronger stimulatory effect was observed at 0.125% with up to 1170% vitality, and this effect 317 

became particularly pronounced at 0.25% and 0.5%, where vitality values increased about 50-318 

fold above the control level. The magnitude of this response differed between batches, with batch 319 

4816078 showing the strongest increase, especially at 0.25% and 0.5%. At 1%, vitality declined 320 

markedly compared with the mid-range concentrations, although values did not indicate the 321 

same strong stimulatory response observed at 0.25–0.5%. 322 

 323 

 324 

 325 

 326 
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3.5 Analysis of the results by ThymoQuin® batches 327 

 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 

 352 

 353 

 354 

 355 

 356 

 357 

 358 

 359 

 360 

 361 

A 

B 

C 

ThymoQuin® Concentration 

ThymoQuin® Concentration 

ThymoQuin® Concentration 

.CC-BY-ND 4.0 International licensemade available under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted May 10, 2026. ; https://doi.org/10.64898/2026.05.10.724082doi: bioRxiv preprint 

https://doi.org/10.64898/2026.05.10.724082
http://creativecommons.org/licenses/by-nd/4.0/


Figure 5. Effect of ThymoQuin® on the growth of four microorganisms at increasing concentrations, shown per 362 
batch. Panels A–C show results for Batch 4816078, 4820084, and 4820086, respectively. Each panel displays the log₁₀ 363 
change in CFU/mL relative to the untreated control (log₁₀ change = log₁₀(CFU/mL treated) − log₁₀(CFU/mL untreated 364 
control)) for A. muciniphila, K. pneumoniae, L. plantarum, and S. thermophilus. Bars represent the mean of three 365 
technical replicates (n = 3). Error bars indicate the propagated standard deviation. Negative values indicate a reduction 366 
in viable counts relative to the untreated control; positive values indicate growth. The downward arrow (▼) indicates 367 
that viable counts in all replicates fell below the detection limit of 10 CFU/mL, and the true value may therefore be lower 368 
than shown. The horizontal line at log₁₀ change = 0 represents no change relative to the untreated control. The untreated 369 
control was prepared and incubated under identical conditions in the absence of the test substance. 370 
 371 

Across all three batches (Fig. 5), ThymoQuin® exerted markedly different effects depending on the 372 

bacterial strain and concentration tested. S. thermophilus consistently showed the highest 373 

viability ratios, frequently exceeding 103 at mid-range concentrations (0.125%–0.5%), suggesting 374 

a pronounced growth-promoting or stress-tolerant response. A. muciniphila and L. plantarum 375 

generally maintained viability ratios near or above 102 across most concentrations, indicating 376 

limited inhibition. In contrast, K. pneumoniae demonstrated a concentration-dependent 377 

reduction in viability, with ratios dropping below 101 at 0.5%–1% in batches 4816084 (Fig. 5A) and 378 

4816086 (Fig. 5C) and reaching values below 100 (i.e., below the untreated control level) at 1% in 379 

batch 4816084 (Fig. 5A) and batch 4816086 (Fig. 5C). Batch 4816078 (Fig. 5B) showed a broadly 380 

similar pattern, although the inhibitory effect on K. pneumoniae appeared slightly less 381 

pronounced at the highest concentrations. Overall, results were qualitatively consistent across 382 

batches, supporting the reproducibility of the observed effects. 383 

 384 

4. Discussion 385 

 386 

Black seed oil, obtained from Nigella sativa seeds, has gained scientific interest because it 387 

contains both nutritional lipids and bioactive compounds. Reported properties include 388 

antioxidant, anti-inflammatory, immunomodulatory, antimicrobial, metabolic, and 389 

gastrointestinal effects, which are often linked to thymoquinone, one of the major bioactive 390 

constituents of the volatile fraction. However, black seed oil is not a single-compound substance; 391 

it contains fatty acids, volatile compounds, phenolics, sterols, and quinone derivatives, which 392 

may all contribute to its biological activity [23]. 393 

A key issue when comparing studies is the large variability between N. sativa preparations. 394 

Conventional black seed oil, thymoquinone-rich or standardized oils, isolated thymoquinone, 395 

seed powder, extracts, and essential oil can differ substantially in chemical composition. Fixed 396 

oils are mainly composed of fatty acids such as linoleic, oleic, and palmitic acids, whereas the 397 

volatile fraction contains compounds such as thymoquinone, p-cymene, thymohydroquinone, 398 
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and thymol. Therefore, biological effects may depend strongly on the preparation used, the 399 

thymoquinone content, extraction method, origin, processing, and storage conditions [24]. 400 

In the frame of this study, ThymoQuin®, black cumin seed oil, developed by Trinutra, was tested 401 

towards its effects on different key bacterial species present in the human gut. The present 402 

findings indicate that ThymoQuin® exerts a concentration-dependent and species-specific effect 403 

on the tested bacterial strains. Across all evaluated batches, ThymoQuin® promoted the growth 404 

of the probiotic strain S. thermophilus over a broad concentration range, while L. plantarum was 405 

largely preserved at low to intermediate concentrations. In contrast, the opportunistic pathogen 406 

K. pneumoniae showed a progressive reduction in viability with increasing ThymoQuin® 407 

concentrations. This pattern suggests a selective antimicrobial profile, in which beneficial or 408 

probiotic-associated bacteria may be maintained or stimulated within a defined concentration 409 

window, whereas a pathogenic strain is inhibited. 410 

The strongest probiotic-promoting effect on the members of  the gut microbiome was observed, 411 

when S. thermophilus was exposed to different ThymoQuin® concentrations. ThymoQuin® 412 

concentrations between 0.031% and 0.5% increased S. thermophilus growth, with the most 413 

pronounced stimulation observed at 0.25% and 0.5%. In contrast, the highest tested 414 

concentration, 1%, resulted in a marked collapse of S. thermophilus growth, indicating that the 415 

beneficial effect is limited to a defined concentration range and that excessive concentrations 416 

may become inhibitory even for probiotic species. L. plantarum showed a more stable but less 417 

strongly stimulated response, with growth largely preserved between 0.031% and 0.5%, while 418 

visible stress or reduced recovery was observed at 1%. A similar dose-dependent safety aspect 419 

was observed for A. muciniphila. Across the different batches, ThymoQuin® had little or no 420 

consistent growth-promoting or inhibitory effect on A. muciniphila at low to intermediate 421 

concentrations, whereas the highest concentration showed a pronounced bactericidal effect. 422 

This finding is relevant because A. muciniphila is a mucus-associated commensal bacterium with 423 

context-dependent effects on host health. It has been linked to beneficial metabolic and barrier-424 

related outcomes, but excessive or inappropriate modulation of mucin-degrading bacteria may 425 

also have unfavorable consequences under certain conditions [18]. Therefore, the lack of major 426 

effects on A. muciniphila within the lower concentration range may be interpreted as favorable, 427 

whereas the bactericidal effect at 1% further supports the need to avoid overdosing [25]. These 428 

results suggest that concentrations below 1% may be compatible with selected probiotic bacteria 429 

under the present experimental conditions, whereas 1% appears too high for a selectively 430 

probiotic-supportive application. 431 

Importantly, the response of K. pneumoniae differed markedly from that of the probiotic strains. 432 

Even at the lowest concentration tested, ThymoQuin® produced a mild reduction in K. 433 
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pneumoniae, and this inhibitory effect increased progressively with dose. At 0.25% and 0.5%, K. 434 

pneumoniae was strongly reduced, while 1% resulted in near-total inhibition. Taken together, 435 

these data suggest that the most relevant concentration window lies between 0.125% and 0.5%, 436 

where S. thermophilus was strongly stimulated, L. plantarum was largely preserved, and K. 437 

pneumoniae was substantially inhibited. Among these concentrations, 0.25% may represent a 438 

particularly balanced dose, because it combined strong stimulation of S. thermophilus, 439 

preservation of L. plantarum, and marked inhibition of K. pneumoniae, without reaching the 440 

toxicity-associated pattern observed at 1%. 441 

These in vitro findings are consistent with a previously published randomized, double-blind, 442 

placebo-controlled clinical study investigating ThymoQuin® black cumin seed oil 443 

supplementation in endurance runners [26]. In that study, 37 runners consumed 500 mg/day of 444 

ThymoQuin® 3% or placebo for four weeks, spanning three weeks before and one week after a 445 

half-marathon or marathon event. Compared with placebo, ThymoQuin® supplementation was 446 

associated with significantly fewer upper-respiratory tract complaints, improved global mood 447 

state, lower salivary cortisol, higher microbiome composite score, and a 66% higher relative 448 

abundance of S. thermophilus after supplementation.  449 

The clinical observation of increased S. thermophilus abundance after ThymoQuin® 450 

supplementation is particularly relevant to the present study, because S. thermophilus was also 451 

the bacterial species that showed the strongest growth-promoting response in vitro. While the 452 

clinical trial measured changes in fecal microbiome composition in humans and the present 453 

study assessed direct bacterial responses under controlled in vitro conditions, both datasets 454 

point in the same direction: ThymoQuin® may create conditions that favor S. thermophilus 455 

abundance or growth. This convergence strengthens the biological plausibility of a selective 456 

microbiome-modulating effect, although the mechanisms cannot be established from the 457 

current data alone. 458 

The clinical study [26]  also reported broader host-related outcomes, including 62% fewer upper-459 

respiratory tract complaints, an 11% improvement in global mood state, an 8-point higher 460 

microbiome composite score, and 44% lower salivary cortisol compared with placebo after four 461 

weeks. These findings suggest that ThymoQuin® may influence not only specific microbial taxa 462 

but also host parameters related to stress physiology, immune vigilance, and subjective well-463 

being. However, these outcomes should be interpreted cautiously, because the trial was 464 

conducted in a specific population of endurance athletes exposed to exercise-induced 465 

physiological stress. Nevertheless, the concordance between the present in vitro findings and the 466 

clinical data by Talbott and Talbott [26] supports the translational relevance of the experimental 467 

model.  468 
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This is important because in vitro microbiological models are often criticized for not fully 469 

reproducing the complexity of the human gastrointestinal environment. Indeed, host metabolism, 470 

immune signaling, bile acids, intestinal transit, and microbial cross-feeding cannot be completely 471 

replicated in simplified laboratory systems. However, in vitro gut fermentation and microbiota 472 

models are widely used to study microbial modulation under controlled and reproducible 473 

conditions and are considered valuable complementary tools to human studies [27, 28]. Thus, 474 

the present data does not prove full equivalence between in vitro and in vivo conditions, but they 475 

provide supportive evidence that carefully designed in vitro assays can identify microbiological 476 

effects with in vivo relevance. In the case of ThymoQuin®, the matching S. thermophilus response 477 

strengthens the interpretation that the observed growth-promoting effect is not merely an 478 

artificial laboratory finding but may reflect a relevant microbiome-modulating property of 479 

thymoquinone-rich black seed oil [29, 30].  480 

Overall, the present results support the concept that ThymoQuin® has a hormetic dose-481 

dependent and selective antimicrobial profile, which is generally characterized by stimulation at 482 

low to moderate doses and inhibition at higher doses [31]. This biphasic response supports the 483 

interpretation that ThymoQuin® may act as a microbial modulator within an optimal 484 

concentration window, while excessive exposure becomes inhibitory. Hormetic dose responses 485 

have been described across biological systems and are considered a relevant concept for 486 

interpreting non-linear effects of bioactive compounds [32]. Concentrations between 0.125% and 487 

0.5% appear most promising, as they combined probiotic compatibility, pronounced S. 488 

thermophilus stimulation, and substantial inhibition of K. pneumoniae. The parallel with the 489 

published in vivo study, in which ThymoQuin® supplementation increased S. thermophilus 490 

abundance and improved several immune- and stress-related outcomes, provides supportive 491 

external evidence for the relevance of the observed S. thermophilus response [26]. Future studies 492 

should include statistical analysis of batch variability, additional probiotic and pathogenic 493 

species, mixed-community microbiome models, and mechanistic assays to clarify whether 494 

ThymoQuin® acts through direct bacterial growth modulation, selective antimicrobial pressure, 495 

altered metabolic availability, or host-mediated pathways. 496 
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