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SUMMARY:  35 
This protocol describes an in vitro batch-culture fermentation system of human fecal microbiota, 36 
using inulin (a well-known prebiotic and one of the most widely studied microbiota modulators) 37 
to demonstrate the use of this system in estimating effects of specific interventions on fecal 38 
microbiota composition and metabolic activities.  39 
 40 
ABSTRACT:  41 
The emerging role of the gut microbiome in several human diseases demands a breakthrough of 42 
new tools, techniques and technologies. Such improvements are needed to decipher the 43 
utilization of microbiome modulators for human health benefits. However, the large-scale 44 
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screening and optimization of modulators to validate microbiome modulation and predict related 45 
health benefits may be practically difficult due to the need for large number of animals and/or 46 
human subjects. To this end, in vitro or ex vivo models can facilitate preliminary screening of 47 
microbiome modulators. Herein, it is optimized and demonstrated an ex vivo fecal microbiota 48 
culture system that can be used for examining the effects of various interventions of gut 49 
microbiome modulators including probiotics, prebiotics and other food ingredients, aside from 50 
nutraceuticals and drugs, on the diversity and composition of the human gut microbiota. Inulin, 51 
one of the most widely studied prebiotic compounds and microbiome modulators, is used as an 52 
example here to examine its effect on the healthy fecal microbiota composition and its metabolic 53 
activities, such as fecal pH and the fecal levels of organic acids including lactate and short-chain 54 
fatty acids (SCFAs). The protocol may be useful for studies aimed at estimating the effects of 55 
different interventions of modulators on fecal microbiota profiles and at predicting their health 56 
impacts.  57 
 58 
INTRODUCTION:  59 
The human microbiota is a complex community consisting of bacteria, archaea, viruses and 60 
eukaryotic microbes1, that inhabit the human body internally and externally. Recent evidences 61 
have established the fundamental role of the gut microbiota and the gut microbiome (the entire 62 
collection of microbes and their genes found in the human gastrointestinal tract) in various 63 
human diseases including obesity, diabetes, cardiovascular diseases, and cancer1-3. Additionally, 64 
the microorganisms living in our gut produce a wide spectrum of metabolites which significantly 65 
affect our health and can also contribute to the pathophysiology of several diseases as well as a 66 
variety of metabolic functions4,5. Abnormal changes (perturbations) in the composition and 67 
function of this gut microbial population are generally termed as “gut dysbiosis”. Dysbiosis is 68 
usually associated with an unhealthy state of the host and hence can be differentiated from the 69 
normal (homeostatic) microbial community associated with a healthy control state of the host. 70 
Specific patterns of gut microbiome dysbiosis are often found in various different diseases1-3,6,7. 71 
 72 
The fermentation of undigested food, particularly the fermentable carbohydrates/fibers, by the 73 
gut microbiota not only yields energy but also produces divergent metabolites including short-74 
chain fatty acids (SCFAs), lactate, formate, carbon dioxide, methane, hydrogen, and ethanol6. In 75 
addition, the gut microbiota also produces a number of other bioactive substances such as folate, 76 
biotin, trimethylamine-N-oxide, serotonin, tryptophan, gamma-aminobutyric acid, dopamine, 77 
norepinephrine, acetylcholine, histamine, deoxycholic acid, and 4-ethylphenyl sulfate. This 78 
occurs primarily through the utilization of intrinsic metabolic fluxes within the host-microbe 79 
niche, which contributes in several body processes, metabolic functions and epigenetic 80 
changes1,8-10. However, the effects of various interventions on such microbial products remain 81 
unkown or unclear due to the lack of easy, efficient and reproducible protocols. The human gut 82 
microbiota composition is an extremely complex and diverse ecosystem, and hence, many 83 
questions about its role in human health and disease pathology still remain unanswered. The 84 
effects of many common gut microbiome modulators (e.g., probiotics, prebiotics, antibiotics, 85 
fecal transplantation and infections) on the composition and metabolic functions of the intestinal 86 
microbiota remain largely elusive. In addition, the examination and validation of these effects in 87 
vivo is difficult, particularly because most of the nutrients and metabolites produced by the gut 88 



   

microbiota are absorbed or disposed of simultaneously and rapidly in the gut; therefore, 89 
measuring the production, amount and processing of these metabolites (e.g., SCFAs) in vivo still 90 
remains a practical challenge. Indeed, physiological models such as animals and human subjects 91 
are critical for determining the role of gut microbiome and its modulation on host health, but 92 
these may not be suitable for large-scale screening of different types of microbiome modulators 93 
due to ethical, monetary or time constraints. To this end, in vitro and/or ex vivo models, such as 94 
culturing of gut microbiota in vitro and then intervening with different microbiota modulators, 95 
can offer time- and money-saving opportunities and hence can allow for preliminary or large-96 
scale screening of various components (such as probiotics, prebiotics, and other interventional 97 
compounds) to examine/predict their effects on the fecal microbiota diversity, composition and 98 
metabolic profiles. Studies using such in vitro and ex vivo systems of the gut microbiome may 99 
facilitate further understanding of the host-microbiome interactions that contribute to host 100 
health and disease, and could also lead to finding novel therapies that target the microbiome to 101 
ameliorate host health and prevent and treat various diseases1. 102 
 103 
Although the in vitro gut microbiota culture systems cannot truly replicate the actual intestinal 104 
conditions, several laboratories have endeavored to develop such models, some of which have 105 
been found practicable to some extent and have been successfully used for different purposes. 106 
One of the recent gut models is the Simulator of the Human Intestinal Microbial Ecosystem, 107 
which mimics the entire human gastrointestinal tract, including the stomach, small intestine, and 108 
different regions of the colon. However, such technically complex models may not be accessible 109 
to other research facilities worldwide. Therefore, there is still a critical need for the development 110 
of new alternative models that are relatively simple, affordable and practical for laboratories 111 
studying the microbiome modulators and their effects on gut microbiota and host health. Hence, 112 
the use of an in vitro (or ex vivo) fecal microbiota culture system would be useful for studying the 113 
effects of such interventions11,12. Specifically, the effect of different prebiotics on the microbiota 114 
fermentation capacity in terms of periodic changes in the gut microbiota diversity and 115 
composition, the fecal pH, and the levels of microbial metabolites including SCFAs and lactate 116 
can be studied13. Herein, using inulin (one of the most widely studied prebiotic components) as 117 
an example of the microbiome modulator, a step-by-step protocol of this simple ex vivo 118 
microbiota batch-culture system is described to demonstrate its use to estimate the changes in 119 
the fecal microbiota and microbial metabolites following intervention with the microbiome 120 
modulators.  121 
 122 
PROTOCOL:  123 
 124 
CAUTION: Consult the appropriate Material Safety Data Sheets and follow the instructions and 125 
guidelines for appropriate Biosafety Level 2 (BSL-2) training. Follow all the culturing steps as per 126 
the standard biosafety rules and use a BSL-2 cabinet using aseptic conditions. Furthermore, fecal 127 
samples from different models and human subjects may have potential risk of spreading 128 
microbial borne diseases. Immediately seek medical aid in the occurrence of any injury and 129 
infection. In addition, the use of human and animal stool samples should be approved through 130 
institutional ethical committees and must compliant with protocols to use samples and subject 131 
information. 132 



   

 133 
1. Preparation of culture media  134 
 135 
1.1. Preparation of the culture media, prepare nine types of stock solutions 136 
 137 
1.1.1. Solution A (1000 mL): Dissolve 5.4 g of sodium chloride (NaCl), 2.7 g of potassium 138 
dihydrogen phosphate (KH2PO4), 0.16 g of calcium chloride dihydrate (CaCl2·2H2O), 0.12 g of 139 
magnesium chloride hexahydrate (MgCl2·6H2O), 0.06 g of manganese chloride tetrahydrate 140 
(MnCl2·4H2O), 0.06 g of cobaltous chloride hexahydrate (CoCl2·6H2O), and 5.4 g of ammonium 141 
sulfate (NH4)2SO4, in deionized water to make total volume to 1000 mL. 142 
 143 
1.1.2. Trace mineral solution (1000 mL): Dissolve 500 mg of disodium ethylenediamine-144 
tetraacetate dihydrate (Na2EDTA), 200 mg of ferrous sulfate heptahydrate (FeSO4·7H2O), 10 mg 145 
of zinc sulfate heptahydrate (ZnSO4·7H2O), 3 mg of manganese(II) chloride tetrahydrate 146 
(MnCl2·4H2O), 30 mg of phosphoric acid (H3PO4), 20 mg of CoCl2·6H2O, 1 mg of cupric chloride 147 
dihydrate (CuCl2·2H2O), 2 mg of nickel(II) chloride hexahydrate (NiCl2·6H2O) and 3 mg of sodium 148 
molybdate dihydrate (Na2MoO4·2H2O) in deionized water to make total volume to 1000 mL. 149 
 150 
NOTE: This solution is light sensitive, therefore ensure to be stored in dark/black or aluminum 151 
wrapped tubes/bottles. 152 
 153 
1.1.3. Water soluble vitamin solution (1000 mL): Dissolve 100 mg of thiamine hydrochloride 154 
(Thiamin-HCl), 100 mg of D-pantothenic acid, 100 mg of Niacin, 100 mg of pyridoxine, 5 mg of P-155 
aminobenzoic acid and 0.25 mg of Vitamin B12 in deionized water to make total volume to 1000 156 
mL. 157 
 158 
1.1.4. Folate: biotin solution (1000 mL): Dissolve 10 mg of folic acid, 2 mg of D-biotin and 100 mg 159 
of ammonium bicarbonate (NH4HCO3) in deionized water to make total volume to 1000 mL. 160 
 161 
1.1.5. Riboflavin solution (1000 mL): Dissolve 10 mg of Riboflavin in 5 mM HEPES (1.19 g/L) 162 
solution to make total volume to 1000 mL. 163 
 164 
1.1.6. Hemin solution (10 mL): Dissolve 5000 mg of Hemin in 10 mM sodium hydroxide (NaOH) 165 
(0.4 g/L) solution to make total volume to 10 mL. 166 
 167 
1.1.7. Short-chain fatty acid mix (10 mL): Combine 2.5 mL of N-valerate, 2.5 mL of isovalerate, 168 
2.5 mL of isobutyrate and 2.5 mL: DL-α-methylbutyrate. 169 
 170 
NOTE: This solution is recommended to use in fume hood to avoid smell and fumes. 171 
 172 
1.1.8. Resazurin (1000 mL): Dissolve 1 g of resazurin in deionized water and make total volume 173 
to 1000 mL. 174 
 175 
1.2. Medium used for in vitro anaerobic fermentation 176 



   

 177 
1.2.1. To prepare this media, mix 330 mL of Solution A, 330 mL of Solution B, 10 mL of Trace 178 
mineral solution, 20 mL of Water soluble vitamin solution, 5 mL of Folate:biotin solution, 5 mL of 179 
Riboflavin solution; 2.5 mL of Hemin solution, 0.4 mL of Short chain fatty acid mix, 1 mL of 180 
Resazurin, 0.5 g of yeast extract, 4 g of sodium carbonate (Na2CO3), 0.5 g of Cysteine HCl-H2O, 181 
and 0.5 g of Trypticase, and add 296.1 mL of distilled water.  182 
 183 
1.2.2. Check the pH and ensure it is around 7.0, if not, adjust the pH with 1 N HCl or 1 N NaOH. 184 
Sterilize by vacuum filtering the media using a bottle filter under the aseptic workstation.  185 
 186 
1.2.3. Alternatively, mix all the components (except vitamin and hemin solutions) and autoclave 187 
at 121 °C for 20 min and let it cool down to room temperature. Simultaneously, filter-sterilize 188 
vitamin and hemin solutions using 0.22 µm membrane filters and add these to the autoclaved 189 
and cooled media before dispensing. 190 
 191 
2. Preparation of anaerobic chamber and required material  192 
 193 
2.1. Keep all the materials, solutions and tools needed for the fermentation experiment inside 194 
the anaerobic chamber at least 48 h before the start of the experiment, to ensure that any 195 
residual oxygen associated with tools and soluble oxygen in buffers/solutions is removed and all 196 
the materials are acclimatized to the set anaerobic conditions.  197 
 198 
NOTE: Materials needed inside the anaerobic chamber (48 h earlier of experiment to start): (i) 199 
fermentation media; (ii) anaerobic solution (prepared according to section 4.1), (iii) vortexer, (iv) 200 
weighing balance, (v) muslin cheese cloths, (vi) scissors, (vii) funnel, (viii) 1.5, 2.0, 15, 50 mL tubes, 201 
(ix) pipettor (2, 20, 200 and 1000 µL) and compatible pipet tips, (x) gun pipet and pipets (5 and 202 
10 mL), (xi) paper tissues, (xii) markers, (xiii) tube stands for different tubes, (xiv) waste box, (xv) 203 
O2 indicator and (xvi) 70% ethanol spray bottle (disinfectant). 204 
 205 
3. Preparation of tubes and fibers  206 
 207 
3.1. Weight 300 mg of inulin and transfer to a 50 mL tube followed by the aseptically addition 208 
of 26 mL of fermentation media already prepared and stored in the anaerobic chamber. Prepare 209 
one blank tube for each fecal sample type and experimental tube(s) (according to the number of 210 
compounds being tested), in triplicate.  211 
 212 
3.2. Leave these tubes inside the anaerobic chamber for around 24 h to allow hydration of 213 
samples before starting the fermentation experiment. Ensure the tube temperature is 37 °C at 214 
the time of inoculation, therefore bring the tubes in the incubator enclosed within the anaerobic 215 
chamber. 216 
 217 
4. Preparation of inoculum  218 
 219 



   

4.1. Anaerobic dilution solution (at least 48 h before fermentation experiment): Dissolve 5 g 220 
of NaCl, 2 g of glucose and 0.3 g of Cysteine-HCl in deionized water and make total volume to 221 
1000 mL. Autoclave and store it inside the anaerobic chamber at least 48 h before use. 222 
 223 
4.2. Fecal inoculum preparation (at the day of fermentation experiment): Weigh 5 g of fresh 224 
fecal sample in a 50 mL conical tube, add anaerobic dilution solution for a final volume of 50 mL 225 
(1:10 w/v) and vortex for 15 min or until completely homogenized. Filter the homogenized 226 
mixture through 4 layers of sterile cheesecloth (autoclaved) and use it immediately for 227 
inoculation in the tubes containing media. 228 
 229 
NOTE: The fecal samples from a group of subjects can be pooled if the experimental objective is 230 
to compare the effect of a given compound/ingredient on overall healthy versus diseased fecal 231 
microbiota in general. 232 
 233 
5. Fermentation and sampling 234 
 235 
5.1. Prepare tubes according to the section 4.2 and inoculate blank/control and experimental 236 
tubes with 4 mL of diluted and filtered fecal inoculum. Incubate the inoculated tubes at 37 °C 237 
inside the anaerobic chamber. Shake the tubes once every hour by inverting gently to re-suspend 238 
the fibers and inoculum.  239 
 240 
5.2. Collect samples as frequently as needed, for example, hourly to 0, 3, 6, 9 and 24 h during 241 
fermentation by taking a 2 mL aliquot sample out into a 2 mL tube from respective fermenting 242 
tubes.  243 
 244 
5.3. Measure the pH of the aliquots using a laboratory pH meter (by directly inserting the pH 245 
electrode in the sample); centrifuge the remaining sample at 14000 x g for 10 min at 4 °C. 246 
Immediately freeze the supernatant for SCFAs analysis and store the pellet at -80 °C for 247 
microbiome analysis. 248 
 249 
6. Short chain fatty acids (SCFAs) and lactate quantification 250 
 251 
NOTE: The SCFAs and lactate in the supernatant of microbiome culture can be measured exactly 252 
according to the methods detailed elsewhere13-16.  253 
 254 
6.1. Briefly, thaw the snap frozen supernatants obtained in section 5 from control and treatment 255 
samples on ice and carry out all further processing steps on ice. Filter the supernatant through a 256 
0.45 µm membrane filter and use the cell-free samples to measure the concentrations of SCFAs 257 
and lactate using HPLC system with DAD detector at 210 nm, equipped with an HPX-87H column. 258 
Use inject volume of 10 μL for each sample and use H2SO4 (0.005 N) to elute the column at a flow 259 
rate of 0.6 mL/min at 35 °C. 260 
 261 
7. Fecal microbiome analysis 262 
 263 



   

NOTE: Perform microbiome analysis following the methods and pipeline detailed 264 
elsewhere7,13,14,17.  265 
 266 
7.1. Briefly, extract genomic DNA from approximately 200 mg of fecal slurry pellets by using a 267 
fecal DNA extraction kit13.  268 
 269 
7.2. Amplify the hypervariable region of the bacterial 16S rRNA gene by using the barcoded 270 
primers as per the method described elsewhere13, using the primer sequences as described in 271 
the Earth Microbiome Project protocol18.  272 
 273 
7.3. Purify the resulting amplicons with magnetic purification beads and quantify by Picogreen 274 
or an equivalent method. Pool the purified PCR products in equal molar concentration and 275 
sequence on a sequencer13.  276 
 277 
7.4. Process the resulting sequences for de-multiplexing, quality filtering and clustering, 278 
taxonomic assignment and rarefaction, and downstream analyses by using the Quantitative 279 
Insights into Microbial Ecology (QIIME) software as per the methods described by Caporaso et 280 
al19. 281 
 282 
 REPRESENTATIVE RESULTS:  283 
The protocol is used to demonstrate the effect of a specific prebiotic (i.e., inulin on the microbiota 284 
composition and metabolic activities in terms of changes in the fecal pH and the concentration 285 
of lactate and SCFAs in the feces of healthy human subjects over different time-points following 286 
treatment with inulin). The fecal pH, the fecal levels of lactate and SCFAs (Figure 1), and the 287 
microbiota composition (Figure 2 and Figure 3) are measured at 0 (baseline), 9 and 24 h of 288 
incubation with or without inulin. The results demonstrate how fecal microbiota composition and 289 
its metabolic activities are modulated during in vitro fermentation with or without inulin 290 
treatment.  291 
 292 
FIGURE AND TABLE LEGENDS: 293 
Figure 1. Changes in fecal pH (a), lactate (b) and short-chain fatty acids viz. acetate (c), 294 
propionate (d) and butyrate (e) in human feces at 0 (baseline), 9 and 24 h of anaerobic 295 
fermentation with or without inulin. Values presented here are Mean ± SEM of triplicate 296 
samples. *P<0.05, **P<0.01, ***P<0.001, vs. baseline. 297 
 298 
Figure 2. Changes in the microbiota diversity and composition in human feces at 0 (baseline), 9 299 
and 24 h of anaerobic fermentation with or without inulin. (a) Weighted and (b) unweighted 300 
Unifrac measures of beta-diversity visualized using Principle Coordinate Analysis (PCoA). (c-f) 301 
Indices of alpha-diversity viz. phylogenetic diversity (PD whole tree (c); species richness (Chao1; 302 
d); observed number of operational taxonomic units (OTUs, e); and species evenness (Shannon 303 
index, f)). Relative abundance of major phyla (g) and genera (h). Values presented here are Mean 304 
± SEM of triplicate samples. *P<0.05, **P<0.01, vs. baseline.  305 
 306 



   

Figure 3. Linear discriminant analysis (LDA) effect size (LEfSe) analysis of gut microbiota 307 
changes following 9 h and 24 h incubation with (INU) or without (CTL) inulin. Taxonomic 308 
cladogram derived from LEfSe analysis of 16S sequences (relative abundance ≥ 0.5%) 309 
representing the differentially abundant taxa between different group of samples. The brightness 310 
of each dot is proportional to its effect size (i.e., the taxon abundance). Only taxa passing LDA 311 
threshold value of >2.4 are shown here. 312 
 313 
DISCUSSION:  314 
The in vitro fecal slurry fermentation model presented here is a simple single-batch model to 315 
approximate the effects of different substrates and microbial strains (e.g., prebiotics and 316 
probiotics) on the composition of human fecal microbiota as well as its metabolic activities in 317 
terms of fecal pH and SCFAs levels. The results presented herein demonstrate that the 318 
inoculation of inulin decreases the fecal pH and significantly increases the levels of SCFAs and 319 
lactate in inulin-treated fecal specimen as compared to non-treated fecal microbiota culture 320 
(Figure 1). In addition, the gut microbiota signature also appears to be different between inulin-321 
treated and untreated samples (Figure 2 and Figure 3). These data exemplify how this system 322 
can reflect the effects of inulin on fecal microbiome diversity and composition as well as its 323 
metabolic activities. In addition, depending on specific experimental objectives and hypotheses, 324 
a variety of other factors can also be measured using this system. Furthermore, in addition to 16S 325 
rRNA gene sequencing, other analyses such as whole microbial metagenome sequencing (using 326 
Whole genome sequencer) or qPCR and culture methods targeted at specific single or multiple 327 
genera, species and strains (e.g., bifidobacteria, lactobacilli, Akkermansia, Enterobacteriacaea, 328 
clostridia, etc.) can also be executed. In addition, different chromatographic procedures for the 329 
analysis of SCFAs, such as LC-MS, GC, GC-MS, GC-FID, and HPLC can also be exploited based on 330 
experimental requirement and availability. Nevertheless, it should be noted that sample 331 
preparation for these procedures may vary according to the instruments and conditions required 332 
for operation20.  333 
 334 
Although the use of fresh fecal specimen would yield best reproducible results; however, snap 335 
frozen fecal sample (as used in the experiment presented herein) can also be used efficaciously 336 
as most of the bacteria can be revived from it once resuscitated to body temperature and no 337 
more decomposition happens after the freezing21. Using frozen sample can be particularly 338 
advantageous when it is impossible to obtain fresh fecal samples from specific donor(s) on 339 
planned day of the experiment, or from the same donor when an experiment needs to be 340 
replicated. It should be noted, however, that the fecal samples should be snap frozen using liquid 341 
nitrogen and immediately stored at -80 °C until further use. In addition, to avoid the exposure of 342 
the frozen fecal samples to air (oxygen), the samples should be transferred to the anaerobic 343 
chamber as soon as possible/immediately after taking out from the freezer and used right away 344 
(repeated thawing should be avoided). All subsequent experiments including sample thawing, 345 
inoculum preparation and processing should be done inside the anaerobic chamber.  346 
 347 
The intestinal organic environment and pH during nutrient fermentation in large bowel are very 348 
important particularly in view of the fact that an abnormally reduced pH indicates increased 349 
acidity due to the substrate utilization. Hence, more rapid pH reduction can correspond to more 350 



   

rapid substrate utilization22. Although, in this model, the pH has not been controlled, however, 351 
inclusion of identical non-treated control is highly recommended to make direct comparisons. 352 
The SCFAs produced in the colon as a result of the fermentation of indigestible polysaccharides 353 
by the gut microbiota can further influence diverse mechanisms related to the maintenance of 354 
the host health. These metabolites contribute in gluconeogenesis and lipid biosynthesis, act as 355 
an energy source for colonocytes, and can also have health benefits including immune 356 
modulation, controlled/improved gut barrier functions, and neuromodulation23-26. In addition, 357 
SCFAs are also known to influence several biological pathways including hormones, 358 
endocannabinoid system, cell proliferation and death, bone health, mineral absorption, gut 359 
motility, intestinal pH, and invert effects on the gut microbiome and microbial metabolic 360 
function. Therefore, knowledge of the profile and concentrations of intestinal/ fecal SCFAs can 361 
be an important component while evaluating the efficacy of specific microbiota modulators6. Of 362 
course, besides SCFAs, the gut microbiome also produces many other important metabolites 363 
(e.g., ammonium, vitamins, histamine). Hence, the supernatant specimens collected during such 364 
in vitro fermentation experiments can also be evaluated for global metabolomics analyses to 365 
discover novel gut microbiome-derived metabolites that can be influenced by specific 366 
microbiome modulators.  367 
 368 
The system described here has many advantages, such as the ease, simplicity, cost effectiveness, 369 
and the general adoptability of the experimental set-up. However, there are few limitations as 370 
well. For example, the system does not pertain to the interaction of prebiotics (or other 371 
interventions used) in the upper digestive system (e.g., saliva, stomach, small intestine) before 372 
being exposed to the microbiota of the large intestine. However, such steps can be adopted and 373 
incorporated according to specific experimental requirements. Also, an acidic and/or enzymatic 374 
hydrolysis process may need to be performed before fermentation if using specific substrates 375 
including whole food or digestible food because only the indigestible part of such foods reaches 376 
to the colon to be fermented by the lower gut microbiota. In addition, the composition of gut 377 
microbiota may shift due to specific culture conditions during fermentation. For example, it was 378 
observed that up to 9 h of incubation, microbiota changes are much closer to normal than at 24 379 
h. However, after 24 h of incubation, although pH and SCFAs levels increased substantially, gut 380 
microbiota composition showed that Proteobacteria counts increased while the microbial 381 
diversity reduced. However, it remains unknown how precisely and closely the increased 382 
accumulation of microbial metabolites accompanied with the lowered fecal pH is associated with 383 
specific microbiota signatures. 384 
 385 
In summary, a simple protocol to simulate the ex vivo microbiota ecosystem is described herein. 386 
The system enables researchers to test different interventions for modulation of the microbiota 387 
diversity, composition and metabolic function that can influence diverse features of the host 388 
intestinal and overall health.  389 
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Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   
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February 12, 2019 

 

To, 

The Editor, JoVE 

 

RE: Submission of the revised manuscript (MS#: JoVE59524)  

 

Dear Editor, 

 

On behalf of the all our co-authors, I would like to extend sincere thanks for considering our work 

and your valuable time and efforts to handle our manuscript entitled, “An in-vitro batch-culture 

model to estimate the effects of interventional regimens on human fecal microbiota”. Thanks 

for to providing your valuable feedback quickly to fix the errors of this manuscript (MS#: 

JoVE59524). We have addressed all the points raised by editorial office, and the response point-

by-point rebuttal is below in this letter and all the changes are included in revised version of the 

manuscript.  

 

The revised manuscript files are submitted in the manuscript system. We again thank a lot to 

you, and your whole team of the JoVE for the efforts and consideration of our work to publish in 

your esteemed journal. 

 

Please feel free to contact me if more information is needed. 

 

Looking forward to hear for your decision soon. 

With best regards 

 

Sincerely, 
 
 

Hariom Yadav 

  

Hariom Yadav, Ph.D. 
Assistant Professor of Internal Medicine 

Section on Molecular Medicine 
Gut Microbiome and Metabolic Diseases Group 

Center for Diabetes, Obesity and Metabolism 
Wake Forest School of Medicine 

575 Patterson Avenue 
Winston-Salem, NC 27101 
hyadav@wakehealth.edu  
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REBUTTAL FOR EDITORIAL AND REVIEWERS FEEDBACK 

 
 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling 

or grammar issues. 

 

Authors: This has been checked and fixed the errors, if find any. 

 

2. The summary is over the 50 word limit. 

 

Authors: We revised this section and now is 46 words. 

 

3. Please do not abbreviate journal titles for all references. 

 

Authors: References have been adopted from Endnote library using Jove style. However, we have 

manually fixed this in revised version. 

 

4. For in-text referencing, please put the reference number before a period or comma. 

 

Authors: These changes are made. 

 

5. JoVE cannot publish manuscripts containing commercial language. This includes company names before 

an instrument or reagent. Please remove all commercial language from your manuscript and use generic 

terms instead. All commercial products should be sufficiently referenced in the Table of Materials and 

Reagents. Examples of commercial language in your manuscript include Aminex, Illumina, Qubit-3, etc. 

 

Authors: We removed all the commercial names. 

 

6. Please do not highlight notes for filming. 

 

Authors: This has been removed. 

 

7. Please specify all primers for PCR reactions. 

 

Authors: There are more than 500 adopter PCR primer sequences, which are not possible to include them 

here, however we provided the reference, which readers can follow. 

 

8. Step 7.4: Please add more details to your protocol steps. Please ensure you answer the “how” question, 

i.e., how is the step performed? Alternatively, add references to published material specifying how to 

perform the protocol action. 

 

Authors: This section has been revised and references have been provided. 
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