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Evaluation of the potential effect of  
Kionutrime CsG on lipid binding 

Introduction 

Next to high carbohydrate intake, the ingestion of excessive amounts of fat plays a major role in the 

development of obesity. Strategies to reduce the intestinal absorption of dietary fats could therefore 

be a promising approach in weight management (Grube et al., 2013)1. Dietary fats enter the human 

body in a wide variety of different forms comprising bulk fats, fats entrapped in solid matrices, water-

in-oil emulsions, or oil-in -water emulsions. However, due to mechanical stresses induced during 

passage through the mouth and stomach accompanied with the presence of various surface-active and 

stabilizing components present in food and body secretions the substrates for fat digestion are usually 

fat droplets embedded in an aqueous medium (Mun et al., 2006)2. 

Several clinical studies have already demonstrated the effectivity of fat-binding agents in the reduction 

of body weight and hence in managing obesity. Screening of the agents can also be performed in vitro. 

In fact, in vitro approaches to study the gastrointestinal (GI) tract and intestinal microbial processes 

offer an excellent experimental setup to study possible properties of selected actives. The application 

of well-designed continuous models allows the in-depth study of the biological activity of selected 

molecules in the gut under representative environmental conditions. Furthermore, recent advances in 

in vitro modelling also allow to combine the study of bacteria-host interactions with the continuous 

model, thereby further increasing both the scientific output and commercial relevance.   

                                                           
1 Grube B, Chong PW, Lau KZ, Orzechowiski. 2013.. Obesity 21: 58-64. 
2 Mun S, Decker EA, Park Y, Weiss JD, McClements J. 2006.. Food Biophysics 1: 21-29. 
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Aim 

The aim of this collaboration was to investigate the action of Kionutrime CsG in the human upper 

gastrointestinal tract in terms of capacity to block the absorption of dietary lipids. 

The aim of the project was to use a more diverse dietary fat source as compared to the previous project 

where olive oil was used. The test was performed using a mix of fat from fish, dairy, and vegetables 

using 2 different protocols (as described below). Every test was conducted by comparing a simulation 

with 2 doses and without Kionutrime CsG (treatments vs. control). 

 

In vitro experimental protocol. 

SHIME® system 

The general reactor setup was adapted from the SHIME®, representing the gastrointestinal tract (GIT) 

of the adult human, as described by Molly et al. (19933). The SHIME consists of a succession of five 

reactors simulating the different parts of the human gastrointestinal tract. 

The first two reactors are of the fill-and-draw principle to simulate different steps in food uptake and 

digestion. The last three compartments are continuously stirred reactors with constant volume and pH 

control. Retention time and pH of the different vessels are chosen in order to resemble in vivo 

conditions in the different parts of the gastrointestinal tract. The overall residence time of the last 

three vessels, simulating the large intestine, is 72 h. Upon inoculation with fecal microbiota, these 

reactors simulate the ascending (AC), transverse (TC) and descending (DC) colon. Inoculum 

preparation, retention time, pH, temperature settings and reactor feed composition were previously 

described by Possemiers et al. (2004).  

 

Figure 1: Standard setup of the Simulator of the Human Intestinal Microbial Ecosystem (SHIME®), 

consisting of 5 sequential reactors, which simulate the different regions of the human intestinal tract. 

 

                                                           
3 Molly, K. (1993). "Development of a 5-step multichamber reactor as a simulation of the human intestinal 

microbial ecosystem." Applied Microbiology and Biotechnology 39: 254-258. 
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Lipid binding – Protocol 1 

Stability in the upper GI tract 

Digestion starts in the mouth by producing electrolytes and enzymes (such as -amylase). In the 

stomach, pepsin is produced, which cleaves proteins in short peptides and amino acids. The stomach 

in the fasted state is characterized by low resting volumes, and a median pH in the range of 1.5-2. 

Although some individuals may even reach pH 1, others can have fasted pH values as high as 54. In the 

fasting stomach, long periods of little or no motor activity occur. About once every 2h, contractions 

start to occur which gradually become more frequent and forceful until they result in a burst of activity, 

emptying the stomach content into the small intestine. Residence times therefore range between 

immediate emptying and 2h, depending on the phase of the motility cycle operative at the time of 

administration. On the contrary, in the fed state, the stomach is filled with a complex food matrix that 

is subjected to increasing pepsin levels, while the pH typically undergoes a sigmoidal profile (S-shaped 

decrease). The retention time in the stomach is significantly longer as compared to the fasted state.  

In the small intestine the pH goes gradually up to values as high as 7 due to secretion of bicarbonate. 

Besides also bile salts and pancreatic enzymes are mixed with the food matrix in the proximal small 

intestine (duodenum). The amount of bile salts and pancreatic juices is proportional to the amount of 

ingested food, thus being higher under fed as opposed to fasted conditions. 

Within the COST Action InfoGest, a consensus digestion method (de facto simulating a fed condition) 

has recently (2015) been developed with the aim to enhance comparison of digestion experiments 

across research teams5. This was an important piece of literature for ProDigest to update the in-house 

developed protocols to simulate the human upper GIT. The consensus method was not completely 

adopted because it faces multiple limitations that result from the tendency to establish a protocol that 

can be applied in all labs (also those that are poorly equipped). As an example, few labs have the 

required apparatus to simulate a gradual pH decrease in the stomach. Therefore, the InfoGest 

consensus method does not include such a gradual pH decrease, despite the fact that gastric pH is 

highly dynamic and dependent on the presence of food6.  

The applied conditions are summarized below: 

Gastric phase (fed state) 

• Incubation during 2h at 37°C, while mixing via stirring, with sigmoidal decrease of the pH 

profile (S-shaped decrease from 5.5 to 2) 

• Pepsin is supplied with the activity being standardized by measuring absorbance increase at 

280nm of TCA-soluble products upon digestion of hemoglobin (reference protein). 

• Addition of phosphatidylcholine 

                                                           
4 J.B. Dressman et al. (1990). Upper gastrointestinal pH in young, healthy men and women, Pharm. Res. 7: 756–
761 
5 Mackie, A., Bajka, B. & Rigby, N. Roles for dietary fibre in the upper GI tract: The importance of viscosity. Food 
Res. Int. (2015). doi:10.1016/j.foodres.2015.11.011 
6 Dressman, J. B. et al. Upper gastrointestinal (GI) pH in young, healthy men and women. Pharm. Res. 7, 756–61 
(1990). 
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• Addition of the SHIME medium. The salt levels recommended by the consensus method (NaCl 

and KCl) were implemented. 

• The pH in the stomach can be further modified to mimic a PPI treatment (initial pH of 6, not 

controlled, and follow up pulses of HCl -> to be confirmed with literature) 

Small intestinal phase (fed state) 

• Incubation during 3h at 37°C, while mixing via stirring, pH increasing to 7.4 

• Regarding pancreatic enzymes both a raw animal pancreatic extract (pancreatin) containing 

all the relevant enzymes in a specific ratio as well as defined ratios of the different enzymes 

can be used. 

• Regarding bile salts, 10 mM bovine bile extract is generally supplemented (bovine bile is a 

closer match to human than porcine in terms of tauro- and glycocholate) 

• Along the incubation, bile salts are diluted in order to simulate the conditions occurring in 

duodenum, jejunum and ileum 

 

Lipid binding assay 

A typical American diet consist of 50% calories provided by carbohydrates, 15% of calories provided 

by protein, and 35% of calories provided by fat. Fat can be derived from different sources namely from 

meat products, vegetable products, dairy products, and fish products (Last & Wilson, 2006). All these 

fat types contain different percentages of saturated and non-saturated fatty acids each represented 

by different compositions of fatty acids, depending on the source of the fat. Lipids derived from tuna 

oil, soy oil, corn oil, soybean oil, fish oil, olive oil, and sunflower seed oil have been used as a substrate. 

In all studies, only one of these oils were tested (Mecclements & Li; 2010). A difference in fat binding 

of specific products to different fat sources can be explained by the fact that e.g. butter (ghee) contains 

a much higher percentage of saturated fatty acids than olive oil that primarily contains unsaturated 

fatty acids. When testing the fat binding capacity of different fat-binding agents the results will thus 

definitely depend on the type of fat selected and the presence of other components such as bile acids. 

In contrast with what done in the past, in this study we will make use of fat originating from fish, dairy 

and vegetables to more accurately extrapolate the obtained results to the ultimate in vivo condition. 

In fact, the simulation of the fat fraction contained in a Western-type diet will generate more reliable 

results compared to the use of fat derived from one dietary source.  

In order to determine the dose of product to be dosed to the SHIME, we will apply the same criteria 

used for the previous studies, considering that the SHIME volume is somehow considered as ½ of a 

human. Moreover, we will make use of the following conditions: the stomach, in the fed state, will 

characterized by a basal nutritional medium containing starch (4 g/L). As the fat sources are tested as 

a mix, 2.45 grams of each source will be added, for a total of 7.36 grams, together with one dose of 

the test product (420 mg of active ingredient) AND half dose of the test product (210 mg of active 

ingredient). The experiment was conducted in triplicate to account for biological variation.  

At the end of the simulation of the transit in the upper GIT, samples were centrifuged at 2200 rpm for 

20 minutes. The unbound lipid at the uppermost layer of the tubes was aspirated onto a weighing boat 
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and then was dried placing it in a hot air oven at 55 ± 5oC, subsequently cooled to room temperature 

and weighed.  

 

Lipid binding – Protocol 2 

In order to determine the dose of product to be dosed to the SHIME, we applied the same criteria used 

for the previous studies, considering that the SHIME volume is somehow considered as ½ of a human. 

Moreover, we will make use of the following conditions: the stomach, in the fed state, will be 

characterized by a basal nutritional medium containing starch (4 g/L). As the fat sources are tested as 

a mix, 2.45 grams of each source will be added, for a total of 7.36 grams, together with one dose of 

the test products (420 mg of active ingredient) AND half dose of the test product (210 mg of active 

ingredient). The experiment will be conducted in triplicate to account for biological variation.  

Under fed conditions the environmental pH has a typical sigmoidal profile (S-shaped decrease) from 

4.5 to 1.8. The retention time in the stomach is between 90 and 120 minutes. 

Based on these considerations, the following conditions will be applied in the simulated fed stomach: 

• Medium composition: 

o Nutritional medium 

o Pepsin: 2 g/L 

• pH: from 4.2 to 1.8  

• Incubation period: 90 minutes 

Following the stomach simulation, the next step in digestion is represented by the small intestine. No 

dialysis step was performed. Intestinal pH values are considerably higher than the gastric ones due to 

the neutralization of the stomach acid with bicarbonate ions secreted by the pancreas. Furthermore, 

there is a pH gradient in the small intestine, with values gradually rising from pH 5 in the duodenum 

up to 7 or more in the small intestine. In general, there is little difference in the mean transit times 

through the small intestine for liquids and solids, for different dosage forms and between fasted and 

fed status. The general residence time is quantified in the range of 2-3 h7. The following conditions will 

be applied in the simulated small intestine: 

• Medium composition: 

o NaHCO3: 12.5 g/L 

o Bile: 6 g/L, ProDigest uses Oxgall (BD Biosciences, nr. 212820) as this is a 

representative mixture of bile secretions. 

o Pancreatin: 0.9 g/L, ProDigest uses Pancreatin (Sigma Aldrich, nr. p1625), as this is a 

representative mixture of enzymes secreted by the pancreas.  

• pH: stable at 6.8  

• Incubation period: 180 minutes. 

The fraction of lipid bound to the test product was analyzed by means of the ‘Bligh and dyer method’, 

as performed in the previous collaborations. At the end of the small intestine simulation, the fluids 

                                                           
7 J.R. Malagelada et al. Intestinal transit of solid and liquid components of a meal in health Gastroenterology 87 (1984) 1255-
1263 
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were separated by gravity and the fraction of ECH3 bound to lipids was separated by the liquid fraction. 

This corresponded to the amount of lipids that cannot be absorbed in an in vivo context. The fat 

content in this fraction was measured by means of the Bligh and dyer method. The method is based 

on the extraction of lipid with a mixture of 2:1 Dichloromethane:MeOH. By centrifugation of this 

mixture, in the tube there are 3 phases. The solvent phase that contains the fat is at the bottom. The 

solvent is filtrated through a filter that contains a small amount of Na2SO4 and is collected in a flat 

bottom flask. The solvent phase is evaporated with a rotavap and the fat content is calculated 

according to the following equation: 

% extracted fat = (G2-G1)/G sample x100, 

where G2 is the final weight, G1 the weight of the flask and G the original amount of lipid added to the 

stomach. 

 

Results 

Protocol 1 

Figure 2 shows the results of the test with Protocol 1 (i.e. new protocol implemented in 2017) in terms 

of free amount of oil available to be absorbed. The 420 mg-dose of Kionutrime CsG significantly 

decreased the remaining oil layer on top of the gastrointestinal matrix as compared to the control 

condition (p = 0.053).  

 

 

Fig. 2: Recovered amount of oil during the upper GIT simulations without (control) and with addition of 2 

doses of the test product (210 and 420 mg) expressed as grams (n=3). Significant differences versus the 

control were calculated based on a two-sided Student t-test and reported when p< 0.05. 

 

As observed in previous experiments there is a difference in the control condition (no addition of 

products) between the total amount of oil added (7.36 g) and that detected at the end of the 

simulation (5.2 ± 0.7 g). This difference could be ascribed to two factors: 

- The emulsion of the oil by bile salt that may make the solution not completely homogeneous 

- The dispersion of lipid on the glass wall of the vessels during the simulation itself. 
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For this reason, the fraction of lipids potentially available to be absorbed has been calculated as 

compared to the amount of lipids originally added (7.36 g). The same data can be shown as the relative 

proportion of total lipids added and lipids bound to the test product (Fig. 3) (for a better visualization 

of the effect of the product). 

 

 

Fig. 3: relative proportion of total added lipids and lipids bound to the test product at the end of the small 

intestine simulation as compared to the initial amount of lipid originally added into the system. 

 

The fraction of lipids potentially available to be absorbed decreased of 34% and 46% in presence of 

210 mg and 420 mg of Kionutrime CsG, respectively.  

 

Protocol 2 

For the first time, the old protocol has been applied with a mix of lipids. However, the specific approach 

turned out not to be suited for the mix of lipids as shown by results in Figure 4. 

 

Fig. 4: Recovered amount of oil during the upper GIT simulations without (control) and with addition of 2 

doses of the test product (210 and 420 mg) expressed as grams (n=3). Significant differences versus the 

control were calculated based on a two-sided Student t-test and reported when p< 0.05. 
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As compared to past experiments, values of recovered lipids are very low. The same can be appreciated 

when the data are shown as the relative proportion of total lipids added and lipids bound to the test 

products (Fig. 5). Based on these data, the fraction of lipids potentially available to be absorbed 

decreased of 7.3% and 6.6% in presence of 210 mg and 420 mg of Kionutrime CsG, respectively. 

 

.  

Fig. 5: relative proportion of total added lipids and lipids bound to the test product at the end of the small 

intestine simulation as compared to the initial amount of lipid originally added into the system. 

 

These results can be explained by the fact that in presence of the mix of lipids the manual sampling 

could not be properly performed as the solution was very viscous and, the test product, was highly 

dispersed without forming a thick floating layer.  

 

Conclusions 

The new protocol implemented in 2017, based on a final centrifugation step, turned out to be the best 

approach to assess the efficacy of Kionutrime CsG in presence of a mix of lipids.  

Based on this approach, the fraction of lipids potentially available to be absorbed decreased of 46% 

in presence of 420 mg of Kionutrime CsG 


