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Abstract

This study investigated the in vitro digestibility, glycaemic index (GI) and bile acid–binding capacity (BABC) of 
some potential resistant starch source food products (PRSF). Commercially available resistant starch (RS) sam-
ples, Hylon VII (RS2), Novelose 330 (RS3) and Fibersym (RS4) were also included in the study. The RS content 
of the PRSF used in this study was in the range of 25–77%. Standardised static in vitro digestion processes were 
applied, and the total digestibility, GI and BABC of the samples were determined. The digestibility of commercial 
RS samples was lower than the PRSF samples. No significant correlation was found between digestibility and RS 
or total dietary fibre (TDF) contents of the samples. A statistically significant positive correlation was obtained 
between GI and in vitro digestibility values. In addition, there was a statistically significant negative correlation 
between the GI and TDF content of the PRSF samples. In addition, it was observed that neither RS content nor RS 
type had a significant effect on BABC. 
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Introduction 

There are many studies on the correlation between health 
and nutrition worldwide. Nutritional preferences play a 
positive role in the prevention of common diseases such 
as cardiovascular diseases, diabetes and obesity. The most 
important method for treating such diseases is to balance 
blood glucose levels. The quantity and type of carbohy-
drates found in foods are the most significant parameters 
affecting blood glucose levels (Ergun, 2014). Foods with 
a low glycemic index (GI) improve blood glucose control 
in patients with diabetes mellitus (Wolever et al., 2003). 
In addition, the effects of specific functional food com-
ponents in the structure of foods on these conditions 
have been investigated, and several in vitro studies have 
emphasized that dietary fibre effectively lowers cho-
lesterol levels by binding bile acids (Sayar  et al., 2007). 
Therefore, it is recommended that the consumption of 

foods with a low GI-containing high dietary fibre and 
resistant starch (RS) should be increased for managing 
such chronic metabolic conditions. RS is a type of starch 
and a starch hydrolysis product that is not digested or 
partially digested in the small intestine and fermented 
in the colon. A type of RS, RS1, is physically inaccessi-
ble starch, and RS2 is non-gelatinized starch. RS3 is 
retrograded starch formed in starchy foods during the 
cooling of gelatinized starch in moist and hot foods. It is 
the most resistant starch and is entirely resistant to the 
activity of pancreatic enzymes. RS4 is a modified (chem-
ically) starch that is resistant to hydrolysis by enzymes. 
New bonds other than α-(1-4) or α-(1-6) are formed in 
this case. In addition to these four typical forms, a novel 
form, RS5, has recently been recognized. This has been 
achieved by the complexation of amylose with lipids 
(Hasjim et al., 2013). Researchers have also focused on 
improving the content of RS in natural starch in different 
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cholestyramine (C4650), cellulose (435236), TAME 
(T4626), potassium chloride (P9541), potassium dihydro-
gen phosphate (1.04877), sodium bicarbonate (S5761), 
sodium chloride (S9888), magnesium chloride hexa-
hydrate (M8266), ammonium carbonate (207861), cal-
cium chloride hydrate (C8106), sodium acetate (S2889), 
potassium hydroxide (P5958), 2(N-morfolin) ethane 
sulfonic acid (MES) (1.06126), tris (hydroxymethyl) ami-
nomethane (TRIS) (1.08382) and other chemicals and 
consumables used in the study were obtained from Sigma 
Aldrich (St. Luis, MO, USA). Bile-acid analysis kits and 
standards were purchased from Trinity Biotech (Bray 
Co., Wicklow, Ireland). The chemicals used in GI test, the 
glucose analysis kit, the total starch analysis kit and the 
dietary fibre analysis kit were purchased from Megazyme 
International Ireland Ltd (Wicklow, Ireland). 

Two groups of food materials were used in this study. The 
first group was the commercially available resistant starch 
(RS) samples, high amylose corn starch-Hylon VII (RS2) 
(Ingredion, IL, USA), Novelose 330 (RS3) (Ingredion, IL, 
USA) and Fibersym (RS4) (MGP Ingredients, KS). The 
second group was the potential source of the different 
types of RS. For this purpose, white beans, green lentils, 
chickpeas, pasta, potatoes and green banana flour were 
chosen. All these food samples were obtained from vari-
ous local companies and processed in different ways. 

Preparation of samples

Commercial resistant starch samples were analyzed as is. 
The pasta sample was vermicelli obtained from durum 
wheat. The pasta with a total cooking time of 11 min was 
subjected to a cooking time of 8 min. The pasta samples 
were put into boiling water, and then they were removed 
from boiling water at the end of cooking time and 
washed with cold water. After draining, the samples were 
passed through the mincer twice. This fresh minced sam-
ple was used for the analysis. Green banana samples were 
peeled and sliced into rings. They were then lyophilized 
and ground and passed through a 250 µ sieve. They were 
used as dry flour in all analyses. Potato samples were 
peeled, cut into 2.5 × 2.5 cm cubes, and boiled in water 
for 20  min (shorter than the optimum cooking time). 
They were washed with cold water after the boiling time 
was complete. The boiled and cooled potato slices were 
mashed with a spatula. The mashed sample was subjected 
to analysis. While green lentil was boiled in water for 40 
min with a lentil/water ratio of 1/4 (v/v), white beans 
were boiled in water for 110 min with a bean/water ratio 
of 1/6 (v/v) and chickpeas were boiled in water for 150 
min with a chickpea/water ratio of 1/6 (v/v). The samples 
were filtered after the boiling time and cooled to room 
temperature. They were then stored overnight at +4°C. 
This storage process was chosen as it altered the resistant 

foods via various modifications. Different cooking pro-
cesses have a distinct impact on the RS content of foods. 
Nowadays, researchers are interested in RS owing to its 
health benefits and functional characteristics. 

Bile acids are the main compounds of bile, and acidic 
steroids are synthesized from cholesterol in the liver, 
reabsorbed by the terminal ileum and stored in the gall-
bladder. Accumulating bile acids in body systems is not 
desirable because it may lead to hypercholesterolemia 
and high levels of total cholesterol in the bloodstream. A 
possible mechanism of lowering plasma cholesterol lev-
els is to bind bile acids by forming insoluble complexes 
in the intestines and excreting them in faeces (Ngoh 
et al., 2017). Cholesterol  is a lipid that plays a vital role 
in forming cell membranes and synthesizing bile acids, 
vitamin D and steroid hormones. Despite its physiologi-
cal function, abnormal cholesterol levels cause damage to 
the coronary arteries, thus leading to the development of 
various cardiovascular diseases. Overall, 30–60% of total 
cholesterol reaching the intestines is absorbed by enter-
ing the bloodstream. Dietary cholesterol is de-esterified 
by cholesterol esterases, which form micelles containing 
plant sterols that can be absorbed through the intestinal 
walls (Pérez-Gálvez et al., 2015). There is a close correla-
tion between bile acid metabolism and glucose and lipid 
metabolism, which indicates the potential use of bile 
acid–binding agents for the treatment of hypercholester-
olemia, obesity, insulin resistance and diabetes mellitus 
(Siow et al., 2016). Such continued depletion of bile acids 
reduces serum cholesterol levels by directing cholesterol 
to the production of bile acids (Camire and Dougherty, 
2003). Another study has reported that polysaccharides 
or dietary fibre, owing to their high bile acid–binding 
capacity (BABC), can significantly decrease blood lipid 
levels in patients with hyperlipidaemia. 

Different types of resistant starch may differ from each other 
chemically, physically and nutritionally. In the literature, 
there are studies examining many properties of resistant 
starches. However, studies examining the effects of resistant 
starch types on digestibility, cholesterol metabolism and 
effects on the GI are limited. Therefore, in this study, foods 
containing different types of resistant starch were selected 
and subjected to in vitro digestion, and as a result of these 
processes, the effects of resistant starch type on digestibil-
ity, BABC and GI were investigated. Results were also com-
pared with commercial pure resistant starches.

Material and Methods

Materials

Pepsin (P7012, ≥2.500 U/mg protein), pancreatin 
(P7545, 8 × U.S.P. specification), bile extract (B8631), 
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physiology. Saliva amylase hydrolysis method was not 
used in this study. Furthermore, pancreatin was used 
instead of individual enzymes such as trypsin and chy-
motrypsin for intestinal phase digestion. The mouth, 
gastric and intestinal phases used in the analysis are pre-
sented in Table 1. 5 g (dry basis) of each minced sample 
was dissolved in 3.5 mL of salivary solution (SSF, pH 7.0) 
to simulate mouth condition and incubated at 37°C for 
2 min with continuous shaking. Subsequently, the pH of 
the mixture was adjusted to 3.0 (by 1M HCI), followed 
by the addition of 7.5 mL of gastric solution (SGF) and 
1.6 mL pepsin solution (2000 U/mL) to simulate gastric 
condition. After incubation at 37°C for 2 h, the pH of the 
mixture was adjusted to 7.0 (by 1M NaOH). Then, 11 mL 
of intestinal solution (SIF), 5 mL pancreatin solution 
(based on trypsin activity at 100 U/mL) and 2.5 mL bile 
acid solution (1.6 mM) were added to simulate intesti-
nal condition. The mixture was incubated at 37°C for 2 h 
with continuous shaking. The digested samples were cen-
trifuged for 5 min at 5000 rpm. The supernatant was used 
for BABC analyses, and the pellets were freeze-dried for 
other studies. The digestibility of the samples was calcu-
lated from the following equation:

	 S p

S

M M
Digestibility  (%) 100

M
−

= × 	 (2)

Where, MS is the dry weight of the sample taken for the 
in vitro digestion process; and MP is the dry weight of the 
pellets (indigestible part).

The amount of bound bile acid was determined from the 
difference between the total amount of bile acids added 
during the in vitro digestion step and the amount mea-
sured in the supernatant. BABC tests were performed in 
three parallels and three replicates for each sample.

Bile acid–binding tests of the samples were performed 
based on the method developed by Sayar et al. (2005). 

starch formation in these samples (Ozturk et al., 2011). 
They were thawed at room temperature on the following 
day. The legume samples thawed before analysis were 
passed through the mincer and used for the analysis. 

Determination of proximate composition

The moisture contents of the samples were determined 
by an infrared moisture analyzer (Denver Instrument 
Moisture Analyzer, IR-200, USA). The amount of pro-
tein was determined according to Kjeldahl’s method and 
based on a nitrogen–protein conversion factor of 6.25 
(Method 46-13, AACC International, 1995). The total 
lipid content was gravimetrically determined by extract-
ing samples with petroleum ether in the Soxhlet system 
(Method 30-20, AACC International, 1995). The results 
of the analyses were calculated on a dry matter basis. 

Determination of total and resistant starch content, total 
dietary fibre content and glycaemic index

The total starch (TS) analysis of the samples was per-
formed according to the KOH Format-AOAC 996.11 
method (Anonymous, 2011). Englyst et al. (1992) method 
was used for the determination of resistant starch (RS) 
content. In this method, RS was taken as the unhydro-
lyzed starch remaining after 120 min of in vitro starch 
digestion. Total dietary fibre analyses were performed 
according to Prosky et al. (1988) using Megazyme Kits 
(K-TDFR; Megazyme Ltd, Co.Wicklow, Ireland), where 
the food samples (duplicate) were subjected to sequential 
enzymatic digestion by heat-stable α-amylase (30 min at 
98–100°C), protease (30 min at 60°C) and amyloglucosi-
dase (30 min at 60°C, pH = 4.5). 

The estimated GI values of samples were based on the 
methods of Englyst et al. (1992) and Regand et al. (2011) 
under in vitro conditions. The hydrolysis index (HI) was 
calculated from the starch hydrolysis rate versus time 
curves. The area under the curve (0–180 min) for the test 
product is expressed as a percentage of the correspond-
ing area for white bread. The estimated GI was calculated 
by using the following equation (Eq.1) given by Goni 
et al. (1997). 

	 GI = 0.549 HI +39.71	 (1) 

In vitro digestion and bile acid–binding capacity

In vitro  digestion analyses were performed according 
to the procedure prepared by Minekus  et al.  in 2014. 
The practical static digestion method was prepared by 
Minekus  et al.  (2014) based on human gastrointestinal 

Table 1.  Composition of the stock solutions of simulated 
digestive fluids.

Salt solution 
added

Final salt concentration in the fluid, mM

SSF (pH 7) SGF (pH 3) SIF (pH 7)

KCl 15.1 6.9 6.8

KH2PO4 1.35 0.9 0.8

NaHCO3 13.68 25 85

NaCl - 47.2 38.4

MgCl2(H2O)6 0.15 0.12 0.33

NH4(CO3)2 0.06 0.5 -

CaCl2(H2O)2 1.5 0.15 0.6

 SSF, simulated salivary fluid; SGF, simulated gastric fluid; SIF, 
simulated intestinal fluid
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banana flour, boiled potato and spaghetti samples. This 
can be explained by the presence of non-starch polysac-
charides, which are more common in legume samples. 

Resistant starch and TDF contents of the commer-
cial resistant starch samples used in the study are pre-
sented in Table 2. TDF contents of Hylon VII, Novelose 
330, and Fibersym found in this study were in the range 
of the results obtained in different previous studies 
(Kahraman  et al., 2019; Le Leu  et al., 2009; McCleary 
et al., 2013; Sang and Seib, 2006). The RS values seen in 
Table 2 were determined by direct in vitro digestion of 
the samples as they were eaten, as stated in the “Material 
and Methods” section above. Therefore, as expected, the 
RS values were higher than the TDF results for most of 
the samples studied. Although resistant starch is consid-
ered a dietary fibre, the methods used for both compo-
nents greatly affect the results obtained. In TDF analysis, 
there is a heating process at high temperatures at the 
thermostable alpha-amylase hydrolysis stage. Therefore, 
starch fraction resistant to digestion in the resistant 
starch analysis could be hydrolyzed in the TDF analy-
sis because it was exposed to heating. It was evaluated 
that this situation caused the high difference between 
TDF and RS results. Similar discussions can be seen in 
McCleary et al. (2013). 

Estimated glycaemic index

Hydrolysis index and estimated GI values of the samples 
used in this study are shown in Table 3. The HI expresses 
the ratio of the rate of digestion of starch in a food sample 
to the digestibility of starch in a reference food (mostly 
white bread) (Goni et al., 1997). The GI value is calculated 
using the HI values from the widely accepted Equation 1 
(Goni et al., 1997). 

The BABC was calculated as mmol/100 dry samples 
using commercial kit from Trinity Biontech Plc., Bray 
Co. Wicklow, Ireland. The absorbance of each mixture 
was measured at 530 nm, and cholestramine was also 
included as a positive control for each test. 

Statistical evaluation	

The SPSS version 16 (SPSS Inc., Chicago, IL) statistical 
analysis package programme was used to evaluate the data. 
The one-way ANOVA analysis was performed to deter-
mine whether there was a difference between the means in 
cases where more than two groups should be compared to 
each other in terms of one variable examined. The differ-
ence was evaluated by Duncan’s test at a confidence inter-
val of 95%. All procedures and analyses were performed 
repeatedly. However, the parallel number (at least two) 
varied according to the sensitivity of the analysis.

Results and Discussion

Chemical composition and resistant starch content

Results of the general composition analysis of the poten-
tial resistant starch source food samples are presented 
in Table 2. The values given for each food sample in 
this table agree with those given in the literature before 
(Brummer et al., 2015; Ghribi  et al., 2015; Hoover and 
Ratnayake, 2002; Osorio-Diaz et al., 2002; Ramdath et al., 
2020; Zhang  et al., 2005). Protein and lipid contents of 
potential RS2 source food samples are lower than poten-
tial RS3 source food samples. However, starch contents 
of RS2 source food samples are significantly higher. TDF 
results showed that potential RS3 source food legume 
samples contain higher amounts of TDF than green 

Table 2.  Protein, lipid, total starch (TS) and total dietary fibre (TDF) content of the potential resistant starch source food samples 
and the commercial resistant starch samples, % (d.b.).*

RS type Sample Protein Lipid TS RS TDF

Potential
RS2 source

Green banana flour 6.0 ± 0.2d 0.8 ± 0.2c 82.5 ± 1.1a,b 76.7 ± 2.5a,b 19.4 ± 5.3c,d

Boiled potato 14.4 ± 0.5c 1.6 ± 0.5b 87.1 ± 2.4a 24.8 ± 1.3e 5.0 ± 1.1e

Al dente pasta 12.9 ± 0.5c 0.3 ± 0.0d 72.7 ± 2.6c 43.6 ± 3.6c 16.2 ± 3.0d

Potential
RS3 source

Common bean 20.9 ± 0.8b 1.7± 0.4b 33.3 ± 2.1e 25.4 ± 1.2e 39.3 ± 3.8b

Green lentil 23.2 ± 0.9a 1.6 ± 0.8b 40.3 ± 3.7d,e 31.0 ± 0.4d 36.6 ± 4.9b

Chickpea 21.2 ± 0.8b 6.6 ± 0.2a 44.4 ± 1.7d 32.7 ± 1.1d 25.9 ± 3.4c

RS2 Hylon VII - - - 86.1 ± 5.3a 16.3 ± 2.3d

RS3 Novelose 330 - - - 70.8 ± 2.0b 40.1 ± 2.6b

RS4 Fibersym - - - 80.2 ± 3.5a 70.0 ± 2.7a

*Values are expressed as mean ± standard deviation of  triplicate analysis. Values within a column followed by a common letter are not significantly 
different (P > 0.05).
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Table 3.  Hydrolysis index (HI) and estimated glycaemic index (GI)  
of the potential resistant starch source food samples and the 
commercial resistant starch samples.* 

RS type Sample HI GI

White bread 
(reference)

100 ± 0.0a 92.3 ± 3.2a

Potential
RS2 source

Green banana flour 4.6 ± 1.3g 42.2 ± 0.7g

Boiled potato 85.4 ± 8.9b 86.6 ± 4.9b

Al dente pasta 44.3 ± 2.8d 64.0 ± 1.5d

Potential
RS3 source

Common bean 13.3 ± 1.9f,g 47.1 ± 1.1f,g

Green lentil 22.0 ± 8.3e,f 51.8 ± 4.6e,f

Chickpea 21.2 ± 6.6e,f 51.4 ± 3.6,e,f

RS2 Hylon VII 21.9 ± 5.3e,f 49.7 ± 1.0e,f

RS3 Novelose 330 42.8 ± 4.1d 63.2 ± 2.2d

RS4 Fibersym 13.6 ± 9.7f,g 47.2 ± 5.3f,g

*Values are expressed as mean ± standard deviation of  triplicate 
analysis. Values within a column followed by a common letter are not 
significantly different (P > 0.05).

greatly affected by starch digestibility in the food system. 
It was observed that the GI values of the samples used in 
this study ranged from 42.2 to 86.6. The WHO and United 
Nations Food and Agriculture Organization divided foods 
into the following three groups: those with low, moderate 
and high GI. Foods with a GI value of <55 are defined as 
those with a low GI, those with a value of 56–69 are defined 
as those with a moderate GI and those with a value of >70 
are defined as those with a high GI (Henry et al., 2005).

The evaluation of the results showed that the boiled 
potatoes had the highest GI value among the samples. Al 
dente pasta and commercial RS3 samples have moderate 
GI values. As expected, other legumes, green bananas and 
RS4 samples were found to have low GI values. Studies on 
the parameters affecting GI values have revealed a strong 
correlation between the GI values and in vitro digestibil-
ity of starchy foods. Resistant starch decreases the GI 
value because it passes through the small intestine to the 
large intestine without being digested.

Potato starch is digested faster because it contains less 
amylose than other foods. Potato starch contains approx-
imately 18% amylose and 82% amylopectin (Ergun, 2014). 
Some studies comparing the GI values of various foods 
have shown that the highest blood glucose response 
is achieved in potatoes, and the lowest blood glucose 
response is achieved in legumes (Ergun, 2014). The 
results obtained from this study confirm these results. 
The GI values of the three different legume samples were 
lower than those of others. Furthermore, the GI values of 
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Figure 1.  Hydrolysis curve of the samples containing resistant starch. 

It was found that the starch digestibility of the samples 
containing different types of RS was different (Figure 1). 
As expected, the white bread (control sample) exhibited 
the highest starch hydrolysis, followed by boiled pota-
toes and  Al dente  pasta. Green banana flour and Hylon 
VII exhibited the lowest starch hydrolysis rates. These 
differences are considered to be due to the amount of RS 
contained in the samples and their structure and interac-
tions with other components. Generally, the GI value is 
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potential RS-containing food samples.  Fibersym (RS4) 
has the lowest digestibility rate among the commercial RS 
samples used. When the digestibility rates are examined, 
it is seen that they are tended to be inversely proportional 
to the RS contents. However, there was no significant 
correlation between digestibility and RS or TDF contents 
of the samples (P > 0.05). The enzyme systems used in 
the  in vitro  digestion method simulate the processes in 
the human digestive system. 

The results of the BABC values obtained in this study 
are provided in Table 4. BABC of the positive control 
cholestyramine sample, known for its bile acid–binding 
property, 1.10 µmol/g, which is close to 84% of the total 
amount of added bile acids. This amount is similar to 
the values obtained for cholestyramine in the literature 
(Sayar  et al., 2005). Although the BABC of the samples 
used in this study were not significantly different, green 
lentil and common bean tend to have higher binding 
capacity. A comparison of these results with those from 
previous studies was made based on binding to cholestyr-
amine (assigning BA binding to cholestyramine as 100%) 
to eliminate methodological implications. BABC of the 
commercial RS2, RS3 and RS4 samples were between 6.3 
and 10.0% relative to cholestyramine. The relative BABC 
of the potential RS2 and RS3 source food samples were 
2.7–5.4% and 10.0–11.8%, respectively. Except for the 
potential RS3 source food samples, the BABC values 
of the samples used in this study were lower than those 
found for various food components in the literature (Table 
5). Although the mechanism by which hydrocolloids bind 
bile acids remains unclear, some possible mechanisms 
have been suggested. First, hydrocolloids form a physi-
cal barrier that prevents bile acid micelles from reaching 

the legume samples are close to others.  Low blood glu-
cose levels of legumes have been correlated with higher 
levels of protein and amylose than those in other foods. 
Fat and protein contents of foods play significant roles in 
the GI value of foods. Fats also prolong food passage time 
through the stomach into the intestines and reduce the 
GI value by forming complexes with starch (Ergun, 2014). 
Green banana flour has the lowest GI value among the 
samples used in this study. Agama-Acevedo et al. (2012) 
observed that adding different amounts of unripe green 
banana flour to the biscuit formulation increased the RS 
and slowly digestible starch content and decreased the GI 
values in the products. In unripe banana starch, a large 
amount of RS is correlated with the type B crystal struc-
ture (Srikaeo  et al., 2011). In addition, the use of green 
banana flour without heating, unlike that carried out for 
other samples, is considered a significant parameter of the 
low GI value. In the case of al dente pasta, the GI value 
was obtained as 64, which belongs to the group of foods 
with moderate GI. Pasta is vital in the human diet because 
it is easy to prepare, economical and can be consumed in 
different ways based on cooking time. The cooking time 
for pasta has a great impact on starch gelatinization. Pasta 
with a short cooking time is called al dente. Because not 
all the starch in  Al dente  pasta is gelatinized, the RS in 
this sample was accepted as RS2 in this study. A similar 
approach is also seen in Serin et al. (2016). 

In vitro digestibility (IVD) and bile acid–binding capacity

The in vitro digestibility of the samples used in this study 
is presented in Table 4. The results showed that the com-
mercial RS samples have a lower digestibility than the 

Table 4.  In vitro digestibility and bile acid–binding capacity of the potential resistant starch source food samples and the commercial 
resistant starch samples.*

RS type Samples Digestibility (%) BABC (µmol/g) BABC, % (relative to 
cholestyramine)**

Cholestyramine - 1.10 ± 0.33a 100.00

Potential
RS2 source

Green banana flour 15.7 ± 3.6e 0.03 ± 0.01b 2.7

Boiled potato 77.9 ± 2.7a 0.06 ± 0.02b 5.4

Al dente pasta 59.8 ± 0.4b 0.05 ± 0.05b 4.5

Potential
RS3 source

Common bean 49.2 ± 2.6c 0.13 ± 0.01b 11.8

Green lentil 27.1 ± 0.1d 0.13 ± 0.01b 11.8

Chickpea 29.1 ± 2.5d 0.11 ± 0.01b 10.0

RS2 HylonVII 13.3 ± 1.1e 0.11 ± 0.01b 10.0

RS3 Novelose 330 25.6 ± 1.6d 0.07 ± 0.00b 6.3

RS4 Fibersym 5.4 ± 1.4f 0.07 ± 0.01b 6.3

*Values are expressed as mean ± standard deviation of  triplicate analysis. Values within a column followed by a common letter are not significantly 
different (P > 0.05).
**In order to compare the results given in different units in various studies in the literature, the amount of  bile acid binding was calculated as relative 
to cholestyramine as the amount bound by cholestyramine was taken as 100%.
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(Karatas et al., 2017; Sayar et al., 2005). Bile acids are com-
plex amphipathic structures with both hydrophobic and 
hydrophilic groups. It has been stated that the carboxyl 
group and steroid rings of bile acids are important struc-
tural features for binding bile acid to ligands (Ngoh et al., 
2017). The process of excretion of bile acids from the human 
digestive system by different mechanisms with the effect of 
various food components has not yet been fully elucidated. 
Although many factors affecting this mechanism have been 
identified, more in-depth studies are needed. 

Conclusions

The effects of the amounts and the types of RS on digest-
ibility, GI and BABC capacity were investigated by using 
different RS samples commercially available in the mar-
ket and food samples containing different RS types. The 
digestibility values of commercial RS samples were found 
to be relatively low. There were significant differences 
between the digestibility values of the food samples con-
taining different types of RS. GI values of the samples 
used in this study were determined to have “low” and 
“moderate” GIs, except boiled potato sample. A positive 
correlation trend between the in vitro digestibility and GI 
values ​of the samples was obtained. However, TDF values 
tend to have a negative correlation with the digestibility. 
Similarly, negative correlation between RS and digestibil-
ity was also found. It was found that types of RS did not 
have any correlation with digestibility or GI values. The 
most notable findings in this study are related to the bile 
acid–binding properties. According to the findings, it 
was seen that RS content or RS type did not affect BABC. 
The BABC values of both commercial resistant starch 
samples and food samples containing RS were relatively 
low. Although, most of the dietary fibres are known to 
increase BABC values, RS has no effect on BABC.
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intestinal absorptive cells; second, hydrocolloids interact 
directly with bile acid at the molecular level; and third, 
hydrocolloids form a viscous structure or gelatinous net-
work that holds bile acids (Gannasin et al., 2016). 

Based on Table 5, dietary fibre-rich foods or food com-
ponents bind a significant amount of bile acids. Some of 
them have a BABC value of approximately 50–70% rela-
tive to cholestyramine. However, the BABC values of the 
samples in this study were 4.5–11% relative to cholestyr-
amine. These results indicate that RS has a lower BABC 
value than the other types of dietary fibres. When all 
samples used in the study (commercial resistant starches 
and potential resistant starch source food samples) were 
included in the evaluation, no statistically significant cor-
relation was found between BABC and RS or TDF (P > 
0.05). However, if only food samples were considered, 
then there was no statistically significant correlation 
between BABC and RS (P > 0.05). At the same time, the 
correlation between BABC and TDF was significant (P < 
0.05). According to the results obtained in this study, nei-
ther the amount nor the type of resistant starch had a sig-
nificant effect on the BABC. However, it can be said that 
dietary fibres other than RS are more effective.

The existing studies have indicated that specific food 
components, such as insoluble dietary fibres, lignin and 
tannins, are relatively more effective in binding bile acids 

Table 5.  The amounts of bile acids binding capacities of different 
food samples.

Sample BABC, % 
(relative to 

cholestramine)*

Reference

Modern and old bread wheat 
varieties and landraces

5.2–14.0 Cetiner et al., 
2022

Lobster shell–derived 
chitin, chitosan and 
chitooligosaccharides

10–50 Xu et al., 
2020

Spaghetti supplemented with 
15–25% RS4 

8.4–8.9 Aribas et al., 
2020 

Fava bean (whole) 14.62 Karatas  
et al., 2017

Different types of  peptides of  
kidney beans

17.50–70.54 Ngoh et al., 
2017 

Different types of  tea 13.20–45.83 Wu et al., 
2015 

Broccoli 4.6 Kahlon et al., 
2007Spinach 8.6

Oat flours 7.5–14.8 Sayar et al., 
2005

*In order to compare the results given in different units in various 
studies in the literature, the amount of  bile acid binding was 
calculated as relative to cholestyramine as the amount bound by 
cholestyramine was taken as 100%.
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