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Abstract Interest in understanding the digestion beha-
vior of starch in the presence of dietary fibers is growing
due to the ability of dietary component to control the
release and absorption of glucose. This presents an
outstanding opportunity to improve the quality of food
products by incorporating dietary fiber into starchy food
products. The physicochemical properties of different
fibers and their behavior in the gastrointestinal tract
(GIT) differ. To test the efficacy of these different fibers
on starch digestion, static in vitro digestion models under
conditions that mimic the human GIT are frequently used.
Indeed, many efforts have been committed to the
development of various static in vitro protocols for starch
digestion. Though not considered as the gold standard in
digestibility studies in food science and technology, static
simulated models provide a useful alternative to in vivo
techniques for rapid screening of the digestibility of food
products under conditions that simulate the human GIT.
This review presents the current status and development of
digestion techniques for simulating digestion conditions in
the human GIT, with particular interest on starch digestion
in the presence of dietary fiber in the three phases of
digestions including the oral, gastric and the intestinal
steps. This summary can benefit investigators in develop-
ing static in vitro digestion models designed to simulate
starch digestion with relevant values of the quantifiable
parameters, including pH, enzymes and simulated diges-
tive fluids.
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1 Introduction

It is well established that increasing the dietary fiber
content of a food system is an effective way to deliver a
low calorie diet and functional food products to con-
sumers. Adequate dietary fiber intake offers several health
benefits, such as a positive influence on the gastrointestinal
physiology and lipid metabolism, bodyweight regulation
and glycaemia control[1–5]. There is a considerable amount
of research indicating the ability of indigestible poly-
saccharides to beneficially influence the physiology of the
gastrointestinal tract (GIT), which is determined by the
physiochemical properties and molecular behavior of the
polysaccharides within the lumen of the GIT[3,6–8]. The
interest in understanding the physicochemical properties of
dietary fibers and their influence on the digestive processes
of food within the human GIT has therefore taken center
stage in the food research community. Food scientists are
capitalizing on this knowledge to design food products that
either inhibit or slow down macronutrient nutrient release
from the food matrix and their subsequent absorption in the
GIT[6,9–11]. By understanding the physicochemical proper-
ties of dietary fibers, this could be exploited to design food
to deliver specific nutritional functions, such as enhanced
postprandial satiety, the rate and extent of macronutrients
(e.g., glucose and fatty acids) release in specific portions of
the GIT and glycaemia control[3,12,13]. Some research
recently demonstrated that the enrichment of biscuits and
fruit juice with oat β-glucan improved postprandial satiety
and this was related to the feeling of fullness induced by
increased viscosity, which slowed down the rate of gastric
emptying[6].
Analytical tools are required to test the efficacy of

diverse dietary fibers in fiber-fortified food products that
have been formulated to control starch digestion and
glucose release for specific nutritional functions. Ideally,
the gold standard to examine a newly developed fiber-
fortified food should be in vivo test models using animals
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or human. Unfortunately, this testing model is usually
unrealistic due to ethical restrictions and economic and
practical considerations[14]. Apart from the high cost
associated with human subjects, it requires considerable
time and also is susceptible to considerable subject to
subject variation. To overcome the constraints of in vivo
models, static in vitro digestion methods are widely used to
investigate the gastrointestinal behavior of newly deve-
loped functional foods including dietary fiber[7,14–18].
Typically, the techniques attempt to simulate physiological
states encompassing the buccal, gastric and intestinal, and
sometimes colonic, fermentation by considering factors
including digestive enzyme types and their concentrations,
pH, digestion time and salt concentrations[14].
The digestion of starch in the GIT involves three main

phases: buccal, gastric and intestinal. Residual starch that
escapes these phases undergoes fermentation in the
colon[19,20]. In humans, maximum starch hydrolysis is
accomplished in the duodenum, and by the salivary
enzymes in adults and infants respectively[21,22]. In
human nutritional studies of a variety of dietary fibers, in
vitro digestion methods serve as rapid and less expensive
tools for screening newly developed functional food
products to identify potential candidate for more rigorous
animal or human studies[14,23]. By operation, in vitro
digestion models are categorized as static and dynamic.
Though the static models are incapable of adequately
mimicking the dynamic physiological processes food
undergoes in the human GIT, particularly the mechanical
actions of the mouth and the stomach, they are widely used
due to convenience and ease of operation[24].
Several investigators have used static models to

investigate digestibility of starch with or without dietary
fiber[6,7,11,25–28]. These static models were either modified
or unmodified versions of the widely-used protocol
developed by Englyst et al.[29] to classify starch according
to its rate of digestion with a controlled pancreatin and
amyloglucosidase hydrolysis. This review aims to provide
an overview of simulated static digestion models used to
study the influence of various dietary fibers on the
digestibility of foods high in starch. This is achieved by
considering recent major advances of research in the
context of in vitro static digestion. Starch hydrolysis in the
presence of dietary fibers and the nutritional implications
are also reviewed.

2 Brief overview of in vitro digestion models

Fundamentally, any in vitro digestion model aims to mimic
all the digestive processes that occur in the different sites of
the GIT, taking into account the digestive fluids, digestion
time, and concentrations of enzymes and salts. Dynamic in
vitro digestion models, such as in vitro dynamic gastro-
intestinal digestion system (DIDGI developed by National
Institute for Agricultural Research (France)[30], Institute of

Food Research (UK) and Netherlands Organisation for
Applied Scientific Research[31], and simulator of gastro-
intestinal tract (SIMGI) developed by the Spanish National
Research Council[32], are able to simulate dynamic
components of the digestion process, including transport
of digested food, adjustable enzyme concentrations and pH
changes over time. However, a survey of the literature
indicates that mostly static models have been used. Further
evaluation of these studies showed variation depending on
the nature of the food matrix and parameters considered in
the study. It was observed that most of the food samples
tested in the presence of dietary fiber were starch or starch
in a modified form. Moreover, foods including bread,
biscuit, juices and meat that have been fortified with
dietary fiber were also commonly tested in the studies
reviewed. The in vitro digestion models used to study the
digestion of starch, and related products, in the presence of
dietary fiber differed operationally as detailed below.
(1) The number of phases considered in the digestion

steps (i.e., buccal, gastric and intestinal phases). The best
simulation of the digestion process requires that these
phases are simulated with all phases considered in the
process. However, researchers may or may not entirely
simulate all the phases depending the objective of the study
as well as the food matrix tested[14].
(2) The composition, pH and amount of the digestive

fluids used in each phase of digestion: There is significant
variation in pH in the studies reported[12].
(3) The activities or mechanical processes employed to

mimic each phase in the digestion sequence and duration
of the digestion process. This is very important when it
comes to solid food digestions under simulated condi-
tions[14].
Additionally, the food form or matrix (e.g., solid,

semisolid and liquid) before the digestion process as well
as the parameters measured in the experimental process
(e.g., changes in viscosity and physical integration of the
enzyme with fiber component) varied greatly[25]. Some
static in vitro studies attempted to mimic digestion by
employing all enzymes, and other biological molecules,
usually involved in vivo digestion[18,20]. Others used
enzymes such as α-amylase, and amyloglucosidase that
are associated with starch hydrolysis[6,7]. For all static in
vitro digestion studies, incubation at 37°C in a thermo-
statically controlled water bath has been used for all steps
of the digestion sequence.

3 Simulated digestive fluids and associated
enzymes

In vitro digestion is performed in buffer systems which are
usually constituted to simulate the pH, chemical and
biochemical compositions of the human digestive fluids
secreted in the mouth, stomach and intestines by the
associated glands. This section highlights the key
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parameters that are necessary to consider when preparing
simulated digestive fluids to simulate starch digestion in
the human GIT.
pH of the secreted digestive fluids that mix and surround

the food matrix varies greatly as the food moves through
various phases of digestion; mouth about pH 7.0, stomach
about pH 1.0–3.0, small intestines about pH 7.0 and large
intestine about pH 5.5–7.0. These pH changes may lead to
a considerable change in the rate and degree of starch
digestion. In the lumen of the GIT, mostly the poly-
saccharides including dietary fibers and starch physio-
chemical properties (e.g., viscosity, solubility and surface

activity) are determined by the pH of the digestive
fluids[26,33]. Simulated digestive fluids are usually for-
mulated to reflect this pH change at the various phases of
the digestion sequence (Tables 1–3). The role of pH in
static digestion models has been discussed in detailed in
two previous reviews[12,51].
Apart from pH, the biochemical and chemical composi-

tion of digestive fluids are also vital parameters to consider
in the design of any simulated digestion protocol. During
static in vitro digestion of a food matrix in the presence of
dietary fiber, the proposed models had wide variation in the
constituents, such as enzymes and salts, and their

Table 1 Summary of oral phase conditions used for static in vitro studies

Food
Particle size
reduction

Composition of simulated
salivary fluid

Means of enzyme
impregnation

Duration in oral
phase

Reference

White bread, whole wheat
grains, pasta, chick peas and
potato

Chewing and manual
chopping

Human saliva, phosphate buffer,
pH 6.8

Mastication, mixing 2–30 min [34]

Cooked rice grain Homogenization by
homogenizer

5 mg α-amylase, calcium chlorite,
pH 6.5

Stirring with magnetic
stirrer

15 min [35]

Bread Cutting and grinding with
knife meat grinder

Mucin α-amylase, NaCl, KCl,
NaHCO3, pH 6.8

Pounding with pestle
and mortar

30 s [36]

Starch based filled hydrogels Cutting and grinding with
pestle and mortar

NaCl, NH4NO3 KH2PO4, KCl,
K5C3H5O7$H2O, H2NCONH2,
C5H3N4O3Na2, mucin, pH 6.5

Stirring 10 min [37]

Emulsion stabilized with dietary
fiber

Homogenization NaCl, NH4NO3, KH2PO4, KCl,
K5C3H5O7$H2O, H2NCONH2,
C5H3N4O3Na2, mucin, pH 7.0

Magnetic stirring 10 min [38,39]

Emulsion Homogenization 1g α-amylase, urea, uric acid, mucin,
KCl, KSCN, NaH2PO4, Na2SO4,

NaCl, NaHCO3, pH 8.0

Magnetic stirring 5 min [40]

Concentrated methylcellulose
oil/water emulsion

Stirring Phosphate buffer, mucin, pH 6.5 Magnetic stirring 5 s [33]

Deoil cumin dietary fiber mixed
with potato starch

Phosphate buffer, pH 6.5 Shaking by orbital
shaker

60 min [41]

Cooked potato Mixing using glass spatula Fresh human saliva Shaking 5 s [19,42]

Table 2 Summary of simulated gastric conditions used for static in vitro studies

Food
Composition of simulated

gastric fluid (SGF)
Container and
stirring speed

pH and SGF
volume

Duration of transit
time/incubation time

Reference

Modified and native wheat starch Pepsin, US pharmacopeia SGF 50 mL beaker, 60 r$min-1 pH 1.2, 20 mL 40 min [19]

Bran protein and dietary fiber
complex with starch

Na2PO4 buffer, NaCl, pepsin 100 mL beaker,
250 r$min-1

pH> 2.5,
52 mL

120 min [17]

Dietary fiber rich pasta Distil H2O, pepsin 60 mL plastic biopsy pot,
130 r$min-1

pH 2.0, 31 mL 30 min [18]

Guar gum mixed with starch Pepsin, US pharmacopeia SGF 1 L jacketed glass reactor,
650 r$min-1

pH 1.2, 30 mL 30 min [43]

Starch hydrogel corn starch NaCl, pepsin, distilled H2O 50 mL beaker, 100 r$min-1 pH 2.5, 25 mL 120 min [39]

Cooked rice starch Pepsin, US pharmacopeia SGF 500 mL, jacketed reactor,
350 r$min-1

pH 1.2, 200 mL 30 min [35]

Rice starch with guar gum Distil H2O, pepsin 50 mL tubes pH 2.0, 25 mL 30 min [44]

Modified wheat starch gels Pepsin, US pharmacopeia SGF 50 mL beaker, 60 r$min-1 pH 1.2, 20 mL 40 min [45]

Cooked potato starch Pepsin, US pharmacopeia SGF 500 mL vessel, 350 r$min-1 pH 1.2, 150 mL 30 min [46]
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Table 3 Summary of static in vitro digestion models used to study the intestinal digestion of starch in the presence of dietary fibers

Food Composition of simulated
intestinal fluid (SIF)

pH and stirring
speed

Parameters investigated Digestion
duration

Nutritional significance Reference

Rice grain cooked
starch

Pancreatin, invertase,
amyloglucosidase sodium

acetate buffer

pH 6.8,
350 r$min–1

Effects of α- amylase and
oral digestion on
glucose release
Effect of grain type and
particle size glucose
hydrolysis

270 min Provide understanding of
the influence of chewing
and particles on glucose
release rate. This could
allow manipulation of the
starchy food to change the
digestion rate
To quickly screen the
digestibility of different
grains in order to make
appropriate nutritional
recommendations

[35]

Fiber rich pasta Pancreatin, amyloglucosidase
Sodium maleate buffer

pH 7.0,
130 r$min–1

Fiber influence on starch
digestion
Synergistic influence of
difference fibers on
starch digestions

120 min For quickly screen func-
tional dietary fibers for
nutritional purposes
To provide knowledge on
how to mix fibers for good
nutrition outcomes

[18]

Tapioca starch mixed
with different dietary
fibers

NaCl, CaCl2 pancreatin pH 6.5,
rheometer
shear rate

60 per second

Influence of viscosity on
digestion rate
Modification influence on
digestibility
Physicochemical proper-
ties of dietary fibers
Dietary fiber influence on
starch digestibility

180 min For the modification of
high glucose yielding
food to minimize
digestion rate
To quickly screen newly
formulated functional
foods for nutritional
purposes
Provide information for
nutritional claims
Understand the mechan-
isms and nutritional role
of fibers in the digestion
processes

[26,43]

Starch mixed with
different concentra-
tions of different fibers

Sodium acetate buffer,
pancreatin, amyloglucosidase

pH 6.0,
750 r$min–1

Influence of fiber con-
centrations on starch
digestibility
Effect of dietary fiber
source on digestibility
of starch.
Influence of starch on
digestion in the presence
of dietary fiber

240 min Provide information to
estimate the right amount
of dietary fiber for nutri-
tional benefit
To quickly screen func-
tional dietary fiber for
nutritional counseling
To identify sources of diet-
ary fiber with nutritional
benefits

[8,47]

Starch hydrogel Bile extract, calcium chloride,
phosphate buffer, pancreatin

pH 7.0,
100 r$min–1

Influence of starch on
lipid digestion

120 min Emulsification of fat for
functional food products
For the development of
controlled release of
bioactive oil, such as
PUFA

[39]

Modified wheat starch Pancreatin invertase
amyloglucosidase

pH 6.8,
60 r$min–1

Influence of starch mod-
ification on glucose
release rate
Rheological properties on
digestion rate

120 min Modification of starch to
slow down digestibility
and glucose release for
functional foods
To quickly screen newly
developed modified high
starch foods

[19]
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concentrations, as well as other biomolecules that
constitute the simulated digestive fluid. Moreover, the
reported protocols used to mimic the mechanical action
applied to reduce the particles of the food (particularly
solid foods) and the duration of digestion are different[23].
This suggests that in vitro digestion cannot exactly
simulate in vivo digestion. For in vitro digestion, the
widely used enzymes including α-amylase, amyloglucosi-
dase, chymotrypsin, lipase, pancreatin and pepsin, and
occasionally colipase. These enzymes usually come from
variety of sources, including humans, animals and
plants[23]. However, commercial enzymes widely used in
the in vitro static investigations are usually extracted from
pigs, oxen and rats, and occasionally from human
volunteers. These different sources undoubtedly have a
significant influence on the activity and characteristics of
the enzymes used[14,23]. Though enzymes from human
sources are considered ideal in nutritional studies in the
context of static in vitro digestion models, they are rarely
used in most laboratories due to their extremely high cost
relative to the other sources.
Further analysis of the literature reviewed in this article

indicated that the choice of enzyme in the digestion models
tends to depend on the major food component. Also, the
parameters being considered in the study are key to the
choice of enzymes. For instance, Dhital et al.[7] exclusively

used α-amylase to investigate the mechanism of the
inhibitory effect of cellulose on digestion of corn starch,
and Repin et al.[26] used pepsin and pancreatin (containing
α-amylase, lipase and protease) to evaluate the impact of
viscosity of four different types of soluble fiber on tapioca
starch hydrolysis. In their study of the influence of different
dietary fibers on digestion of cooked starch, Bai et al.[47],
used pancreatin and amyloglucosidase.
In view of this wide variation in static in vitro digestion

models, it can be difficult to compare results. To minimize
the impact of these differences on static in vitro digestion
methods, COST Infogest (Infogest website) brought
together over 340 scientists (food, nutrition and physiology
researchers) from 130 research institutes in over 37
countries, to develop an international consensus, standar-
dizing the various static in vitro digestion protocols in
common use among researchers. Recommended enzymes
types, activities and their concentrations, and duration of
hydrolysis in the digestion sequence have been pub-
lished[14].

4 Static in vitro digestion of starch in the
presence of dietary fiber

As dietary fiber passes through the GIT, it influences the

(Continued)
Food Composition of simulated

intestinal fluid (SIF)
pH and stirring

speed
Parameters investigated Digestion

duration
Nutritional significance Reference

Fiber rich cake,
wheat gel with
apple fibers

Pancreatin, amyloglucosidase,
bile, sodium phosphate buffer

pH 6.5 Identification of cake
quality based on
glycaemic response
Influence of fiber on
nutritional quality of
cake
Effect of fiber in cake on
glucose release rate

120 min To quickly screen newly
developed product for
nutritional functions
Control of glucose release
and absorption
Improvement of GIT
physiology and health
Predictive glycaemic index
values for nutritional
counseling

[15,48,49]

Fiber rich Biscuit Sodium acetate buffer,
amyloglucosidase, pancreatic

amylase

pH 5.2 Influence of fiber on
biscuit digestion
Determination of predic-
tive glycaemic response

180 min Production of nutritional
products with low
glycaemic index
Control of blood glucose
through slow release of
glucose for starch
Improvement of gastric
motility
Improve postprandial
glycaemic response

[50]

Durum wheat with
Starch

Lecithin, cholesterol,
sodiumtaurochlate, sodium
glycodeoxycholate, sodium
chloride, calcium chloride,
potassium chloride, trypsin,
pancreatic amylase, colipase,

pancreatic lipase,
chymotrypsin

pH 7.0,
170 r$min–1

Effect on starch
digestibility
Effect of fiber particle
size on starch digestion
Influence on bioavail-
ability of glucose in the
presence of durum
wheat fiber

For development of func-
tional products for blood
glucose control
To provide bioactivity in
the body
Control of glucose release
and absorption

[10]

344 Front. Agr. Sci. Eng. 2018, 5(3): 340–350



process and physiology of digestion. It is noteworthy that
this influence is, however, dependent on the type of dietary
fiber and its origin. The section considers the digestion of
starch in the presence of dietary fiber in the three major
digestion phases.

4.1 Buccal phase in vitro digestion

This is the shortest phase of the digestion sequence. In
vivo, food is subjected to a series of mechanical and
chemical changes in the oral phase before swallowing. By
chewing, solid or semisolid food is broken down into
smaller pieces and mixed with saliva. Thus, hydration and
lubrication of food occur in the oral phase, where the food
(either solid or liquid) is mixed with saliva. This paves the
way for the salivary active biomolecules to interact with
the food matrix and cause structures to either form or
breakdown[52,53]. In addition to particle size reduction and
lubrication of the food, the enzymes in saliva may be
activated to initiate hydrolysis of starchy foods. According
to in vivo studies, optimum hydrolysis of digestible
carbohydrates in infants is accomplished in the mouth[12],
while in adults this occurs in the duodenum. It has been
demonstrated by static in vitro models that 25% and
50% of starch in pasta and bread, respectively, can
be hydrolyzed in the oral phase of the digestion
sequence[34,54].
Few investigators have designed simulators to mimic the

mastication of food in the mouth[53,55,56] and solid food is
often homogenized with a blender to form a paste-like
matrix before simulating the digestion process in the
mouth[35,57]. Magnetic stirrers, shakers and jacketed
reactors have been used to simulate the mixing actions of
the mouth during mastication. Stirring or shaking speeds
used in published studies have varied widely (Table 1).
Depending on the type of food matrix under investigation,
the mechanical action used may influence the outcome of
the digestion. The important role of α-amylase in the
hydrolysis kinetics of bread has been reported for in vitro
models[36]. In their study of the influence of in mouth
processing on lipid hydrolysis and beta carotene bioavail-
ability in starch hydrogel, Mun and McClement[37]

observed that the mechanical process could influence the
gastrointestinal outcome.
Simulated salivary fluids (SSF) of about pH 7.0 used in

the various studies have varied widely depending on the
focus of the study and the food matrix used (Table 1).
While some investigators have used only simple buffers
without extra components, others constituted SSF that
included all the components usually found in human
saliva, including acids, buffers, enzymes, minerals and
mucins (Table 1). The latter is usually the case when it
comes to food technology research, where scientists
attempt to closely simulate human saliva. Human saliva
produced by healthy individuals has also been used for
static in vitro digestion models, where saliva from the

healthy volunteers is collected after through oral washings.
For instance, Woolnough et al.[34] demonstrated in a static
in vitro digestion model that exposure of different starchy
food to human saliva produced glucose release curves that
were significantly different from those obtained with
simulated salivary fluids. However, during the in vitro
static digestion intestinal phase, no significant difference
was observed because pancreatic amylase activity over-
whelmed that of the salivary amylase.
In static in vitro digestion, designed to investigate

carbohydrate glycaemic index, transport and absorption of
glucose and other outcomes, the oral phase is rarely
considered, even though it is well known that the digestive
processes begins in the mouth, where the release of some
nutrients, particularly glucose, from the food matrix
begins[53]. Based on the literature reviewed, an over-
whelming number of investigations skipped the oral phase
of the digestion sequence probably due to the inability to
adequately control the short duration of the process in the
oral phase. Also, this might be due to the fact that enzymes
in the subsequent phases, particularly in the intestinal
phase, are capable of hydrolyzing the food component.
The proposed standardized protocol[14] includes recom-
mendations for appropriate dilutions, enzyme constitution
and pH controls in the oral phase.

4.2 Gastric phase

In the gastric phase, the stomach basically functions as
storage compartment and to deliver digesta to the small
intestine in a controlled manner. In vivo, physical and
physiological processes including peristalsis and pH
changes occur in the stomach to further break down the
larger solid food received from the mouth into smaller
pieces in order to increase the surface area for optimum
exposure to the digestive enzymes in the small intestine[58].
In the case of static in vitro digestion models, these
important physiological dynamic processes that occur in
vivo are not simulated. In general, nearly all the static in
vitro models simulated the gastric phase of in vitro
digestions by mixing food samples with a fixed volume
of simulated gastric fluids (SGF) maintained at a simulated
gastric conditions for a period of 90 to 120 min[14].
Sampling is either done at a specific time interval (e.g.,
every 30 min) until 120 min or at the end of the entire
gastric digestion process before moving the gastric digesta
to the simulated intestinal conditions for further digestion.
The mixing which allows the complete exposure of the
enzymes to the food matrix can be performed at fixed
speed using a magnetic stirrer, shaker or jacketed reactors.
The mixing speed used has varied widely in the studies
conducted over the past few years (Table 2). Apart from
pepsin and lipase, all other enzymes are inactive under the
gastric environment due to its relatively low pH of about
2.0. The lipases frequently used in static in vitro models to
simulate the human gastric lipase are biochemically
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questionable. In their review of pH and gastric lipase
activity in vitro digestion models, Sams et al.[51] reported
that gastric lipase from humans was biochemically unique,
differing from lipases from other sources, and could be
stable and function in the pH range of 2.0 to 7.0 with
optimum activity of 4.0 to 5.4. According to our
examination of the literature, pH used in the gastric
phase digestion ranged from 1.2 to 3.0 (Table 2). The
α-amylase in the digesta received from the oral phase is
inactivated below a pH of around 2.0 in the gastric phase.
Also, the static digestion models that have been

employed to investigate structural changes and physio-
chemical properties of starch in the presence of dietary
fiber have not considered peristaltic movement or move-
ment of the digesta. Whether the static gastric digestion is
sufficient depends on the influence of each physiological
parameter on the digestion and envisioned end point. Often
researchers ignore the gastric phase[15,18,48,50,59] in their
static in vitro digestion models for starch digestion,
assuming that the gastric phase is completely is overridden
by small intestinal digestion. Also it is assumed that
amylase is inactivated under gastric conditions, so samples
with starch as the major nutrient to be hydrolyzed do not
necessarily need gastric phase simulation. However, the
systems that omit the gastric phase and the gastric enzymes
(e.g., pepsin, trypsin and chymotrypsin) may not be
sufficient to simulate complete gastrointestinal hydrolysis
of starch. This is because the preliminary digestions of
starch by gastric trypsin and chemotrypsin are reported to
further trigger pancreatic amylase activity on cooked rice
and starch gels in vitro[20]. Similarly, gastric lipase has
been reported to be a key trigger of further pancreatic
lipase activity on lecithin-stabilized emulsions in
vitro[12,14]. Therefore, whether omission of the gastric
phase influences the digestion process depends on the food
matrix and the parameters being investigated. The
recently-proposed harmonization of the various static
digestion models is paramount for the meaningful
comparison of results from various research groups. For
the standardized in vitro starch digestion, it has been
proposed trypsin, pepsin and chymotrypsin be used as the
major protein hydrolytic enzymes[14].
Apart from mixing methods, static in vitro digestion

studies also differed in the constituents of the simulated
digestive fluids, digestion time, and the enzyme type and
concentration. Table 2 summarizes gastric conditions that
have been used for static in vitro digestion of starch. It is
recommended that SGF should be constituted giving
consideration to the relevant enzymes and salts that are
present in human gastric fluids[14]. Similarly, the pH of the
SGF should be adjusted with the appropriate electrolytes to
a pH of around 2.0.

4.3 Intestinal phase

The intestinal phase is key for the final digestion of most of

nutrients in the food matrix, since it is the phase where
remaining starch is hydrolyzed into glucose for absorption.
Unlike the oral and the gastric phases, which may be
omitted in some cases, most of the static in vitro models
reviewed were conducted under intestinal conditions.
Primarily, the GIT operates in a dynamic fashion, with
movement and digestion of food, and absorption of
nutrients occurring concurrently in a complex environment
with mixing and transport along the digestion sequence[58].
For in vivo models, chyme received from the gastric

phase is physiologicalally neutralized. While the secreted
bile salts and phospholipids function to emulsify lipid
particles in the chyme, sodium bicarbonate neutralizes the
highly acidic chyme to create a suitable environment for
the activity of the secreted intestinal enzymes[12]. In static
in vitro models, the transferred chyme received from the
gastric phase is diluted with a known volume of simulated
intestinal fluids (SIF) and subjected to mixing with a
magnetic stirrer[15,50], shaking[26] or jacketed reactor[60] at
a constant speed for a set period. Apart from not being able
to simulate the exact physiological process in vivo, static in
vitro digestion models for the intestinal phase in vitro
digestions are unable to eliminate digestive products,
which may impede enzymatic activity[14].
The simulated intestinal gastric fluids that have been

used in static in vitro digestion models vary in their
constituents with pH around neutral (Table 3). While basic
SIF are often constituted to have a mixtures of enzymes
(pancreatin) and bile salts with a neutral pH, more complex
SIF are formulated to contain buffers, salts, protein and
enzymes to more closely simulate in vivo intestinal
fluids[12]. The composition of the SIF depends on the
nature and type of food matrix to be digested. Accordingly,
several researchers have composed SIF differently to suit
the samples being investigated[18,46,48,61] (Table 3). In vitro
models designed to investigate the digestion of starch in
the presence of other dietary components have mostly only
used intestinal phase simulation, but some have included
this in combination with other phases of the digestion
sequence[62–64]. Any starch that is not digested and dietary
fibers move to the larger portion of the duodenum, where
they undergo fermentation to release compounds that have
various biological functions in the body.

5 Nutritional relevance of starch hydrolysis
in the presence of dietary fibers

One important defining and unique feature of any dietary
fiber, irrespective of its source, is that its resistance to the
human digestive enzymes. Though indigestible, dietary
fiber has long been recognized as an important ingredient
in the human diet. Dietary fiber has been defined as
polysaccharides, such as cellulose, gums, pectin, inulin
and hemicellulose, with ten or more monomeric units that
are incapable of being hydrolyzed by the human digestive
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enzymes[65–67]. Physicochemical properties of dietary
fiber, which define its functional properties in the GIT
with consequential impact on food digestion are deter-
mined by the fiber origin and its preparation method. In the
light of this, dietary fibers from various sources have been
investigated to evaluate their influence on the digestibility
of starch by static in vitromethods[15,50,66,68] before the use
of rigorous in vivo models using animals and humans.
Successful candidates could be used to develop functional
food products for improving human nutrition.
Consumption of a diet with sufficient dietary fiber is

recognized as a means of reducing the risk of cardiovas-
cular diseases and diabetes[3,69]. The mechanisms by
which these beneficial effects are associated with dietary
consumption include increase in viscosity caused by the
presence of the fiber (particularly soluble fibers)[4,26,69,70]

in the GIT and the ability of the fiber to bind to endogenous
enzymes and inhibit their activity[7]. The authors of these
studies have associated an increase in viscosity in the
presence of fibers in the diet with a reduced rate of gastric
emptying, glucose release and absorption. Several dietary
fibers including cellulose and its derivatives (e.g., alginate
and β-glucan, gums, inulin and pectin)[1,6,15,26,70] have
been investigated by static in vitro digestion to provide an
understanding of their influence on the digestion of starch
and absorption of released glucose. In this way knowledge
of functional foods can be obtained to meet the specific
needs of consumers.
From the nutritional perspective, static in vitro digestion

models offer a quick and less expensive way for initial
investigations and screening of new functional ingredients.
It has been demonstrated in many in vitro studies that
during the digestion of starch, the presence of the fiber may
interfere with enzymes by physical entrapment and
binding, which can reduce their availability for diges-
tion[62]. However, depending on dilution factors, concen-
trations and inherent physicochemical properties of the
dietary fiber involved, the influence on the digestion of
starch can differ. For insoluble fibers such cellulose, it is
known that the fiber component physically binds to the
enzyme and reduces its availability to degrade starch[7]. In
the case of soluble gel forming fibers, such as gums,
viscosity is key to the glucose release rate and absorp-
tion[26,69]. The relevance of static digestion models in
nutrition and food science continues to promote the
development and growth static simulated digestion
(Table 3).

6 Conclusions

Studies conducted over the years that have focused on
static digestion of starch in the presence of dietary fiber or
starchy food fortified with fiber were critically examined to
identify key parameters to consider in designing static
simulated digestion models. This review of the literature

found that static in vitro digestion models have been
extensively used to examine food products in many
digestion simulation studies. Also, it was found that the
majority of the studies used enzymes of plant and animal
origin, rather than of human origin. For simulated
digestion of starch in the presence of dietary fiber, the
intestinal phase was the most simulated followed by oral
phase simulation. Nutritionally, the development of new
functional fiber-rich food products has heavily relied on
these simulated static models for initial evaluation.
However, the models are constrained by lack of standardi-
zation, making it difficult to compare results even between
similar static simulated digestion models. Reducing the
impact of such differences in the digestion models used by
different researchers should be achieved by harmonization
of the important parameters commonly used to simulate
the digestion conditions. Though an international con-
sensus on standardization of the various protocols of static
simulated digestions has been proposed, its acceptance and
adoption are so far limited.

Acknowledgements This work was supported by National Natural Science
Foundation of China (31571891, 31601437 and 21676122), National 125
Program (2013AA102207), the program of Collaborative Innovation Centre
of Food Safety and Quality Control, Jiangsu Province.

Compliance with ethics guidelines John Nsor-Atindana, Maoshen Chen,
Liu Wei, Khin Myat Noe, Yue Li, and Fang Zhong declare that they have no
conflicts of interest or financial conflicts to disclose.
This article is a review and does not contain any studies with human or

animal subjects performed by any of the authors.

References

1. Nsor-Atindana J, Chen M, Goff H D, Zhong F, Sharif H R, Li Y.

Functionality and nutritional aspects of microcrystalline cellulose in

food. Carbohydrate Polymers, 2017, 172: 159–174

2. Luo X, Wang Q, Zheng B, Lin L, Chen B, Zheng Y, Xiao J.

Hydration properties and binding capacities of dietary fibers from

bamboo shoot shell and its hypolipidemic effects in mice. Food and

Chemical Toxicology, 2017, 109(Pt 2): 1003–1009

3. Goff H D, Repin N, Fabek H, El Khoury D, Gidley M J. Dietary

fibre for glycaemia control: towards a mechanistic understanding.

Bioactive Carbohydrates and Dietary Fibre, 2017

4. Brownlee I A, Chater P I, Pearson J P, Wilcox M D. Dietary fibre

and weight loss: where are we now? Food Hydrocolloids, 2017, 68:

186–191

5. Kim H J, Kim H J. Physicochemical characteristics and in vitro bile

acid binding and starch digestion of β-glucans extracted from

different varieties of Jeju barley. Food Science and Biotechnology,

2017, 26(6): 1501–1510

6. Pentikäinen S, Karhunen L, Flander L, Katina K, Meynier A,

Aymard P, Vinoy S, Poutanen K. Enrichment of biscuits and juice

with oat β-glucan enhances postprandial satiety. Appetite, 2014, 75:

150–156

7. Dhital S, Gidley M J, Warren F J. Inhibition of α-amylase activity by

John NSOR-ATINDANA et al. Static in vitro digestion and fiber 347



cellulose: kinetic analysis and nutritional implications. Carbohy-

drate Polymers, 2015, 123: 305–312

8. Dhital S, Dolan G, Stokes J R, Gidley M J. Enzymatic hydrolysis of

starch in the presence of cereal soluble fibre polysaccharides. Food

& Function, 2014, 5(3): 579–586

9. Morell P, Fiszman S, Llorca E, Hernando I. Designing added-

protein yogurts: relationship between in vitro digestion behavior and

structure. Food Hydrocolloids, 2017, 72: 27–34

10. Mandalari G, Merali Z, Ryden P, Chessa S, Bisignano C, Barreca D,

Bellocco E, Laganà G, Faulks R M, Waldron K W. Durum wheat

particle size affects starch and protein digestion in vitro. European

Journal of Nutrition, 2018, 57(1): 319–325

11. Ahmed F, Sairam S, Urooj A. In vitro hypoglycemic effects of

selected dietary fiber sources. Journal of Food Science and

Technology, 2011, 48(3): 285–289

12. McClements D J, Li Y. Review of in vitro digestion models for rapid

screening of emulsion-based systems. Food & Function, 2010, 1(1):

32–59

13. Devi P B, Vijayabharathi R, Sathyabama S, Malleshi N G,

Priyadarisini V B. Health benefits of finger millet (Eleusine

coracana L.) polyphenols and dietary fiber: a review. Journal of

Food Science and Technology, 2014, 51(6): 1021–1040

14. Minekus M, Alminger M, Alvito P, Ballance S, Bohn T, Bourlieu C,

Carrière F, Boutrou R, Corredig M, Dupont D, Dufour C, Egger L,

Golding M, Karakaya S, Kirkhus B, Le Feunteun S, Lesmes U,

Macierzanka A, Mackie A, Marze S, McClements D J, Ménard O,

Recio I, Santos C N, Singh R P, Vegarud G E, Wickham M S,

Weitschies W, Brodkorb A. A standardised static in vitro digestion

method suitable for food—an international consensus. Food &

Function, 2014, 5(6): 1113–1124

15. Oh I K, Bae I Y, Lee H G. In vitro starch digestion and cake quality:

impact of the ratio of soluble and insoluble dietary fiber.

International journal of Bioogical Macromoles, 2014, 63: 98–103

16. Arranz E, Corredig M, Guri A. Designing food delivery systems:

challenges related to the in vitromethods employed to determine the

fate of bioactives in the gut. Food & Function, 2016, 7(8): 3319–

3336

17. Nordlund E, Katina K, Aura A M, Poutanen K. Changes in bran

structure by bioprocessing with enzymes and yeast modifies the in

vitro digestibility and fermentability of bran protein and dietary fibre

complex. Journal of Cereal Science, 2013, 58(1): 200–208

18. Foschia M, Peressini D, Sensidoni A, Brennan M A, Brennan C S.

Synergistic effect of different dietary fibres in pasta on in vitro starch

digestion? Food Chemistry, 2015, 172: 245–250

19. Yousefi A R, Razavi S M, Norouzy A. In vitro gastrointestinal

digestibility of native, hydroxypropylated and cross-linked wheat

starches. Food & Function, 2015, 6(9): 3126–3134

20. Wang S, Li P, Zhang T, Wang S, Copeland L. Trypsin and

chymotrypsin are necessary for in vitro enzymatic digestion of rice

starch. Royal Society of Chemistry Advances, 2017, 7(7): 3660–

3666

21. Lee B-H, Bello-Pérez L A, Lin A H-M, Kim C Y, Hamaker B R.

Importance of location of digestion and colonic fermentation of

starch related to its quality. Cereal Chemistry, 2013, 90: 335–343

22. Butterworth P J, Warren F J, Ellis P R. Human α-amylase and starch

digestion: an interesting marriage. Starch, 2011, 63(7): 395–405

23. Hur S J, Lim B O, Decker E A, McClements D J. In vitro human

digestion models for food applications. Food Chemistry, 2011, 125

(1): 1–12

24. Tran Do D H, Kong F, Penet C, Winetzky D, Gregory K. Using a

dynamic stomach model to study efficacy of supplemental enzymes

during simulated digestion. Lebensmittel-Wissenschaft + Technolo-

gie, 2016, 65: 580–588

25. Zacherl C, Eisner P, Engel K H. In vitromodel to correlate viscosity

and bile acid-binding capacity of digested water-soluble and

insoluble dietary fibres. Food Chemistry, 2011, 126(2): 423–428

26. Repin N, Cui S W, Goff H D. Impact of dietary fibre on in vitro

digestibility of modified tapioca starch: viscosity effect. Bioactive

Carbohydrates and Dietary Fibre, 2016

27. Chen X, He X, Fu X, Huang Q. In vitro digestion and

physicochemical properties of wheat starch/flour modified by

heat-moisture treatment. Journal of Cereal Science, 2015, 63:

109–115

28. Krishnan J G, Menon R, Padmaja G, Sajeev M S, Moorthy S N.

Evaluation of nutritional and physico-mechanical characteristics of

dietary fiber-enriched sweet potato pasta. European Food Research

and Technology, 2012, 234(3): 467–476

29. Englyst H N, Kingman S M, Cummings J H. Classification and

measurement of nutritionally important starch fractions. European

Journal of Clinical Nutrition, 1992, 46(S2): S33–S50

30. Ménard O, Cattenoz T, Guillemin H, Souchon I, Deglaire A, Dupont

D, Picque D. Validation of a new in vitro dynamic system to

simulate infant digestion. Food Chemistry, 2014, 145: 1039–

1045

31. Dupont D, Mackie A R. Static and dynamic in vitro digestion

models to study protein stability in the gastrointestinal tract. Drug

Discovery Today: Disease Models, 2015, 17–18: 23–27

32. Barroso E, Cueva C, Peláez C, Martínez-Cuesta M C, Requena T.

Development of human colonic microbiota in the computer-

controlled dynamic SIMulator of the GastroIntestinal tract SIMGI.

Lebensmittel-Wissenschaft + Technologie, 2015, 61(2): 283–289

33. Espert M, Salvador A, Sanz T. In vitro digestibility of highly

concentrated methylcellulose O/W emulsions: rheological and

structural changes. Food & Function, 2016, 7(9): 3933–3942

34. Woolnough J W, Bird A R, Monro J A, Brennan C S. The effect of a

brief salivary α-amylase exposure during chewing on subsequent in

vitro starch digestion curve profiles. International Journal of

Molecular Sciences, 2010, 11(8): 2780–2790

35. Tamura M, Okazaki Y, Kumagai C, Ogawa Y. The importance of an

oral digestion step in evaluating simulated in vitro digestibility of

starch from cooked rice grain. Food Research International, 2017,

94: 6–12

36. Bornhorst G M, Singh R P. Kinetics of in vitro bread bolus digestion

with varying oral and gastric digestion parameters. Food Biophysics,

2013, 8(1): 50–59

37. Mun S, McClements D J. Influence of simulated in-mouth

processing (size reduction and alpha-amylase addition) on lipid

digestion and β-carotene bioaccessibility in starch-based filled

hydrogels. Lebensmittel-Wissenschaft + Technologie, 2017, 80:

113–120

348 Front. Agr. Sci. Eng. 2018, 5(3): 340–350



38. Qiu C, Zhao M, Decker E A, McClements D J. Influence of anionic

dietary fibers (xanthan gum and pectin) on oxidative stability and

lipid digestibility of wheat protein-stabilized fish oil-in-water

emulsion. Food Research International, 2015, 74: 131–139

39. Tangsrianugul N, Suphantharika M, McClements D J. Simulated

gastrointestinal fate of lipids encapsulated in starch hydrogels:

impact of normal and high amylose corn starch. Food Research

International, 2015, 78: 79–87

40. Marze S, Meynier A, Anton M. In vitro digestion of fish oils rich in

n-3 polyunsaturated fatty acids studied in emulsion and at the oil-

water interface. Food & Function, 2013, 4(2): 231–239

41. Ma M M, Mu T H. Effects of extraction methods and particle size

distribution on the structural, physicochemical, and functional

properties of dietary fiber from deoiled cumin. Food Chemistry,

2016, 194: 237–246

42. Mennah-Govela Y A, Bornhorst G M. Mass transport processes in

orange-fleshed sweet potatoes leading to structural changes during

in vitro gastric digestion. Journal of Food Engineering, 2016, 191:

48–57

43. Dartois A, Singh J, Kaur L, Singh H. Influence of guar gum on the In

vitro starch digestibility—rheological and microstructural charac-

teristics. Food Biophysics, 2010, 5(3): 149–160

44. van Kempen T A, Regmi P R, Matte J J, Zijlstra R T. In vitro starch

digestion kinetics, corrected for estimated gastric emptying, predict

portal glucose appearance in pigs. Journal of Nutrition, 2010, 140

(7): 1227–1233

45. Yousefi A R, Razavi S M. Modeling of glucose release from native

and modified wheat starch gels during in vitro gastrointestinal

digestion using artificial intelligence methods. International Journal

of Biological Macromolecules, 2017, 97: 752–760

46. Ramírez C, Millon C, Nuñez H, Pinto M, Valencia P, Acevedo C,

Simpson R. Study of effect of sodium alginate on potato starch

digestibility during in vitro digestion. Food Hydrocolloids, 2015,

44: 328–332

47. Bai Y, Wu P, Wang K, Li C, Li E, Gilbert R G. Effects of pectin on

molecular structural changes in starch during digestion. Food

Hydrocolloids, 2017, 69: 10–18

48. Bae I Y, Jun Y, Lee S, Lee H G. Characterization of apple dietary

fibers influencing the in vitro starch digestibility of wheat flour gel.

Lebensmittel-Wissenschaft + Technologie, 2016, 65: 158–163

49. Gularte M A, Gómez M, Rosell C M. Impact of legume flours on

quality and in vitro digestibility of starch and protein from gluten-

free cakes. Food and Bioprocess Technology, 2011, 5(8): 3142–

3150

50. Ng S H, Robert S D, Wan Ahmad W A, Wan Ishak W R.

Incorporation of dietary fibre-rich oyster mushroom (Pleurotus

sajor-caju) powder improves postprandial glycaemic response by

interfering with starch granule structure and starch digestibility of

biscuit. Food Chemistry, 2017, 227: 358–368

51. Sams L, Paume J, Giallo J, Carrière F. Relevant pH and lipase for in

vitro models of gastric digestion. Food & Function, 2016, 7(1): 30–

45

52. Chen J. Food oral processing—A review. Food Hydrocolloids,

2009, 23(1): 1–25

53. Morell P, Hernando I, Fiszman S M. Understanding the relevance of

in-mouth food processing. A review of in vitro techniques. Trends in

Food Science & Technology, 2014, 35(1): 18–31

54. Hoebler C, Karinthi A, Devaux M F, Guillon F, Gallant D J G,

Bouchet B, Melegari C, Barry J L. Physical and chemical

transformations of cereal food during oral digestion in human

subjects. British Journal of Nutrition, 1998, 80(5): 429–436

55. Salles C, Tarrega A, Mielle P, Maratray J, Gorria P, Liaboeuf J,

Liodenot J J. Development of a chewing simulator for food

breakdown and the analysis of in vitro flavor compound release in a

mouth environment. Journal of Food Engineering, 2007, 82(2):

189–198

56. Woda A, Mishellany-Dutour A, Batier L, François O, Meunier J P,

Reynaud B, Alric M, Peyron M A. Development and validation of a

mastication simulator. Journal of Biomechanics, 2010, 43(9): 1667–

1673

57. Argyri K, Athanasatou A, Bouga M, Kapsokefalou M. The Potential

of an in vitro digestion method for predicting glycemic response of

foods and meals. Nutrients, 2016, 8(4): 209

58. Wu P, Bhattarai R R, Dhital S, Deng R, Chen X D, Gidley M J. In

vitro digestion of pectin- and mango-enriched diets using a dynamic

rat stomach-duodenum model. Journal of Food Engineering, 2017,

202: 65–78

59. Han S H, Lee S W, Rhee C. Effects of cooking methods on starch

hydrolysis kinetics and digestion-resistant fractions of rice and

soybean. European Food Research and Technology, 2008, 227(5):

1315–1321

60. Borreani J, Llorca E, Larrea V, Hernando I. Adding neutral or

anionic hydrocolloids to dairy proteins under in vitro gastric

digestion conditions. Food Hydrocolloids, 2016, 57: 169–177

61. Shi M, Gao Q y. Physicochemical properties, structure and in vitro

digestion of resistant starch from waxy rice starch. Carbohydrate

Polymers, 2011, 84(3): 1151–1157

62. Bhattarai R R, Dhital S, Wu P, Chen X D, Gidley M J. Digestion of

isolated legume cells in a stomach-duodenum model: three

mechanisms limit starch and protein hydrolysis. Food & Function,

2017, 8(7): 2573–2582

63. Giuberti G, Marti A, Fortunati P, Gallo A. Gluten free rice cookies

with resistant starch ingredients from modified waxy rice starches:

nutritional aspects and textural characteristics. Journal of Cereal

Science, 2017, 76: 157–164

64. Giuberti G, Fortunati P, Gallo A. Can different types of resistant

starch influence the in vitro starch digestion of gluten free breads?

Journal of Cereal Science, 2016, 70: 253–255

65. Dai F J, Chau C F. Classification and regulatory perspectives of

dietary fiber. Journal of Food and Drug Analysis, 2017, 25(1): 37–

42

66. Karaman E, Yılmaz E, Tuncel N B. Physicochemical, microstruc-

tural and functional characterization of dietary fibers extracted from

lemon, orange and grapefruit seeds press meals. Bioactive

Carbohydrates and Dietary Fibre, 2017, 11: 9–17

67. Hardacre A K, Yap S Y, Lentle R G, Monro J A. The effect of fibre

and gelatinised starch type on amylolysis and apparent viscosity

during in vitro digestion at a physiological shear rate. Carbohydrate

Polymers, 2015, 123: 80–88

68. Nsor-Atindana J, Zhong F, Mothibe K J. In vitro hypoglycemic and

John NSOR-ATINDANA et al. Static in vitro digestion and fiber 349



cholesterol lowering effects of dietary fiber prepared from cocoa

(Theobroma cacao L.) shells. Food & Function, 2012, 3(10): 1044–

1050

69. Mackie A, Bajka B, Rigby N. Roles for dietary fibre in the upper GI

tract: the importance of viscosity. Food Research International,

2016, 88: 234–238

70. Jung D S, Bae I Y, Oh I K, Han S I, Lee S J,Lee H G. Classification

of hydrocolloids based on in vitro starch digestibility and

rheological properties of Segoami gel. International Journal of

Biological Macromoles, 2017, 104(Pt A): 442–448

350 Front. Agr. Sci. Eng. 2018, 5(3): 340–350


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26
	bmkcit27
	bmkcit28
	bmkcit29
	bmkcit30
	bmkcit31
	bmkcit32
	bmkcit33
	bmkcit34
	bmkcit35
	bmkcit36
	bmkcit37
	bmkcit38
	bmkcit39
	bmkcit40
	bmkcit41
	bmkcit42
	bmkcit43
	bmkcit44
	bmkcit45
	bmkcit46
	bmkcit47
	bmkcit48
	bmkcit49
	bmkcit50
	bmkcit51
	bmkcit52
	bmkcit53
	bmkcit54
	bmkcit55
	bmkcit56
	bmkcit57
	bmkcit58
	bmkcit59
	bmkcit60
	bmkcit61
	bmkcit62
	bmkcit63
	bmkcit64
	bmkcit65
	bmkcit66
	bmkcit67
	bmkcit68
	bmkcit69
	bmkcit70


