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ABSTRACT

Short duration effect of consumption of Resistant Starch (RS) as a supplement in improving animal and
human health has been documented using single food based approach. Effect of composite diet rich in
resistant starch on human health needs to be studied. The objective was to examine the influence of
increased Resistant Starch content of the diet on selected anthropometric measurements, fecal microflora
and biochemical parameters. Ten healthy adults in the age group 25-45 years participated in the study.
Habitual energy, macronutrients and RS intake was calculated using 7 day food diary. Subjects were
then provided with an experimental diet for an intervention period of 14 days. Experimental diet was
designed using Indian preparations with foods relatively rich in RS. Recording of anthropometric
measurements, collection of fecal and blood samples was done pre and post intervention. Bacterial
count as log colony forming units (cfu) was measured in fecal samples. Serum lipid profile and fasting
blood glucose was estimated. The experimental diet provided approximately 1g RS/100 kcal which was
approximately three times higher than the amount consumed habitually. Significant decrease was
observed in weight, body mass index, waist circumference and hip circumference post intervention.
Fecal samples showed a significant increase in Bifidobacteria, Lactobacilli, E. coli count and a
significant decrease in Salmonella count post intervention. Fasting blood glucose decreased
significantly post intervention. The food based approach to increase resistant starch content of the
diet showed a beneficial effect on gut microflora and anthropometric parameters in healthy adults.
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INTRODUCTION

Resistant Starch (RS) which is a part of dietary fiber refers to portion of the starch and starch
products that resists digestion as it passes through the gastrointestinal tract (Nugent, 2005) and
enters the large bowel in normal humans. RS has been classified into 4 types as, RS1 (physically
inaccessible), RS2 (resistant starch granules in raw banana and potato), RS3 (retrograded starch)
and RS4 (chemically modified starch) (Nugent, 2005, Englyst et al., 1992, Topping et al., 2003,
Sajilata et al., 2006 and Fuentes-Zaragoza et al., 2010). The potential beneficial physiological
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effects of RS have been highlighted in animal as well as human studies. RS has been shown to
improve bowel health (Phillips et al., 1995 and Toden et al., 2007). RS consumption leading to
improved glycaemic and insulinaemic responses have been documented in literature (Robertson et
al., 2003, Robertson et al., 2005, Maki et al., 2012, Keenan et al., 2009, Bodinham et al., 2010 and
Yamada et al., 2005). It may have a protective effect on obesity by regulating food and energy
intake by increasing satiety (Robertson et al., 2003, Robertson et al., 2005 and Tulley et al., 2006).
Blood lipid lowering effect of RS in rats has been documented (De Deckere et al., 1993, Lopez et
al., 2001 and Liu et al., 2009).

In majority of human studies an ‘acute effect’ of RS consumption was studied by incorporating
RS2 or RS3 in the amounts that ranged from 30 to 60g, in a single food given as ‘test food’ or in a
single meal given as a ‘test meal’ (Robertson et al., 2005, Keenan et al., 2009, Bodinham et al.,
2010, Johnston et al., 2010 and Muir et al., 2004). However, the current study was undertaken with
the objective to examine the influence of the diet rich in resistant starch on selected fecal microflora,
anthropometric measurements and biochemical parameters.

METHODOLOGY

A total of 12 apparently healthy individuals, 8 women and 4 men, in the age group of 25 to 45
years, residing in Mumbai, India were selected for the study. Of the 12 subjects, two subjects (one
man and one woman) withdrew from study after one week due to personal reasons. The power of
the study was calculated to be 80% at 95% confidence interval to detect a difference at 0.05 level.

Written informed consent was taken from all the subjects. The study protocol was approved
by Intersystem Biomedical Ethics Committee (ISBEC), Mumbai, India.

Inclusion criteria:

Subjects were included in the study if they met the following inclusion criteria. 1) No history of
chronic diseases of liver, kidney or any other, 2) Non-smokers, non-alcoholics, 3) Would not have
suffered from diarrhoea or constipation in the past 15 days, 4) No consumption of any probiotic
food for at least one month prior to study period.

Exclusion criteria:
1) Pregnant or lactating women, 2) subjects on antibiotic treatment

Data collection:

Anthropometry was measured, fecal and blood parameters were analysed pre and post
intervention. Habitual food intake data was collected using ‘7-day food diary’ technique and habitual
nutrient intake was calculated before the intervention.

Anthropometric data:

Height, waist circumference and hip circumference were recorded following the standard
techniques using a non stretchable tape (National health and nutrition examination survey, 2007 and
Rinaldo and Gualdi, 2015). Weight, body fat percentage, fat free mass percentage, and body water
percentage was recorded using ‘Tanita Multi Frequency Segmental Body Composition Analyser’
(Tanita: MC-780 MA). The average of the three readings recorded for each measurement was
taken at both the times. Body mass index was calculated.
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Fecal sample collection:

Subjects were instructed to collect fecal sample in a sterilized, air tight container. The container
with fecal sample was kept sandwiched, in between the two frozen gel packs to avoid deterioration
of the samples during transportation. The samples were then delivered within 4 hrs to the National
Facility for Biopharmaceuticals Laboratory (NFB), Wadala, Mumbai, India, for microbial analysis.

Microbiologic analysis of fecal samples:

The fecal samples were analyzed to determine the count of Bifidobacteria, Lactobacilli,
Escherichia coli (E. coli) and Salmonella. This was done using pour plate method described by
Sheth and Assudani (2015).In brief, 0.1 gram of stool sample was weighed and added to 9.9 ml of
peptone water. It was then mixed thoroughly using vortex mixture so as to obtain 10 dilution of the
samples. This sample then was further used to prepare serially diluted samples to get 102 to 108
dilutions of the stool samples. 100 ul of the dilutions were then added to selective Media (molten
agar), which was then poured into sterile petri dishes. The petri dishes were then incubated as
specified for required medium. After incubation, the number of colony forming units (cfu) on each
petri dish were counted and multiplied with dilution factor. Log was applied to the count to get
logarithmic number and the final bacterial count was expressed as Log cfu/g wet stool. Selective
media used were Bifidobacterium agar for bifidobacterium species, HiCrome Selective Salmonella
Agar Base for selective isolation of Salmonella species, Lactobacillus Selection Agar Base for
isolation of Lactobacilli and EMB Agar for E Coli. All were obtained from HiMedia Laboratories,
Mumbeai, India.

Biochemical analysis of blood:

A trained technician collected fasting blood samples from the subjects. The samples were
analyzed in SRL Diagnostics Lab (Accredited by NABL-39), Shivaji Park, Mumbai, India, for the
serum lipid profile and fasting blood glucose using the standard protocol.

Habitual food and nutrient intake data:

Habitual food intake data was collected using “seven day food diary” before beginning of the
intervention. The record of foods consumed in a day, with details of ingredients, cooking method,
brand name had to be completed by the subjects for 7 consecutive days including one week end.
Quantification of food consumed was done with the help of “food recall kit” containing standardised
household measures and food models. The kit was shared with the subjects to explain the concept
of portion size. Daily intake of energy, macronutrients, and dietary fibre was computed from habitual
food intake data, using software “DietCal” (Delhi, India).

Habitual daily RS intake by the subjects was computed using the laboratory estimated RS
values, which were generated by analysing routinely consumed Indian cereal, pulse, roots and
tuber preparations in the NFB Laboratory, Wadala, Mumbai, India, using a commercially available
kit ‘Resistant starch assay procedure kit” by MEGAZYME Ireland. In case of foods like pasta,
noodles etc. RS values available in literature were used (Murphy et al., 2008 and Chen et al.,
2010).

Dietary intervention and planning of experimental diet:
Subjects were provided an experimental diet during the two-week intervention period by the
researcher. The diet included four major meals (Breakfast, Lunch, Snacks and Dinner) along with
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a fruit and nuts to be consumed as ‘in between’ meals.

Experimental diet was standardized and prepared in an experimental kitchen using traditional
Indian starchy preparations that contained relatively higher amount of RS as per the laboratory
estimations. The diet included preparations like bhakri (flat Indian bread) made using sorghum
flour, cooked brown rice, Indian curries using whole and split chick peas and other legumes, cooked
green banana preparation, carrot salad, and traditional Indian snacks prepared using rice flakes,
wheat semolina and sago. These were the main preparations contributing towards the RS content
of the experimental diet. To break the monotony, five different menus were developed by using
foods in different combinations and by changing the flavour of foods using different spices. These

Table 1: Sample experimental diet plan for one day

Meal Menu Ingredients Amount (g) Energy Protein (g) RS (g)
(Kcal)
Early Tea Cow milk 25ml 17 0.8 -
morning Sugar 7 28 - -
Breakfast Brown rice Brown rice 45 155 3.06 1.37%
pulao Green banana 75 48 1.05 1.41%
Oil 4 - - -
Salad Carrot 25 12 0.23 0.4
Chole Chick peas 45 162 7.7 3.57*
Tomato 50 10 0.45 -
Oil 4 36 - -
Milk Skimmed 150ml 44 3.75 -
milk
Mid - Fruit Papaya 100 32 0.6 -
morning Nuts Cashew nut 15 89 3.18 0.96
Lunch Bhakri Sorghum 60 209 6.24 1.56*
Dal palak Chick pea 45 167 9.36 1.65*
split
Spinach 75 20 1.5 -
Tomato 25 5 0.23 -
Oil 4 36 - -
Vegetable Potato 80 78 1.28 0.53*
Oil 4 36 - -
Salad Carrot 50 24 0.45 0.8
Snacks Pohe Rice flakes 50 173 33 1.68*
Onion 25 13 0.3
Potato 20 19 0.3
Oil 4 36 -
Dinner Bhakri Sorghum 60 209 6.24 1.56*
Dal Red gram 30 101 6.69 1.94*
Vegetable Brinjal 75 18 1.05 -
Green banana 75 48 1.05 1.41%*
Onion 25 13 0.3 -
Oil 4 36 - -
Butter milk Cow milk 50ml 34 1.6 -
Total 1944 60.7 18.84

*RS in the amount of cooked food obtained from raw RS source indicated in the table; RS was estimated by
analysing cooked foods in the laboratory
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menus were then used in a cyclic pattern during the intervention period. On an average (mean of
five day menus) the experimental diet supplied approximately 1.0g RS per 100kcal. Table 1 shows
the sample experimental diet plan for one day.

All the subjects received the same preparations as per the menu for the day but the quantities
were adjusted to match the individual’s habitual energy intake.

To achieve maximum compliance supervised feeding of subjects was done for the experimental
diets provided to them. All the subjects were given a diary to maintain a record of food that could
not be consumed from the day’s menu and the extra food, if any (other than what was supplied)
that was consumed during the day. This was taken into consideration while calculating the daily
nutrient and RS intake by the subjects during intervention period. The subjects were instructed to
continue with their regular physical activity during this phase.

Statistical analysis:

The subjects served as their own controls as per the research design. The data was analysed
statistically using SPSS version 20. The normality test was applied to all the parameters and data
was found to be normally distributed. The effect of the experimental diet on anthropometric
parameters, fecal micro flora, and biochemical parameters was studied by comparing the pre and
post intervention results using Paired sample t test and the level of significance was set at p=0.05.
A linear regression model was run to study the effect of potential confounders (total fibre intake
and energy from carbohydrates, protein and fat) on percentage change in various parameters post
intervention.

RESULTS AND DISCUSSION

A total of ten subjects completed the intervention phase. The mean age was 35.7+7.25 years.

Habitual nutrient intake:
The mean habitual energy intake was 1680 £243 kcal/day. Of the total energy 59.3% came
from carbohydrates, 28.6% from fats and 11.5% protein. The habitual energy and protein intake
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Fig. 1a : Dietary energy provided v/s consumed by subjects during intervention period
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was higher for men as compared to women. Mean RS consumption from the habitual diet was 5.5
+1.0 g in a day which was just 0.33 +0.1g /100kcal.

Energy and nutrients provided by experimental diet v/s energy and nutrient consumed
by subjects during the intervention period:

The comparison between the energy and nutrients provided daily by experimental diet and the
actual daily intake of energy, macronutrients and RS by the subjects during the two week intervention
period is shown in Fig. 1 a- 1b.

Energy provided by experimental diet per day was 1683+£230 kcal (Fig. 1 a) and was similar to
the mean habitual energy intake by the subjects (data not shown). The actual energy consumed by
the subjects during intervention period was 1690+247 kcal/day and was not statistically significantly
different from the energy provided by the experimental diet (p>0.05) (Fig. 1a).

B Provided

O Consumed

Nutrient (g)

= - *
o E—F 174 164
- : o
Carbohydrate Fat Protein  Resistant Starch

Fig. 1b : Nutrient intake provided v/s consumed by subjects. Data presented as Mean+SD *p<0.05
for comparison between provided and consumed diet

Similarly, there was no significant difference in the amount of carbohydrates, proteins and fats
between the provided and consumed diet (p>0.05) (Fig. 1 b). The amount of resistant starch consumed
by the subjects was significantly low as compared to the amount of resistant starch provided in the
experimental diet (p<<0.05) (Fig. 1b). The difference in the resistant starch intake between provided

Table 2 : Anthropometric parameters pre and post intervention

Anthropometric parameter Pre-intervention Post-intervention p value for comparison
Weight (kg) 66.9+£14.5 65.7£14.6 0.001
Body Mass Index (kg/m?) 25.8+3.9 253439 0.001
Waist circumference (cm) 89.7£12.2 88.7£12.2 0.001
Hip circumference (cm) 102.4+5.9 101.6+5.9 0.001
Body fat (%) 33.546.3 32.546.1 0.007
Fat free mass (%) 62.8+6.1 63.7+6.0 0.005
Body water (%) 46.2+4 .4 47.1+4.1 0.05

Data presented as mean + SD
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and consumed diet was due to replacement of some starchy food from experimental diet with
foods having added sugar, by the participants.

Table 2 shows comparison between pre and post intervention anthropometric measurements
of the subjects. A significant decrease was observed in the weight, body mass index, body fat
percentage, waist circumference and hip circumference post intervention (p<0.05) (Table 2). On
the other hand, fat free mass percentage and body water percentage increased significantly post
intervention (p<0.05) (Table 2).

Table 3 shows bacterial count as log cfu/g, in fecal samples collected pre and post intervention.
There was a significant increase in the number of Bifidobacteria, Lactobacilla and E. Coli post
intervention (p<0.05) (Table 3). A significant decrease in Salmonella was seen post intervention
(p<0.05) (Table 3).

Table 3 : Fecal microflora pre and post intervention

Fecal microflora Pre-Intervention Post-Intervention P value for comparison
(Log cfu) (Log cfu)

Bifido bacteria 6.839+0.530 7.528+0.487 0.001

Lactobacilli 6.750+0.187 7.184+0.173 0.001

Escherichia coli 7.120+0.084 7.1814£0.096 0.011

Salmonella 6.886+0.137 6.4724+0.488 0.017

Data presented as mean + SD

Table 4 shows values for biochemical parameters pre and post intervention. There was no
significant difference seen in any of the lipid profile parameters post intervention (p>0.05) except
for High density lipoprotein. Fasting blood glucose decreased significantly post intervention (p<<0.05)
(Table 4).

Table 4 : Biochemical parameters pre and post intervention

Biochemical parameters Pre-Intervention Post-Intervention P value for comparison
Total cholesterol (mg/ dL) 149.0+ 19.0 143.8+15.9 0.166
Low density lipoprotein (mg/dL) 82.8+19.9 84.5+18.2 0.607
High density lipoprotein(mg/dL) 442+11.8 39.5+10.2 0.018
Very low density lipoprotein (mg/dL) 22.0+11.3 19.8+£8.0 0.395
Triglyceride (mg/dL) 109.9+56.7 96.8+£36.1 0.294
Fasting glucose (mg/dL) 86.1+6.5 81.8+4.4 0.019

Data presented as mean + SD

A linear regression was run to study the effect of total fibre intake and energy from
carbohydrates, protein and fat on percentage change in various parameters post intervention (Table
5). The models were not significant for percentage change of any of the parameters except for
LDL (p=0.036) and change in body fat per cent (p=0.025) indicating that except for these two, the
various confounders individually or as a group could not influence the percentage change seen in
rest of the parameters post intervention. The overall model as well as percentage energy from fat
and carbohydrate individually affected the percentage change in body fat significantly indicating
that only in body fat per cent, the change during intervention may be due to a change in percentage
of calories achieved from fats and carbohydrates. On the other hand, the overall model was
significant for percentage change in LDL however, none of the factors individually affected
percentage change in LDL
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Table 5 : Effect of energy intake from carbohydrates, proteins, fat and fiber intake on % change after

intervention
R pvalue Constant [energy Penergy fenergy f total
square from fat from from fibre
CHO protein intake
HDL (% Change) 0.538 0,276 638.5 -0.56 -2.314 -43.68 0.796
LDL( % change) 0.831  0.036** 537.2 -9017 -1.098 -15.76 -1.18
VLDL (% Change) 0.433 0.504 -563.3 -4.05 -1.18 55.29 0.24
Triglyceride (% change) 0.436 0.499 -650.1 -4.43 -0.55 62.21 -0.57
Total cholesterol (% change) 0.673 0.164 359.5 -5.06 -1.72 -9.14 -0.13
Fasting blood sugar (% change) 0.267 0.767 -215.85 4.25 2.11 -1.45 -0.06
Weight (% change) 0.693 0.142 -16.553 0.97 0.29 -2.40 0.11
BMI (% change) 0.724 0.113 -0.065 0.756 0.188 -2.785 0.111
Body fat % (%change) 0.854  0.025** 108.8 -2.72% -1.71* 5.08 -0.14
Waist circumference (%change) 0.168 0.897 -24.08 0.44 0.20 0.04 -0.01
Hip circumference (%change) 0.242 0.803 14.76 0.02 -0.08 -1.0 0.04
Fat free mass (%change) 0.778 0.068 -73.43 1.22 0.90 -0.86 0.01
Bifidobacteria (%change) 0.265 0.770 -171.13 3.50 1.59 -1.78 0.514
Lactobacilli (%change) 0.563 0.304 95.34 3.13 0.34 -16.07 0.60
E coli (%change) 0.420 0.526 -45.46 -0.21 0.32 2.609 -0.08
Salmonella (%change) 0.521 0.365 -616.41 6.57 5.24 9.29 0.11

Data presented as R square value, P value, Constant and B values, *Factors individually affecting a model.

Discussion:

The present study was a dietary intervention research design. Subjects consumed an
experimental diet that mainly included Indian starchy preparations having relatively higher amounts
of RS. Enhancement of dietary resistant starch content without using supplements and the provision
of the experimental diet to the participants were the unique features and strength of the study. As
per the literature search present study is one of the few human studies in which RS content of the
diet was increased using only food based approach. The diet supplied approximately 1 g RS per
100kcal. Total amount of refined sugars and visible fat in the whole day’s diet was restricted to less
than 10g and 25g, respectively. Cereals, pulses, skimmed milk, curd and nuts were the sources of
protein in the diet.

In the present study improvement in all anthropometric parameters was seen post intervention
(Table 2). A few possible mechanisms explaining the effect of RS on weight and other anthropometric
parameters have been discussed in literature. Resistant starch reduces the energy density of the
diet as it resists digestion and absorption in the gut. Therefore when a portion of a meal is replaced
by RS, metabolizable energy can be reduced (Tulley et al., 2006). RS may also have an effect on
the appetite, may increase satiety and decrease food intake (Robertson et al., 2005 and Chiu et al.,
2013). Increased fat oxidation leading to increased energy expenditure due to consumption of RS
rich diet has also been documented in literature. When 5.4% of total dietary carbohydrate was
replaced by RS, a significant increase in fat oxidation was observed, which may lead to decreased
fat accumulation in the long term (Higgins et al., 2004).

Dietary non-digestible carbohydrate can produce marked changes in the gut microbiota (Walker,
2011). Increase in the fecal bifidobacteria and lactobacilli, and a decrease in fecal salmonella count
observed in the current study (Table 3) is an indicator of prebiotic effect of the experimental diet
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that was rich in RS. RS as a prebiotic has been discussed in literature (Fuentes-Zaragoza et al.,
2011) with many studies highlighting its benefits upon host health especially with respect to colonic
health (Fuentes-Zaragoza et al., 2011, Tomlin ef al., 1990 and Emenaker et al., 2001).

As observed in the current study, increasing number of beneficial bacteria may have a reducing
effect on the number of pathogens in the gut. There could also be resistance to colonization of
pathogenic bacteria due to the growing population of beneficial bacteria adhering to gut mucosal
surface leading to stimulation of host mucosal immunity (Niba et al., 2009). This clearly suggests
that increasing the RS content in the daily diet has beneficial effects for maintenance of gut health.

In the current study improvement in fasting blood glucose was observed post intervention
(Table 4). In subjects with blood glucose=110mg/dl, RS as low as 6g, incorporated in two slices of
bread, inhibited the postprandial increase in blood glucose and insulin significantly in comparison
with placebo group (Maki et al., 2012). Acute ingestion of a high-RS diet for as little as 24 h
induced changes in tissue insulin sensitivity, hepatic insulin clearance and improved glucose tolerance
(Keenan et al., 2009). However in some studies RS consumption did not show any effect with
respect to blood glucose or insulin in healthy subjects or subjects with normal sugar levels (Robertson
et al., 2005 and Maki et al., 2012) thus the researchers suggested that there is no risk of inducing
hypoglycemic episodes in normal healthy subjects even after RS consumption. Similar to these
findings all the subjects in the present study also, had normal fasting blood glucose at the beginning
of the intervention. Though there was a significant decrease in blood glucose post intervention, eu-
glycemia was maintained.

Studies done in animals suggest that RS intake can also influence serum lipids (De Deckere et
al., 1993, Lopez et al., 2001 and Cheng and Lai, 2000) causing reduction in plasma triglycerides,
hepatic triglycerides, serum total-cholesterol, serum low density lipoprotein cholesterol as well as
serum high density lipoprotein cholesterol (Liu et al., 2009, Cheng and Lai, 2000 and Han et al.,
2003). Many mechanisms have been proposed for observed beneficial effects in animals. Significant
decrease in cholesterol absorption and significant increase in fecal excretion of bile acids may lead
to a negative total steroid balance, in presence of RS in the diet (De Deckere ef al., 1993 and
Lopez et al., 2001). Significant increase in hepatic cholesterol 7a-hydroxylase mRNA indicating
increased conversion of cholesterol to bile was also observed (Han et al., 2003). Decrease in HDL
cholesterol concentration may be due to accelerated removal of HDL cholesterol, as a result of
increase in receptor molecule SR-B1 mRNA expression in rats, after high RS consumption(Han et
al., 2003). Increase in propionic acid may alter hepatic lipid metabolism causing reduction in cholesterol
synthesis in animals (Cheng and Lai, 2000).

Human studies highlighting the effect of RS consumption on serum lipids are limited and unlike
rat studies may not always show similar beneficial effects (Higgins et al., 2004 and Jenkins, 1998).
Results of the present study are in line with this, with no significant change in serum total cholesterol,
low density lipoprotein, very low density lipoproteins and triglycerides (Table 4). Surprisingly, high
density lipoprotein levels decreased significantly post intervention (Table 4) for which there was no
specific reason which could be cited. The mechanisms leading to changes in serum lipids in animals
are equally active and effective in humans, needs to be evaluated further using long term intervention
studies. All the subjects in the present study, except one who had higher triglyceride levels, were
healthy with serum lipids in the normal range, which could be one of the reasons for not observing
any significant changes.

One of the limitations of the present study was that the use of advanced techniques like PCR
to identify and study the growth of micro-organisms was not done. This was due to limitations of
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funds. The conventional pore plate method was used as it was cost effective and also because the
study focused on the relative numbers and not the absolute numbers of microbes in the pre and post
faecal samples. Another limitation of the present study was the non-recruitment of a separate
control group. However, a linear regression model run to study the independent effect of major
potential confounders on percentage change in various parameters post intervention (Table 5)
suggested that, none of these factors individually or as a group were responsible for the observed
changes post intervention for any of the parameters except LDL and body fat per cent, hence
indicating that the percentage change in other parameters may be due to a change in the RS intake.
It may be suggested that in future an intervention study with a control group along with an
experimental group may be planned.

The results of the present study highlight that a food based approach to enhance the resistant
starch intake by incorporating traditional Indian preparations to provide relatively higher amount of
RS showed a significant positive effect on anthropometric parameters as well as showed
improvement in faecal microbial composition suggesting improvement in the gut health of the
participants. The potential benefits of incorporating RS, with food based approach can be maximized
to decrease the potential risk to non communicable diseases.
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