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Background/objectives: The health benefits provided by resistant starch have
been well documented; however, few studies are available on the resistant starch
content of wheat products in India. Moreover, few studies have examined the in
vivo efficacy of resistant starch in wheat products in improving glucose levels. This
study was conducted to evaluate the effect of cooking and storage temperature
on the formation of resistant starch in Indian wheat products and its effect on
blood glucose levels in humans and rats.

Methods: Wheat products were prepared by common cooking methods
including roasting (Chapati), boiling (Dalia), Shallow frying (Paratha), and Deep
frying (Poori). They were then stored at different temperatures including freshly
prepared within 1h (T1), stored for 24h at room temperature (20-22°C) (T2), kept
at 4°C for 24h (T3) and reheated after storing at 4°C for 24h (T4). The products
were then analyzed for proximate composition (moisture, crude protein, crude
fat, ash crude fibre, and carbohydrates). The effect of different cooking methods
and storage temperatures on Resistant, non-resistant and total starch, total
dietary fibre (soluble and insoluble), in vitro starch digestion rate (rapidly and
slowly digestible starch), amylose and amylopectin content were analysed using
standard operating procedures. The effect of products found to have higher
resistant starch was studied on the post prandial blood glucose response of 10
healthy individuals using change in by analysing their glycemic index and glycemic
load of wheat products. Further, the effect of resistant starch rich chapati on the
blood glucose level of rats was also studied. Tukey's test in factorial CRD was used
to assess the effect of cooking and temperature on various parameters.

Results: The amount of resistant starch was found to be high in dalia (boiling,
7.74%), followed by parantha (shallow frying, 4.94%), chapati (roasting, 2.77%) and
poori (deep frying 2.47%). Under different storage temperatures, it was found high
in products stored at 4°C (T3), followed by products stored at room temperature
(T2), reheated products (T4) and lesser in freshly prepared products (T1). The
glycemic index and glycemic load were found low in chapati (43, 32.3) and dalia
(41.1, 28.6) stored at 4°C (T3) compared to others. The resistant starch content
found in chapati stored at T3 was found to be more effective at reducing blood
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glucose levels in rats from 291.0mg/100mL to 225.2mg/100mL in 28days of study
compared to freshly prepared chapati (T1) and stored at room temperature (T2).

Conclusion: Cooking methods including boiling, roasting and shallow frying
increased the amount of resistant starch in foods, but cooking methods such as
deep frying decreased the amount of resistant starch in food. Products stored
at 4°C and at room temperature for 24h increased the amount of resistant
starch whereas the products that were freshly cooked and reheated decreased
the amount of resistant starch in foods. At 4°C the stored products have a high
amount of insoluble dietary fibre, slowly digestible starch, high amylose and low
glycemic index. They take time to digest, meaning that they slowly increase blood
glucose levels. The effect of insoluble dietary fibre and resistant starch in the
inhibition of glucose diffusion in the small intestine is suggested to be due to the
absorption or inclusion of the smaller sugar molecules. In vivo research showed
that fibre and resistant starch in the digestive system of rats acts as the main
factors in slowing glucose absorption and reducing a rise in blood glucose levels

by promoting glycogen synthesis and inhibition of gluconeogenesis.

KEYWORDS

resistant starch, glycemic index, dietary fibre, amylose, amylopectin, wheat products,
cooking methods, storage temperature

1 Introduction

Starch is a form of polysaccharide that occurs in plants with ample
storage and is considered to be the most important part of a human
diet. The starch present in the food is indigestible and the duration of
cooking improves the digestibility of starch. Starch is made up of
amylose and amylopectin chains. Amylose contains a-(1-4)-linked
glucan in a straight chain, while Amylopectin contains o-(1-4) and
a-(1-6)-glycosidic linkages, which results in a highly branched
structure. Starch is also classified into 3 forms depending on their
digestibility: rapidly digesting starch (RDS), slowly digesting starch
(SDS), and resistant starch (RS). RDS is defined as a type of starch that
is rapidly (within 20min) converted into glucose molecules by
enzymatic digestion. SDS is defined as a type of starch that is converted
into glucose after 120 min of enzymatic digestion. (1)Whereas RS is
not digested even after 120min and it directly goes into the large
intestine where it is fermented into short chain fatty acids by gut
microflora (2). This can be because the digestibility of starch fraction
is affected by its structure, and digestive enzymes do not hydrolyze
different forms of starch structure equally (3, 4). Processing techniques
may change granular starch to non granular forms (5).

Resistant starch skips digestion in the small intestine and enters
directly into the large intestine. It is then fermented into short chain
fatty acids (SCFAs) (6), like acetate, propionate and butyrate along
with gases like H2, CO2, and CH4 by probiotic bacteria present in the
large intestine (17).

There are five forms of resistant starch present in foods. Resistant
starch 1 (RS1) is starch that is not accessible to digestion owing to the
presence of complete, undamaged cell walls in the grains, tubers and
seeds (7). Resistant starch (RS2) is a native uncooked starch granule
poorly influenced by hydrolysis due to its crystalline nature. The third
form of resistant starch (RS3) is retrograded starch, formed during
cooking and then kept under room or low temperature (8). The fourth
type of resistant starches (RS4) are those that are customized
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chemically to acquire resistance from digestion enzymatically such as
esters and ethers of starch, and cross-linked starches (9). Fifth,
resistant starch (RS5) is formed when amylose comes in contact with
lipids known as amylose-lipid complexes. In many plant sources
which contain a high amylose content, amylose chains are perforated
by lipids and form amylose-lipid complexes (10).

The third type of starch (RS3), retrograded starch, is affected by
the cooking technique used. Retrogradation is the process that causes
the recrystallization of the starch chains after the gelatinized paste
cools. Starch structures that are molecular or crystalline are affected
by storage conditions like duration, temperature and water content,
which determine the retrogradation rate and its extent. Wheat starches
show higher retrogradation rates due to longer amylopectin chains
and high amylose (21.7%) content compared to rice (17.55%) (11). A
high amylose content leads to low digestibility in food products (12).
Maize starches with high amylose content and longer chains structured
themselves into double helices which resists digestion (13). Due to
internal structure and B-type crystallinity, high amylose starch resists
digestion by enzymes (14).

The process of starch degradation leads to the formation of starch
and its by-products, which are not assimilated and absorbed in the
small intestine of healthy individuals (15). Both the rate and extent of
hydrolysis of starch in the small intestine determine the formation of
starch by-products that play a crucial role in the body. The metabolism
of resistant starch happens 5-7 h after eating as compared to typically
cooked starch, which is immediately digested. Reduction in
insulinemia and postprandial blood glucose occur due to the 5-7h
delay in digestion, meaning it has the potential to increase the satiety
period (16). This outstanding nutritional activity, compared to dietary
fibre, is mainly associated with its physiological effects. Gut-related
microbiota and immune modulation, which lead to the significant
production of short chain fatty acids (SCFAs), occur with normal
consumption of subclasses of fermentable dietary fibre sources in the
daily diet (10).
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The ability of any food to raise the blood glucose level after
being consumed depends on its glycemic response or glycemic
index. Food that has a high glycemic index raises blood glucose
levels quickly compared to low glycemic food, which slowly
increases the blood glucose level. Hence, low glycemic foods are
beneficial for controlling glycemic responses. Wheat, rice and
maize food products have a high glycemic index and can easily
raise blood glucose levels. The overconsumption of high glycemic
food for longer periods can cause several metabolic disorders such
as obesity and type-2 diabetes. Insulin resistance and insulin
insensitivity in muscles leads to hyperinsulinemia caused by
obesity (18).

Some studies have suggested that retrograded starch may reduce
serum cholesterol concentration through numerous mechanisms,
along with an increase in faecal bile acid excretion (19). It has been
suggested that resistant starch has properties like an ability to reduce
insulinemic response, postprandial glycemic responses, enhance whole
body insulin sensitivity, extend satiety, and limit fat storage, and the
fact that it lowers plasma cholesterol and triglyceride concentrations
are exhibited by resistant starch. Thus, it could be used to prevent
illnesses associated with dyslipidemia, the development of weight loss
diets, and insulin resistance, and could be a dietary treatment for type
2 diabetes and coronary heart diseases (20).

10.3389/fnut.2023.1284487

The main challenge of using resistant starch in the food industry
is the process of manufacturing consumer-friendly foods that contain
enough resistant starch to result in the significant enhancement of
public health. In response to the potential health benefits of resistant
starch, the present study was undertaken to determine the effect of
cooking and storage temperature on the resistant starch of wheat
products that are part of the staple diet of North Indian people. We also
studied the in vivo efficacy of resistant starch in wheat products to
improve blood glucose levels.

2 Materials and methods
2.1 Procurement and the cooking process

The most commonly consumed Indian wheat variety (HD3086)
was procured from the Department of Plant Breeding and Genetics,
Punjab Agricultural University, Ludhiana. The grains were cleaned
and ground using a sample milled with 60 mesh size for making flour
and 22 mesh size for making dalia (Figure 1). We chose four common
cooking methods: roasting, boiling, shallow frying and deep frying,
which are commonly used in North Indian cuisine. We then prepared
commonly consumed food products using these methods ie. Chapati

ROASTING
(Chapati)

Wheat (HD 3086)
Cleaning and
milling

BOILING
(Dalia)

SHALLOW DEEP FRYING
FRYING (Parantha) (Poori)
~
1. Immediately cooked (T1)
2. Stored at room temperature 920-22°C ) for 24h (T2)
3. Stored at 4°C for 24 h (T3) J

|

Analysis of
1.

2.

In vitrn starch dioestion rate

Proximate composition (protein, fat and ash)
Dietary fibre (soluble, insoluble and total)

Starch (resistant, non resistant and total)

/

l

1.

Human Trial
Effect of resistant starch and dietary fibre on postprandial glucose level

Glycemic index and glycemic load

|

-Pre, during and post treatment

Rat Trial

Effectiveness of resistant starch on rats blood glucose level.

FIGURE 1
Methodology of the study.
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TABLE 1 Preparation of commonly consumed wheat products in India.

Cereal product

Chapati (flattened bread, roasting)

Ratio of ingredients

Whole wheat flour to water

(2:5: 1, w/v)

Method

Whole wheat flour was kneaded with the addition of water and made into a soft dough. About
25g of dough was taken and flattened into a chapati by using a wooden rolling pin and board to
10-12 cm diameter and then toasted for 2min directly on a hot iron tawa without smearing oil

on both sides till golden brown.

Dalia (broken wheat, boiling)

Broken wheat and water

(1-7.5w/v)

Dalia was prepared by mixing broken wheat and water and then boiling it for 10 min in an open

pan.

Parantha (shallow fried flattened bread)

Whole wheat flour and water

(2:5: 1, w/v)

‘Whole wheat flour was kneaded by the addition of water and made into a soft dough. About
30g of dough was taken and flattened using a wooden rolling pin and board to 10-12cm
diameter and then about 1.5mL of oil was smeared and the parantha was folded 4 times and
again flattened and put on hot tawa and toasted for 2 min on both sides with smeared oil until

golden brown in color.

Poori (fried bread, deep frying)

Whole wheat flour and water

(2.5:1, w/v)

The whole wheat flour, a pinch of salt and water were mixed and left to settle for 10 min.
Approximately 20 g of dough was taken and flattened and then deep fried in mustard oil
(preheated at a temperature of 200-220°C to prevent the food from sticking) for 35-40s until

golden-brown in colour, then removed from the oil.

(flattened bread, roasting), dalia (broken wheat, boiling), parantha
(shallow fried flattened bread), and poori (fried bread, deep frying)
(Table 1). These four food products were analysed at four different
conditions of storage, which were considered to be four different
treatments, including freshly prepared within 1 h (T,) stored for 24h
at room temperature (20-22°C and 45-50% RH) (T,), stored at 4°C
for 24h (T;), and finally, reheated after being stored at 4°C for 24 h (T,)
(Figure 1). For the study, out of five sets of each wheat product (in
triplicate), one set was kept as a control (raw samples of wheat flour
without any treatment) in triplicate. The other four sets (each in
triplicate) were kept for cooking. After the treatments, the samples
were dried and used for nutritional analysis.

2.2 Nutritional analysis

Nutritional analyses of raw and cooked samples were undertaken,
examining crude protein, crude Fat and ash using standardized
methods. The macro-Kjeldahl method was used for the determination
of crude protein. Crude fat and ash content were also measured by
using (AOAC 2000) method (21).

2.2.1 Dietary fibre

The total dietary fibre was determined using a megazyme total
dietary fibre (K-TDFR-200A) kit. The soluble and insoluble dietary
fibre contents were also analyzed using the standard protocol given by
(21). The dietary fibre was calculated using the formula:

Ri+Ry p A B
Dietary fiber (%)= 2

100

miy+m;
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Where: R, =residue weight 1 from m1, R, =residue weight 2 from
m,, m, =sample weight 1, m, =sample weight 2, A =ash weight from
R,, p=protein weight from R, and B=blank Where: BR=blank
residue, BP =blank protein from BRI, BA =blank ash from BR2.

2.2.2 Total starch and resistant starch

The total starch and resistant starch were determined using a
megazyme K-RSTAR assay, as outlined previosuly (22). Resistant
starch and non-resistant (solubilized) starch were added to determine
the total amount of starch.

2.2.3 In vitro starch digestion rate

The in vitro starch digestion rate was determined using the
procedure given in another study (23). In total, 500 mg of the sample
was exposed for 15-20s to 250 U porcine amylase in 1 mL of synthetic
saliva (carbonate buffer; Sigma A-3176 Type VI-B). Then, 5mL of
pepsin (1 mL per ml of 0.02 M aq. HCI; from gastric porcine mucosa;
Sigma P-6887) was added and incubated for 30 min in a water bath at
37°C. The digesta was neutralized by adding 0.02M aq. Sodium
hydroxide (5mL) before adjusting the pH 6. (25mL of 0.2M
C2H3NaO2 buffer) 5 mL of amyloglucosidase (Sigma A-7420 from
Aspergillus niger; 28 U per mL of acetate buffer) and pancreatin (2 mg
per mL of acetate buffer; Sigma P1750 from porcine pancreas) were
added. Then the solution was incubated for 4h, and at various times
during that period, an Accucheck glucometer was used to monitor the
digesta’s glucose concentration.

2.2.4 Rapidly digestible starch and slowly
digestible starch

The glucometer reading at 15 min was converted to the percentage
of starch digested using the following equation

_0.9xGgx180xV

Where: WxS§[100-M |

GG=Reading of the glucometer (mM/L). V=Digest volume
(mL), 180=glucose’s molecular weight W=sample weight (g).
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S=sample’s starch content (g per 100g dry sample). M =moisture
percentage in the sample (g per 100g sample). 0.9 =starch
stoichiometric ~ constant  from  glucose  concentrations.
RDS% = percentage of starch digested at 15min. SDS% = percentage of

starch digested at 120 min — percentage of starch digested at 15 min.

2.2.5 Amylose and amylopectin

The Amylose Content was measured by colorimetric estimation
of the amylose-iodine complex (24). The defatted sample weighing
100 mg was taken in a boiling tube and mixed with 1 mL of distilled
ethanol. Then, 9mL of 1N sodium hydroxide was added and the tube
was placed in a boiling water bath for 10 min. The volume was made
up to 100mL, out of which 5mL were transferred to a 100mL
volumetric flask, mixed with 1 mL 1N acetic acid (MP Biomedicals)
and 2mL iodine solution (1g iodine and 10g KI/500mL distilled
water) and kept in darkness for 20 min. Finally, the volume was made
to 100 mL and the absorbance was measured at 620 nm using a blank
5mL 0.09N NaOH, to which acetic acid (1 mL) and iodine solution
(2mL) were added in 100 mL total volume.

Amylopectin =100-amylose.

2.3 Impact of resistant starch and soluble
fibre components on postprandial glucose
response by measuring glycemic index

The glycemic index was calculated using the method given by
Goni (25). Ten healthy individuals were selected for measurement of
blood glucose levels. The food was given in the morning after 12h of
fasting and the food was eaten within 15min. Blood samples were
taken using a finger-prick using a Glucometer (Dr. Morphine). Blood
glucose levels were measured at fasting 0, 15, 30, 45, 60, 90, and
120 min after taking 50 g of carbohydrates in the form of cooked cereal
products. To compare the effect of cooked food on blood glucose, the
control sample was also given in the form of 50 g of glucose. Volunteers
were allowed to drink 150-300 mL of water depending on the food
consumed during the study. Then, the glycemic index was calculated
by applying the formula,

Area under the curve for 50 gm carbohydrate for test sample 100

" Area under the curve for 50 gm carbohydrates from control ( glucose)

Glycemic load was calculated as:

GI x Available carbohydrates

Glycemic load =
100

2.4 Effectiveness of resistant starch on
blood glucose level in rats

Previous human supplementation research has indicated that
cooked wheat products that had been subject to different treatments
had a low glycemic index. We hypothesized that lower glycemic
index foods have a positive effect on treating diabetes maybe
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through enhanced insulin secretion or by reducing its sensitivity.
For this, we conducted a rat experiment to have authentic, real and
unbiased data. Moreover, rats are very similar to humans
genetically, and biologically and their behavioral characteristics
closely resemble that of humans.

2.4.1 Animal collection

35 Wistar albino rats aged 2-3 months with weights 180-220g were
obtained from the animal house and breeding centre (AHBC) at Akal
College of Pharmacy and Technical Education Mastuana Sahib, Sangrur
(Registered breeder of CCSEA). The experiment was conducted as per
the permission provided by the Institutional Animal Ethics Committee
(TAEC no.:- GADVASU/2023/1AEC/68/12). The animals were housed
in cages, fed with commercial pellets and had access to water ad libitum.

2.4.2 Induction of diabetes

The Wistar albino rats were given an intraperitoneal injection of
freshly prepared 230 mg/kg Nicotinamide (NA) with buffer saline
NaCl 0.9%. After 15min, the rats were again given intraperitoneal
injections of Streptozotocin (STZ) at about 60 mg/kg. Rats were
provided with 5% of glucose water after injection to prevent
hypoglycaemia. After 5 days of induction, their blood samples were
taken and used to measure blood glucose and insulin levels. A blood
glucose level of more than 200 mg/kg was an indicator of diabetic rats.
Rats were treated for 28 days and blood glucose levels were checked
first, third, and last week of the experiment.

2.4.3 Treatment protocol

1. Group-I: (Normal control) consists of normal rats given a
normal diet for 28 days.

2. Group-II: (Diabetic control) after induction of diabetes were
given a normal diet for 28 days.

3. Group-III: (Treatment group) Diabetic rats with supplement
FWC (freshly prepared wheat chapati, T1) orally for 28 days.

4. Group-IV: (Treatment group) Diabetic rats with supplement
24WC (24h stored at room temperature wheat chapati, T2)
orally for 28 days.

5. Group-V: (Treatment group) Diabetic rats with the supplement
RehWC (reheated wheat chapati after storing 4°C for 24 h, T4)
orally for 28 days.

Rats did not eat the diet in Treatment 3 as it was not accepted by
the subjects due to its cold temperature. Moreover, as it is not the habit
of people in North India to consume this product at this temperature,
it was not fed to the rats.

3 Results
3.1 Proximate composition

The crude protein content was found to be highest in Chapati
(10.79%), which was prepared using roasting followed by dalia
(boiling,9.53%), parantha (shallow frying, 9.46%), and poori (deep
frying, 9.16%) (Table 2). A significant difference (<0.001*) was also
observed in the protein content of the products stored at different
temperatures with the highest content in T2. The protein content of
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TABLE 2 Effect of different cooking methods and storage temperatures on crude protein, crude fat, and ash content of wheat products (per 100g).

Wheat products

Treatments

T3 Treatment Mean

Crude Protein (raw/ 11.36+0.56

flour)

Chapati 10.59 +£0.09° 11.02+0.54° 11.06+0.07° 10.52+0.20° 10.794
Parantha 8.01+0.22¢ 9+0.10 11.72+0.25* 8.13+0.33% 9.46"¢
Poori 9.03+0.17 10.98+0.27° 9.39+0.16 8.26+0.46° 9.16¢
Dalia 9.16+0.66° 8.84+0.37° 9.22+0.17° 8.91+0.32° 9.53%
Storage mean 9.21¢ 10.45* 9.58" 9.70"

Crude fat (raw/flour) 1.62+0.29

Chapati 1.39+0.14°% 1.30+0.07% 1.48 +0.03%% 1.08+0.118 1.31¢
Parantha 2.42+0.13¢ 2.35+0.17% 2.45+0.01%% 2.4140.08% 227
Poori 12.05+0.68" 11.56+0.94° 12.23+0.36° 11.26+0.56° 13.024
Dalia 1.86+0.05%% 1.70+0.06%% 2.30+0.18%% 1.99+0.01%% 1.89%
Storage Mean 5.43" 4.80° 4.07¢ 4.18°

Ash (raw/flour) 0.83+0.16

Chapati 1.36+0.05>¢ 1.60+0.05% 1.87+0.03* 1.21+0.12¢ 1.5148
Parantha 1.65+0.14% 1.58 +0.06% 1.82+0.06* 1.2940.06% 1.58*
Poori 1.20+0.20¢ 1.12+0.07¢ 1.24+0.24¢ 1.41+0.08"4 1.24¢
Dalia 1.43+0.13%¢ 1.44+0.09"4 1.59+0.06 1.33+0.10% 1.44®
Storage mean 1.40%¢ 1.43° 1.62* 1.31¢

Values are mean + SD; Mean values with different superscripts are significantly (p <0.05) different. T1 - freshly prepared within 1h, T2 - stored at room temperature (20-22°C for 24h), T3 -

Kept at 4°C for 24 h, T4 - samples reheated after being stored at 4°C for 24h.
Wheat chapati (roasting); Parantha (shallow-frying); Poori (deep-frying); Dalia (boiling).

chapatti (11.06%) parantha (11.72%) and dalia (9.22%) was found
highest in T3, i.e., when stored at 4°C for 24 h. This was followed by
T2, T1, and T4 in chapatti and T2, T4, and T1 in parantha and T4, T1,
and T2. Poori stored for 24h at room temperature (20-22°C and
45-50% RH) showed the highest protein content of 10.98% compared
to other storage temperatures. All methods of cooking led to a decline
in the protein content of the products as compared to the raw
uncooked sample of wheat flour (11.3%).

Contrary to protein, the crude fat content was observed to be higher
in poori (deep frying, 13.02%) followed by parantha (shallow frying,
2.27%) than the raw and other cooked products because of the addition
of extra oil. Among different storage temperatures, crude fat content was
high in T1 with 5.43%, followed by T2 (4.80%), T4 (4.18%), and T3
(4.07%). Raw wheat samples contained 0.83% ash, which was increased
after cooking. The ash content was found to be high in parantha
(shallow frying, 1.58%), followed by chapati (roasting, 1.51%), dalia
(boiling, 1.44%), and poori (deep frying, 1.24%). Keeping the products
at 4°C for 24h (i.e., treatment T3) resulted in higher ash content,
followed by the products stored at room temperature (T2).

3.2 Dietary fibre

The soluble (2.05%), insoluble (10.78%) and total dietary fibre
(12.84%) were found to be maximum in dalia, which was prepared by
boiling. Storing of the prepared food products at different
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temperatures, affected the dietary fibre content. The insoluble and
total dietary fibre content increased with an increase in storage period
at low temperatures and was observed to be highest in products stored
at 4°C (T3) (10.43, 12.20%) for 24 h while the soluble fibre content was
higher in the fresh food samples (T1) (2%) (Table 3).

3.3 Resistant starch and total starch

The resistant starch content of the raw samples (0.52%) increased
after cooking and the amount of resistant starch was found to be highest
in dalia (boiling, 5.45%) followed by parantha (shallow frying, 3.46%),
chapati (roasting, 2.37%), and poori (deep frying, 2.04%). Wheat
products stored at T3 were found to have a higher amount of resistant
starch content (4.47%) followed by T2 (3.32%), T4 (2.97%) and a lesser
amount in freshly prepared products T1 (2.57%) (Table 4). On the other
hand, non-resistant starch content in raw samples (70.57%) was higher,
which was reduced after cooking. The content was highest in chapati
(roasted, 68.45%) and poori (deep frying, 68.42%), respectively and
during storage it was found to be high during T1 (68.8%) compared to
T3 (66.1%) (Table 5). No significant difference was seen in the total
starch content of raw and cooked samples after cooking. Only the type
of starch (resistant and non significant starch) was affected. Results
showed that the total starch content in wheat products lies between (69.9
to 72.93%) with the highest level of resistant starch at 72.93% in dalia
with T1 and the lowest level at 69.9% in T3 chapati (Table 6).
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TABLE 3 Effect of different cooking methods and storage temperatures on dietary fibre (Soluble, Insoluble, and Total) content of cereal products (per

100g).
Wheat products Treatments
T3 Treatment mean

Raw/flour (soluble dietary

1.41£0.02
fibre)
Chapati 1.97 £0.06% 1.87 £0.06%% 1.77 £0.06" 1.90 £ 0.00°" 1.87°
Parantha 1.64+0.06" 1.33+0.06" 1.03+0.06' 1.23+0.06° 1.31°
Poori 2.10+0.10° 1.83 £0.06¢%" 1.47 £0.06" 1.67 £0.08¢" 1.76¢
Dalia 2.30+£0.10* 2.03+0.06>¢ 1.83 £0.06¢" 2.07 £0.06> 2.054
Storage Mean 2.0% 1.76" 1.52¢ 1.71%
Raw/flour (Insoluble

9.48+0.13
dietary fibre)
Chapati 9.45+0.09' 9.83+0.06" 10.17 £0.06' 9.27+£0.121 9.68
Parantha 10.43+0.12¢% 10.83 £0.06° 11.10£0.10° 10.37 +£0.06%f 10.68°
Poori 9.10+0.10' 10.23+0.06°% 10.80+0.10% 10.07 £0.068" 10.05¢
Dalia 10.41+0.08% 10.83+0.06" 11.33+0.06* 10.57 +0.06% 10.78*
Storage Mean 9.85° 10.43° 10.85* 10.06¢
Raw/flour (Total dietary

10.89+0.12
fibre)
Chapati 11.42+£0.03¢" 11.70 £0.00°% 11.93 £0.06% 11.17£0.12" 11.55°
Parantha 12.08 £0.17<¢ 12.17+0.06% 12.13+0.15¢¢ 11.60+£0.00® 11.99%
Poori 11.20+0.17 12.07 £0.06<¢ 12.27+0.12¢ 11.74+0.10¢ 11.81°¢
Dalia 12.71+0.15" 12.87 £0.06™ 13.17£0.06* 12.63+£0.06° 12.844
Storage Mean 11.85¢ 12.20° 12.374 11.78¢

Values are mean +SD; Mean values with different superscripts are significantly (p <0.05) different. T1-freshly prepared within 1h, T2-stored at room temperature (20-22°C for 24 h), T3-Kept

at 4°C for 24 h, T4-samples reheated after being stored at 4°C for 24 h.
Wheat chapati (roasting); Parantha (shallow-frying); Poori (deep-frying); Dalia (boiling).

TABLE 4 Effect of different cooking methods and storage temperatures on the resistant starch content of cereal products (per 100g).

Wheat products Treatments
T3 Treatment Mean
Raw/ flour 0.523+£0.02
Chapati 2.13+0.02) 2.39+0.01" 2.77+0.02% 2.21+0.02" 2.37¢
Parantha 2.30+0.10" 3.60+0.01° 4.94+0.04% 3.03+0.15° 3.46"
Poori 1.73+0.06* 2.07+0.06' 2.47 +0.068" 1.90+0.00% 2.04"
Dalia 4.13+0.12¢ 523+021° 7.74+0.06° 4.7340.29° 5.454
Storage Mean 2.57° 3.328 4474 2.97¢

Values are mean + SD; Mean values with different superscripts are significantly (p <0.05) different. T1-freshly prepared within 1h, T2-stored at room temperature (20-22°C for 24 h), T3-Kept

at 4°C for 24 h, T4-samples reheated after being stored at 4°C for 24 h.
Wheat chapati (roasting); Parantha (shallow-frying); Poori (deep-frying); Dalia (boiling).

3.4 In vitro starch digestion rate

The in vitro starch digestion rate is important in determining
the potential of a food product to raise the blood glucose levels of
an individual. The in vitro starch digestion rate of wheat products
(chapati, dalia, paratha and poori) was affected by different storage
temperatures. and was determined at 120 min after completion of
the digestion of the food sample (Figures 2-5). The wheat chapati
stored with T3 and T2 had a slower digestion rate of 42.5 and 50%
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at 120 min compared to T1 and T4 treated chapati which had a
completed digestion rate of 56 and 53% at 90 min. In wheat dalia,
the rate of starch digestion was lower in T3 and T2 with 26 and 29%
at 120 min as compared to T1 (36%) and T4(33%). The starch
digestion rate of wheat paratha was high in T1 (41%) followed by
T4 (38%), T2(33.5%) and T3 (32%) at 60 min. In poori, the starch
digestion rate was also found high in T1 (56%) and T4 (53%)
compared to products stored at low temperatures for 24h (T2
and T3).
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TABLE 5 Effect of different cooking methods and storage temperatures on the non resistant starch content of cereal products (per 100g).

Wheat products Treatments
T3 Treatment Mean
Raw/flour 70.57 £0.40
Chapati 69.60+0.53° 68.13+0.12%4 67.1340.12%% 68.93+0.95 68.45"
Parantha 68+0.85"4 67+0.80% 66.47+0.67° 67.03%0.06% 67.12°
Poori 69.07+0.67% 68.63+0.38%¢ 67.5340.35%4 68.47 +0.29%¢ 68.42"
Dalia 68.8040.17 65.60+0.35' 63.47+0.408 66.47+0.58° 66.0°
Stoarge Mean 68.84 67.3 66.1¢ 67.2°

Values are mean + SD; Mean values with different superscripts are significantly (p <0.05) different. T1-freshly prepared within 1h, T2-stored at room temperature (20-22°C for 24 h), T3-Kept
at 4°C for 24 h, T4-Samples reheated after being stored at 4°C for 24 h.
Wheat chapati (roasting); Parantha (shallow-frying); Poori (deep-frying); Dalia (boiling).

TABLE 6 Effect of different cooking methods and storage temperatures on the total starch content of cereal products (per 100g).

Wheat products Treatments
T3 Treatment Mean
Raw/flour 71.09+0.41
Chapati 71.73+0.52% 70.52+0.10" 69.940.14° 71.15+0.95 70.82°
Parantha 70.30+0.92% 70.60+0.81% 71.40+0.71¢ 70.07 £0.21¢ 70.59®
Poori 70.80+0.66 70.70+0.35% 70+0.30° 70.37+0.29% 70.46"
Dalia 72.93+0.06° 70.83+0.25" 71.20+0.46 71.2+0.50 71.5
Storage Mean 71.4% 70.66" 70.62" 70.69°

Values are mean + SD; Mean values with different superscripts are significantly (p <0.05) different. T1-freshly prepared within 1h, T2-stored at room temperature (20-22°C for 24h), T3-Kept

at 4°C for 24 h, T4-samples reheated after being stored at 4°C for 24 h.
Wheat chapati (roasting); Parantha (shallow-frying); Poori (deep-frying); Dalia (boiling).
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Effect of different storage temperatures on in vitro starch digestion rate of wheat chapati.

3.5 Rapidly digestible starch (RDS) and
slowly digestible starch (SDS)

Similar to the in vitro starch digestion rate, the amount of SDS
in dalia (boiling, 38.76%) was highest followed parantha (shallow
frying, 34.07%), chapati (roasting, (29.23%) and poori (deep frying,
23.01%). Treatment 3(T3) increased the level of SDS to the
maximum followed by T2, T4 and T1. Due to higher SDS content
(Figures 6, 7). Dalia (boiling, 14.63%) was observed to have the
lowest RDS followed by chapati (roasting, 16.98%), parantha

Frontiers in Nutrition

(shallow frying, 18.06%), and poori (deep frying, 23.47%) when
stored with treatment 3.

3.6 Amylose and amylopectin

The amylose content was found to be highest in dalia (boiling,
34.97%), followed by parantha (shallow frying, 30.16%), chapati
(roasting, 29.64%) and poori (deep frying, 21.76%). Treatment 3

resulted in increased amylose content of the products followed by T2,
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Effect of different storage temperatures on the in vitro starch digestion rate of wheat poori.

T4 and T1 (Figure 8). On the other hand, the amylopectin content was
found highest in poori (deep frying, 86.61%), followed by parantha
(shallow frying, 81.06%), chapati (roasting, 76.99%) and dalia (boiling,
75.73%) respectively and under storage conditions, it was found
highest with T1 followed by T4, T2, and T3 (Figure 9).

3.7 Impact of resistant starch and soluble
fibre components on postprandial glucose
response

Wheat products like chapati and dalia having high RS content with

all the treatments were selected for feeding to 10 healthy human subjects
Frontiers in Nutrition

to evaluate glycemic response. However, chapattis having treatment 3
was not accepted by the subjects due to its cold temperature so was
denied by them for its consumption. Moreover, in the north of India
people tend not to consume this product at this particular temperature.
Therefore, treatment 3 was not considered for the evaluation of the
glycemic index of the chapattis. Similarly, for the wheat dalia, we had to
discard the product, having treatment 2 as storing at this temperature,
led to microbial growth in the product. The lowest glycemic index was
observed after the consumption of dalia (41.12%) with T3 followed by
chapati (45.2%) and treatment 2 with a glycemic load of 28.6 and 35.5%,
respectively. Treatments 2 and 3 were found to be the best storage
conditions for lowering the glycemic index and may prove beneficial for
diabetic individuals (Table 7).
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3.8 Effectiveness of resistant starch on
blood glucose level in rats

Similar to human experiments, treatment 3 for chapatis was not
considered for the rat trial. Dalia was not given to rats due to the
limited number available to us and because dalia is consumed once or
twice a week whereas chapatis tend to be consumed thrice a day in

Frontiers in Nutrition

north India. The results indicated that resistant starch from different
diet groups had a decreasing tendency in blood glucose concentrations,
but the mean values were not different from either control or diabetic
control groups. Blood glucose levels were significantly increased from
114.3+6.9 in normal rats to 286.5+16.5mg/ 100mL in diabetic rats.
However, significantly, the levels in pre-treatment groups returned to
near normal range from each treatment group (G3-G5) after giving
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TABLE 7 Effectiveness of wheat products stored at different temperatures on the glycemic Index and glycemic load of human subjects.

Wheat products Treatments

Glycemic Index T3

Wheat chapati 54.18 +1.45° 452+2.0° - 51.0+1.19° <0.001%
Dalia 50.3+1.5° - 41.1+1.3° 475+1.3 <0.001*
Glycemic Load

Wheat chapati 39.7+1.06* 35.5+.66° - 38.4%.90° <0.001%
Dalia 34.9+1.07* - 28.6+.96° 325+.93 <0.001%

Values are mean +SD of 10 subjects; Different small letters in different rows show significant differences at 5%; *significant at 5%; NS, non-significant. T1-freshly prepared within 1h, T2-
stored at room temperature (20-22°C for 24 h), T3-Kept at 4°C for 24 h, T4-samples reheated after being stored at 4°C for 24 h.

TABLE 8 Effectiveness of resistant starch on blood glucose level in rats.

Diet group Pre treatment During treatment Post treatment Treatment Mean
Gl 114.3+6.868 115+5.48 112.6+4.32¢8 114.0°
G2 286.5+16.5° 285.6+13.8° 283.3+8.35° 285.1%
G3 275.8£29" 259.3+£28.5% 225.5+20.0¢ 256.8%
G4 291.0+9.8° 269.3 +14.0° 225.2+15.0° 255.15¢
G5 292.0+12.1° 279.17 £14.3® 256.3 +12.4% 27584

Each value is the mean of six observations, Values are mean + SD; Mean values with different superscripts are significantly (p <0.05) different. Table shows the standard of the mean of diet

groups; 1. Control group (normal diet fed rats) (G1); 2. Diabetic control (Normal diet fed rats) (G2); 3. Freshly prepared within 1 h wheat chapati fed rats (G3); 4. Wheat chapati stored at room
temperature (20-22°C) for 24 h fed rats (G4); 5. Samples reheated after being stored at 4°C for 24 h storage fed rats.

the treatment Diet. In G3, chapati stored at T1 was given and blood
glucose level reduced from 275.8+29 to 225.5+20.0. In G4, chapati
stored at T2 was given and found blood glucose level reduced from
291.0+9.8 to 225.1£15.0. In G5 chapati stored at T4 was given and
found blood glucose levels reduced from (292.0+12.1 to 256.3+12.4),
respectively (Table 8). The diet results in G3, G4, and G5 found 81.7,
77.3, and 87.7% decreases in the blood glucose levels in the rats.

4 Discussion
The present study aimed to find the best storage conditions and
cooking methods for increasing the resistant starch content of wheat

products commonly consumed in India. The protein content was
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found to be higher in raw flour (without any treatment) compared to
cooked examples, as cooking leads to denaturation of the protein
structure. The milling method and the mesh size used in the current
study might have also had an effect on the nutritional composition of
the flour samples. The protein content of all wheat products was found
to be low in freshly prepared products, i.e., within 1h (T,) and the
products were reheated after being stored at 4°C for 24h (T,).

Food stored at low temperatures and room temperature had a
higher amount of moisture content compared to freshly prepared
and reheated products. This might be because protein content
increased with the increase in the moisture content of food (26).
In a study, protein content was found to decrease with increasing
temperature from 4 to 25°C and the greatest increase in the protein
content of quinoa (Titicaca) was found to happen in storage

frontiersin.org


https://doi.org/10.3389/fnut.2023.1284487
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Kaur et al.

conditions of 4°C (3.35% increase) and 10°C (3.71% increase)
respectively (27). Similarly in another study, the soluble protein
content in steamed bread was increased up to 2.03mg/g when
frozen at-12°C. During the freezing process, the soluble protein
contents increased from 1.57mg/g to 1.75mg/g at-24°C. This
might be due to the fact that storing food at low temperatures
redistributes water and ice recrystallization, which destroys the
internal structure of gluten proteins and leads to depolymerization
and shedding of gluten and an increase in protein solubility (28).

Fat is the prerequisite of every food as it increases the
palatability of the product. In the roasting and boiling techniques
used for the preparation of products, fat content was not changed
significantly compared to raw uncooked samples, but in shallow
and deep frying methods, additional fat was used, which led to
more absorption and retention of fat in the cooked product. Ash
content increased in all cooked products compared to raw samples.
Ash content is an indication of the mineral content and organic
constituents of food like protein, fat and fibre. The storage
temperature which is suitable to increase the level of organic
constituents of food, will lead to an increase in the ash content of
that food. Therefore, in the current investigation, ash content was
found high in T3. Compared to different cooking methods, roasted
samples contained a higher amount of ash compared to deep-fried
samples. This could be because roasting causes less reduction in
organic constituents such as protein, fat, and fibre compared to
deep frying.

The results obtained in the present study are in agreement with
reports outlining that roasting increases the crude fibre and ash
content in food (29). Another study observed that the high
temperature used when roasting foods can increase the ash content
in bar Salak (a species of palm tree). On the contrary, in deep
frying, the ash content was reduced because of the reduction of
fibre content and other nutrients like protein and fibre (30).

Dietary fibre is resistant to digestion by human digestive
enzymes. It manages large intestine functions and has significant
physiological effects on mineral bioavailability, lipid, and glucose
metabolism (31). The soluble and insoluble nature of dietary fibre
mainly determines its solubility in water. Soluble dietary fibre
draws bodily water into the digestive tract like a magnet (32). In
the gut, soluble fibre makes a gel-like structure (water soluble) and
helps the food to move easily (33). Cellulose, hemicellulose,
resistant starch, and lignin are the type of water-insoluble fibre,
which do not dissolve in water. Insoluble fibre increases intestinal
pressure, assisting in the evacuation of faeces (34). In the present
study, the amount of soluble, insoluble and total dietary fibre was
increased in cooked samples compared to raw samples. The
increase was found to be dependent on the amount and duration
of cooking temperature, as heat treatments of wheat and barley
flours at 100°C convert the insoluble dietary fibre into a soluble
form by increasing the water extract viscosities (35). This is the
main reason for the high amount of soluble fibre content in T1
compared to T3 in the study. During thermal treatments, Maillard’s
reaction increases the amount of insoluble dietary fibre
content (36).

In another previous study, cooking cereals into chapatti had an
impact on the total and insoluble dietary fibre content except from
ragi, in which total dietary fibre (30 per cent) and insoluble dietary
(36 per cent) increased after cooking. This increase in the total
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dietary fibre of ragi may be due to the formation of resistant starch
(37). Hence, an increase in cellulose content led to an increased
amount of TDF and IDF. Storing products at low temperatures also
led to an increase in resistant starch, which is responsible for the
higher amount of insoluble dietary fibre and total dietary fibre
content. In-vitro rapidly digestible starch was reduced during
boiling and frying because of a significant increase in both the
resistant starch (RS) and water-insoluble dietary fibre (IDF). The
total dietary fibre content increased after cooking because of the
increase in cellulose, lignin and pectin content during soaking and
cooking (38). In the present study, boiled dalia had the highest
amount of total dietary fibre which may be because during boiling
there is the formation of fibre-protein complexes that are resistant
to heat and digestion, leading to the production of increased
dietary fibre content (39). Treatment 3 led to a maximum increase
in the dietary fibre content, which could be attributed to increased
insoluble dietary fibre and resistant starch content.

Whole wheat flour contained 0.50 g and refined wheat flour
(40).

Retrogradation of resistant starch rate depends on starch

contained 0.65g of resistant starch, respectively,
properties like its type of structure, cooking and storage duration,
time and temperature (11). In the current investigation, we found
that dalia followed by parantha, chapatti and poori, stored at 4°C
for 24 h (T3) followed by stored at room temperature (T2) had
higher RS content than their counterparts. The storage and
reheating of products in treatment 1 (i.e., freshly prepared and
treatment 4 reheating) caused a reduction of RS content due to the
degeneration of the crystalline structure of starch granules as
compared to T3, meaning it led to retrogradation and
recrystallization of starch granules, resulting in higher
RS. Compared to the food products prepared using different
cooking methods, we observed that dalia prepared by boiling had
higher RS content because, during boiling, food comes into
contact with both heat and water, leading to the swelling of starch
cells and its gelatinization, which results in the release of amylose
in the solution (41, 42). A higher level of gelatinization occurs
with an increase in the duration of cooking, leading to a higher RS
content of the product.

Chapati prepared by roasting also had an RS content of 2.37
per 100g. This was due to the damaging of starch cells and its
partial gelatinization, which affected the formation of resistant
starch, i.e., less than the boiled food product (43). Similarly, this
occurred in Parantha (which are cooked by shallow frying) due to
the formation of lipid-amylose complex. This form of RS5 led to
there being a higher amount of resistant starch than Poori, which
was prepared by deep-frying. More water was evaporated during
deep-frying, which led to less formation of crystalline structure
and, hence, lower resistant starch formation (25, 44). All the results
revealed that the resistant starch content in wheat is inversely
proportional to the non-resistant starch content and starch
digested. RS is directly proportional to the total starch content,
insoluble dietary fibre, and protein content (45). Hence,
non-resistant starch was found high in freshly prepared and
reheated wheat products compared to others. One study indicated
that cereals contained less resistant starch content (25.07-31.59%)
and the highest amount of non-resistant starch (30.12-56.67%)
(46). The foregoing results indicated that the cooking method, like
boiling and the storage temperature (stored at 4°C for 24h),
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affected the formation of the RS content in wheat products by
retrogradation of starch after boiling and cooling.

No significant difference was seen in the total starch content
of raw and cooked samples after cooking. Only the type of starch
(resistant and non-significant starch) was affected. Results
showed that the total starch content in wheat products was
between 70.46 to 71.5%. Freshly prepared products had the
highest level of total starch content present in Dalia (boiling) and
lowest in chapati (roasting). During roasting, when food came
into contact with heat, the total starch was broken down into
sugar. The total starch content of Pearl millet was found to
be reduced after the action of the amylase enzyme when total
starch was converted into sugar (47). On the contrary, the effect
of different storage temperatures on total starch content indicated
that freshly prepared products had high content, which decreased
with increasing duration of storage. The content was reduced
when exposed to high temperatures (25°C) for 6 months of
storage studied (48, 49).

Plant genotype can also affect the digestibility of starch, with
the amylose/amylopectin ratio being a crucial determinant of the
rate of starch hydrolysis in both peas and wheat (50). The starch
digestion rate was high in freshly prepared and reheated wheat
products because of the presence of more non-resistant starch and
less amylose content. The starch digestion rate was low in wheat
products stored at 4°C and at room temperature because of
retrogradation which occurs at low temperatures leading to the
formation of resistant starch, which escapes digestion and
absorption in the small intestine. It therefore provides satiety for a
longer period of time.

The frequency and quantity of starch digestion are also affected
by the structure, composition, processing, and cooking of starch
granules associated with other nutrients like lipids, protein, fibre,
minerals, and antinutritional factors (50, 51). Compared to
different cooking methods, dalia prepared by boiling had the
lowest starch digestion rate compared to parantha (shallow frying),
chapati (roasting), and poori (deep frying). This variation in the
digestibility of wheat products occurred due to the heat-moisture
remedy proving that these treatments alter the structure of starch
and increase the quantities of SDS and RS at the same time as
decreasing the proportion of RDS. Differences in the physical and
morphological properties of cereal starches cause lower digestibility.

Cooking cereal starches brings about modifications, for
example in the physical and chemical disruption and gelatinization
of starch granules. The extent of gelatinization in turn is dependent
on the amount of water present, the cooking time and the
temperature (52), which is the reason for the low digestibility of
wheat products prepared by boiling. Studies have indicated that
wheat starch may swell more slowly than other starches, which may
also restrict the amount of starch gelatinization (53). The presence
of protein bodies around starch granules might also limit granule
swelling and starch gelatinization and as a result, reduce the
susceptibility to enzymatic attack. This could be partly accountable
for its low digestibility. The nature of starch also influences how it
is digested. When there is a higher material content of amylose
there is a decrease in the starch digestibility. Obvious variations in
the digestibility of amylose and amylopectin are attributed to the
larger surface area of amylopectin and the distinctly prepared and
insoluble aggregates, which might lower the accessibility of
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cleavage sites to enzyme attack. As a result, the nature and source
of starch in cereals might also have an impact on their
digestibility (54).

The amylose content in raw samples increased after cooking
because during cooking and cooling the amylose aligned
themselves and associated with each other during retrogradation
(55). Dalia (boiling) had a high amount of amylose content
compared to parantha (shallow frying), chapati (roasting), and
poori (deep frying) and was found to be highest at storage
temperature T3 (4°C for 24 h). Wheat starches stored at T3 showed
higher retrogradation rates due to longer amylopectin chains and
high amylose content (56). Hence, the high amylose content is
directly proportional to the high resistant starch content. Due to
the presence of water in Dalia, the leaching out of amylose in water
during boiling (57) led to a greater amount of amylose content in
dalia, which has been linked to a greater retrogradation tendency
in starches (58). Amylopectin and intermediate materials also play
an important role in starch retrogradation during refrigerated
storage (59). Better transition temperatures for cereal products
might also result from there being a greater number of rigid
granular structures and, due to the presence of lipids (60), might
be the cause of resistant starch forming in parantha. Extra energy
is needed to start melting due to the fact that amylopectin plays a
chief function in starch granule crystallinity, and because amylose
lowers the melting factor of crystalline regions as well as the power
created by starting gelatinization in the absence of amylose-rich
amorphous regions. This correlation suggests that starch with
higher amylose content has extra amorphous regions and much
less crystalline structures, which lower the gelatinization
temperatures (61).

Amylopectin content was found to be high in freshly prepared
products because after cooking and cooling (T3) the formation of
amylose increased, resulting in low amylopectin content and a high
amount of resistant starch. The formation of amylopectin content
was inversely proportional to the amylose content. The starch from
grains such as maize, wheat, rice and low amylose maize, tubers
such as potatoes and sweet potatoes, and legumes such as kidney
beans, has the highest starch content (8.51%), while kidney bean
starch has the higher amylose content (49.50%). Large-size starches
(including potato, sweet potato, and kidney bean starches) showed
longer amylopectin chains high amylose content and resistant
starch confirming that they had the most slowly digestible starch
content (62).

The glycemic index determines the rate of rise of blood glucose
by a specific food. It was found low in dalia compared to chapati
when stored at 4°C (T3) compared to freshly prepared (T1).
Because of the presence of retrograded starch at low temperatures.
It takes time to digest and hence, slowly raises blood glucose levels.
Low glycemic index diets improve both diabetic and healthy
people’s risk of coronary heart disease. Low-glycemic index meals
promote satiety and help limit food consumption in obese or
overweight people. A healthy person’s post-prandial glucose and
lipid metabolism is improved by choosing foods with a low
glycemic index (63). The GL of a normal serving of food is made
from the quantity of available carbohydrates and the GI of the type
of food. The higher the GL, the higher the chances of elevation in
blood glucose level and the insulinogenic impact of the food. The
consumption of a diet with a particularly high GL for a long period
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of time is associated with an increased chance of type 2 diabetes
and heart disease (64). Food which has a low glycemic index is also
found to have a low glycemic load.

The effect of high RS foods on the blood glucose level of rats
was determined in a rat trial. After consumption of chapati stored
at T2 (room temperature for 24 h) for 28 days, it was found to
be more effective in reducing blood glucose levels than
consumption of products stored at T1 and T4. This happens
because wheat products stored at room temperature comprise
excessive quantities of nutritional fibre and resistant starch. These
products release sugar slowly in the blood and also diminish
glucose absorption. The gradual digestion of resistant starch (RS)
has implications for the application of managed glucose release
(2). The metabolism of resistant starch takes place 5-7h after
intake, compared to starch that is cooked using more conventional
approaches. As previously mentioned, digestion takes 5-7h, and
slowly increases blood glucose levels resulting in reduced
postprandial glycaemia and insulinemia and providing satiety for
longer (65). The effect of insoluble nutritional fibre in the
inhibition of glucose diffusion in the small gut is usually
recommended because of the absorption or inclusion of smaller
sugar molecules (66). In the current investigation, we observed
that GLP-1 and peptide YY production were increased by the
consumption of products containing resistant starch and dietary
fibre. This stimulates insulin secretion and reduces glucagon
secretion (67). In vivo research showed that fibre and resistant
starch in the digestive system of rats act as the main factors that
slow glucose absorption and reduce the rise of blood glucose
levels by promoting glycogen synthesis (68) and inhibition of
gluconeogenesis (69).

5 Conclusion

Cooking methods including boiling, roasting and shallow
frying increased while deep frying decreased the amount of
resistant starch in foods. Products stored at 4°C (T3) and at room
temperature for 24 h (T2) showed an increased amount of resistant
starch whereas freshly cooking (T1) and reheating (T4) decreased
the amount of resistant starch of foods. Products stored at 4°C (T3)
have a high amount of insoluble dietary fibre, slowly digestible
starch and amylose content. The glycemic index and glycemic load
were also found to be low in T3 wheat products. These contained
a high amount of resistant starch, which reduced the blood glucose
level by regulating the promotion of glycogen synthesis and
inhibition of gluconeogenesis. Consumption of chapati (T3) in a
rat study was found to be more beneficial in controlling the rise of
blood glucose levels. Thus, it leads to a slower rise in blood glucose
levels, providing longer satiety. In India, people consume a large
variety of starchy preparations, meaning that modifications to the
food cooking methods and storage temperatures used for starchy
foods may lead to several health benefits. Greater awareness should
be fostered regarding the nutritional and health benefits of resistant
starch consumption to maintain blood levels. People also need to
be educated about the correct ways of cooking and storing food
products to increase the amount of resistant starch in food at the
domestic level.
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