
Effect of Resistant Starch Type 4 Addition on the In Vivo 
and In Vitro Glycemic Index of Turkish Noodle
Ezgi Toptaş Bıyıklı1 Levent Kebapçılar2 Efsun Karabudak3

1Alanya Alaaddin Keykubat University Faculty of Health Science, Department of Nutrition and Dietetics, Antalya, Turkey; 
2 Selcuk University Faculty of Medicine, Department of Endocrinology, Konya, Turkey; 3Sanko University Faculty of Health 
Science, Department of Nutrition and Dietetics, Gaziantep, Turkey

Summary. Background: Resistant starch (RS) is known to improve glucose tolerance and its intake with foods 
is low. The objective of the study is to enriching Turkish noodles with type 4 RS and determine the effect on 
the glycemic index (GI). Methods: After preliminary trials and sensory analyses, noodle formulations includ-
ing 20% and 35% RS were determined and the noodles were produced accordingly. Reference foods (white 
bread, glucose) and noodles were used in GI test conducted on 15 healthy women. The participants consumed 
25 g available carbohydrate amounts of food once a week for 11 weeks. The available carbohydrate amounts of 
the noodles with RS were calculated in two different ways and two different GI tests were performed for each. 
The noodle group for which the RS is evaluated in the total dietary fiber is called “TDF” and the noodle group 
for which it is evaluated in available carbohydrate amount is called “AC”. Blood glucose values were meas-
ured before consumption and at 15, 30, 45, 60, 90 and 120 min postprandially. GI values   were determined by 
calculating the incremental area under the curve (IAUC). Results: It was determined that the RS noodles in 
the AC group and the control noodles had low GI. [control noodles: 54.8, noodles with 20% RS(AC): 51.8, 
noodles with 35% RS(AC): 49.1] As the RS amount increased in the AC group, GI decreased (p<0.05). In 
vitro GI values were found to be similar to in vivo GI values in the AC group. Conclusions: The addition of 
type 4 RS reduced the glycemic response of Turkish noodles. The studies examining the effect of RS types on 
glycemic response should be increased.
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O r i g i n a l  a r t i c l e

Introduction 

The glycemic index (GI) is an extension of the fiber 
hypothesis stating that dietary fiber diminishes the intes-
tinal absorption speed of foods (1). GI is the percentage 
of the blood glucose incremental area formed over two 
hours by a test food containing 25 g or 50 g available 
carbohydrates consumed by the same individual com-
pared to the blood glucose incremental area formed by 
the reference food containing an equal amount of avail-
able carbohydrates. In 1997, the Food and Agriculture 
Organization (FAO) and the World Health Organiza-
tion (WHO) expert committee stated that GI was a 

good classification method that could be used to pro-
tect health and select appropriate carbohydrate sources 
for the treatment of certain diseases (2). Diets based on 
low GI foods proved to be effective in the prevention 
of many chronic diseases. Such diets ensured glycemic 
control in Type 2 diabetes patients and reduced LDL 
cholesterol level (3-5). They are also known to balance 
insulin level and proinflammatory parameters such as 
C reactive protein (CRP) and reduce the risk of obesity 
and obesity-related diseases (6, 7). 

Although there are many factors affecting GI 
of foods, the starch contents of foods are one of the 
important ones. This is because the starch is the most 
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common carbohydrate type in a diet (3, 8, 9). Since the 
starches in foods are not digested at the same speed, 
their effects on blood glucose level differ (1, 3). The 
interest in resistant starch (RS) increased after the 
starch was discovered to have indigestible fractions 
and these fractions to be identified as RS (10). RS goes 
into the large intestine without being digested in the 
small intestines and it is fermented by bacteria in here. 
Short chain fatty acids formed by fermenting RS in the 
colon positively affect intestinal microbiota and diges-
tive system functions. Since it has a low energy value, 
it supports the prevention of obesity (11). RS supports 
the reduction of cholesterol levels by increasing the 
excretion of bile acids and provides a protective effect 
against heart diseases (12). Also RS has a lower diges-
tion rate than starch and it increases the glucose level 
in the blood in a more controlled and slowly. In this 
way, it provides a decrease in glycemic and insuline-
mic response. There are many studies indicating that 
it decreases particularly the glycemic response (13-19). 

Although RS and GI concepts have gained much 
importance over the last 10 years, in vivo studies to 
determine GI of foods are limited. Due to high cost of 
in vivo tests and challenging procedures in the testing 
process, in vitro GI determination is generally applied. 
However, in vitro tests are not so reliable as in vivo 
tests (20, 21). This study aims to use type 4 RS which is 
known to have many benefits for health but cannot be 
taken in the recommended amount in diets, in enriching 
Turkish noodles that are frequently consumed in Turk-
ish cuisine and determine its in vivo and in vitro GI. 

Materials and Methods

Plan of the study

The general plan of the study is schematized in 
figure 1.

Materials

Formulation of the noodle included Fibersym® 
RW (MGP Ingredients, USA) wheat-based cross-
linked type 4 RS. Fibersym® RW included 91.9% 
dietary fiber and 83.3% RS (22). The data from this 

study were used to calculate approximate RS amount 
of the noodles. 

Wheat flour (Selva Food Industry, Inc., for bak-
lava and pastry, TR) and eggs used in noodles were 
bought from a local grocery considering the expira-
tion date. Using RS instead of some of the wheat flour 
causes protein loss and spoils the consistency of the 
noodle dough. Vital gluten was used (Havancızade, 
TR) to replace the declining protein and reach the 
ideal noodle dough consistency in noodles with RS.

Test foods

The control noodles and noodles with RS were 
used as test foods. To determine the control noodle 
formulation, TS 12950 Turkish noodle standard was 
used (23). For 100 g wheat flour, 30 g egg and 0.5 g 
salt was used. The visual of Turkish noodles is shown 
in figure 2. An expert food engineer was consulted to 
determine the formulation of RS added noodle. For-
mulations including RS at different rates were tried, 
sensory analyses were made and the appropriate for-
mulations were determined.

Thirty and fifty percent Fibersym® RW was 
added to the noodle formulation in noodles with RS. 
However, since Fibersym® RW is not entirely com-
posed of resistant starch and due to other ingredients 
added to the noodle formulation, these ratios have 
decreased. The RS content of the noodles with 30% 
Fibersym RW added is 20% and the RS content of the 
noodles with 50% Fibersym RW added is 35%.

Reference foods

White bread and glucose were used as reference 
foods. Pure glucose (Galenik, TR) was used in the 
powder form. White fresh baked breads were bought 
from the same local bakery every morning at the same 
time to minimize the variations in GI tests. (24).

Determination of available carbohydrate amount  
of the reference and test foods

The moisture, ash, protein and total fat analyses 
were carried out in Selcuk University Natural Products 
Application and Research Center and the total dietary 
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fiber analyses were conducted in TUBITAK Marmara 
Research Center laboratories. The total dietary fiber 
was determined using the Megazyme Total Dietary 
Fiber kit with AOAC 991.43 method (25). The avail-
able carbohydrate (CHO) amounts were determined 
by subtracting the sum of moisture, ash, protein, total 
fat and total dietary fiber values of white bread and 
noodles from the value of 100 (Table 1) (20). 

It is recommended to make evaluation over 25 g 
or 50 g available CHO amounts in GI studies (20, 26). 
In this study, the 25 g available carbohydrate amounts 
of reference and test foods were used.

Since RS is a dietary fiber, is excluded from avail-
able CHO in GI tests and is consumed in addition 
to the stable amount of available CHO consumed (2). 
However, European Food Safety Authority (EFSA) 

HAS BEEN REACHED 15 HEALTHY VOLUNTEERS  WHO HAD UNDERGONE AN
ENDOCRINOLOGICAL EXAMINATION BY THE PHYSICIAN  AND

WHO MEETS THE STUDY CRITERIA FOR THE GI TEST.

AFTER PROXIMET AND TOTAL DIETARY FIBER ANALYZES, THE AMOUNTS OF WHITE BREAD
AND NOODLES CONTAINING 25 G AVAILABLE CARBOHYDRATES WERE DETERMINED.

[IT WAS CALCULATED IN TWO DIFFERENT WAYS: 
BY INCLUDING RS IN THE AMOUNT OF AVAILABLE CARBOHYDRATE (AC)

AND NOT INCLUDED (TDF)]

NOODLE FORMULATIONS WITH RS WERE DETERMINED AND PRODUCED AS A RESULT
OF PRELIMINARY TESTS AND SENSORY ANALYSIS.

1- CONTROL NOODLES,
2- NOODLES WITH 20% RS,
3- NOODLES WITH 35% RS.

IN VIVO GI VALUES WERE CALCULATED USING THE INCREMENTAL AREA UNDER THE CURVE
METHOD BY CREATING GLYCEMIA CURVES WITH THE RECORDED BLOOD GLUCOSE VALUES.

ONCE A WEEK FOR ELEVEN WEEKS, PARTICIPANTS CONSUMED THE REFERENCE (GLUCOSE, WHITE
BREAD) AND TESTFOODS [CONTROL NOODLES, NOODLES WITH 20% RS (TDF), NOODLES WITH 35%
RS (TDF), NOODLES WITH 20% RS (AC), NOODLES WITH 35% RS (AC)] AFTER 10-12 HOURS FASTING.

BLOOD GLUCOSE VALUES HAS BEEN RECORDED BY TAKING DUPLICATE CAPILLARY BLOOD FROM
THE FINGER BEFORE CONSUMPTION (0 MIN) AND AT 15, 30, 45, 60, 90

AND 120 MINUTES AFTER THE FIRST BITE.

IN VİTRO GI VALUES   WERE DETERMİNED

Figure 1. The general plan of the study
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Figure 2. Turkish noodles

Table 1. Proximate analysis (%), total dietary fiber (%), available CHO (%) and total CHO (%) values of reference and test foods 

Food Moisture (%) Total fat (%) Protein (%)
Total dietary 

fiber (%) Ash (%)
Available 
CHO* (%)

Total 
CHO*(%)

White bread
Control noodles
Noodles with 20% RS
Noodles with 35% RS

27.98
7.23
7.98
8.4

0.48
2.9
2.79
2.48

8.96
11.51
10.59
9.24

5.25
5.05
26.09
41.06

1.58
1.39
1.47
1.47

55.75
71.92
51.08
37.35

61
76.97
77.17
78.41

*CHO: carbohydrate

Table 2. The 25 g available CHO amounts of reference and test foods

Foods Available CHO (%) The amount (g) including 25 g available CHO 

Glucose 100.0 25.0

White bread 55.75 44.8

Control noodles 71.92 34.7

Noodles with 20% RS (TDF) 51.08 48.9

Noodles with 35% RS (TDF) 37.35 66.9

Noodles with 20% RS (AC) 71.66 34.9

Noodles with 35% RS (AC) 72.51 34.5

AC: RS was evaluated in the available carbohydrate.
TDF: RS was evaluated in the dietary fiber.

states that the effect of RS on the improvement of 
glycemia can be achieved when it is replaced by avail-
able CHO (27). This creates contrast when calculat-
ing foods’ GI containing RS. In this study, calculation 
was made in two different ways while determining the 
amounts including 25 g available CHO of noodles 
with RS to shed light on this contrast. The GI val-
ues were determined with and without RS in available 
CHO (with the inclusion of total dietary fiber). The 

noodle group for which the RS is evaluated in the total 
dietary fiber is called “TDF” and the noodle group 
for which it is evaluated in available carbohydrate 
amount is called “AC”. Formulations of the noodles in 
the TDF and AC groups are the same. The difference 
between the two groups is the way in which the avail-
able CHO amount of the noodles is calculated. Thus, 
their consumption levels in the test are different and 
given in Table 2. 

Participants

Thirteen healthy adult women (mean age of 
23.13±2.74 years) who had undergone endocrinolo-
gist examination and biochemical tests were conducted 
in Selcuk University Medical Faculty Hospital were 
included in the study. Although gender had no effect 
on the results in GI studies (26), individuals who vol-
unteered to take part in the study were women, so the 
study was conducted on women. The following indi-
viduals were not included in the study; those who had 
body mass index (BMI) of 25 kg/m2 and above, profes-
sional or amateur athletes, regular medication takers, 
smoking, pregnant and breastfeeding women, those 
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outside the age range of 18-35 years, those with insu-
lin resistance and diagnosed with type 1 or type 2 dia-
betes having undergone endocrinological examination 
and biochemical tests, those with a chronic disease and 
diagnosed by a physician, and those having impaired 
glucose tolerance according to the oral glucose toler-
ance test. The study was conducted after the approval of 
Selcuk University Clinical Research Ethics Committee 
(approval number: 40209705-050.01.04/53295) and 
the participants signed the informed consent form after 
being informed about the study. 

Measurement of capillary blood glucose

The capillary blood samples at fasting and post 
prandial 15th, 30th, 45th, 60th, 90th, 120th minutes 
were taken from both hands and different fingers. The 
average blood glucose values from both hands were 
recorded (20). For each GI test, capillary blood sam-
ples were collected 14 times from every individual for 2 
hours. Accu-Chek Performa Nano® measuring device 
and Accu-Chek Softclick® finger drill were used for 
measurements. The devices were calibrated by a con-
trol strips before using.

Glycemic index test plan

The participants were invited to the Nutrition 
and Dietetics laboratory after 10-12 hours of hunger. 
They were advised not to change their nutrition behav-
ior, not to use alcohol, not to take caffeine, to limit 
consumption of foods including CHO and not to do 
much exercise the day before the test.

While cooking the noodles offered to the partici-
pants, no oil or salt was added as not to influence gly-
cemic response. To ensure comfortable consumption 
of noodles in terms of sensory flavor, 25 g available 
carbohydrate amounts were served to the participants. 

Before the reference and test foods consumption, 
capillary blood samples were taken from the fingers of 
both hands, blood glucose levels were measured and 
recorded. Afterwards, the participants were asked 
to consume the foods within 10 minutes. The foods 
were accompanied by 250 ml water. No additional 
water was allowed, since the glucose had been diluted 
with 250 ml water. Duplicate capillary blood glucose 

measurements were taken at 15th, 30th, 45th, 60th, 
90th and 120th minutes after the first bite. During 
those 2 hours, a special attention was paid to keep the 
participants in a sitting position.

The International Organization for Standardiza-
tion (ISO) 26642 test protocol suggests that reference 
foods should be consume three times to minimize 
individual variation (20). The participants consumed 
glucose and white bread 3 times in one-week intervals 
during 6 weeks in total. They consumed the test foods 
once in one-week intervals during 5 weeks in total.

Calculation of glycemic index value of foods

GI values of foods were calculated for everyone. 
Glucose values changing against time recorded during 
test were shown in graphics for each individual and 
blood glucose level curve was obtained for every ref-
erence and the test food. The calculations were made 
through calculation of the incremental area under the 
curve recommended by FAO/WHO expert commit-
tee and included in ISO 26642 standard (20). Since 
reference foods were consumed three times, the aver-
age of these three area values   was calculated. The ratio 
of the area under the curve obtained from test food 
to the area under the curved obtained from reference 
food gives GI of that food. The average of fifteen GI 
values calculated for each participant was determined.

Determination of the test foods’ in vitro glycemic  
index values

The AOAC 996.11 method (megazyme amylo-
glucosidase/alpha amylase) was used for the starch 
determination of the samples. The rate of starch 
hydrolyzed was determined and plotted based on time. 
The hydrolysis index (HI), namely, in vitro (GI) value 
defined as the ratio of the area under the hydroly-
sis curve of noodles to the area under the hydrolysis 
curve of white bread was calculated. The area under 
the white bread was calculated 100 and was propor-
tioned to the area under the sample whose in vitro GI 
value would be determined. The result was multiplied 
by 0.7. GI of the white bread was taken as 70. The 
GI=39.71+(0.549x HI) formula was used to calculate 
the in vitro starch hydrolysis rate of noodles (28).
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Statistical analyses 

The data obtained were evaluated using the SPSS 
20.0 statistical software package. The qualitative vari-
ables were provided as number (n) and percentage 
(%) and the quantitative variables were given as mean 
(X- ), standard deviation (SD) as well as minimum and 
maximum values. The Kolmogorov-Smirnov test was 
used to determine whether quantitative data were nor-
mally distributed. For the data normally distributed 
between the groups, two groups were compared using 
dependent two-sample t-tests. For situations based on 
data collection from the participants in more than one 
point of time, repeated measures ANOVA was used 
to compare means of three or more groups. In case of 
any difference between the groups was used and paired 
comparisons were evaluated by post-hoc tests to deter-
mine subscales causing the difference. P<0.05 was con-
sidered statistically significant. 

Results

In the comparison of the initial and two-hour 
blood glucose measurement values of the reference and 
test foods according to food and time, a statistically sig-
nificant difference (p<0.05) was found between blood 

glucose levels measured at 15th, 30th, 45th, 60th, 90th 
and 120th minutes after the reference and test foods 
were consumed (Table 3). The highest blood glucose 
value was at 30th minute after the consumption of glu-
cose and control noodles and at 45th minute after the 
consumption of white bread and noodles with RS. The 
lowest blood glucose level mean was in the white bread at 
15th minute, in the noodles with 35% RS (AC) at 35th 
minute, and noodles with 20% RS (AC) at 45th minute.

GI values of the control and test foods according 
to glucose and white bread are given in Table 4. The 
noodles with the lowest GI value according to glucose 
and white bread were noodles with 35% RS (AC) and 
control noodles with 20% RS (AC), respectively. 

Considering GI of control noodles, noodles with 
20% RS (AC) and noodles with 35% RS (AC) accord-
ing to glucose and white bread, the difference between 
all foods was found statistically significant (p<0.05). It 
was found that the lowest GI belongs to noodles with 
35% RS (AC).

The starch hydrolysis rates are given in figure 3 
according to the time used to determine in vitro GI 
values of noodles. The total starch hydrolysis of noo-
dles realized at low and high levels in regards to white 
bread. The starch hydrolysis of the control noodles is 
faster than the noodles with resistant RS. The lowest 
starch hydrolysis is of noodles with 35% RS.

Table 3. Comparison of the initial and two-hour blood glucose measurement values of the reference and test foods according to food 
and time (mg/dl)

Time 
(min)

Noodles

p

Glucose White bread Control 20% RS (AC) 35% RS (AC) 20% RS (TDF) 35% RS (TDF)

X
-

±SD X±SD X±SD X±SD X±SD X±SD X±SD

0. 86.5±4.0a,ı 87.8±4.5a,ı 87.6±3.2a,ı 86.3±4.7a,h 86.9±5.2a,ı 87.3±4.7a,h 86.9±5.3a,h 0.969

15. 111.1±10.8a,g 93.4±7.6d,ı 99.4±4.9bc,gh 95.1±4.6cd,g 96.3±4.9bcd,h 98.8±5.8bcd,g 101.1±8.3b,g 0,000

30. 139.2±11.0a,f 114.5±10.3de,fg 116.9±8.0dc,f 108.3±11.5e,f 108.2±11.1e,fg 122.7±9.8bc,f 127.2±10.8b,f 0,000

45. 134.1±14.1a,f 120.7±10.2bc,f 110.9±12.4cd,f 108.5±13.3d,f 110.4±12.3cd,f 126.7±19.0ab,f 130.9±20.7ab,f 0,000

60. 119.5±17.6ab,g 111.1±10.6bc,g 101.9±13.8c,g 104.5±9.6c,f 102.8±9.6c,g 119.5±20.0ab,f 123.8±20.6a,f 0.000

90. 98.3±16.1d,h 100.2±10.5bc,h 96.2±5.7bc,gh 93.9±5.9c,g 93.3±6.6c,h 103.7±12.4ab,g 108.8±17.5a,g 0,004

120.
P

84.7±6.4d,ı

0,000
92.7±6.9bc,ı

0,000
93.1±3.0bc,hı

0,000
90.2±3.6c,gh

0,000
90.5±3.1c,hı

0,000
97.2±8.5ab,g

0,000
98.1±10.0a,g

0,000
0,000

AC: RS was evaluated in the available carbohydrate. TDF: RS was evaluated in the dietary fiber.
ANOVA test in repeated measures
a-e The difference is significant between those indicated with different exponential letters in the same line p<0.05
f-ı The difference is significant between those indicated with different exponential letters in the same column p<0.05
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Comparison of in vivo and in vitro GI values of 
white bread and test foods according to glucose shows 
that in vitro GI results are included in available carbo-
hydrate of RS and are similar to in vivo GI results in 
the AC group (Table 5).

Discussion

This study aimed to determine the glycemic effect 
of the RS addition to the Turkish noodles., which has 
an important in Turkish culture and known to have 
many benefits for health yet cannot be taken at the 
suggested amounts with diet.

While determining the available carbohydrate 
amount to be consumed in the GI test, the die-
tary fiber is subtracted from the total carbohydrate 
amount and there is no recommendation that the 
amount of RS should be calculated separately (2). 
However, with the increased interest in determining 
the GI values of foods containing high RS, which 
diet should RS be included is being discussed (29). 
Some researchers discuss that RS can decrease gly-
cemic only when it is replaced by available carbohy-
drate, while others state that the same effect can be 
ensured when the present carbohydrate is fixed with-
out any replacement (30, 31).

Table 4. GI values of foods according to glucose and white bread

Foods

GI value according to glucose GI value according to white bread

X
-

±SD min-max X
-

±SD min-max

White bread/Glucose 66.9±11.3 45.1-83.3 153,8±29,4 119,9-221,5

Control noodles* 54.8±11.5 a 27.5-69.0 83,2±18,1 45,2-110,1

Noodles with 20% RS (AC)* 51.8±11.2 b 26.0-66.1 79,0±19,9 42,6-116,8

Noodles with 35% RS (AC)* 49.1±9.9 c 26.3-64.0 74,5±15,5 43,1-98,2

Noodles with 20% RS (TDF) 90.8±20.8 53.1-126.7 138,6±36,1 79,5-205,1

Noodles with 35% RS (TDF) 107.5±29.6 62.6-180.4 164,6±50,3 99,2-246,8

AC: RS was evaluated in the available carbohydrate.
TDF: RS was evaluated in the dietary fiber.
* Evaluated using ANOVA test in repeated measures.
a-c The difference is significant between those indicated with different exponential letters in the same column p<0.05.
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Figure 3. Total hydrolyzed starch rates of white bread and noodles based on time



Progress in Nutrition 2021; Vol. 23, N. 4: e20212038

FAO, in its explanation on GI in 1998, consid-
ered RS one of the components affecting glycemic 
response. Since RS analysis methods were not devel-
oped in those years, the RS types had to be included 
in available carbohydrate (2). In 2005, the British 
Nutrition Foundation (BNF) stated that decreasing 
GI value of RS-enriched foods could be possible by 
replacing it with available carbohydrate (29). Brouns 
et al. published a GI method pointing that RS could 
decrease glycemia when replaced by available carbohy-
drate in food. More comprehensive studies are needed 
for the protocols that are necessary to determine GI 
value of foods enriched with RS (26).

The GI test protocol published by ISO in 2010 
stated that only foods digested in the small intestine 
were appropriate for GI test. However, RS is fer-
mented by bacteria in the large intestine. Because of 
the difficulties of analyzing the exact amount of RS, 
inclusion of low amounts of RS in the carbohydrate 
portion in the GI test can be ignored (20). 

EFSA stated in 2011 that RS decreased blood glu-
cose response only when consumed instead of available 
carbohydrate and there was no sufficient evidence to 
prove its effect when available carbohydrate remained 
stable (27). The glycemic carbohydrate should remain 
stable in GI tests. Excluding RS from the amount of 
available carbohydrates leads to the increase in con-
sumable amount of food in GI study. However, the aim 
to enrich a food with RS is to make that food consumed 
at the same amount healthier rather than increase por-
tion of the food. While determining the portion of 
the food consumed in GI tests, RS is not replaced by 
available carbohydrate amount, but is added on it. This 
situation prevents the demonstration of the glycemic 
healing effect of resistant starch in GI tests.

There are different applications in the literature 
for the components in which RS is included (31-35). 
This study investigated the glycemic response when 
included in and excluded from available carbohydrate. 
When RS was included in available carbohydrate, the 
control noodles, noodles with 20% RS and 35% RS 
were consumed in close amounts of 34.7 g, 34.9 g 
and 34.5 g, respectively. However, the amount of con-
sumption also increased much with the increase in RS 
amount of noodles when calculated by excluding RS 
from the amount of available carbohydrates, namely, 
by counting dietary fiber. These amounts are 34.7 g, 
48.9 g and 66.9 g for the control noodles, noodles with 
20% RS and noodles with 35% RS, respectively.

The food with the lowest GI was noodles with 35% 
RS (AC), GI values according to glucose and white 
bread were 49.1 and 74.5 respectively. GI according 
to white bread was 74.5. The subsequent low GI value 
was found in noodles with 20% RS (AC). GI values of 
the control noodles, noodles with 20% RS (AC) and 
35% RS (AC) according to glucose were found to be 
low. GI values decreased in the AC group where RS 
was included in available carbohydrate amount with 
the increase of RS in noodles. The difference between 
the means of GI values of the control noodles, noodles 
with 20% RS (AC) and 35% RS (AC) was found to 
be statistically significant. The GI values of noodles 
with 20% and 35% RS (TDF) were found to be quite 
high because the amount of noodles consumed during 
the test was very high when the RS was not included 
in the available carbohydrate and was assessed as die-
tary fiber. These findings support the thesis of EFSA 
suggesting that only when RS is replaced by avail-
able carbohydrate, then it decreases the blood glucose 
response (27). 

Table 5. In vivo and in vitro GI values of white bread and test foods according to glucose

GI value according to glucose

Method White bread Control noodles Noodles with 20% RS Noodles with 35% RS

In vitro 70.0 61.4 54.1 50.3

AC 51.8 49.1

In vivo 66.9 54.8 TDF 90.8 107.5

AC: RS was evaluated in the available carbohydrate.
TDF: RS was evaluated in the dietary fiber.
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Although RS was not included in available carbo-
hydrate in a study investigating GI of bread enriched 
with Type 3 RS, a significant decrease was observed 
in the GI value (31). Another study investigating the 
effect of Type 2 RS amounts in bananas on their GI 
did not include RS in available carbohydrate amounts. 
The increase in the RS content significantly decreased 
GI value of the food (21). The difference between these 
studies and our study may be due to different RS used 
and the GI test protocol. 

Since there is no absolute recommendation in 
the literature about including RS in available carbo-
hydrate in GI test, many researchers discussed equal 
portions of the foods to be tested and evaluated gly-
cemic responses instead of GI value (16, 17, 36-38). 
In a study comparing glycemic responses of bar pre-
pared with wheat starch and bar prepared with Type 4 
RS, available carbohydrate amounts of the bars were 
equated and glycemic response of the ones enriched 
with RS was significantly lower (16). In three other 
studies investigating the effect of adding Type 4 RS 
in muffin, cookies and cakes on glycemic response, 
enriched foods with RS decreased glycemic response 
significantly when consumption amounts were equal 
(17, 36, 37). Similar results were obtained from a 
study investigating the effect of Type 2 RS addition 
on glycemic response (38). Many studies conducted 
besides this current study show that RS has a glyce-
mic response-reducing effect. However, new regula-
tions for RS are needed in GI test as the GI results 
show major changes according to the component to 
which RS is added and there is no precise recom-
mendation.

This study calculated GI value of the control noo-
dles as 54.8 according to glucose. GI value of Austral-
ian noodles is 62 and GI value of instant noodles is 47 
according to glucose, as shown in the international GI 
table (39). This difference may have stemmed from the 
lack of egg in the formulation.

GI values of the test foods used in this study were 
also identified as estimated values (in vitro). The starch 
hydrolysis ratio and in vitro GI decreased with the 
increase in the RS ratio of noodles. The in vitro GI val-
ues for the control noodles, noodles with 20% RS and 
35% RS were 61.4, 54.1, and 50.3 respectively. The in 
vitro results were similar to those of in vivo GI results 

of the AC group where RS was taken as available car-
bohydrate. In a study examining the effect of noodle 
RS addition on in vitro GI values, the in vitro GI value 
of 15% RS noodles was found to be 552, which is close 
to the results of our study (40). 

Conclusion

The study found that type 4 RS, which is added 
into Turkish noodles decreased glycemic response of 
noodles. However, when RS is added in available car-
bohydrate only, a significant decrease was observed in 
GI value of noodles. Since GI is based on the amount 
of equal available carbohydrate, it has no curative 
effect for glycemia when the RS is assessed in fiber 
component. There are no precise procedures for foods 
enriched with RS in GI tests. In this sense, there is 
a need to create new procedures regarding RS in GI 
test protocols. Furthermore, although its amount of 
intake with a diet is low, the RS which functions as 
soluble and fermentable dietary fiber has many ben-
efits on health. The RS should be used more to enrich 
foods and the studies comparing its sub types should 
be increased.
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