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Abstract

This study examined the effect of adding a high dose of
resistant starch (RS) in plain muffins on human glycemic
response in sedentary and abdominally obese individuals.
A total of 8 participants were randomly assigned to two
sequences of treatments (AB, BA) using a 2 x 2 randomized
cross-over design. The treatment effect was tested with a
muffin that contained 75g of digestible carbohydrates and
30g of RS as treatment condition (TRT, B), while the control
effect was tested using a 75-g oral glucose solution as a
control condition (CON, A). Linear mixed models were used
to test the effects of sequence (AB vs. BA), treatment (TRT
vs. CON), and time periods on 2-h glucose values and area
under the curve (AUC) after adjustment for covariates (i.e.,
age, sex, and race). The 2-h postprandial glucose AUC
was significantly lower in the TRT than the CON (12.5
vs. 15.6 mmol/L+h, P = 0.002). The glucose levels were
also significantly lower in the TRT than did the CON at 30
minutes (6.6 vs. 8.3 mmol/L, P = 0.001), 60 minutes (6.6 vs.
8.5 mmol/L, P = 0.004), and 90 minutes (6.3 vs. 8.1 mmol/L,
P = 0.003), respectively. The 2-h postprandial insulin AUC
was also significantly lower in the TRT than the CON (P <
0.001). Based on the 2-h glucose incremental AUC values,
the RS-supplemented muffins’ calculated glycemic index
was 48 (glucose = 100). This study suggests that adding
30g of RS supplementation decreased the glycemic index of
muffins in sedentary and abdominally obese adults.
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Introduction

Dietary fiber intake is associated with a reduced risk
of coronary heart disease, stroke, colorectal cancer,
and all-cause mortality [1-3]. Dietary fiber intake also
improves glucose metabolism with a lower risk of devel-

oping type 2 diabetes [1,4-8]. The current public health
concern is that an average fiber intake in the US popu-
lation (16.2 g/day) is below the dietary guidelines’ rec-
ommendations for Americans [9-13]. A national survey
showed that less than 5% of US adults meet the daily fi-
ber intake recommendations [10]. Exploring innovative
and practical approaches to increasing fiber intake in an
everyday western diet is necessary as a glycemic control
strategy.

In recent years, resistant starch (RS) has emerged
as a promising healthy food supplement and an excel-
lent dietary fiber source [14]. Several acute trials have
shown that RS, a substitute for regular starch, can mod-
ify the glycemic index (Gl) of starch-containing food
and attenuate the postprandial glucose excursions in
healthy persons [15,16]. Importantly, adding RS did not
compromise foods’ appearance and taste (e.g. muffins)
[17], which makes RS a favorable method to promote
fiber intake because palatability is a decisive determi-
nant of food choice and eating behavior [18]. Several
studies have examined the effect of RS in starch-con-
taining foods on high-GlI foods. A study showed that the
gene-modified rice that contained 20% of RS (8g of RS in
40 g of carbohydrates) has a Gl of 44.8, while wild-type
rice had a Gl of 77.4 [19]. Another study demonstrated
that adding 6.5 of RS to muffins containing 72g of car-
bohydrates yielded a Gl of 68, while the control muffins
had a Gl of 98, which was close to that of oral glucose
intake [16].

Currently, the effect of a high dose of RS on Gl re-
mains less clear. Previous research has limited testing
the acute effect of a low dose of RSon Gl (2to 11 g
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per serving) [16,20,21]. The US dietary guidelines rec-
ommended 14g of dietary fiber intake per 1000 kcal of
energy intake [9]. Given that a dose-responsive relation-
ship between RS and Gl [16], we hypothesized that add-
ing 30 g of RS, which is sufficient to meet the daily rec-
ommended dietary intake, will induce a further reduc-
tion in the GI of starch-containing food. Adding a high
dose of RS to typical western food can be a practical
method for the general population to meet the dietary
guidelines’ daily fiber intake [22]. This study investigat-
ed whether adding a high dose of RS in plain muffins (30
g of RS per muffin) lowers postprandial glucose levels in
sedentary and abdominally obese individuals.

Materials and Methods

Participants

A total of eight study participants, who were sed-
entary and abdominally obese, were recruited by fliers
and online posts from the Downtown Phoenix area. All
participants provided written informed consent before
study participation. Inclusion criteria comprised those
who were 20 to 60 years of age, had a large waist cir-
cumference (men =102 cm, women 2 88 cm), and were
not engaged in regular exercise. Exclusion criteria in-
cluded those with RS allergy, diabetes, other metabolic
disorders, celiac disease, antihyperglycemic medication
use, a systolic blood pressure > 160 mmHg, or a diastolic
blood pressure > 100 mmHg, or pregnant women.

Research design

We conducted a 2 x 2 randomized crossover trial
to investigate the effect of RS-supplemented muffins
on postprandial glucose responses in sedentary and
abdominally obese individuals. All eligible participants
were randomly assigned to two sequences of treat-
ments (AB or BA). Participants in the AB sequence re-
ceived a 75-g oral glucose solution in the first experi-
ment condition (CON, A). In the second experiment
condition (TRT, B), these participants received a muffin
that contained 75 g of digestible carbohydrates plus 30
g of RS. Participants in the BA sequence underwent the
two conditions in reverse order. There was a one-week
washout period between treatments. The randomized
sequence number was generated by an online program.
The treatment allocation was concealed using electron-
ically sealed envelopes. Outcome assessors were blind-
ed to the randomization.

Protocols

The recipe of the muffins was based on the national
nutrient database for standard reference issued by the
USDA. The nutrition facts of the muffins were listed in
Table 1. The RS’s source was Hi-Maize 260 (Honeyville,
Rancho Cucamonga, CA), which contained 60% of RS
and 40% digestible starch. The muffins were baked at
350 °C in the oven. The baked muffins were stored in a
refrigerator and were heated in the microwave before
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serving. The glucose solution contains 75 g of anhydrous
glucose (Glucola, Azer Scientific, Morgantown, PA).

All participants were instructed to attend the exper-
iment session after a 9-hour overnight fast. Each par-
ticipant arrived at our lab between 8:00 and 9:00 AM.
Upon arrival, anthropometrics were measured, includ-
ing height, weight, and waist circumference. Resting
blood pressure was measured after 5 minutes of rest
using an automatic sphygmomanometer. After collect-
ing baseline blood samples for plasma glucose and se-
rum insulin measurement, we provided the participants
with an RS-supplemented muffin or a bottle of glucose
solution based on their randomized assignment. The
glucose solution was consumed within 3 minutes, and
the muffin was consumed within 10 minutes.

Plasma glucose and serum insulin were measured ev-
ery 30 minutes. Blood samples were collected at base-
line, 30 minutes, 60 minutes, 90 minutes, and 120 min-
utes. Plasma glucose values were analyzed using the in
vitro hexokinase method. Serum insulin was measured
by radioimmunoassay. Gl was calculated as the 2-hour
postprandial incremental AUC divided by the reference
(glucose) AUC and multiplying the value by 100. All Gls
that appeared in this article were based on the glucose
reference. Insulin sensitivity was calculated using the
regression model developed by Stumvoll, et al. [23]. The
palatability of muffins was evaluated immediately after
consuming muffins using the 9-point like-dislike scale
developed by Peryam and Pilgrim [24]. The scale in-
cluded “dislike extremely,” “dislike very much,” “dislike
moderately,” “dislike slightly,” “neither,” “like slightly,”
“like moderately,” “like very much, and”like extremely.”

Statistical analysis

Descriptive statistics were computed for anthropo-
metrics, blood pressures, and blood glucose profiles.
The normality assumptions were tested using the Shap-
iro-Wilk tests. Linear mixed models (LMM) were used to
test the effects of sequence (AB vs. BA), subjects within
the sequence, treatment (TRT vs. CON), and time peri-
ods on 2-h postprandial glucose values and area under
the curve (AUC) after adjustment for covariates (i.e.,
age, sex, and race.). General linear models were used

Table 1: Nutrition facts of muffins.

Total Energy 449 kcal
Total fat 13.7¢9
Total carbohydrate 105 ¢
Digestible carbohydrate 759
Resistant starch 30g
Total protein 6.59

% Calories from fat 27%

% Calories from carbohydrate 67%

% Calories from protein 6%
Glycemic index 48
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to test mean differences for 2-h postprandial glucose
and insulin AUC values between two treatment groups
across time periods after adjustment for covariates.
All statistical procedures and analyses were conducted
with SAS (version 9.4, PROC MIXED in SAS) software.

Table 2: Baseline characteristics of study participants.

Variables Mean £ SD
Age (years) 28 + 11
Height (cm) 166.1 + 8.8
Weight (kg) 94.8 £ 18.6
Body Mass-Index (kg/m?) 345+75
Waist circumference (cm) 112.6 £ 13.8
Systolic blood pressure (mmHg) 115.9+10.4
Diastolic blood pressure (mmHg) 75.0+7.7
Fasting blood glucose (mmol/L) 51+0.3

Results

The baseline characteristics of study participants
were expressed as mean * SD and summarized in Table
2 (mean scores for age, 28 + 11 years; BMI, 34.5 + 7.5
kg/m?; waist circumference, 112.6 *+ 13.8 cm; and fast-
ing glucose, 5.1 £ 0.3 mmol/L).

As shown in Figure 1, the 2-h postprandial glucose
AUC was significantly lower in the RS TRT than did the
CON (12.5 + 1.6 mmol/Leh vs. 15.6 + 3 mmol/Leh, P =
0.002). When compared the glucose levels between the
two treatments at each time point, there were signifi-
cant mean differences at 30 minutes (6.6 + 0.8 vs. 8.4 +
1.3 mmol/L, P = 0.001), 60 minutes (6.6 + 1.1 vs. 8.5 +
2.1 mmol/L, P = 0.003), 90 minutes (6.3 + 1.1 vs. 8.1
1.8 mmol/L, P = 0.003), with borderline significance at
120 minutes (6.0 £ 0.8 vs. 7.4 + 2.1 mmol/L, P = 0.052),
respectively. Based on the 2-h glucose (incremental
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Figure 1: Postprandial glucose between TRT and CON conditions, *p < 0.05.
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Figure 2: Postprandial insulin difference between TRT and CON conditions, *p < 0.05.
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AUC 2.5 + 1.3 mmol/Leh vs. 5.3 £ 2.6 mmol/Leh), the GI
of the RS-supplemented muffins was 48 (glucose = 100).

As shown in Figure 2, the 2-h postprandial insulin
AUC was also significantly lower in the RS TRT than the
CON (1354.5 + 606 vs. 1788.9 £ 522.8 pmol/Leh, P <
0.001). When compared the insulin levels between the
two treatments at each time point, there were signifi-
cant mean differences at 60 minutes (806.9 + 337.3 vs.
1090.2 + 421.2 pmol/L, P = 0.02), 90 minutes (675.2 +
338.4 vs. 1039.8 + 227.8 pmol/L, P < 0.001), and 120
minutes (627.3 + 277.7 vs. 934.3 + 277.3 pmol/L, P =
0.046), except for 30 minutes (822.0 + 406.2 vs. 892.6 +
347.8 pmol/L, P = 0.4). In addition, all eight participants
rate the palatability of the muffins above the “neither”
level. Specifically, one rated the muffin as “like extreme-
ly,” three rated as “like very much, ” three rated as “like
moderately,” and one rated as “like slightly.” The aver-
age rating was between “like very much” and “like mod-
erately”.

Discussion

Our major finding was that the RS-supplemented
muffins induced significantly lower postprandial glucose
and insulin levels than oral glucose solutions in seden-
tary and abdominally obese individuals. Based on the
incremental glucose AUC values, the Gl of the RS-sup-
plemented muffins was 48. We also found out that the
palatability of the tested muffins was satisfactory.

The RS applied in our study agreed with the US daily
dietary fiber intake recommendations [22]. The US di-
etary guidelines recommend daily fiber intake ranging
from 22 to 28 g in women and 28 to 33.6 g in men de-
pending on the daily calorie needs [22]. This fiber intake
level was also endorsed by the American Diabetes Asso-
ciation in their nutrition position statement for individ-
uals with diabetes [25]. A meta-analysis of prospective
studies revealed that individuals who consumed 27.9 g
of total fiber per day had a 14% lower risk of developing
type 2 diabetes than those who consumed 15.8 g of total
fiber [26]. A randomized controlled trial in healthy per-
sons showed that following a fiber-enriched diet (30g of
total fiber per day) for three months lowered glucose
levels by 12.3% compared with a control diet (10.4 g of
total fiber per day). Our study potentially provides one
promising way for the general public, especially individ-
uals at risk of diabetes, to meet the recommended daily
fiber intake. Our high dose of 30 g-RS is a reasonable
daily fiber intake following recommendations by the
American Heart Association (AHA) and the Institute of
Medicine (IOM) [13,27]. The AHA recommended daily
fiber intake of 25 to 30 g/day or 25 g or more per day
[12,27], while the IOM recommended 21 to 25 g for
women and 30 to 38 g for men [13].

Our findings regarding the blunted glucose respons-
es to RS-supplemented muffins were consistent with
previous studies [16,28-30]. Krezowski, et al. [28] exam-
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ined the acute postprandial glucose responses to two
types of corn starch muffins in patients with type 2 di-
abetes, which reported that the regular starch muffins
had a Gl of 103, while the RS muffins elicited a Gl of
49, suggesting a glucose-lowering effect of RS supple-
mentation. However, the exact amount of RS content
per muffin was not reported in Krezowski, et al.’s study.
Behall, et al. [16] also showed the attenuated glucose
responses to RS-supplemented muffins among healthy,
non-obese participants; the average RS content was 6.5
g, and the average total carbohydrates content was 72
g in each muffin meal with the Gl of the muffin as 67.
Our study with the RS-supplemented muffin had a Gl
of 48. We speculate that our study’s lower Gl observed
was due to the higher RS dose in the tested muffins. Our
study added 30 g of RS in each muffin that contained 75
g of digestible carbohydrates. In contrast, the average
RS dose in Behall’s study [16] was only 6.5 g per muffin
with a similar amount of digestible carbohydrates. This
difference implies that the high dose of RS in our study
tended to produce additional glucose-lowering benefits
compared to the lower RS doses in previous studies.

Studies that added RS to other types of foods also re-
ported consistent findings. Li, et al. [19] demonstrated
that the RS-enriched rice (8 g of RS per serving) reduced
postprandial glucose responses by 37% compared with
regular rice and glucose solutions in young, healthy indi-
viduals. The Gl of RS-enriched rice was 48.4, while the Gl
of regular rice was 77.4 (glucose = 100) [19]. Similarly,
Yamada and colleagues [31] examined the acute effect
of adding 6 g of RS into 140 grams of bread on postpran-
dial insulin and glucose responses than placebo bread.
They showed that postprandial glucose levels were
significantly lower at 90 minutes in the RS group than
in the placebo group. Collectively, RS seems to have a
wide application in modifying the glycemic responses to
common carbohydrate-rich food.

The postprandial insulin levels in our study were low-
er in the RS TRT than did the CON. A previous study with
young and healthy participants showed that adding 16.5
g of RS into white wheat bread containing 100 g of car-
bohydrates decreased the postprandial insulin rises by
43% (P < 0.05), as compared with white wheat control
bread containing an equal amount of carbohydrates
[32]. Similar findings have also been reported in individ-
uals with abnormal fasting glucose [31].

There are several plausible mechanisms under-
pinning the effects of RS on Gl and insulin responses.
Robertson, et al. [33] suggest that RS, through fermen-
tation in the gut microbiome, produces a series of me-
tabolites, particularly short-chain fatty acids. The short-
chain fatty acids were absorbed into the circulation and
then inhibited the release of free fatty acids [34,35]. As
shown in many studies, reduced levels of free fatty ac-
ids can improve insulin sensitivity [36,37]. However, an-
other study demonstrated no significant fermentation
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occurred in the first 4 hours after the acute intake of
RS by showing unchanged breath H2 levels, an indicator
of colonic fermentation [19]. They also showed that the
maximal fermentation started at 6 hours and was main-
tained for more than 10 hours [19]. Therefore, the acute
decreased postprandial 2-hour glucose in our study was
not likely caused by the colonic fermentation. We spec-
ulated that the blunted glucose and insulin responses
were due to the delayed absorption of carbohydrates.
Several in vitro studies have shown that high RS content
slowed hydrolysis and increased carbohydrates viscosi-
ty, decreasing gastric emptying rate [38,39]. Direct evi-
dence is still lacking in human individuals, and further
studies are needed to investigate the mechanisms of
the acute effect of RS on postprandial glucose and insu-
lin responses.

Our study’s interesting finding is that all eight par-
ticipants rate their palatability of the muffins above the
“neither” level. The most prevalent score was “like very
much” and “like moderately”. These findings indicated
that adding RS to muffins was a suitable method of pre-
paring fiber-rich, palatable starch foods. Our findings
were also consistent with Sanz and colleagues [17],
which compared the appearance, texture, and taste be-
tween the RS-containing muffins (10 g of RS per 100 g of
muffins) and observed no difference between the two
types of muffins. This is important because palatabili-
ty has been shown as a decisive determinant of food
choice and eating behavior [40].

A strength of our study is that we used an equal
amount of digestible carbohydrates in intervention and
control conditions. Given that the oral glucose solu-
tion provides 75 g of carbohydrates, we modified the
muffin recipe so that the total carbohydrates in the
RS-supplemented muffins were 105 g per serving, pro-
viding 75 g of digestible carbohydrates plus 30 g of RS.
This approach was different from previous studies in
which a certain portion of regular starch was replaced
with RS, and the number of digestible carbohydrates
was reduced [16,28-30]. Since the reduced amount of
digestible carbohydrates can lead to lower postprandi-
al glucose levels, our study provided more convincing
evidence that the intake of RS supplementation rather
than the reduced carbohydrates content attenuated the
postprandial glucose levels following the consumption
of starch-containing food. A limitation of our study is
that we only measured glucose levels for 2 hours during
the postprandial state. However, one previous study
has shown that the ingestion of RS during breakfast im-
proved glucose tolerance at lunch, suggesting a second
meal effect [18]. Since the fermentation process may
last up to 16 hours after an acute RS intake, it remains
elucidated whether RS can impact glucose levels in the
following meals after the second meal.

In conclusion, the RS muffins supplemented with 30
g of RS could reduce postprandial glucose and insulin
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responses in abdominally obese adults, meeting the
USDA, AHA, and IOM daily fiber intake recommenda-
tions. The RS-supplemented muffin can be a promising
food supplement for dietary fiber source with a low Gl
and acceptable palatability.

Acknowledgements

This work was supported by the Graduate and Pro-
fessional Student Association at Arizona State Univer-
sity.

Author Disclosure Statement

The authors declare no conflict of interests.

References

1. Reynolds A, Mann J, Cummings J, Winter N, Mete E, et al.
(2019) Carbohydrate quality and human health: A series of
systematic reviews and meta-analyses. Lancet 393: 434-
445,

2. Threapleton DE, Greenwood DC, Evans CE, Cleghorn CL,
Nykjaer C, et al. (2013) Dietary fiber intake and risk of first
stroke: A systematic review and meta-analysis. Stroke 44:
1360-1368.

3. Threapleton DE, Greenwood DC, Evans CE, Cleghorn
CL, Nykjaer C, et al. (2013) Dietary fibre intake and risk
of cardiovascular disease: Systematic review and meta-
analysis. BMJ 19: 6879.

4. Montonen J, Knekt P, Jarvinen R, Aromaa A, Reunanen A
(2003) Whole-grain and fiber intake and the incidence of
type 2 diabetes. Am J Clin Nutr 77: 622-629.

5. Chandalia M, Garg A, Lutjohann D, von Bergmann K,
Grundy SM, et al. (2000) Beneficial effects of high dietary
fiber intake in patients with type 2 diabetes mellitus. N Engl
J Med 342: 1392-1398.

6. Salmeron J, Manson JE, Stampfer MJ, Colditz GA, Wing
AL, et al. (1997) Dietary fiber, glycemic load, and risk of
non-insulin-dependent diabetes mellitus in women. JAMA
277: 472-477.

7. Lindstrém J, Peltonen M, Eriksson JG, Louheranta A,
Fogelholm M, et al. (2006) High-fibre, low-fat diet predicts
long-term weight loss and decreased type 2 diabetes risk:
The Finnish Diabetes Prevention Study. Diabetologia 49:
912-920.

8. Anderson JW, Smith BM, Gustafson NJ (1994) Health
benefits and practical aspects of high-fiber diets. Am J Clin
Nutr 59: 1242S-1247S.

9. U.S. Department of Agriculture, Agricultural Research
Service (2020) Nutrient Intakes from Food and Beverages:
Mean Amounts Consumed per Individual, by Gender and
Age, What We Eat in America, NHANES 2017-2018.

10.Rehm CD, Pefalvo JL, Afshin A, Mozaffarian D (2016)
Dietary intake among US adults, 1999-2012. JAMA 315:
2542-2553.

11. King DE, Mainous AG, Lambourne CA (2012) Trends in
dietary fiber intake in the United States, 1999-2008. J Acad
Nutr Diet 112: 642-648.

12. Krauss RM, Eckel RH, Howard B, Appel LJ, Daniels SR,
et al. (2000) AHA Dietary Guidelines: Revision 2000: A
statement for healthcare professionals from the Nutrition
Committee of the American Heart Association. Circulation
102: 2284-2299.

e Page 50f 6



https://doi.org/10.23937/2572-3278/1510048
https://pubmed.ncbi.nlm.nih.gov/30638909/
https://pubmed.ncbi.nlm.nih.gov/30638909/
https://pubmed.ncbi.nlm.nih.gov/30638909/
https://pubmed.ncbi.nlm.nih.gov/30638909/
https://pubmed.ncbi.nlm.nih.gov/23539529/
https://pubmed.ncbi.nlm.nih.gov/23539529/
https://pubmed.ncbi.nlm.nih.gov/23539529/
https://pubmed.ncbi.nlm.nih.gov/23539529/
https://pubmed.ncbi.nlm.nih.gov/24355537/
https://pubmed.ncbi.nlm.nih.gov/24355537/
https://pubmed.ncbi.nlm.nih.gov/24355537/
https://pubmed.ncbi.nlm.nih.gov/24355537/
https://pubmed.ncbi.nlm.nih.gov/12600852/
https://pubmed.ncbi.nlm.nih.gov/12600852/
https://pubmed.ncbi.nlm.nih.gov/12600852/
https://pubmed.ncbi.nlm.nih.gov/10805824/
https://pubmed.ncbi.nlm.nih.gov/10805824/
https://pubmed.ncbi.nlm.nih.gov/10805824/
https://pubmed.ncbi.nlm.nih.gov/10805824/
https://pubmed.ncbi.nlm.nih.gov/9020271/
https://pubmed.ncbi.nlm.nih.gov/9020271/
https://pubmed.ncbi.nlm.nih.gov/9020271/
https://pubmed.ncbi.nlm.nih.gov/9020271/
https://pubmed.ncbi.nlm.nih.gov/16541277/
https://pubmed.ncbi.nlm.nih.gov/16541277/
https://pubmed.ncbi.nlm.nih.gov/16541277/
https://pubmed.ncbi.nlm.nih.gov/16541277/
https://pubmed.ncbi.nlm.nih.gov/16541277/
https://pubmed.ncbi.nlm.nih.gov/8172129/
https://pubmed.ncbi.nlm.nih.gov/8172129/
https://pubmed.ncbi.nlm.nih.gov/8172129/
https://pubmed.ncbi.nlm.nih.gov/27327801/
https://pubmed.ncbi.nlm.nih.gov/27327801/
https://pubmed.ncbi.nlm.nih.gov/27327801/
https://pubmed.ncbi.nlm.nih.gov/22709768/
https://pubmed.ncbi.nlm.nih.gov/22709768/
https://pubmed.ncbi.nlm.nih.gov/22709768/
https://pubmed.ncbi.nlm.nih.gov/11056107/
https://pubmed.ncbi.nlm.nih.gov/11056107/
https://pubmed.ncbi.nlm.nih.gov/11056107/
https://pubmed.ncbi.nlm.nih.gov/11056107/
https://pubmed.ncbi.nlm.nih.gov/11056107/

DOI: 10.23937/2572-3278/1510048

ISSN: 2572-3278

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Institute of Medicine, Food and Nutrition Board (2005)
Dietary Reference Intakes: Energy, Carbohydrates, Fiber,
Fat, Fatty Acids, Cholesterol, Protein and Amino Acids.
Washington, DC: National Academies Press.

.Sajilata MG, Singhal RS, Kulkarni PR (2006) Resistant

starch-A review. Compr Rev food Sci food Saf 5: 1-17.

Al-Tamimi EK, Seib PA, Snyder BS, Haub MD (2010)
Consumption of cross-linked resistant starch (RS4XL) on
glucose and insulin responses in humans. J Nutr Metab
2010: 10-15.

Behall KM, Scholfield DJ, Hallfrisch JG, Liljeberg-Elmstahl
HGM (2006) Consumption of both resistant starch and
B-glucan improves postprandial plasma glucose and insulin
in women. Diabetes Care 29: 976-981.

Sanz T, Salvador A, Baixauli R, Fiszman SM (2009)
Evaluation of four types of resistant starch in muffins. Il.
Effects in texture, colour and consumer response. Eur Food
Res Technol 229: 197-204.

Rahat-Rozenbloom S, Fernandes J, Cheng J, Gloor
GB, Wolever TMS (2017) The acute effects of inulin and
resistant starch on postprandial serum short-chain fatty
acids and second-meal glycemic response in lean and
overweight humans. Eur J Clin Nutr 71: 227-223.

Li M, Piao J-H, Tian Y, Wei-Dong Li, Ke-Ji Li, et al. (2010)
Postprandial glycaemic and insulinaemic responses to
GM-resistant starch-enriched rice and the production of
fermentation-related H2 in healthy Chinese adults. Br J
Nutr 103: 1029-1034.

Hallstrém E, Sestili F, Lafiandra D, Bjérck |, Ostman E
(2011) A novel wheat variety with elevated content of
amylose increases resistant starch formation and may
beneficially influence glycaemia in healthy subjects. Food
Nutr Res 55: 1-8.

Kwak JH, Paik JK, Kim HI, Kim QY, Shin DY, et al. (2012)
Dietary treatment with rice containing resistant starch
improves markers of endothelial function with reduction of
postprandial blood glucose and oxidative stress in patients
with prediabetes or newly diagnosed type 2 diabetes.
Atherosclerosis 224: 457-464.

U.S. Department of Agriculture and U.S. Department of
Health and Human Services (2020) Dietary Guidelines for
Americans, 2020-2025. (9" edn).

Stumvoll M, Mitrakou A, Pimenta W, Jenssen T, Yki-
Jarvinen H, et al. (2000) Use of the oral glucose tolerance
test to assess insulin release and insulin sensitivity.
Diabetes Care 23: 295-301.

Peryam DR, Pilgrim FJ (1957) Hedonic scale method of
measuring food preferences. Food Technol 11: 9-14.

Evert AB, Boucher JL, Cypress M, Dunbar SA, Franz MJ,
et al. (2014) Nutrition therapy recommendations for the
management of adults with diabetes. Diabetes Care 37:
120-143.

Schulze MB, Schulz M, Heidemann C, Dunbar SA, Franz
MJ, et al. (2007) Fiber and magnesium intake and incidence

Ma and Lee. J Nutri Med Diet Care 2021, 7:048

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

of type 2 diabetes: A prospective study and meta-analysis.
Arch Intern Med 167: 956-965.

Krauss RM, Deckelbaum RJ, Ernst N, Fisher E, Howard BV,
et al. (1996) Dietary guidelines for healthy American adults.
A statement for health professionals from the Nutrition
Committee, American Heart Association. Circulation 94:
1795-1800.

Krezowski PA, Nuttall FQ, Gannon MC, Billington CJ, Parker
S (1987) Insulin and glucose responses to various starch-
containing foods in type Il diabetic subjects. Diabetes Care
10: 205-212.

Bodinham CL, Frost GS, Robertson MD (2010) Acute
ingestion of resistant starch reduces food intake in healthy
adults. Br J Nutr 103: 917-922.

Raben A, Christensen J, Hoist J, Madsen J, Holst JJ,
et al. (1994) Resistant hormonal starch: The effect on
postprandial response, and satiety. Am J Clin Nutr 60: 544-
551.

Yamada Y, Hosoya S, Nishimura S, Tanaka T, Kajimoto
Y, et al. (2005) Effect of bread containing resistant starch
on postprandial blood glucose levels in humans. Biosci
Biotechnol Biochem 69: 559-566.

Hoebler C, Karinthi A, Chiron H, Champ M, Barry JL (1999)
Bioavailability of starch in bread rich in amylose: Metabolic
responses in healthy subjects and starch structure. Eur J
Clin Nutr 53: 360-366.

Robertson MD, Bickerton AS, Dennis AL, Vidal H, Frayn
KN (2005) Insulin-sensitizing effects of dietary resistant
starch and effects on skeletal muscle and adipose tissue
metabolism. Am J Clin Nutr 82: 559-567.

Crouse JR, Gerson CD, DeCarli LM, Lieber CS (1968)
Role of acetate in the reduction of plasma free fatty acids
produced by ethanol in man. J Lipid Res 9: 509-512.

Tarini J, Wolever TMS (2010) The fermentable fibre inulin
increases postprandial serum short-chain fatty acids and
reduces free-fatty acids and ghrelin in healthy subjects.
Appl Physiol Nutr Metab 35: 9-16.

Roden M, Price TB, Perseghin G, Petersen KF, Rothman
DL, et al. (1996) Mechanism of free fatty acid-induced
insulin resistance in humans. J Clin Invest 97: 2859-2865.

Boden G, Lebed B, Schatz M, Homko C, Lemieux S (2001)
Effects of acute changes of plasma free fatty acids on
intramyocellular fat content and insulin resistance in healthy
subjects. Diabetes 50: 1612-1617.

Hu P, Zhao H, Duan Z, Linlin Z, Wu D (2004) Starch
digestibility and the estimated glycemic score of different
types of rice differing in amylose contents. J Cereal Sci 40:
231-237.

Ehrlein H, Prove J (1982) Effect of viscosity of test meals
on gastric emptying in dogs. Q J Exp Physiol 67: 419-425.

Pliner P, Mann N (2004) Influence of social norms and
palatability on amount consumed and food choice. Appetite
42: 227-237.

CLINMED

INTERNATIONAL LIBRARY

e Page 6 of 6 o



https://doi.org/10.23937/2572-3278/1510048
https://pubmed.ncbi.nlm.nih.gov/17502538/
https://pubmed.ncbi.nlm.nih.gov/17502538/
https://pubmed.ncbi.nlm.nih.gov/8840887/
https://pubmed.ncbi.nlm.nih.gov/8840887/
https://pubmed.ncbi.nlm.nih.gov/8840887/
https://pubmed.ncbi.nlm.nih.gov/8840887/
https://pubmed.ncbi.nlm.nih.gov/8840887/
https://pubmed.ncbi.nlm.nih.gov/3556106/
https://pubmed.ncbi.nlm.nih.gov/3556106/
https://pubmed.ncbi.nlm.nih.gov/3556106/
https://pubmed.ncbi.nlm.nih.gov/3556106/
https://pubmed.ncbi.nlm.nih.gov/19857367/
https://pubmed.ncbi.nlm.nih.gov/19857367/
https://pubmed.ncbi.nlm.nih.gov/19857367/
https://pubmed.ncbi.nlm.nih.gov/8092089/
https://pubmed.ncbi.nlm.nih.gov/8092089/
https://pubmed.ncbi.nlm.nih.gov/8092089/
https://pubmed.ncbi.nlm.nih.gov/8092089/
https://pubmed.ncbi.nlm.nih.gov/15784985/
https://pubmed.ncbi.nlm.nih.gov/15784985/
https://pubmed.ncbi.nlm.nih.gov/15784985/
https://pubmed.ncbi.nlm.nih.gov/15784985/
https://pubmed.ncbi.nlm.nih.gov/10369490/
https://pubmed.ncbi.nlm.nih.gov/10369490/
https://pubmed.ncbi.nlm.nih.gov/10369490/
https://pubmed.ncbi.nlm.nih.gov/10369490/
https://pubmed.ncbi.nlm.nih.gov/16155268/
https://pubmed.ncbi.nlm.nih.gov/16155268/
https://pubmed.ncbi.nlm.nih.gov/16155268/
https://pubmed.ncbi.nlm.nih.gov/16155268/
https://pubmed.ncbi.nlm.nih.gov/5725882/
https://pubmed.ncbi.nlm.nih.gov/5725882/
https://pubmed.ncbi.nlm.nih.gov/5725882/
https://pubmed.ncbi.nlm.nih.gov/20130660/
https://pubmed.ncbi.nlm.nih.gov/20130660/
https://pubmed.ncbi.nlm.nih.gov/20130660/
https://pubmed.ncbi.nlm.nih.gov/20130660/
https://pubmed.ncbi.nlm.nih.gov/8675698/
https://pubmed.ncbi.nlm.nih.gov/8675698/
https://pubmed.ncbi.nlm.nih.gov/8675698/
https://www.sciencedirect.com/science/article/abs/pii/S0733521004000669
https://www.sciencedirect.com/science/article/abs/pii/S0733521004000669
https://www.sciencedirect.com/science/article/abs/pii/S0733521004000669
https://www.sciencedirect.com/science/article/abs/pii/S0733521004000669
https://pubmed.ncbi.nlm.nih.gov/7111662/
https://pubmed.ncbi.nlm.nih.gov/7111662/
https://pubmed.ncbi.nlm.nih.gov/15010187/
https://pubmed.ncbi.nlm.nih.gov/15010187/
https://pubmed.ncbi.nlm.nih.gov/15010187/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1541-4337.2006.tb00076.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1541-4337.2006.tb00076.x
https://pubmed.ncbi.nlm.nih.gov/20798767/
https://pubmed.ncbi.nlm.nih.gov/20798767/
https://pubmed.ncbi.nlm.nih.gov/20798767/
https://pubmed.ncbi.nlm.nih.gov/20798767/
https://pubmed.ncbi.nlm.nih.gov/16644623/
https://pubmed.ncbi.nlm.nih.gov/16644623/
https://pubmed.ncbi.nlm.nih.gov/16644623/
https://pubmed.ncbi.nlm.nih.gov/16644623/
https://pubmed.ncbi.nlm.nih.gov/27966565/
https://pubmed.ncbi.nlm.nih.gov/27966565/
https://pubmed.ncbi.nlm.nih.gov/27966565/
https://pubmed.ncbi.nlm.nih.gov/27966565/
https://pubmed.ncbi.nlm.nih.gov/27966565/
https://pubmed.ncbi.nlm.nih.gov/19930763/
https://pubmed.ncbi.nlm.nih.gov/19930763/
https://pubmed.ncbi.nlm.nih.gov/19930763/
https://pubmed.ncbi.nlm.nih.gov/19930763/
https://pubmed.ncbi.nlm.nih.gov/19930763/
https://pubmed.ncbi.nlm.nih.gov/21876685/
https://pubmed.ncbi.nlm.nih.gov/21876685/
https://pubmed.ncbi.nlm.nih.gov/21876685/
https://pubmed.ncbi.nlm.nih.gov/21876685/
https://pubmed.ncbi.nlm.nih.gov/21876685/
https://pubmed.ncbi.nlm.nih.gov/22954674/
https://pubmed.ncbi.nlm.nih.gov/22954674/
https://pubmed.ncbi.nlm.nih.gov/22954674/
https://pubmed.ncbi.nlm.nih.gov/22954674/
https://pubmed.ncbi.nlm.nih.gov/22954674/
https://pubmed.ncbi.nlm.nih.gov/22954674/
https://pubmed.ncbi.nlm.nih.gov/10868854/
https://pubmed.ncbi.nlm.nih.gov/10868854/
https://pubmed.ncbi.nlm.nih.gov/10868854/
https://pubmed.ncbi.nlm.nih.gov/10868854/
https://psycnet.apa.org/record/1959-02766-001
https://psycnet.apa.org/record/1959-02766-001
https://pubmed.ncbi.nlm.nih.gov/24357208/
https://pubmed.ncbi.nlm.nih.gov/24357208/
https://pubmed.ncbi.nlm.nih.gov/24357208/
https://pubmed.ncbi.nlm.nih.gov/24357208/
https://pubmed.ncbi.nlm.nih.gov/17502538/
https://pubmed.ncbi.nlm.nih.gov/17502538/

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Participants
	Research design 
	Protocols
	Statistical analysis 

	Results
	Discussion
	Acknowledgements
	Author Disclosure Statement 
	Table 1
	Table 2
	Figure 1
	Figure 2
	References 

