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Abstract Microwave heat treatment is one of the most widely used starch physical
modification techniques in analyzing the increase in resistant starch levels in
foodstuffs. However, this technique has varying effects on each type of high-
carbohydrate food. This study aims to analyze the type of carbohydrate food that
significantly increases the levels of resistant starch and prebiotic properties by the
microwave heat treatment technique. This study used 31 articles that were
analyzed and selected through the PRISMA guide method from 11.232 selected
libraries. Secondary data will be analyzed based on the percentage of Effect Size
Hedges'd (standardized mean difference/SMD) and confidence interval (CI) values
using OpenMEE software. The meta-analysis results showed that the microwave
heat treatment method on high-carbohydrate foods had a significant effect on
increasing levels of resistant starch and prebiotic properties (SMD 2.755; 95% CI.:
2.106 to 3.403; P <0.001). Based on the meta-analysis results, it can be
concluded that the microwave heat treatment technology has a significant effect
with a 95% confidence level in increasing levels of resistant starch and prebiotic
properties in high-carbohydrate foods.
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INTRODUCTION

Resistant starch is a starch fraction that cannot be digested by digestive
enzymes and is resistant to gastric acid so that it can reach the colon and be
fermented by probiotic bacteria. Resistant starch is claimed to have bené€ficial
physiological effects such as colon cancer prevention, hypoglycemic and
cholesterol-lowering effects (Sajilata et al., 2006). Resistant starch is part of the
starch fraction that cannot be digested by pancreatic enzymes in the small intestine.
Since starch consists only of amylose and amylopectin, after digestion, starch is
converted into simpler components (monosaccharides) by the amylase enzyme
(Lombu et al., 2018). The principle of physical change of starch is generally heating.
Physical modification treatments include extrusion, parboil, steaming, microwave
irradiation, roasting, and hot water treatment. The physical modification methods
can increase the content of resistant starch (Sajilata et al., 2006).

Microwave techniques using microwaves are included in the physical
modification. The principle of microwave heat treatment is the dielectric microwave
heating effect and the electromagnetic polarization effect. The polar molecules of
starch particles rub against each other in a microwave field, generating a lot of heat.
Thus, the temperature of the starch granules increases, changing the structure
physical and chemical properties of starch (Fan et al., 2013; Lewandowicz et al.,
2000).

Microwave heat treatment (MHT) affects starch through dielectric heating and
electromagnetic polarization effects (Bilbao-Sainz et al., 2007). The modification
changes the physicochemical properties of starch and can improve the function of
the original starch (Bemiller and Huber, 2015). Previously reported studies on millet
starch focused on plant breeding and genotype (Wang et al., 2017), or compare the
physicochemical properties of different varieties (Wang et al., 2018). Microwave
gelatinization can destroy the crystallinity of starch before particle expansion,
microwave gelatinization destroys the crystal structure of starch, and the molecular
chain is broken. It has been reported that microwave heating can alter the features
of starch through gelatinization and enzymatic resistance as well as molecular
structure and arrangement (Fan et al., 2014).

The effect of microwave radiation on starch digestibility has been studied
extensively (Emmi et al., 2012; Zeng et al., 2016). Generally, retrogradation occurs
after microwave exposure, and the time of retrogradation affects starch digestibility.
However, several studies using microwave irradiation in food resulted in different
properties and levels of resistant starch. Meta-analysis can contain the latest
information on increasing the properties and levels of resistant starch in foodstuffs
with modified microwave treatment. Hence, this study aimed to investigate the type
of carbohydrate food that has a significant effect on increasing levels of resistant
starch and prebiotic properties through microwave heat treatment techniques.

MATERIAL AND METHODS

Materials

The materials used in this meta-analysis are research articles from reputable
and accredited international publications from various online database web servers
such as Science Direct, Wiley Online Library, Taylor & Francis Online, Springer Link,
and Google Scholars.

Library Search Strategy

Analysis and selection of literature were carried out by following the rules of
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) is
a series of analytical processes to select the required literature (Borenstein et al.,
2009). PRISMA rules are used to facilitate reporting in the research journal selection
process. The library selection is divided into several stages, namely selection based
on title and duplication, selection based on abstract, selection based on method,
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and full-text selection. The literature was searched through the web server database
Science Direct, Wiley Online Library, Taylor & Francis Online, Springer Link, and
Google Scholars, using the keywords “"microwave, resistant starch, foodstuff”. The
three keywords are combined using a Boolean operator with the expression "and"
then a selection is added in the form of the year of publication of the article (2011-
2021) to narrow the search.

Study Library Selection

The selection of research literature was based on screening titles and abstracts
and then reviewed to determine their suitability with predetermined inclusion and
exclusion criteria. The inclusion criteria were the selection of a library of
international journal reputable. The selected research is also the result of primary
data research published in the last 10 years (2011-2021). It has data on levels of
resistant starch before microwave treatment (control data) and after microwave
treatment (experimental data) and is limited to research using microwave heat
treatment techniques. Exclusion criteria were the study of research results using
starch processing methods, analysis of prebiotic properties, and additional
treatment methods other than microwave heat treatment (autoclaving cooling,
lintnerization acid hydrolysis, and annealing).

Data collection

The research data in the selected study from the journal webserver using
Zotero's assistance was then extracted into a Microsoft Excel worksheet. Data were
collected based on the author's name, year of publication, food ingredients, a mean
and standard deviation of control and experimental resistant starch levels, and the
number of replicates.

Statistical Analysis

The data were analyzed using the Hedges'd effect (Standardized Mean
Difference / SMD) with a 95% confidence interval (confidence interval value) by
analyzing the Effect Size of the data using OpenMEE software (Wallace et al., 2017).
The data collected from the selected journals are the mean, standard deviation or
standard error, and the number of repeated attempts. SMD with a corresponding
95% CI, pooled using a random-effects model. According to Higgins (2016), if the
exploration of heterogeneity across studies is carried out using an index of 1”2
(In2> 50% indicates good heterogeneity). The moderator variables for analysis for
the sub-groups were food, place, and prebiotic properties. Meta-analysis was
carried out using OpenMEE software with the output in the form of forest plots for
analysis.

RESULTS

Study Library Selection

The references obtained from the selection process in the database are 11,232
references. Overall, the input references into Zotero software is to remove the same
duplicate references and get 703 references, then proceed with selection based on
the abstracts obtained by 289 references. The results of the next selection removed
258 references because they did not analyze prebiotic properties and did not include
complete quantitative data in the form of resistant starch content data before
microwave treatment (control data) and after microwave treatment (experimental
data). Library selection is also carried out based on literature published from
reputable international journals. The selected references are also the result of
primary data research published in the last 10 years (2011-2021) and are limited
to studies using heat moisture treatment techniques. A total of 31 complete libraries
were used as relevant material in the meta-analysis study as shown in Figure 1.
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Figure 1. The process of selecting literature/study articles for further
meta-analysis.

Data analysis of the content of indigestible starch from each selected library
was obtained up to 31 data. Table 1 summarizes the data for each study. The entire
data is then processed in the OpenMEE worksheet to determine the Effect Size
value, heterogeneity/inconsistency value (I”2), and p-value. Effect Size values
from each study were re-analyzed using OpenMEE to determine the combined effect
measurement value with a 95% confidence interval (CI) with a significance level of
0.05. The Effect Size value is the Hedges'd (Standardized Mean Difference/SMD)
value to analyze the treatment effects that have a relationship.

Table 1. Data on changes in levels of resistant starch in foodstuffs.

No Foodstuffs Control Resistant starch Changes in Literature review
resistant after resistant
starch (%) modification (%) starch (%)
Millet starch 14.50 17.95 3.45 Zheng et al.,(2019)
2 Caltrop starch 16.06 44,93 28.87 Wei et al.,(2020)
3 Potato 5.89 9.96 4.06 Narwojsz et al.,
(2020)
4 Bananas 19.88 29.54 9.66 Sanchez-Rivera
5 Corn starch 22.29 22.65 0.36 etal. (2013)
6 Rice starch 3.00 34.95 31.94 Li et al., (2019)
7 Corn starch 22.00 58.78 36.78 Wang et al., (2019)
8 Potato starch 22.28 57.88 35.60
9 Jasmine brown rice 3.00 3.87 0.87 Krongworakul et al.,
(2020)
10 Rice ADT-46 11.23 20.95 9.72 Kanagaraj et al.,
11 Barnyard millet 12.45 22.62 10.18 (2019)
CO2
12 Lentil Green (CDC 5.46 7.40 1.93 Nongmaithem et al.,
Greenland) (2017)
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No Foodstuffs Control Resistant starch Changes in Literature review
resistant after resistant
starch (%) modification (%) starch (%)
13  Lentil Red (CDC 4.66 9.69 5.03
Maxim)

14  Buckwheat 6.59 19.69 13.11 Wang et al.,(2017)

15  Tuber 17.63 41.11 23.48 Barua et al., (2021)

16  Bulbs 9.05 47.09 38.04 Chen et al., (2016)

17  Chinese yams 16.35 40.67 24.31 Chen et al., (2017)

18 Taro tubers 14.77 96.84 82.08 Deka et al., (2016)

19  Chinese yams 13.57 26.23 12.67 Duang et al., (2020)

20 Barley 11.20 20.30 9.10 Emami et al., (2012)

21  Brown rice 1.58 14.35 12.78 Haung et al., (2021)

22  Potato tubers 8.67 22.99 14.32 Larder et al., (2019)

23  Japonica rice 16.00 57.46 41.45 Li et al., (2014)

24  Indica rice 23.42 49.48 26.06 Li et al., (2020)

25 Sorghum (LML1) 5.61 30.84 25.24 Li et al., (2021)

26  Sorghum (LZ13) 8.56 28.01 19.45

27  Sorghum (HN) 8.38 28.04 19.66

28 Faba bean 8.55 30.15 21.60 Liu et al., (2020)

29 Lentil 10.65 33.25 22.60

30 Pea 14.45 30.80 16.35

31 Cassava starch 24.13 39.26 15.13 Sumardiono et al.,
(2018)

32  Corn starch (Hylon 35.58 42.07 6.49 Mutlu et al., (2018)

VII

33 Bre;dfruit 20.57 37.43 16.86 Otemuyiwa et al.,
(2021)

34 Canna starch 12.67 41.63 28.96 Zhang et al., (2010)

35 Sago starch 12.61 34.40 21.78 Zailania et al.,
(2022)

36 Indica rice 20.11 42.04 21.93 Liu et al., (2021)

37 Rice 62.83 72.14 9.31 Thuengtung et al.,
(2019)

38 Canna starch 22.61 59.61 37.00 Wu et al., (2020)

39 Sago starch 11.89 32.99 21.09 Zailani et al., (2021)

Note: The average levels of control resistant starch (n= 39); 15% (n= 39); 15 %
The average content of resistant starch after modification (n= 39); 34.87 %
The average increase in resistant starch (n= 39); 77.930 %

Data analysis

The results of the forest plot meta-analysis using OpenMEE (Figure 2) showed that there
was a significant effect in the microwave heat treatment process on increasing levels of
resistant starch, with a combined SMD effect value of 2.755 with 95% CI (2.106 to 3.403)
P <0.001 and the heterogeneity value (I”~2) was categorized as high, namely 77,138 IN2.
The meta-analysis used Continuous Random-Effects Model analysis to see differences
between one study and another. So, the interpretation of the heterogeneity value is to see
the diversity between the analyzed studies. A meta-analysis study can be said to be good if
it has a heterogeneity value close to 100%. The higher the heterogeneity value between
studies, the more heterogeneous and can represent the diversity of the data for each study
(Wallace et al., 2017)
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Figure 2. Forest plot of the results of the meta-analysis study of all data.
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Figure 3. Forest plot of the results of the meta-analysis of the study of the
effect of different types of carbohydrate foods on increasing resistance
starch levels.
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Figure 4. Forest plot of the results of the meta-analysis of the study of the
effect of carbohydrate foods on prebiotic properties.

The Effect of Different Carbohydrate Foodstuffs on Increasing

Resistance Starch Levels

Forest plot data analysis results from the effect of different types of
carbohydrate foods are presented in Figure 3. The results of the forest plot showed
that high-carbohydrate foods had a significant effect on increasing levels of resistant
starch with an SMD effect value of 2.775 with 95% CI (2.106 to 3.403) P <0.001
and the value of heterogeneity (I”2) were categorized as high, namely 77.138. The
results of the forest plot for the carbohydrate food sub-group data stated that
generally, the modified microwave heat treatment technique for the whole food
material had a significant effect on increasing levels of resistant starch.

Effect Size value data indicate that in general the results of the meta-analysis
support the theory that the relationship between modified microwave heat
treatment techniques and increased levels of resistant starch is interrelated. There
are 12 data on food materials whose levels of resistant starch did not increase
significantly, namely millet starch, potato, corn starch, tuber, barley, potato tubers,
indica rice, sorghum (LZ13), lentil, pea, cassava starch, canna starch.
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Effect of Carbohydrate Foodstuffs on Prebiotic Properties

Further research was conducted to determine how the effect of the type of
carbohydrate food on the prebiotic properties. Each prebiotic trait test was divided
into the starch composition (SC), amylose interaction (Al), lactic acid bacteria
viability (VBAL), enteropathogenic Escherichia coli (VEPEC) viability in the literature
were analyzed and forest plot data were obtained as shown in Figure 4. Based on
the results in the forest plot, the type of carbohydrate food had a significant effect
on the prebiotic properties with an SMD effect value of 2.775 with a 95% CI (2.106
to 3.403) P <0.001. The value of the effect size of food ingredients has a
proportional effect on the prebiotic properties. The effect size value describes the
average of each meta-analysis study that can be distributed (Borenstein et al.,
2009).

DISCUSSION

Physical modification techniques with microwave treatment for high-
carbohydrate foods have a significant effect on increasing resistant starch levels by
interpreting the data on the significant value of the effect of increased resistant
starch levels (SMD 2.755; 95% CI): 2.106 to 3,403; P <0.001 and heterogeneity
value (In2) 77,138. Microwaves cause polar and ionic molecules in starch granules
to vibrate, causing friction that produces heat energy (Wang et al., 2019). This
allows uniform heating of starch causing changes in the starch granule structure.
Microwave heat treatment has been applied to various starches such as corn starch,
potato starch, and Bambara bean starch (Xie et al., 2013; Yang et al., 2017;
Oyeyinka et al., 2019). Microwave irradiation can cause changes in the internal
structure and morphology of starch granules (Oyeyinka et al., 2019).

The microwave heat treatment technique was carried out using the influence
of temperature and treatment time which showed that heating starch or flour to
>100°C helped to produce functionality equivalent to that obtained by chemical
crosslinking (Lim et al., 2002). Starch with normal amylose content is known that
cooking at a temperature >100°C can increase the yield of type RS 3 (Sajilata
et al., 2006). The hypothesis tested in the meta-analysis study was that the greater
the increase in the levels of resistant starch, the higher the effect of the modified
microwave heat treatment technique on the food ingredients.

Signs of decreased levels of resistant starch were related to the degradation
process of RS1 and RS2 after modification, with the degradation process of RS1 and
RS2 being more dominant due to a decrease due to overheating and causing a
decrease in the percentage of distribution chain with a degree of polymerization
(DP) 25-30. In the starch gelatinization process, if excess water is added and heated
for a certain time and temperature, the birefringence properties of the starch
granules will be lost, and the starch granules will swell and cannot return to their
original state (irreversible) (Zabar et al. al., 2008). Heating the starch suspension
above the gelatinization temperature can cause hydrogen bonds to occur.

The type of food high in carbohydrates had a significant effect on increasing
prebiotic properties (P <0.001) with an SMD effect value of 4.045 with 95% CI.
Li et al., (2014) reported that in the microwave heating treatment of rice starch, in
vitro starch digestibility was measured by the simulative digestion method. In vitro
and micromorphology obtained by SEM. Microwave-heated rice starch has a larger
swell and smaller gap between starch granules when compared to conductive
heating. The concentration of digestibility of reducing sugars and glucose in vitro
was higher in rice starch cooked by microwave heating. Amylose and amylopectin
levels of modified starch were also influenced by several factors such as reducing
sugar content, starch digestibility, starch composition, fiber content, starch
gelatinization, and starch retrogradation (Afolabi et al., 2018).
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CONCLUSION

This meta-analysis concluded that microwave treatment had a significant
effect with a 95% confidence level in increasing the levels of resistant starch and
increasing the prebiotic properties of high-carbohydrate foods. Limitations of this
meta-analysis need to study more deeply about the location of high-carbohydrate
foods.
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