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Introduction

	 Obesity is a non-communicable disease de-
fined as the accumulation of excessive fat impairing 
human health and is the fifth global health problem 
with a high risk of death [1]. Unbalancing energy and 
shifting diet patterns with the domination of snacks 
and high hydrogenated fats with a low fiber diet has 
led to increased obesity incidence, a serious problem 
[2]. The rising of obesity prevalence has been a health 
concern because it can provoke several diseases,  
most notably cardiovascular disease, diabetes, and can-
cers [3].

	 The problem of obesity is faced around the 
world, including developing countries or developed 
countries [4], since the global prevalence is estimated 
to be around 2.1 billion people in 2013 [5]. The trends of 
obesity increase radically, and high-income countries 
(several European countries), and several low-income 
countries (i.e., Mexico, Egypt, and South Africa) have 
equitably high rates of obesity among women. Mean-
while, in large countries (i.e., China), the rate of obe-
sity involves more than 20% of women and men [2]. 
Further, reports suggest that by 2025, obesity will be a 
major cause of death among the population of Europa 
North America, Australia and New Zealand, East Asia, 
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Abstract
Introduction: The gut microbiome has been known to affect the immune, gastrointestinal, nervous, and cardiovascular sys-
tems, and it can also alter the host metabolism and trigger metabolic syndrome, resulting in obesity. The two major phyla of 
the gut microbiome, Bacteriodetes and Firmicutes, are known to be altered in obese individuals compared with the healthy 
ones. Local Indonesian yam was identified to contain high insoluble and soluble fiber that is fermented by the microbiome 
in the gut of the host and is a specific nutrient for the gut microbiome. Therefore, we aimed to compare the gut microbiome 
composition in obese individuals supplemented with local Indonesian yam as the tested snack with obese individuals sup-
plemented by wheat fluor as the standard snack. Material and Methods:  A high-throughput screening method by real-time 
quantitative polymerase chain reaction (qPCR) was used to observe the gut microbiome composition, including Bacteriodetes 
and Firmicutes phyla, Bacteriodetes-Prevotella-Porphyromonas groups, C. coccoides-Eubacterium rectale groups, Lactobacil-
lus spp., and Bifidobacterium spp. Cq values were further normalized by all bacteria as a reference. We compared ΔCq before 
and after the intervention and used the paired sample t-test to analyze the significant differences. Results: Our results found 
that obese individuals supplemented with the tested snack that contained local Indonesian yam showed a significant increase 
in Bifidobacterium spp. and Clostridium coccoides-Eubacterium rectale groups (p<0.05). Conclusions: Finally, we suspect 
that local Indonesian yam could have a specific prebiotic function to modulate specific gut microbiome rand improve gut mi-
crobiota composition in obese individuals.  
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and South Asia [6].  
	 The gut microbiome has emerged as a popular 
research topic due to its implication on the health and 
diseases of its host. Recently, advanced technologies 
reported that the human gut microbiome affected the 
immune, gastrointestinal, nervous and cardiovascu-
lar systems [7]; the gut microbiome could also alter the 
metabolism and degrade several metabolic compounds 
of their host, which could impact the metabolism of 
the host [8]. The connection of gut microbiome with 
energy homeostasis and inflammation, contributing 
to disease-related to obesity, insulin resistance, and 
diabetes pathogenesis, is surprisingly observed when 
using an animal model. The mechanisms included en-
hanced energy harvest, altered fatty acid metabolism 
and composition of the adipose tissue and liver, induc-
tion of peptide YY and glucagon-like-peptide (GLP)-1 
secretion, activation of the lipopolysaccharide toll-like 
receptor-4, and modulation of the intestinal barrier in-
tegrity by GLP-2 [9].
	 The human gut microbiome is composed of 5 
dominated Phyla, including Bacteriodetes, Firmicutes, 
Actinobacteria, Proteobacteria, and Cerrucomicrobia 
[10, 11]. Bacteriodetes and Firmicutes are two main phy-
la that constitute more than 90% of the bacteria in the 
human gut microbiome [11]. The presence of these two 
dominant phyla could be rapidly altered as a response 
in diet changes, in which animal-based diets altered 
the gut microbiome composition more rapidly com-
pared with plant-based diets [12]. The condition caused 
by unbalanced gut microbiota composition is known as 
dysbiosis. The situation is mainly associated with mul-
tiple disease-related gut microbiome dysbioses, such as 
inflammatory bowel disease, Clostridium difficile infec-
tion, autoimmune disorders, and even obesity [13]. In 
obese subjects, a higher ratio of Firmicutes compared 
to Bacteriodetes, and Lactobacillus genus bacteria was 
reported [14].
	 Diet has an important function in determining 
human colon function, and the gut microbiome [15]. 
Consumption of specific prebiotics could modulate the 
growth and composition of gut microbiota [16] as they 
use the prebiotic as a food source to grow. The presence 
of nondigestible carbohydrates, for instance, fructans, 
lactulose, galactooligosaccharides, fructooligosaccha-
rides, soybean oligosaccharides, are already known to 
modulate the growth of Bifidobacterium spp. [15, 17, 18]. 
Likewise, the probiotic consumption will also alter the 

fermentation product as a response since the gut mi-
crobiome is modulated by a specific prebiotic.          
	 In our study, the supplementation was given by 
snack consumption to obese participants, which were 
divided into two groups, the standard snack interven-
tion and tested snack intervention. The standard snack 
was composed of common wheat flour, while the test-
ed snack was made by local Indonesian yam. The qPCR 
method is a fast, reliable, and low-cost method [14] that 
was used to evaluate the gut microbiota composition 
before and after the intervention with the standard 
and tested snack. Bacteriodetes and Firmicutes phyla 
and also Bacteriodetes-Prevotella-Porphyromonas, Clos-
tridium coccoides-Eubacterium rectale, Lactobacillus 
spp., Bifidobacterium spp. groups were followed in the 
gut microbiome. In this present study, we evaluate the 
effect of a high-fiber and antioxidant-rich snack sup-
plementation composed of local Indonesian yam on 
the gut microbiome composition in obese participants. 

Material and Methods 

Study subject and collection of samples

	 Sixty-nine obese subjects (men and women) 
(body mass index ≥ 25 kg/m3) between the ages of 25 
and 56 years were voluntarily recruited from Uni-
versitas Gadjah Mada, Indonesia, between May and 
November 2018. Fifty-seven out of the 69 participants 
collected a fecal sample. Further, we screened for anti-
biotic and probiotic usage using the interview method. 
We excluded the participants who used antibiotics and 
probiotic drinks up to one month before the first inter-
vention day and during the period of intervention (six 
weeks). Finally, 10 subjects, five of whom received the 
standard snack and five received the tested snack, were 
included in the analysis. The Faculty of Medicine, Pub-
lic Health, and Nursing provided ethical approval for 
this study, and written informed consent was obtained 
from each participant.

Genomic DNA isolation from fecal samples

	 Immediately, before DNA isolation, fecal sam-
ples were stored at -20°C until the DNA isolation pro-
cess. 200 mg of feces were used to isolate genomic DNA.  
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Genomic DNA was extracted from the fecal samples by 
using the Stool Kit Isolation (Favorgen, Taiwan). The pro-
tocol isolation was conducted according to manufacturer 
instructions with a modification that involved adding 
lysozyme as an additional enzyme during the first incu-
bation at the isolation stage. The isolated DNA concentra-
tion was measured by Nanodrop (Maestro, Taiwan).

High-throughput screening of gut microbiome  
by real-time quantitative PCR (qPCR)

	 Real-time qPCR was performed using the 
C1000 Thermal Cycler (Bio-Rad) and controlled by CFX 
Manager version 3.1 (Bio-Rad). The sequence primers 
used in this study are listed in Table 1.   

	 Amplifications were performed in a Ther-
mal Cycler 1000 (Bio-Rad) and the total volume used 
was 10 µL (5 µL SYBR Green, 3 µL DNA template,  
1 µL for each primer). The program was as follows:  
1 cycle at 95°C for 5 min, 39 cycles at 95°C for 1 min, with 
the following primers’ annealing temperatures (All  
Bacteria 60.1°C, Bacteroidetes 60°C, Firmicutes 66.4°C, 
Bacteriodes-Prevotella-Porphyromonas groups 67.5°C, 
C. coccoides-E. rectale groups 60°C, Bifidobacterium spp. 
60°C, and Lactobacillus spp. 60°C) for 1 min, and 72°C  
for 30 s with signal acquisition. A melting curve was 
prepared to confirm the specificity of the targeted  
amplicons.

Normalization of qPCR data
	 The qPCR data were normalized by subtract-
ing the value obtained from each targeted bacteria 
group into the “All bacteria” group.

Statistical analysis

	 The data was visualized by the graph of the 
individual value type as mean. Statistical analyses 
of each targeted groups’ bacteria were conducted in 
each group at pre- and post-intervention. The nor-
mality of data was analyzed by using  Shapiro-Walk.  
A paired student’s t-test was used for comparing 
pre- and post-intervention in each group. A Mann- 
Whitney U test was used to compare each group if 
the data were not normally distributed. A p-value  

 
of ≤ 0.05 was considered statistically significant.

Results

Subjects characteristics

	 Sixty-seven subjects were initially includ-
ed in this study, and screening the use of antibiotic 
treatment for one month before the study and during 
the study since the antibiotic usage before and during  
the study would change the gut microbiome composi-
tion. 

Table 1: Sequence primers for real-time PCR.
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	 Further, 24 participants were excluded, and 
the remaining 23 subjects needed to be screened. The 
second screening was conducted to exclude the remain-
ing subjects that consumed probiotic foods and drinks, 
such as yogurt, during the research study. Therefore, 
we obtained 5 subjects in the standard snack group and 
five subjects in the tested snack group.
	 The median age of subjects in the standard 
snack group was 44.00 (31-50) years and 28.00 (21-55) 
years in the tested snack group. The median weight of 
subjects in the standard snack group was 70.30 (66.30-
92.40) kg and 86.60 (58.9-110.6) kg in the tested snack 
group. The median body mass index (BMI) of subjects 
in the standard snack group was 27.60 (26.60-37.20) kg/
m2. The age, weight, and BMI in both groups were not 
significantly different. The baseline characteristics of 
subjects in both groups are shown in Table 2.  

Gut Microbiota Composition

	 We compared the gut microbiota composi-
tion both in subjects supplemented with the standard 
and tested snack. The standard snack was composed 
of 100% wheat flour; meanwhile, the tested snack was 
composed of mixed local Indonesian yam, composed 
of yellow squash, arrowroot, and sweet potato. To ob-
tain the gut microbiota composition, we applied high 
throughput screening by qPCR since this method is 
acceptable for microbiota composition analysis [22]; 
other reports also showed similar results when com-
paring qPCR analysis with other methods such as py-
rosequencing [23]. Here, we showed the ratio of the 
two dominant phyla in gut microbiota composition, 
Bacteriodes to Firmicutes (B/F) ratio (Figure 1). Also, 
bacterial genus-level group compositions, including 

Bacteriodes-Prevotella-Porphyromonas groups, Clostri- 
dium coccoides-Eubacterium rectale groups, Lactoba-
cillus spp., and Bifidobacterium spp. were shown in  
Figures 2-5.
	 In the standard snack, the B/F ratio showed 
a slight decline after the intervention, but it was not 
significantly different. Meanwhile, the tested snack 
showed an increase in the B/F ratio after the inter-
vention, but it was also not significantly different. In 
the Bacteriodes-PrevotellaPorphyromonas group, the 
standard and tested snacks showed an increase in gut 
microbiome composition after the intervention, but 
it was not significantly different. In the C. coccoides-E. 
rectale group, the standard snack showed a decrease 
that was not significantly different. However, in the 
tested snack, the gut microbiota composition in this 
genus-group level was increased, and the difference 
was significant (p=0.019). Interestingly, regarding the 
Lactobacillus groups, both standard and tested snacks 
showed a decrease in this genus microbiome level, yet, 
it was not significantly different. Then, in the Bifido-
bacterium group, the standard snack showed no sig-
nificant decrease in this bacteria group, yet, the tested 
snack showed a significant increase in Bifidobacterium 
(p=0.0149).

Discussion

	 Firmicutes and Bacteriodetes are two dom-
inant phyla of the gut microbiome residing in the 
healthy human gut. Dysbiosis of the gut microbiome 
was thought to lead to obesity since it unbalances en-
ergy absorption in the host metabolism [24]. In our 
study, we found that obese individuals treated with the 
tested snack showed an increasing trend of the Bacte-

Table 2: Subjects’ baseline characteristics.

Age

Weight

BMI

Sex

Male

Female

Standard Snack

44.00 (31-50)

70.30 (66.30-92.40)

27.60 (26.60-37.20)

1

4

Standard Snack

28.00 (21-55)

86.60 (58.9-110.6)

35.80 (25.5-38.7)

1

4

p-value

0.15

0.22

0.84

Note: Values are presented as median (min-max). p-value was considered significant at ≤ 0.05 according to the  
Mann-Whitney U test. BMI: Body Mass Index.
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Figure 1: Bacteriodetes/Firmicutes (B/F) ratio in obese participants treated with the standard snack (black round) and tested 
snack (high fiber and antioxidant-rich snack) (grey square). B/F ratio increased in the tested snack, and decreased in the stan-
dard snack. However, no significant difference was observed in any of the groups. Values are expressed as mean.

Figure 2: ΔCq values of the Bacteriodes-Prevotella-Porphyromonas group in obese participants treated with the standard snack 
(black round) and tested snack (high fiber and antioxidant-rich snack - grey square). Values are expressed as mean. 

Figure 3: ΔCq values of Lactobacillus spp. in obese participants treated with the standard snack (black round) and tested snack 
(high fiber and antioxidant-rich snack - grey square). Values are expressed as mean.     

Figure 4: ΔCq values of the C. coccoides-E. rectale group in obese participants treated with the standard snack (black round) and 
tested snack (high fiber and antioxidant-rich snack - grey square). Values are expressed as mean.
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riodetes/Firmicutes ratio. We showed that supplemen-
tation with the tested snack (high in fibers and antiox-
idants) could modulate and alter the population of gut 
microbiome phyla. The Bacteriodetes phyla were more 
increased than the Firmicutes phyla in obese partici-
pants supplemented with the tested snack, but the dif-
ference was not significant. Previous studies revealed 
that obese individuals have decreased Bacteriodetes 
and increased Firmicutes phyla, which was also the 
prominent phyla in the gut microbiome of obese indi-
viduals [25–27]. The increase of this phyla is assumed 
to accelerate the fermentation of indigestible carbohy-
drates leading to acetate formation, altering the ener-
gy absorption [28, 29]. A study conducted by Perry et al. 
[30] using a rat model showed increased acetate forma-
tion from Firmicutes phyla metabolism, which led to 
the activation of the parasympathetic nervous system. 
This condition stimulates the β-cells of the pancreas to 
promote insulin secretion, which then leads to chronic 
hyperinsulinemia. Rats receiving intragastric acetate 
perfusion exhibited an increased weight gain and dou-
ble calory intake and increased ghrelin level concentra-
tion [30].            
	 Prebiotics, including fiber and other non-di-
gestible carbohydrates, are known to modulate the gut 
microbiome composition and are an essential dietary 
component for our gut microbiome necessities [31]. 
Arrowroot (Maranta arundinacea L.), for example, was 
reported to contain 2.37% (db) soluble dietary fiber and 
12.49% (db) insoluble fiber, and also a high amount of 
raffinose and lactulose, and a low amount of stachyose 
[18]. Yellow squash from the Cucurbita genus is known 
to contain 4% soluble dietary, 15.68% insoluble fiber, 
and 2.67 mg of β-carotene as an antioxidant [32]. Mean-
while, sweet potatoes (from the Ipomea genus) are re-
ported to contain, on average, 5.30% and 5.43% of solu-
ble and insoluble fiber, respectively [33]. The presence 

of high soluble and insoluble fiber in the tested snack 
could affect and support the growth of the “good” mi-
crobiome and affect the host physiology and metabo-
lism.
	 Therefore, we also tried to observe gut mi-
crobiome composition into the bacteria-groups genus 
level. First, we looked at the genus-group level of Bac-
teriodes-Prevotella-Porphyromonas groups and Lacto-
bacillus spp. We observed an increase in the Bacteroi-
des-Prevotella-Porphyromonas group and a decrease 
in Lactobacillus spp. both in subjects treated with the 
standard and tested snacks, but the differences were 
not significantly different. Two studies by Paturi et al. 
[34, 35] showed that one prebiotic, inulin, exhibits the 
ability to increase the Bacteroides-Prevotella-Porphy-
romonas group and Lactobacillus spp. in a rat model. 
However, we observed a different pattern modulation 
both in the standard and tested snacks. We suggest 
that the dietary components of standard and tested 
snacks have similar substances that modulate the Bac-
teriodes-Prevotella-Porphyromonas groups; on the other 
hand, they also inhibit the growth of Lactobacillus spp. 
We also found significantly increased Bifidobacterium  
spp. in obese individuals treated using the tested snack. 
A study on prebiotics found that some of the fiber and 
non-digestible carbohydrates could modulate Bifido-
bacterium spp. and are known as bifidogenic, such as 
fructooligosaccharides, lactulose, raffinose, stachyose, 
and inulin [18]. Our results showed that the existence 
of fiber from arrowroot could modulate and enhance 
the growth of Bifidobacterium spp. Harmayani et al. [18] 
showed increased Bifidobacterium spp. in a rat model, 
similar to our results. The presence of a prebiotic such 
as lactulose, raffinose, and stachyose could be the pri-
mary component that affects the growth of this bac-
teria. Bifidobacterium spp. are known to improve the 
function of the intestinal epithelial barrier and also 

Figure 5: ΔCq values of Bifidobacterium spp. in obese participants treated with the standard snack (black round) and tested 
snack (high fiber and antioxidant-rich snack - grey square). Values were expressed as mean.
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promote immunomodulatory substances [36].  
	 Interestingly, we obtained a significant in-
crease in the level of C. coccoides-E. rectale group in 
the tested snack compared with the standard snack. 
E. rectale is a useful bacteria in the gut system that can 
produce butyrate as a product of fermentation [37]. 
This is the first study to report an increased level of C. 
coccoides-E. rectale by using a high fiber and antioxi-
dant-rich snack obtained from mixed yellow squash, 
arrowroot, and sweet potato. A previous study con-
ducted by Gomez et al. [37] showed that pectin from 
lemon and sugar beet could enhance the growth of C. 
coccoides-E. rectale groups. We observed the pattern 
similarities and showed that mixed yellow squash, 
arrowroot, and sweet potato also could modulate the 
bacteria from this genus level. Pectins can be found 
easily in the form of vegetables and fruits, which have 
a benefit in delaying gastric emptying and glucose 
tolerance [38]. Moreover, a study on a specific dietary 
component in the tested snack compared to the stan-
dard snack should be conducted to know what is the 
specific prebiotic contained in both snacks that will 
differently modulate the Bacteriodes-PrevotellaPorphy- 
romonas groups, Lactobacillus spp., and also C. coc-
coides-E. rectale groups. 
	 In this research, we tried to use a combina-
tion of fiber and antioxidant sources to compose the 
tested snack. The tested snack was composed of mixed 
yellow squash, arrowroot, and sweet potato. Mean-
while, the standard snack was made from wheat flour 
as the standard flour used in the food industry. Yellow 
squash, arrowroot, and sweet potato are the main 
local foods in Indonesia, but they are little utilized. 
Nowadays, the necessity of non-digestible carbohy-
drates in functional food is significantly increased 
[18]. Changing diet patterns to a diet high in glucose 
and low in fiber leads to obesity, which has been on 
the rise for several decades. Therefore, choosing a 
diet high in fiber and non-digestible carbohydrates is 
a vital point in the case of obese individuals that can 
repair the gut microbiome composition. This study 
provided evidence that a combination of fiber and an-
tioxidants from yellow squash, arrowroot, and sweet 
potato can modulate the gut microbiota composition. 
Here, we observe that the combination can increase 
or decrease several bacteria from the gut microbi-
ome composition. However, given the limited access 
to what specific prebiotic substances are contained in 
the tested snack since they can modulate the gut mi-

crobiota composition in obese volunteers, especially 
C. coccoides-E. rectale groups should be studied further 
in order to increase the growth of butyrogenic gut mi-
crobiota, and increase the health of the gut system to 
prevent low-grade inflammation in obese individuals. 
Furthermore, research on the metabolomic of the 
compound-derived gut microbiome should be con-
ducted to elucidate how C. coccoides-E. rectale groups 
can be modulated by high fiber and antioxidant-rich 
snacks from local Indonesian yam.   

Conclusions

	 We obtained a significant difference in alter-
ing gut microbiome composition in obese individuals 
treated with a snack high in fiber and antioxidants. 
Here, we showed a significant increase in Bifidobacteri-
um spp. compared with obese individuals treated with 
a standard snack made of wheat flour. Interestingly, 
we also found increased levels of C. coccoides-E. rectale 
groups, a pattern that was not found in obese subjects 
treated with the standard snack.
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