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Various tubers and rhizomes of local plant species in Indonesia have potential as alternative foods and resources of dietary
fiber that could counteract metabolic diseases, including obesity, diabetes, and associated health issues. However, stud-
ies focusing on the composition and medicinal benefits of extracted fibers from tubers and rhizomes remain limited. Our
present study aimed to explore the composition and the beneficial effects of dietary fiber extracted from tubers of achira
(Canna edulis), Mentawai taro (Colocasia sp.), arrowroot (Maranta arundinacea), and jicama (Pachyrhizus erosus) to coun-
teract obesity development in mice fed with a fatty diet. Fibers were extracted from tubers and rhizomes, followed by prox-
imate analysis to determine the nutritional and fiber composition. Thereafter, each fiber was tested for its effectiveness in
preventing obesity caused by a high-fat diet (HFD) by using mice as the animal model. We revealed that all extracted fibers
predominantly consisted of non-starchy carbs with very low fat and protein levels. The extract of achira and jicama consisted
of higher total dietary fiber as compared to others. Our experiment on mice demonstrated that supplementation of 25% fiber
of achira, Mentawai taro, arrowroot, and jicama in HFD could effectively prevent obesity independent of daily calorie intake.
Our findings suggest that the dietary fiber of achira, Mentawai taro, arrowroot, and jicama could be a potent candidate as a

supplement to combat HFD-induced obesity.
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Introduction

Various local plant species in Indonesia have high
potential as resources for alternative and functional
foods, bioactive compounds and dietary fiber [1, 2]. Im-
portantly, the consumption of edible tubers and rhi-
zomes is capable of counteracting metabolic diseases, in-
cluding obesity, diabetes, and various associated health
problems [3, 4]. Such diseases are irrevocably prevalent
worldwide including in Indonesia [5, 6]. Unfortunately,
until recently, diverse indonesian tuberous plant species
remain being neglected. Moreover, the explorations on
their medicinal benefits are yet to be established.

In the previous studies using animal models, we
have revealed that dietary fiber of jicama (Pachyrhizus

erosus L., Fabaceae) exerts health-beneficial effects
against high-sugar diet-induced hyperglycemia [7],
ectopic adiposity [8], and non-alcoholic fatty liver dis-
ease (NAFLD) [9]. Another report demonstrated that
the fiber of jicama acts as a potent immunomodulator
[10]. However, scientific reports concerning the bene-
ficial effects of dietary fiber from other widely distrib-
uted tuberous and rhizomes plant species in Indonesia,
including achira (Canna edulis, Cannaceae), Mentawai
taro (Colocasia sp., Araceae), and arrowroot (Maranta
arundinaceae, Marantaceae) are scarcely available.
Mounting evidence has shown that regular con-
sumption of dietary fiber is essential to sustain meta-
bolic homeostasis against unhealthy diets, including
high-fat diets and high-sugar diets [11]. A study using
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mice as animal models revealed that dietary fiber sup-
plementation extracted from bamboo shoots effective-
ly improved metabolic profiles, including body weight,
fat mass, and plasma lipid profiles against a high-fat
diet [12]. Another experiment in piglets also indicated
that soluble and insoluble dietary fiber could regulate
microbiota composition in the colon and sustain the
barrier function of intestinal cells [13]. Thus, dietary
fiber plays a crucial role in combating diet-associated
metabolic diseases.

This current study aimed to investigate the compo-
sition of dietary fiber extracted from tubers of jicama
(P. erosus), Mentawai taro (Colacasia sp.), and rhizomes
of arrowroot (M. arundinaceae) and achira (C. edulis)
and examine their anti-obesity effect against a high-fat
diet (HFD) in mice as the animal model.

Material and methods

Sample collection
and extraction of fiber

The rhizomes of achira (C. edulis) and arrowroot
(M. arundinacea) were obtained from the local farmers
in Rejang Lebong (Bengkulu Province), while tubers
of Mentawai taro were purchased from farmers in Si-
pora island-Mentawai (West Sumatra Province) and
Jicama (P. erosus) were obtained from Kuranji-Padang
(West Sumatra). All samples were washed with tap
water 3-5 times, then peeled and sliced into small siz-
es. The slices were destructed using a grater until they
became porridge-like structures and subsequently sub-

Fresh sample

Fiber

Canna edulis Colocasia sp.
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jected to fiber extraction as per the protocol described
elsewhere [10]. Briefly, grated samples were soaked
in distilled water overnight and the supernatant was
subsequently collected and steamed for 30 min at
100°C. Furthermore, the samples were dried at 70°C for
16-17 h, followed by mechanical grinding to obtain the
fiber powder.

Analysis of
nutrition and fiber

Analysis of protein, fat, carbs, fibers and moisture
was performed by following the protocols as described
elsewhere [14]. Briefly, the protein concentration was
measured by the Kjeldahl method (AOAC 988.05), fat
by acid hydrolysis method (AOAC 950.54), and starch
by an enzymatic method ((AOAC 979.10). The fiber con-
centration was measured by using an enzymatic-gravi-
metric method (AOAC 991.43) and moisture by vacuum
drying method (AOAC 934.01).

Experimental diet treatment
on animals

Our study used 24 adult male mice (2 months old
with 25-27 g body weight; Deutschland, Denken, and
Yonken/DDY strain) purchased from Balai Veteriner
Baso-Bukittinggi (West Sumatra). Before the experi-
ment, animals were reared for 7 days in the room (tem-
perature 26-27°C; humidity 65; light-dark cycle 12 h
light and 12 h dark). During this period, mice were fed
ad libitum with a standard rodent diet (RATBIO; Citra
Ina Feedmill Jakarta, Indonesia) and a tap water drink.

Maranta arundinacea

Pachyrhizus erosus

Figure1: Fresh tubers and rhyzomes (upper panels) and the extracted fiber (lower panels) of achira (C. edulis), Men-
tawai taro (Colocasia sp.), arrowroot (M. arundinacea) and jicama (P. erosus).
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Every mouse was kept in a single cage (one animal per
cage). The research protocols, including animal use
and handling in this research, have been approved by
The Research Ethics Committee of Medical Faculty,
Andalas University (No. 528/UN.16.2/KEP-FK/2021).

At the end of acclimation, animals were random-
ly divided into six groups as follows (a) ND: fed with a
normal diet, (b) HFD: fed with a high-fatty diet, (c) HFD
+ Canna: fed with a high-fat diet supplemented with
25% Canna edulis fiber, (d) HFD + Colocasia: fed with
a high-fat diet supplemented with 25% Colocasia sp.
Fiber, (e) HFD + Maranta: fed with a high-fat diet sup-
plemented with 25% Maranta arundinacea fiber, and
(f) HED + Pachyrhizus: fed with a high-fat diet supple-
mented with 25% Pachyrhizus erosus fiber. The diet
treatments were carried out continuously for eight
weeks. The food was served ad libitum and changed
daily to sustain the quality and hygiene.

Food intake and calorie intake measurement

The food intake was measured at the latest week
of treatment for seven days continuously. According-
ly, calorie intake was subsequently calculated based on
the nutritional content of the food consumed by the an-
imals. Fractions of calorie intake composing carbohy-
drates, protein, and fat were determined based on the
composition of each diet, such as 4 keal/g, 4 keal/g, and
9 keal/g, respectively [15].

Body weight measurement

The body weight of mice was recorded biweekly
during eight weeks of treatment. The measurements
were performed at 09:00-10:00 in the morning using a
sensitive digital balance. Bodyweight change was calcu-
lated based on the data of initial and final body weight
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Figure 2: Water and nutrient content of extracted fibers. A - water content; B - protein content; C - fat content;

D - non-starchy carbs.
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presented in grams, percentages, and fold changes. Re-
sistance of body weight gain to calorie intake (both to-
tal and fat-calorie intake) was determined by dividing
the energy consumption by body weight gain (%).

Statistical analysis

Data are presented as mean+SD. An analysis of Var-
iance (ANOVA) and subsequent DNMRT with p<0.05
was generated to justify the significant value of differ-
ence among groups. The statistical analysis was per-
formed by using SPSS ver. 26.

Results

Composition of fiber extract

Fiber extraction from the tubers of achira, Menta-
wai taro, arrowroot, and jicama was successfully con-
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ducted to obtain the fiber (Figure 1). Furthermore, the
proximate analysis revealed that the fiber of achira (Can-
na) and arrowroot (Maranta) contained higher water
content as compared with Mentawai taro (Colocasia) and
jicama (Pachyrhizus) (P<0.05; Figure 2A). Moreover, the
protein and fat were detected in lower concentrations
for all types of extracted fiber (Figure 2BC), with the
lowest one found in the Canna fiber extract. Important-
ly, the concentration of non-starchy carbs was highly
detected in all samples (Figure 2D), indicating the effec-
tivity of fiber extraction.

Further analysis of fiber samples also revealed that
each species of tuberous plant consisted of different
components of fiber. Total dietary fiber was higher in
Canna and Pachyrhizus as compared with Colocasia and
Maranta (Figure 3A). Moreover, the dietary fibers of
the tuberous plants were predominantly composed of
water-insoluble dietary fiber (Figure 3B) with a lesser
content of water-soluble and crude fibers (Figure 3CD).
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Figure 3: Composition of dietary fibers extracted. A - total dietary fiber; B — insoluble dietary fiber; C — soluble die-

tary fiber; D - total crude fiber.
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Effect of dietary fiber on food
and calorie intake of animal model

To determine whether dietary fiber supplementa-
tion could affect food intake and calorie intake, we fed
mice with 25% of fiber extract from the tuberous plants
in the HFD. In the 8™ week of treatment, we measured
daily food intake and subsequently calculated calorie
intake in each group of mice (namely normal diet (ND),
HFD, HFD + 25% dietary fiber). Daily food intake data
show that dietary fiber supplementation from Canna,
Colocasia, Maranta, and Pachyrhizus significantly in-
creased food intake (p<0.05; Figure 4A) in mice fed
with HFD. Likely, daily energy intake was also signif-
icantly increased in mice fed with HFD supplement-
ed with dietary fiber (p<0.05; Figure 4B). Moreover,
particular analysis on calorie intake from fat demon-
strated a marked increase in daily fat calorie intake
of mice treated with dietary fiber supplementation as

8 16.00

2]
: 1200
=
3 8.00
=]
=
P
= 4.00
a

0.00
) 30.00 -
=
E 25.00 1
2 o 20.00 1
Sa
s g 15.00 -
E 10.00 1
=
- 5.00 +
a

0.00 <

compared with groups of HFD alone and ND (P<0.05;
Figure 4C). Furthermore, based on the fraction of en-
ergy source calculation, all dietary fiber-fed groups of
mice consumed a comparable amount of calories from
carbs and protein but slightly higher in calorie intake
from fat in the group fed with Canna fiber (Figure 4D).
Overall, the amount of energy intake was significantly
higher in dietary fiber-supplemented groups than in
the HFD group.

Effect of dietary fiber supplementation
on body weight of animal model

To examine the anti-obesity effect of dietary fib-
er supplementation, we measured the body weight of
mice every two weeks. As depicted in Figure 5A, HFD
induced an apparent increase in body weight starting
from the 4% week of treatment (P<0.05) as compared
with other groups. Moreover, fiber supplementation
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Figure 4: Effect of dietary fibers on food intake and calorie intake of mice. A - daily food intake; B - daily calorie
intake; C - daily fat calorie intake; D - fraction of calorie intake from carbs, protein, and fat.
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of Canna, Colocasia, Maranta, and Pachyrhizus could
effectively hamper the excessive body weight increase
promoted by HFD (Figure 5A). Bodyweight gain was
highly elevated by HFD and significantly reduced by
fiber supplementation (P<0.05; Figure 5 B-D). Noticea-
bly, the magnitude of reduction was strongest in mice
treated with Canna fiber, suggesting the most effective
fiber against diet-induced obesity among other tested
fibers (Colocasia, Maranta, and Pachyrhizus).

Analysis of the resistance of body weight to calorie
intake (Figure 6AB) indicated that dietary fiber supple-
mentation strongly increased the resistance of mice
to diet-induced obesity. Accordingly, the risk of being
obese in HFD-fed mice was effectively anticipated by
the supplementation of dietary fiber extracted from
tubers of Canna, Colocasia, Maranta, and Pachyrhizus.
Moreover, the fiber of Canna was the most effective in
increasing mice’s resistance to HFD-induced obesity.
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Discussion

In this current study, we demonstrated that tu-
bers and rhizomes of Colocasia sp., P. erosus. M. arundi-
naceae, and C. edulis contained dietary fiber with a
different composition but predominantly consisted
of water-insoluble dietary fiber. The extraction pro-
cess deployed to obtain the fiber effectively removed
unwanted compounds such as fat, protein, and starch
from the fiber extract. Moreover, C. edulis and P. erosus
contained higher dietary fiber than Colocasia sp., and
M. arundinaceae. Hence, the rhizome of C. edulis and
the tuber of P. erosus are preferable as resources of di-
etary fiber to the rest of the species. Furthermore, we
revealed that all of the fiber extracts could effectively
prevent HFD-induced obesity in mice and increase the
resistance to obesity caused by excessive calorie intake,
particularly from fat. However, the fiber of achira

Body weight gain (g)

Body weight gain (Fold)

Figure 5: Effectivity of dietary fibers in counteracting body weight increase in mice. A - Body weight as measured
every two weeks; B — Body weight gain; C - Percentage of body weight gain; D - Fold increase of body weight.
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Figure 6: The resistance of body weight gain to calorie intake. A - Resistance to total calorie intake; B - resistance

to fat calorie intake.

(C. edulis) was the most pronounced one to exert an an-
ti-obesity effect against HFD.

The majority of dietary fibers extracted from tu-
bers and rhizomes in our study were predominantly
composed of water-insoluble fiber. Such fiber could
not be fermented by the microbes in the intestine to
produce short-chain fatty acids (SCFAs), including bu-
tyrate, propionate, and acetate [16]. As a result, it could
not directly elevate SCFA levels and their subsequent
physiological outcomes in the body. Otherwise, wa-
ter-soluble dietary fiber is profoundly involved in the
increase of SCFAs due to its fermentability in the intes-
tinal tract [17]. Thus, the anti-obesity effect exerted by
the fiber extract in this study might be commonly at-
tributed to the water-insoluble dietary fiber component.

Our data showed that dietary fiber supplemen-
tation markedly increased the daily food intake and
calorie intake in mice fed with HFD. Higher food and
calorie intake could reflect the appetite state promoted
by the orexigenic hormones, including ghrelin secret-
ed by gastric cells and neuropeptide Y produced by the
arcuate nucleus in the hypothalamus [18]. Moreover, it
might result from the activity of neuronal circuits con-
trolling feeding behavior and energy balance in the cen-
tral nervous system, particularly in the hypothalamus
and brain stem [19]. However, the secretion of orexi-
genic hormones and the activity of orexigenic neurons
promoting feeding are unlikely directly induced by the
high-fat content in the diet [20] as used in our study.
Alternatively, the increment of food intake and calorie
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intake could be closely associated with the lower energy
density of the diet. It has been reported that dietary fib-
er decreases the energy density of the diet [21]. Thus, to
reach an adequate amount of energy for the body, mice
fed with HFD supplemented with dietary fiber con-
sumed more food than those fed with HFD alone.

Excessive food intake without any proper energy
expenditure will result in obesity [22]. In our study,
mice treated with dietary fiber extracted from tuber-
ous plants consumed a high amount of food. Never-
theless, their body weight was sustained at the normal
range, indicating resistance to diet-induced obesity.
This phenomenon might indicate that mice fed with
HFD supplemented with dietary fiber had a higher en-
ergy expenditure than those in HFD alone. Consump-
tion of dietary fiber leads to an increment of energy ex-
penditure [23]. However, in our present study, we could
not provide the data to support our speculation. Thus,
further study is required to confirm it.

Dietary fiber can also reduce nutrient absorption
in the intestine such as sugar and fatty acids [24]. Fiber
supplementation in the diet could increase the intralu-
minal viscosity [25]. As a result, lipase activity will be
markedly lower under the viscous substrate condition.
Another study also demonstrated that fiber has a di-
rect inhibitory effect on lipase [26]. Moreover, fiber is
reported to hamper the activity of bile acids that essen-
tially function in emulsifying fat in the intestine [27].
Under the supplementation of resistant starch, the
level of bile salt excreted in the feces was significantly

© 2024 The Authors



elevated in HFD-fed mice, suggesting a reduction of its
use for the fat digestion process in the intestine. Col-
lectively, those mechanisms profoundly contribute to
the decrement of lipid absorption in the intestinal wall
thereby minimalizing the lipid load into the circula-
tory systems and the subsequent outcomes including
obesity and dyslipidemia.

Among all species of plants used in this study,
the fiber of achira (C. edulis) exhibited the most pro-
nounced effect against HFD-induced obesity. The com-
position analysis revealed that the fiber of C. edulis was
the highest one in terms of concentration of dietary
fiber particularly water-insoluble dietary fiber. Thus,
this high concentration of a particular fiber type might
contribute to its stronger anti-obesity effect against
HFD among other species. A previous study on C. edu-
lis collected in the Himalayan region found that the
extract of C. edulis rhizome contained a high level of
phenolic compound and exhibited high antioxidant ac-
tivity [28]. It may also be plausible that some bioactive
substances in the fiber extract of C. edulis used in our
study act as an anti-obesity agent. Further investiga-
tion is needed to clarify it.

In our current study, we did not determine the ad-
iposity profiles, including mass and microscopic fea-
tures of white adipose tissue. Moreover, we also did not
measure the plasma lipid concentration. Furthermore,
the digestibility and fermentability of dietary fiber
used in this study also still need to be validated. These
aspectsare important to be addressed in future studies.

Conclusion

In conclusion, our research revealed that dietary
fiber extracted from tubers and rhizomes of plants,
including C. edulis, Colocasia sp., M. arundinacea, and
P. erosus, commonly consisted of water-insoluble die-
tary fiber. Supplementation of the fibers could prevent
obesity development in mice fed with HFD. Moreover,
C. edulis fiber exhibited the most salient anti-obesity ef-
fect among others. Therefore, this dietary fiber is rec-
ommended to be used as a supplement to diminish the
detrimental effect of a fatty diet.
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