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ABSTRACT 
The health benefits of dietary fiber have been extensively explored; however, studies focusing on edible fibers 
extracted from tuberous plants remain limited. This study aimed to investigate whether the supplementation of dietary 
fiber extracted from jicama (Pachyrhizus erosus, Fabaceae) tuber is capable of preventing the development of type 2 
diabetes mellitus (T2DM) induced by high-fat diet (HFD). We carried out an experimental study using adult male mice 
fed with four different diets including normal diet, HFD, and HFD supplemented with 10% and 25% of jicama fiber 
(n = 10 in each group) for 8 weeks. Furthermore, random blood glucose, fasting blood glucose, and glucose tolerance 
were measured and the histopathological alterations of the pancreas were examined. We revealed that the jicama 
fiber at the dose of 10% and 25% effectively precluded a marked increase in random and fasting blood glucose levels 
and sustained the glucose tolerance of HFD-fed mice. Moreover, jicama fiber was also effective in preventing the 
development of hypertrophy and hyperplasia of the islet of Langerhans as well as ectopic fat deposition and fibrosis 
in the pancreas. Therefore, the supplementation of jicama fiber effectively prevented T2DM development including 
dysregulated blood glucose and histopathological alterations of the pancreas caused by HFD consumption.

INTRODUCTION 
A high-fat diet (HFD) is a profound detrimental factor 

promoting metabolic diseases including type 2 diabetes mellitus 
(T2DM) (Lozano et al., 2017; Skovsø et al., 2014); one of the 
life-threatening global health issues that is yet to be solved 
(Pearson, 2019). However, foods with high-fat content as found in 
various traditional and modern cuisines are inevitably palatable, 
thus being frequently consumed excessively by many people 
all over the world. Consequently, the prevalence of T2DM and 
associated metabolic disorders including obesity, cardiovascular, 
and fatty liver diseases is markedly soaring (American Diabetes 
Association, 2019; Zaharia et al., 2019). It is predicted that by 
2045, the number of adults with diabetes will globally increase to 

693 million, with T2DM accounting for the major part of the cases 
(Saklayen, 2019). 

It has been demonstrated that HFD induces the 
development of T2DM by involving various mechanisms, 
including gut microbiota dysbiosis (Puddu et al., 2014), low-grade 
inflammation in both central and peripheral systems (Burhans et al., 
2018; Gao et al., 2015), and dyslipidemia and lipid peroxidation 
(Estrany et al., 2011). Moreover, consumption of rich fiber diets 
has been strongly attributed to an improvement in plasma lipid 
profiles, reduction of body weight, and a sustained normal blood 
glucose level (Cantero et al., 2017; Guo et al., 2016; Han et al., 
2019; Santoso et al., 2019). A study using mice fed with HFD 
revealed that the incorporation of dietary fibers such as sugarcane 
fiber and psyllium could effectively enhance insulin sensitivity, halt 
the excessive body weight increase, and modulate the secretion of 
metabolic hormones, particularly glucagon-like peptide 1 (GLP-
1) and leptin (Wang et al., 2012). Another study investigating 
dietary fiber of bamboo shoots also found counteractive effects of 
dietary fiber against diet-induced metabolic diseases’ development 
(Li et al., 2016). Although the beneficial effects of plant-based 
resources of dietary fibers have been explored, to our knowledge, 
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studies focusing on the edible fibers of the tuberous plants remain 
limited. One of the potential tuberous plants known for its nutrient 
contents and medicinal benefits against metabolic diseases is 
jicama (P. erosus, Fabaceae) (Buckman et al., 2017; Noman et al., 
2012). In many Asian countries, including Indonesia, jicama tuber 
is usually consumed as juices and pickles or after being processed 
as cookies and chips. Many studies have revealed that the jicama 
juice and extract could effectively lower blood glucose levels and 
reduce the risk of cardiovascular diseases (Park and Han, 2015; 
Park et al., 2016; Thaptimthong et al., 2016). However, whether 
dietary fiber of jicama is also capable of eliciting the preventive 
and therapeutic effects against diet-induced metabolic diseases, 
particularly T2DM, remains unclear. 

Our previous study on mice has revealed a beneficial 
effect of consuming jicama fiber against pancreatic adiposity and 
dystrophy of the islet of Langerhans caused by a high-sugar diet 
(HSD) (Santoso et al., 2020b). However, HSD is known to directly 
promote the glucotoxicity-induced pancreatic deterioration, 
wherin the development of T1DM (type 1 diabetes mellitus)
that is mechanistically different from the HFD-induced T2DM 
development (Eizirik et al., 2020; Long et al., 2017). Accordingly, 
a counteractive effect elicited by jicama fiber supplementation 
could plausibly be different under the HFD challenge as 
compared with those observed in the HSD treatment. Hence, 
in this research, we aimed to clarify whether the jicama fiber is 
capable of precluding the dysregulated blood glucose profiles and 
pathological alterations in the pancreatic tissues, as indicators of 
T2DM development, promoted by HFD. We deployed an animal 
experimental study using adult healthy male mice as animal 
models fed with HFD. Our findings elucidate an effective and 
affordable way to diminish diet-induced T2DM development by 
consuming dietary fibers of jicama tuber. 

MATERIALS AND METHODS

Provision of experimental animals
This study used healthy BALB (Bagg and Albino)/c mice 

(male, 8 weeks old, bodyweight 20–23 g). All individuals were 
subjected to acclimatization in the animal room for a week with 
a 12 h light–dark cycle and room temperature at 25°C–26°C. A 
normal chow diet (BP2; standard commercial diet for rodents, Java 
Comfeed) and tap water were provided ad libitum. All procedures 
for care and use of animals in this study were in accordance with 
the standard guideline established by the Committee of Research 
Ethics and Regulation of Andalas University, Indonesia (Approval 
number: T/15/UN.16.17/PT.01.03/PD-KO/2019, March 11, 2019). 

Fiber extraction
The tubers of jicama were obtained from the local market 

in Padang city (West Sumatra Province) and washed with tap 
water four times before being peeled and grated using an electric 
grater machine (SENCOR SSG-3501 GR, Czech). Furthermore, 
the sample was subjected to fiber extraction following the protocol 
as described previously (Kumalasari et al., 2014a). Briefly, the 
grated sample was soaked in the dH2O for 18 hours at 4°C in a 
refrigerator (Thermofisher Scientific 288R-AEV-TS, USA); then, 
the supernatant was collected using a filter before being steamed 
for 1 hour at 100°C in automatic steamer (PHILIPS HD-9104, 
Netherland). The fibers were dried in an oven (Emmert UN55, 

Germany) for 17 hours at 66°C–68°C and ground to be powder 
using electric grinder (TENCAN Model XQM-0.4 A, China). 

Experimental treatments
After acclimatization, the mice were randomly grouped 

into four different groups consisting of 10 individuals in each 
group. Furthermore, the mice were subjected to diet treatments 
as follows:

Group 1: fed with a normal diet (ND).
Group 2: fed with a HFD.
Group 3:  fed with HFD + jicama fiber 10% (HFD + 

JF10%).
Group 4:  fed with HFD + jicama fiber 25% (HFD + 

JF25%).
The treatments were deployed for 8 weeks. The ND 

was a standard commercial diet for rodents (BP2, Java Comfeed 
Indonesia) and HFD was a commercial fatty diet for rodents 
(CLEA, Shizuoka, Japan). The doses of fiber (10% and 25%) 
used in this experiment were decided based on our previous study 
(Santoso et al., 2019), which were considered as effective doses in 
precluding the HSD-induced diabetes development in mice. 

Blood glucose measurement
A random blood glucose level was monitored once every 

2 weeks at 9.00 am since the beginning of the treatment. Firstly, 
a topical anesthetic 0.75% bupivacaine (Kalbe Farma, Indonesia) 
was applied to the tip of the tail for 1–2 minutes before being 
cut with sterile surgical scissors. Furthermore, a drop of blood 
sample was drawn from the tip of the tail with minimum injury 
and the blood glucose level was subsequently determined using 
an automated glucometer (Glucocard, Takara, Japan). The fasting 
blood glucose was measured at the end of treatment after 18 hours 
fasting (food was deprived while drinking water was provided in 
the cage during fasting) using glucometer. 

Glucose tolerance test (GTT)
The GTT was carried out at the end of treatment. Briefly, 

3 days after fasting blood glucose measurement, the animals fasted 
for 6 hours (07:30 am−01:30 pm). Furthermore, the animals were 
injected intraperitoneally (i.p.) with glucose solution (Sigma-
Aldrich, Merck Darmstadt, Germany) at a dose of 2 g/kg BW 
(bodyweight), followed by the blood glucose measurement at 0, 
15, 30, 60, 90, and 120 minutes after injection using a glucometer 
(Glucocard, Takara, Japan). 

Histopathological examination of pancreas
The animals were sacrificed a day after GTT and the 

pancreas tissue was collected immediately and fixed in 10% 
formaldehyde (Sigma-Aldrich, Merck Darmstadt, Germany) for 24 
hours. Furthermore, the fixed sample was sent for histopathological 
examination by following the protocol of paraffin-embedded tissue 
processing (Elkotby et al., 2017). Briefly, the fixed tissues were 
dehydrated using graded ethanol (Pro Analis Merck 1.00983.250 
Millippore, Danvers, MA) and then cleared in xylene (Sigma-
Aldrich, Merck Darmstadt, Germany) before being embedded in 
paraffin (Paraplast, Sigma-Aldrich, Merck Darmstadt, Germany). 
Furthermore, the samples were cut using a rotary microtome (Leica 
RM2125RTS, Leica Biosystem, Buffalo Grove, IL) and stained 
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with Hematoxylin and Eosin (TissuePro Technology EY07-500R, 
H08-500R, Gainesville, FL). The histological slides of the pancreas 
were examined under a microscope and the representative features 
of every slide were photographed using an integrated camera for 
microscope (Olympus CX31, Tokyo, Japan). The size of the islet 
of Langerhans and the total cell number in the islet was calculated 
using ImageJ software (obtained from the National Institute of 
Health, Bethesda, MD; https://imagej.nih.gov/ij/download.html). 
The pancreatic adiposity and fibrosis were observed by examining 
the occurrence of adipose tissue and fibrous connective tissue, 
respectively, in the pancreas. 

Statistical analysis
All quantitative data are depicted as mean ± SE. An 

analysis of variance, followed by a Bonferroni post-hoc test was 
carried out to determine the significant difference among groups 
with p < 0.05, which was considered as significant.

RESULTS AND DISCUSSION

Effect of jicama fiber on blood glucose
A random blood glucose monitoring carried out every 

2 weeks revealed that HFD increased the blood glucose level of 
mice since the second week of treatment until the end of treatment 
(Fig. 1A). On the contrary, the supplementation of jicama fiber at 
the dose 10% and 25% in HFD could sustain the normal blood 
glucose level along the time course of treatment. Statistical 
analysis indicated that the random blood glucose levels of the 
HFD group are significantly higher as compared with the jicama 
fiber’s treated groups and ND group (p < 0.05). 

The measurement of fasting blood glucose level at the 
end of treatment showed a marked increase in the HFD group, 
while it was significantly lower in the jicama fiber-treated groups 
and ND group (p < 0.05, Fig. 1B). However, only jicama fiber at 
the dose of 25%, but not 10%, could sustain fasting blood glucose 
level to be comparable with the ND group (p > 0.05). 

Effect of jicama fiber on glucose tolerance
The GTT test conducted at the end of treatment exhibited 

a glucose intolerance in the HFD group indicated by a significant 
increase of the blood glucose level particularly at the 15th and 
30th minutes after injection of glucose (Fig. 2A, p < 0.05) and 
a markedly higher area under curve (AUC) (Fig. 2B, p < 0.05) 
as compared with the other groups. Moreover, glucose tolerance 
was sustained to be comparable with the ND treated group in the 
jicama fiber-treated groups (10% and 25%; p > 0.05).

Effect of jicama fiber on the histopathological alteration of the 
pancreas

A microscopic observation on the pancreatic tissue 
revealed that mice of HFD group exhibited an enlargement of 
the islet of Langerhans, indicating hypertrophy (Fig. 3B), while 
such enlargement was prevented in the jicama fiber-treated 
groups (10% and 25%) as well as ND group (Fig. 3A, C, and D). 
Furthermore, a measurement of the islet size revealed that the islets 
were significantly larger in the HFD group as compared with the 
jicama-treated groups and ND group (p < 0.05, Fig. 3E). Likewise, 
counting on total cell number in the islet of Langerhans found that 

it was significantly higher in the HFD group as compared with 
the jicama-treated groups and ND group (p < 0.05, Fig. 3F), 
suggesting the HFD-induced hyperplasia.

An investigation on the pancreatic adiposity revealed 
that the ectopic fat deposition in the pancreatic tissue was abundant 
in the HFD group (Fig. 4B) but not in the jicama-treated groups 
(Fig. 4C and D) and the ND group (Fig. 4A). Moreover, the fibrous 
connective tissue was observed in the HFD group (Fig. 4B) but 
absent in the jicama fiber groups and ND group. 

Our present results demonstrate a preventive effect of 
dietary fiber of jicama tuber against the development of T2DM 
caused by HFD in mice. A previous study in rats showed that the 
excessive intake of fatty diet has been attributed to hyperglycemia, 
glucose intolerance, and insulin resistance, suggesting the 
development of T2DM (Lozano et al., 2017). Similarly, our study 
found that HFD treatment induced a hyperglycemic state and 
glucose intolerance, but it could be effectively precluded by the 
supplementation of jicama fiber. Moreover, our current data also 
demonstrated that the pancreatic tissue was protected from HFD-
induced islet hyperplasia and hypertrophy in mice treated with 
jicama fiber. It has been reported that chronic insulin resistance 
caused by HFD is closely associated with a marked increase in 

Figure 1. Effect of jicama fiber on blood glucose profiles. (A) Random blood 
glucose measured every 2 weeks. (B) Fasting blood glucose measured at the 
end of treatment. ND: normal diet, HFD: high-fat diet, and JF: jicama fiber. n 
=10 for each group. Different characters above the bars represent the statistical 
difference among groups (p < 0.05).
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insulin demand to overcome an apparent blood glucose elevation 
(Nagy et al., 2018). Such a condition could subsequently promote 
hypertrophy and hyperplasia of the pancreatic tissue, particularly 
the islet β cells, to overcome the excessive insulin demand (Golson 
et al., 2010). In our present study, neither plasma insulin level nor 
insulin tolerance was examined to clarify our suggestion that the 
supplementation of jicama fiber is capable of preventing HFD-
induced insulin resistance. However, the consistency in normal 
blood glucose level and glucose tolerance as well as unaltered 
histological features of the islet of Langerhans observed in the 
jicama fiber-treated groups could be considered as evidence to 
support such consideration.

In addition to insulin resistance, other detrimental effects 
of the HFD promoting the development of diabetes have also been 
reported including those associated with ectopic adiposity and 
fibrosis of the pancreatic tissues (Matsuda et al., 2014; Ye et al., 
2018; Yu et al., 2014). In our study, the adipocytes were abundantly 
observed in the pancreas of the HFD-fed mice, while the fibrous 
connective tissue indicating fibrosis was subtle. Furthermore, both 
pancreatic adiposity and fibrosis caused by HFD were absent in the 
jicama fiber-treated groups at both a lower dose (10%) and a higher 

dose (25%), suggesting the affectivity of the fiber in counteracting 
fat accumulation and tissue degeneration in the pancreas. Our 
previous study also revealed that jicama fiber exerted a beneficial 
effect against pancreatic adiposity and necrosis of the pancreatic 
acinar cells in mice fed with HSD particularly at a higher dose 
(25%) (Santoso et al., 2020b). We also have reported that jicama 
fiber at the dose of 25% could diminish fat deposition in the liver 
of HSD-treated mice (Santoso et al., 2020a). The ectopic adiposity 
in the pancreas is profoundly associated with the upregulation of 
cytokines that could lead to a severe inflammation, thereby cellular 
damages of the pancreas (Matsuda et al., 2014; Patel and Patel, 
2015). Therefore, the counteractive effect of jicama fiber against 
pancreatic adiposity and fibrosis could alleviate the development 
of T2DM caused by HFD. 

A large prospective cohort study revealed that the 
consumption of dietary fiber from cereal and whole grains could 
lower the risk of T2DM in humans (de Munter et al., 2007). Some 
plausible mechanisms underlying the preventive effect of dietary 
fibers against the development of metabolic diseases including 
T2DM have been proposed. The dietary fibers are capable of 
reducing the enzymatic digestion of nutrients including fat and 
carbohydrates in the gastrointestinal tract (Dhingra et al., 2012; 

Figure 2. Effect of jicama fiber on glucose tolerance. (A) Blood glucose level 
determined at different time points (in minutes) after an i.p. injection of glucose 
(2 g/kg BW) in GTT carried out at the end of treatment. (B) AUC calculated 
based on the blood glucose levels as measured in GTT. Different characters 
above the bars represent the statistical difference among groups (p < 0.05).

Figure 3. Effect of jicama fiber on the histopathological alteration of pancreas. 
Representative photographs of the islet of Langerhans stained with HE in mice 
fed with (A) ND, (B) HFD, (C) HFD + JF 10%, (D) HFD + JF 25%, (E) the 
average size of the islet, and (F) average cell number per islet. In A–D, white 
arrows indicate the cells of islet of Langerhans; blue arrows indicate the edge 
of islet of Langerhans; and yellow arrows indicate acinar cells of pancreas; 
scale bars = 40 µm. Different characters above the bars in E and F represent the 
significant differences among groups (p < 0.05).
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Pouyamanesh et al., 2016). Consequently, it could minimize 
the loading of triglycerides, fatty acids, and glucose into the 
circulatory systems, thereby mitigating further detrimental effects 
of having the excessive intake of high-energy diet. The dietary 
fibers are also capable of inducing the production of hormone, 
namely GLP-1 in the intestinal L-cells (Bodnaruc et al., 2016). 
An increase in GLP-1 release is profoundly implicated in slowing 
gastric emptying rate that could further delay food digestion and 
nutritional absorption (Nadkarni et al., 2014). Moreover, GLP-1 
plays a pivotal role in the blood glucose homeostasis by its action 
in enhancing insulin secretion and reducing glucagon production 
in the pancreas (Larraufie et al., 2019). However, it remains to be 
investigated in the future whether jicama fiber is also capable of 
inducing GLP-1 secretion to subsequently alleviate the HFD effect 
on the metabolic homeostasis. 

A proper intake of dietary fiber has been associated with an 
increase in the level of short-chain fatty acids (SCFAs) which resulted 
from the microbial fermentation of fibers in the gut (Zhai et al., 2018a, 
2018b). Among various kinds of SCFAs, the acetate, propionate, and 
butyrate are thought to be commonly implicated in sustaining the 
homeostasis of energy metabolism (Morrison and Preston, 2016). 
It has been identified that SCFAs profoundly exert some beneficial 
effects, including lowering blood glucose level, improving insulin 
sensitivity, and reducing inflammation, as well as elevating GLP-1 
secretion (Feng et al., 2018; van der Beek et al., 2018; Wang et al., 
2019; Zhang et al., 2018). Therefore, a counteractive effect eliciting 
by jicama fiber against HFD-induced T2DM development, as found 
in our present study, could be attributed to an increase in the SCFAs 
production and its subsequent implications in the blood glucose 
homeostasis. A further study examining the SCFA levels in both caeca 
and plasma under the supplementation of jicama fiber is needed to 
confirm our speculation.

The dynamic changes of gut microbiota composition 
have been reported to be closely associated with the development 

of metabolic disorders including those caused by HFD (Murphy 
et al., 2015; Peng et al., 2020). A previous study demonstrated 
that HFD could profoundly reduce the population of bacteria 
Akkermansia muciniphila, a key species promoting beneficial 
effects on host metabolism, in mice (He et al., 2018). Moreover, a 
study by Li et al. (2016) found that the reduction of gut microbiota 
diversity caused by HFD could be restored by the supplementation 
of fiber from the bamboo shoot in mice. Moreover, such 
restoration was also implicated in the improvement of metabolic 
outcomes including glycemic control and adiposity profiles. 
These findings suggest that the dietary fiber could also effectively 
counteract the development of metabolic diseases by modulating 
the gut microbiota of the host, thereby improvement of metabolic 
homeostasis. Although in our current study we did not analyze 
gut microbiota, we speculate that jicama fiber may also promote 
the counteractive effect against HFD-induced gut microbiota 
dysbiosis that could underlie its benefits in preventing T2DM. 
However, further investigation focusing on gut microbiota 
diversity of mice treated with jicama fiber should be carried out to 
clarify this speculation.

HFD is capable of promoting inflammation in tissues 
including insulin-targeted tissues (liver, adipose, and muscle) 
to cause insulin resistance as commonly observed in T2DM 
(Gao et al., 2015). Moreover, HFD also could induce pancreatic 
inflammation and subsequent degeneration of islet beta cells 
leading to insulin deficiency (Golson et al., 2010). Previous studies 
have indicated that jicama fiber exerts immunomodulatory effects 
both in vitro and in vivo particularly due to its pectin-like molecule 
as one of its active ingredients (Kumalasari et al., 2014a, 2014b). 
An anti-inflammatory effect of jicama fiber could also be mediated 
by inulin, a water-soluble fiber commonly found in jicama tuber. A 
study on patients with T2DM indicated that inulin supplementation 
could significantly reduce tumor necrosis factor-alpha in blood 
plasma, a marker of inflammation (Dehghan et al., 2014).  

Figure 4. Effect of jicama fiber on ectopic fat deposition and fibrosis in the pancreatic tissue. The representative photographs of pancreas in mice fed with (A) ND, (B) 
HFD, (C) HFD + JF 10%, and (D) HFD + JF 25%. In A–D, white arrows indicate the islet of Langerhans; yellow arrows indicate acinar cells of pancreas; pink arrows 
indicate adipose tissue (ectopic fat deposition); black arrow indicates fibrous connective tissue (fibrosis); and green arrow indicates blood vessel; scale bars = 100 µm.
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Therefore, we also propose that jicama fiber might prevent the 
development of T2DM by eliciting its anti-inflammatory effect 
against HFD. 

Although our present findings in the mice suggest a 
promising beneficial effect of consuming jicama fiber, at least 
there are two major limitations needed to be considered for future 
study. First, our present study used a relatively limited range of 
doses of jicama fiber (10% and 25%) that may preclude a proper 
justification on the best dose of jicama fiber with a maximum 
protective effect without or with fewer side effects against HFD. 
Second, the duration of treatment was relatively short (8 weeks). 
Consequently, it remains unanswered whether the beneficial 
effect of jicama fiber against the detrimental effects of HFD could 
stand for a longer period. Moreover, further investigations using 
pathological models as well as deploying molecular approaches 
are warranted to deepen our understanding of the mechanistic 
aspects of jicama fiber’s action. 

CONCLUSION
The dietary fiber of jicama at the dose of 10% and 

25% effectively prevented dysregulated blood glucose level and 
histopathological alterations of the pancreas in mice fed with HFD. 
Hence, jicama fiber could be considered as a potent supplement to 
preclude the development of T2DM due to excessive consumption 
of HFD.
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