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ABSTRACT

Metabolic disorders characterized by different physiological syndromes are
affecting modern society, particularly the people who live in urban areas.
High sugar diet (HSD) consumption is associated with the development of
metabolic diseases such as diabetes and obesity. Dietary fiber has been linked
to a variety of health benefits, including obesity prevention, better glucose
homeostasis, and control of blood lipid profile. Therefore, we designed this
experiment to determine the efficacy of cassava fiber (CF) in preventing the
development of diabetes and obesity caused by HSD. Swiss albino male mice
were fed with CF in supplementation with or without HSD. In comparison
to a high sugar diet group, CF supplementation steadily reduced food intake.
Though it was insignificant CF supplementation attenuated the increase in
body weight due to HSD consumption. From the intraperitoneal glucose
tolerance test (ipGTT), it was revealed that CF supplementation improved
glucose tolerance after a glucose (2 g/kg BW) challenge and also showed a
significant decrease in area under the curve (AUC). Moreover, CF supple-
mentation remarkably lowered the LDL-cholesterol level of the HSD-fed
mice. Overall, our present study demonstrates that consumption of a CF-rich
diet helps to maintain glucose homeostasis and prevent the development of
metabolic syndromes associated with diabetes and obesity.
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1 Introduction

Diabetes mellitus and obesity are the most serious
health concerns among the prevailing metabolic disor-
ders (Blair, 2016; Kharroubi and Darwish, 2015). High
blood glucose levels are a symptom of type 2 diabetes
mellitus, which is caused by a combination of pe-
ripheral insulin resistance, decreased pancreatic-cell
activity, and impaired regulation of hepatic glucose
production (Caspard et al., 2017). Obesity develops
as a result of excess consumption of nutrients, insuffi-

cient exercise, and other factors that might expedite
the accumulation of excess body fat. Excessive calorie
intake coupled with inadequate energy expenditure
leads to lipid accumulation not just in adipose tissue
but also in the liver, muscle, and other internal tis-
sues, resulting in insulin resistance (IR) and metabolic
disorders (Chooi et al., 2019). Much of the increased
incidence of diabetes and obesity occurs in develop-
ing countries which may be due to aging, unhealthy
diets, obesity, and a sedentary lifestyle along with
malnutrition-related causes. Previous studies have
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found that consumption of a high-sugar diet (HSD)
accelerates the development of diabetes and obesity
(Barrière et al., 2018). Consumption of a variety of
types of sugary foods containing refined carbs and
simple sugars is preferred by both traditional and
modern societies (Fan et al., 2017). Therefore, supple-
mentation of an alternative diet that might counteract
the harmful effects of high sugar consumption is con-
siderably needed. Although current management of
diabetes and obesity involves exercise and diet modi-
fication, drug therapies are typically required as the
disease progresses. However, some of the adverse
side effects of drug therapies include hypoglycemia,
weight gain, and poor postprandial blood glucose
(Ng et al., 2014). Therefore, there has been profound
progress in research focusing on natural products and
their active ingredients having therapeutic potential-
ity against diabetes and obesity.

Dietary fiber has been shown to have a beneficial
effect on the prevention of risk of chronic diseases
such as cardiovascular diseases, diabetes mellitus,
and obesity (Barber et al., 2020; Lockyer et al., 2016).
Dietary fibers can effectively bind with bile acids and
also have a role in preventing their reabsorption in
the liver, thus inhibiting cholesterol biosynthesis. Di-
etary fiber, with its vicious and fibrous structure, can
help to manage diabetes mellitus and obesity by con-
trolling the release of glucose in the blood with time
(Patel et al., 2012). High-fiber diets, particularly solu-
ble fiber, have nutraceutical value in improving car-
bohydrate metabolism and lowering cholesterol.

Cassava (Manihot esculenta) is a major food crop
grown in tropical and subtropical climates. It is con-
sidered a potentially valuable food resource for de-
veloping nations. Cassava roots are a good source of
energy while the leaves are high in protein, vitamins,
and minerals (Ferraro et al., 2016). Its tuber contains
40% soluble fiber, which is primarily composed of
uronic acid, pectin, and glucans (Post et al., 2012). Di-
etary fiber and starch structures are the main factors
of food with a low glycemic index (GI) (Eleazu, 2016).
A previous study on the glycemic index of commonly
consumed carbohydrate foods found that root/tuber
crops have a low glycemic index (Bantle et al., 2008).
Reducing the glycemic impact of diet by consuming
foods low on the glycemic index has been proven to
enhance overall blood glucose control in diabetic pa-
tients (Trinidad et al., 2009). Another study revealed
that jicama (Pachyrhizus erosus), a high-fiber tuber
crop, may contribute to lower postprandial blood glu-
cose levels by suppressing α-glucosidase (Park and
Han, 2015). However, the beneficial effect of cassava
fiber on the development of metabolic disorders has
not been studied yet. Therefore, we have undertaken
the present study to examine whether the edible fiber
isolated from cassava tuber could prevent the devel-
opment of diabetes and obesity caused by high sugar
diet (HSD) consumption.

2 Materials and Methods

2.1 Preparation of cassava fiber

Edible cassava tubers were collected from local mar-
ket of Muktagacha Upazila, Mymensingh. After
proper washing, collected cassava tubers were peeled
and the flesh was cut into small pieces. Then the
cassava pieces were dried under the sun. After sun
drying, dried pieces of cassava were finely ground
by a grinding machine. The ground cassava pow-
der was kept in airtight polythene bags until it was
employed for fiber extraction using the techniques
previously mentioned with slight modification (Ran-
ganna, 2015). Exactly 120 mL of H2SO4 (1.25%) was
added to the sample. Then a round-bottomed flask
containing cold water was placed on the mouth of the
beaker so that it covers the whole space of the mouth
of the beaker. The tiny gaps by the sides were sealed
with cotton. This round-bottomed flask containing
cold water acted as a condenser so that there was no
significant loss of H2SO4. The beaker with the flask
was placed on the heater to boil the solution for 30
min. Then the content was filtered through the cheese
cloth and washed with water several times until it
was free from acid as tested by litmus paper. The
residue was taken again in a beaker and 120 mL of
1.25% NaOH was added to it and boiled for 30 min
following the same technique. Then it was filtered
through cheese cloth and washed with water repeat-
edly until it was free from alkali as tested by litmus
paper. The isolated fiber was dried in an oven at 70
°C for 16 hr, and then the fibers were ground to make
powder. The fiber powder was immediately stored in
a sterilized container and sealed until being used in
the experiment.

2.2 Diet paradigms

Normal food formulation includes wheat, wheat bran,
rice polishing, fish meal, oil cake, gram, pulses, milk,
soybean oil, molasses, salt and Embavit (vitamin) at
different proportions (Ulla et al., 2017). Three diet
paradigms were deployed in this study with supple-
mentation of sucrose (High Sugar Diet) and/or cas-
sava fiber (CF). Types of food were: (i) Normal diet
(ND) group: 100% Normal food formulation; (ii) High
Sugar Diet (HSD) group: 75% Normal food formu-
lation + 25% Sucrose; and (iii) Cassava Fiber supple-
mented High Sugar Diet (HSD+CF) group: 50% Nor-
mal food formulation + 25% Sucrose + 25% Cassava
Fiber. Previous references were used to justify the
doses (Li et al., 2016; Santoso et al., 2019). The animals
were fed fresh and ad libitum diets that were changed
daily to ensure their quality. The treatment was car-
ried out for 24 days following the above-mentioned
diet paradigm.
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2.3 Experimental animals

Six weeks-old Swiss albino male mice were pur-
chased from the Animal Resources Facility of the
International Centre for Diarrheal Disease Research,
Bangladesh (ICDDR,B), and adapted for 10 days to
acclimate them to the new habitat. Animals were kept
in a well-ventilated room at 28±2 °C and relative hu-
midity of 70-80% with natural day and light. Normal
food and water were available ad libitum before the
starting of feeding experiments. Animals were di-
vided into three groups and each group contained at
least 4 mice. During the rearing period, the animals
were also accustomed to daily handling in order to
minimize the stress response that may have arisen
in the experiment. All protocols used in this study
were approved (AWEEC/BAU/2020_31) by the Ani-
mal Welfare and Experimentation Ethics Committee
of Bangladesh Agricultural University guided by the
Council for International Organizations of Medical
Sciences international guiding principles of biomedi-
cal research involving animals.

2.4 Measurement of food intake, water
intake and body weight

The food and water intake of each mouse were mea-
sured daily at 10:00 am for 24 d. The body weight of
each mouse was measured with the help of an electric
balance (eki300-2n electronic scale, A&D Company
Ltd., Korea) 2 times per week up to the end of the
experiment.

2.5 Intraperitoneal glucose tolerance test
(ipGTT)

At the end of the treatment, the intraperitoneal glu-
cose tolerance test (ipGTT) was performed according
to the procedure described in a previous report (Mae-
jima et al., 2015). Mice were fasted for around 4 hours
after being transferred to clean cages with no food or
waste in the hopper or bottom of the cage. Access to
drinking water was ensured at all times. A fresh or
sterilized scalpel blade was used to score the tip of the
tail. The first drop of blood was discarded. On the test
strip of the blood glucose meter a small drop of blood
(<5 µl) was placed. Blood glucose level was measured
using a standardized automated blood glucose test
meter (GlucoleaderTM Enhance Blood Glucose Me-
ter, HMD Biomedical Inc., Hsinchu County, Taiwan).
A single dose of glucose (2 g/kg BW) was injected
intraperitoneally for each mouse. The blood glucose
level was recorded for each mouse at 0, 15, 30, 60,
and 120 min after ip glucose administration. The area
under curve (AUC) data was subsequently calculated
from the blood glucose levels in ipGTT.

2.6 Blood samples collection and prepa-
ration of serum

At the end of the 24-day period, following 18 hours
of fasting, blood samples were collected from the Pos-
terior Vena Cava by the method described previously
(Hoff, 2000). One by one, the mice were placed in the
airtight container containing cotton soaked in chloro-
form. By making a V-cut, the abdominal cavity of the
anesthetized mouse was opened through the skin and
abdominal wall, 1 cm posterior to the rib cage. The
intestines were shifted over to the left and the liver
was pushed forward. The widest part of the posterior
vena cava (between the kidneys) was located. A 26
gauge needle and a 1 mL syringe were used. The
needle was carefully inserted into the vein and blood
was drawn slowly until the vessel wall collapses. The
blood was collected in a 1.5 mL Eppendorf tube con-
taining EDTA which acts as an anticoagulant. Then
the blood-containing tubes were centrifuged at 4000
rpm for 10 min at 4 °C (Gyrozen 1580R Multi-Purpose
High-Speed Refrigerated Centrifuge, Gangnam-gu,
Seoul, KOREA). After centrifugation, the supernatant
serum without unwanted blood cells was collected
in a new tube. Serum samples were stored at −20 °C
until lipid profile assay.

2.7 Measurement of organ weight

After collecting the blood samples, the internal or-
gans like the liver, heart, and kidney were harvested
and trimmed to remove additional tissues. The or-
gans were cleaned in saline solution and placed on a
filter paper to remove the saline on the surface. Then
the organ weights were measured using a digital bal-
ance (eki300-2n electronic scale, A&D Company Ltd.,
Korea).

2.8 Determination of lipid profile param-
eters

Lipid profile studies involved analysis of parameters
such as total cholesterol (TC) level determined by
CHOD-PAP method (Richmond, 1973); triglyceride
(TG) level determined by GPO-PAP method (Cole
et al., 1997); HDL cholesterol level determined by
CHOD-PAP method (Sax, 1975). HumaTex febrile
antigen test kit (Human Diagnostic, Wiesbaden, Ger-
many) was used and the absorbance was determined
using Humalyzer, Model No-3000 (Human GmbH,
Wiesbaden, Germany). Serum LDL cholesterol con-
centrations were calculated using the Friedewald
equation (Friedewald et al., 1972) as follows: LDL
cholesterol (mg/dL) = Total cholesterol – HDL choles-
terol – (Triglyceride/5)
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2.9 Statistical analysis

All statistical analyses were performed using Prism
5 (GraphPad Software, CA). All data were displayed
as mean ± SE. An analysis of variance (ANOVA) fol-
lowed by Tukey’s posthoc test was employed to jus-
tify the significant differences among groups of treat-
ment. The p < 0.05 was set as a significant value for
all analyses.

3 Results

3.1 Effect of cassava fiber on daily food
intake of mice

We measured the food intake of each mouse until
the end of the experiment. At the outset of the
experiment, no significant difference was found in
daily food intake among the groups (data not shown).
However, the supplementation of 25% sucrose and
25% sucrose & 25% cassava fiber into the food in-
fluenced the food intake per mouse (Fig. 1). HSD
supplementation showed a tendency to increase the
food intake than the normal diet (ND) which was
reversed by the addition of cassava fiber (4.50±0.65
g for ND, 5.00±0.71 g for HSD, 4.25±1.03 g for HSD
+ CF at 4th day of the treatment). Although high
sugar diet supplementation tends to increase the food
intake as compared to the normal diet, it was not sig-
nificant. After the 5th day of the treatment, cassava
fiber supplementation steadily reduced food intake
in comparison to the high-sugar diet group. Though
the food intake per mouse was decreased in HSD +
CF fed group as compared to the normal diet group,
it was statistically insignificant (p < 0.05; Fig. 1).

3.2 Effect of cassava fiber on daily water
intake of mice

There was no significant difference in daily water in-
take among the groups during the experiment (Fig. 2).
However, Supplementation of 25% cassava fiber into
the food initially increased the daily water intake per
mouse which was comparable to the rest of the ex-
periment (5.00±1.08 g for ND, 4.50±0.65g for HSD,
7.00±0.71g for HSD + CF at 1st day of the treat-
ment). A previous study also showed that water
intake was significantly higher in the group fed the
fiber-enriched diet than in the Zucker fatty rats fed
the standard diet and the lean rats (Sánchez et al.,
2010).

3.3 Effect of cassava fiber on body weight
of mice

We also assessed the body weight of each mouse to
determine the role of CF in preventing the develop-
ment of HSD-induced obesity. The result revealed

that High sugar diet supplementation tends to in-
crease the body weight of the mice though it was sta-
tistically insignificant. However, the addition of CF
in HSD reversed the increased body weight gain of
the mice (39.5±3.48 g for ND, 41.75±2.66 g for HSD,
36.00±3.11 g for HSD + CF on the 4th day of the treat-
ment) as compared with the HSD group (Fig. 3), but it
was not statistically significant (p > 0.05). A previous
study reported that the body weight gain of the rats
fed the soluble cocoa fiber-enriched diet was signif-
icantly lower than the body weight gain of the rats
fed the regular diet (Sánchez et al., 2010).

3.4 Effect of cassava fiber on intraperi-
toneal glucose tolerance test

In this present study, we first examined the effective-
ness of CF in preventing the development of diabetic
symptoms that are caused by HSD. We performed
ipGTT at the end of the treatment to assess the blood
glucose homeostasis (Fig. 4). High sugar diet supple-
mentation did not induce glucose intolerance though
there was a slight increase in the AUC. One of the
possible reasons is the short duration (only 24 d) of
the HSD treatment. However, the results of GTT also
indicated that the CF-supplemented HSD group had
lower blood glucose levels than the HSD group al-
most at all the time points following an injection of
2 g/kg BW glucose (Fig. 4A). Furthermore, the AUC
data derived from the GTT graph (Fig. 4B) revealed
that the AUC of the CF-supplemented group was sig-
nificantly lower than the HSD group. Though the
AUC of the CF group was lower than the ND group
it was statistically insignificant (p > 0.05).

3.5 Effect of cassava fiber on organ
weights of mice

In comparison to the control group, the liver weight
showed a tendency to increase (p > 0.05) in the HSD
mice (Fig. 5). Though the values are insignificant,
CF supplementation increased the weight of the liver
in the HSD-treated mice (2.03±0.10 g for ND and
2.17±0.13 g for HSD. CF supplementation for a pe-
riod of 24 d results in a significant reduction of liver
weight in HSD-fed mice. Heart and kidney weights
were comparable among the groups at the end of the
study.

3.6 Effect of Cassava Fiber on blood lipid
profile parameters

There were no significant differences in serum to-
tal cholesterol, triglycerides, or HDL-cholesterol lev-
els among the groups (Fig. 6). Though the HDL-
cholesterol in the 25% CF supplemented group was
shown to increase, it was statistically insignificant as
compared to other groups. In the 25% HSD group, an
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Figure 1. CF supplementation attenuated
HSD-induced hyperphagia. Mice were
allowed ad libitum access to food. Daily
average food intake was measured for a
period of 24 days. ND: Normal Diet,
HSD: High Sugar Diet, CF: Cassava
Fiber. *p<0.05 vs HSD group by
one-way ANOVA followed by Tukey’s
multiple comparison test. Each point
represents mean ± SEM. n ≥ 3 for each
group

Figure 2. CF did not affect daily water intake in
HSD-fed mice. Water intake was
measured daily during the
experimental period. ND: Normal Diet,
HSD: High Sugar Diet, CF: Cassava
Fiber. Each point represents mean ±
SEM. n ≥ 3 for each group

Figure 3. CF counteracted the body weight gain
in HSD-fed mice. Body weight was
measured two times per week until 24
days. ND: Normal Diet, HSD: High
Sugar Diet, CF: Cassava Fiber. Each
point represents mean ± SEM. n ≥ 3 for
each group

Figure 4. CF improved glucose tolerance in HSD-fed mice. (A) A glucose tolerance test (GTT) was performed
after an intraperitoneal injection of glucose 2 g/kg BW on the 23rd day of the experiment. (B) The
corresponding area under the curve (AUC) of the glucose tolerance test was calculated. ND: Normal
Diet, HSD: High Sugar Diet, CF: Cassava Fiber. *p<0.05 by one-way ANOVA followed by Tukey’s
posthoc test. Bars represent mean ± SEM. n ≥ 3 for each group
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Figure 5. CF supplementation decreased liver
weight significantly. After 24 days of
feeding experiment, animals were
sacrificed and organs such as Heart,
Liver, and Kidney were isolated and
weighed. ND: Normal Diet, HSD: High
Sugar Diet, CF: Cassava fiber. Bars
represent mean ± SEM. *p<0.05 by
one-way ANOVA followed by Tukey’s
posthoc test. n ≥ 3 for each group

Figure 6. Blood lipid parameters were statistically
insignificant among the groups except
for LDL. Blood lipid profiles including
total cholesterol (TC), Triglycerides
(TG), HDL-C, and LDL-C were
measured. ND: Normal Diet, HSD:
High Sugar Diet, CF: Cassava Fiber.
Bars represent mean ± SEM. *p<0.05 by
one-way ANOVA followed by Tukey’s
posthoc test. n ≥ 3 for each group

increase in LDL-cholesterol (26.10±4.42 mg/dL for
ND and 27.28±10.42 mg/dL for HSD and 12.05±4.24
mg/dL for HSD + CF) was seen after 24 days of the ex-
periment (Fig. 6) which was significantly reduced by
25% CF supplementation. A previous study showed
that HDL-cholesterol level was substantially higher
in the soluble cocoa fiber-enriched diet-fed mice in
comparison to control mice (Sánchez et al., 2010).

4 Discussion

Our current findings demonstrated that the supple-
mentation of CF could effectively preclude the exces-
sive body weight gain induced by HSD. Importantly,
the supplementation of CF also exerted a remarkable
effect to hamper the increase in food intake due to
high sugar diet consumption in mice. Moreover, CF
supplementation in the diet also promotes glucose tol-
erance. The present study showed that the intake of
CF-enriched diet is beneficial in the prevention of the
key abnormalities known as metabolic syndromes,
including obesity, dyslipidemia, and glycemic pro-
file. Reduced food intake is correlated with complex
hormonal and neurological pathways that regulate
appetite and satiety (Benton and Young, 2017; San-
toso et al., 2015). Reduced feed intake simply means
a reduction in energy consumption, which is even-
tually responsible for lowering blood glucose and
fat mass (Benton and Young, 2017). The possible
mechanism of a substance to prevent the develop-
ment of diabetes and obesity could be simply due
to the reduction of food intake. In support of the

above statement, our findings showed that the quan-
tity of food intake was altered by cassava fiber supple-
mentation. The reduced food intake observed in the
mice fed a CF-enriched diet may be due to the effect
of satiation that has been activated in these animals.
Previous studies reported that dietary fiber-induced
reduction in appetite could be a consequence of a
mechanical intestinal distention and/or delaying of
carbohydrate digestion and glucose absorption. The
reduced glycemic and insulin responses may prolong
satiety and ultimately reduce energy consumption
(Fernandez et al., 1994; Jenkins et al., 2000; Ludwig,
1999; Liu et al., 2003). The low food intake and the
improved glucose tolerance obtained in the mice fed
a CF-enriched diet would support that these mecha-
nisms would be also involved in the effects of cassava
fiber on body weight management.

Consumption of diets containing high sugar may
induce excessive body weight gain which accelerates
the obesity development in rodents (Torres-Villalobos
et al., 2015). Previous researchers found that con-
suming high-sugar drinks and fast foods regularly
increases the risk of obesity and diabetes in adults (Oo
et al., 2017; El-Wakkad et al., 2012). Our present find-
ing also demonstrated that the HSD-fed mice exhib-
ited a tendency in body weight gain during 24 days
of the treatment, and it was significantly hampered
by the 25% CF supplementation in their diet. Despite
the fact that the final body weight of HSD-fed mice
was higher at the end of treatment, it was statistically
comparable to the control group. Another study also
supported our findings that mice fed a solid sugar
diet for a short duration had no significant differ-
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ences in body weight when compared with the con-
trol group (Vellers et al., 2017). The above-mentioned
results suggested that CF could be one of the non-
drug candidates to control obesity, which is a key risk
factor for developing type 2 diabetes (Andrikopoulos
et al., 2008). High sugar diet consumption is associ-
ated with the development of metabolic dysregula-
tions including diabetes and obesity (Barrière et al.,
2018; Torres-Villalobos et al., 2015; Lean and Morenga,
2016). In our study, the supplementation of 25% CF
notably promoted glucose tolerance. The ability of
insulin to maintain glucose homeostasis is indicated
by the glucose tolerance test (Andrikopoulos et al.,
2008; Lee et al., 2008). A previous study reported
that intake of a high sugar diet causes a toxic effect
on pancreatic islet β cells which reduce insulin sen-
sitivity and subsequently cause glucose intolerance
(Kawahito et al., 2009). Therefore, the improved glu-
cose tolerance by CF supplementation in HSD-fed
mice may be due to the preventive mechanism of
CF on pancreas damage, especially on islet β cells.
However, more research concerning the structural al-
terations in the pancreas is needed to clarify this spec-
ulation. Cassava tuber contains a remarkable amount
of phytochemicals like scopoletin, scopolin, esculetin,
esculin, linamarin, etc. which have been reported
to have beneficial effects against many symptoms
and diseases such as cardiovascular and neuromus-
cular diseases, convulsions, rheumatic pains, asthma,
inflammation, hypertension, hyperthyroidism, and
hyperglycemia (Blagbrough et al., 2010; Gnonlonfin
et al., 2012; Zhang et al., 2021).

Maintaining healthy levels of lipids circulating in
the bloodstream is important to prevent cardiovascu-
lar diseases. In this study, the blood lipid profile pa-
rameters such as total cholesterol, triglycerides, and
HDL-C in CF treated group are statistically compara-
ble with other groups. Though the previous studies
reported that HSD supplementation increases TC, TG,
and HDL-C levels in mice, we did not observe remark-
able changes in the mentioned parameters. It may
be due to the supplementation of HSD for a short
period of time. However, the LDL-C was increased in
HSD-fed mice which were significantly blunted with
CF supplementation. The tendency of the improve-
ment of the lipid profile observed in this study when
CF was administered is in agreement with the find-
ings of other experiments in rats and humans using
different fibers (Ramos et al., 2008; Anderson et al.,
2000). Furthermore, there were no discernible differ-
ences in the heart, and kidney weight of the mice.
The decreasing trends in the organ weight of CF sup-
plemented mice were likely to correspond with the
changes in body weight. Though the present findings
corroborate the hypoglycemic and hypolipidemic po-
tentiality of CF but have limitations such as we could
not measure the weights of adipose tissues and did
not check the effects of CF on the histology of the liver

tissues. Further investigation with prolonged treat-
ment is needed to completely understand the physio-
logical effect of cassava fiber. In mice, cassava fiber
could efficiently maintain a normoglycemic condition
while also preventing the development of diabetes
and obesity caused by HSD.

5 Conclusion

Overall, the findings showed that CF affects the pa-
rameters that appear to be altered in metabolic syn-
dromes, such as body weight, glycemia, and lipid
profile. The development of a new source of natural
fiber from an underutilized agricultural commodity
like cassava, which is often used in the starch indus-
try, could provide a valuable and inexpensive source
of dietary fiber while also allowing more versatile
applications in the food industry. Additional studies
with CF are required to fully understand the mech-
anism(s) involved in the modulation of the parame-
ters investigated. In any case, in order to introduce
CF as a functional food ingredient for obese and/or
metabolic syndrome patients, its efficacy and safety
should be determined.
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