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A B S T R A C T

The objective of this study was to evaluate the effect of cashew fiber wheter or not associated with low molecular
weight compounds on lipid profile, abdominal adiposity, glycemia and insulinemia and serum concentration of
ghrelin and leptin hormones from normal mice. We evaluated the cashew fiber in its integral form (IcF) and the
cashew fiber after being submitted to the process of extraction of low molecular weight metabolites (cFSM). The
two fibers were incorporated into the feed of male Swiss mice for 15 weeks. At the end of the treatment, blood
glucose, total cholesterol and fractions, triglycerides, urea, AST, ALT, hormone levels of insulin, leptin and
ghrelin were analyzed, as well as GSH and hepatic MDA. The consumption of cFSM diet promoted reduction of
glycemia, insulin and ghrelin. Animals fed the IcF diet showed hyperlipidemia, hyperleptinemia and increased
abdominal fat. In addition, no changes were observed in the lipid profile of the animals, in the abdominal
adiposity and in the leptin hormone in the group that received cFSM diet. We conclude that the removal of small
molecules is fundamental to use cashew fiber as a functional food with possible health benefits.

1. Introduction

Dietary fiber has a major role in nutrition and health, reducing risk
factors associated in the development of various chronic diseases, such
as obesity, cardiovascular disease and type 2 diabetes, by promoting
weight, blood glucose and lipid profile reduction (American Ditetic
Association, 2008). Fiber is the most used ingredient in the elaboration
of functional foods, representing more than 50% of the total ingredients
on the market. Fiber products are also expanding as a dietary and
pharmacological supplement (Saura-Calixto, 2006). In this context,
fruit by-products from industrial processes are potential sources of
dietary fiber that can be incorporated into food products or used in the
manufacture of supplements (Mildner-Szkudlarz et al., 2016; Tańska
et al., 2016).

Compared with the dietary fiber of cereals, fruit fiber is reported to
have a better quality due to its higher content of total and soluble fibers,
water and oil retention capacity and colon fermentability, as well as its
lower levels of phytic acid and caloric value (Zhang et al., 2017). In
addition, fruit fiber has significant amounts of secondary compounds
associated with it, such as polyphenols and other bioactive compounds
(Martín-Carrón, Goñi, Larrauri, García-Alonso, & Saura-Calixto, 1999).
Studies have determined that fruit bagasse could be used as a potential
food ingredient to develop healthy, safe, tasty, sustainable and socially
acceptable food products. This is mainly due given that fruit bagasse is
rich in total dietary fiber with high content in phenolic compounds and
flavonoids that provide interesting technological and antioxidants
properties (Cerda-Tapia, Pérez-Chabela, Pérez-Álvarez, Fernández-
López, & Viuda-Martos, 2015; Mildner-Szkudlarz et al., 2016; Tańska

https://doi.org/10.1016/j.bcdf.2017.12.001
Received 31 July 2017; Received in revised form 16 November 2017; Accepted 20 December 2017

⁎ Corresponding author.
E-mail addresses: dianacarvalhoufc@gmail.com (D.V. Carvalho), fasufc@gmail.com (F.A. Santos), renan1647@edu.unifor.br (R.P. de Lima), said@ufc.br (S.G.C. Fonseca),

tiagosousam@gmail.com (T.S. de Melo), izabelgallao@ufc.br (M.I. Gallão), edy.brito@embrapa.br (E.S. de Brito).

Bioactive Carbohydrates and Dietary Fibre 13 (2018) 1–6

2212-6198/ © 2017 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/22126198
https://www.elsevier.com/locate/bcdf
https://doi.org/10.1016/j.bcdf.2017.12.001
https://doi.org/10.1016/j.bcdf.2017.12.001
mailto:dianacarvalhoufc@gmail.com
mailto:fasufc@gmail.com
mailto:renan1647@edu.unifor.br
mailto:said@ufc.br
mailto:tiagosousam@gmail.com
mailto:izabelgallao@ufc.br
mailto:edy.brito@embrapa.br
https://doi.org/10.1016/j.bcdf.2017.12.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bcdf.2017.12.001&domain=pdf


et al., 2016).
Research of rats fed an isocaloric diet demonstrate biological

properties of apple pomace, orange bagasse and passion fruit peel as
alternative sources of dietary fiber. The results suggest that fruit by-
products have a positive influence on lipid and glucose metabolism,
promoting a significant reduction in triglycerides and hepatic choles-
terol serum levels; they also showed important effects in the control of
post prandial glucose (Macagnan et al., 2015).

The in vivo studies (Lecumberri et al., 2007; Martín-Carrón et al.,
1999) and human trials (Pérez-Jiménez et al., 2008) have evaluated the
effect of non-extractable polyphenols associated with fiber on intestinal
health and the risks of cardiovascular diseases. Studies refer to cocoa
fiber, bagasse and grape seed and the antioxidant dietary fiber of the
grape. In relation to cardiovascular diseases, animal studies have de-
monstrated a reduction in lipid peroxidation, reduction of cholesterol,
LDL and triglycerides, as well as atherogenic index reduction, as well as
increased stool weight and increased excretion of protein and fat in
feces (Lecumberri et al., 2007; Martín-Carrón et al., 1999). Tests in
humans also showed a significant reduction of cholesterol and LDL,
reduced risk of cardiovascular disease, and reduced blood pressure
(Pérez-Jiménez et al., 2008).

Among the fruits with high fiber content, we can mention the
cashew apple for its richness in nutrients and socioeconomic im-
portance for Africa, India, Vietnam and Brazil. Cashew bagasse, a by-
product of peduncle processing, has high dietary fiber content, as well
as antioxidant compounds ( Rufino et al., 2010). Cashew bagasse has
been employed in the manufacture of different products such as cereal
bars (de Oliveira, Malta, de Jesus, Cruz, & Cardoso, 2013), hamburgers
(Lima, 2008), biscuits (de Santana & Silva, 2008) or simply dehydrated
and grinded, constituting a raw material used in blends with cereal
flours (Barros et al., 2012). However, there is a lack of scientific evi-
dence on what are the specific health benefits of cashew bagasse fiber
consumption. There are also no in vivo studies on the physiological
effect of cashew bagasse fiber that guarantee its effectiveness in dietary
prescription of a healthy diet. It should also be noted that the American
Dietetic Association (2008) recommends looking for physiological ef-
ficacy studies before selecting functional fibers in dietetic practice.

The objective of this study was to evaluate the physiological effect
of cashew fiber on the lipid profile, abdominal adiposity, glycemia and
insulinemia, and the serum concentration of ghrelin and leptin hor-
mones from normal mice. The cashew fiber was evaluated in its integral
form, refered so forth as Integral Cashew Fiber (IcF) and the fiber after
being submitted to the process of extraction of low molecular weight
metabolites (fatty acids, waxes, pigments, sugars and phenolic com-
pounds), refered as Cashew Fiber without Low Molecular Weight
Metabolites (cFSM).

2. Materials and methods

2.1. Integral Cashew Fiber (IcF)

Cashew bagasse, obtained after the extraction of cashew juice, came
from the juice industry Natvita located in the state of Ceará, Brazil.
Approximately 300 g of cashew bagasse was immersed in water (1: 2,
w/v) and exposed to ultrasonic waves using an Ultrasonic Cleaner 1450

USC (THORNTON / UNIQUE) for 1 h. The fiber was drained, frozen
(−80 °C) and freezedryed. The dried fiber was ground in a willye-type
mill with a mesh of 0.595 mm in diameter, obtaining the integral
cashew fiber (IcF).

2.2. Cashew fiber without low molecular weight metabolites (cFSM)

The IcF was subjected to sequential extraction with organic solvents
(hexane and methanol) resulting in cashew fiber without low molecular
weight metabolites (cFSM). Approximately 100 g of the IcF powder was
extracted with hexane to remove the fatty acids, waxes and pigments in
the proportion of 1:12 (m/v), in a soxhlet for 8 h. Subsequently, an
extraction with methanol was carried out to remove the low molecular
weight phenolic compounds and sugars, in the ratio of 1:12 (m/v), in
soxhlet for 72 h. The residue obtained from this extraction was left in
the hood (72 h) to a complete evaporation of the residual solvent and
grinded on a mortar, resulting in cFSM. The cFSM obtained was stored
under refrigeration until the feed formulation. The proximal composi-
tion of the IcF and cFSM fibers are shown in Table 1.

2.3. Scanning electron microscopy (SEM)

The morphology of IcF and cFSM was observed by scanning electron
microscopy (SEM) using a TM-3000 tabletop microscope (Hitachi,
Japan). Prior to the observation, samples were stuck on stubs with
double-face tape and coated with a gold palladium layer. The de-
termination was performed at an accelerating voltage of 15 kV.

2.4. Diet composition

Experimental diets were prepared by mixing IcF or cFSM with a
normal diet (ND). The ND used was a pelleted feed obtained from a
commercial source (Nuvilab, Colombo, PR, Brazil). By weight it con-
sisted of: Humidity (max.) 12.5 g/100 g – Total Protein (min.) 22 g/
100 g – Ethereal extrac (min.) 5 g/100 g - Minerals (max.) 9 g/100 g -
Fiber (max.) 7 g/100 g - Calcium (min-max.) 1 a 1.4 g/100 g -
Phosphorus (min.) 600 mg/100 g. The ND was supplemented with 10%
(dry weight) of IcF or cFSM. The proximate composition of the ND feed
added IcF (10%) and cFSM (10%) are shown in Table 1.

2.5. Animals

Male Swiss albino mice (n = 10 / group), weighing between
19–23 g, from the Nucleus of Experimental Biology (NUBEX) of the
University of Fortaleza (UNIFOR) were used. Throughout the experi-
mental period, the animals remained in controlled conditions of light
(12 h light − 12 h dark) and average temperature of 23–24 °C, hu-
midity 55±5%, receiving water and food (chow) ad libitum. The
Federal University of Ceará Institutional Committee on Care and Use of
Animals approved experimental protocols (number 21/15) for experi-
mentation, in accordance with the guidelines of the National Institutes
of Health, Bethesda, MD.

Table 1
Proximate composition of the Integral Cashew Fiber (IcF), the Cashew Fiber without low molecular weight metabolites (cFSM), the ND + IcF (10%) and the ND + cFSM (10%).

Amostra Humidity % Fat% Protein % Ash % Carbohydrates % Energy (kcal/100 g) Fiber %

IcF 4.4 3.0 12.3 1.8 78.4 390.2 13.1
cFSM 14.1 0.7 13.3 1.1 70.8 342.6 11.6
ND + IcF (10%) 7.8 4.8 21.4 6.8 59.2 365.6 5.3
ND + cFSM (10%) 7.0 3.7 21.6 6.7 60.9 363.7 4.6

ND – normal diet.
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2.6. Experimental protocol

The animals were randomly divided into three experimental groups
(n = 10): i) The control group, fed the normal diet (ND), ii) The IcF
group, fed the ND + IcF (10%), iii) The cFSM group, fed the ND +
cFSM (10%).

The body weight of each mouse was measured once a week, the
total amount of food consumption was recorded every day for 15
weeks, and weekly consumption of food (g/week) and water (mL/
week) ad libidum was recorded. Energy intake (kcal/mouse/day) was
also evaluated during the 15 weeks of feeding trial. At the end of this
period, animals were starved for 6 h, where blood samples were taken
by venous puncture under light anestesia with diethyl ether, and then
sacrificed by cervical dislocation. The serum was used within a few
hours or frozen at −70 °C until analysis. The liver and abdominal
adipose tissues were dissected, weighed, and expressed in milligrams
per 10 g body weight.

2.7. Biochemical analysis

Serum concentrations of glucose, triglycerides, total cholesterol and
urea were analyzed using comercial kits (Labtest, Minas Gerais, Brazil),
and the levels were expressed in milligrams per decilitre. Serum con-
centrations of low-density lipoprotein (LDL-c) and very low-density li-
poprotein (VLDL-c) were calculated using the Friedewald, Levy, and
Fredrickson (1972) formula to which LDL-c = TC - (HDL-c + VLDL-c)
and VLDL-c = TG/5. Serum levels of alanine amino transferase (ALT)
and aspartate amino transferase (AST) activities expressed in units per
liter were analyzed by a kinetic method using commercial kits (Labtest,
Minas Gerais, Brazil). Serum levels of insulin (Sigma-Aldrich), leptina
(Millipore), ghrelin (Sigma-Aldrich) were measured by enzyme-linked
immunosorbent assay (ELISA) performed in duplicate and expressed in
pg/mL or μIU/mL.

2.8. Evaluation of hepatic tissue

2.8.1. Assessment of lipid peroxidation
Hepatocyte lipoperoxidation was measured according to the method

of Ohkawa, Ohishi, and Yagi (1979). This method evaluates oxidative
stress by the quantification of malondialdehyde (MDA), which is the
last product of lipid breakdown caused by oxidative stress that gen-
erates lipid peroxidation. Lipid peroxidation was assessed by spectro-
photometry and the production of MDA was determined and expressed
as nmoL/g tissue.

2.8.2. Determination of non-protein sulfhydryl groups
Liver samples were weighed and homogenized with ice-cold 0.02 M

EDTA to prepare a 10% homogenate. It was then added to a 1 mL ali-
quot of the homogenate, 0.8 mL of distilled water and 0.2 mL of 50%
trichloroacetic acid, the samples were then centrifuged at 3000g for

15 min. A volume of 1 mL was withdrawn from the supernatant and
2 mL of Tris buffer (0.4 M, pH 8.9) and 50 μL of 0.01 M DTNB were
added. The absorbance was measured within 5 min at 412 nm. The
concentration of the non-protein sulfhydryl groups (NP-SH) was cal-
culated by a reduced glutathione standard curve (GSH) and the results
were expressed as μg NP-SH/mg tissue (Sedlak & Lindsay, 1968).

2.9. Histological analysis

The liver was fixed in formaldehyde (10%) for 24 h and transferred
to an alcohol (70%) solution, where the material was conditioned until
the sections were made. For preparation of the material, the dehydra-
tion and inclusion of the samples in Historesin Leica were performed. A
5 µm cut was obtained and then stained with Hematoxylin-Eosin (HE).
The image acquisition was performed under a light microscope (Model
BX41, Olympus Optical) coupled to a digital camera (Model UC30) and
a computer, using the "CELL" software.

2.10. Statistical analysis

Results were expressed as mean± standard error of the mean, using
one-way analysis of variance (ANOVA) followed by the Tukey test using
the GraphPad Prism 5.0 statistical analysis software (GraphPad
Sotware, Inc., San Diego, CA, USA). Values of P<0.05 were considered
statistically significant.

3. Results and discussion

3.1. Effects of IcF and cFSM on food intake, water intake, liver weight and
abdominal fat

At the end of week 15 the cFSM group showed a significant increase
(P<0.01) in water intake when compared to the control group
(Table 2). Most likely the removal of the metabolites (sugar, car-
otenoids and wax) left the fiber exposed (Fig. 1), turning the fiber
available for the solid-liquid interaction, which may have potentiated
the water absorption by the fiber. Water absorption capacity is an im-
portant property both from the physiological and technological point of
view, since it can increase the volume of food and modify the viscosity
and texture of a formulated product. From the physiological point of
view, water absorption capacity is an important property for weight
loss and digestive health (Zhang et al., 2017).

The data showed a significant difference in the amount of abdom-
inal fat of the IcF group when compared to the control (P<0.01)
(Table 2). The IcF promoted increased abdominal fat in the animals,
even in the presence of an isocaloric diet. However, the removal of the
low molecular weight metabolites of the cashew fiber prevented ab-
dominal fat gain of normal mice. This effect may be associated with the
type of carbohydrate, particularly sugars, which was extracted by the
use of methanol, since the proximal composition of the two diets (ND+

Table 2
Effects of dietary intervention on weight, dietary intake, water intake, liver weight and abdominal fat of mice fed normal diet (Control), normal diet + IcF (10%) (IcF) and normal diet +
cFSM (10%) (cFSM) for 15 weeks.

Group ND (Control) ND + IcF (10%) (IcF) ND + cFSM (10%) (cFSM)

Body weight - initial (g) 19.70± 1.03 19.80± 0.99 19.90± 0.97
Body weight - final (g) 48.10± 1.91 49.89± 1.32 47.80± 1.11
Feed intake (g/week) 48.96± 1.44 46.94± 1.54 47.54± 1.79
Net energy intake (kcal/mouse/day) 22.95± 0.68 24.52± 0.80 24.71± 0.93
Water intake (mL/week) 62.17± 2.24 66.64± 3.04 85.65± 5.67**

Liver wt (mg/10 g of body wt) 435.20± 7.63 433.90±7.19 423.40± 3.97
Abdominal fat (mg/10 g of body wt) 238.0± 24.48 385.0± 64.60* 181.0± 22.04

The results are expressed as mean± standard error.
* p<0.05 versus control.
** p<0.001 versus control.
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IcF and ND+ cFSM) was similar (Table 1) and there were no difference
in energy consumption among groups (Table 2). In addition, the largest
difference in the proximal composition between IcF and cFSM was the
percentage of carbohydrates, 78.43% and 70.81%, respectively
(Table 1). Usually, fruits are rich in reducing sugars (glucose and
fructose). Fructose alone is poorly absorbed, but absorption is increased
by the presence of glucose in the intestine, with rapid and complete
absorption of both fructose and glucose. In addition, fructose is pre-
ferentially metabolized to lipids in the liver, leading to an increase in
triglyceride levels, which are associated with the development of in-
sulin resistance and cardiovascular disease (Stanhope et al., 2009;
Tappy, Lê, Tran, & Paquot, 2010; Wei, Wang, Topczewski, &
Pagliassotti, 2007).

There was no statistical difference in initial and final weight, food
intake, energy consumption and liver weight among the three groups
(Table 2). This result was already expected due to the use of isocaloric
diet in the three studied groups. However, these results suggest that
both cashew fibers do not interfere in the nutrient utilization of the feed
and demonstrate that the consumption of these fibers allowed the
normal development and growth of the animals, excluding the possi-
bility of antinutritional effect.

3.2. Effects of dietary intake of IcF and cFSM on serum parameters and
hepatic tissue evaluation

The diet with IcF increased plasma concentrations of AST (102%),
total cholesterol (45.6%), LDL (62.1%) and triglycerides (27.6%) when
compared to the normal diet. It is noteworthy that in our study the
animals were submitted to a normal diet and that IcF exerted a hy-
perlipidemic effect even when added to an isocaloric diet. This hy-
perlipidemic effect may have occurred due to the presence of reducing
sugars in IcF. Studies have shown that fructose consumption in the form
of sucrose or sweetened beverages can have significant effects on the
selective deposition of visceral and ectopic fat, lipid metabolism, lipo-
genesis, blood pressure, and insulin sensitivity (Stanhope et al., 2009;
Tappy et al., 2010; Wei et al., 2007). Emphasizing that this study is not
comparing cashew fiber to sweetened beverages, but comparing the
type of nutrient present in both foods and their metabolism. However,
IcF and cFSM were able to significantly reduce plasma ALT (P<0.001
and P<0.01, respectively) and glucose (P<0.05 and P<0.01, re-
spectively) when compared to the control group (Table 3).

Glycemia reduction of the animals occurred with consumption of
both fibers with a more pronounced effect of cFSM, even with pre-
dominance of insoluble fiber in its constitution and in the presence of
an isocaloric diet. Cashew apple has a high content of dietary fiber
(209 g kg−1 d.m.) with a predominance of insoluble fiber (88%) (
Rufino et al., 2010). Both the insoluble and the soluble fibers are cap-
able of decreasing the energy digestibility. This action is explained by
the property of the insoluble fiber in accelerating the intestinal transit

time, by the lower activity of the pancreatic enzymes, by greater dif-
ficulty for the diffusion of enzymes and nutrients, and a lower enzyme-
substrate interaction, due to the physical barrier presented by the plant
cell wall (Pak & Araya, 2001). The more pronounced effect of cFSM on
the reduction of glycemia may have been due to the withdrawal of the
low molecular weight metabolites present in IcF, mainly sugars. In
addition, cFSM was more exposed (Fig. 1) and this may have po-
tentiated the physiological effect of the fiber.

Fruit fibers failed to promote weight reduction and beneficial effects
on the metabolism of carbohydrates and lipids (Bajerska, Chmurzynska,
Mildner-Szkudlarz, & Drzymała-Czyz, 2015; Ojo et al., 2016). In addi-
tion, the report of the Scientific Advisory Committee on Nutrition
(2015) states that no significant association was found between fruit
fiber intake and cardiovascular disease, as well as coronary events.
However, there are positive effects in reducing serum cholesterol and
triglycerides concentrations when fruit fiber is subjected to some
technological process, such as micronization, potentializing the phy-
siological effects of fiber (Wang et al., 2007; Wu, Wu, & Chau, 2009).
Although in this study we did not use cashew fiber in the presence of a
hyperlipidic diet, we observed that IcF altered the lipid profile of the
animals and when the fiber was submitted to the withdrawal of the low
molecular weight metabolites, this effect was absent, demonstrating an
improvement of the physiological properties of the fiber.

Fig. 1. Electronic photomicrography of cashew fiber: A) Integral
Cashew Fiber ( IcF); B) Cashew Fiber without Low Molecular Weight
Metabolites (cFSM).

Table 3
Effects of dietary intakes of ND + IcF (10%) and ND+ cFSM (10%) on serum parameters
and hepatic tissue evaluation of normal mice fed for 15 weeks.

Group ND (Control) ND + IcF (10%)
(IcF)

ND + cFSM (10%)
(cFSM)

AST (U/L) 34.92±3.82 70.54± 12.27* 34.92±6.53
ALT (U/L) 49.52±2.44 28.60± 2.40*** 35.60±2.51**

Liver total
cholesterol
(mg/g)

42.22±6.87 67.95± 3.17** 52.90±2.97

Glucose (mg/dL) 119.00± 9.90 89.14± 5.97* 73.53±5.30***

Total cholesterol
(mg/dL)

84.56±6.72 123.10± 2.68*** 93.63±3.92

HDL (mg/dL) 24.21±0.53 22.07± 0.79 22.03±0.66
LDL (mg/dL) 46.15±3.98 74.81± 4.08* 46.39±3.53
VLDL (mg/dL) 20.87±0.93 23.42± 1.31 21.34±1.80
Tryglicerides (mg/

dL)
98.22±3.70 125.30± 8.42* 108.10± 7.47

Urea (mg/dL) 65.08±3.11 56.91± 1.70 73.50±2.75
MDA nmol/g

tissue
23.30±1.10 16.73± 1.90 19.10±3.00

NP-SH (μg/mg
tissue)

1.40± 0.10 1.90±0.20 1.30± 0.10

The results are expressed as mean± standard error.
* p<0,05 versus control.
** p<0,01 versus control.
*** p<0001 versus control.
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It was observed an absence of hepatic damage with cFSM con-
sumption, indicated by the maintenance of the serum concentration of
hepatic transaminase AST and reduction of ALT, in addition to absence
of oxidative stress observed by MDA and GSH (NP-SH) (Table 3). The
IcF did not promote oxidative stress, however, increased liver transa-
minase AST, but not ALT. This demonstrates a possible absence of he-
patic damage with the consumption of the IcF. However, the increase of
AST can be associated to the elevation of the serum lipids. These results
are reinforced by the morphological analysis of the liver (Fig. 2). The
images show that the hepatocytes of the control, IcF and cFSM groups
have a rounded central nucleus with one or two well-evident nuclei
arranged in an organized manner.

Transaminases are considered to be sensitive indicators of hepato-
cellular damage, providing a quantitative evaluation of liver damage
(Müller et al., 2013). Transaminase AST is usually found in a variety of
tissues including the liver, heart, muscles, kidney, and brain. It is re-
leased into the blood when any of these tissues is compromised, and is
therefore not a highly specific indicator of liver damage. Although, the
ALT transaminase is found largely in the liver at high concentrations, it
is not produced exclusively by this organ. The ALT is released into the
bloodstream as the result of liver damage, being a specific indicator of
liver injury (Schumann et al., 2002).

3.3. Effects of IcF and cFSM intake on serum levels of leptin, insulin and
ghrelin

While mice fed the cFSM diet showed no change in serum leptin
levels, those fed the IcF diet showed elevated leptin levels when com-
pared to control group <P( 0.05). Plasma levels of insulin and ghrelin
were significantly lower in the cFSM group when compared to the
control group <P( 0.05) (Fig. 3).

The increase in plasma concentration of leptin with consumption of
IcF was accompanied by accumulation of abdominal fat and alteration
of the lipid profile of the animals. However, it is important to point out
that the mice were submitted to an isocaloric diet and there were no
differences in food intake and energy consumption among the three
groups. Leptin is mainly produced in adipose tissue and its circulating
levels are directly proportional to the amount of body fat, thus re-
flecting the state of energy storage in the long term (Considine et al.,
1996). Leptin is highly implicated in the regulation of nutrient ab-
sorption, lipid metabolism and glucose homeostasis in adipose tissue,
liver and skeletal muscle. However, leptin resistance is correlated with
the development of obesity, and the desensitization found in obese in-
dividuals can affect the physiological regulation of lipids and glucose in
adipose tissue, muscle and liver, as well as the use of nutrients in the
gastrointestinal tract can contribute to the worsening of the obese state

( Sáinz, Barrenetxe, Moreno-Aliaga, & Martínez, 2015).
Studies indicate that the presence of dietary fiber reduces the

plasma leptin concomitantly with the decrease of corporal fat im-
proving the metabolic health in hyperlipid diet-induced obese rats (
Adam et al., 2016; Lim, Goh, Mohtarrudin, & Loh, 2016; Wang et al.,
2007). As we did not induce obesity in our study, the expected result
would be no change in leptin concentration in the IcF and cFSM groups.
However, the hyperleptinemia verified with the consumption of IcF was
consistent with the results of the abdominal adiposity and alteration of
the lipid profile verified.

Regarding the reduction of insulinemia by cFSM, our hypothesis is

Fig. 2. Morphological analysis of the liver of mice fed for 15 weeks with normal diet (control group) (A), normal diet + Integral Cashew Fiber ( IcF) (10%) (IcF group) (B) and normal diet
+ Cashew Fiber without Low Molecular Weight Metabolites (cFSM) (10%) (cFSM group) (C). Bar 50 µm.

Fig. 3. Influence of cashew fiber on serum levels of leptin (a), insulin (b) and ghrelin (c)
from mice fed normal diet (control group), normal diet + Integral Cashew Fiber (IcF)
(10%) (IcF group) and normal diet + Cashew Fiber without Low Molecular Weight
Metabolites (cFSM) (10%) (cFSM group) for 15 weeks. The results are expressed as
mean± standard error of the mean * <P( 0.05) versus control.
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that it is related to the pronounced reduction of glycemia with the
consumption of this fiber, as seen previously. The hormone ghrelin was
also reduced with the consumption of cFSM. Ghrelin is an appetite
stimulating peptide that is released primarily by the stomach and gas-
trointestinal tract. It functions as a key modulator of energy home-
ostasis and plays an important role in the regulation of appetite, body
weight, and glucose homeostasis. It equates the action of anorectic
hormones and neuropeptides, such as leptin, peptide YY, GLP-1, cho-
lecystokinin and CART ( Briggs, Enriori, Lemus, Cowley, & Andrews,
2010). The dietary fiber consumption is associated to the reduction of
ghrelin in obese animals induced by a hyperlipid diet supplemented
with dietary fiber (Wang et al., 2007). Although our study did not
observe the effects of dietary fiber with the use of a hyperlipid diet,
cFSM reduced the serum concentration of ghrelin. This effect may be
associated with a higher water intake observed in the cFSM consuming
animals, due to the higher fiber exposure when the low molecular
weight metabolites were withdrawn, enhancing this physiological effect
even in the presence of isocaloric diet.

4. Conclusions

Integral cashew fiber (IcF) altered lipid metabolism, promoting
hyperlipidemia, hyperleptinemia and increased abdominal fat in
normal mice submitted to the isocaloric diet. This result leads us to
believe that the enrichment incentive guidelines or the elaboration of
products with cashew fiber should be carried out with caution, despite
being a food rich in fibers and antioxidant compounds.

The extraction of the low molecular weight metabolites improved
the physiological quality of the cashew fiber. The consumption of
cashew fiber without low molecular weight metabolites (cFSM) in
normal mice submitted to the isocaloric diet led to a reduction in gly-
cemia, insulinemia and ghrelin hormone levels. In addition, no changes
were observed in the lipid profile of the animals, in the abdominal
adiposity and in the hormone leptin. Thus, cFSM can be used as a
functional food with possible health benefits.
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