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Abstract

In this work, the effect of the intake of a low-fat diet supplemented with a fruit puree (guava-strawberry, guava-blackberry,
guava-soursop or guava-passion fruit) by obese rats on reduction of body weight, lipid profile, and liver enzyme activity was
evaluated. The rats (n=6 for each treatment) were induced to obesity with a high-fat diet for 4 weeks, then they were fed with
a low-fat diet plus a fruit puree for 4 weeks. Healthy rats and obese rats fed with standard diet as controls were considered.
The additional consumption of fruit purees was associated with a reduction in body weight (16-24%), a control in the metabolism
of plasma lipids decreasing the levels of total cholesterol (59-68%) and triacylglycerols (61-82%). We found a significant
reduction in inflammation markers and liver damage; enzyme activity (alanine aminotransaminase, aspartate aminotransferase,
y-glutamyl transferase and alkaline phosphatase) decreased, and a notable improvement in liver morphology was observed.
The consumption of fruit purees by obese individuals could contribute to the control of and improvement in the complications

of obesity caused by alterations in lipoproteins.
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Practical Application: The processed fruit purees are an alternative for prevention and control of obesity.

1 Introduction

In the last 4 years in Mexico, the number of overweight
(75.2%) and obese (36.3%) individuals, both adults and young
people, has increased according to the results of the National
Health and Nutrition Survey-Mexico (Encuesta Nacional de
Salud y Nutricion, 2016). Obese individuals generate high levels
of circulating fatty acids, principally triacylglycerols. These free
cortical fatty acids cause insulin resistance. Insulin resistance
also results in the inhibition of hepatic gluconeogenesis and
absorption of glucose by muscle and adipose tissue, thus initiating
the systemic inflammatory process, which causes changes in
metabolites circulating in the serum and the development
of hepatic steatosis (Ding et al., 2016). This is a result of an
increasing concentration of intracellular enzymes such as
aspartate aminotransferase (AST), alanine aminotransaminase
(ALT), alkaline phosphatase (ALP), y-glutamyltransferase (GGT),
among others (Wang, 2015).

Bioactive compounds such as dietary fiber, phenolic
compounds, carotenoids, vitamins and minerals that are consumed
from fruits and vegetables can control or have the ability to
reduce these markers of metabolic risk (Dongiovanni et al.,
2016). However, the functional potential of processed foods
containing a combination of fruits has rarely been studied.
We investigated the effect of intake of fruit purees on biochemical
markers in hypercholesterolemic rats and we demonstrated that
all purees decreased total cholesterol and triacylglycerols in

hypercholesterolemic rats (Pérez-Beltran et al., 2017). Therefore,
derived of our first study and that we did not induce obese rats,
we hypothesized that the consumption of fruit purees would
have an anti-obesity effect and to cause a hepatoprotective
effect in obese rats. Therefore, aim of this work was to evaluate
the effects of the intake of fruit purees on liver biomarkers to
evaluate hepatoprotective activity and reduction in body weight
in obese rats.

2 Materials and methods
2.1 Fruit purees

Four puree formulations, guava-strawberry (GSP),
guava-blackberry (GBP), guava-soursop (GSSP) and guava-passion
fruit (GPP) purees, were donated by Purés y Derivados de Nayarit
(PDN), Camichin de Jauja, Nayarit, Mexico. The elaboration,
characteristics, nutritional composition and content of bioactive
compounds of the purees were described in a previous publication
(Pérez-Beltran et al., 2017).

2.2 Experimental diets

Six diets were used. A commercial pedestrian maintenance
diet for experimentation (Nutri cubo Purina®; Agribands Purina
Mexico SA de CV., Mexico City, Mexico) was considered as
the standard rodent diet (StD). Other diet was a high-fat diet

Received 11 Oct., 2018
Accepted 21 Oct., 2019

! Laboratorio Integral de Investigacion en Alimentos, Tecnoldgico Nacional de México/Instituto Tecnoldgico de Tepic, Tepic Nayarit, Mexico
2Laboratorio de Investigacion Clinica e Histologia, Universidad Auténoma de Nayarit, Tepic Nayarit, Mexico

3 Purés y Derivados de Nayarit, Camichin de Jauja, Nayarit, México
*Corresponding author: efimontalvo@gmail.com, emontalvo@ittepic.edu.mx

Food Sci. Technol, Campinas, 40(Suppl. 1): 33-41, June 2020

33


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3760-0806

Anti-obesity effects of fruit purees in obese rats

(HF-StD), which was prepared using StD (50%) and it was fried
for 20 min with commercial pork lard (50%), this diet only was
used for obesity induction. Other four diets were prepared with
StD without frying (86.6%) more each type of fruit puree (13.3%)
and these diets were used as anti-obesity and hepatoproptective
treatments. The nutritional composition of diets was evaluated
(Supplementary Material, Table S1).

2.3 Animals and experimental design

The State Bioethics Committee of Nayarit, Mexico, approved
the experimental protocol (n°. CENB/03/2017) and the protocols
of the Institutional Animal Care and Use Commiittee according
to Mexican law (Norma Oficial Mexicana, 1999) were followed.
Thirty-six adult female Wistar rats (245 + 5 g), with age of
2 months, were obtained from the Institute of Neurobiology
of Universidad Auténoma de México (Queretaro, Mexico).
They were placed in individual cages and kept under normal
conditions of humidity (60 + 10%) and temperature (23 £ 1 °C),
with 12 h periods of light and dark. The animals were fed
with StD and water ad libitum. After 1 week of acclimation,
the animals were randomized into six groups of six rats each
(Figure 1). The healthy control group was fed with 15 g StD and
water ad libitum during all the experiment. To induce obesity,
the rats were fed with HF-StD for 8 weeks; after induction of
obesity the rats were weighted, the HE-StD diet was removed
and obese rats were divided in five groups to their feeding.
The groups were as follows: Group I: healthy control group fed
with StD (StD); Group II: obese group fed with StD (Ob-StD);
Group III: obese group fed with StD + guava-strawberry
puree (Ob-StD + GSP); Group IV: obese group fed with
StD + guava-blackberry puree (Ob-StD + GBP); Group V: obese

group fed with StD + guava-soursop fruit puree (Ob-StD + GSSP);
Group VI: obese group fed with StD + guava-passion fruit puree
(Ob-StD + GPP). Over the dietary intervention period, the diets
and water were administrated orally ad libitum. The quantities of
diet every day for 4 weeks more were: 15 g StD to H-StD group
and DM-StD group and 13 g StD mixed with 2 g of a different
fruit puree to the others obese rats. The food intake of the rats
was recorded daily, and their body weights were monitored
each week throughout the experiment. After, the animals were
killed after 12 h of fasting to obtain blood and hepatic tissue.
The euthanasia protocol according to the Manual on the Use
and Care of Experimental Animals (Norma Oficial Mexicana,
1999) was followed. The blood samples were obtained from the
inferior vena cava. Serum samples were obtained by centrifuging
the blood samples (1.5 mL) at 4500 xg for 5 min at 4 °C, and
were analyzed within 7 h in order to comply with the quality
control requirements of clinical biochemical tests.

2.4 Biochemical markers

The enzyme activity of AST, ALT, GGT and ALP, and
the concentration of glucose, urea, creatinine, uric acid, total
proteins, albumin and bilirubin as well as total cholesterol (TC),
triacylglycerols (TG) and high-density lipoprotein cholesterol
(HDL-C) were determined in the serum samples using enzymatic
kits (Biosystems Reagents and Instruments, Barcelona, Spain)
performed according to the manufacturers’ instructions and
a calibrated BTS-350 Biosystem Auto-analyzer, (Biosystems
Reagents and Instruments, Barcelona, Spain). The low-density
lipoprotein cholesterol (LDL-C) and very-low-density lipoprotein
cholesterol (VLDL-C) fractions were determined according to
the Friedewald equations (Siri-Tarino & Krauss, 2016).
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Figure 1. Distribution of groups and experimental design. GSP = guava-strawberry puree; GBP = guava-blackberry puree; GSSP = guava-soursop

fruit puree; GPP = guava-passion fruit puree.
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2.5 Histopathological analysis

The liver tissues were fixed in 10% neutral-buffered
formalin (pH 6.8) and embedded in paraffin. The tissues were
sectioned with a microtome with 5 pm thick and stained with
haematoxylin and eosin (Al Sayed et al., 2016). Afterwards, the
sections were analyzed by light microscope (Leica DME1359,
Wetzlar, Germany) (60x).

2.6 Statistical analysis

The in vivo data are expressed as mean of three
replicates + standard error (SE). Data were analyzed using
one-way analysis of variance (ANOVA, p < 0.05) and mean
comparisons using the least significant difference test (a =0.05).
All statistical analyses were performed using the statistical
software STATISTICA (v.10 StatSoft, Tulsa, OK).

3 Results and discussion
3.1 Body weight

The body weight of the experimental animals is presented
in Table 1. The body weight of StD group was maintained
without change (p>0.05) until the end of the experiment.
However, in the animals fed HF-StD for 8 weeks, total food
intake increased, and therefore the body weight increased (15%)
as expected. Body weight increases when energy consumption
exceeds energy expenditure as occurred in this experiment.
After the fat content was reduced in the diet, and body weight
was reduced by 16% to 24% in all obese groups fed with StD
and a fruit puree (Ob-StD+FP), coinciding with the decrease
in their total food intake. The reduction in body weight can be
attributed to consumption of fruit purees because body weight
in the Ob-StD group did not decrease. StD+FP contained
~13.81% dietary fiber, ~10 mg/g of polyphenols and ~5.15 mg/g
of vitamin C (Supplement Table S1). The synergistic effect of
dietary fiber/indigestible fraction and phenolic compounds has
been demonstrated in modulation of the inflammatory processes
of adipose tissue (Moyano et al., 2016). Therefore, it is possible
that the fruit purees, with an important indigestible fraction

and bioactive compounds, caused beneficial effects, such as
reduction in fat and carbohydrate absorption and a satiogenic
effect, and may have the ability to activate thermogenesis and
inflammatory processes (Moyano et al., 2016), decreasing the
body weight of obese rats.

3.2 Biochemical markers

The content of TC, TG, HDL-C, VLDL-C, and LDL-C is
shown in Table 1. A higher content of TC, LDL-C, VLDL-C
and TG (p<0.05) was found in the obese experimental group
(Ob-StD) than in all other groups. The initial consumption of
HF-StD may cause an increase in free fatty acids, which are raw
material for the manufacture of TG, LDL-C, VLDL-C, and a
decrease in HDL-C, even though the diet was changed to normal
StD after 8 weeks (Mejia de Grubb et al., 2017). The Ob-StD+FP
groups registered a high reduction of TC (59-68%), LDL-C
(65-89%), VLDL-C (61-82%) and TG (61-82%) in comparison
with the Ob-StD group, but with similar values to the healthy
control group (StD). The results were dependent on the kind
of fruit puree. It was clear that the additional consumption of
fruit purees caused notable changes in the lipid profile in obese
animals probably due to the functional effect of the bioactive
compounds in the four formulations (Pérez-Beltran et al.,
2017). It has been reported that some flavonoids participate in
the reduction of fat absorption due to inhibition of the action
of pancreatic lipases (Glisan et al., 2017). In addition, they can
modify lipoprotein metabolism by inducing the elimination
of hepatic cholesterol and causing an increase in the excretion
of bile acids; in particular, proanthocyanins are considered to
exert the main mechanisms of action in relation to the lipid
profile (Dongiovanni et al., 2016). The HDL-C content was
higher in the StD group than in obese groups fed or not with
fruit purees. HDL-C is responsible for the transport of TG to
be deposited and processed in the liver, and its concentration
in serum should be higher to regularize its function when an
individual is health (Glisan et al., 2017). However, an increase in
the concentration of hepatic free cholesterol in the obese groups
at least for the 8 weeks that they were fed with HF-StD, could
affect in liver pathogenesis as a result of the accumulation of

Table 1. Body weight and changes in the lipid profile for healthy animals fed with standard diet (StD), obese animals fed with standard diet
(Ob-StD), and obese animals fed with standard diet and guava-strawberry (Ob-StD+GSP), guava-blackberry (Ob-StD+GBP), guava-soursop

fruit (Ob-StD+GSSP), or guava-passion fruit (Ob-StD+GPP) puree.

Parameters StD Ob-StD Ob-StD+GSP Ob-StD+GBP Ob-StD+GSSP Ob-StD+GPP
Body weight (g)
Initial 245.0 + 4.6 247.3 £ 7.0 251.0 + 6.4 241.0 £ 9.5% 238.0 + 2.0 245.0 £ 3.1
After induction of obesity 236.0 £ 13.9% 302.7 £5.7°Y 297.0 + 2.0°Y 299.0 + 11.1% 292.0 + 5.6°Y 294.3 + 6.7°Y
End of treatment 248.0 £9.1%% 300.3 + 1.5% 252.0 + 15.0% 228.0 + 4.4 241.7 £ 3.8% 249.3 + 9.6
Total food intake (g per 60 days) 836.0 + 4.6 1056.7 + 4.2* 939.7 +2.5° 929.3+1.5° 898.7 + 1.5° 935.7 £5.1°
Lipid profile (mmol/L)
Total cholesterol 2.27 +£0.58° 6.34 + 0.62* 2.61 +0.43 2.24 +0.68 1.98 £0.25" 2.04 +0.25°
LDL-cholesterol 0.17 + 0.50° 2.51 £ 0.46° 0.89 £0.12° 0.30 + 0.04¢ 0.28 +0.25° 0.40 +0.19¢
VLDL-cholesterol 0.25 £ 0.06¢ 1.24 +0.02¢ 0.23 +0.25% 0.64 £0.21° 0.55 + 0.02° 0.48 +0.04°
Triacylglycerols 0.47 +0.10° 2.72 +£0.05 0.50 + 0.05¢ 1.44 + 0.45° 1.21 £0.05° 1.05+0.10°
HDL-cholesterol 1.09 £0.12° 0.8 +£0.03" 0.66 + 0.09" 0.54 £ 0.60* 0.53 £ 0.09° 0.55 +0.18"

The values represent the mean + standard error. Different lowercase letters (*" <¢) indicate significant differences (p<0.05) between treatments and uppercase letters (* %) indicate

significant differences (p<0.05) between time of treatments.
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cholesterol, which is toxic at different levels, causing oxidative
damage to the mitochondria, stress in the endoplasmic reticulum
and activation of Kupffer cells. These changes trigger the
inflammatory processes causing cell apoptosis and a decrease
in the production and excretion of metabolites necessary for
the homeostasis of the organism (Pacifico et al., 2014). Thus,
the addition of fruit purees to the diet of obese rats decreased
body weight gain and the levels of TC, TG, VLDL-C, and LDL-C
but did not increase HDL-C levels. Sarfraz et al. (2019) and
Moura et al. (2016) demonstrated that prebiotic dairy foods
(dairy dessert and symbiotic yoghurt) reduced TG, LDL and

VLDL (8-10% and 64.07-80.20%, respectively); therefore, the
fruit purees have a similar effect that prebiotic dairy foods in
the lipid profile. The authors also concluded that significant
significant reduction in TC, TG, LDL and VLDL could also be
due to cholesterol assimilation or its deconjugation of bile acids,
reducing digestibility of lipids.

The enzyme activities of AST, ALT, GGT, and AP are shown
in Figure 2. Serum AST activity in the healthy control group (StD)
was 98.2 U/L, whereas in obese animals (the Ob-StD group), serum
AST activity increased to 151.3 U/L (Figure 2a). The alteration of
lipids can generate insulin resistance and trigger the phenomenon
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Figure 2. Aspartate aminotransferase (a), alanine aminotransaminase (b), y-glutamyl transferase (c), and alkaline phosphatase (d) activities; total
protein (e), albumin (f), total bilirubin (g), and bilirubin direct (h) in healthy rats fed with standard diet (StD), obese rats fed with StD (Ob-StD)
and obese rats fed with StD plus guava-strawberry (Ob-StD+GSP), guava-blackberry (Ob-StD+GBP), guava-soursop fruit (Ob-StD+GSSP), or
guava-passion fruit (Ob-StD+GPP) puree. Different lowercase letters in each bar indicate significant differences (p < 0.05).
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of lipotoxicity, which cause decoupling of the cellular metabolism
with the generation of signaling cascades that are related to the
initiation of programmed cell death processes as well as high
AST activity (Maulucci et al., 2016). When obese rats were fed
with StD and a fruit puree such as GSP, GBP, GSSP, or GPP,
the serum AST activity decreased to 15.8 (89.5%), 12.1 (92%),
126.8 (16%) and 14.6 U/L (90.3%), respectively. This means that
GSP, GBP, and GPP induced a higher decrease in AST activity
than GSSP. It has been demonstrated that polyphenols have a
direct relationship with the concentration of histone deacetylase
enzymes (at DNA level) present in hepatocytes and therefore
they have hepatoprotective activity because they inhibit the cycle
that leads to cellular apoptosis (Vahid et al., 2015). In this way,
the bioactive compounds in the fruit purees could influence the
decrease in AST activity. The results for ALT activity are shown
in Figure 2b. Serum ALT activity was high (68.8 U/L) in the
Ob-StD group compared with the StD group (31.1 U/L). High
serum ALT activity in the Ob-StD group indicated that there
was damage to the liver due to free radicals or to the effect of
pro-inflammatory factors secreted by adipose tissue, such as IL-6,
IL-10 and TNF-a, causing an increase in serum ALT activity
(Moyano etal., 2016; Oliveira et al., 2016). Nevertheless, serum
ALT activity decreased in obese groups fed with StD and GSP,
GBP, GSSP, or GPP puree; the percentage reduction was 47.8%,
62.8%, 53.2%, and 56.5%, respectively (p<0.05). This indicated
that the consumption of fruit purees had a significant effect
on the decrease in ALT activity, probably due to the content of
bioactive compounds in the purees. Gallic acid has been reported
to increase the expression of genes that synthesize antioxidant
enzymes, such as SOD and CAT; modulate the expression of
molecules that cause inflammation; and induce the expression
of genes involved in cell proliferation, all contributing to a
hepatoprotective effect, if the ALT activity in the liver is low
(Oliveira et al., 2016). The fruit purees contained different
polyphenols, including gallic acid (Pérez-Beltran et al., 2017).
Serum GGT and ALP activities are shown in Figure 2c and 2d.
Serum GGT activity was higher in the Ob-StD group (3.3 U/L)
than in all other groups (1.0-2.0 U/L). This enzyme is found
particularly in the bile canaliculi, therefore an increase in its
concentration indicates biliary obstruction as probably occurred
in the Ob-StD group. Serum ALP activity was also higher in the
Ob-StD group (139.4 U/L) than in the StD group (51.1 U/L) or
the Ob-StD+FP groups (47.6-68.2 U/L). It has been reported
that fatty acids can be cytotoxic per se when their metabolic
regulation is inadequate with pathophysiologic consequences,
such as induction of liver damage (Houben et al., 2017), as
probably occurred in the Ob-StD group as shown by high

ALP activity. The low serum GGT and ALP activities in the
Ob-StD+FP groups are related to an anti-inflammatory effect of
the bioactive compounds present in the functional food matrix
(Shahidi & Ambigaipalan, 2015). It has been reported that this
effect is counteracted by the action of bioactive compounds such
as flavonoids (catechins, quercetins and isoflavones) present
in the fruit matrix. The beneficial effect of these flavonoids
has been reported to be due to suppression of the secretory
route of pro-inflammatory interleukins (Moyano et al., 2016;
Oliveira et al., 2016).

Table 2 shows the plasma glucose concentration. There was a
marked increase in glucose in the Ob-StD group with a significant
difference (p <0.05) compared with the StD group. One of the
physiopathologic aspects of obesity is the effect produced by free
fatty acids in plasma, which are regulated by insulin; however,
during insulin resistance, these fatty acids increase and produce
lipotoxicity in different organs such as the pancreas and liver,
causing changes in the function of insulin receptors. It is possible
that the high plasma glucose concentration in obese rats caused
dyslipidemia and dyslipoproteinemias (Dongiovanni et al., 2016).
However, plasma glucose decreased between 25% and 28% after
8 weeks of treatment in the Ob-StD+FP groups. Several studies
have reported effectiveness of ingesting guava extracts to reduce
hyperglycemia in obese rats (Eidenberger et al., 2013). The authors
concluded that guava contains bioactive compounds with the
potential to inhibit the dipeptidyl peptidase IV enzyme (DP-1V),
which is responsible for degradation of incretin hormones such as
glucagon-like peptide (GLP-1). The inhibition of DP-IV contributes
significantly to insulin secretion and decreases glucagon secretion,
thereby controlling plasma glucose concentrations (Noratto et al.,
2015). The urea and uric acid levels were 9.27 and 0.16 mmol/L
in the StD group, 10.47 and 0.17 mmol/L in the Ob-StD group,
respectively; with a tendency to decrease in the Ob-StD+FP
groups (6.10-8.37 and 0.09-0.14 mmol/L, respectively; p<0.05).
Although there was a significant difference (p<0.05) among the
experimental groups, all values were normal for the healthy
individuals. The creatinine levels also showed a decrease in the
Ob-StD+FP groups in comparison with the Ob-StD group. It is
possible that, in the Ob-StD+FP groups, there was an improvement
in renal activity, possibly by the action of bioactive compounds
present in the purees. Bioactive compounds have a positive effect
on reducing kidney failure (Oliveira et al., 2016). This suggests
that there was no chronic damage in the kidneys and the renal
elimination of these metabolites in the blood was adequate.

The concentration of albumin and total proteins
(Figure 2e and 2f) in the Ob-StD+FP and Ob-StD groups had

Table 2. Biochemical parameters for healthy animals fed with standard diet (StD), obese animals fed with standard diet (Ob-StD), and obese
animals fed with standard diet plus guava-strawberry (Ob-StD+GSP), guava-blackberry (Ob-StD+GBP), guava-soursop (Ob-StD+GSSP) or

guava-passion fruit (Ob-StD+GPP) puree.

Parameters StD Ob-StD Ob-StD+GSP Ob-StD+GBP Ob-StD+GSSP Ob-StD+GPP
Glucose (mmol/L) 7.42 +3.21° 14.60 =+ 2.71* 10.91 £ 0.68° 10.69 + 0.64° 10.04 £ 0.38° 10.40 £ 0.68°
Urea nitrogen (mmol/L) 9.27 £ 1.65* 10.47 +0.88° 6.55 + 0.25° 8.37 £ 0.69® 6.10 £1.17° 6.82 +1.18
Uric acid (mmol/L) 0.16 + 0.09° 0.17 £0.01* 0.09 £ 0.01¢ 0.09 £0.01¢ 0.14 + 0.02° 0.10 + 0.02"*
Creatinine (umol/L) 0.16 £ 0.01° 0.18 £0.01* 0.06 £ 0.01¢ 0.07 £0.01¢ 0.06 £ 0.01¢ 0.06 £ 0.01¢
The values represent the mean + standard error. Different superscript letters in the same line indicate significant differences (p < 0.05).
Food Sci. Technol, Campinas, 40(Suppl. 1): 33-41, June 2020 37



Anti-obesity effects of fruit purees in obese rats

a tendency to decrease compared with the values for the StD
group, however, there was no significant difference (p>0.05).
Hypoalbuminemia can be caused by a decrease in protein
synthesis as a result of liver diseases, which result in the inability of
hepatocytes to synthesize this protein (Oettl et al., 2013). Although
the obese animals consumed the fruit puree for 8 weeks, there
was no increase in these parameters; but any change observed
may be related to cell repair time (Oettl et al., 2013). The results
for total and direct bilirubin are shown in Figure 2g and 2h.
The values were higher in the Ob-StD group than in the OStD+FP
groups, which showed normal values as the StD group. Normal
concentrations of total and direct bilirubin reflect a balance
between hepatobiliary production and excretion; however,
an increase in total bilirubin indicates intra- or extrahepatic
obstructive processes, and high concentrations of direct bilirubin

indicate narrowing of bile ducts causing inflammation. Both
processes have been associated with pathologies such as obesity,
diabetes mellitus type II, and metabolic syndrome, among
others (Lee et al., 2017). The administration of antioxidant
compounds through consumption of fruit purees was found
to decrease tissue damage in rats due to neutralization of free
radicals; therefore, if these radicals decrease, the concentration
of both metabolites could also decrease as a result of repaired
tissue (Pérez-Beltran et al., 2017).

3.3 Histopathological analysis

The hepatocytes in the StD group, with normal chromic
and uniform size, are shown in Figure 3a, demonstrating the
physiomorphology of a healthy individual. Figure 3b shows cells

Figure 3. Histological photomicrographs of liver sections (60x) in (a) healthy rats fed with standard diet (StD), (b) obese rats fed with StD, and obese
rats fed with StD plus (c) guava-strawberry, (d) guava-blackberry (GBP), (e) guava-soursop fruit (GSSP), or (f) guava-passion fruit (GPP) puree.
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from the Ob-StD group with lesions triggered by hemodynamic
changes in the circulatory system and severe damage in the
hepatocytes with numerous lipid inclusions, decreasing their
population. Recent studies have shown changes in focal nodular
hyperplasia, one of the lesions related to obesity, involving
vascular malformation composed of nodules of hyperplastic
hepatocytes separated by fibrous septa, which can be seen under the
microscope as scars (Wang, 2015), which was observed markedly
in the liver of the Ob-StD group. Figures 3c-f show changes in
hepatic morphology with hepatocyte plaques directed from the
portal triads to the ventral vein, homogeneous hepatocyte cells,
normocytic and normochromic endothelial cells, and normal
hepatic sinusoids, with clear tissue regeneration probably before
induction to mitosis, because a greater number of nuclei can
be observed in comparison with the Ob-StD group (Figure 2b).
The potential effect of the addition of each puree to the diet was
confirmed. The hepatoprotective effect of various compounds, such
as resveratrol, epigallocatechin-3-gallate, quercetin, ellagitannins
was reported at the DNA level, acting in a directly proportional
relationship between the concentration of histone deacetylase
enzymes and the population of hepatocytes (Vahid et al., 2015).

4 Conclusions

The additional consumption of fruit purees in the diet
can decrease body weight in obese rats. The consumption of
fruit purees for 8 weeks generated an anti-obesogenic and
hepatoprotective effect in obese rats, demonstrated by a decrease
in the concentration of markers of inflammation and liver damage,
and improved liver morphology. The addition of fruit purees to
a diet low in fat could be an alternative to help decrease body
weight and chronic degenerative diseases in obese individuals.
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