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ABSTRACT 
 
High Fat and Fructose Diet (HFFD) can cause hypercholesterolemia and kidney damage, which may be 
reduced by banana-based rice analogs due to low glycemic index, high fiber, pectin, and phenolic. The aim 
of this study is to assess the effect of banana-based analogue rice on kidney histopathological features in 
HFFD-fed rats (Rattus norvegicus). This study is a true experimental post-test only design on 24 male rats 
randomly devided into negative control (CN) and HFFD groups for 14 days. HFFD-fed rats group then 
received standart pellets (CP), white rice pellets (WR), and banana-based analog rice pelletes (BAR) for 21 
days. Kidneys were examined microscopically (400x) for inflammatory cell infiltration, edema, and necrosis 
in the glomerulus and renal tubules. This study showed the average kidney damage scores from highest 
were: WR group (5.4), CP group (5.3), BAR group (3.2), and CN group (2.5). Then One-Way ANOVA and Post-
Hoc Bonferroni test showed a significant difference between BAR group with CP and WR groups. Banana-
based analog rice pellet improved kidney condition in rats, which kidney damage scores in the BAR group 
being 60 percent lower than CP and WR groups. Future studies should consider serial termination and 
necropsy to evaluate kidney demage progression. 

Keywords: banana analog rice, dyslipidemia, HFFD, kidney histopathology 
 
ABSTRAK 
 
Diet tinggi lemak dan fruktosa (HFFD) dapat menyebabkan hiperkolesterolemia hingga kerusakan ginjal, 
yang dapat dihambat dengan beras analog berbasis pisang karena memiliki indeks glikemik rendah, tinggi 
serat, pektin dan fenolik. Penelitian ini bertujuan menilai efek beras analog berbasis pisang terhadap 
gambaran histopatologi ginjal pada tikus (Rattus norvegicus) dengan HFFD. Penelitian ini berdesain true 
experimental dengan post-test only pada 24 tikus jantan (Rattus norvegicus), yang secara acak 
dikelompokkan dalam kelompok kontrol negatif (CN) dan perlakuan HFFD selama 14 hari. Kelompok dengan 
HFFD selanjutnya dibagi dan menerima pelet standar (CP), pelet beras putih (WR), dan pelet beras analog 
berbasis pisang (BAR) selama 21 hari. Kemudian ginjal diamati menggunakan mikroskop (400x) untuk 
menilai infiltrasi sel inflamasi, edema, dan nekrosis pada glomerulus serta tubulus ginjal. Penelitian ini 
menunjukkan rerata kerusakan ginjal dari yang terberat adalah kelompok WR (5,4); kelompok CP (5,3), 
kelompok BAR (3,2); kelompok CN (2,5). Uji One-Way ANOVA dan Post-Hoc Bonferroni menunjukkan 
perbedaan signifikan antara kelompok BAR dengan kelompok CP dan WR. Pemberian pelet beras analog 
berbasis pisang memberikan perbaikan pada ginjal tikus dengan nilai kerusakan ginjal kelompok BAR lebih 
rendah 60 persen dibandingkan dengan kelompok CP dan WR. Penelitian selanjutnya disarankan 
melakukan terminasi dan nekropsi secara serial guna mengevaluasi progresivitas keruskaan ginjal. 
 
Kata kunci: beras analog pisang, dislipidemia, HFFD, histopatologi ginjal 
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INTRODUCTION 
 
 

igh Fat and Fructose Diet (HFFD) is a diet 
that generally consists of more than 50 
percent of calories from fat and fructose.1 

One kind of food that consist high fat is eggs, 
especially quail eggs which have a fat content of 
10-15 percent f their total weight and in 100 
grams of quail egg yolk contains 31.8-35.5 grams 
of fat.2 The recommended intake if chicken eggs 
in healthy individuals is 1-3 eggs with a average 
weight of 60 grams per egg with calories of 72 
kcal which contain cholesterol levels of 423 
mg/dL.3,4,5 Meanwhile, quail eggs weigh an 
average of 9 grams per gain with calories of 14 
kcal and 844 mg/dL cholesterol, which is higher 
than chicken eggs but lower number of calories.3 
High fructose content is also fund as a sweetener 
in sweet drink such as carbonated drinks which 
contain 34 grams of sugar in every 330 ml and 
produce 140 kcal.6,7 

Minister of Health regulation No. 30 of 2023 
states that the daily intake limit for fat is less than 
67 grams or five tablespoons of oil and sugar is 
less than 50 grams or four tablespoon in each 
individual.8 A diet with high fat and fructose levels 
causes an increase in total cholesterol, low-
density lipoprotein (LDL), triglycerides (TG), and 
a decrease in high-density lipoprotein (HDL) 
levels in blood plasma which is a sign of lipid 
metabolism disorder that trigger 
dyslipidemia.6,9,10 

The World Health Organization estimated 
that in 2008, the prevalence of dyslipidemia in 
sequence from the highest in the world was in 
Europe (53.7%), America (47.7%), Southeast 
Asia (30.3%), and Africa (23.1%).11 Meanwhile, 
in Indonesia itself, based on RISKESDAS data, 
Indonesia has a prevalence of dyslipidemia of 
28.8 percent in the population aged ≥15 years 
with cholesterol levels >200 mg/dL.12 

Individual with high cholesterol diet and 
lower calories have been shown to have higher 
risk of death than individual with nutritionally 
balanced diets but higher calories, this proves 
that it is not only calories that count in a diet but 
also the balance of nutrients in food.13 But 
calories are needed by the body for daily 
metabolic, physical, and metal activities based 
on the average nutritional adequacy rate for 
Indonesians, the calories needed per day are 
2100 kcal and if excess will be stored in the form 

of fat which can trigger obesity.14,15 Obesity is 
closely related to dyslipidemia because it is risk 
factor that triggers the condition or worsens due 
to an individual’s unbalanced diet.16 

Dyslipidemia can lead to other adverse 
conditions such as diabetes mellitus (DM) which 
can results in complication retinopathy, 
neuropathy, nephropathy, and cardiovascular 
system disorder.17,18 Dyslipidemia has also been 
shown to be a risk factor for elevated liver 
enzymes which are an indicator of liver 
disfunction and also one of the triggers of chronic 
kidney disease (CKD).19,20 CKD occurs by a 
mechanism involving damage to kidney cells 
leading to decrease in glomerular filtration rate 
(GFR) caused by factors such as ischemia, 
toxicity, and oxidative stress.21,22,20 

Chronic kidney disease (CKD) can reduce 
an individual’s quality of life through 
complications such as anaemia due to 
decreased erythropoietin synthesis, mineral 
disorders and bone abnormalities that can 
increase the incidence of fractures, and 
cardiovascular disease that can lead to sudden 
death.23,24,25 The worsening of conditions due to 
dyslipidemia can be inhibited by lifestyle 
modifications including a diet low saturated fat, 
high unsaturated fat, high in fibre, an low 
glycemic index to reduce total cholesterol, LDL, 
TG, and increase HDL.26,27,28 

Analogue rice is generally produced from a 
mixture of non-rice flour with higher nutritional 
profile and fibre content than white rice.29 
Research related to analogue rice made from 
modified cassava flour (MOCAF) has been 
shown to provide improvements in kidneys with 
hyperglycemia conditions due to its high fibre 
content and low GI.30 One of the local resources 
similar to MOCAF with low glycemic index and 
high fibre content is banana. Immature bananas 
generally have a glycemic index value of 30 
which is lower than ripe banana.31 

Bananas give a hypocholesetrolemic effect 
from the high fibre content and pectin which can 
help bind and reduce cholesterol absorption in 
the digestive tract.32,33 Every 100 grams of 
banana contain 2-18 grams of fibre and the 
recommended dietary fibre intake is 19-38 grams 
per day, so consuming 2 bananas will fulfil the 
daily fibre intake.34 Banana have a high 
potassium and phenolic which can maintain 
blood pressure stability and prevent kidney 

H 
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damage by reduce the level of reactive oxygen 
species (ROS).35,36 

Studies related to the effects of banana-
based analogue rice on dyslipidemia are 
currently limited, so further research is needed, 
especially its effects on the histopathological 
features of the kidney. This study uses an animal 
model of male Wistar rats fed with HFFD. Rats 
that are induced orally with HFFD solution are 
found to have increased fat accumulation, 
increased cholesterol and TG levels that lead to 
dyslipidemia.37 

The objective of this study was to assess the 
effect of banana-based analogue rice on the 
histopathological features of kidney of rats 
(Rattus norvegicus) induced by high fat and 
fructose diet. 

 
METHOD 
 
Research Design 

The study used was true experimental with 
Wistar rats (Rattus norvegicus). The research 
design used was simple random to divide the 
sample into negative control group (CN) and 
High Fat and Fructose Diet (HFFD) treatment 
group. CN group was fed with standart pellet and 
aquades at. libitum. Rats that were fed with 
HFFD and become dyslipidemia then devided by 
stratified random group into three groups, which 
were positive control group (CP), white rice group 
(WR), and banana-based analogue rice group 
(BAR). Each group were fed with standart pellet, 
white rice pellet, and banana-based analogue 
rice pellet.   

 
Sample and Population 

The data used in this study are primary data. 
The samples in this study were Wistar strain rats 
(Rattus norvegicus). Samples were selected 
based on inclusion criteria to obtain a 
homogeneous sample, those are: male, age 2-3 
months, 150-250 grams, and physically healthy. 
Exclusion criteria in the study samples were rats 
that sick and died during the study. The number 
of samples was determined using Degree of 
Freedom formula with 10 percent of correction 
factor and obtained 6 rats for each group.38 The 
total sample used was 24 rats divided into 4 
groups. 

 
 

Preparation of Dyslipidemia Rats 
This study was held in June-December 2024 

at the Laboratory of Pharmacology, Faculty of 
Medicine, University of Jember, while the 
observation of kidney histopathology was 
conducted at the Laboratory of Histology and 
Anatomical Pathology, Faculty of Medicine, 
University of Jember. This study has been 
approved ethically by the ethics committee of the 
Faculty of Medicine, University of Jember with 
No: 5326/UN25.1.10.2/KE/2024. 

The rats selected to be the sample were 
adapted for 7 days before treatment and given 
standard pellet and drink ad libitum. After the 
adaptation period, the rats were divided by 
simple random into a negative control group (CN) 
of 6 rats and the rest into treatment groups that 
were induced with HFFD as much as 4 mL/200 
grams of rat body weight by oral sonde once a 
day for 14 days. Each 4 mL of HFFD contains 1 
mL of quail egg yolk, 1 mL of 60 percent fructose, 
and 2 mL of cooking oil. Both negative control 
group (CN) and treatment group will be given 
standard pellet feed and drink ad libitum in their 
maintenance. Mice with body weight >8 percent 
above normal body weight or 150-250 grams, at 
the end of HFFD treatment will be selected for 
further treatment.39,40 

 
Treatment of White Rice and Banana-Based 
Analogue Rice 

All HFFD induced rats (n=18) with body 
weight >8 percent above normal body weight 
were then divided into 3 groups in proportionally 
stratified randomised manner.40 Stratification 
was done based on body weight. The three 
groups were: positive control rats fed standard 
pellets (CP), dyslipidemic rats fed white rice 
pellets (WR), and dyslipidemic rats fed banana-
based analogue rice pellets (BAR). Each rat was 
fed according to its group for 21 days ad libitum. 

Pellets were produced at the Food 
Engineering Laboratory, Faculty of Agricultural 
Technology, University of Jember. White rice 
pellets were made by mixing white rice (IR64) 
and standard feed in a ratio of 3:2 which was then 
formed into pellets and given to the WR group. 
Banana-based analogue rice in this study is 
artificial rice with the main ingredients of banana, 
corn, and white rice (IR64) in a ratio of 3:3:4 
which is processed by extrusion process.41 
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Table 1 
Histopathological Scoring of Kidney Damage 

Variabel Skor 

Glomerulus  
Normal 0 
Found of inflammatory cell inflamation 1 
Found of bowman space edema 2 
Found of necrosis cell 3 

Tubules  
Normal 0 
Found of inflammatory cell inflamation 1 
Found of epithelial tubules edema 2 
Found of necrosis cell 3 

 
 
 
 
 
Kidney Organ Collection, Preparation, and 
Observation 
After 21 days of treatment, rats were sacrificed 
and anaesthetised using ketamine 75 mg/kg 
body weight and xylazine 5 mg/kg body weight, 
injected intramuscularly. Then the rats were 
dissected through the thorax with a Y type 
pattern, the kidney organs were taken. Kidney 
organs were processed into histopathological 
preparations using Haematoxylin Eosin (HE) 
painting and assessed for the level of damage 
based on scoring consisting of inflammatory cell 
infiltration, bowman space edema, tubular 
epithelial edema, and necrosis cells in the 
glomerulus and renal tubules with score range of 
0-3 as in Table 1.42 Assessment was performed 
using an OptiLab light microscope with 400x 
magnification for 5 fields of view. The reading of 
kidney histopathology was performed in a double 
blinding manner with two observers 
 
Data Analysis 

The data were analysed using the SPSS 
application. Data were collected in the form of 
renal histopathological scoring values. Statistical 
tests of renal histopathological scoring using the 
One-Way ANOVA test to determine the 
significance (p<0.05) of differences in 
histopathological images. Furthermore, to 
distinguish which groups have significant 
differences, a comparison of each group with 
other groups is carried out with the Bonferroni 
Post-Hoc test which will show significant results 
if it has a p<0.05. 

RESULT 
 

The results of HFFD treatment of rats are 
proven to have an effect on the condition of rats 
based on weight gain. The average weight gain 
in each group obtained by the negative control 
group (CN) was the lowest while the group with 
white rice treatment (WR) was the highest. This 
is in accordance with the results of 
histopathological observations of the kidneys 
that show the lowest damage score is the 
negative control group (CN) while the highest 
damage score is the group with white rice 
treatment (WR). 

 
Result of High Fat and Fructose Diet on Rats 

After the feeding of High Fat and Fructose 
Diet (HFFD), there was an increase in the 
average body weight of rats in each group. The 
increase in body weight in rats is one of the 
effects of dyslipidemia conditions obtained 
through HFFD induction.43 The highest weight 
gain was experienced by the white rice group 
(WR) at 26.3 grams, the positive control group 
(CP) at 25.3 grams, the analogue rice group 
(BAR) at 23.2 grams, and the smallest weight 
gain was experienced by the negative control 
group (CN) at 17.7 grams. 

 
Result of Histopathological Observation of 
Kidney Damage 

Kidney histopathological observations 
based on the damage score of glomerular cells 
and tubular cells are presented in the table of 
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kidney histopathological damage score 
assessment results (Table 2). The glomerulus 
was given a score of 1 if there was inflammatory 
cell infiltration, score 2 if there was oedema in the 
bowman space, or score 3 if there were necrosis 
cells. Tubular cells are given a value of 1 if there 
is inflammatory cell infiltration, a value of 2 if 
there is edema of tubular epithelial cells, or a 
value of 3 if there are necrosis cells.42 

Observation of the histopathological picture of 
the kidneys was carried out by two observers, so 
it was necessary to test the reliability of the 
observation data with the Cronbach's Alpha test 
and obtained a p>0.6 value which means the 
data is reliable. The histopathological picture of 
the kidney with 400x magnification is presented 
in Figure 1. 

 
 

Table 2 
Histopathological Score of Kidney Damage 

Number of 
Samples 

Histopathological Score of Kidney Damage 

CN CP WR BAR 

1 2,6 4,7 5,5 3,7 

2 3 5,3 5 3,5 
3 2,6 5,6 5,7 3 

4 1,8 5,4 5,6 3,6 

5 1,1 5,4 4,5 3,3 

6 2,7 5,5 5,8 2 
Average 2,5 5,3 5,4 3,2 

CN=Negative Control Group; CP=Positive Control Group; WR=White Rice Group; BAR=Banana-Based Analogue Rice Group 

 

 

 
A=CN; B=CP; C=WR; D=BAR; Black arrows: inflammatory cell infiltration in the glomerulus; Red arrows: bowman chamber oedema; Yellow 
triangles: glomerular cell necrosis; Blue arrows: inflammatory cell infiltration in the tubules; Green arrows: tubular epithelial oedema; White 
triangles: tubular cell necrosis; 
 

Figure 1 
Result of Histopathological Observation of Kidney Damage 

A B 

D C 
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Table 3 
Result of Post-Hoc Bonferroni Comparison Test of Histopathological Kidney Damage 

Groups Groups p value 

CN CP 0.000* 
WR 0.000* 
BAR 0.077 

CP CN 0.000* 
WR 1.000 
BAR 0.000* 

WR CN 0.000* 
CP 1.000 
BAR 0.000* 

BAR CN 0.077 
CP 0.000* 
WR 0.000* 

(*) = significance result of p<0.05 

 
Statistical Analysis of Histopathological Data 
of Kidney Damage 

This study aims to see the effect of banana-
based analogue rice on the histopathological 
picture of the kidneys with HFFD. The data in 
Table 2 were analyzed using One-Way ANOVA 
and showed a significance value of 0.000 
(p<0.05), indicating a significant difference in the 
histopathological features among the observed 
groups. Statical analysis was followed by 
Bonferroni Post-Hoc test to determine 
differences between the groups. The Bonferroni 
Post-Hoc test showed significant results when 
the p-value was less than 0.05 (Table 3). 

Table 3 shows that significant differences 
(p<0.05) between the CP and WR group with the 
CN group, considered normal, indicate damage 
to the kidney histopathology of the CP and WR 
groups. Significant differences (p<0.05) were 
also seen between the BAR group given banana-
based analog rice pellets with the CP and WR 
groups, indicating that giving banana-based 
analog rice to rats with dyslipidemia had an 
improvement effect on rat kidney damage. 
Meanwhile, insignificant differences (p≥0.05) 
were seen between the CP or dyslipidemia rats 
given standard pellets and the WR or 
dyslipidemia rats given white rice pellets, 
indicating that giving white rice did not improve 
rat kidney damage. Insignificant differences 
(p≥0.05) were also seen between the CN and the 
BAR group, indicating that kidney repair in BAR 
rats was close to the condition of the kidneys in 
normal rats. 

DISCUSSION 
 

The results showed that the negative control 
group (CN) had the lowest kidney 
histopathological damage score. This is because 
CN is a group that is given standard feed without 
induction of HFFD. Meanwhile, there was an 
increase in the score of renal histopathology 
damage in the group of rats with dyslipidemia or 
positive control (CP). The highest average score 
of kidney histopathological damage occurred in 
the white rice group (WR) of 5.4. The average 
score of kidney histopathological damage in the 
WR group increased higher than the CN group. 
The increase in kidney score value in the WR 
group is in line with previous research which 
shows that the kidneys of rats induced by High 
Fructose Diet for 40 days and streptozotocin 
(STZ) then fed with white rice pellets for 21 days 
have a glomerular damage score of 3 and a 
tubular damage score of 4. This value is greater 
than in the control group which has a glomerular 
and tubular damage score of 0.5 and 1.30 

The average score of kidney histopathology 
damage in the CP grup was also higher with a 
value of 5.3 compared to CN group of 2.3. This 
is in line with previous research which proves that 
the administration of HFFD for 14 days can 
trigger hypercholesterolemia to dyslipidemia 
marked by an increase in TG (mean TG level 
145.32 ± 3.82 mg/dl) and a decrease in HDL 
(mean HDL level 25.10±1.65 mg/dl).44 The 
results of the damage score are also in line with 
previous research which observed 
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histopathological damage to the kidneys of rats 
with hypercholesterolemia, it was found that the 
average renal histopathological damage was 
higher in the group with hypercholesterolemia 
(mean cell necrosis 129.75 ± 3.59) compared to 
the normal group.45 However, the scoring value 
of renal histopathological damage in the WR 
group was still higher than CP group.This can be 
due to the high GI value of white rice or white rice 
so that it can trigger an increase in blood sugar 
which is one of the factors in increasing total 
cholesterol, LDL, and TG levels which can 
worsen kidney damage.6,44 

Analysis with One-Way ANOVA test showed 
significant results with a value of p <0.05. This is 
in accordance with the hypothesis in this study, 
namely the administration of banana-based 
analogue rice has an influence on the 
improvement of renal tissue histopathology 
compared to therapy without banana-based 
analogue rice in rats (Rattus norvegicus) induced 
by HFFD. Furthermore, the data were tested with 
Post-Hoc Bonferroni and showed significant 
results with a value of p<0.05 in each CN and 
BAR group against CP and WR group. Whereas 
between CN and BAR group and between CP 
and WR group there was no significant difference 
(p≥0.05). 

The results of the Bonferroni post-hoc 
analysis test showed that the difference between 
CN group and BAR group did not have a 
significant difference with a value of p=0.077. 
The BAR group had a kidney histopathological 
damage score of 3.2 which was greater than the 
control group which was 2.3. This may be due to 
the analogue rice treatment in BAR which is one 
of the managements of dyslipidemia in the form 
of dietary improvement.26 The improvement of 
the diet includes an increase in the nutritional 
profile of banana-based analogue rice such as 
rich in fibre, low GI, pectin compounds, and 
phenolics that provide hypocholesterolemic 
effects.32 So that it can have an improving effect 
on the kidney tissue of rats induced by HFFD. 
Meanwhile, the WR group with a damage score 
of 5.4 did not have a significant difference with 
CP group which had a value of 5.3. This may be 
due to the high GI in white rice (>70) which 
triggers an increase in blood sugar as one of the 
ballast factors in dyslipidemia 46,27. 

The results of the significance difference 
between WR group and the BAR group are in line 
with research of Kumara, where rats with High 

Fat Diet and STZ showed significant differences 
between the group given the white rice and the 
group given analogue rice with the significance 
value of glomerular and tubular damage 
respectively being p=0.003 and p=0.002.30 The 
WR group had a damage score of 5.4 which was 
greater than BAR group with a damage score of 
3.2. This is because the white rice has a high GI 
value (>70), which can increase blood sugar 
levels in plasma and trigger diabetes.46 The 
increase in sugar levels results in an increase in 
the level of fat profile in the body whose 
complications can be cell damage to kidney 
tissue.6,18 The part of the kidney that when 
damaged can cause a decrease in function is in 
the functional unit or nephron, which is mainly the 
glomerulus and renal tubules.47 

The results of the Bonferroni Post-Hoc test 
also showed a significant difference between CP 
group and the BAR group with a p value of 0.000. 
This can be due to the banana content in 
analogue rice which has a hypocholesterolemic 
effect.32 The CP group had a kidney 
histopathological damage score of 5.3 which was 
greater than that of BAR group. This is related to 
dyslipidemia as one of the factors triggering the 
occurrence of CKD.20 

Banana-based analogue rice has a high 
fibre content so that it can increase the binding of 
bile acids which results in a decrease in blood 
cholesterol.33 When high-fibre intake enters the 
digestive tract, fibre will bind bile acids in the 
intestinal lumen, so that bile acids cannot be 
absorbed into the liver. The liver, which requires 
bile acids in its metabolism, will use cholesterol 
in the blood to produce bile acids, so that 
cholesterol in the blood will decrease. 
Meanwhile, bile acids bound with fibre will be 
excreted through the faeces.48 The low GI value 
of analogue rice allows an increase in short chain 
fatty acids (SCFA).49 This was proven to reduce 
cholesterol levels by 17% in rats given butyrate 
for six weeks.50 

Banana-based analogue rice contains 
bananas which have pectin components that can 
help bind and reduce cholesterol absorption in 
the digestive tract.33 Pectin has a mechanism 
similar to statin drugs, namely by inhibiting the 
HMG-CoA reductase enzyme, so that LDL 
receptors on the liver surface increase and 
attract LDL back to the liver.51,52 

Increased levels of lipid profiles in 
dyslipidemia will increase the secretion of 
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proinflammatory cytokines such as IL-6 and TNF-
α, so that ROS will be triggered to increase. The 
increase in ROS can result in kidney tissue 
damage.53,54 This can be inhibited by phenolics, 
which are antioxidant compounds contained in 
bananas in analogue rice that can reduce ROS 
in less than one week.55 The ability of phenolics 
as antioxidant compounds is due to the presence 
of phenol groups that can bind to a free radical 
by donating hydrogen atoms through an electron 
transfer process, so that phenolics turn into 
phenoxyl radicals. The phenoxyl radical formed 
will stabilise itself through the resonance effect.56 
Inhibition of ROS by phenolics results in damage 
to kidney tissue which is triggered by worsening 
not continuing in cell hypoxia which results in 
necrosis.33 
 
 
CONCLUSION 
 
 

Based on the research that has been done, 
it can be concluded that there is an effect of 
giving banana-based analogue rice on the 
histopathological picture of the kidneys in rats 
(Rattus norvegicus) with HFFD. This is 
evidenced in the banana-based analogue rice 
group (BAR) has a 60 percent smaller kidney 
damage scoring value and a significant 
difference (p=0.000) compared to the positive 
control group (CP) and the white rice group 
(WR). 
 
 
RECOMMENDATION 
 
 

Future research can be performed by 
considering the termination and serial necropsy 
of kidney organs in order to assess the 
progressivity of kidney tissue damage. Statin 
treatment either alone or in combination with 
banana-based analogue rice may also be used 
to assess the effectiveness of banana-based 
analogue rice compared to current treatments. 
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