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Abstract
Background and Objective: Non-alcoholic fatty liver disease (NAFLD) is accused as inducer of both cardiovascular and chronic liver
diseases. The aim of the present study was to evaluate the therapeutic effect of combined freeze dried orange juice with its dried pulp
supplemented with methionine, as functional food, in comparison to orange bioactive constituents, as parallel formula, in NAFLD rat
model. Materials and Methods: Proximate composition, dietary fibers, minerals, total phenolics, fatty acids and phytosterols were
determined in the orange functional food. The NAFLD was induced in rats through feeding high fructose diet. The prepared functional
food and its parallel formula were evaluated in NAFLD rats through determination of liver fat and plasma lipid profile, malondialdehyde,
tumor necrosis factor-", leptin, insulin and glucose as well as liver and kidney function with histopathological examination of the liver.
Insulin resistance (IR) and total cholesterol/high density lipoprotein cholesterol were calculated. Results: Orange functional food was
shown to contain 9.17% dietary fibers, 1.4% potassium, 1.4 phenolic content as mg gallic acid/g, oleic acid as the major fatty acid (29.75%
of total fatty acids) and 11.97% phytosterols from unsaponifiable matter. The studied formulas produced reduction of liver and plasma
lipids, inflammatory and oxidative stress biomarkers, IR and leptin with improving liver function and histopathology pointing to potential
management of NAFLD. Conclusion: Orange functional food and its parallel formula were promising in management of NAFLD; with
superiority to orange functional food. Phenolic compounds, dietary fibers, phytosterols and mono and poly-unsaturated fatty acids could
be responsible to the bioactivity of orange formula.
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orange bioactive constituents, as parallel formula, in NAFLD

INTRODUCTION

rat model. The aim included studying the bioactive
constituents in orange.

Nonalcoholic fatty liver disease (NAFLD) is one of the most
common liver diseases all over the world with an estimated

MATERIALS AND METHODS

prevalence of 1 billion and refers to hepatic steatosis through
which hepatic deposition of fats is above 5% of the overall
weight of the liver, which is not caused by excessive intake of

Materials

alcohol other known causes of chronic liver disease1-3. The

Plants: Egyptian orange (Abu sorra) Citrus sinensis L. Osbek

NAFLD is considered nowadays as the most common

was used in the present study and it was purchased from local

causative factor for chronic liver diseases in developed nations

market, Egypt.

as well as in developing countries. It is growing rapidly at an
alarming rate4. The NAFLD encompasses a wide spectrum of

Chemicals: Quercetin, methionine and pectin, all were

clinical disease from benign and non-progressive fatty

purchased from Sigma (USA). Diethyl ether and petroleum

infiltration of the liver to hepatic steatosis, accompanied by

ether 40-60EC were obtained from BDH Chemical Co.,

distinctive balloon degeneration, inflammation and fibrosis

England. All other chemicals were of high analytical grades.

(nonalcoholic steatohepatitis or NASH)5. NASH is associated
with progressive liver damage leading to cirrhosis. The NAFLD

Animals: White male albino rats of Sprague-Dawley strain of

is associated with diabetes mellitus, metabolic syndrome as

body weight ranged between 135-150 g were used in the

well as obesity. There is mounting evidence that NAFLD is a

study. The rats were kept individually in stainless steel cages

risk factor for cardiovascular disease (CVD). The NAFLD

at room temperature of about 25 ±26EC, food and water were

contributes to the progression of early atherosclerosis and

supplied ad libitum with 12 h light/dark cycle. The animals

endothelial dysfunction independently of traditional CVD risk

were obtained from the Central Animal House of the National

factors6. The ideal treatment for NAFLD is weight loss, dietary

Research Centre, Egypt. The experimental procedure was

treatment and exercise7. Recent evidence suggested that

carried out according to the ethical committee of National

sedentary lifestyle and diets high in sugar (from sucrose

Research Centre, Cairo, Egypt for care and use of laboratory

and/or high fructose corn syrup) not only increase the risk of

animals (publication No. 85-23 revised 1985).

NAFLD, but also NASH8. Nutraceuticals and functional foods
research is an emerging era in the prevention and treatment

Methods

of chronic diseases. Equally nutraceuticals and functional

Preparation of plant materials: Orange was washed by tap

foods have physiological benefits and reduce the risk of

water. The thin outer coloured layer of orange was peeled off

chronic disease beyond basic nutritional functions9,10. The

and discarded. The prepared orange was squeezed using fruit

effects of nutraceuticals on NAFLD have received increasing

juicer. Orange juice was freeze dried. The pulp of orange

attention and many types of these agents have been
suggested for the treatment of NAFLD/NASH. A number of
clinical trials outlined an improvement in liver function and a
possible positive influence on liver histology11. It is well known
that fruits and vegetables are rich in non-digestible
components and phytochemicals (carotenoids, polyphenols,
flavonoids, vitamin C and others) that individually or in
combination, may act synergistically to contribute to
nutritional and health welfare12. It was reported previously
that phenolic compounds in fruits and vegetables promote
health12. Consumption of fruits that are high in antioxidants
could represent a useful means to improve the antioxidant
status of NAFLD patients13. The aim of the present study was
to evaluate the therapeutic effect of combined freeze dried
orange juice with its dried pulp supplemented with
methionine, as functional food formula, in comparison to

together with the white orange skin was dried in an aircirculated oven at 40EC. The dried orange pulp and white
orange skin were reduced into powder form as far as possible.
Preparation of functional foods: The contents in Table 1
showed the composition of the functional food (FF) that was
Table 1: Composition of orange functional food and its parallel formula
Ingredients (g/100 g)
Methionine

Formula parallel to

functional food (FF)

functional food (PFF)

4.466

4.466

Freeze dried Orange juice

63.69

-

Dried orange Pulp powder

31.844

-

Pectin

-

Quercetin

-

0.0112

Starch

-

88.8228

Total

360

Concentrated orange as

100

6.7

100
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Folin-Ciocalteu reagent19. The reaction was conducted in
triplicate and results were averaged. The TPC was expressed
as gallic acid equivalents (GAE) in milligrams/g dry sample.

prepared utilizing concentrated form of orange of functional
food ingredient proposed to possess health benefits towards
fatty liver. The FF contains freeze dried orange juice and dried
orange pulp powder with the same ratio of their occurrence
in the parent orange; in addition of methionine. A parallel
formula (PFF) made from similar quantities of bioactive
constituents that present in orange according to previous
literature. Also, the quantity of bioactive constituents given to
rats in the present study was based on previous studies14-16.
Ingredients of functional food were homogeneously mixed
with the least quantity of water and refreeze dried. The parallel
formula was just mixed separately to be made into powder
form.

Assessment of fatty acids, hydrocarbons and phytosterols
contents in functional foods: The unsaponifiable fraction and
fatty acid methyl esters of the petroleum ether extracts of
functional foods were prepared according to AOAC17 to be
subjected to gas liquid chromatography (GLC) analysis of fatty
acids, hydrocarbons and phytosterols.
Preparation of diets:. A balanced diet, high fructose diet (for
induction of fatty liver according to Kawasaki et al.20,
functional food diet (FFD) and parallel formula diet (PFFD)
were shown in Table 2. For preparing FFD and PFFD; the
functional food and the parallel formula were added as 20%
from the balanced diet, respectively on the expense of starch.

Sensory evaluation of functional food: Organoleptic
characteristics of the prepared functional food were sensory
evaluated by 20 panelists. Each panelist was asked to assign
scores 0-20 for color, taste, flavor, homogeneity and overall
acceptability. Before sensory evaluation of functional food
10 g of functional food was added to fresh water to make
84 cm solution.

Experimental design: Thirty rats were divided into two
groups. Group one included 6 rats and fed on balanced diet
for 9 weeks representing normal control (NC). The second
group consisted of 24 rats fed on high fructose diet for
5 weeks to induce fatty liver. At the end of the 5 weeks; rats of
the second group were divided into four sub-groups; each
sub-group included 6 rats. Rats of the first and second subgroups were fed on high fructose (Fatty liver control group;
FLC) and balanced diets (fatty liver shifted to balanced diet;
FLSB), respectively for 4 weeks. Rats of the third and fourth
sub-groups were fed on FFD and PFFD diets, respectively for
4 weeks. Rats were fasted 12-14 h and blood samples were
taken for determination of the different biochemical
parameters. Livers were separated and weighed. A part from
each liver was preserved in 10% formalin for histopathology
examination and the other part was kept in deep freeze until
analyzed.

Assessment of the chemical composition of the prepared
functional food (FF): The prepared functional food was
analyzed for moisture, protein, fat, crude fiber, ash and dietary
fibers contents using standard AOAC17 procedure. The content
of P, K, Ca, Mg, Na, Mn, Zn and Cu were analyzed in the ash of
the functional food17 using atomic absorption Perkin-Elmer
1100B spectrophotometer apparatus (Model Perkin Elmer P
Lambda 2). Different chemical analysis were carried out in
triplicate and averaged.
Determination of total phenolic content (TPC): The TPC were
extracted from the dry sample of functional food according to
the method of Velioglu et al.18. Total phenolics were
determined colorimetrically in the extracted samples using
Table 2: Composition of different experimental diets (g/100 g)
Ingredients
*Casein
Salt mix.
Vitamin mix.
Starch
Fructose
Cellulose
DL- Methionine
Corn oil
Fat (Tallow)
Functional food formula dry and in powder form
Parallel formula dry and in powder form
Total

Balanced diet
12.0
3.5
1.0
68.2
5.0
0.3
10.0
100

High fructose diet
12.0
3.5
1.0
70.0
13.5
100

*Quantity of casein that contains 10 g protein as determined by AOAC17
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Functional food diet (FFD)
12.0
3.5
1.0
48.2
5.0
0.3
10.0
20.0
100

Parallel formula to
functional food diet (PFFD)
12.0
3.5
1.0
48.2
5.0
0.3
10.0
20.0
100
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was of the highest level while cupper was of the lowest
concentration among minerals. Total dietary fibers were
present in moderate level. Total phenolic contents were
1.41 mg GAE/g sample.

Blood sampling: Blood samples were collected by draining
from the orbital vein of anaesthetized rats by using
heparinized capillary tubes. Blood samples were received in
centrifuge in heparinized tubes. Plasma of different blood
samples were separated by centrifugation at 3000 rpm for
15 min. Plasma lipids profile including total cholesterol
(T-Ch)21, low density lipoprotein cholesterol (LDL-Ch)22, high
density lipoprotein cholesterol (HDL-Ch)23 and triglycerides
(TG)24 were determined. The ratio T-Ch/HDL-Ch was calculated
as indicative of cardiovascular risk. Also plasma activity of
alkaline phosphatase25 and transaminases (ALT and AST)26
were assessed as liver function biomarkers. Plasma leptin27 and
the inflammatory biomarker tumor necrosis factor-" (TNF- ")28
were determined adopting ELISA. Plasma malondialdyhyde29
was estimated as indicator of lipid peroxidation. Plasma
insulin30 and blood glucose31 were determined. Insulin
resistance was calculated based on homeostasis model
assessment of insulin resistance (HOMA-IR), according to
Cacho et al.32. The equation was:

Insulin resistence 

Fatty acids and unsaponifiable constituents of functional
food: The data in Table 5 showed the fatty acid content of the
prepared functional food (as percentage of total fatty acids).
It can be noticed that the total saturated fatty acid was
extremely lower than the total unsaturated fatty acid.
Monounsaturated fatty acids were present as 31.95%
represented by myristoleic, palmitoleic, oleic, gondoic and
nervonic acid. Oleic acid was the highest unsaturated fatty
acid, while linolenic acid (T-3 fatty acid) was the lowest one.
Linoleic acid which is an T-6 fatty acid was 8.63%. The
polyunsaturated fatty acids (Dihomo-(-linolenic acid and
arachidonic) were only present in traces in the prepared
functional food.
It can see in Table 6 the GLC analysis of unsaponifiable
matter of the prepared functional food. It can be noticed that
the total hydrocarbon was 43.41% while total phytosterols
was 11.97%, represented by stigmasterol and $-sitosterol.

FPG (mmol L G1 )×FPI (U mL G1 )
22.5

Kidney function was assessed through estimation of
plasma urea33 and creatinine34.

Biological experiment
Biochemical parameters of the biological experiment: The
data in Table 7 showed biochemical parameters of the
different experimental groups. It can be noticed that T-Ch, TG,
LDL-Ch and T-Ch/HDL-Ch of FLC group were of the highest
level among all the studied groups and were significantly
higher than that of NC. Plasma level of HDL-Ch of FLC group
was of the lowest level among all the studied groups. When
rats of FLS-B group compared to FLC group there was
significant reduction in plasma T-Ch/HDL-Ch with insignificant
reduction in T-Ch, TG and LDL-Ch and insignificant increase in
HDL-Ch. Feeding the functional food diet and its parallel diet
produce significant reduction in total cholesterol, triglycerides,
LDL-Ch and TCh/HDL-Ch with significant increase in HDL-Ch
compared to FLC group. The groups of rats fed on FFD and
PFFD showed significant decrease in LDL-Ch and T-Ch /HDLCh with significant increase in HDL-Ch compared to fatty liver
shifted to balanced diet group. While as regard to TG; there
was a significant decrease in FFD group along with
insignificant decrease in PFFD group compared to FLS-B
group. Also there was insignificant decrease in T-Ch in FFD

Statistical analysis: Data of animal experiments were
expressed as Mean±SE and were statistically analyzed by one
way analysis of variance ANOVA followed by Duncan test. In all
cases, p<0.05 was used as the criterion of statistical
significance. Results of proximate analysis, dietary fibers and
sensory evaluation were expressed as Mean±SE.
RESULTS
Sensory evaluation of functional food: When the prepared
functional food was sensory evaluated, it could be noticed
that it was accepted by panelists (Table 3).
Proximate composition, minerals, dietary fibers and total
phenolic in the prepared functional food: The data in
Table 4 showed the proximate analysis, minerals, dietary fibers
and total phenolic of the prepared functional food. It can be
noticed that protein was higher than fat content. Potassium
Table 3: Sensory evaluation of orange functional food (FF)
Samples
FF (Mean±SE)

Color (20)

Taste (20)

Odor (20)

Homogeneity (20)

Appearance (20)

Overall acceptability (100)

15.80±3.36

14.18±3.12

15.10±5.43

15.80±3.57

15.50±3.66

76.08± 14.12
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Table 4: Proximate composition, dietary fibers, phenolic content (Mean±SE)
and minerals of orange functional food

Table 6: GLC analysis of unsaponifiable matter of orange functional food (as
percentage of total unsaponifiable matter)

Parameter

Hydrocarbon and sterols

Protein (g/100 g)
Fat (g/100 g)
Ash (g/100 g)
Phosphorus (mg/100 g)
Potassium (mg/100 g)
Calcium (mg/100 g)
Magnesium (mg/100 g)
Sodium (mg/100 g)
Manganese (mg/100 g)
Zinc (mg/100 g)
Copper (mg/100 g)
Crude fibers (g/100 g)
Moisture (g/100 g)
Carbohydrate (g/100 g)
Total dietary fiber (g/100 g)
Total phenolic content (mg GAE/g)

Functional food
9.2±0.18
1.73±0.39
3.15±0.43
19.85
1390.70
24.26
112.93
4.54
5.83
4.43
0.79
1.24±0.19
11.65±0.33
73.03±0.11
9.17±0.14
1.41±0.036

C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
Total hydrocarbon

Lauric acid (C12:0)
Myristoleic acid (C14:1)
Palmitic acid (C16:0)
Palmitoleic acid (C16:1)
Margaric (C17:0)
Stearic acid (C18:0)
Oleic acid (C18:1) ω-9
Linoleic acid (C18:2) ω-6
"-Linolenic acid (C18:3) ω-3
Gondoic acid (C20:1)
Dihomo-γ-linolenic acid (C20:3) ω-6
Arachidonic acid (C20:4) ω-6
Tricosylic acid (C23:0)
Lignoceric acid (C24:0)
Nervonic acid (C24:1)
Total saturated fatty acids
Total unsaturated fatty acids

0.31
5.61
1.56
27.09
2.04
1.78
2.38
1.19
0.65
0.80
43.41

Phytosterols
Stigmasterol
β-Sitosterol
Total phytosterols

Table 5: Fatty acids contents of orange functional food (as percentage of total
fatty acids)
Fatty acids (%)

Functional food

Hydrocarbon

2.19
9.78
11.97

It can be noticed that MDA, TNF-" and leptin of FLC
group were of the highest levels among all the studied groups
and were significantly higher than that of all the studied
groups except for MDA and leptin in case of FLS-B that
showed non-significant change from FLC group. Groups fed
on the functional food and its parallel diet, showed significant
reduction in MDA, TNF-" and leptin compared to FLS-B group.
The MDA levels of rats fed on the functional food and its
parallel diet match that of the rats fed on balanced diet.
Feeding the two functional foods could not reduce the levels
of leptin and TNF-" to the normal levels of rats fed on the
balanced diet. Comparing plasma levels of MDA, TNF-" and
leptin of functional food group with its parallel group showed
non-significant changes.
Plasma insulin, glucose and IR of FLC group were of the
highest level among all the studied groups and were
significantly higher than control rats fed on balanced diet.
When rats of FLB-S group were compared to FLC group there
was significant reduction in IR and insignificant reduction in
insulin and glucose. Feeding the functional food diet and its
parallel diet produced significant reduction in plasma insulin,
glucose and IR compared to FLC and FLS-B groups; however
the levels of such parameters still not matching that of NC.
Also comparing plasma glucose, insulin and insulin resistance
of functional food group with its parallel group showed nonsignificant changes.
Plasma ALT, AST, ALP and creatinine of FLC group were
significantly higher than that of the NC. When rats of FLS-B
compared to FLC group there was significant reduction in AST.
Feeding FFD and its parallel diet produce significant reduction
in ALT, AST, ALP and creatinine compared to control FLC
group. Groups of rats fed on FFD and its parallel diet showed
significant reduction in ALT, AST and ALP compared to FLS-B,

Functional food
0.04
0.03
0.11
1.87
7.61
0.072
29.75
8.63
2.27
0.13
0.35
0.34
5.78
0.22
0.17
13.832
43.54

and PFFD groups compared to FLS-B. There were no
significant changes between different lipid parameters when
comparing the group fed on functional food diet with its
parallel functional food. Despite the improvement in plasma
lipids on feeding the functional food diet or its parallel
functional food diet the level of plasma T-Ch, TG, LDL-Ch,
HDL-Ch and T-Ch/HDL-Ch still not matching that of NC.
Liver total fat, liver T.Ch and liver TG of FLC group were
significantly higher than NC group. When rats with fatty liver
shifted to balanced diet were compared to FLC group there
were no significant changes in liver total fat, liver T-Ch and
liver TG. Feeding the functional food diet and its parallel diet
produced significant reduction in liver total fat, liver T-Ch and
liver TG compared to FLC group and FLS-B group. Comparing
the group fed on functional food diet with its parallel group
showed non-significant changes in hepatic total fat, total
cholesterol and triglycerides.
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Table 7: Biochemical parameters of different experimental groups
Parameters

NC

FLC

FLS-B

FLS-FFD

FLS-PFFD

Plasma
T-Ch (mg dLG1)
TG (mg dLG1)
HDL-Ch (mg dLG1)
LDL-Ch (mg dLG1)
T-Ch/ HDL-Ch ratio
MDA (nmo mLG1)
TNF-" (pg mLG1)
Leptin (ng mLG1)
Insulin (mU LG1)
Glucose (mg dLG1)
IR
ALT (IU LG1)
AST (IU LG1)
ALP (IU LG1)
Creatinine (mg dLG1)
Urea (mg dLG1)
Liver tissue
Total fat (mg gG1 tissue)
T-Ch (mg gG1 tissue)
TG (mg gG1 tissue)

68.20±2.3a
82.10±1.9a
43.00±0.97e
20.20±0.7a
1.59±0.09a
6.34±0.19a
18.70±0.49a
8.10±0.14a
3.88±0.09a
64.20±2.1a
0.63±0.04a
40.40±0.71a
55.30±1.25a
165.80±3.14a
0.54±0.05a
30.00±0.59a

154.50±3.9d
112.20±1.84f
22.30±0.67a
100.00±1.77c
6.90±0.18f
11.80±0.68b
31.00±0.92f
11.40±0.25c
6.40±0.12d
85.70±1.90c
1.36±0.05d
76.00±2.65 d
82.50±1.76e
186.70±1.90b
0.72±0.03c
31.20±0.60a

140.70±2.5cd
107.70±1.92ef
28.00±0.73a
96.00±1.83c
5.02±0.12e
11.00±0.57b
28.50±0.83e
10.70±0.4c
6.10±0.11d
82.69±1.74c
1.26±0.05c
72.50±2.75cd
78.10±1.38d
182.00±1.60b
0.65±0.01bc
30.80±0.49a

142.20±2.48bc
99.80±1.44bcd
34.60±0.49cd
66.30±1.56b
4.10±0.07bc
6.40±0.16a
24.90±0.38cd
9.70±0.19b
5.38±0.14c
70.67±1.49b
0.94±0.02b
62.50±1.43b
74.50±1.17bc
165.00±1.39a
0.60±0.01ab
30.70±0.6a

146.20±2.45bc
102.30±1.35cde
33.00±0.57bc
68.80±1.49b
4.40±0.11cd
6.70±0.14a
25.90±0.48d
9.80±0.16b
5.47±0.16c
72.00±1.23b
0.97±0.03b
63.30±1.28b
75.30±1.30cd
167.00±1.63a
0.63±0.01ab
31.50±1.05a

20.80±0.47a
1.95±0.12a
4.60±0.16a

47.80±1.37c
7.40±0.15d
13.50±0.63c

44.90±1.15c
6.80±0.14d
12.50±0.66c

32.00±0.77b
5.40±0.23c
8.60±0.36b

33.00±0.73b
5.50±0.20c
8.90±0.30b

Data are expressed as Mean±SE, Values with different superscript letters in the same column are significantly different at p<0.05 levels, NC: Normal control, FLC: Fatty
liver control, FLS-B: Fatty liver rats shifted to balanced diet, FLS-FFD: Fatty liver rats shifted to functional food diet, FLS-PFFD: Fatty liver rats shifted to parallel functional
food diet

replacing the high fructose diet by balanced diet, but still

except for AST in PFFD group that showed non-significant
change compared to FLS-B. There was insignificant change of
urea among all experimental groups. Rats fed on FFD and its
parallel diet showed significant higher level of ALT and AST
compared to normal control while ALP and creatinine
matched the normal level.

there is fatty accumulation, inflammation and coagulative
necrosis. The liver of FF group showed individual inflammatory
cells aggregation in between the hepatocytes with slight fatty
changes in few numbers of hepatocytes (Fig. 1d). The liver of
rats of PFF group showed diffuse fatty changes in most of
hepatocytes along with congestion of blood vessels (Fig. 1e).

Histopathological examination of the liver: The

Histopathological examination showed variable degrees of

histopathological examination of liver of rat of control group
that fed on balanced diet showed normal appearance of
hepatic plates, central veins and portal areas. The hepatocytes
appeared oval in shape with homogenous eosinophilic
cytoplasm and centrally located nucleus (Fig. 1a). The liver of
rats of FLC group showed multiple focal areas of severe fatty
changes in hepatocytes. The hepatocytes appeared swollen
with presence of circumscribed vacuoles occupied the
cytoplasm and pushing the nucleus to the peripheral giving
the signet ring appearance. Generalized inflammation with
coagulative necrosis and hyperplasia were noticed in FLC
group (Fig. 1b). In Fig. 1c the liver of rat of FLS-B group showed
areas of coagulative necrosis in which the outlines of
hepatocytes appeared while cellular details are lost. Small fat
droplets appeared in some hepatocytes of FLS-B group.
Congestion of blood vessels associated with areas of
hemorrhages was recorded with focal aggregation of
mononuclear cells in between the hepatocytes in FLS-B. These
changes could show some very slight improvement on

improvement on feeding the functional food diets compared
to liver of the group continued feeding high fructose diet and
FLS-B group. The FF diet was promising in the improvement
of fatty liver based on histopathological examination, however
still liver tissues did not restore the exact normal appearance
by feeding the test diets.
DISCUSSION
In the present study; preparation and evaluation of
functional food prepared from pulp of orange together with
the white orange skin supplemented by methionine was
studied in NASH rat model in comparison to a formula
containing the main bioactive constituents that present in
orange. The NASH is considered as one of the risk factors for
CVD where elevation of oxidative stress, inflammation and
dyslipidemia result from the increased synthesis and
accumulation of cholesterol and triglycerides in liver35.
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(b)

(a)

(d)

(c)

(e)

Fig. 1(a-e): Section of rat liver of different groups (H and E X400), (a): Liver of rat of the NC group fed on balanced diet showing
normal appearance of hepatocytes, (b): Liver of the FLC group shows the signet ring appearance of fat vacuoles, (c):
Liver of FLS-B group showing fat vacuoles in some of hepatocytes, (d): Liver of FLS-FFD group showed focal
aggregation of inflammatory cells and few numbers of hepatocytes showed fatty changes, (e): Liver of FLS- PFFD
group showing diffuse fatty changes in most of hepatocytes, NC: Normal control, FLC: Fatty liver control, FLS-B: Fatty
liver rats shifted to balanced diet, FLS-FFD: Fatty liver rats shifted to functional food diet, FLS-PFFD: Fatty liver rats
shifted to parallel functional food diet
The proximate composition of the functional food in the

cholesterol. Histopathological changes that noticed in the liver

current study differs greatly than that of raw orange according

tissue in the present study proved the presence of fatty liver

to USDA data base which certainly might be due to the

with inflammation and starting of necrosis pointed to the

concentrated form of orange used in the present study and

induction

the difference in orange variety. Also, the added methionine

histopathological results coincided with the biochemical

could participate in protein levels in the FF. The prepared

results. These changes verify the induction of steatohepatitis

functional food contains phenolic compounds, linoleic and

by such diet. Previous studies showed similar results

linolenic acids of reported health benefits which agreed with

concerning high fructose diet due to that fructose is a highly

36

of

steatohepatitis

with

fibrosis.

The

a previous study . It was reported that orange fruits contain

lipogenic of profound metabolic effects in the liver and as

$-sitosterol, campesterol, stigmasterol, $-sitostanol and

dyslipidemic37,38 because it stimulates de novo lipogenesis.

campestanol while the present study showed only the

Saturated fat-rich diet was also reported to induce insulin

presence of $-sitosterol and stigmasterol.

resistance, dyslipidemia, steatosis, promotes endoplasmic

Feeding high fructose diet with saturated fat in the

reticulum stress and hepatocyte injury39. So the presence of

present study produced dyslipidemia, elevated inflammatory

both saturated fat and fructose in the diet in the present study

marker (TNF-"), oxidative stress biomarker (MDA) and leptin.

could have a synergistic effect in induction of fatty liver.

High fructose diet also led to liver dysfunction and increased

Progression of fatty liver to steatohepatitis as the case in the

level of creatinine, glucose, insulin and IR with significant

present study could involve the presence of inflammation,

increase of hepatic deposition of fat, triglycerides and

mitochondrial dysfunction, enhanced oxidative stress induced
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Quercetin which is one of the bioactive constituents in

by ROS, lipid peroxidation and production of adipokines which
cause hepatocyte damage and fibrosis. Deposition of liver fat
lead to increased secretion of VLDL, hypertriglyceridemia,
decreased HDL and high LDL40 as noticed in the control fatty
liver group in the present study showing the cardiovascular
diseases risk due to fatty liver that further emphasized by the
elevated T-Ch/HDL-Ch. High IR was reported to impair lipid
metabolism in the liver by affecting the master regulators of
hepatic de novo lipogenesis41 that lead to further increase the
deposition of hepatic lipids. On the other hand; TG
accumulation activates serine kinase cascade that inhibits
insulin signaling, leading to IR in the liver42. This increase in IR
goes in line with the elevated IR in the present study.
Patients with NAFLD had high persistent levels of alanine
aminotransferase elevation. AST has a milder elevation than
ALT in NAFLD43. This finding is in agreement with the results of
NAFLD control group in the present study. Also the increased
ALP in fatty liver control group agreed with a previous study44.
Leptin resistance was reported in steatohepatitis45, which
could be deduced from the present study since though leptin
is an insulin sensitizer, there was elevated IR indicating the
occurrence of leptin resistance which could contribute in the
induction of hepatocyte inflammation and injuries.
It could be noticed that the prepared functional food and
its parallel formula used in the present study have beneficial
effect towards fatty liver through amelioration of the different
biochemical and histopathological changes. It was reported
that orange juice showed beneficial effects towards NAFLD
patients13 and mice feeding high fat diet46 through
enhancement of IR and reduction of the levels of liver
enzymes, TG, T-Ch and body mass index. Drinking orange juice
greatly modified liver steatosis through stimulating the
expression of peroxisome proliferator-activated receptor-"
and the target gene acylCoA-oxidase. Also inhibit the
expression of liver X receptor-" and the target gene fatty acid
synthase, with restored liver glycerol-3-phosphate
acyltransferase 1 activity46.
Orange is an excellent source of vitamin C and diverse
phytochemicals, including carotenoids (b-carotene, lutein and
b-cryptoxanthin), flavonoids (e.g., naringenin) and choline47.
These constituents of orange might be responsible of the
remedial effect of orange in fatty liver rats of the present
study. Methionine is an essential amino acid that plays a vital
role in protein synthesis and is an intermediate in synthesis of
S-adenosylmethionine and glutathione, two important
antioxidants48. Therefore methionine deficiency predisposes
to oxidative stress, inflammation and plays a causal role in the
pathogenesis of NASH and liver fibrosis49. So supplementation
of methionine in FF could participate in fatty liver treatment in
the present study.

orange in FF reduces inflammatory cytokine levels and
improves lipid peroxidation and insulin resistance in animal
models of NAFLD50. Quercetin showed hepatoprotective effect
in rats treated with CCl4 by improving liver enzymes (AST, ALT),
reducing the expression of profibrogenic genes (TGF-$, CTGF,
and collagen-1"), inhibition of activated hepatic stellate cells
and slowing down of NF-6B51. Phenolic contents, phytosterols,
dietary fibers and unsaturated fatty acids especially
polyunsaturated and monounsaturated fatty acids might
render the functional food and its parallel formula the
therapeutic effect towards fatty liver and its risk factors to CVD.
Phenolic compounds were reported to reduce NAFLD,
cardiovascular disease and diabetes52. These therapeutic
effects of phenolic compounds might be attributed to their
antioxidant and anti-inflammatory activity. Dietary fibers that
present in the functional food including pectin may also
participate in improving plasma lipid profile, plasma glucose,
IR and steatosis as reported previously53. So the presence of
dietary fibers in the prepared functional food studied in the
present work might participate in their therapeutic effect
towards fatty liver. Monounsaturated fatty acids are extremely
beneficial for subjects with NAFLD. Monounsaturated fatty
acids lower LDL, oxidized LDL, triglycerides levels, serum
glucose and VLDL and elevate HDL levels. Monounsaturated
fatty acids enhance oxidation of other FA via stimulation of
peroxisome proliferator-activated receptors (PPARs) alpha and
gamma thereby enhance degradation of fat and decrease of
lipogenesis through diminished activation of sterol regulatory
element binding protein39.
CONCLUSION
Rats fed high fructose diet supplemented with saturated
fat are a good model for studying NAFLD. The prepared
functional food and its parallel formula afford cardio and
hepatoprotection against NAFLD. The bioactivity of functional
food could be attributed to the presence of phenolic
compounds, dietary fibers, phytosterols, poly and monounsaturated fatty acids in the prepared functional food.
SIGNIFICANCE STATEMENT
This research pointed to the possible use of orange
functional food (Juice and pulp mixed with methionine) and
its parallel formula (mixture of methionine, pectin and
quercetin) for management of NAFLD and reducing the risk of
cardiovascular diseases; with superiority to orange functional
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food. Phenolic compounds, dietary fibers, phytosterols and

12. Spinelli, S., L. Lecce, D. Likyova, M.A. Del Nobile and A. Conte,

mono and poly-unsaturated fatty acids could be responsible

2018. Bioactive compounds from orange epicarp to enrich
fish burgers. J. Sci. Food Agric., 98: 2582-2586.

to the bioactivity of orange functional food.

13. Ekhlasi, G., F. Shidfar, S. Agah, S. Merat and A.F. Hosseini, 2016.
Effects of pomegranate and orange juice on antioxidant
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