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Abstract: 
Background: The role of dietary intervention with fruits containing vitamin C and flavonoid on controlling the 

consequences of childhood obesity remains to be determined. Sour orange (Citrus aurantium) contains flavonoid, 

pectin and vitamin C. We investigated the effects of sour orange peel and its external membranes on 

cardiometabolic risk factors and markers of endothelial function in overweight and obese adolescents. 

Methods: This triple-masked, randomized controlled trial was conducted for one month in 60 overweight/obese 

adolescents. Eligible participants were randomly assigned into two groups of equal number receiving daily oral 

capsules containing sour orange powder or placebo. Fasting blood glucose, lipid profile, systolic and diastolic blood 

pressure, as well as markers of endothelial function (ICAM-1 and VCAM-1) were compared between two groups 

before and after the trial.  

Results: Of total 60 participants, 27 and 29 patients in the sour orange group and placebo group completed the 

study, respectively. The baseline characteristics were not significantly different between groups. The intake of sour 

orange peels and its external membranes had no considerable effect on cardiometabolic risk factors and markers of 

endothelial function. In the sour orange group, slight reduction was documented in systolic and diastolic blood 

pressures as well as anthropometric measures after treatment. Comparison of the percent change of variables 

between groups showed significant difference for systolic and diastolic blood pressures. 

Conclusion: Our study showed that consumption of sour orange peels had some slight effects on some 

cardiometabolic risk factors in overweight and obese adolescents. Extensive lifestyle change should be underscored 

for weight management of adolescents. 
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Introduction: 
Childhood obesity is becoming a worldwide problem 

and it is no more limited to high-income countries. 

The increasing incidence of childhood obesity in 

developing countries is going to become an emerging 

public health problem in the near future [1]. Obesity 

and overweight, especially among children, are major 

health concerns in the societies that raised awareness 

to the potential adverse consequences associated with 

being overweight. Accumulating evidences suggest 

that the complications of obesity in adults begin in 

early childhood. The prevalence of overweight has 

been significantly increased among children in recent 

years worldwide. In the united states, 31% of 

children aged 6-19 were reported overweight or at 

risk for overweight [2].  

 

According to recent studies, the highest prevalence of 

childhood overweight was found in Eastern Europe 

and the Middle East [1]. 

In Iran, the prevalence of overweight and obesity in 

children aged 6-18 years was reported as 10.1% and 

4.79% based on national cut-off points [3].
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Moreover, the results of a meta-regression analysis 

showed that the escalating trend of excess weight 

among Iranian young children is alarming and should 

be considered by providers of interventional 

preventive programs at national and regional levels 

[4]. 

 

Childhood obesity plays an important role as 

predisposing factor for most non-communicable 

diseases. Pediatric Obesity has been shown to be 

associated with increased prevalence of type 2 

diabetes mellitus, hypertension, cardiovascular 

disease, the metabolic syndrome and dyslipidemia 

[5,6]. Obesity has also been shown to induce 

endothelial dysfunction and initiation of 

atherosclerosis [7]. One the earliest detectable 

cellular response in the formation of lesions of 

atherosclerosis is leukocyte adherence to the 

endothelium at particular anatomic sites in the artery 

wall. Members of the immunoglobulin superfamily of 

endothelial adhesion molecules, including ICAM-1 

and VCAM-1, mediate firm adhesion and are 

indicators in case of endothelial damages. Circulating 

forms of VCAM-1and ICAM-1 have been detected in 

plasma and are elevated during inflammatory 

conditions in which detailed pathology studies have 

documented increased expression of cellular adhesion 

molecules on endothelial cells and other tissue types 

[8]. 

 

An increasing body of evidences suggest that 

increase in oxidative factors accounts for a significant 

proportion of such complications [9]. Therefore, 

implementation of treatment and prevention 

programs before adulthood will be more effective 

[10]. 

 

Dietary intervention could play an important role in 

the control of obesity and its consequences such as 

dyslipidemia and blood sugar levels [11]. 

Epidemiological studies indicate an association 

between increased intake of dietary antioxidants and 

reduced risk of some diseases, including 

cardiovascular diseases, cancers and inflammatory 

disorders [12,13].   

 

In addition, endothelial dysfunction could be reversed 

by the use of superoxide scavenging agents, such as 

vitamin C and flavonoids [14].  

 

In many studies, the effects of flavonoid-rich foods 

on the markers of cardiovascular disease risk has 

been observed [15-18]. 

 

Flavonoids, according to their structure, are reducing 

agents and can serve as efficient chelators of 

transition metals involved in cellular oxidation 

reactions The association between flavonoids, 

including citrus flavonoids, and metabolic disorders 

and atherosclerosis has been linked to their 

antioxidant properties and to a reduction in oxidative 

stress [19,20]. 

 

An inverse relationship between flavonoid 

consumption and heart disease risk factors including 

lower blood pressure, improved weight management, 

and improved dyslipidemia has been determined 

[11,15]. 

 

There is a paucity of information regarding the role 

of dietary intervention with fruits containing ample 

amounts of vitamin C and flavonoid on the control of 

serum lipids and other risk factors in childhood.  

 

Citrus species fruits are considered to contain 

flavonoid, pectin and vitamin C [21]. It is suggested 

that drinking citrus juices for few weeks would 

improve the blood lipid profile, reduces oxidative 

stress, prevents atherogenic modifications of LDL 

cholesterol and platelet aggregation and improves 

HDL-cholesterol concentrations [11,17].  

 

Sour orange is a citrus species Persian fruit, which is 

used popularly among Iranians as natural additive to 

several foods and salads. This study aims to 

investigate the effects of the peels and external 

membranes of sour orange (Citrus aurantium) on 

cardiometabolic risk factors and markers of 

endothelial function in overweight and obese 

adolescents.   

 

Methods: 
This triple-masked, randomized controlled trial was 

conducted in Isfahan/Iran, among 60 

overweight/obese adolescents aged 10-18 years. They 

were randomly selected from clinics of Child Growth 

and Development Research Center, affiliated to 

Isfahan University of Medical Sciences, Isfahan, Iran.  

 

Weight, height, as well as waist and neck 

circumferences were measured according to standard 

protocols using calibrated instruments. Body mass 

index (BMI) was calculated by dividing weight in 

kilograms by the height in meters squared (kg/m
2
). 

According to the revised growth charts of the Centers 

for Disease Control and Prevention (CDC) in 2000, 

the 85
th

 to 95
th

 BMI percentiles were considered as 

overweight and obese, respectively [22]. 
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Those individuals with underlying chronic diseases 

or on medication or special diet were not recruited. In 

addition to anthropometric measurements, fasting 

blood glucose (FBG), lipid profile including total 

cholesterol, low-density lipoprotein-cholesterol 

(LDL-C), high-density lipoprotein-cholesterol (HDL-

C), and triglycerides (TG) were determined. Systolic 

and diastolic blood pressures (SBP and DBP) were 

also assessed. Cell adhesion molecule–1 (VCAM-1) 

and intercellular adhesion molecule–1 (ICAM-1) 

were measured, as markers of endothelial function. 

Eligible participants were randomly assigned into 

two groups of equal number receiving daily oral 

capsules containing powdered peel of sour orange or 

placebo. 

 

Using random numbers table, we performed 

randomization. The table was based on the record 

numbers of participants. Participants, practitioner and 

the investigators were kept masked about the 

grouping. Before treatment initiation, written 

informed consent that was approved by the Vice 

chancellery for research of Isfahan University of 

Medical Sciences was obtained from the parent or 

legal custodian. The university Research Ethics 

committee approved the study. This trial was 

approved and registered in the Iranian Registry of 

Clinical Trials, which is a Primary Registry in the 

World Health Organization Registry Network (IRCT-

code: 201311231434N11). 

 

The patients in first group received capsules 

containing powdered peels and external membranes 

of sour orange for a period of one month. Other 

patients in the second group received placebo for 

similar period of time. The study medications were 

prepared in capsule form in Pharmacognosy 

department of Isfahan University of Medical 

Sciences. Well-dried peels and external membranes 

of sour orange (Citrus aurantium) were used to 

prepare powder. There were bought from Isfahan and 

Sari markets (these cities are located in center and 

north of Iran, respectively) and identified in the 

Isfahan Pharmacognosy department. For placebo 

receiving group, corn- starch powder was prepared 

[23]. The powders were filled in capsules, which 

were same in color and shape and size. Secret codes 

were defined for each group and then the medications 

were packed and delivered to the center without any 

label to prevent study pediatrician, nurses, patients 

and staff from knowing which medication was 

received. Only some staffs of the Pharmacy 

laboratory were aware about the content of capsules; 

they were not included in the research team. All 

laboratory tests and physical examinations were 

repeated after the trial.  

 

Statistical analysis: We used intention-to-treat 

analysis. Data were analyzed using paired t-test, 

independent t-test, Chi-square tests, and analysis of 

covariance (ANCOVA). We reported all values as 

means ± SE. Ptime, Pgroup and P time * group were 

calculated for all variables. Percent change of 

variables was calculated, for instance for BMI,it was 

calculated as: BMI after treatment-BMIbaseline/BMIbaseline. 

SPSS for Windows software (version 20.0, SPSS 

Inc., Chicago, IL) was used for statistical analysis. 

The statistical significance level was set as P<0.05. 

 

Results: 
Of total 60 enrolled patients, 4 subjects were lost to 

follow up: 1 patient refused to continue, 1 due to 

moving to another city, and 2 patients did not return 

for follow-up. There was no statistically significant 

difference in the number of withdrawals between 

three groups (P = 0.09). No patient was excluded due 

to meeting the exclusion criteria. 

 

Finally, 27 patients (mean ± SD of age = 12.2 ± 9.2; 

8 boys and 19 girls) in the sour orange group and 29 

(mean ± SD of age = 13.2 ± 9.2; 10 males and 19 

females) in the control group completed the study 

period. Comparison of age and sex showed no 

statistically significant difference between two 

groups (P = 0.45 for age and P = 0.65 for sex). In 

addition, no significant difference existed between 

height, weight, BMI, neck and waist circumferences 

in two groups at the beginning of the study (Table 1).

 

Variables Groups Sour Orange (n = 27) Placebo (n = 29) P value 

Weight (kg) 48.31±11.08 53.37±13.16 0.12 

Body Mass Index (kg/m
2
) 23.46±3.18 24.72±3.67 0.17 

Waist Circumference (cm) 76.98±9.78 76.90±9.12 0.97 

Neck Circumference (cm) 31.91±2.42 31.53±2.25 0.54 
 

Values are mean±SE 
 

Table 1: Anthropometric Measures of Study Participants in the Sour Orange and Placebo Groups 
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Before the trial, no significant difference existed 

between SBP, TG, LDL-C, HDL-C, I-CAM and V-

CAM between the two groups studied (P>0.05). 

 

Using ANCOVA, all mentioned parameters were 

again compared between two groups after the trial. At 

this time, none of the assessed parameters had 

significant difference between two groups, other than 

SBP that was decreased after treatment in sour 

orange group compared to the placebo group 

(Table2).

 
Table 2: Variables Values among Sour Orange and Placebo Groups at Baseline and after One Month of Study 
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Percent change of variables was compared between 

two groups. No significant difference was found 

between the two groups studied (Table 3). The only 

significant differences were documented for percent 

changes of SBP and DBP.

 

Variables Groups Sour Orange (n = 27) Placebo (n = 29) P value 

Weight (%) -1.30±0.20 -0.37±0.19 0.08 

BMI (%) -2.34±0.45 -1.41±0.74 0.1 

Waist (%) -1.80±0.32 -1.65±0.25 0.84 

Neck (%) -1.40±0.88 -1.46±0.12 0.91 

SBP (%) -3.05±0.36 -1.28±0.28 0.02 

DBP (%) -2.10±0.38 0.90±0.08 0.03 

FBG (%) -0.68±0.97 1.09±0.49 0.39 

Cholesterol 

(%) 
-1.33±0.23 -1.01±0.12 0.9 

TG (%) -5.78±0.46 -8.16±0.04 0.82 

HDL (%) 6.56±0.71 5.46±0.96 0.82 

LDL (%) -6.49±0.80 -0.89±0.96 0.22 

ICAM (%) -5.10±0.21 -1.30±0.27 0.47 

VCAM (%) -4.76±0.10 -0.07±0.01 0.48 

 

Table 3: Percent Change in Variables in the Sour Orange and Placebo Groups at Baseline and After the Trial 

 

Discussion: 
Our study showed that the intake of sour orange peels 

and its external membranes had no considerable 

effect on cardiometabolic risk factors and markers of 

endothelial function. Slight reduction was 

documented in SBP and BMI, as well as in the waist 

and neck circumferences. However, the mean levels 

of BMI, waist and neck circumferences had no 

difference between the participants who had received 

sour orange compared to placebo.  

 

Citrus flavonoid and Vitamin C which are a main 

component in citrus species, have marked potentiality 

in lowering lipid and lipoprotein and can slow the 

progression of atherosclerosis and endothelial 

dysfunction [24]. Pectin as a soluble fiber of Citrus 

fruits has also mild hypocholestrolemic effects [25]. 

 

We could not observe any statistical difference in 

within-group and between-group analysis for HDL, 

total cholesterol and the LDL. This finding is in line 

with the results of other studies in which the effect of 

other types of diets were investigated [26]. Within-

group analysis of our study also confirmed the results 

of a previous study conducted on obese children, 

aged 7-13 [27]. One possible reason for a lack of 

change in the blood lipids in both sour orange group 

and the placebo group is that the adolescents’ blood 

lipids were in the normal range at baseline. These 

outcomes may have been different if the subjects’ 

lipid homeostasis were disturbed [28].  

 

Further research studies should focus on the link 

between biochemistry and physiological pattern of 

the body, especially among pubertal girls. 

 

Obesity, due to molecular and cellular alterations in 

adipose tissue, is closely associated with various 

inflammatory processes. As the body fat increases, 

several pro-inflammatory factors are produced in 

adipose tissue. Additionally, clinical and 

experimental data have demonstrated a link between 

systemic inflammation and endothelial dysfunction. 

Recent evidences show that disturbed endothelial 

function may be an early marker of an ongoing 

atherosclerotic process [29]. 

 

As a result, serum markers of inflammation and 

oxidative stress are associated with the early 

inflammatory processes of atherosclerosis [30]. 

 

Vitamin C inhibits peroxidation of membrane 

phospholipids and acts as a scavenger of free 

radicals; moreover it is required for the synthesis of 

several hormones and neurotransmitters. 

Supplementation of vitamin C may improve the 

function of the human immune system and control of 

inflammation, such as antimicrobial and natural killer 

cell activities, lymphocyte proliferation, chemotaxis, 
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and delayed-type hypersensitivity [31]. In is 

suggested that consumption of antioxidants including 

fruits rich in vitamin C and flavonoids could result in 

favorable changes in the process of atherosclerosis 

[31,32].  

 

It was expected that sour orange which is rich in 

Vitamin C and flavonoids could affect on endothelial 

markers such as ICAM and VCAM in this study. But 

there are several differences between our study and 

these reported studies. Endothelial markers in our 

study had no significant difference either in between 

groups or within group analysis. One of the main 

reasons for this indifference is related to the duration 

of the treatment and the needed time to observe the 

outcomes.  

 

Other markers, which were investigated in other 

studies, could show the changes in treated patients. 

Flow mediated dilatation (FMD) of the brachial 

artery, as a non-invasive endothelial function testing, 

showed early stages of endothelial dysfunction and 

was associated with the early inflammatory state in 

obese children. It is documented that lifestyle change 

and or consumption of antioxidants might improve 

FMD in obese adolescents [33-35].  

 

Study limitations and strengths: The study population 

was relatively small, and the trial duration was short, 

however some previous trials with herbal medicines 

had significant results in the same period of time. The 

other limitation is that we did not measure the body 

fat percent of participants. 

 

This study has strengths in a number of ways: First, 

the current trial was triple masked and placebo 

controlled which causes elimination of selection and 

observational biases. Secondly, this study was a 

randomized trial, which results in controlling some 

effects of potential existing confounding variables. 

 

Conclusion:  
We found that consumption of sour orange peel 

extract and external membranes could have slight 

effect on some cardiometabolic risk factors in 

overweight and obese adolescents. Further studies 

with long follow up are necessary in this regard; 

extensive changes in the lifestyle habits of obese 

adolescents should be underscored. 
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