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Abstract

Obesity is a global problem and numbers are rising at a fast pace in developing countries and it
becomes a major public health concern. Economic costs associated with obesity are high and in-
creasing as the rate of obesity. Obesity leads to its co-morbidities; namely diabetes, hypertension,
cardiovascular diseases, osteoarthritis, stroke and inflammatory diseases. Changes in life-style
along with modifications to the diet are important in the management of obesity. Certain dietary
components and foods have the ability to induce thermogenesis and modify the trafficking of nu-
trients in the body. Positive effects in managing obesity by natural components, and selected foods
have drawn attention due to the potential side effects of obesity drugs. The food industry has de-
veloped low-density foods to reduce energy intake. Now focus has been geared towards the de-
velopment of foods that possess more than one mechanism to alter the progression of obesity. In this
review, selected foods and their components with potential anti-obesity properties are discussed.
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1. Introduction

Obesity is a condition, which results from the lack of energy balance in the body or by positive energy balance.
Despite various programs implemented to reduce obesity rate, it continues to be the major public health concern.
In United States, one third of the adult population is obese and 17% of children suffer from obesity [1]. Over the
past decade, obesity in infants and preschool children has been reduced from 13.8% to 8.1%. However, the rate
of obesity remains constant in other age groups. Developing countries suffer from both over-nutrition and un-
der-nutrition. The increase in number of over-weight individuals has tripled in last 30 years among the develop-
ing countries and reached more than 900 million by 2008. Whereas, rise in the rate of overweight in developed
countries was 1.7 times during the same period [2]. The alarming rate of increase in overweight or obesity in
developing countries and steady growth in developed countries needs attention.
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Changes in the life style and behavior patterns have been contributed to the prevalence of obesity. Availability
of energy-dense foods at low cost, decreased physical activity, urbanization, and an increased sedentary life
style are some of the factors that might influence the rise of overweight and obesity. Obesity is a serious threat
to public health and results in a huge hike in health care costs. Cost for treating obese individuals in US has in-
creased 10% annually, equaling about $147 billion in the year 2008 [3].

Very few drugs are available in the market to treat obesity, however they are prescribed to treat mainly ad-
vanced stage of obesity [4] [5]. Many of the approved drugs used to treat obesity were withdrawn from the mar-
ket due to their potential hazardous effects over the long-term consumption. Behavioral interventions including
diet modification and increased physical activity have long been introduced. However, the effectiveness and
practice of a strict regimen has been a problem [6] [7]. Therefore, focus has been given for alternative strategies
to fill the need of safe anti-obesity agents. Researchers in the past decade have focused on evaluating efficacy of
dietary and natural bioactive components that may modulate the pathophysiology of obesity. Food industry has
tremendous opportunities to develop functional foods to meet the demands of health-conscious consumers due
to an increased awareness for prevention of diseases by adoption of a healthy eating pattern.

Functional foods are defined in various ways by several agencies and authorities [8]. According to The IFT
Expert Panel Report, Functional Foods Opportunities and Challenges, “functional foods” are defined as foods
and food components that provide a health benefit beyond basic nutrition (for the intended population) [9].
These substances provide essential nutrients often beyond quantities necessary for normal maintenance, growth,
and development, and/or other biologically active components that impart health benefits or desirable physio-
logical effects.

Obesity is a multifactorial condition developing from an interface of genetic, environmental, behavioral, life
style, cultural and metabolic factors. It may lead to development of the comorbidities such as cancer, hyperten-
sion, diabetes, dyslipidemia, atherosclerosis and others. Obesity results from an imbalance of energy expenditure
and energy intake. Development of foods/components in the prevention of obesity should target either one or
both these factors. Functional foods for obesity management should have the ability to induce satiety, reduce
appetite, modulate lipid metabolism, affect adipocyte life cycle and induce thermogenesis. After a year of sys-
temic diet therapy, women and men significantly modified their eating pattern by increasing the intake of dark
bread, rice, vegetables, cottage cheese, fish compared to pasta, potatoes, ripened cheese, sugar, meat, bacon, lard,
butter and cream. Weight gain was reduced by 1.2 kg in men and 2.4 kg in women. Analyzed biochemical markers
(LDL and triglyceride levels) were reduced. However, the rise in HDL and significant change in systolic blood
pressure were seen only in women [10].

Reduction in energy intake may be obtained by increasing satiety with low-density satisfying foods, and
rheological modification of foods and by reduced energy absorption in the gut. Satiety and appetite regulation is
a complex interaction of neural and hormonal interactions. Food components that modulate intestinal or peri-
pheral satiety peptides, hypothalamic neuropeptides and central nervous system (CNS) appetite transmitters are
the agents for weight regulation via reducing food intake [11]. Fiber induces satiety by increasing gastric load,
and emptying time, which may increase cholecystokinin and reduce ghrelin [12]. Intestinal lipase inhibitors ob-
struct fat digestion and absorption, and thereby possess applications in the management of obesity. Phenols, tan-
nins and anthocyanins present in tea, berries, and peas exhibited in-vitro lipase inhibition activity [13] [14].
Among the coffee polyphenols, di-caffeoyl quinic acids (di-CQA) showed more potent inhibitory activity on
digestive enzymes (maltase, sucrose and lipase), thereby playing a role in post-prandial hyperglycemia and
hyperinsulinaemia [15].

Increased energy expenditure has an effect in reducing body weight gain. Brown adipocyte tissue posses an
innate mechanism for regulated heat production of excess energy by uncoupled proteins (UCP) at mitochnondria.
Capaisin, caffeine, green tea induce thermogenesis and are being used as anti-obesity agents [16]. Regulating li-
pid metabolism by increasing lipolysis is another mechanism of natural anti-obesity agents. Obesity is also cha-
racterized by an increase in number and size of adipocytes which are differentiated for preadipocytes. Food
components that regulate adipocyte differentiation induce cell cycle arrest, and apoptosis are likely candidates to
use for obesity management [16]. Obesity is associated with chronic low-grade inflammation, which is evident
by high production of inflammatory cytokines. Targeting inflammatory regulators such as nuclear factor-«B and
C-Jun amino-terminal kinase (JNK) using food components may be a strategy to control obesity-related pathol-

ogies [17].
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2. Carbohydrate Based Food

y-oryzanol is a mixture of ferulic acid esters and present in bran of brown rice. The effect of brown rice and
y-oryzanol on preference of dietary fat in mice was studied by Kozuka et al. (2012). The study revealed that
mice fed with either brown rice or y-oryzanol, preferred a control diet with normal fat over high fat diet. The
preference for low dietary fat might been through the reduction of hypothalamic endoplasmic reticulum (ER)
stress [18].

Dietary fiber plays a role in prevention of risks of chronic diseases via various mechanisms. The glycemic in-
dex (GI) of carbohydrates and content of fiber in foods affects the weight gain. Animal studies have shown that
consuming diets with high GI starches lead to weight gain, high visceral adiposity and lipogenesis compared to
diets based on low GI starches [19] [20]. Fermentation of soluble fiber produces short chain fatty acids by the
action of intestinal bacteria. Butyric acid is one of short chain fatty acids and is metabolically important among
others in modulating obesity. Butyric acid supplementation reduced body fat by 10% in mice along with an in-
crease in fat oxidation, hepatic energy expenditure, and PPARy mediated PPARa expression [21]. Butyric acid
also modulated substrate trafficking in hepatic tissue by increasing fat oxidation and glycogen storage [22].

Macronutrient composition of the diet is important in inducing satiety and reducing appetite. A moderate in-
crease in protein content along with a reduced high GI foods and moderate fat prevented regain of weight in ob-
ese patients [23].

3. Protein Based Foods and Components

Legumes rich in protein also contain phenolic compounds such as flavonoids, isoflavones, phenolic acids and
lignans. They play a critical role in metabolism [24]. Evidence has shown that diets rich in protein induces sa-
tiety, suppresses appetite and food intake [25]. Protein in general induces high satiety and thermeogenic effects
compared to its macronutrient counterparts carbohydrates and fats because of high demand of energy associated
with catabolism, and protein synthesis [26].

Supplementation of legumes at 4 servings/week with a hypocaloric diet to obese individuals for 8 weeks in an
intervention study reduced body weight, cholesterol level, oxidized low density lipoprotein (LDL) levels and
improved plasma antioxidant levels [27]. Incorporating legumes in weight loss programs have offered satiety
and improved the effects of calorie restriction on lean body mass and basal metabolic rate [28].

Plant protein bromelain inhibited adipocyte differentiation in 3T3L1 adipocyte cells by inducing apoptosis
and lipolysis and by decreasing adipogenic gene expression. Adipogenesis was reduced via downregulating
C/EBP« and PPARy independent of C/EBPS gene expression. Bromelein reduced adiponectin expression and
secretion [29].

Peas, lentils and Faba beans are rich in glutamine, and they increased energy expenditure by 49% in human
subjects [30]. Supplementing chickpeas with a high fat diet in rats promoted energy expenditure with similar
energy input [31]. Effect of black soy peptides in reducing body weight and fat were tested in humans for 12
week period. After 12 weeks, there was a significant reduction in body fat, weight gain and leptin levels [32].

In a study, the effect of soy protein isolate added to a calorie restricted diet was evaluated for weight gain, fat
content, adiponectin levels and gene expression of fatty acid and glucose metabolism in mice. Body weight gain,
and fat content were significantly reduced in soy protein isolate fed mice compared to the casein fed mice.
However, the level and expression of adiponectin were not affected by feeding soy protein isolate [33]. In a
randomized control trial, a low-calorie soy based meal (240 g/day) was replaced for 12 weeks in humans. After
12 weeks, individuals who received soy meal lost more weight and gained less fat mass, total cholesterol and
LDL compared to the control group individuals [34]. The suggested mechanisms involved in the role of soy
protein against obesity include reduction in intestinal cholesterol absorption, fecal bile expression, reduced trig-
lyceride concentration, regulating gene expession of lipogenic enzymes and fatty acid oxidation, increased pe-
roxisome proliferator activated receptors (PPARS), modulation of sterol regulating element binding protein
(SREBPs) [35]-[40].

4. Fats and Related Compounds

Type of fat is more important than the amount in managing certain chronic diseases. Conjugated linoleic acids
are isomers of linoleic acid and found mainly in milk, meat and their products of ruminants. Supplementing diet
with CLA has reduced body fat accumulation and increased protein content in rats [41]. Short term consumption
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of a spread made with CLAs, induced the expression of lipid metabolizing genes and reduced inflammatory
gene expression compared to other fatty acids [42]. Protective mechanisms of CLAs against obesity are in-
creased energy expenditure, decreased energy intake, reduced lipogenesis and enhanced lipolysis, and reduced
adipocyte proliferation and differentiation [43]-[46]. The primary mechanism of CLA in fat reduction is through
the modulation of transcription factor PPARy, thereby inhibiting the downstream metabolic pathways involved
in lipogenesis and adipocyte differentiation [47] [48]. Stearoyl-CoA desaturase-1 (SCD-1), a key enzyme in the
regulation of lipid oxidation and hepatic lipogenesis, is one of the targets of obesity management. Administra-
tion of isomers of CLAs resulted in either reduced SCD-1 or inhibited the activity in a variety of cells [49].

Weight loss programs emphasize on the consumption of fatty fish to reduce lipid content [50]. Energy re-
stricted diets consists of three servings of fatty fish per week increased leptin levels in obese humans [51]. Con-
sumption of a hypocaloric diet with salmon also improved plasma lipid profile [52]. Administration of polyphe-
nol rich oils to obese men in a randomized cross over study resulted in inhibition of postprandial inflammation
[53].

Consumption of soybean, coconut and lard for 60 days reduced serum adiponectin levels as well as gene ex-
presion in mice [54]. Incubating 3T3L1 cells with DHA, EPA, palmitic, and linoleic acids also resulted in a re-
duced gene expression of adiponectin.

Diacylglycerols (DAG) increases thermogenesis compared to triacylglycerols and therefore have been sug-
gested for weight management. With the consumption of DAG for 14 days, enzymes involved in fatty acid oxi-
dation were increased and synthesis were reduced in rats [55]. After hydrolysis into two fatty acids and a glyce-
rol moiety, DAGs may not be reformed back and enter into circulation as such and be oxidized by liver [56].
Diet of normal weight men was supplemented with 10 g/d of either DAG or TAG for 16 weeks to determine the
effect of diets on weight loss. Men consumed fats as a part of breakfast in form of bread and mayonnaise. After
the study period, a significant weight loss was observed in the individuals with the DAG diet [57].

5. Fruits and Vegetables

High consumption of fruits and vegetables has been associated with maintenance of health as they offer protec-
tion against various chronic diseases. Varied bioactive components at different levels may be responsible for the
offered health protection. In an 8-week nutritional intervention study, obese men and women who received
enriched fruits with an energy-restricted regimen resulted in low oxidized LDL and improved antioxidant capac-
ity [58]. Black rasberries contain high anthocyanin levels. Purified black rasberries, but not whole black rasp-
berries, reduced body weight gain, fasting serum glucose, leptin, insulin levels and homeostasis assessment of
insulin resistance (HOMA-IR) in mice fed high fat diet [59].

Administration of apple reduced body weight gain, fat deposits and glucose in Wistar rats. These antiobesity
properties are due to modulation of genes responsible for lipolysis, adipogenesis and fat oxidation [60]. Apples,
with relative high fiber content, lowered plasma lipid content and triacylglycerides in liver, as well as improved
oxidative status by producing larger intestinal pool and greater fecal excretion of bile acids in obese rats [61].
Dietary apples also reduced the retroperitoneal and epididymal adipose tissue weights [62].

Bilberries and sea buckthorn (whole, phenolic extract, oil) administered for 30 - 35 days, decreased waist cir-
cumference, weight, vascular cell adhesion molecule and intercellular adhesion molecule of overweight and ob-
ese women [63]. Bilberry anthocyanidin-enriched extracts inhibited adipocyte differentiation in 3T3L1 cells by
inhibiting the adipocyte transcription factors peroxisome proliferator-activated receptor (PPAR) and Sterol reg-
ulatory element-binding protein 1c (SREBP1c) and tyrosine residues of IRS1 phosphorylation [64].

Hushbush blueberry powder at 2% reduced body fat, liver weight, body weight, triglycerides, fasting insulin,
abdominal fat mass, but increased adipose and skeletal muscle PPAR activity and affected PPAR transcripts in-
volved in fat and glucose metabolism in obese rats [65]. Blueberry polyphenols suppressed adipocyte differen-
tiation, adipogenesis and cell proliferation [66].

Methanol mango peel extracts inhibited the accumulation of lipid droplets in 3T3L1 cells at a concentration of
50 - 100 pg/ml. Mango pulp extracts did not show any effect in inhibiting lipid content [67]. Administration of
mulberry polyphenol water extracts for 12 weeks reduced obesity in hamsters via reducing hepatic fatty acid
synthase, 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, and dyslipidemia [68]. Concentrated
oral plum juice reduced lipid content, increased insulin sensitivity, plasma adiponectin and adipose tissue
PPARy mRNA expression in insulin-resistant obese Wistar fatty rats [69]. Pomegranates are tropical fruits rich
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in phytochemicals such as ellagitannins, anthocyanins, phenolic acids, and a variety of volatile compounds. Po-
megranates exhibited anti-obesity properties in in-vivo and in-vitro studies exhibiting hypoglycaemic activity,
increase insulin sensitivity, inhibit a-glucosidase enzyme activity, reduce total cholesterol, improve blood lipid
profiles, and retard inflammation by modulating PPAR pathways [70].

Bitter gourd is widely available vegetable in Asia and has been attributed to offer protection against diabetes.
Bitter gourd was fed at 0.5% and 5% levels to C57BL/6 mice for exploring the effects of bitter gourd on mito-
chondrial function during the development of obesity associated fatty liver. Feeding of bitter gourd for 16 weeks,
resulted in reduced body and tissue weight gain, less hyperglycemia and hyperlipidemia, triglycerides, choles-
terol, higher superoxide dismutase activity, lower protein oxidation, modulated mitochondria expression, and
less activation of sterol regulatory element binding protein/fatty acid synthase (SREBP-1/FAS) pathway in mice
fed with bitter gourd at 5% compared with the mice fed with a high fat diet. Inflammatory markers, serum inter-
leukin-6 and serum C-reactive protein concentration was lower in mice fed with 5% bitter gourd fed group. Bit-
ter melon modulated fatty acid and glucose transport into adipose and skeletal tissues by regulating adiponectin,
AMPK release, insulin secretion, and uncoupling protein elevation [71].

Kochujang, fermented soybean-based red pepper paste, administration to humans at 32 g/day for 12 weeks
reduced visceral body fat, but not body weight and waist to hip ratio [72]. On the contrary, Kochujang reduced
differentiation of 3T3L1 adipocytes by inhibiting transcription factors SREBP-1c and PPAR-y, and stimulated
lipolysis by upregulating hormone sensitive lipase [73].

Piper sarmentosum, edible medicinal plant, administered at 125 mg/kg/day for 12 weeks reduces visceral fat
and inhibits 115-hydroxysteroid dehydrogenase type 1 that regulates cortisol metabolism in adipose tissue, to
hinder visceral obesity and metabolic disorders [74].

Administration of green tomato extract to mice fed with a high fat diet reduced obesity by activating AMPK
and acetyl-CoA carboxylase phosphorylation in the liver. Green tomato decreased epididymal adipose tissue,
liver weights, liver cholesterol and serum cholesterol levels. Green tomato extract also decreased the liver
HMG-CoA reductase expression, PPARy (PPAR gamma), CCAAT/enhancer-binding protein alpha and perilipin
in the adipose tissue [75].

Onion peel tea (OPT), high in polyphenols, exhibited anti-obesity properties in high fat diet induced obese
(BALB/c) mice. Mice were fed with onion peel tea for 28 days after induction of obesity by feeding a high fat
diet for 3 weeks. OPT suppressed increase in body weight and level of epididymal fat tissue, reduced serum
concentrations of total cholesterol, glucose and leptin [76].

6. Beverages

Tea (Camellia sinensis) is a widely consumed beverage around world. Green tea is unfermented and is rich of
polyphenolic compounds. Oolong tea is partially oxidized and possess considerable amounts of polyphenols.
Black tea is fermented and contains mostly thoeflavins and polyphenols. Black Tea polyphenols are reported to
inhibit pancreatic lipase and thereby effect lipid metabolism [77].

Caffeine present in tea was shown to have thermogenic effects and stimulate fat oxidation. Caffeine and po-
lyphenols in tea act additively to effect fat oxidation [78]. A significant increase in 24 h energy expenditure was
reported after consumption of thermogenic beverage (250 ml) three times/day for 3 days contains 94 mg EGCG
and 100 mg caffeine [79]. Caffeine consumed at 100 mg per serving increased basal metabolic rate by 3% - 4%
and energy expenditure in a 2 hr period by 16% in both in lean and obese individuals [80]. In studies conducted
with green tea (576 - 592.2 mg catechins), an increase in fat oxidation, reduction in body fat ratio and waist cir-
cumference [81] [82] were observed. Mechanisms proposed for the action of green tea in increasing energy ex-
penditure are inhibiting catechol O-methytransferase (COMT) enzyme which degrades norepinephrine, inhibit-
ing enzyme phosphodiesterase which degrades intracellular cAMP, antagonizes the inhibitory effects of adeno-
sine on lipolysis, increased expression of uncoupling proteins, and activation of PPARs [83]-[86].

Supplementation of cocoa powder at 8% to high fat fed C57BL/6J mice reduced body weight gain, increased
fecal fat content, improved insulin sensitivity, inflammation and down-regulated the pro-inflammatory gene ex-
pression [87]. Yang et al. [88] also reported that feeding 2% - 4% cocoa extract to C57BL/6 mice reduced
weight gain, fat pad mass, liver weight, lipid content and triglycreride content. Coffee polyphenols (mono- or
di-caffeoyl quinic acids (CQA)) inhibited lipogenesis by downregulating sterol regulatory element-binding pro-
tein (SREBP-1c), acetyl-CoA carboxylase-1 and -2, stearoyl-CoA desaturase-1 and pyruvate dehydrogenase ki-
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nase-4 in the liver and also reduced infiltration of macrophages into the fat tissues [89]. Murase et al. [90] inves-
tigated the effect of coffee polyphenols (CPP) in modulating postprandial macronutrient (carbohydrate, lipid)
metabolism and whole-body substrate oxidation in C57BL/6J mice with a lipid-carbohydrate (sucrose or starch)-
mixed emulsion. CPP suppressed postprandial plasma glucose, insulin, glucose-dependent insulinotropic poly-
peptide (GIP), and triacyl glyceride (TAG) levels.

A novel antioxidant beverage was prepared from the coffee silverskin of Arabic (Coffea Arabica) and Robus-
ta (Coffea canephora) varieties and tested for their antiobesity potential employing the Caenorhabditis elegans
model. All tested concentrations of both extracts (25, 50 and 100 pg/ml) increased body fat reducing phenotypes.
The highest effective dose was 100 pg/ml of Arabic extract, which accounts for 10 mg/ml of coffee silverskin.
The dose of active compounds present in extracts, caffeine and chlorogenic acid, are relative to physiological
dose and may offer protection against obesity [91].

Anthocyanin rich juices Blueberry Juice (BBJ) and Mulberry Juice (MBJ) were tested for their effect in of-
fering protection against obesity in high fat fed C57BL/6 mice. Juices reduced body weight (7% - 10%), epidi-
dymal fat and size of fat cells. Serum glucose and cholesterol level were lowered by BBJ, but not by MBJ. Juic-
es altered lipid metabolism by suppressing fatty acid synthesis related genes (PPARy and FAS) and inducing the
expression of g-oxidation-related gene (CPT 1) [92].

Noni Juice is rich in phenolic acids: gentisic, and chlorogenic acids. Feeding noni juice at 3, 6, 9 mg/kg body
wt for six weeks to hamsters decreased liver and visceral fat accumulation, and serum lipids. Juice administra-
tion increased the fecal lipid/bile content. Juices also increased the liver antioxidant capacities and lowered in-
flammatory protein (TNF-a, IL-1b, iINOS, and COX-2, MMP9) expression [93].

7. Calcium and Dairy Products

Low intake of dairy products and calcium is inversely related to adiposity [94]. Dietary calcium plays an impor-
tant role in regulation of energy metabolism and obesity risk [95]. Dairy products are the main source of dietary
calcium and different mechanisms have been proposed for explaining the role of calcium. Chronic increase in
dietary calcium reduces intracellular calcium in adipocytes, thereby reduces expression of fatty acid synthase,
enzyme required for lid synthesis. The potential hypolipidemic mechanisms of calcium may occur at Gl tract via
inhibition of fat absorption, increased fecal fat excretion, inhibition of bile acid absorption, a calcium-induced
increase in the conversion of cholesterol to bile acids [96].

8. Conclusion

Development of obesity is through the effect of various complex pathways. There is a need to target many
processes rather than single process or target. Although the available research supports evidence for the potential
to develop functional foods, the real challenge for the food industry is to develop products that are effective by
having multiple mechanisms. The other challenge to develop functional foods for obesity is the lack of potential
biomarkers to test the compounds. Studies should focus on determining the optimum level of intake, efficacy
and safety of products for long-term consumption.
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