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Summary: The phenolic compounds from plants have a significant role in human diet as antioxidants. 
Their main sources are fruits, vegetables and beverages etc. However, by-products from food and agri-
culture also have valuable amounts of phenolic antioxidants. These phenolic compounds are effective 
in curing of many diseases including cancer, cardiovascular, contagious, viral and inflammatory dis-
eases. Dietary phenolic contents were compared in various plant materials including rosemary extract, 
basil extract, laurel extract, cumin extract, ginger extract, extra virgin olive oil, high bush, low bush, 
cranberry, strawberry, high bush blue berry, low bush blue berry, wild mulberry, black plum skin, 
rough lettuce, red cabbage, wheat, date, rice kernel, rice bran, honey, red wine, white wine and green 
tea extract; the phenolics were found in the range of 0.25-147 mg/g, with the exceptionally higher val-
ue reported for basil extract (147 mg/g) and the lowest value (0.25 mg/g) for white wine. Among all the 
investigated fruits, vegetables, commercial fruit juices, beverages and wines, the highest amounts of 
phenolic contents were found in apple (296.3 mg/100g), mint (399.8 mg/100g), orange (339 mg/100g), 
instant coffee (146-151 mg/100g) and Italian red wine (3314-4177 mg/100g), respectively.
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INTRODUCTION

There are many free radicals including reactive oxygen species which are con-
tinuously produced as by products in human body as a result of metabolism [1]. If 
these reactive oxygen species and free radicals are not excluded from body, they 
can cause oxidative stress in body which may lead to oxidation of bio molecules 
such as protein, lipids and DNA and thus leading ultimately to cancer [52]. If the 
production of free radicals is prolonged it may cause different diseases such as age 
related problem, atherosclerosis, neurodegenerative problems and inflammation 
etc [9]. It is much necessary to control these oxidant species by some antioxidant 
species which are abundantly found in common fruits and vegetables [40].

Plants are mostly rich in antioxidants which are not only necessary for life but 
also help to control the free radical activities. The phenolic compounds present 
in plants show antioxidant properties; these properties depend upon the nature 
of plants, growing conditions, harvesting time, packing conditions and type of 
solvent used in their extraction [30]. Crude extracts of plant materials, spices and 
herbs rich in phenolics are very important for food industry because they the abi-
lity to stop oxidative degradation of lipids and are thus important to improve the 
quality and nutritional value of food [57]. The phenolic compounds actively par-
ticipate in adsorption, neutralization of free radicals and reduction of singlet and 
triplet oxygen and decomposition of peroxides. Plants also contain a variety of 
phytochemicals which are effective to control various health issues like high blo-
od pressure, obesity and diabetes [21, 35]. The antioxidants lower the incidences 
of degenerative diseases such as brain dysfunction, heart disease, inflammation, 
arthritis, arteriosclerosis and cancer [19]. The Phenolic compounds in guava help 
to cure cancerous cells and prevent skin aging before time [35].

Keeping in view the value of antioxidant potential of plants, current studies 
were performed to compare the antioxidant dietary phenolic contents in various 
plants and their products.

PHENOLIC COMPOUNDS IN DIETARY CONSTITUENTS

Phenolic compounds, ubiquitous in plants are an essential part of the human 
diet. They are of considerable interest owing to their antioxidant properties [3]. 
They have various chemical structures which are responsible for their colors and 
rigidity. They belong to a class of plant secondary metabolites and may consist of 
simple structures (e.g. phenolic acids), polyphenols (e.g., flavonoids) or polymeric 
forms [11]. There have been a larger number of investigations on the role of pheno-
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lic compounds in food and beverages during last few years [17, 34]. These compo-
unds play a vital role in defense responses including anti-proliferative activities, 
antioxidant, anti-inflammatory and anti-aging. Therefore, it is beneficial to eat the 
plant foods comprising of high antioxidant contents, which lower the incidences 
of certain chronic diseases e.g., cardiovascular, cancer and diabetes through the 
management of oxidative stress [27]. Table 1 shows the comparison of phenolic 
content in some plant materials [17].

TABLE 1. Amount of Phenolic contents (mg/g) in some plant materials

PRODUCTS TOTAL PHENOLIC 
CONTENT PRODUCTS TOTAL PHENOLIC 

CONTENT 

Rosemary extract 2.19±0.15 Wild mulberry 3.73±0.11

Basil extract 147±160 Black plum skin 92.5

Laurel extract 92.0±2.45 Rough lettuce 0.53±0.09

Cumin extract 37.4±0.32 Red cabbage 1.78±0.14

Ginger extract (dw) 39.9±2.6 Wheat 1.86

Extra virgin olive oil 0.27 Date 2.47

High bush 2.78 Rice kernel 1.85

Low bush 3.49 Rice bran 16.4

Cranberry 1.71 Honey 0.35

Strawberry 2.57±0.02 Red wine 1.85±2.32

High bush blue berry 3.86±0.14 White wine 0.25±0.05

Low bush blue berry 4.71±0.19 Green tea extract 59.8±1.8

Phenolic contents (Tab. 1) in some plant materials (rosemary extract, basil 
extract, laurel extract, cumin extract, ginger extract, extra virgin olive oil, high 
bush, low bush, cranberry, strawberry, high bush blue berry, low bush blue ber-
ry, wild mulberry, black plum skin, rough lettuce, red cabbage, wheat, date, rice 
kernel, rice bran, honey, red wine, white wine, green tea extract) were found in 
the range of 0.27-147 mg/g  with the exceptionally higher value reported for basil 
extract (147 mg/g), black plum skin (92.5 mg/g) and laurel extract (92.5 mg/g), 
green tea extract (59.8.5 mg/g), ginger extract (39.9 mg/g) and rice bran (16.4 
mg/g) while the lowest values were observed for white wine (0.25 mg/g), extra 
virgin olive oil (0.27 mg/g) and rough lettuce (0.53 mg/g).
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CLASSIFICATION OF PHENOLIC COMPOUNDS

Phenolic compounds are distributed into many groups on the basis of their 
chemical structures on the basis of differences in position and number of hydroxyl 
groups on aromatic ring which result in change of simple phenolic compounds 
to complex polymer compounds. Thus they may be classified into flavonoids, 
phenolic acids, tannins (hydrolysable and condensed) stilbenes and lignans on the 
basis of structures [23].

FLAVONOIDS
One of the most abundant phenolic compounds in our diet is flavonoids. The 

structures of flavonoids containing 15 carbon atoms with flavan nucleus exist in 
three rings (C6-C3-C6). Flavonoids are further distributed into six subgroups i.e. 
flavanols, flavonols, flavones, flavanones, isoflavones, anthocyanin on the basis 
of the oxidation state of central C-ring (Fig. 1) [13, 14].

FIGURE 1. Structures of six important flavonoids
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PHENOLIC ACID
Phenolic acids are further divided into two sub groups (Fig. 2) i.e., derivatives 

of benzoic acid (Gallic acid) and cinnamic acid (caffeic acid and Ferullic acid) 
[16]. Figure 2 displays the structures of important phenolic acids. 

TANNINS
Tannins are the one of major groups of polyphenols in human diet and distri-

buted into two subgroups:

FIGURE 2. Structures of important phenolic acids

 

 
 

 
 

FIGURE 3. Structure of ellagitannine
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Hydrolysable tannins
They have central core of glucose or polyol esterified with gallic acid (an 

hexahydroxydiphenic acid) and known as gallotannins and ellagitannins, respec-
tively. Figure 3 displays the structure of sanguiin which is a ellagitannine.

Condensed tannins
They are mentioned as proanthocyanidins (Fig. 4) in which polymers or oli-

gomers of flavan-3-ol are attached through an interflavan carbon bond [30, 57].

MECHANISM OF ACTION OF PHENOLIC ANTIOXIDANTS

The property of phenolic compounds as antioxidant depends upon the struc-
ture including number and position of hydroxyl group in phenolic compounds. 
A phenolic antioxidant can provide hydrogen atom to a lipid radical for the pro-
duction of antioxidant radicals and lipid derivatives. The free radicals of antioxi-
dants may hinder further propagation reactions.

FIGURE 4. Structure of proanthocyanidins
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The antioxidant free radical can undergo redox reaction in the presence of 
oxygen and any alkyl group such as:

The phenyl radical gets stable due to the unpaired electrons delocalization 
around the benzene ring and terminates the chain reaction. Ethyl radical or n-butyl 
radical may increase the antioxidant property of phenolic compounds more than 
methyl radical by substitution at para position. However, as chain gets long and 
branched antioxidant property is lowered [37, 46, 47]. The resonance structures of 
phenyl radicals are given in figure 5 [45].

PHENOLIC COMPOUNDS IN SOME PLANT MATERIALS

Almost all the plants in human diet including vegetables, fruits and beverages 
are the main sources of phenolic compounds. Many edible plants show much in-
hibitory potential for oxidants [43].

VEGETABLES AND FRUITS
Phenolic compounds such as flavonoids are produced in the plants and fruits 

naturally as secondary metabolites [56]. Vegetables and fruits are normally very rich 
in antioxidational and nutritional contents. There is an extensive variation amon-
gst total phenolic contents in different vegetables and fruits. The phenolic contents 
in different plants vary due to the complexity of the groups, analysis and extrac-
tions techniques. Phenolic contents were identified in some fruits like apple, bana-
na, cherry, guava and mango, litchi and vegetables like broccoli, carrot, cucumber, 
mint and spinach etc [6, 25, 35, 36, 44, 50]. Spinach contained greater content of 

 

 
 
 

FIGURE 5. The resonance structures of phenyl radicals
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flavonoids as compared to other common vegetables [20, 22, 39]. Spinach contains 
unique flavonoid compounds such as glucuronides and acylated di-andtriglycosides 
of methylated and methylenedioxy derivatives of 6-oxygenated flavonols [2, 18].

Rice is the most consumed crop by all human population all over the world. 
Studies have shown that rice are full of phytochemicals which are associated with 
the reduced risk of many diseases [28, 58]. Near Infra-Red Spectroscopy was used 
to characterize the rice and it has shown the presence of many phytochemicals 
such as tocopherol, tocotrienol, kernel phenolic, antioxidant capacity and flavo-
noid contents [4, 24, 31].

Olive is the major crop which is grown in Mediterranean region as a source 
of olive oil and other edible parts of olive plant. Besides its nutritional values it 
is also full of many other phytochemicals which are important for health and the 
control of diseases [8]. Researchers have shown that olive is full of antioxidant 
chemicals such as phenolic compounds. These phenolic compounds may attribute 
to the food quality such as flavor and health benefits [41]. The concentration of 
phenolic compounds in olive fruits could reach values ranging between 1 and 3% 
of the fresh pulp weight [49, 54].

BEVERAGES
Significant quantities of phenolic contents in the human diet are obtained from 

fruit juices, wines and tea of plants. The composition of phenolic contents differs 
in juices depending upon commercial processing procedures. In the similar way 
composition of phenolic contents in wines may be varied by several aspects such 
as quality of the grapes used, rising conditions, manufacture techniques and pro-
cessing limitations [14, 32].

Everyone is familiar with the consumption of lemon juice. It is most likely 
used juices among citrus fruit juices [33, 53]. Lemon has acquired much impor-
tance due to high content of flavonoid such as flavanones and flavone glycosides 
[10]. Other phenolic compounds such ashydroxycinnamic acids are present in this 
juice at a lower concentration than flavanones and flavones. The main flavanones 
detected in lemon juice are eriocitrin and hesperidin [5, 12]. 

AGRO-INDUSTRIAL BY-PRODUCTS
It is documented that some agricultural by-products such as buck wheat hulls, 

rice hulls and pistachio hulls contain phenolic compounds. By-products from agri-
culture provide valuable amounts of phenolic antioxidants. The peels of different 
fruits and vegetables have been reported to comprise greater number of phenolic 
compounds than the edible fleshy parts. By-products and waste of olives, grape 
seed peels, grape juices by products and white wine production also provide the 
reasonable amounts of phenolic compounds [3, 7, 48, 51]. Table 2 shows dietary 
phenolic contents in some fruits, vegetables, fruit juices and beverages.
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TABLE 2. Phenolic compounds in some common foods 

SOURCES TOTAL PHENOLIC 
CONTENT SOURCES TOTAL PHENOLIC 

CONTENT

Fruits

Apple 296.3±6.4 Guava 126.4±6.0

Banana 90.4±3.2 Litchi 3.35±0.05

Blueberry 270-930 Mango 6.25±0.05

Cherry 105.4±27.5 Strawberry 160±1.2

Vegetables

Broccoli 101.6±1.24 Mint 399.8±3.2

Brssel sprouts 68.8±1.3 Spinach 91.0±8.5

Cabbage 54.6±7.0 Tomato 25.9-50.0

Carrot 56.4±5.1 Yellow onion 76.3±1.9

Commercial fruit juices

Apple 339±8.5 Pineapple 358±3

Grape fruit 535±11 Prune 441±59

Orange 755±18

Beverages

Black tea 80.5-134.9 Instant coffee 146-151

Green tea 117.3 Ground coffee 52.5-57.0

Red wines

Argentine 1593-1637 Japanese 1810-2151

French 1847-2600 Spanish 1869

Italian 3314-4177

White wines

Argentine 216 Japanese 295-556

Italian 439-854 Spanish 292

Rose wines

Italian 1304 Japanese 340
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Table 2 shows demonstrates that the highest amounts of phenolic contents were 
found in apple (296.3 mg/100g), mint (399.8 mg/100g), orange (339 mg/100g), 
instant coffee (146-151 mg/100g) and Italian red wine (3314-4177) among the list 
of all currently reviewed fruits, vegetables, commercial fruit juices, beverages and 
wines, respectively.

HEALTH POTENTIAL OF PHENOLIC COMPOUNDS

The consumption of dietary Phenolic compounds depends upon the liking and 
eating practices of individuals. The average dietary intake of polyphenols per per-
son approximately is 1 gram. Phenolic compounds show their activities in vitro as 
antioxidants and found active against many diseases like cancer, cardiovascular 
diseases [55]. It has been investigated that oral administration of orange peel, 
caffeine and black tea extracts are effective in reduction of body weight gain and 
formation of adipose tissues. A study has also shown the reduction of synergistic 
effect on antioxidant activity by using the combination of four fruits such as ap-
ple, orange, grapes and blueberry [46].

Polymethoxyflavones being important components of orange peel are found 
effective as anti-inflammatory, anti-carcinogenic, anti-viral, anti-oxidant, anti-
-thrombogenic and anti-athrogenic agents.  It was investigated that hydroxyty-
rosol-a key component of olive oil had a good potential to reduce the coronary 
heart disease and atherosclerosis by itself. Soy comprises isoflavones which are 
effective against chronic diseases including different kinds of cancer, osteopo-
rosis, cardiovascular ailments and menopausal symptoms. Isoflavones are also 
effective to reduce allergic rhinitis [15, 26, 38, 45]. Numerous plants i.e. grapes, 
pistachio, peanuts and berry fruits have phenolic compounds which are beneficial 
in neurological disorders and type 2 diabetes [29].

Revertrol has been proved to be supportive in reduction of body weight at hi-
gher given doses and also showed cardio protective effects. It helps in reduction of 
fats by inhibiting adipogenesis and increasing the rate of apoptosis in adipocytes 
which affect the gene expressions to moderate mitochondrial functions [42].

CONCLUSIONS

Phenolic antioxidants from plants in human diet are natural antioxidants 
which have an aromatic ring containing one or more hydroxyl groups at different 
positions of the ring. The number of hydroxyl groups and their positions determi-
ne the potential of phenolic compounds as antioxidants. The valuable sources of 
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phenolic antioxidants are fruits, vegetables, beverages, by-product and waste from 
agriculture. The health benefits such as anti-inflammation, anti-infection, anti-can-
cer and anti-proliferation are usually attributed to the type of pleotropic bio-chains 
present in them. The phenolic components  in the investigated plant materials (rose-
mary extract, basil extract, laurel extract, cumin extract, ginger extract, extra virgin 
olive oil, high bush, low bush, cranberry, strawberry, high bush blue berry, low bush 
blue berry, wild mulberry, black plum skin, rough lettuce, red cabbage, wheat, date, 
rice kernel, rice bran, honey, red wine, white wine, green tea extract) were found in 
the range of 0.25-147 mg/g with the exceptionally higher value reported for basil 
extract (147 mg/g) and the lowest value (0.25 mg/g) for white wine. The highest 
amounts of phenolic contents were found in apple (296.3 mg/100g), mint (399.8 
mg/100g), orange (339 mg/100g), instant coffee (146-151 mg/100g) and Italian red 
wine (3314-4177) among the list of all currently reviewed fruits, vegetables, com-
mercial fruit juices, beverages and wines, respectively.
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