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Abstract: The harmful effects of the free radicals on humans could be inhibited by antioxidants in fruits and vegetables. 

Tomato contains several antioxidants such as phenolic compounds and flavonoids. Consumption of tomatoes has been related 

epidemiologically to a lower incidence of cardiovascular diseases, prostate, gastrointestinal and epithelial cell cancers. In this 

study ten different brands of canned tomato pastes on the Ghanaian market were evaluated for their antioxidant potentials 

based on their polyphenolic and flavonoid contents as well as DPPH free radical scavenging activities. The amount of total 

phenolic compounds extracted were determined using the Folin-Ciocalteu reagent. Total flavonoid content was determined 

using aluminum chloride colorimetric assay method. The antioxidant activities were evaluated using the DPPH scavenging 

activity. Total phenolic and flavonoid contents ranged from 6.26 mg GAE/gdw to 22.82 mg GAE/gdw and between 1.83 µg 

QE/gdw to 45.26µg QE/gdw respectively. DPPH scavenging activity ranged from 8.03% to 29.69%. High and significant 

correlations existed between antioxidant activities, total phenolic and flavonoid contents of tomato paste samples analysed 

indicating these pastes are potentially rich sources of dietary polyphenolic compounds and antioxidants, and might contribute 

important health benefits to consumers. 
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1. Introduction 

Tomato (Solanum lycopersicum L.) belongs to the family 

Solanaceae. It is a horticultural crop of great interest, being 

widely consumed either fresh or processed such as tomato 

juice, soup, paste, puree, ketchup, sauce and salsa [1]. 

Tomato fruits are rich sources of potentially bioactive 

compounds. Among the most prominent phytochemicals in 

tomatoes are the carotenoids, of which lycopene is the most 

abundant in the ripened fruit, accounting for approximately 

80-90% of the total pigments [2]. The lycopene pigment has 

attracted much interest among researchers because of its 

biological and physicochemical properties, especially related 

to its effect as a natural antioxidant and its various benefits 

for human health [3]. Along with carotenoids, other 

antioxidant compounds of tomato fruits such as ascorbic acid 

and phenolics play important and determinant roles in 

disease prevention. The regular consumption of tomatoes or 

tomato products has been related epidemiologically to a 

lower incidence of cardiovascular diseases, prostate, 

gastrointestinal and epithelial cell cancers through its 

antioxidant properties [4]. 

Antioxidants are protective agents that inactivate reactive 

oxygen species and therefore significantly delay or prevent 

oxidative damage. They are found in plant materials and 

supplements. Due to their natural origin, the antioxidants 

obtained from plants are of greater benefit in comparison to 

synthetic ones [5]. The use of natural antioxidants from 

plants does not induce side effects, while synthetic 

antioxidants were found to have genotoxic effects [6]. 
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Antioxidants protect cells from damage caused by unstable 

molecules known as free radicals. Thus antioxidants are often 

described as “mopping up” free radicals; meaning they 

neutralize the electrical charge and prevent the free radicals 

from taking electrons from other molecules by donating 

electrons without forming another themselves. 

Free radicals are molecules with incomplete electron shells 

which make them more chemically reactive than those with 

complete electron shells. They impact negatively on health 

by promoting the development of cancers, cardiovascular 

diseases and diabetes. These free radicals are generated 

during normal body metabolism. Though the human body 

produces its own antioxidants such as glutathione, 

ubiquinone (co-enzyme Q), the amounts may be augmented 

by external sources. Exogenous intake of antioxidants can 

help the body scavenge free radicals effectively [7]. Current 

dietary guidelines to combat chronic diseases, including 

cancer and coronary artery disease, recommend increased 

intake of plant foods, including fruits and vegetables, which 

are rich sources of antioxidants. Numerous epidemiological 

studies have confirmed significant relationship between high 

intake of flavonoids and decrease in the risk of developing 

cardiovascular diseases and other degenerative diseases [8,9]. 

Nowadays, busy lifestyles are driving the development and 

dependence on convenience foods. Due to busy nature of our 

lifestyles, most families have less time to cook at home and 

tend to patronise fast foods to the detriment of their health. 

Since most homes rely on canned tomato pastes for stew and 

soup, there is the need to determine the antioxidant properties 

in them. To our knowledge, there is a dearth of study on the 

antioxidant activity of tomato pastes on our markets. The 

basic aim of the research was to evaluate the antioxidant 

potential of some canned tomato pastes sold on the Ghanaian 

markets 

2. Materials and Methods 

2.1. Chemicals 

Folin-Ciocalteu phenol reagent (FCR), Gallic acid, 2, 2-D 

iphenyl-1-picrylhydrazyl hydrate (DPPH), quercetin and 

ascorbic acid (vitamin C) were from Sigma Aldrich. AlCl3, 

Na2CO3, CH3COOK, were from Merck (Darmstadt, 

Germany). Ethanol and methanol were from Jansen Chimica 

(Beerse, Belgium). All chemicals were of analytical grade 

2.2. Sample Preparation 

Ten brands of canned tomato pastes were obtained from 

the Makola, Madina and Kaneshie markets in Accra and were 

coded GO, OA, TT, SA, SE, AC, ST, FT, LE and FI. The 

entire content of the tomato pastes were transferred into 

beakers, frozen and freeze dried (Tokyo Rikakikai Co. Ltd., 

Tokyo, Japan) Lyophilized samples were pulverized, 

vacuumised and stored at 4
o
C till required. 0.5g of each 

pulverized sample was extracted in 10ml of 96% ethanol. 

The mixture was placed in a conical flask (wrapped with an 

aluminum foil) and agitated at 200 rpm with orbital shaker 

for 1 hour at 25°C. Additional 10 ml of ethanol was used to 

re-extract the plant residue and the supernatants pooled. The 

procedure was repeated using distilled water instead of 

ethanol as solvent. 

2.3. Determination of Total Phenolic Content 

Determination of total phenolic content was carried out by 

Folin-Ciocalteu (FC) method using Gallic acid as standard 

with modifications [10]. 50µl each of the ethanol and 

aqueous extracts was mixed with 3ml of distilled water 

(dH2O) and 250µl of FC reagent. The mixture was allowed to 

stand for 5 minutes, and then 750µl of 20% Na2CO3 was 

added. The resulting mixture was vigorously vortexed for 

two minutes. After incubation of the resulting reaction 

mixtures for 30 min at room temperature absorbance values 

were measured at 760nm using a UV-VIS Spectrophotometer 

(Shimadzu, 1201, Japan). All determinations were performed 

in triplicate. A calibration curve was prepared using freshly 

prepared 1 mg/mL Gallic acid dissolved in water and serially 

diluted to the following concentrations, 0.2 mg/mL, 0.4 

mg/mL, 0.6 mg/mL, 0.8 mg/mL and 1 mg/mL. A regression 

equation of y = 1159x + 0.0112 with regression factor R
2 

= 

0.998 was obtained. 

The polyphenolic content in each extract was determined 

from the calibration curve and final results were recalculated 

and expressed as gallic acid equivalents per gram of dry 

tomato sample (mg GAE/gdw). 

2.4. Determination of Total Flavonoid Content 

The aluminum chloride colorimetric assay method [11] 

was employed to evaluate total flavonoid content (TFC) in 

the samples using quercetin as standard. An aliquot of 500µl 

of extracts were mixed with 1500µl of 99.9% ethanol (EtOH), 

100µl of 1 M potassium acetate, 100µl of 10% aluminum 

chloride and 3000µl of distilled water. The mixture was 

shaken vigorously and left to stand in the dark at room 

temperature. The resulting mixtures were incubated for 30 

minutes at room temperature and corresponding absorbance 

measured at 415 nm. All determinations were carried out in 

triplicate. A standard calibration curve was constructed using 

quercetin standard solutions of 12.5µg/ml, 25µg/ml, 50µg/ml, 

75µg/ml and 100µg/ml. 500µl of each standard was treated 

in the same manner as the samples above and a calibration 

linear regression equation y = 0.0105x +0.0054 generated. 

Flavonoid content of each extract was determined from the 

curve and the final results recalculated and expressed as 

microgram quercetin equivalent per gram of dry tomato 

sample (µg QE/gdw). 

2.5. Determination of Antioxidant Activity 

The free radical scavenging ability of the extracts against 

DPPH free radical was evaluated as described elsewhere [12], 

with some modifications. Briefly, 200µl of extracts were 

each added to 3800µl of 0.004% DPPH methanolic solution. 

After 60 minutes of incubation at room temperature in the 

dark, the absorbance was measured at 517 nm. A blank 
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sample containing only methanol was used to zero the 

spectrophotometer. Ascorbic acid was used for comparison. 

Each experiment was performed in triplicate. Antioxidant 

activity (I %) was calculated as follows: 

I% =  [(Abs0 –  Abs1) / Abs0]  ∗ 100 

Abs0 = absorbance of 0.004% DPPH without analyte. 

Abs1 = absorbance of 0.004% DPPH plus the test compound. 

2.6. Data Analysis 

Data were presented as means ± pooled standard error. 

Statistical analysis was done using Statgraphics centurion 

version 16.1. Two-way ANOVA was used to test whether 

there was a significant difference in total phenolic content, 

antioxidant activity and scavenging activity between the 

ethanolic and aqueous extractions. Differences in the active 

principle contents among the various tomato pastes and 

extraction methods were estimated with multiple range test 

using the least significant difference (LSD) test at p < 0.05. 

The data were correlated using Pearson correlation 

coefficient at p < 0.05. 

3. Results and Discussion 

3.1. Total Phenolic Content 

The concentration of the total phenolic content in the 

sample of ten tomato pastes examined ranged from 6.26 to 

22.82 mg GAE/gdw. There was high significant differences (p 

< 0.05) in the phenolic content in the different tomato pastes 

(Table 1). The highest total phenolic content of 22.82 mg 

GAE/gdw was observed in the aqueous extract of OA with a 

corresponding value of 11.69 mg GAE/gdw for its ethanolic 

extract. This was followed by TT (18.94 mg GAE/gdw), AC 

(17.00 mg GAE/gdw), ST (15.32 mg GAE/gdw), GO (15.19 

mg GAE/gdw), SA (10. 14 mg GAE/gdw), FI (9.62 mg 

GAE/gdw), FT (8.72 mg GAE/gdw), LE (7.17 mg GAE/gdw) 

and SE (6.91 mg GAE/gdw). The corresponding ethanolic 

extract values were 9.50 mg GAE/gdw, 8.20 mg GAE/gdw, 

7.55 mg GAE/gdw, 7.04 mg GAE/gdw, 6.26 mg GAE/gdw, 

6.91 mg GAE/gdw, 8.85 mg GAE/gdw, 6.65 mg GAE/gdw and 

6.26 mg GAE/gdw respectively. 

Relatively high polyphenolic contents were recorded in all 

the aqueous extracts of the ten tomato pastes used in the 

study which could be attributed in part to water-soluble 

pectin contained in tomato pastes [13]. However, our results 

are not in agreement with results of other work [14] which 

reported relatively low content of polyphenolic compounds 

in water extracts as compared to alcoholic extracts. 

Comparing our data to results reported by other authors [15, 

16] in studies of polyphenol content of tomato, wide 

differences were noted. All the polyphenolic contents of their 

data far exceeded that from this study. The unit of their 

measurement was mg GAE/kgfw of extract while our results 

are expressed in mg GAE/gdw. The reason for this 

observation may be that while they employed fresh tomato 

varieties for their extractions, we used processed tomato 

pastes. It has been proven that mildly processed vegetables 

possess a significantly lower phenolic content than fresh 

vegetables [17] and their antioxidant capacity decreases 

proportionally [18]. 

Table 1. Total phenolic, total flavonoid contents and DPPH free radical scavenging activities of the various tomato pastes analysed. 

Sample 
Total Phenolic Content (mg GAE/gdw) Total Flavonoid Content (µg QE)/gdw) DPPH (%) 

Aqueous Ethanol Aqueous Ethanol Aqueous Ethanol 

GO 15.19±0.26d
x 7.04±0.26de

y 30.55±0.36e
x 3.97±0.36c

y 20.21±0.04e
x 9.74±0.04d

y 

OA 22.82±0.26a
x 11.69±0.26a

y 45.26±0.36a
x 10.12±0.36a

y 29.69±0.04a
x 14.03±0.04a

y 

TT 18.94±0.26b
x 9.50±0.26b

y 43.69±0.36b
x 6.55±0.36b

y 24.32±0.04b
x 11.43±0.04b

y 

SA 10.14±0.26e
x 6.26±0.26e

y 29.97±0.36e
x 2.83±0.36d

y 13.88±0.04h
x 8.03±0.04f

y 

SE 6.91±0.26g
x 6.26±0.26e

x 20.69±0.36gh
x 1.83±0.36d

y 11.87±0.04j
x 8.74±0.04e

y 

AC 17.00±0.26c
x 8.20±0.26c

y 35.40±0.36c
x 5.54±0.36bc

y 23.12±0.04c
x 11.15±0.04c

y 

ST 15.32±0.26d
x 7.55±0.26d

y 32.26±0.36d
x 5.97±0.36bc

y 21.03±0.04d
x 11.06±0.04c

y 

FT 8.72±0.26f
x 8.85±0.26bc

x 19.97±0.36h
x 3.40±0.36c

y 14.39±0.04f
x 9.74±0.04d

y 

LE 7.17±0.26g
x 6.65±0.26e

x 23.69±0.36f
x 4.26±0.36c

y 12.75±0.04i
x 8.75±0.04e

y 

FI 9.62±0.26e
x 6.91±0.26de

y 21.69±0.36g
x 4.97±0.36c

y 14.24±0.04g
x 8.62±0.04e

y 

 LSD = 0.7838 LSD = 1.06 LSD = 0.131 

Means ± Pooled standard error from three replicates; a-j different superscript alphabet in the same column are significantly different P≤0.05; x-y different 

subscript alphabet on the same row are significantly different P≤0.05. 

Polyphenolic compounds are known as important plant 

constituents due to their scavenging ability provided by the 

hydroxyl groups. In addition phenolic compounds were 

reported to be associated with antioxidant activity and play 

important roles in the stabilizing of lipid peroxidation [19]. 

Natural phenolics are able to provide antioxidative function 

through various ways, such as intercepting singlet oxygen, 

decomposing primary products of oxidation, preventing 

continued hydrogen abstraction from substances, etc. 

Numerous studies have shown that consumption of foods 

high in phenolic content can reduce the risk of heart disease 

by slowing the progression of atherosclerosis, because they 

act as antioxidants [20, 21] Therefore, tomato may have 

potential as a reservoir of natural antioxidants in food. 

3.2. Total Flavonoid Content 

In Table 1, the total flavonoid contents are shown. The 

aqueous extracts yielded higher values compared to their 
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ethanolic counterparts. The highest total flavonoid content 

for aqueous extract was recorded in OA with value of 45.26 

µg QE/gdw followed by TT 43.69 µg QE/gdw, AC 35.40 µg 

QE/gdw. The aqueous extracts of ST, GO and SA yielded 

values of 35.40 µg QE/gdw, 32.26 µg QE/gdw, 30.55 µg 

QE/gdw and 29.97 µg QE/gdw respectively. The lowest 

aqueous total flavonoid content values of 23.69 µg QE/gdw, 

21.69 µg QE/gdw, 20.69 µg QE/gdw, and 19.96 µg QE/gdw 

were recorded in LE, FI, SE and FT respectively. Based on 

aqueous total flavonoid content, the tomato pastes available 

on our local markets can be classified into three groups, 

those exhibiting relatively high values, ones with low levels 

and the rest in between the two groups. The tomato pastes 

having relatively high concentrations of total flavonoid were 

OA and TT, those in the middle group were AC, ST, GO and 

SA whereas LE, FI, SE and FT lie within the low levels. Of 

all the ethanolic extracts, OA showed highest total flavonoid 

concentration of 10.12 µg QE/gdw which is four times lower 

than its aqueous counterpart. TT, ST, AC, FI, LE, GO, FT 

and SA furnished ethanolic total flavonoid values of 6.55 µg 

QE/gdw, 5.97 µg QE/gdw, 5.54 µg QE/gdw, 4.97 µg QE/gdw, 

4.26 µg QE/gdw, 3.97 µg QE/gdw, 3.40 µg QE/gdw and 2.83 µg 

QE/gdw respectively. The ethanolic extract of SE furnished 

the lowest value of 1.83 µg QE/gdw. This is not in agreement 

with results of previous work [16, 22] where higher levels of 

total flavonoid content were recorded. Data from this study 

showed that total flavonoid values of aqueous extracts were 

exceedingly greater than their ethanolic counterpart which is 

not consistent with earlier report [23]. The presence of a 

number of hydroxyl groups in polyphenols (e.g. flavonoids 

especially the glycosides) make them more hydrophilic and 

generally more soluble in water than ethanol [24] and could 

partly be responsible for the high differences in our results. 

Among the phenolic compounds are flavonoids which 

possess biological activities such as antioxidative, anti-

inflammatory and antiatherosclerotic activities. The 

antioxidative properties of flavonoids can be linked to 

several different mechanisms, such as scavenging of free 

radicals, chelation of metal ions, such as iron and copper, and 

inhibition of enzymes responsible for free radical generation. 

The many pharmacological effects of phenolic compounds 

and flavonoids are linked to their ability to act as strong 

antioxidants and free radical scavengers, to chelate metals, 

and to interact with enzymes, adenosine receptors, and 

biomembranes [25]. 

3.3. DPPH Free Radical Scavenging Assay 

Free radical scavenging is one of the known mechanisms 

by which antioxidants inhibit lipid oxidation. Antioxidant 

capacity is clearly associated with the activity of ‘‘free 

radical scavenging enzymes’’ (superoxide dismutase, catalase, 

peroxidase, etc.) and with the contents of antioxidant 

substances, mainly phenolic compounds, carotenoids, 

tocopherol and ascorbic acid. When a comparison was made 

between two different extraction methods (Table 1) aqueous 

extracts had a significantly higher DPPH free radical 

scavenging activity than ethanol extracts. With regards to the 

aqueous extract, the free radical scavenging activity ranged 

from 11.87% - 29.69% whereas free radical scavenging 

activity of the ethanolic extract ranged from 8.03% -14.03%. 

The highest scavenging activity of the aqueous extract of 

29.69% was registered for OA whilst the lowest ethanolic 

extract of 8.03% was seen in SA. The ethanolic extracts of 

OA, TT, AC, ST, FT, GO, LE, SE and FI had scavenging 

activities of 14.03%, 11.43%, 11.15%, 11.06%, 9.74%, 

9.74%, 8.75%, 8.74%, and 8.62% respectively. The total 

antioxidant activities obtained in this study were comparable 

with other research [26] but higher than that of similar work 

done earlier [22]. This could be due to the medium of 

extraction. Antioxidant activity of extracts is strongly 

dependent on the types of solvent used as compounds with 

different polarity exhibiting differing rates of antioxidant 

potential [27]. 

3.4. Relationships Between Total Phenolic and Total 

Flavonoid and Antioxidant Activity 

A Pearson correlation was done to ascertain the 

relationships between the individual parameters evaluated 

and to establish their relative importance in determining 

antioxidant activity. There was a very strong linear 

correlation (r = 0.9755) between the total phenolic content 

and the scavenging of DPPH radical activity (Table 2). This 

was in agreement with similar report done by others [28]. 

These results indicated that the radical scavenging capacity 

of extract might be mostly related to their concentration of 

phenolic hydroxyl group. The antiradical activity of phenolic 

compounds depends on their molecular structure, availability 

of phenolic hydrogens and possibility for stabilization of the 

resulting phenoxyl radicals formed by hydrogen donation 

[29]. A significant and positive high Pearson’s correlation (r 

= 0.9235) was observed between total flavonoid and DPPH 

free radical scavenging activity as shown in Table 2. This is 

in contrast with work done on vegetables [30] which 

indicates that flavonoids did not contribute to antioxidant 

activity of vegetables. Flavonoids which belong to the 

phenolic compounds, strongly correlated (r = 0.8518) with 

phenolic content of the tomato pastes analysed (Table 2) 

which was not consistent with data from Nigeria [22]. 

Flavonoids are phenolic compounds which possess biological 

activities such as anti-inflammatory, anti-carcinogenic and 

anti-atherosclerotic activities. 

Table 2. Correlation between total phenolic, total flavonoid contents and 

antioxidant activity. 

Main Effect Total Phenolics Total Flavonoids DPPH 

Total Phenolics -   

Total Flavonoids 0.8518* -  

DPPH 

Scavenging 
0.9755* 0.9235* - 

*means highly significant 

4. Conclusion 

Current dietary guidelines to combat chronic diseases, 



 American Journal of Applied Chemistry 2015; 3(5): 158-163  162 

 

including cancer and coronary artery diseases recommend 

increased intake of plant foods, including fruits and 

vegetables, which are rich sources of antioxidants. Tomato 

which is widely consumed as either fresh or processed food 

plays an important role in human diet. We have demonstrated 

that extracts of some brands of tomato paste sold on the 

Ghanaian markets contain significant amounts of 

polyphenolic and flavonoid compounds capable of quenching 

DPPH˙ free radicals. According to this study, a significant 

and linear relationship was found between the antioxidant 

activity and the total phenolic and flavonoid contents 

indicating that polyphenolic compounds contribute 

significantly to antioxidant activity of the investigated 

tomato pastes and can therefore be considered as good 

natural antioxidants source with numerous health benefits 

assuming that these compounds are bioavailable when 

consumed. 
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