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Abstract
Berries are often tagged ‘super fruits’ and command premium prices due to their purported high concentration of antioxidants and vitamin C. This study sets out to
support or dispute the above assertion through a comparative analysis of the total phenolic and vitamin C in cultivated fresh (variety; Draper, Duke and Brigatta) and
freeze dried blueberry coupled with the determination of the antioxidant capacity of their extracts. DCPIP, Folin-Ciocalteu and DPPH assays were used. The total
phenolic content ranged from 262.64 to 287.96 mgGAE/100 gms in the fresh berries and was 426.06 mgGAE/100 gms in the freeze dried samples. The amount
phenolic content of the freeze dried blueberries is significantly higher than in the fresh blueberries. Thus the apparent antioxidant health benefit of the freeze dried
berries outweighs that of the fresh berries. The fresh samples had an average measurement of 10.9 mg/100 gms of vitamin C with a small variance and the total
antioxidant activity ranged from 28% to 49%.

Introduction
Blueberries belong to the berry family Vaccinium corymbosium.
They are divided into three major groups that include wild berries
– low bush, cultivated and rabbiteye – highbush. North America
is the world leader in blueberry production with other continents
following with the trend including Europe, China and Africa [1].
Studies on the content and physiological activity of the compounds
and nutrients in blueberries have quantitatively been documented
over the years showing the benefits they possess [2]. Blueberries
contain bioactive compounds such as anthocyanin, phenolic acid,
tannin, carotenoids, vitamin A, C, and E, folic acid and minerals [3].
Of the metabolites found in blueberries, the polyphenols have been
researched and reviewed the most thus showing the value given to
the bioactive compounds in blueberries and their overall benefits.
Other contributors to the antioxidant capacity of blueberries include
flavonoids (quercitin and its derivatives) and phenolic acids (caffeic
acid, chlorogenic acid, p-coumaric and ferulic acid), all of which help
in the prevention of oxidative stress and act as anti-aging compounds
[2]. The structure, properties and functions of these compounds as
antioxidants, have been reviewed extensively [4-6]. As antioxidants,
they protect the cardio-vascular system from damage caused by free
radicals in the human body and extend the shelf life of fat-containing
foods through retardation of oxidative [7]. The roles of vitamin C are
manifested through its functionality as a reducing agent and co-enzyme
in several metabolic pathways [8]. Similarly, polyphenols (phenolics)
are directly related to the sensory characteristics in most fruits and
vegetables such as flavour, astringency and colour. The presence of
this compounds act as antioxidants, anti-inflammatory, anti-allergic
and prebiotic properties. They inhibit micro-organisms in the human
body [9]. Antioxidant activity in blueberries is linked to the presence
of phenolic compounds which have hydrogen donating and the metal
ion chelating abilities. These compounds have been studied in vitro
and have been found to have potential health benefits brought about by
their antioxidant activity [10].
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Investigations among blueberries growers indicate a focus on
quality and nutritional content as ways of enhancing bioavailability
through investment in breeding technology [11]. This is brought
about by the quality of different varieties, total phenolic content and
antioxidant activity [12]. Vitamin C is also an important component in
blueberries. These micro-nutrients are abundant in blueberries and act
as neutralisers of free radicals in the human body. The importance of
the phytochemicals and vitamin C present has propelled the blueberry
to a ‘super fruit’ status globally. Recent epidemiological studies
have shown that many dietary phenolic compounds derived from
blueberries are very effective antioxidants in-vitro which significantly
contributes to their protective effects in-vivo. A high amount of
antioxidants is found in the pigmentation of most fruits and vegetables
which is commercially extracted to act as preservatives. The objectives
of this study are to determine the antioxidant capacity, total phenolic
and ascorbic acid content of fresh and freeze dried blueberries.

Ascorbic acid
Ascorbic acid also known as vitamin C (C6H8O6) is a potent water
soluble antioxidant and is naturally found in high amounts in fruits
and vegetables. It is a six carbon compound related to glucose. It is
an essential nutrient in the human diet as it helps in the absorption of
iron, calcium and folic acid and maintenance of the connective tissues
and bones, hence prevention of scurvy and a major component of cold
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and flu remedies. L-ascorbic is commonly used in its synthetic form
in the food industry as a supplement and preservative. Primarily the
human body cannot synthesise vitamin C hence the main source is
through eating plenty of fruits and vegetables regularly. The roles of
vitamin C are manifested through its functionality as a reducing agent
and co-enzyme in several metabolic pathways [8].

Polyphenols
Polyphenols are phytochemicals that have a common structure, a
flavone backbone. Three main categories are recognised; flavonoids,
phenolic acids and stilbenes. Most polyphenols belong to the flavonoid
subclass that contains two or more aromatic rings each bearing one
or more phenolic hydroxyl groups and connected by a carbon bridge.
They are further divided into sub-classes including flavonoles,
isoflavanoles, anthocyanins, catechins and others. The phenolic acids
are divided into two which include those derived from benzoic acid
(comprising seven carbon atoms) and from cinnamic acid (comprising
of nine carbon atoms). Polyphenols are directly related to the sensory
characteristics in most fruits and vegetables such as flavour, astringency
and colour. The presence of this compounds act as antioxidants, antiinflammatory, anti-allergic and prebiotic properties. They inhibit
micro-organisms in the human body [9].

Antioxidants
Natural are phytochemicals, vitamins and other nutrients that
protect the cardio-vascular system from damage caused by free
radicals in the human body and extend the shelf life of fat-containing
foods through retardation of oxidative rancidity. Other forms of
antioxidants include melatonin, metal binding proteins, reduced coenzyme Q, catalase, superoxide dismutase, glutathione peroxidase and
peroxiredoxins [7], and synthetic phenol derivatives such as butylated
hydroxyanisole and butylated hydroxytoluene.
Antioxidants retard oxidative processes through several
mechanisms; hydrogen donation, singlet oxygen quenching, enzyme
inhibition, UV absorption peroxide decomposition and metal
chelation [7]. Primary antioxidants naturally donate an electron to
free radicals thereby converting them into harmless molecules thereby
slowing down and preventing oxidation. Reduced co-enzyme Q acts
by trapping both the superoxide radical (O2) and the perferryl radical
Fe3+-O2 [13] as shown below

2CoOH + O 2 → CoQ −* +H 2O2 			
3+

2

−*

3+

2CoOH + Fe − O → CoQ + Fe + H 2O 		

(1)
(2)

Antioxidant activity in blueberries is linked to the presence of
phenolic compounds which have hydrogen donating and the metal
ion chelating abilities. These compounds have been studied in vitro
and have been found to have potential health benefits brought about
by their antioxidant activity [10]. The antioxidant catalysis of hydroxyl
radical formation from superoxide and hydrogen peroxide by iron and
copper ions [14] is shown below.

Various methods have been developed to determine and estimate
the concentrations of antioxidants and vitamin C in berries and
other fruits and vegetables [15,16]. The preparation and extraction
of samples is done using various solvents such as distilled water,
ethanol, methanol and acetone at different concentrations [17-19].
In order to reach optimization during the extraction process, distilled
water is used to increase the efficiency of the solvent. Moreover the
extraction of antioxidants requires polar solvents, which are able to
ionize the solution, this include solvents such as methanol or acids
[20]. There are various methods that are used in determining the total
antioxidant activity and vitamin C, this include FRAP (Ferric Reducing
Antioxidant Power), TEAC (Trolox Equivalent Antioxidant Capacity),
ORAC (Oxygen Radical Absorbance Capacity), DPPH (2,2 Diphenylpicrylhydrazl), DCPIP, and Folin-Ciocalteu [15,16,21].

DCPIP method
This is a volumetric analysis [22] that exploited the reducing property
of ascorbic acid (vitamin C). In the presence of the redox dye DCPIP
(2, 6-dichlorophenol-indophenol), ascorbic acid is oxidised as shown
(Figure 1) and the blue DCPIP is reduced to a colourless compound.
This is the most effective way of measuring vitamin C compounds in
blueberries and is easily replicable [22]. The method is cheap, simple,
quick and reliable for estimation of ascorbic acid in fruit juices, but may
be less accurate and more so with very coloured fruit and vegetable juices.

Folin-Ciocalteu assay
This method is often used to determine the total phenolic in fruits,
using gallic acid as a standard. Folin-Ciocalteu reagent reduces the
capacity by oxidation of the proteins and polyphenols [23,24] through
a redox reaction, the reagent is reduced to a blue colour under alkaline
conditions [24]. The concentration of the phenolic is then determined
by measuring the absorbance spectrophotometerically at 740 nm
and applying the Beer-Lambert law (Abs = ԑbc) which states that,
the absorbance (Abs) is equal to extinction coefficient (ԑ) times the
pathlength (b) and the concentration of the solution of interest (c).

DPPH (2, 2- Diphenyl-picrylhydrazl) assay
The DPPH assay tests the ability of compounds to act as free radical
scavengers or hydrogen donor, thus it has been used in many studies to
monitor the scavenging activities of antioxidants in lipophilic systems
[25] and the antioxidant activity of the phytochemicals [26]. The
method is based on the principle of electron transfer which produces
a violet solution in methanol and gives a strong absorption maximum
at 515 nm. A colour change is observed as the molar absorption of
DPPH reduces when the odd electron pairs with hydrogen from the
antioxidants form the reduced DPPH-H (Figure 2).

H 2O2 + Cu + → OH * + OH − + Cu 2+

( Fe )

( Fe )
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Figure 1. Ascorbic acid reduction of DCPIP
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was added and stirred using a vortex SA6 stirrer. The mixture was then
incubated for 2 hours and the absorbance of the resulting colour was
measured at a wavelength of 740 nm using a spectrophotometer.
Quantification was carried out on the basis of the standard curve
of gallic acid and results are expressed as GAE mg/ml (Gallic Acid
Equivalents). Measurements were done in triplicate. Gallic acid was
used as standard and was prepared by making a solution of 0.01 g of
Gallic diluted with 10 ml of methanol to make a 1 mg/1 ml solution.
Absorbance was recorded and results were as below (Table 2).
Figure 2. DPPH inhibition by antioxidant odd electron pairs with hydrogen from the
antioxidants

Thus the colour intensity is proportional to the degree of inhibition.
The concentration of the sample can be determined by using a
standard curve and / or the Beer-Lambert law (Abs=ԑbc). It is accurate,
sensitive and economical in evaluating antioxidant activity.

Materials and methods
Materials
Analytical grade reagents were purchased from Fisher Scientific
Loughborough UK (DCPIP standard, 20% m/v metaphosphoric acid,
ethanol and L-ascorbic acid, copper sulphate (CuSO4), potassium
sodium tartrate (KNaC4H4KNaO6), sodium hydroxide (NaOH),
ethanol (C2H6O) and Gallic acid (C7H6O5) and Sigma Aldrich
Company Ltd, Dorset, UK (Folin-Ciocalteu reagent, methanol and 2,
2-diphenylpicrylhydrazil (DPPH).
The blueberries (Table 1) were purchased form a local supermarket
in London, UK.

Sample preparation
For the experimentation (DPPH, DCPIP and Folin-Ciocalteu
methods), 5 grams of blueberries in three replicates each was extracted
by homogenizing the sample with an ultra turrax micra D-9 digitronic
blender with acidified methanol containing 85:15 v/v, (MeOH:HCl)
according to a method advanced by El-Sayed and Huel [27]. The
homogenate was centrifuged at 3500 RPM for ten minutes and the
separation was made. The supernatant was of red colour and was
diluted with distilled water by a factor of 10 to make a 100 ml solution.
All samples were stored in a refrigerator at 4oC.

Analytical procedures
Determination of ascorbic acid by DCPIP: A 0.05% solution of
DCPIP was prepared with distilled water and similarly, a 0.2 mg cm-3
solution was prepared by dissolving 0.05 g of L-ascorbic acid in 60 ml
of 20% metaphosphoric acid and diluted with 250 ml distilled water.
The DCPIP solution was standardised with a known concentration of
ascorbic acid, followed by titration of 10 ml of blueberries solutions
against the DCPIP solution. All analysis were in triplicate. The ascorbic
contentment was calculated as follows;
Mass =MR (Ascorbic acid)×C (DCPIP)×V (DCPIP) (6)
where MR=Molar Mass, C=Concentration and V=Volume
Determination of total phenolic by the Folin –Ciocalteu assay:
The Folin- Ciocalteu reagent was prepared thus; 5 ml of Lowry reagent
composed of (1 ml CuSO4 as a 1% solution, 1 ml of potassium titrate as a
2% solution and 100 ml of the mixture containing 20 mg/ml of sodium
carbonate and 4 mg/ml of sodium hydroxide) was added to 1 ml of
the blueberry samples. After 5 minutes 1 ml of Folin-Ciocalteu reagent
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The resulting absorbance was plotted against their concentration
(Table 2). An external calibration was used for calculation of total
phenol content of the blueberries samples. The equation against the
standard curve is y = 3.87x – 0.1444 *(where y is absorbance and x is
concentration) with the R2 set at 0.997.
Antioxidant activity by DPPH assay: The DPPH scavenging
activity assay was done according to a method reported by [26]. A
solution was freshly prepared from 80 mM (0.032mg) of DPPH in
95% methanol to make 100ml solution. This was stored in the dark.
A control was also prepared using 3.5ml methanol and 0.3ml DPPH
solution a reading was taken. The sample was the prepared by mixing
0.5ml of the blueberry sample with 3ml of methanol and addition
of 0.3ml of DPPH solution in replicate. Absorbance was measured
in triplicate at 515nm after 30 minutes. The antioxidant activity was
calculated as follows
% DPPH scavenging activity = (1 – [Asample /Acontrol t=0])×100) (7)
*where A = Absorbance and t = time

Statistical analyses
The data are expressed as mean ± standard deviation (SD) from
three parallel measurements. Significance of difference was defined at
the 5% level (P˂0.05).

Results and discussion
1ml of the blueberry sample was reduced by a factor of 25 with
distilled water and titrated by 0.05mg/ml DCPIP reagent to get a titre
of 0.3ml and 0.4ml (Table 3) [16,28-30].
Among the varieties analysed for ascorbic acid the ‘Brigatta’
showed a high ascorbic acid level at 13.1 mg/100gms as compared to
the other two samples, ‘Draper’ and ‘Duke’ which had vitamin C levels
at 9.8 mg/100gms. The results were inconclusive due to the fact that the
natural pigmentation of the anthocyanin was dark red after extraction
hence it was difficult to get a very clear sample. In order to achieve a
Table 1. List of samples used
Sample

Variety

Country of origin

1

Duke

Chile

2

Brigatta

Chile

3

Draper (organic)

Chile

4

Freeze dried

California

Table 2. Standardization of gallic acid
Conc. of standard Gallic acid(mg/ml)
0.10

Average of absorbance λmax=740 nm
0.237

0.15

0.455

0.20

0.606

0.25

0.836

0.30

1.014
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Table 3. A summary of the results of this study in comparison with similar other studies
Analyte

Sample

Results from this
Results from other
study (mean values) studies

L-Ascorbic acid
(Titration)

Draper (organic)
Duke
Brigatta

9.8 mg/100 g
9.8 mg/100 g
13.1 mg/100 g

Ranged between
1.3 to 16.4 mg/100g
[16,28].

Total Phenolic
(Folin-Ciocalteu
Method)

Draper (organic)
Duke
Brigatta
Freeze dried
(organic)

287.12±2.7 mg
GAE/100 g
262.98±0.5 mg
GAE/100 g
241.41 ±0.4 mg
GAE/100g
426.06±0.4 mg
GAE/100 g

Ranged between
181-310 mg
GAE/100g
[28,29]

% Antioxidant
activity
(DPPH method)

Draper (organic)
Duke (Cultivated)
Freeze dried
(organic)

43%
28%
49%

Ranged between
29.96% and 59.79%
[30]

clear sample, sodium or potassium silicate would have been used as
a discoloration compound. Most experimentation carried out have
shown blueberries to contain vitamin C capacity ranging from 3mg
to 18mg per 100grams [16,28]. Vitamin C is an essential antioxidant
that helps in neutralising free radicals. The average recommended
daily allowance (RDA) for adults is 40mg/day. Antioxidant effects of
vitamin C present in blueberries has been demonstrated in vitro along
with vitamin E, K, beta carotene, manganese and potassium to act as
reducing agents.
The spectrophotometer was calibrated using the Folin-Ciocalteu
reagent and a reading of zero (0) was recorded. Then the total phenolic
(TP) present in the blueberries was calculated using the average
absorbance after two hours using the equation (y = 3.87x- 0.1444)
*where y = absorbance and x = concentration. Hence the results were
calculated as mean ± standard deviation (Table 3).
Phenolic compounds make the highest amount of compounds
in fruits and vegetables. They are also known to have antibacterial
effects, anti-inflammatory activities and detoxification ability [31]. The
TPC of the varieties analysed showed higher levels in the freeze dried
‘California’ variety at 427.06mgGAE/100g, ‘Draper’ variety at 287.96
mgGAE/100g followed by the ‘Duke’ variety at 262.98mgGAE/100g
and the Brigatta variety at 241.41mgGAE/100g. When all the varieties
were compared there was a significant difference (p˂ 0.05) observed in
their TP levels especially between the fresh and the freeze dried variety.
The highest levels of TP were consistently found in extractions of freeze
dries blueberries [32].
The TPC levels obtained from the experiment are comparable to
previous findings which have reported average values between 181 –
310 mgGAE/100g on cultivated varieties of blueberries [28,33]. Results
observed on wild blueberries showed a higher TPC with levels ranging
between 577-1054 mgGAE/100g [29]. The fresh variety samples
were stored in the dark for 24 hours and inhibition was recorded at
740nm showing a rise in TPC levels ranging between 419.60 – 490.45
mgGAE/100g. The organic ‘Draper’ variety recorded a high amount
of TPC at 490.45 mgGAE/100g. These results showed a significant
difference in the four varieties of blueberries.
The DPPH method was used to evaluate the scavenging properties
(scavenging activity) of the antioxidants present in blueberries and
results are as shown (Table 3). The samples showed very strong
scavenging activity against DPPH after 30minutes with the organic
freeze dried blueberry displaying 49%, while the organic ‘Draper’ and
‘Duke’ variety ranged between 43% and 28% respectively. The data
collected are in agreement with previous studies which showed results
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in different varieties of blueberries ranging between 28% - 60%[30].
This proved that blueberries are a good source of antioxidants which
are used in eliminating and protecting cells against oxidative stress and
fighting free radicals. The organic freeze dried blueberry displayed a
higher level of antioxidant activity (p˂ 0.05) as compared to the other
varieties. Sustainably grown and organic freeze dried blueberries
contained higher levels (49%) as compared to the organic fresh and
conventionally grown blueberry (43% and 28%). Furthermore the
results showed that organically grown fruits and vegetables contain
high antioxidant activity than cultivators however this has not been
studied conclusively [34].

Conclusion
The results demonstrate a statistically relevant trend of higher
levels of total phenolic and antioxidant activity in organically grown
blueberries especially the freeze dried variety. The outcomes from
the various methods used indicate that blueberries have some of the
highest total antioxidant content in comparison to other fruits in the
market. Freeze drying as a method of increasing the shelf life in fruit
processing is based on dehydration by sublimation. Due to the absence
of water and the low temperatures used, the product has a long shelflife and in addition the product maintains its antioxidant metabolites
and the sensory quality [34]. The antioxidant activity in blueberries is
closely related to the amount of phenolic compounds present.
Awareness of the health benefits and antioxidant activity has
impelled the sale and consumption of the blueberry. The total phenolic
content is the highest contributor of antioxidants in blueberries
as compared to the vitamin C content. The methods used are in
vitro assays which give cohesive parameters rather than individual
antioxidant calculations; hence it is very hard to determine the amount
of antioxidant needed to reduce excessive reactive oxygen species
(ROS). The amount of vitamin C indicated on blueberry packets
(16mg/100g) vary in most varieties in the supermarkets due to various
factors that include soil type, temperature and agronomic conditions.
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