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Abstract In Saudi Arabia, consumption of coffee with milk either fresh whole milk or evaporated milk is a regular habit
of a daily life. Evaporated milk differs from fresh whole milk in containing approximately more than twice the amount of
solids. These solids such as fat and protein were reported to affect the coffee antioxidants activity. Thus, the aim of this study
was to compare the effect of adding evaporated and fresh milk on the total phenolic content, total flavonoids content and the
antioxidant capacity of coffee. Total phenolic and total flavonoids content, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
Hydrogen peroxide (H,0,) Radical Scavenging Activity, Reducing power and Ferrous lon Chelating Activity (FIC) were
measured. The results showed that the addition of evaporated milk to coffee reduces the hydrogen peroxide and DPPH
scavenging activity of coffee antioxidant compared with fresh milk. In contrast, evaporated milk enhances the reducing
power and metal chelation of the coffee than fresh milk. In conclusion, adding fresh whole milk or evaporated milk to coffee
influences its antioxidant properties by different mechanisms.
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1. Introduction

Coffee is one of the most commonly consumed beverages
worldwide [1]. Coming from the roasted seeds of several
species of the genus Coffea, the popularity of coffee is due to
its aroma, flavor and caffeine content which plays a major
role in its popularity. Coffee is a complex mixture of more
than a thousand different chemicals, many of which are
reported to be biologically active compound [2, 3]. Of these
compounds are polyphenols which exhibit strong antioxidant
activity [4]. Several epidemiological studies reported that
coffee antioxidants could exert protective effect against
some cardiovascular risk factors [5] and some types of
cancer [6].

In Saudi Arabia, consumption of coffee with milk either
fresh whole milk or evaporated milk is a regular habit of a
daily life. The most commonly consumed fresh whole milk
brand in the gulf countries contains 3.5g protein, 3.0 g fat,
5.5 g carbohydrates, 120 mg calcium and 91 mg phosphorus
per 100 g of milk. On the other hand, evaporated milk
contains 7g protein, 7.9 g fat, 9.7 g carbohydrates, 252 mg
calcium and 205 mg phosphorus per 100 g of milk [7]. Thus,
Evaporated milk differs from fresh whole milk in containing
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approximately more than twice the amount of solids. These
solids such as fat and protein were reported to affect the
coffee antioxidants activity due to the formation of
polyphenol-protein complexes [8-10]. Based on this, we
hypothise that the different solid content between fresh
whole milk and evaporated milk will affect the antioxidant
properties of coffee. Therefore, the aim of this study is to
compare the effect of adding evaporated and fresh milk on
the total phenolic content, total flavonoids content and the
antioxidant capacity of coffee.

2. Materials and Methods

2.1. Preparation of Coffee Samples

Red mug coffee (Nescafé), fresh whole milk and
evaporated milk were purchased from Saudi local market.
The coffee with milk samples were prepared as Saudi people
commonly drink it. Two grams of red mug coffee was
dissolved in 200 ml boiling water. Then, 10 ml, 40 ml and 60
ml of fresh or evaporated milk were added to have a final
concentration of 10%, 20% and 30% milk, respectively. All
the experiments were done at the biochemistry department
labs, faculty of science, King AbdulAziz University in the
period from September 2016 until February 2017.

2.2. Total Phenolic and Total Flavonoids Content
The total phenolic content of the coffee samples was
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determined by a modified Folin-ciocalteu’s assay [11]. Half
ml of each coffee sample (with fresh or evaporated milk)
were added in a test tube. After that, 5 ml of deionized water
and 5 ml of Folin-Ciocalteu’s reagent (DBH, Poole, England)
were added to each coffee sample and incubated at room
temperature for 5 minutes. Then, 1 ml of 2% anhydrous
sodium carbonate (CDH, New Delhi, India) was added to the
samples and incubated in dark place for one hour. After
incubation, the optical density of the coffee samples was
measured at wavelength of 750 nm by spectrophotometer.
The experiment was repeated 3 times for each sample and the
average optical density was calculated. The total phenolic
content of the coffee samples was then determined by
comparing the average optical density of the samples to the
standard curve. Different concentrations of gallic acid (0
-1000 pg/ml in 50% methanol) (Sigma-Aldrich, Poole, UK)
were used as standards and the results were expressed as g
of gallic acid equivalents/ 2 g of coffee).

The total flavonoids content of the coffee samples was
determined by Aluminum chloride colorimetric method [12].
Two hundred and fifty microliters of each coffee sample
(with fresh or evaporated milk) were added in a test tube.
Then, 1.25 ml of deionized water and 75 pl of sodium nitrate
(Sigma-Aldrich, Poole, UK) were added to the samples and
incubated at room temperature for 5 minutes. After
incubation, 10% aluminium chloride (loba chemie
PVT.LTD., Mumbai, India) (150 pl), 1M sodium hydroxide
(AppliChem Panreac, Missouri, USA) (0.5 ml) and
deionized water (275 pl) were added to the test tubes. The
optical density of the color formed was measured
spectrophotometrically at 510 nm. The experiment was
repeated 3 times for each sample and the average optical
density was calculated. The total flavonoids content of the
coffee samples was then determined by comparing the
average optical density of the samples to the standard curve.
Different concentrations of catechin (0 - 500 pg/ml)
(Sigma-Aldrich, Poole, UK) were used as standards and the
results were expressed as pug of catechin / 2 g of coffee).

2.3. 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) and
Hydrogen Peroxide (H,O,) Radical Scavenging
Activity

The free radical scavenging activity of the stable DPPH by
coffee samples with both types of milk were determined by a
modified Blois method (1958) [13]. Each coffee sample (250
pl) were diluted in 99.5% ethanol (Sigma-Aldrich, Poole,
UK) and added to 62.5 ul of DPPH (0.02%) (Sigma-Aldrich,
Poole, UK). Then, the samples were shacked vigorously and
incubated in dark place for one hour. Finally, the optical
density of the samples was measured at wavelength of 517
nm by spectrophotometer. The experiment was repeated 3
times for each sample and the average optical density was
calculated. The percentage of DPPH scavenging activity
was then calculated by using the following equation: %
inhibition= [ (ODcontroL- ODsampLe)/ ODcontrow ] X 100,
where OD is optical density.

The efficiency of antioxidants in coffee samples (with
fresh and evaporated milk) to scavenge hydrogen peroxide
was determined by Ruch et al (1989) method [14]. Briefly,
hydrogen peroxide solution (40 Mm) (Sigma-Aldrich, Poole,
UK) was prepared in phosphate buffer at pH 7.4. Then, 0.6
ml of this solution was added to 1ml of each sample
and incubated at room temperature for 10 minutes. After that,
the optical density of the samples was measured by
spectrophotometer at wavelength of 517 nm. The experiment
was repeated 3 times for each sample and the average optical
density was calculated. The percentage of H,O, scavenging
activity was then calculated by using the following equation:
% inhibition= [(ODcontroL~ ODsampLe)/ ODcontror] X 100,
where OD is optical density.

2.4. Reducing Power and Ferrous lon Chelating Activity
(FIC)

Oyaizu method (1986) was used to estimate the reducing
power of the coffee samples with fresh and evaporated milk
[15]. First, phosphate buffer (1.25 ml) (0.2 M, pH 6.6)
(Oxoid, Hampshire, England) was mixed with each coffee
sample (1 ml) and ferric cyanide (1.25 ml) (1%) (Koch-Light,
Colnbrook Bucks, UK). Then, the samples were incubated
for 30 minutes at 50°C before the trichloroacetic acid (TCA)
(1.25 ml) (10%) (Sigma-Aldrich, Poole, UK) was added to
the mixture to stop the reaction. After that, the samples were
centrifuged for 10 minutes at 6000 rpm and the supernatant
was then diluted with equal amount of distilled water and
ferric chloride (1%) (BDH, Poole, England). Last, the optical
density of the samples was measured immediately at
wavelength of 700 nm by spectrophotometer. The
experiment was repeated 3 times for each sample and the
average optical density was calculated. Optical density
results were then used to indicate the reducing power of the
coffee antioxidants.

Ferrous ion chelation of the coffee samples with fresh and
evaporated milk was determined by Dinis et al method (1994)
[16]. Five microliters of each coffee sample was incubated at
room temperature for 30 seconds with 1.5 ml of distilled
water and 50 pl of 2mM ferrous chloride (Sigma-Aldrich,
Poole, UK). After the first incubation, all samples were then
incubated for a second time with 100 pl of ferrozine
(Sigma-Aldrich, Poole, UK) for 10 minutes. Finally, the
optical density of the samples was measured immediately at
wavelength of 562 nm by spectrophotometer. The
experiment was repeated 3 times for each sample and the
average optical density was calculated. The percentage of
chelating activity was then calculated by using the following
equation: % chelating activity= [(ODcontroL- ODsampLe)/
ODconTrot] X 100, where OD is optical density.

2.5. Statistical Analysis

To test the difference in total polyphenols and total
flavonoids between coffee with evaporated milk and coffee
with fresh milk, independent t-test was used. The same
approach was used to assess the differences in antioxidant
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capacity between coffee with evaporated milk and coffee
with fresh milk. All statistical analysis was performed using
the statistical software GraphPad prism 7. Data were
presented as means £+ SD and the statistical significance was
taken as P < 0.05.

3. Results

3.1. Total Phenolic and Total Flavonoids Content

Table 1 shows the mean total polyphenol and flavonoids
content estimated by Folin-Ciocalteu and aluminium
chloride assay, respectively in red mug coffee with fresh and
evaporated milk. Content of total polyphenols in red mug
coffee with evaporated full fat milk using different
concentrations (10%, 20% and 30%) were higher than in red
mug coffee with fresh whole milk but did not differ
significantly. similarly, there were no significant difference
in total flavonoids content between red mug coffee with
fresh milk and red mug coffee with evaporated milk.

Table 1. Mean * SD of total polyphenol content (ug of gallic acid/ 2g of
coffee) and total flavonoids content (jg of chatecin/ 2g of coffee) in red mug
coffee with fresh whole milk and evaporated full fat milk

3.2. 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) and
Hydrogen Peroxide (H,0,) Radical Scavenging
Activity

The radical scavenging activity of antioxidants in red mug
coffee with fresh whole milk or full fat evaporated milk was
expressed as inhibition percentage (Figure 1). The results
showed that the percentage of inhibition of DPPH by red
mug with 10% evaporated full fat milk was significantly
lower compared with red mug with fresh whole milk.
Similarly, red mug with 30% evaporated milk showed a
significant lower percentage of inhibition of DPPH than in
red mug with fresh whole milk.

The potential effect of antioxidants in red mug coffee with
fresh and evaporated milk on scavenging hydrogen peroxide
was examined by determining the percentage inhibition.
Figure 2 showed that red mug coffee with 20% and 30%
evaporated milk had significantly lower H,O, scavenging
activity than red mug coffee with the same concentrations of
fresh whole milk.

3.3. Reducing Power and Ferrous lon Chelating Activity
(FIC)

Figure 3 shows the reducing power activity of red mug
coffee with fresh whole milk and evaporated milk. Red mug
coffee with either 20% or 30% evaporated milk had a
significantly higher reductive ability than red mug coffee
with fresh milk.

Ferrous ion chelating capacity was measured to determine
the Antioxidant activity in red mug coffee with fresh and
evaporated milk (Figure 4). The results clearly show that iron
chelating activity of antioxidants in red mug coffee with
10% and 20% evaporated milk were significantly higher
compared with red mug coffee with fresh full fat milk.

Fresh whole milk VS evaporated milk

Total polyphenol content
Red mug with fresh Red mug with
full fat milk evaporated full fat milk

10% milk 1165 * 147 1497 + 107

20% milk 1685 + 39 2677 + 155

30% milk 2098 + 80 3346 + 120

Total flavonoids content
Red mug with fresh Red mug with
full fat milk evaporated full fat milk

10% milk 977 £ 62 701+22

20% milk 652 +93 669 + 34

30% milk 679+ 20 641+ 75
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Figure 1. Percentage of DPPH inhibition by antioxidants in red mug coffee with fresh and evaporated milk. (A) 10% full fat milk (B) 20% full fat milk (C)
30% full fat milk. Error bars shows SD. * P<0.05 when compared with red mug coffee with fresh whole milk. CFM; cow’s fresh milk. CEM; cow’s

evaporated milk
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Fresh low fat milk VS evaporated milk
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Figure 2. Hydrogen peroxide scavenging activity of red mug coffee fresh whole milk and evaporated full fat milk. (A) 10% full fat milk (B) 20% full fat
milk (C) 30% full fat milk. Error bars shows SD. ** P<0.01 when compared with red mug coffee with fresh whole milk. CFM; cow’s fresh milk. CEM;

cow’s evaporated milk
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Figure 3. Reducing power of red mug coffee with fresh and evaporated milk. (A) 10% full fat milk (B) 20% full fat milk (C) 30% full fat milk. Error bars
shows SD. * P<0.05 when compared with red mug coffee with fresh whole milk. CFM; cow’s fresh milk. CEM; cow’s evaporated milk

Fresh whole milk VS evaporated milk

10% 20% 30%
40 60 » 80
£ * *® _l_ ®
2 30+ 2 2 60
z Z 40+ z
2 204 & H 40+
= 104 - < 204
+ + +
) b =
= o T od T od
S XS S S & S
& & & & & &

Figure 4. Ferrous chelating activity of red mug coffee with fresh and evaporated milk. (A) 10% full fat milk (B) 20% full fat milk (C) 30% full fat milk (D).
Error bars shows SD. * P<0.05 and ** P<0.01 when compared with red mug coffee with fresh whole milk. CFM; cow’s fresh milk. CEM; cow’s evaporated

milk

4. Discussion

In this study, the total phenolic content and the antioxidant
capacity of red mug coffee with fresh whole milk and
evaporated milk were determined. The antioxidant capacity
was measured by using four different methods including
DPPH radical scavenging activity, hydrogen peroxide
radical scavenging activity, reducing power and ferrous ion
chelating activity.

4.1. Total Phenolic and Total Flavonoids Content

Several studies reported that the addition of fresh or
evaporated milk to coffee increased the total polyphenol and
flavonoids content of coffee [8, 10]. This is could be due to
the presence of other compounds in milk such as lactoferrin,
ascorbic acid, tocopherol and tocotrienols that can act as
antioxidants [17]. We assumed that fresh milk and
evaporated milk contains the same amount of these
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compounds. Thus, our results showed no significant
difference between red mug coffee with fresh milk and
coffee with evaporated milk in total polyphenol and total
flavonoids content.

4.2. 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) and
Hydrogen peroxide (H,O;) Radical Scavenging
Activity

To determine the scavenging activity of coffee samples
with fresh whole milk and evaporated milk, two assays were
used which are DPPH and H,O, radical scavenging activity
assays. In the DPPH scavenging activity, the assay is depend
on the reduction of DPPH by hydrogen donating substances
such as polyphenols and flavonoids into DPPH-H resulting
in changing the color of the solution from purple to yellow
[18, 19]. On the other hand, the H,0, scavenging assay is
based on the donation of electrons by the phenolic groups of
polyphenols to neutralize hydrogen peroxide into water [20].
In the present study, the addition of evaporated milk to
coffee reduces the hydrogen peroxide and DPPH scavenging
activity of coffee antioxidant compared with fresh milk. This
could be explained by the higher content of protein and fats
in evaporated milk than fresh whole milk. Casein and whey
are the major types of protein in milk account for 80% and
20% [21]. Several studies found that polyphenols can bind
casein and R-lactoglobulin (a major whey protein) via both
hydrophilic and  hydrophobic interaction  forming
protein-polyphenol complexes. These interactions could be
either multidentate interactions (one polyphenol bound on
multiple sites of one or many proteins) or multi-site (many
polyphenols bound to one protein). Further stabilization of
this complex is suggested to be due to the formation of
hydrogen bonds between the amino acid residues. The
binding of polyphenols with proteins can affect the electron
donation of polyphenols by reducing the numbers of OH
groups available in the solution. Furthermore, the presence
of high amounts of lipids in the evaporated milk could
interact with milk proteins results in masking the radical
scavenging activity of polyphenol [9, 22-27].

4.3. Reducing Power and Ferrous lon Chelating Activity
(FIC)

Reducing power and ferrous ion chelating activity assays
were used to determine the ability of antioxidants in coffee
with milk (both evaporated and fresh) to act as a metal
chelator and as a reducing agent. In the reducing power assay,
the method is based on the reduction of ferric ions (Fe**) to
ferrous ion (Fe?"). Potassium ferricyanide in the presence of
reducing agents such as antioxidants will be converted to
potassium Ferrocyanide, which then can react with ferric
chloride forming ferric-ferrous complex. Thus, this method
gives a good indication of antioxidants that donates electrons
[28-30]. In ferric ion chelation assay, the principle of the
method is depend on the formation of the ferrous-ferrozine
complex (red color). When the reaction contains antioxidants,
the formation of this complex is inhibited due to the ability of

antioxidants to chelate iron ions resulting in the decrease of
the optical density of the complex [31, 32]. In our study,
coffee with evaporated milk showed a higher reducing power
and metal chelation than fresh whole milk. As mentioned
earlier, evaporated milk contains double the amount of
protein compared with fresh whole milk. These results is in
concordance with wipatanawin et al (2015) results who
found that the addition of higher protein milk content
promotes the metal chelating activity of Oolong tea than the
addition of lower protein milk content [33]. Furthermore,
chiang and chang (2005) reported that both casein and whey
protein had metal chelating activity which directly increased
with the concentration of milk [34]. These findings could
explain why the addition of evaporated milk to coffee
increased the metal chelation activity of the samples
compared with fresh whole milk.

5. Conclusions

In conclusion, the addition of evaporated milk to coffee
reduces the hydrogen peroxide and DPPH scavenging
activity of coffee antioxidant compared with fresh milk.
conversely, evaporated milk enhances the reducing power
and metal chelation of the coffee than fresh milk. Therefore,
adding fresh whole milk or evaporated milk to coffee

influences its antioxidant properties by different
mechanisms.
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