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ABSTRACT

Detox water is a fusion of different fruits immersed in water. It
has been shown to possess many health benefits including toxin
removal, increased immune function, weight loss and hydration.
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1 Introduction

Detox water is water that has been infused with the flavours of fresh fruits (lemon, kiwi, watermelon, apple),
vegetables (carrots, cucumbers, beetroot), or herbs (mint, sage, basil). It is also known as fruit-infused water
ot fruit-flavored water. It is made by infusing flavour, rather than juicing and so contains very few calories.
As such, detox water is also often recommended in weight loss plans, especially in place of high-sugar
drinks like sugary soda and fruit juice [1].

The human body is composed of two thirds water and water is known to be essential for cellular function
[2]). As such it is important to replenish the water that is lost in daily activities. Pure water is tasteless and
lacks flavour, thus many people find it much easier to drink more water throughout the day when it tastes
like infused fruit. The benefits of water include weight loss, healthier skin, regular bowel movement,
lubricates muscles, alleviates fatigue, improves brain function, regulates body temperature and improves
the immune system [3].

Consumption of fruits and vegetables have been shown to increase life span [4], improve mental [5] and
cardiovascular health, prevent cancer [6] and help in weight management [7,8] among other ailments. It has
been shown that fruits, vegetables, and herbs consist of various bioactive compounds like flavonoids
(quercetin and kaempferol), phenolic acids (chlorogenic acid and caffeic acid), and carotenoids (lutein and
zeaxanthin), as well as vitamins, minerals and fibers [9].

These bioactive compounds have proven to exert beneficial effects on human health by preventing diseases
caused by oxidative stress. Oxidative stress releases free oxygen radicals in the body and has been implicated
in several disorders including cancer, auto-immune disease and ageing. These phytochemicals act as
antioxidants by scavenging free radicals [10]. The phytochemicals can be released from the plant materials
by immersing into water. This method is known as water infusion [11]. Alternatively, it is a way to consume
fruits with the intention of receiving the same health benefits and nutrition of the original fruit [12].

Even though the antioxidant properties of fruit have been well documented, few studies have been
conducted to evaluate the antioxidant properties and phytochemical content of fruit infused water. An
carlier study by the authors had shown that water infused individually with apples and oranges possess
antioxidant potential due to the phenolic content in the water. This study was undertaken as an extension
to investigate the antioxidant and phytochemical composition of water infused with various combinations
of apple: orange.

2  Research Methodology

2.1 Preparation of fruit infused water

2.1.1  Collection and preparation of fruits

The fruits: Valencia orange (Citrus sinensis 'Valencia') and Fuji apple (Malus domestica) were purchased
from supermarkets in Nilai, Negeri Sembilan. The fruits were washed under running water and then rinsed
with distilled water at room temperature (25 + 1 °C) for thirty seconds, to remove any contaminants that
might be present on the peels. The fruits were then patted dry with a clean towel to remove excess water.
A mandoline slicer was used to cut the fruits into uniform slices.

2.1.2  Preparation of samples

The apple and orange slices with peel were combined in three different w/w ratios: 25:75 (T1), 50:50 (T?2)
and 75:25 (T3) (Apple: Orange) and placed inside 900 ml glass bottles. The bottles were filled with distilled
water. The fruits were immersed in water in 1:3 (weight: volume) ratio. The bottles were then closed firmly
and left for 8 hours at room temperature (25 + 1 °C) [13].
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2.2 Assays

2.2.1 DPPH assay

The DPPH (1, 1-diphenyl-2-picrylhydrazyl) free radical scavenging activity was determined by the method
described by Sridhar and Chatles, [14]. An aliquot of 0.70 ml of fruit infused water (sample) was taken at
time intervals of 30 minutes, 1,2,4,6, and 8 hours after infusion. Next, 0.70ml of (100uM) DPPH methanolic
solution was added to 0.70ml of sample and mixed. The mixture was then incubated for 20 minutes at room
temperatute (25 £ 1 °C) in the dark. A UV/Vis spectrophotometer (Secomam Prim, RS232) was used to
measure the absorbance at 515 nm. The absorbance was measured against a blank of distilled water.
Ascorbic acid (Img/ml) was used as the positive control. The absorbance of all samples, carried out in

triplicates, was recorded.

The scavenging effect of DPPH radical was calculated using the following equation:

A control—A sample

DPPH scavenging effect (%) = x 100 )

A control

2.2.2  Total phenolic content (TPC) assay

To determine the total phenolic content (TPC), the methodology of Arruda et al., [15] was used with slight
modifications. An aliquot of 0.10 ml (100 pl) of fruit infused water was taken at time intervals of 30 minutes,
1,2,4,6 and 8 hours after infusion. The TPC content of the fruit infused water was determined using the
Folin-Ciocalteu method. Briefly, 0.10 ml (100 ul) of infused water sample was mixed with 100 pl of Folin-
Ciocalteu reagent (50 % v/v) and 800 pl of sodium carbonate (5 % m/v). The solution was mixed and then
incubated for 20 min at 40 °C in a water bath (J-Lab Tech, LWB-1220). The absorbance was measured at
760 nm against a blank by using a UV/Vis spectrophotometer (Secomam Prim, RS$232). The blank was
prepared by replacing the sample with distilled water. Gallic acid in the concentration range of 0.5-8 pg/mL
was used for to plot the calibration curve. All samples (except blank) were carried out in triplicates. The
total phenolic content of each sample is expressed as pg Gallic Acid Equivalent per ml sample (ug GAE /
ml sample) [15].

2.2.3  Total flavonoid content (TFC) assay

The total flavonoid content (TFC) of the samples was measured based on the method of Kamtekar et al.,
[16] using the aluminium chloride colorimetric assay. 1ml of fruit infused water was taken at time intervals
of 30 minutes, 1,2,4,6 and 8 hours after infusion. After that, 1ml of sample was mixed with 4ml of distilled
water and 0.3ml of sodium nitrite (5% w/v) and incubated at room temperature for 5 minutes. Then, 0.3
ml of aluminum chloride (10% w/v) was added to the mixture and left at room temperature for 6 minutes.
Next, 2 ml of 1M sodium hydroxide was added and the mixture was topped up with distilled water to a
final volume of 10 ml. Then, the mixture was vortex mixed and left at room temperature for 15 minutes.
After 15 minutes, the absorbance of the reaction mixture was measured using UV-visible
spectrophotometer at 510 nm. The blank was prepared by replacing the sample with distilled water.
Quercetin (0.5-50 pg/ml) was used as a standard to generate the calibration curve. The total flavonoid

content of each sample is expressed as pug Quercetin Equivalent per ml sample (ug QE / ml sample) [16].

2.2.4  Determination of Vitamin C concentration

After 8 hours of infusion, 20 ml of fruit infused water was removed and placed in a 250ml conical flask.
Then, 1ml of starch indicator solution (0.5% w/v) was added to the sample. The sample was titrated with
0.005 moll;! iodine solution. The endpoint of the titration was identified as the first permanent trace of a
light grey colour due to the starch-iodine complex [17].
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Vitamin C (ascorbic acid) concentration of each sample was calculated as follows [17]:
Moles iodine reacting = Concentration of iodine solution x Ave. vol. iodine solution used  (2)

Theory of equation of the titration:
ascorbic acid + I — 2 I~ + dehydroascorbic acid
ascorbic acid: I, = 1:1
Moles iodine = Moles ascorbic acid in 20 ml of sample
Moles ascotbic acid/ml = (moles ascorbic acid in 20 ml) / 20 ml

Concentration of ascorbic acid = (Moles ascorbic acid/ml x Molar mass ascorbic acid x 106) pg / 1ml (3)

2.2.5 Determination of antioxidant potential and phytochemical content of fruit residue

The measurement of antioxidant potential, phenolic content, flavonoid content and vitamin C
concentration of the fruit residue was performed according to the method of Sun et al., [18]. After 8 hours
of infusion, the left-over fruits were taken out. The fruits were placed on petri plates and oven (Jeio Tech,
Lab companion OF-11E) dried at 60°C to remove moisture. The weight of petri plates was measured
intermittently until a constant weight was observed. Once a constant weight was observed, the dried
samples were powdered using a blender. Ten grams of each powdered sample was put into a conical flask
(250 ml). After that, hundred milliliters (100ml) of 75% ethanol: water (4:1 v/v) solvent was added to each
flask. It has been shown that 75% ethanol: water solvent yields the highest extraction of phytochemicals
(Sun et al., 2015). The mixtures were then agitated using an orbital shaker (Protech, 720) for 60 min in the
dark at room temperature (25 = 1 °C). To remove the suspended particles, the homogenate was decanted
and centrifuged at 3000Xg for 15 minutes. Aliquots of the supernatant were taken from each centrifuged
sample and DPPH, TPC, TFC and Vitamin C assays were carried out as per the methods mentioned above,
to determine the antioxidant potential, phenolic content, flavonoid content and vitamin C concentration
(of the fruit residue) respectively. Due to the intensity of colour, the supernatant was diluted 10-fold for
DPPH assay and 50-fold for TPC and TFC assays. The endpoint of the titration (of the fruit residue) was
identified as the first permanent trace of a light brown colour.

2.3  Statistical Analysis

Three replicates were carried out for each sample. Data were expressed as mean T standard deviation where
n=3. Statistical comparisons were made using paired sample T-test, analysis of variance (ANOVA) and
Tukey-Kramer post hoc test. The statistical significance was set up at p < 0.05.

3 Results
3.1 Antioxidant potential

As can be seen from Figure 1 below, the percentage scavenging of all three trials (T4, T2 and Tj3) increased
with infusion time. 25:75 (Apple: Orange) sample showed the highest percentage scavenging, followed by
the 50: 50 (Apple: Orange) and 75:25 (Apple: Orange) samples. The percentage scavenging of 25:75 (Apple:
Orange) trial increased from 44.74% (0.5 h) to 73.67% (8h) The percentage scavenging of 25:75, 50:50 and
75:25 (Apple: Orange) samples were 73.67%, 70.37% and 68.16% respectively, after 8 hours of infusion.

ISSN: 2456-7108
Available online at Journals.aijr.org


file:///D:/AJGR_Articles/Article%203442/http/journals.aijr.org

45
Ariyawansa and Ramanathan, Adp. |. Grad. Res.; Vol. 10, Issue 1, pp: 41-50, July 2021

% Scavenging
N w I v [=)] ~ 0o
o o o o o o o

=
o

o

0 1 2 3 4 5 6 7 8 9
Duration of Infusion (hours)

——25:75 (Apple:Orange) ——50:50 (Apple:Orange) ———75:25 (Apple:Orange)

Figure 1: Percentage scavenging of water infused with 25:75, 50:50 and 75:25 (Apple: Orange) trials

Samples were assayed in triplicates (n=3)

% Scavenging at each time interval was calculated from the average absorbance at 515 nm
3.2 Total phenolic content

As shown in Figure 2 below, the total phenolic content of all three trials (T4, T2 and T3) increased with
infusion time. 25:75 (Apple: Orange) sample showed the highest total phenolic content, followed by the
50: 50 (Apple: Orange) and 75:25 (Apple: Orange) samples. The total phenolic content of 25:75 (Apple:
Orange) sample ranged from 74. 72 (0.5h) to 189.03 (8h) ug GAE/ml sample. The total phenolic content
of 25:75, 50:50 and 75:25 (Apple: Orange) samples were 189.03, 172.08 and 144.80 ug GAE/ml sample
respectively, after 8 hours of infusion.
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Figure 2: Total phenolic content of water infused with 25:75, 50:50 and 75:25 (Apple: Orange) samples

Phenolic content was calculated using Gallic acid standard curve.

TPC values at each time interval were calculated from the average absorbance readings
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3.3 Total flavonoid content

As can be seen from Figure 3, the total flavonoid content of all three trials (T, T2 and T3) increased with
infusion time. 25:75 (Apple: Orange) sample showed the highest total flavonoid content, followed by the
50: 50 (Apple: Orange) and 75:25 (Apple: Orange) trials. The total flavonoid content of 25:75 (Apple:
Orange) sample ranged from 14. 52 (0.5h) to 32.14 (8h) pg QE/ml sample. The total flavonoid content of
25:75, 50:50 and 75:25 (Apple: Orange) samples were 32.14, 25.24 and 17.62 ng QE/ml sample respectively,
after 8 hours.
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Figure 3: Total flavonoid content of water infused with 25:75, 50:50 and 75:25 (Apple: Orange) samples

*Flavonoid content was calculated using Quercetin standard curve (Appendix Figure C1)

*TEFC values at each time interval were calculated from the average absorbance readings.

3.4 Comparison of % scavenging and phytochemical content of water infused with Apple:
Orange trials at 8 hours

Table 1 compares percentage scavenging, TPC, TFC and vitamin C concentration of water infused with
“Apple: Orange” samples at 8 hours. At 8 hours, 25:75 (Apple: Orange) sample showed a significantly
higher (p< 0.05) percentage scavenging than the 75:25 (Apple: Orange) sample. However, percentage
scavenging of 50:50 (Apple: Orange) was comparable to both 25:75 and 75:25 samples as indicated by the
same lowercase superscript letters for 25:75 and 50:50 (“a”) and 50:50 and 75:25 (b). After 8 hours of
infusion, 25:75 (Apple: Orange) sample showed a significantly higher (p < 0.05) TPC, TFC and vitamin C
concentration than the other two samples.
Table 1: Comparison of % scavenging and phytochemical content of water infused with Apple: Orange.

Sample % Scavenging TPC TFC (ngQE Concentration of
(Apple: Orange) (ngGAE/ml /ml sample) | Vitamin C (ung/ml
sample) sample)
25:75 (Th) 74.45£3.44 189.01%£1.70¢ 32.11£0.23f 237.76£23.30!
50:50 (T2) 70.39£0.742b 172.1019.244 25.2410.24s 161.44%17.79i
75:25 (T5) 68.16£0.96> 144.8242.20¢ 17.62%0.64" 114.48%15.87i

Comparison was made for values taken at the eight-hour of infusion.

Statistical comparisons were made using one-way ANOVA followed by Tukey-Kramer post-hoc test
(p < 0.05)

Letters in superscript indicate significance, comparing the values in the columns.
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3.5 Comparison of % scavenging and phytochemical content of fruit residue

Table 2 compates the percentage scavenging, TPC, TFC and vitamin C concentration of fruit residue
samples at 8 hours. After 8 hours of infusion, the fruit residue of 25:75, 50:50 and 75:25 (Apple: Orange)
samples showed similar percentage scavenging and total flavonoid content. In contrast, 25:75 (Apple:
Orange) residue sample showed a significantly higher (p <0.05) TPC and vitamin C concentration than the
other two residue samples, after 8 hours of infusion as indicated by the different superscript letters.

Table 2: Comparison of the % scavenging and phytochemical content of fruit residue

Sample % Scavenging TPC TFC (ugQE | Concentration of
(Apple: Orange) ngGAE /ml /ml sample) Vitamin C
sample) (ng/ml sample)
25:75 (Ty) 14.87£8.812 24.93%3.58> 10.58%2.28d 70.45%4.40¢
50:50 (T2) 11.1314.242 16.62£2.05¢ 6.62%2.314 48.431+4.41f
75:25 (T5) 5.97+0.722 15.431+2.05¢ 5.28+2.31d 26.4214.408

Statistical comparisons were made using one-way ANOVA followed by Tukey-Kramer post-hoc test
(p <0.05).

Letters in superscript indicate significance, comparing the values in the columns.
4 Discussion

Phenolics are secondary metabolites which are abundantly present in all plants. Phenolics include simple
phenols, flavonoids, tannins, hydroxybenzoic acid, coumarines, cinnamic acid derivatives, etc. Prior to the
analysis, the phenolics need to be first extracted from the source materials. Phenolics contribute to the
antioxidant potential of the plants by neutralising free radicals and preventing decomposition of
hydroperoxides into free radicals [19]. Free radicals are unstable atoms that have unpaired valence electron.
Free radicals are produced inside the human body as a result of by-products of biochemical processes.

As per the results obtained, the longer the duration of infusion, the greater the percentage scavenging
(Figure 1), total phenolic content (Figure 2) and total flavonoid content. (Figure 3). This is supported by
Castiglioni et al. [20] wherein it was shown that, when some white and green teas were steeped at room
temperature for different time durations (15, 30, 60, 120 min), the total phenolic content, total flavonoid
content and antioxidant activity of the samples increased with increasing time (15< 30 < 60 < 120 min).
Similarly, Tlyasoglu and Arpa [21] reported that diffusion of antioxidants was influenced by the infusion
time and concluded that longer infusion times resulted in increased antioxidant extraction up to the
maximum level. According to Kyle et al. [22] the TPC of black tea beverage increased when the infusion
time was increased from 3 to 10 minutes. Moreover, according to Kelebek [23], when black tea was infused
in water for 3,6 and 10 minutes, the highest TPC was observed at the highest infusion time. Yang et al. [24]
justified this considering that at room temperature the bioactive compounds require adequate time to
diffuse from its source material into water.

As per the results obtained from this study, the greater the orange ratio in the mixture, the greater the
antioxidant potential. The percentage scavenging, TPC, TFC and vitamin ¢ content of water infused with
apple: orange combinations increased in the order of 75:25 < 50:50 < 25:75. A previous study conducted
by the authors showed that apple and orange (at the eight hour of infusion) exerted 62.61% and 81.57%
free radical scavenging respectively [25]. The current study has shown that apple: orange (25:75) exerted
74.45 % scavenging. This is an increase from pure apple infused water (62.62%), but a decrease in pure
orange (81.57%) infused water. Thus, it can be said that Valencia oranges possess higher antioxidant
potential and total phenolic content, than Fuji apples. Herken and Guzel [26] observed that orange juice
demonstrated a higher total phenolic content and total antioxidant capacity than apple juice.
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Sanchez-Moreno et al. [27] discovered that, from all the bioactive compounds present in oranges, vitamin
C is the bioactive compound that has possess the highest antioxidant capacity. Wang et al. [28] reported
that vitamin C contributes to the total antioxidant capacity of a fruit. Since oranges are comptised of high
amounts of vitamin C [29], it is not surprising that the antioxidant potential of Valencia orange is higher
than Fuji apple. Moreover, Table 1 also proves that the higher the ratio of orange in the apple: orange
mixture, the higher the vitamin C content.

Although the vitamin C content of T was significantly higher than that of Tj, the % scavenging was not
(Table 1). This indicates that vitamin C content alone is not sufficient to significantly increase the
antioxidant potential. The TPC and TFC values of trial T} was significantly higher than that of trials T>and
Ts (Table 1). Thus, the antioxidant potential of the sample is dependent on the combination of its
phytochemical (TPC, TFC and vitamin C) content.

Table 2 shows that the fruit residue of all three trials possessed low TPC, TFC and vitamin C content. The
antioxidant potential of all three trials were lower than the corresponding water samples at the eight-hour
of infusion. The phytochemicals present in the fruits had seeped into the water, leaving the fruit residue
with low amounts of bioactive compounds and antioxidant scavenging activity.

5 Conclusions

This study has proven that fruit infused water (detox water) does indeed possess antioxidant properties.
The longer the immersion of the fruits in water, the higher the percentage scavenging. This can be attributed
to the higher total phenolic content and total flavonoid content. Prolonged immersion provided ample time
for the phytochemicals to diffuse from the fruits into the water. Polyphenols, flavonoids and vitamin C are
proven antioxidants, hence higher TPC, TFC and vitamin C content resulted in higher percentage
scavenging. After 8 hours of infusion, the left-over fruit residues exhibited lower antioxidant capacity, TPC,
TFC and vitamin C content than infused water, because the bioactive compounds present in the fruits had
been released into the water. The study also showed that the greater the orange ratio in the mixture (T4),
the greater the antioxidant potential, due to the higher phytochemical content. Thus, is it better to combine
apples and oranges, rather than using apples alone. In conclusion, it can be said that detox water, due to
the antioxidant potential has the ability to scavenge free radicals and remove toxins. Free radicals are known
to be harmful to human health and are known to cause a number of diseases. Drinking fruit infused water
does have beneficial properties, but in order to obtain optimal effects the fruits / fruit combination is
important. Further studies can be cartied out to determine the antioxidant potential of other fruits/fruit
combinations; the immersion time, the fiber and mineral content and scavenging effects of other free
radicals like Fe3* ions (FRAP assay) and peroxidase activity (ABTS assay).
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