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Abstract: Aronia (Aronia mitschurinii) is a contender to be amongst the most lucrative superfruits due
to its incredibly potent antioxidant capabilities and extremely high content of anthocyanins. The high
tannin and sorbitol content, however, limit Aronia’s widespread use and popularity due to bitter
aftertaste and potential indigestions if consumed in large amounts. This study attempts to overcome
the drawbacks and take advantage of antioxidants by creating a marketable power aid drinks that
uses Aronia juice as a base, with the capability to compete on the market with popular sports
beverages by being the only all-natural, organic, sugar-, colorants-, and preservants-free power aid
on the market that claims on its labels polyphenols, flavonoids, anthocyanins, and some beneficial
cations such as magnesium, selenium, iron and zinc, along with traditional sodium and potassium.
Creating a power drink from Aronia requires resolving challenges presented by notably astringent
taste of tannins, as well as the associated health issues relating to the over-consumption of excess
sorbitol. In addition to this, the incorporation of herbal teas, organic flavorings, other superfruits, and
even juvenile ginger for variety of flavors allows for the amalgamation of various additional health
benefits and valuable essential oils and vitamins into the drink. Alkaloids, saponins, and
anthraquinones are among the phytochemicals whose presence has been confirmed by preliminary
screening results in addition to antioxidants and minerals. Further quantitative analysis of created
drink formulations has shown ample amounts of anthocyanins (35mg/g Cyanidin-3-Glucoside
Equivalents), flavonoids (2mg/g Quercetin Equivalents), and polyphenols (21mg/g Gallic Acid
Equivalents) — even after the pasteurization process. The formulations of drinks, full phytochemical
characterization, and results of initial public surveys are presented in this paper.

Keywords: Aronia mitschurinii; juvenile ginger; holy basil; power aid drinks; phytochemical analysis;
all-organic; sugar-free; minerals; antioxidants

1. Introduction

Aronia mitschurinii is a fruit-bearing shrub that is an intergeneric hybrid of Aronia melanocarpa
and Sorbus aucuparia, bred by Russian scientist Ivan Mitschurin in the late 19th century. The genus
Aronia is native to the eastern United States, and the hybrid Aronia mitschurinii is cultivated
throughout the United States, including the eastern shore of Maryland [1]. Aronia is part of the
Rosaceae family along with apples and pears but is hardy and very resistant to disease and most pests.
It can also be grown more sustainably than other fruits commonly grown along the eastern coast of
the US and in eastern Europe. This makes Aronia a desirable crop for farmers due to the feasibility
of growing and the manageability of cultivating the crop organically. Recent investigations centered
around cultural management [2] delved into the ramifications of nitrogen (IN) application rates and
forms, alongside planting density, on both fruit yield and quality. A comparison between nitrogen
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rates of 14g N per plant per year and 3g N per plant per year, administered as dry granules at the
plant base, highlighted substantially elevated yields from plants subjected to the higher nitrogen rate
across most years of analysis. The fruit is widely known to contain a high content of antioxidants and
phenolic acids and has a dark red/purple color. Due to the ripening stage of cultivation, during
harvest, the anthocyanin pigment concentration (APC) can range from 88-300 mg/g cyanidin-3-
glucoside, which is approximately 15x greater than that found in blueberries. Although Aronia
melanocarpa has a higher antioxidant content than Aronia mitschurinii, Aronia mitschurinii still
produces significantly more fruit than Aronia melanocarpa, making it better for commercial
production. In addition to this, and contrasting itself from other fruits and berries, Aronia mitschurinii
contains polyphenols not only in its skin but also throughout the pulp, culminating in one of the
highest known concentrations of antioxidants in any fruit [3]. Phytochemical analysis, as detailed in
the literature for extracts from whole fruits [4,5], and conducted on Aronia mitschurinii juice, has
highlighted aronia as a notable source of flavonoids, glycosides, phytosterols, alkaloids, sugars, and
tannins. With significant levels of cellulose, pectin, and lignin, as well as a variety of minerals and
vitamins, Aronia is an excellent source of dietary fiber in addition to its antioxidant content [6].
Furthermore, aronia has been shown to have anti-inflammatory, anti-cancer, anti-mutagenic, and
antidiabetic properties. It also helps prevent liver damage and cardiovascular disease [7]. In addition
to this, Aronia has also been found to decrease the accumulation of cadmium in the liver and kidneys
[8].

Aronia’s market potential is due in part to its antioxidant content. More specifically, it is one of
the richest sources of anthocyanins, flavanols, and polyphenols. However, the reason it remains
untapped in the market is due to its astringent taste. This astringency is due to the tannin content
present in Aronia; A phenolic compound also present in teas, which gives it a characteristically bitter
taste. Aronia also contains a high concentration of sorbitol, a sugar-alcohol product of photosynthesis
in plants [9], which is sometimes used as a sugar substitute in diet foods that can cause indigestion
when consumed in excess. To circumvent sorbitol in drink products, concentrated Aronia juice must
be diluted, reducing the overall concentration of sorbitol consumed while also alleviating bitterness
due to the tannins.

Zingiber Officinale, more commonly known as Ginger, is a member of the Zingiberaceae plant
family, home to other familiar plants such as cardamon and turmeric, and Ginger itself is a significant
source of pungent ketones such as gingerol, giving ginger its characteristically strong aroma. Baby
ginger separates itself from its mature counterpart by having a larger ratio of phytochemical activity;
reportedly yielding twice the amount of phenolics, and up to three times the amount of antioxidant
activity. Notable phytochemicals in Zingiber Officinale derived from its powdered form include
polyphenolic compounds such as gingerol, saponins (4.01mg/100g), cyanogenic glycoside, phytin
(0.28mg/100g), oxalate (0.26mg/100g), terpenes and tannins (0.02mg/100g) among various other
essential oils and amino acids [10]. The primary bioactive compounds being those of 6-Gingerol, 6-
Shogaol, zingerone, phenolics and flavonoids [11] 6-gingerol has been studied as a major contributor
towards preventing obesity in the past, and since then, 6-shogaol has even been shown to inhibit lipid
accumulation and inhibit adipogenesis, the accumulation of adipocytes as adipose tissue throughout
the body. This adipose tissue is primarily used by the body for storing fat, which, in excess, leads to
obesity. Fresh ginger is believed to have a potent effect in reducing obesity, and the major
contributors in reducing obesity in processed ginger are the enriched shogaols and gingernone [12].
When combined in the drink formulation, it may be possible to harness the slew of health benefits of
both the Aronia and Ginger plants, as well as potentially being a weight loss alternative.

Power drinks, often paralleled with energy drinks or sports drinks, by definition, are drinks that
are said to provide benefits towards health and wellness in the human body. They provide health
and wellness benefits to many people as they replenish the lost water in our bodies and give us
electrolytes, which causes our bodies to regain energy. They are classified into three categories:
isotonic, which means they have the same concentrations of glucose and sodium as the human body,
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hypertonic, with a greater quantity of sugar and sodium, and hypotonic, with a reduced amount of
sugar and sodium.

Gatorade, for example, is an isotonic power drink that was designed to replenish lost water and
electrolytes in the human body due to sweat or other causes. Other drinks, such as Vitamin Water,
take a different approach and target vitamin deficiency within consumers. Within the body, there are
four essential nutrient groups: vitamins, essential fatty acids, essential amino acids, and minerals.
The distinction between organic and inorganic minerals dictates the nutritional value that can be
obtained from dietary consumption. Chemically speaking, inorganic minerals are bonded to
inorganic molecules such as sulfates or oxides, and though they are easy to produce, they suffer from
diminished absorption, retention, and utilization within the human body [13]. Organic minerals are
generally bonded to carbon-containing molecules and generally do not face the same issues as their
inorganic counterparts, being that they are easily absorbed, retained, and utilized by the human body.
Organic minerals come from the natural plant and animal foods we consume and lend themselves to
greater bioavailability than inorganic minerals from soil or rocks, which then get processed into
widely popular drinks and supplements. Sweeteners are among the most common ingredients in
drink products, and are generally found under the umbrella of nutritive, or non-nutritive sweeteners.
Carbohydrates that occur naturally in food, are added during food processing, or are incorporated
by consumers prior to ingestion are known as nutritional sweeteners. Increased sugar consumption
is linked to greater intake of calories, but it also degrades the quality of the diet. Obesity, prediabetes,
type 2 diabetes, and cardiovascular disease are all made more likely by this.

A subgroup of these nutritive sweeteners, known as polyols, or sugar alcohols, lowers the
amount of energy acquired from products and the risk of cavities, while retaining sweetness. The
FDA considers non-natural sugars to be safe food additives that sweeten products with little to no
carbohydrate energy. Acesulfame K, aspartame, luo han guo fruit extract, neotame, saccharin,
sucralose, and stevia are among the non-natural sugars that are permitted for usage in the United
States; stevia was selected as the sweetener for the power drink with an aronia base [14].

Aronia fruit’s incredibly high antioxidant content, naturally red-wine color, sorbitol as a
preservative, and rich minerals and microelement palate make it an ideal candidate to use in the form
of a power drink. In addition to this, Aronia contains vital minerals and microelements, making it an
excellent candidate for a drink in the market promoting a healthy lifestyle. Here we present the
development and characterization of a line of aronia-based power aid drinks. The Aronia-based
power drinks aim to work around existing drawbacks of traditional power drinks by being all
natural, organic, free of artificial colorant and flavorings, sugar free, containing a wide range of
antioxidants, terpenes, essential oils, minerals, and microelements, using organic additives like
herbal teas or similar berries for essential oils or other phytochemicals and finally by advertising the
health benefits of the drink clearly on the label. Formulations, phytochemical characterization,
nutrition information, and consumer feedback have been analyzed for the beverages made from
aronia fruit, along with mineral content information found on traditional nutrition labels.

2. Materials and Methods

General information. Thermo Fischer Scientific™ aluminum chloride (99% extra pure, anhydrous,
granules), ethyl alcohol (99% ACS spectroscopic grade), and quercetin hydrate (95%). Potassium
acetate (certified ACS Crystalline), Na2COs anhydrous (HPLC grade powder), FeCls (anhydrous),
37% HCI (certified ACS), chloroform (Reagent ACS), H2SOx (certified ACS), tannic acid, tetrazolium
blue chloride, and glacial acetic acid were all purchased from Fisher Scientific™. MP Biomedicals
(Santa Ana, CA) supplied the gallic acid monohydrate (ACS reagent grade) and Folin and Ciocalteu's
Phenol reagent. Sodium acetate (Sigma Ultra minimum 99.0%) was obtained from Sigma-Aldrich. In
every experiment, double-distilled water was used. The spectrophotometer used for all UV/Vis
analyses was the Cary60. A Thermo ScientificTM Orion Star A212 tabletop conductometer was used
to measure the conductivity. A Mettler ToledoTM FiveEasy tabletop pH meter was used to measure
the pH.
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Brix refractometry was conducted using a Fisherbrand™ HDR-P1 portable brix refractometer.
Drink formulations consisted of Trace™ Organic trace mineral drops, FGO™ organic earl grey,
chamomile, and peppermint tea, Herbal Hermit™ organic yerba mate tea, Nature Restore™ organic
strawberry and raspberry powder, Micro-ingredients™ organic lemon juice powder, ECO-Taste™
freeze-dried organic fig powder, and Pure Mountain Botanicals™ Organic liquid stevia.

Drink formulations. Samples for the power drink analysis were created following the
determination of the best-tasting prototype.

The basic 160z bottle (473mL), total volume consisted of 59mL Aronia juice, 0.6mL of stevia, ImL
mineral drops, 414mL distilled water, and 0.5g of iodized salt.

The raspberry 160z bottle (473mL), total volume consisted of 59mL Aronia juice, 0.6mL of stevia,
1mL mineral drops, 414mL distilled water, and 0.5g of iodized table salt combined with 6g of organic
raspberry powder.

The strawberry 160z bottle (473mL), total volume consisted of 59mL Aronia juice, 0.6mL of
stevia, ImL mineral drops, 414mL distilled water, and 0.5g of iodized table salt combined with 6g of
organic strawberry powder.

The fig flavor 160z bottle (473mL), total volume consisted of 59mL Aronia juice, 0.6mL of stevia,
1mL mineral drops, 414mL distilled water, and 0.5g of iodized table salt combined with 6g of organic
fig powder.

The chamomile 160z bottle (473mL), total volume consisted of 59mL Aronia juice, 0.6mL of
stevia, ImL mineral drops, 1 teabag of organic chamomile tea steeped in 414mL distilled water for
five minutes at 100°C, and 0.5g of iodized table salt.

The yerba mate 160z bottle (473mL), total volume consisted of 59mL Aronia juice, 0.6mL of
stevia, ImL mineral drops, 1 teabag of organic yerba mate tea steeped in 414mL distilled water for
five minutes at 100°C, and 0.5g of iodized table salt.

The peppermint 160z bottle (473mL), total volume consisted of 59mL Aronia juice, 0.6mL of
stevia, ImL mineral drops, 1 teabag of organic peppermint tea steeped in 414mL distilled water for
five minutes at 100°C, and 0.5g of iodized table salt.

The ginger-infused 160z bottle (473mL) volume consisted of 59mL Aronia juice, 0.6mL of stevia,
1mL mineral drops, 2g of baby ginger extracted in 414mL distilled water for five minutes at 100°C,
and 0.5g of iodized table salt.

The ginger-lemon infused 160z bottle (473mL), volume consisted of 59mL Aronia juice, 0.6mL
of stevia, ImL mineral drops, 2g of baby ginger extracted in 414mL distilled water for five minutes
at 100°C, and 0.5g of iodized table salt combined with 6g of organic lemon powder.

The ginger-peppermint infused 160z bottle (473mL), volume consisted of 59mL Aronia juice,
0.6mL of stevia, ImL mineral drops, 2g of baby ginger, and 1 teabag extracted in 414mL distilled
water for five minutes at 100°C, and 0.5g of iodized table salt.

The ginger-strawberry infused 160z bottle (473mL), volume consisted of 59mL Aronia juice,
0.6mL of stevia, ImL mineral drops, 2g of baby ginger extracted in 414mL distilled water for five
minutes at 100°C, and 0.5g of iodized table salt combined with 6g of organic strawberry powder.

All drinks were pasteurized at 80°C for 20 minutes and bottled before storage.

Aronia used for the experiments has grown at Wye Research and Education Center in
Queenstown, MD. Hand-harvested berries were juiced using an EfJWOX™ 20L Hydraulic fruit press,
and the collected juice was stored at -20°C until use. Before analysis, the drink samples were allowed
to thaw to room temperature.

Analysis of Total Anthocyanins. The method described by Lee et al. was used to measure and
calculate the concentration of anthocyanin pigment [15]. Drink samples were vortexed (if necessary)
after being defrosted in room temperature water. A 200-fold dilution of each sample was made in
0.4M aqueous sodium acetate and 0.025M aqueous KCl. Each dilution's UV/Vis absorbance was
measured with a Thermo Scientific Genesys 20 spectrophotometer at 520 and 700 nm. Performance
of the instrument was validated by comparison measurements using a Thermo Scientific Genesys 20
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spectrophotometer. Anthocyanin pigment concentration (APC) was calculated as cyanidin-3-
glucoside equivalents in mg/L using Beer- Lambert’s Law:
_ AxMW=DF*10"3

ex1
where A =absorbance = (A520nm — A700nm) pH 1.0 — (A520nm — A700nm) pH 4.5); MW (molecular weight)
=449.2 g/mol for cyanidin-3-glucoside (cyd-3-glu); DF = dilution factor established above (40X); | = pathlength
in cm; £ = 26,900 molar extinction coefficient, in L/mol/cm, for cyd-3-glu; and 10° = factor for conversion from
g tomg.

Analysis of Flavonoids. Flavonoids were identified by using the usual colorimetric analysis
methods described by [16,17]. Quercetin solutions (20-400 mg/L R2=0.9988) were used to generate the
standard calibration (Figure 6). 200 uL of the liquid sample, 600 uL of 95% ethanol in water, 40 uL of
1M potassium acetate, and 40 uL of 10% w/v aluminum chloride were added to a vial. Following a

APC

short incubation time, the sample was allowed to sit at room temperature for 30 minutes before
receiving 1120 uL of distilled water in the vial. After measuring the absorbance at 415 nm, the
following formula was used to calculate the Total Flavonoid Concentration (TFC) in milligrams of
quercetin equivalent (QE)/gram of juice (]):

TFC 4 DF
= — %k
49

where A = average absorbance, and DF = dilution factor

Quercetin Cary60 Linear Regression

20 >
-
g 15
S
S y =0.0049x - 0.0466
210 2
2 e ® R?=0.9988

05

K
0.0 L
0 50 100 150 200 250 300 350 400 450

Concentration (mg/L)

Figure 1. Quercetin calibration curve.

Analysis of Polyphenols. Polyphenols were identified following the conventional methods for
colorimetric examination of plant material described in [18-23]. Gallic acid solutions (50-500 mg/L
R2=0.9994) were used to generate the standard calibration (Figure 2). 20 uL of the liquid sample and
1580 uL of distilled water were added to a vial. Next, 100 uL of Folin-Ciocalteu's reagent was
incorporated, and the combination was allowed to sit at room temperature for five minutes. After,
the addition of 300 uL of a 20% w/v sodium carbonate solution, the samples were placed in an oven
set to 40°C for 30 minutes to incubate.

The absorbance was then measured at 765nm and the Total Polyphenol Concentration (TPC) in
mg of gallic acid equivalent (GAE)/g of juice (J) was then determined using the following equation:

TPC A DF
= —x
1.1

where A = average absorbance, and DF = dilution factor
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GallicAcid Cary60 Linear Regression
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Figure 2. Gallic Acid calibration curve.

Analysis of Tannins. Tannins were identified using the conventional colorimetric analytical
methods for plant material [24-26]. Tannic acid solutions (50-500 mg/L R2=0.9987) were used to
generate the standard calibration (Figure 8). 300 uL of liquid sample, 100 uL of 0.01M tetrazolium
blue chloride, and 100 uL of 0.2M sodium hydroxide solution were added to a vial. The samples were
mixed with 1500 uL of 80% ethanol in water after a short incubation period, and the absorbance at
527 nm was then measured. The following formula was then used to calculate the Total Tannin
Concentration (TTC) in milligrams of tannic acid equivalent (TAE)/gram of juice (J):

TTC 4 DF
= — %
13

where A = average absorbance, and DF = dilution factor

Tannic Acid Cary60 Linear Regression

0.7
9
0.6
0.5 -
ot
& 04 y=0.0013x+0.017
= o R? =0.9986
2 03
2 -
0.2 9
R
0.1
o
0.0
0 100 200 300 400 500 600

Concentration mg/L

Figure 3. Tannic Acid calibration curve.

Brix Measurements. Brix percentages were collected on a Fisherbrand™ HDR-P1 portable brix
refractometer. Two drops of the sample were placed onto the sample area, and the lid was closed to
allow for measurement. After measuring the sample area was cleaned using distilled water and
wiped clean using Kimwipes.

pH Measurements. pH experiments were conducted on a Mettler Toledo™ FiveEasy benchtop pH
meter. Before measurement, the instrument underwent a three-point calibration at pH 7, 10, and 4.01.

Conductivity Measurements. Conductivity was measured via a Thermo Scientific™ Orion Star
A212 benchtop conductometer.
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Determination of Cations By ICP/MS. 2.5 mL of drink samples were placed into digestion tubes,
along with 10 mL of Nitric acid. Digestion tubes were locked before placing them into the holster
based on the listed configuration sheet for the number of samples. The CEM™ Mars-6 Digester was
configured for EPA3015a plant material samples and set to run for 1 hour. Samples were then
removed from the holster and transferred to 50 mL vials, which were then diluted to 50 mL total
volume using DI water. Samples were finally transferred to 15 mL vials and labeled before sending
out for ICP/MS analysis.

Statistical Analysis and Limits of Detection. The Clinical and Laboratory Standards Institute's
guidelines and Ervin and Kariuki's examples were used to calculate the limit of detection (LOD) for
anthocyanins [27]. Using examples from Ervin and Kariuki and a guideline created by the Clinical
and Laboratory Standards Institute, the limit of detection for flavonoids was determined. Three
duplicates of the quercetin stock solution in 95% ethanol were made, and the concentration of 1500
mg/L was tested against a 95% ethanol blank. Until the absorbance results remained unchanged, the
sample was repeatedly diluted by a factor of two. The limit of detection for flavonoids was

determined to be the final concentration. As seen in Figure 9, absorbance was measured at 510 nm
[27].

Quercetin Limit of Detection

3.00
2.50
I I 1 = . _

1500 187.5 93.75 46.875 23.4375 11.7188
Concentration (mg/L)

Average Absorbance (A)
N N ~
) I o
o o o

o
o
o

o
o
=]

Figure 4. Quercetin Limit of Detection.

The gallic acid stock solution in 20% ethanol was made in triplicate with a concentration of 1000
mg/L and compared to a blank of distilled water to determine the polyphenol limit of detection. Until
the absorbance results remained unchanged, the sample was repeatedly diluted by a factor of two.
The limit of detection for polyphenols was determined to be the final concentration. As seen in Figure
10, absorbance was measured at 765 nm.

Gallic Acid Limit of Detection

62.5 3125 15.625 7.8125
Concentration [mg/L

= -
=3 o

o
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Figure 5. Gallic Acid Limit of Detection.
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The Tannic Acid stock solution in 20% ethanol was made in triplicate with a concentration of
1500 mg/L and compared to a blank of distilled water to determine the tannin limit of detection. Until
the absorbance results remained unchanged, the sample was repeatedly diluted by a factor of two.
The limit of detection for tannins was determined to be the final concentration. As seen in Figure 11,
absorbance was measured at 527 nm.

Tannic Acid Limit of Detection

Average Absorbance (A)

08

06 F

04

02 I

00 . - L] ——
750 375

1500 187.5 93.75 46.875 23.4375 11.7188

Concentration (mg/L)

Figure 6. Tannic Acid Limit of Detection.

The three sets of results obtained in triplicate for each experimental condition were used to
compute the standard deviations for each experiment. To confirm that the results were statistically
significant within the 95% confidence limit, a one-way ANOVA was conducted.

Phytochemical ~ Screening. The aronia drinks' secondary metabolites were screened
phytochemically using techniques taken from [28]. To find the final product's phytochemical
makeup, aronia drink formulations with their corresponding ingredients were combined.

Tannins And Phenols. In test tubes, 1 g of each sample was added individually to 20 mL of DW.
The mixture was heated for 10 min in a water bath; and then the liquid was vacuum filtered. Once
the filtrate had cooled, 1 mL was diluted to a volume of 5 mL with DW, and 3 drops of 10% FeCls
were added to the mixture. The development of a bluish-black or brownish-green precipitate ensured
the presence of tannins and phenols.

Alkaloids. 5 mL of aqueous extract was mixed with 2 mL of 2M HCI. Each mixture was constantly
stirred for 10 min while being heated in a water bath. It was then cooled, followed by filtration. The
filtrate was analyzed for alkaloids using a few drops of Dragendorff’s reagents. The development of
a reddish-brown precipitate indicated the presence of alkaloids.

Saponins. A total of 10 ml of DW was mixed with 1 g of each sample. The solution was boiled in
a water bath for 10 min and filtered through an Erlenmeyer flask while it was still hot. The foam test
was determined after cooling. A test tube containing 2.5 mL of filtrate was filled, diluted to a volume
of 10 mL with DW, and shaken violently for 2 min. The formation of foam indicated that saponin is
present in the filtrate.

Terpenoids. A total of 2 ml of chloroform was added to 5 mL of aqueous extract. To create a layer,
2 mL of concentrated H25Oswas carefully added and gently shaken. The reddish-brown color in the
inter-phase confirmed the presence of terpenoids.

Glycosides. 2mL of the aqueous extract was mixed with 1 mL of glacial acetic acid, 3 drops of
FeCls, and 3 drops of concentrated H2SOs. A green/blue precipitate was found to be present, which
indicated the presence of glycosides.

Amino Acids. In 2 mL of aqueous extract, 6 drops of the 1M ninhydrin reagent were added. The
solution was heated for 5 min in a water bath. The presence of amino acids was shown by the purple
coloration of the solution.
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2. Results and Discussion

Our final drink compositions are based on the consideration of three main factors: sorbitol
content, tannin content, and taste. In doing so, the final drink composition is palatable while
maintaining a high antioxidant content, and a theorized lower level of sorbitol.

All drinks were prepared using the industrial kitchen equipped with a heating plate, a
pasteurization bowl with a holder for 12 positions of bottles. Drinks were prepared using the
procedures described in the Materials and Methods, bottled into 16-oz bottles, and sealed after
pasteurization. One bottle of each kind was taken into the phytochemical lab for the characterization,
while the rest was used as samples during the tasting events with local communities of farmers before
the taste surveys were taken.

Table 1 illustrates the totals of major antioxidants, along with pH, brix, and conductivity for the
final line of drink flavors, which was developed based on customers’ reviews of taste during the
agricultural outreach events. The in-depth explanations regarding each of the analyses are presented

following Table 1.
Table 1. Antioxidant comparison of new drink formulations.

Drink Brix % pH Conductivity APC TPC TFC TTC
Basic 54 3.74 57.16 89 6 1.31 0.64
Ginger 3.3 3.82 4744 220 6 1.19 0.39
Ginger/Lemon 6.8 3.25 50.58 77 8 1.66 2.50
Ginger/Strawberry 4.9 3.77 49.95 31 0 1.19 0.93
Ginger/Peppermint 3.5 3.93 57.00 83 1 1.41 0.67
Strawberry 4.8 3.87 50.40 43 6 0.96 0.70
Raspberry 5.7 3.61 49.82 213 2 1.59 1.90
Fig Powder 49 4.01 41.65 36 14 1.58 2.08
Peppermint 3.4 4.01 50.48 41 9 0.87 0.76
Earl Grey 4.0 3.79 47.90 34 25 2.38 0.66
Yerba Mate 3.4 3.92 48.83 59 19 0.88 0.58
Chamomile Tea 2.9 3.98 45.32 28 12 0.46 0.54

APC in drinks was measured as mg/g of Cyanadin-3-Glucoside equivalents. TPC, TFC, and TTC were measured as mg/g
of Gallic Acid, Quercetin, or Tannic acid equivalents, respectively. Conductivity was measured in uS/cm.

Analysis of antioxidants. Spectrophotometric methods were used for the analysis of total
anthocyanins, flavonoids, polyphenols, and tannins in drinks. The content was calculated both per
mL of drink and per one standard 16 FL oz bottle.

The results for the total anthocyanins content are presented in the Figure 7.

Anthocyanin content in drinks per mL Anthocyanin content in drinks per 160z bottle
045 o 250
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Figure 7. Total anthocyanin concentration in drink formulations.

As can be seen in Figure 7, the anthocyanin content in the drink formulations well exceeded
expectations, as for each 160z bottle, a minimum average concentration of 80mg cyanidin-3-glucoside
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equivalents was achieved. On the market, cyanidin-3-glucoside standards can average up to
$253/10mg, meaning that each drink has incredible potential in both the food and pharmaceutical
industries.

The results for the total polyphenols, flavonoids, and tannins are presented in Figures 8, 9, and
10, respectively.

Polyphenol content in drinks per mL Polyphenol content in drinks per 160z
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Figure 8. Total polyphenol concentration in drink formulations.
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Figure 9. Total flavonoid concentration in drink formulations.
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Figure 10. Total tannin concentration in drink formulations.

Considering that all the drinks have the same amount of aronia juice, we first assumed that all
antioxidant concentration levels would remain relatively similar. However, as seen in Figures 7 and
8, Ginger-Lemon and Earl Grey were found to contain the highest anthocyanin and polyphenol
content among the drinks. Considering the combined phytochemical potential of aronia and ginger,
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it was expected that all drinks containing both aronia and ginger would have considerably higher
antioxidants than those without. However, the results show that the antioxidants of these drinks
remain comparable to basic aronia drinks, except for the aforementioned standouts. This trend
continues in measurements for tannins and flavonoids.

Overall, we have found that ginger-lemon is the most effective drink formulation, based on its
phytochemical content. The inability of the other ginger formulations to show significant changes in
antioxidant content is something to be explored further during the technology transfer step.

Figures 11-13 below represent quantitative assays for pH, brix, and conductivity, which show
very similar results for all formulations, indicating that some changes made to the base formulation
by adding flavors have a very minor impact on the overall composition.

Drink pH
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Figure 11. Measured pH levels in drink formulations.

Drink Conductivity Measurements
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Figure 12. Measured conductivity in drink formulations.
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Drink Brix Measurements
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Figure 13. Measured Brix in drink formulations.

ICPIMS Analysis and Phytochemical Screening. Table 2 illustrates the results of qualitative
screening of all drinks for major phytochemical groups. Obtained phytochemical screening results
contained a slight level of variance between different flavors of drinks due to the nature of the
different drink formulations and flavored additives. The primary purpose of these screenings is to
allow for the addition of these phytochemicals to the drink label and for the drink to be considered
as a significant source of said phytochemicals. The preliminary screening has shown the presence of
tannins, flavonoids, saponins, steroids, glucosides, terpenoids, and carbohydrates in all flavors of drinks,
while some drinks also have alkaloids.

Table 3 presents the results of minerals and microelements obtained by ICP/MS and compared
with daily values (DV). ICP/MS results are based on analysis of the sample after digestion. Results
suggest that each drink contains a suitable amount of Na, Mg, and K, bolstering the electrolyte
capacity of the final product. However, due to aronia's presence, these drinks also provide a
significant amount of zinc, iron, copper, and manganese, which increases their value for human
health and well-being.

Table 2. Phytochemical Screening results of ingredients.

Flavor Tannins Flavonoids Saponins Steroids Glycosides Alkaloids Terpenoids Carbohydrates

B + + + + + + + +
R + + + + + + + +
S + + + + + + + +
F + + + + + + + +
C + + + + + + + +
EG + + + + + + + +
P + + + + + + + +
YM + + + + + + + +
G + + + + + - + +
GL + + + + + - + +
PG + + + + + - + +
SG + + + + + - + +

B: basic drink; R: raspberry flavored drink; S: - strawberry flavored drink; F — fig flavored drink; C — chamomile
flavored drink; EG — Earl Grey drink; P: peppermint flavor; YM — yerba mate flavor; G — ginger flavor; GL —
ginger and lemon flavor; LG: Lemon Ginger, PG: Peppermint Ginger, SG: Strawberry Ginger.
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Table 3. ICP/MS analysis of cation presence in drink samples and berries (mg/serving).
Analyte Ca Fe Cu K Mg Mn Na Zn
Basic 20.1 0.0 0.0 291.6 103.1 0.3 103.5 0.3
Raspberry 24.8 1.4 0.2 245.0 107.9 0.4 121.9 0.5
Strawberry  26.3 1.3 0.3 274.4 110.3 0.6 116.3 0.5
Fig 234 1.1 0.2 238.1 106.0 0.3 1174 04
Chamomile  19.4 0.0 0.0 290.0 102.4 0.2 100.2 0.2
Yerba Mate  24.0 0.0 0.1 371.8 112.9 1.0 105.4 0.3
Earl Grey 20.4 0.0 3.3 309.5 103.6 0.5 103.1 23
Peppermint  33.7 1.3 0.4 389.9 120.5 0.4 117.9 0.6
Ginger 24.3 1.1 0.2 307.6 110.3 0.4 1134 04
LG 28.4 0.9 0.2 327.5 113.8 0.3 115.7 0.5
PG 31.7 1.5 0.2 371.7 119.2 0.4 1144 0.5
SG 28.6 1.1 0.1 320.3 114.2 0.5 114.5 0.5

B: basic drink; R: raspberry flavored drink; S: - strawberry flavored drink; F — fig flavored drink; C — chamomile
flavored drink; EG — earl grey drink; P: peppermint flavor; YM — yerba mate flavor; G — ginger flavor; GL —
ginger and lemon flavor; LG: Lemon Ginger, PG: Peppermint Ginger, SG: Strawberry Ginger.

3. The Drink Survey

The power drink survey was created using Google Forms, which were programmed the way
that after each new entry, the overall statistics are recalculated automatically.

The main purpose of this survey was to learn about market potential and customers’ preferences
in taste for future commercialization of drinks. The survey was distributed electronically to farmers
and members of local communities during extension outreach events in 2021-23, collecting and
automatically processing the data and statistics. Conducting such an ongoing survey initially allowed
us to make decisions regarding adding or terminating lines of drinks with flavors and additives. It
also helped educate the public regarding power aid drinks on the market vs. our new lines of drinks,
with an emphasis on their health benefits.

The survey includes an Introduction Statement introducing Hawk Power Aid Drinks (Hawk is
a mascot of our school), and the goals for the project. This was followed by a description of the power
drink, and subsequently, questions regarding demographic information, including, but not limited
to: gender, age, ethnicity, education, and field of study, following questions about preferred drinks,
taste aspects of drinks and the overall willingness to pursue such drinks in the future should they
become available on the market.

Survey results were collected from various farms, conferences, and assemblies for the duration
of 2020-2025. Survey results were used to reassess drink formulations and tweak them to meet the
preferences of the public consumers. Figure 14 represents survey results when participants were
asked to pick their three favorite drinks after tasting all of them.
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70 responses

Original Aronia Drink.
Ginger.

Ginger w/-lemon.
Ginger w/-strawberry.
Ginger w/-peppermint
Strawberry.
Raspberry.

Fig Powder.
Peppermint.
Chamomile Tea.

Earl Grey.

Yerba Mate.

Which three drinks did you like the most?

17 (24.3%)

19 (27.1%)
32 (45.7%)
25 (35.7%)

11 (15.7%)
36 (51.4%)
19 (27.1%)

5 (7.1%)
13 (18.6%)

16 (22.9%)
15 (21.4%)

10 20 30 40

Figure 14. Survey results for the ‘three most-liked” drink formulations.

Strawberry, Ginger with w/lemon, and Earl Grey were among the most popular drinks. This is

due in part to the sweet notes of strawberry, the refreshing yet zesty taste of ginger-lemon, and the

pungent yet bitter taste of Earl Grey -- all of which contribute to the success of these drinks in trial

runs.

Figure 15 further narrows this data, as participants were then asked to choose their favorite out

of the three most liked drinks.

70 responses

Original Aronia Drink.
Ginger.

Ginger w/-lemon.
Ginger w/-strawberry.
Ginger w/-peppermint
Raspberry.
Strawberry.

Fig Powder.
Peppermint
Chamomile Tea.

Earl Grey.

Yerba Mate.

What was your favorite drink out of your top three?

25 (35.7%)
10 (14.3%)

7 (10%)

18 (25.7%)

4 (5.7%)

6 (8.6%)

Figure 15. ‘Favorite drink” is out of the top three selections.

Participants picked Ginger-lemon as the best drink formulation out of all 12 flavors. This may

be linked to the time period in which the drinks were distributed. Lemonade is already a very popular

and refreshing summer drink, so the success of ginger-lemon is somewhat expected.

Next (Figures 16-20), we asked participants to rate the overall taste, sweetness, bitterness,

sourness, and aftertaste of drinks. One of the most challenging aspects of creating the survey is

extrapolating individual opinions and criticisms for a wide array of different drinks. With multiple

drinks, a general consensus must be taken into account for the entire lineup of drinks.
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How would you rate the overall taste of your preferred drink (5 — very tasty; 1 — not tasty at all)?
70 responses

40

30 32 (45.7%)

27 (38.6%)
20

10 (14.3%)
0 (0%) 1(1.4%)

1 2 3 4 5

Figure 16. Overall rating of taste.

How would you rate the sweetness of your preferred drink (5 - Too sweet; 1 - Not sweet enough)
70 responses

40
39 (55.7%)

30

20
20 (28.6%)

2(2.9%)

7 (10%) 2(29%)

Figure 17. Sweetness rate of drink.

How would you rate the sourness of your preferred drink (5 - Too sour; 1 - Not sour)
70 responses

30

27 (38.6%)

20 22 (31.4%)

16 (22.9%)

9
4(5.7%) 1014%)

Figure 18. Sourness rating of preferred drink.
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How would you rate the bitterness of your preferred drink (5 - Too bitter; 1 - Not bitter)
70 responses

40

40 (57.1%)

30

20

10 13 (18.6%)
10 (14.3%)

6 (8.6%) 1(1.4%)

Figure 19. Bitterness rating of preferred drink.

How would you rate the after-taste of your preferred drink? (5 - Strong after-taste; 1 - No after-taste)
70 responses

30

2 21 (30%) 20 (28.6%)

14 (20%)

IEREGD)

2(2.9%)

I
1 2 3 4 5

Figure 20. After-taste results.

Figure 17 gives insight into how sweet the drink formulations are, and from this result, it was
concluded that slightly less stevia should be used moving forward. This, in addition to results for
sourness and bitterness, all suggest the augmentation of sweetener in formulations.

As a result of the after-taste survey results, it was determined that an additional field would be
a welcome addition in future iterations of the survey that would help to determine what after-taste
is present in which specific drink formulation and help tackle the issue.

Finally, the last part of the survey was to determine the current level of awareness of the public
regarding power drinks and their health benefits, along with an estimation of the readiness of the
public to the product and price expectations. Figure 21 clearly illustrates that after outreach
explanation activities, a significant portion of participants would be more willing to invest and
consume such drinks in the future.

Knowing the potential health benefits, would you be more or less likely to drink it?
70 responses

@ More likely
@ Less likely

/ Indifferent

Figure 21. Likelihood of consuming drinks after an educational program.
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Results of the “‘More or less likely” question gauge the general interest in the drink project and
the effect of clearly advertised health benefits associated with power drinks. Figure 22 presents the
public intake into the price of the drink.

On a scale of 1 -5, how much would you be willing to pay a premium ranging from $5 for this drink
per 12 oz bottle?

70 responses

@ 1 (Unwilling)
@2

3 (Indifferent)
@4
@ 5 (Very willing)

Figure 22. 'How much would you pay?’.

We have estimated the potential price for the drinks to be between $3 and $4 per 16-oz bottle,
while the production is done on farms using small batch bottling equipment. The question assessed
the general willingness to pay for a price above current projections of 5. From those results, it was
found that less than 15% of participants were inclined to pay for the premium, while more than one-
fourth were very willing to pay $5.

Figure 23 illustrates the potential frequency of consuming drinks by the public.

How often do you think you would see yourself consuming this product?

70 responses

@ More than once a day
@ Daily
Weekly
@ Monthly
@ Not at all

Figure 23. Consuming product results.

Both figures 22 and 23 give insight as to how much and how often people would be willing to
consume the product for a relatively premium price point. Depending on total manufacturing costs
(to be determined in the future), it may be necessary to adjust the price or size of the product to adapt
to market demand.

Figure 24 summarizes the proposal for additional future drink flavors made by the public.
Turmeric, ginger, and herbal teas were the most suggested future additives.
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Which proposed additive would you be most interested in?

68 responses

Caffeine 11 (16.2%)

—12 (17.6%)

Melatonin
Herbal Teas 25 (36.8%)

18 (26.5%)

Various organic extracts (Pome...

Turmeric 16 (23.5%)

Ginger 25 (36.8%)

None

Figure 24. Proposed additive results.

Drink Labels. Drink labels were created and designed through the collaborative efforts of the
REEU summer program members and were made such that all relevant information surrounding a
particular flavor line was clearly indicated and expressed.
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Figure 25. Label design for all existing drink formulations.

4. Conclusions

The formulation of an all-natural, organic power drink with no artificial additives, colorants,
flavorings, or added sugars and its combination with herbal teas and natural flavors have been
assessed in their antioxidant potency for the purpose of creating a new global market in health
beverages capable of clearly labeling their effective ingredients. Based on the research conducted, the
established optimum ratio of aronia berry juice to water- or water-soluble additives in the drink was
1:3. This was determined by analyzing taste, taking into consideration limitation for daily use of
sorbitol, the regulation volume for fruit juice in sports drinks, and finally, maximizing antioxidant
levels. This research explores the potential substitute of water with herbal teas and lyophilized
organic powders of other berries and fruits in the formulation of the drink, which still serves to
maintain the all-natural organic power drink claim while enriching the drinks with beneficial
phytochemicals. For all 12 drink formulations described in this manuscript, the exact levels of
antioxidants, pH, brix, conductivity, and minerals were determined to create accurate and
marketable drink labels. It was found that across all prepared formulations, a minimum
concentration of 80mg C3G, 300mg GAE, 40mg QE, and 200mg TAE was present in each 16-0z bottle
(Anthocyanin, Polyphenol, Flavonoid, and Tannin content, respectively). Key electrolyte compounds
such as Na, Ca, and K were quantified in all formulations, with levels mirroring those of current
market sports drinks.
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Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: Raw measurements of total polyphenols content of drink, Table S2:
Measurements of anthocyanins content, Table S3: Brix, conductivity, and pH of drinks raw measurements, Table
S4. Raw data for ICP/MS.
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Abbreviations

The following abbreviations are used in this manuscript:

UV/Vis ultraviolet-visible spectrophotometry
nm Nanometer

ml Milliliter

puL microliter

M molar

g gram

mg milligram

MPa Megapascal

DF dilution factor

DI water de-ionized water

°C degree Celsius

C3G cyanidin-3-glucoside
DW Dry Weight

FW Fresh Weight

GAE gallic acid equivalents
QE Quercetin Equivalents
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