ABSTRACT

DENG, KAI. Development of Coffee Beverages UsthgFruit-Infusion Process(Under the
directionof Dr. Gabriel Keith Harrik

As one of the most popular beveragesldwide, coffee plays an essential role in the
economy andhe marketThe future trend of coffee consumption will continue to grow globally,
with significant growth (4.1%) in netraditional markets and steady growth in traditional
markets, such as Eype (1%) and North America (2.5%8amoggia & Riedel, 2019Dne of the
reasons that caused the coffee market growth is the development of flavored coffee and creame
However, mosbf themuse artificial flavors, and nored themcontain additional nutrigs. This
project aims to address those problewgh the addition of wolfberry and blueberry, this coffee
beverage can contain natural fruity flavors, aromas, and additional nutviétiigshe possession
of lutein, zeaxanthin, Lycium Barbarum polysacdties, and betaine, the benefits of wolfberry
mainly include antioxidant effects, cancer prevention, imrsystem enhancement, and anti
aging.Conversely, blueberry possesses chlorogenic acid, anthocyanins, vitéemimsols and
citric acid. Blueberries can potentialtpntrol and maintain weight, lower the risk of
cardiovascular disease, positively affect cognition and neuroprotection,ev@hpcertain
cancersWith those healttbeneficial compounds, this fruitfused coffee beverage is expected
to provide nutraceuticaffectsfor humans.

This research conducted two categories of analgseasure this product's better quality:
a consumeacceptance test for sensory analysis and physicochemical anAlysB®-
approved consumexcceptancéest was conducted with 67 participants from the general public
studentsand faculties from NC State Universifjhe result demonstrated that frinfused
coffeegenerallyhas higher liking scores, attractive flavors, and higher purchasing irfibet.

physicochemical analyses consisteghldfmeasurementolor analysis using the colorimeter,



caffeine anahlorogenic acid analysis using HPLC equippeith\a UV-Vis detector,
anthocyanin concentration measurement using the pH differential method with the
spectrophotometdt_ee et al., 2005)andtotal carotenoid quantification using the
spectrophotometric techniq@@heng et al., 2015Results illustraté that the frutinfusion
process dramatically decreased the yellowness and whiteness of the coffee and a higher Brix%.
Moreover, bluebermynfused coffee had a lower pH and caffeaso@tent the same amount of
chlorogenic acid, and a significant amountanthocyanins compared to regular brewed coffee.
The wolfberryinfused sample had the same amount of caffeine and chlorogenic acid, slightly
higher pH and a tiny amount of carotenoids.

A pilot scaleup process was also conductedligcover the best wap preserve flavar
and nutrientsTwo methods were used to process coffee: a conventional heating method using
the steam jacketed kettle and an advanced technique using microwave proCessregtional
processing could preserve half of the anthocyadiidq 50 mg/L) with a good amount of
Brix%. However, the primary issue was that the steam jacket kettle was not sealed, which caused
the loss of volatile compounds in the samgla.the other hand, microwave processing
preservednost of the volatile compound#nceit was a closed system. In addition, microwave
processing could extract more carotenoids from wolfberry, measured in 15.35 to 30.61 mg/L.
That was 50 to 100 times higher than theradde sample, and one serving oftheverage (300

mL) could satisfy the zeaxanthin recommended daily intake headhyadult per day.
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CHAPTER 1 Literature Review

I ntroduction

Coffee is one of the most popular beverages, which people from around the world
consume, and the coffee market is still booming in many developing couBaiesggia and
Riedel (2019) pointed out that the future trend of coffee consumption will contirgrew
worldwide, including those conventional and rtoaditional markets for coffee consumption. A
significant growth (4.1%) is estimated in nyaditional markets such as Africa, Asia, and
Oceania. On the other hand, steady growth in traditional nsaikebserved in Europe (1%) and
North America (2.5%). This increasing demand for coffee is because of the more convenient
shopping circumstances (online shopping), the innovations of coffee that are consumed outside
of the home, and the newly developedffee beverages in the food industries (Samoggia &
Riedel, 2019).
History of Coffee

Even though a growing number of populations are paying attention to coffee nowadays,
the origin of coffee was discovered in 850 (A.D.) in Ethiopia (Teketay, 1998). Acgadalin
Teketay (1998)even thougtihe origin of coffeas controversial, recent studibglievethat
Ethiopia was the place where Arabica coffee originaedfee was planted in Harar when
Arabs took up this city. Coffee was then introduced to Mecca aeddpo other cities in
Islamic areas. In sumary, there are three major areas in Ethiopia for a considerable amount of
coffee cultivation, including eastern, southern, and westeathwestern regions in Ethiopia
(Teketay, 1998). In east Ethiopia, coffadtivation covers about 8% of land areas, and coffee
yields account for 8% of total coffee production. The relatively low humidity and proper rainfall

throughout the year make the soil suitable for coffee cultivation. As a result, the coffee from



easterrkEthiopia is famous for its extremely high quality and price in coffee markets worldwide.
On the other hand, compared to the eastern region, the southern part possesses higher rainfalls
and volcanic soil, which makes the yield of coffee in this area actmud5% of coffee

production in Ethiopia. Finally, the westesouthwestern area occupies the largest land area for
coffee growth, about 58% of the area. Among those three major areas, the-segtewestern

area has the highest rainfalls and excebeiitproperties, making this area the highest coffee
productivity (Teketay, 1998).

People started to consume coffee ages ago and consumed it in various ways other than
drinking it. People initially consume coffee by directly chewing the actual bean pihlputi
other processing techniques. However, limited shelf life makes pleapéto eat dry fruit.

Moreover, the study pointed out that from 1768 to 1773, people began to create innovative
methods to eat coffee by mixing roasted coffee beans with bufi&ramd making them a

protein baflike dish. People consume this dish to survive under severe conditions during desert
traveling. Besides being consumed by humans, coffee was used in marriage in some African
regions and used as currency by people fromoGdieketay, 1998).

People agree that drinking coffee can bring various functional benefits when people think
about consuming coffee. According to Samoggi a
and therapeutic effects are two primary reasonslpegmsume coffee. Even though the price is
still a significant factor that impacts consumers purchasing coffee, there is an increasing trend
that more and more people are starting to consume coffee because of its potential health benefits.
In addition, pesonal life habits and socialization are factors that can also affect coffee

consumption. Despite the fact that specific positive impacts can be achieved, the vast majority of



people still tend to believe that drinking coffee will have adverse effectseorbbdies, and they
are cautious about consuming coffee based on the questionnaire (Samoggia & Riedel, 2019).
Coffee Health Effects

Consumption of coffee is such a controversial topic because of its esaldgsword
effects. Multiple studies have showmrat drinking coffeecould positively affect our bodies, but
adverse effecterould emerge from consuming excessive amounts of cofetfeeis a
complicated chemical mixture with over 1000 chemicals, including polyphenols, carbohydrates,
lipids, vitamins minerals, etc. This feature makes coffee one of the most chesnitethed
drinks (Bae et al., 2014; George et al., 2008). One of the most impressive functions of coffee is
its chemoprevention effects on the human body. Nowadays, the surge of canlomelys
related to the increased exposure to chemicals in lifestyle. Therefore, multiple studies have been
conducted regarding the consumption of coffee and cancer prevention. Studies illustrated that
coffee ingestion is associated with a lower risk ofougs cancers, including colorectal, liver,
renal, ovarian, pancreas cancer, etc. This beneficial effect is achieved by antioxidants, such as
chlorogenic acid and diterpenes in coffee (Bae et al., 2014; Nieber, 2017; Butt & Sultan, 2011,
George et al., 2008Besides cancer prevention, George et al. (2008) mentioned that caffeine
could increase performance efficiency. It is a powerful stimulant that affects the brain cortex
within the central nervous system, making coffee a great option as an energy hdwerage
addition, some studies have shown that there is a relationship between regular coffee intake and a
| ower risk of Parkinsonés disease (Bae et al
al., 2008). In continuation, drinking coffee can lowhe risk of type 2 diabetes, cardiovascular
disease, and liver disease (Bae et al., 2014; Nieber, 2017; George et al., 2008). There is no doubt

that coffee's beneficial effects outnumber the negative impacts. However, adverse effects still



need attentioto demonstrate the negative effects on human health. Butt and Sultan (2011) stated
that excessive consumption of coffee is one of the main reasorsitisgsmdverse effects, such

as insomnia, epilepsy, and osteoporosis. Pregnant women should avoidgdcoftee because

of the potential damage that coffee can casseh as miscarriage and low birth weifde et

al., 2014; Butt & Sultan, 2011; George et al., 2008).

Cof feebs energetic effect makes it asn exce
and artificial colorants. Therefore, more and more soft drinks companies have started adding
coffee elements into their products, such as cdfteered coke. In addition, Samoggia and
Riedel (2019) pointed out that reattydrink coffee has started become an extraordinary
existence among coffee products because of its suitability for the currerargkgb lifestyle,
major investments, and coffee culture growth. This developmentatsodiffectour product
innovation; more details will be disssed below.

Although the public still possesses a conservative attitude towards coffee consumption,
there is no doubt that coffee contains many nutrients, includingh®aols, biochemical
elements, and bioactive compounds (Samoggia& Riedell, 2019).A\\ithse compounds,
chlorogenic acid, caffeine, and polyphenols are-ketiwn for their functionalityn humans,
especiallytheir antioxidizing and energetic effects. Moreira et al. (2017) analyzed the coffee
compositions by using various techniques, idolg gas chromatographyass spectrometry
(GC-MS), highpressure liquid chromatography (HPLC), and anion exchange chromatography to
determine the methanolysis products, chlorogenic acid, and content of different carbohydrates,

respectively.



Table 1L Chemical Composition of Green and Roasted Coffee (Mussatto et al., 2011; Moreira et

al., 2017)
Green Coffee Roasted Coffee
Component/Coffee Composition
Arabica Robusta | Arabica Robusta
Monosaccharides | 0.2-0.5% 0.2% 0.07% Fructose, glucose
galactose
Oligosaccharides | 6-9% 3-7% 0.16% 0.1% Sucrose, raffinose
Polysaccharides | 3-4% 1.53% Polymers of
galactose,
arabinose
Cellulose, 41-43% 32-40% N/A
b (-4hmannan
Acids and Phenols
Chlorogenic Acid | 6.7-9.2% 7.1:12.1%| 2.572.99% | 2.843.22% | Mono-, dicaffeoyt
, and
feruloylquinic acid
Lipids 1518% 8-12% N/A
Protein 8.512% 12.3614.32%| 14.917.26%
Caffeine 0.81.4% 1.7-4.0% [0.830.93% |1.421.76% | Traces of
theobromine and
theophylline

Economics of Coffee

Ponte (2002) stated that coffeadbecome a powerfudropto help developing countries

profit asa worldwidecommaodity. In 2002, around 2.25 billion coffee cups were consumed

worldwide daily. The International Coffee Organization (ICO) pointed outctiitee

consumption has increased by 1% worldwide, with exporting countries gaining 0.7% and

importing countries increasirgy 1.2% from 2019 to 2020 (Table 2). Other than the

consumption of coffee, the production had robust growth in the past two year &oifee




production gained 6.3% overall, and South America, a leading region for planting coffee, had an
overall 14% production growth (Table 2).

Table 2 Yearly Coffee Production and Consumption Worldwide (International Coffee
Organization, 2021)

Yearly Coffee Year % Change 2012020
Production By
Species(In thousand

60kg bags)

Types of Coffee 2019 2020

Arabicas 92,585 105,262 13.7%

Colombian Milds 15,518 15,633 0.7%

Other Milds 29,219 29,337 0.4%

Brazilian Naturals 47,848 60,292 26.0%

Robustas 72,368 70,086 -3.2%

Total 164,953 175,347 6.3%

Yearly Coffee Year % change 2012020

Production By
Region (In thousand

60kg bags)

Growth Region 2019 2020

Africa 18,686 18,514 -0.9%

Asia & Oceania 49,336 49,086 -0.5%

Mexico & Central 19,564 19,542 -0.1%

America

South America 77,367 88,205 14%

World Coffee Year % change 2012021

Consumption By
Region (In thousand
60kg bags)

Region 2019/20 2020/21




Table 2 (continued)

Africa 12,024 12,242 3.4%
Asia & Oceania 36,002 36,503 1.5%
Central America & | 5,327 5,364 0.6%
Mexico

Europe 53,372 54,065 0.5%
North America 30,580 30,993 1.2%
South America 26,898 27,180 0.3%
World 164,202 166,346 1.0%

It is clear to recognize that the global coffee market still possesses steady growth during this very
special and challenging period. Due to the Ca\Mdpandemic, many industries have been

affected, and coffee cannot escape. Hernandez et al. (2020)tstdtedsome major coffee

producing countries, the harvesting and shipping process is delayed due to several reasons, such
as the lack of labor, government regulations, Covid infection, and government lockdown. As
domestic and international shipping preses are delayed, the delivery of coffee is also affected,
and the selling price of coffee increases. Despite the adverse effects thal @bvalight on,

the overall coffee market still has steady growth. Moreover, the public started to realize the
importance of health; the consumption of coffee will continue to grow because of the potential
health benefits that coffee contains. Therefore, the question &mesn innovative coffee

product with attractive flavors, handy packaging, and potentially eeldamutritional value be

create®@ Whenthis product accomplishes this, it can provide an extra choice for consumers, a
drink product with supplement efficacy to the market, a new way to make coffee, and even boost

the global coffee market to its next level



Fruit -Infused Coffee

Coffee possesses an intricate flapoofile. Seninde & Chambers (2020) explained all
coffee flavors, including floral, nutty, fruity, earthy, spicy, acid, bitter, ashy, etc. Withstanding
this, fruitinfused coffee can be describ&slthe fruit contributing its flavor profile to coffee and
becoming a part of a coffee or coffllee product. Coffee becomesatural resource extract
beneficialcompound from dried fruits|t turns itself into a drink with intense fruity flavorscan
provideshealth benefits, including antioxidantétamins, polyphenols, etc. Furthermore, in
terms of fruits, dried fruits will be used in this project for the following reasons. Firstly, dried
fruits have a much longer shelf life than fresh fruits. #kding to Chang, Alasalvar, and Shahidi
(2016),the mospopular fruits are grown seasonally. Thus, they might not always be accessible
in the fresh statél o increase the shelf life of fresh fruits, numerous processing methods are used
to turn fresh frus into dried fruits. From a long point of viemmerous aspects must be
considered if this product is going to the market eventubtly instance, the supply chain is one
of the most crucial parts since it provides every ingredient for the final prddherefore,
ensuring the integration and quality of the whole supply chain is essential. Dried fruits are much
easier to store and transport because they have a longer shelf life due to the low moisture content.
Additionally, the quality of fruits is vitdlor the final product. Kader (1997) demonstrated that
the fruit ripening process involves a series of complex chemical reactions, changing the fruit
dramatically. For instance, the tomato fruit undergoes significant transformations as it moves
from immatue green to a completely red ripen condition, includiokpr, composition, scent,
flavor, and texture alterationk indicates that the ripening process can change the attributes of
fresh fruit, and it might also impact its quality. Thus, using drieilsfis more reasonable

considering the quality control. Finallthis project aimgo create a coffee product instead of a



juice or coffeelike product. Therefore, coffee should be the primary component, and fruits
should not overpower the effect of coffeensequentlyafter a comprehensive notion of the
supply chain, quality control, and original concept. The dried fruits were chosen in this project
over the fresh fruit. In continuation, it is easy to see how this product fits into the category of
coffeeproducts, with a significant amount of combinations and characteristics. Howsver,
thesisresearchocuses on developing this pleasant flavor product with innovative packaging and
applying the overall concept to the industrial scale. Neverthelesss @ é¢iation necessary even
though it sounds creative? This question will be explained below.
Necessity ofProduct Development

There are a few main reasons to do a new product development: a) there is an empty spot
in the market, and it is an excellent opportunity to create a product to fulfill this spot. b) this
product will potentially dominate a significant market share. Astimiead above, in the current
market, there is no doubt that coffee consumption will continue to grow; on the other hand, the
growth rate will be significantly higher without the pandemic. De Luca and Pegan (2014)
mentioned that a new coffee consumptiorigrat called oubf-home consumption, has
emerged. This consumption pattern can lead consumers to drink coffee and its products in the
future, and this new product will fit their needs. In this project, dried wolfberry and dried
blueberry will be used beaae they have distinct differences in chemical composition and
sensory attributes. The carotenoid is the primary pigment that gives the wolfberry a distinctive
red color. As for the blueberry, anthocyanins are the primary pigmermrthadles the bluebeyr
with a purplehue Despite carotenoids and anthocyanins being completely different pigments

with different characteristics. Both will provide significant health benefits for humans, such as



the antioxidative effect. Thus, these two fruits from two dedive groups can be excellent
options to fill the need for this product development.
Market Analysis

It is rational to initiate this product development project by looking at the current market.
A total of 3 product categories can be determined after quick market research, including
artificial-flavored instant coffee (Figure 1), artificiihvored creame(Figure 2), and readip-
drink dried fruit coffee (Figure 3) sold by coffee shops. Even though this fruity flavor concept
can be observed in every category, some issues are associated with each product. For example,
artificial-flavored instant coffee b comes with artificial flavor, sugar, and creamer
(components vary with different products). Therefore, most of the time, this product does not
taste like coffee, andll the ingredientgannotprovide any nutritional value to consumers. This
artificial-flavored instant coffee can be found in some Asian areas, especially in China, since
coffee is still a relatively new beverage andasv expandingTherefore, those artificial flavors
can attract more potential customers. On the other hand, artifidaltyréd creamer is a typical
product that can be found in the United States. Similar to artificial flavored instant coffee, the
flavored creamer is able to provide artificial flavor to the coffee. Nevertheless, the problem with
creamer is that it wiljive excessive sugar but little ton-nutritionalvalue to humans. Since
sugar can bring out some health issues in humans, such as diabetes and obesity, it is reasonable
to list some artificially flavored creamers as unhealthy. Finally, réadlyink dried fuit coffee
can be found in some coffee shops in China. T
some dried fruits on top of a cup of regular cold brew coffee, and this product is ready to be
purchased. However, the drawback of this produetigdent Due to the extremely short

extraction time and the smallmberof berries in the drink, this final product tastes like regular
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cold brew coffee; in other words, it lacks fruit flavor. Thus, it is not appropriate to call it a dried
fruit coffee withno fruit flavor.

The fruitinfused coffee idea has been initiated to mitigate the drawback of previously
mentioned productdVith proper processing methods, this final product should present natural
flavor, color, and bioactive compounds directly fromits infused in the coffee. Moreover, the
final product should have over 12 months of shelf life and be free from refrigeration. Thus, it is

more environmentally friendly and outstanding than other coffee products currently on the

market.

Figure 1: Artifcial-Flavored Instant Coffee

WHITE CHOCOLATE
RASPBERRY
i

Figure 2: ArtificiatFlavored Creamer
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Figure3: ReadyTo-Drink Dried Fruit Coffee
Introduction of Wolfberry

The wolfberry Lycium Barbaruny also known as goji berry, is one of the most famous
herbs used in China faenturies. There are various ways of consuming wolfberry, including
water infusion, cooking, infusing other herbs, and directly eatimg 1596, one of the most
distinguishable herbalistsj Shizhenhad his own opinion about the wolfberry. In his bgible
Compendium of Materia Mediche mentioned that the wolfberry coyddsitively affecteye
diseases; he also mentioned that the regular intake could remove fatigue, keep calm, and prolong
life. Even though Li Shizhen was limited by technology and soihiés research has been
proven wrong, henadesome significant contributions regarding wolfberry research through
observations. Recently, researchers have found numpiexes of evidenc® prove the
existence of distinguishable nutrients inside waffies, including sugar, betainkeycium
barbarumpolysaccharides (LBP), pharmacodynamic amino acids, flavonoids, and carotenoids.
With those compounds, the corresponding benefits of wolfberry are rich in antioxidative
properties, immunsystem enhancemeitntiaging, and cancer prevention (Yajun et al., 2019).

One interesting fact about the wolfberry is that it has different qualities even though they plant

12



close to each other geographically. The criteria to define the quality of wolfberry are two

substanes: total sugar and betaine. Those two substances are the primary nutrients with opposite
characteristics; sugar acts like acid, and betaine acts as a base. The best quality of wul#lterry

have a balanced ratio (50:50) between its total sugar andéetatent. The wolfberry plant

will hugely impact its nutritional value in this geographical pattern. One of the studies has

pointed out that Zhongning of Ningxia is the city that produces the best wolfberries. With the

highest annual rainfall and mean fggnature, the moderate altitude, sunshine duration, and
temperature difference between day and night,
proper sugabetaine ratio but also the highest amount of LBP, iron, magnesium, and selenium
(Yajun et al, 2019).

Both dried and fresh wolfberiig bright red and thecarotenoids are the primary pigment
responsible for this coloAccordingtoK u |l ¢ zy Es ki -Ma o 0 a BOdAGH Kk a
carotenoids are the second most abundant bioactive compound in the wolfberry other than the
LBP. Within the carotenoids, zeaxanthin and its isomer lutein are the dominant compounds that
occupyaround 31o 56% of the total carotenoids. In traditjavater infusion is one of the most
prevalent consuming methods of wolfberry. Dried wolfberries will be put in hot water (fresh
boiled) and consumed after the infusion water cools down. Similarly, thigrffugion coffee
applied the same concept; th@yodifference is using coffee as an extracting tool instead of
water. The water infusion method seems to be a fraud in extracting carotenoids due to their
insolubility in water. Nonetheless, fruitffused coffee is an alternative way of making carotenoid
extraction sinc&katnayake et al. (1993) have confirmed that a small portion of lipid from coffee
will leak out into the coffee liquid after processing. In addition, A&l et al. (2013)

demonstrated that a 6 mg per day intake could mitigate the rggittoig agerelated macular
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degeneration diseasstill, atypical American diet only contains around 1 to 3 mg of lutein and
zeaxanthin per day. Thus, this small portion of lipids could facilitate lutein and zeaxanthin
extraction from wolfberries, andwill meet the daily requirement of a regular adult.
Lutein and Zeaxanthin

Lutein and Zeaxanthin are the major componentsalfberries’ carotenoids, and both
belong to the xanthophyll family. Lutein and zeaxanthin are unique to humans compared to other
carotenoids because they exist in human eye tissues. Both lutein and zeaxanthin are significantly
concentrated in a tiny part of the retina called the macula. They are the only carotenoids in this
tissue responsible for central vision and visual acuity sThuein and zeaxanthin might be
potential antioxidantthatcan screen out higanergy blue light. Moreover, lutein can be found
in human serum with the second most abundant presence. Studies have found an inverse
relationship between the intake and settavels of lutein and the risk of getting certain ocular
diseases, including agelated macular degeneration and cataracts. Furthermore, the latest
studies also indicated that the intake of xanthophylls, such as lutein and zeaxanthin, can help
reduce theisk of atherosclerosis to promote heart health. Oral consumption of lutein and
zeaxanthin could promote skin health by reducingibduced damage. Thus, it is confident that
consumingcarotenoids, especially lutein and zeaxanthin, will positively affentan health in
various ways, including vision and other aspéatses-Rodrigues & Shao, 2004).

If coffeecanextractlipid-soluble compounds, such lagein and zeaxanthjifirom the
wolfberry, this product will bean excellent drink with natural caroteds that will support
vision health for consumers. In the meantime, AlReslrigues and Shao (2004) pointed out that
there was a declining trend in lutein consumption levels in the US and Europe diets. Thus, this

product can be an excellent option for somerdacking lutein and zeaxanthikligh-
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Performance Liquid Chromatography (HPLC) will be used to analyze the lutein and zeaxanthin
content in the fruinfused coffee.
Other Potential Benefits of Wolfberry Consumption

Other than carotenoids, wolfberries also contain a significant amount of other nutrients,
includingLycium BarbarunPolysaccharided BP), betaine, ascorbic acid, thiamine, riboflavin,
potassium, iron, zinc, and selenium (Wenli et al., 2021). Among aéthotrients, the LBP has
gotten more famous recently because of its incredible functionalities for humans. Jin et al. (2013)
pointed out that pharmacological experiments have proven that LBP has several biological
activities, including antioxidant, aréging, antitumor, neuroprotection, radioprotection, and
other functionalities.

Moreover, the LBP and the betaine are crucial factors in determining the quality of the
wolfberry. Since LBP can provide many benefits for human health, betaine is as easdriiBl
in terms of its functionalities. Craig (2004) stated that betaine dmitlte osmolyte or a methyl
donor. Betaine acts as an osmolyte, protecting the cells and proteins from environmental stress.
However, when betaine is considered a methyl daohbas been proven to protect organs, such
as the liver and kidney, and even improve exercise performance. Due to the water solubility, both
LBP and betaine can contribute their functionality when dried wolfberries are infused with
coffee.
Dried Wolfberry Process

As mentioned, dried fruits have more advantages over fresh fruits for this project,
including better quality control, better taste of final products, and steady shelf life. Thus, the
drying process plays a significant role in preserving the qualitiye ingredients. According

Cuiet al. (2022), wolfberries are dried in different ways worldwide depending on various
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variables. Conventional drying techniques concentrate primarily on utilizing high temperatures

and longer drying timet® removewater from food. Nonetheless, fruits like berries are often

sensitvet 0 heat; thus, a more significant temper at
structure, color, and flavor. Therefore, it is crucial to understand the optimal drying method for
wolfberry since the quality of dried wolfberries can potentially affect the quality of the final

product of this project, which is fruibfused coffees.

The fundamental goal of the drying process is to remove the water from the fruit in order
to prolong its shiglife. Thus, the skin of the wolfberry can be crucial throughout the drying
process since it is the connection between the inner fruit and the environment. Researchers have
discoveredhat the only epidermal structure identified in wolfberries is sudedrby a thick
layer of longitudinally folded cuticles and a thirmx coating The wax component of the skin
serves as a natural barrier against fungi and water loss, preventing moisture from moving over
the membrane during the following drying process. Therefore, removing the wax layers by the
pretreatment method demands particaktention due to their significant impact on the storage
life and safety of the dried wolfberry products (Cui et al., 2022).

There are two categories of drying methods: physical and chemical methods. The
physical technique used abrasive pretreatmergrnmwyve the wax covering from fresh
wolfberries. Compared to untreated wolfberries, the physical wax removal process significantly
shortened the time to dried wolfberries; other than that, treated wolfberries tend to have
improved color preservation and reased antioxidant activity. As for the chemical process, it
usually takes a shatime (a few minutes) to break down the wax coating of wolfberries, making
them more appealing than physical pretreatment procedures. Moreover, researchers also

compared theodium carbonate solution with the sodium sulfite solution, and the findings
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demonstrated that the early drying rate of the wolfberry in the sodium carbonate solution had a
better outcome. Like grapes, wolfberries can also be immersed in potassium eado@oaium
hydroxide solutions, which can cause skin rupture and facilitate maasser Cui et al., 2022).

Sun drying (solar dryingand hot air drying are the two primary traditional drying
technigues used extensively in manufacturing wolfberries.sbihar drying technique has the
most extended history among other techniques; however, the production quality through solar
drying is not always the best. The extremely long heating period (24 hours to 120 hours) can
destroy a considerable amount of reris inside the wolfberries, including Vitamin,
carotenoids, flavonoids, and other beneficial compounds. Solar drying also requires a sizable
space, and it is difficult to regulate the drying process effectively; those drawbacks make the sun
drying methodunsuitable for largascale production in the current industry. On the other hand,
hot air drying is more advanced in contrast to solar drying. It requires a shorter drying time (15
to 48 hours) and becomes more controllable than solar drying. Howeverdstauots prevent
this method from being an appropriate approach to processing wolfberries. For instance, the
rapidly reducing surface moisture might lead to a subsequent shrinkage, while extended exposure
to heat might significantly deteriorate the quatifywolfberries. Even though traditional drying
methods are still used in many areas worldwide, their drawbacks make them unsuitable for
contemporary industrial production (Cui et al., 2022).

Since the conventional drying process has many issues, maecadvtechnologies have
been developed to address those problems. The advanced techniques include microwave drying,
heat pump drying, freeze drying, pulsed vacuum drying, infrared drying, and other techniques.
Compared to the conventional drying methols, microwave technique can significantly reduce

the heating time. In addition, proper heating power will produce uniform heating. Nonetheless,
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the cost of th@rocesgprevents the microwave drying method from being prevalently used.
Microwave technology uslly demands a high expense, so it is only used as an assistant drying
method to help other techniques produce highality products. Heat pump drying is an
innovative technique that originated from hot air drying. As the name suggests, heat pump drying
machines have an additional pump compared to conventional hot air dryers. In this case, the
pumpcanrecycle the energy to lower the overall cost of the drying process. However, the four
major components of the pump require frequent maintenance, whias e technique cost
higher than other drying methods. Freeze drying, pulsed vacuum drying, and infrared drying are
more advanced techniques and can better preserve product quality (Cui et al., 2022). This
advantage makes those techniques the futureyofgland preserving food ingredients. In this
project, dried fruits that went through those processes will yield higher nutrient content in the
final product; thus, those dried fruits should be prioritized.
Introduction of Blueberry

Blueberry is a smaftuit thatbelongs to the speci&accinium Blueberries originated in
North America with a significant number of subspecies, including lowbush blueberry, rabbiteye
blueberry, and highbush blueberry from the southern and northern areas (Vincent e®al., 201
Lowbush blueberries are used as fresh and processed organic fruit, and they are also used in
baked products and yogurt. Indigenous peoples typically usevaidrsystems, such as slash
andburn techniques, to grow lowbush blueberries in Maine, Nem®vick, and other regions
of Canada. On the other hand, the highbush blueberry was initially cultivated in New Jersey
approximately one century ago. Nevertheless, they have a significant global cultivation increase
due to their survival flexibility. Highbsh blueberries can also be used in processed foods

(Vincent et al., 2019). Regardless of the subspecies, blueberries are one of the best suppliers of

18



anthocyanins compared to other common fruits (Table 3). This pigment, known as anthocyanins,
gives thoseipe berries red, blue, and purple coloring. Moreover, anthocyanin concentration can
rapidly increase throughout berry ripening to provide a visual indication to discern between early
and fully ripe fruits (Kalt et al., 2020). The bioavailability of anthaays is another diverting

subject to study; however, it is intricate to tell the relationship between the anthocyanins and
their health outcomes with in vivo metabolites. After consuming anthocyanins, they transformed
into a wide range of compoundsaichas 3monoglucoside acylated and ]jlucosides forms

with a series of chemical reactions by microbial metabolism. Moreover, the metabolite of
anthocyanins also has a very variable clearance rate. For instance, a significant afiGunt of
labeled CQwasfound in exhaled breath six hours after individuals consumed anthocyanins,
indicating complete and quick decomposition. Nevertheless, 48 hours later, over 50%©f the
remainedn the body. Moreover, anthocyanins and their phase 2 metabolites cae stitked

in urine, most likely because they were transported in bile. Also, the gastrointestinal microbiota
catabolizes anthocyanins and other dietary polyphenols, which results in an abundance of
phenolic acid metabolites in the large intestine (Kadl.e2020).

Table 3. Anthocyanin Concentration of Popular Fruit Consumed in the U.S.

Fruit Description Number of Sample | Anthocyanins
Concentration
(mg/1009)
Apple Red peel 6 12
Apple Yellow peel 2 0
Banana | 0
Blackberry 4 245
Blueberry Highbush 7 387
Blueberry Lowbush 1 487

19



Table 3(continued).

Cantaloupe | 0
Cherry (sweet) 4 122
Grape Red peel and flesh 5 27
Grape Purple peel and fles} 1 120
Kiwifruit | 0
Nectarine Yellow peel 5 15
Orange Orange flesh | 0
Plum Yellow peel 1 0
Plum Red peel 2 20
Plum Black peel 2 116
Raspberry (red) 5 92
Strawberry 8 21
Watermelon i 0

Frost, Ristenpart, and Guinard (2020nducted a descriptive analysis in their research.
Theresult demonstrated a list of attributes of brewed coffee, including astringency, bitterness,
black tea flavor, blueberry flavor, etc. Since the blueberry attribute is present in the coffee; thus,
adding dried blueberries to the coffe®uld boost the oginal blueberry attribute in the coffee.

As one of the superfruits on the market, blueberrieg@aoe for ordinary people arah

excellent choice for professional athletes. Sucharita et al. (2019) pointed adrtiaming
blueberries can quickly helphd¢tes recover muscle after strenuous exercises. So, many
professional athletes will choose blueberries over other fruits regarding their functionality.
Regardless of professional athletes, blueberries are able to provide a considerable amount of

benefitsto the public. A study has shown that up to 60% of all polypheruwigprise
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anthocyanin flavonoi ds, contributing signific
Blueberries contain both flavonoid and nonflavonoid polyphenolic compounds.
Proanthocyaniahis and flavonols account for flavonoids found in blueberries, and the
hydroxycinnamic acid esters are prevalent nonflavonoid polyphenolic chemicals (especially
chlorogenic acid) found in blueberries (Kalt et al., 2020).
Health Benefits of Blueberry

The cosumption ofblueberriegprovidesvarioushealth benefits for humans due to their
chemical properties. One of the most noticeable benefits of consuming blueberries is
cardiovascular health. A considerable amount of research has pointed out that regogainblue
consumption will positively affect cardiovascular diseases. According to aanatgsis of 6
studies, a higheainthocyanin intakeill decline mortality risk. Among those risks,
cardiovascular mortality risk is at the top of this list (Grosso g2@l7). Besides cardiovascular
health, consuming blueberries is another influential factor in weight control and maintenance.
Bertoia et al. (2015) have found that the highest consumption of blueberries was related to the
least weight gain-0.64kg over 4/ears) when comparing 16 popular fruits. In a study of 124,000
individuals, the strongest association between increased anthocyanin consumption and decreased
weight gain {0.1 kg per 10 mg anthocyanins) was found among the six groups of flavonoids
(Bertoia et al., 2016). This evidence indirectly proved that consuming blueberries could
potentially limit weight gain, lowering the risk of cardiovascular disease. Additionally, blueberry
intake could positively affect cognition and neuroprotection. Devore €QGi2) have
demonstrated that greater ingestion of blueberries and strawberries was correlated with slower
rates of cognitive decline in older individuals, with an estimated delay in decline of 2.5 years.

Besides, Gao et al. (2012) also found that tighdst quintile of anthocyanin and berry intake
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was attributed to a reduced risk of Par ki nson

studies. Kalt et al. (2020) reported that after 12 weeks of moderate consumption of either
Concord grape or bluebrgrjuice, the result demonstrated that the cognitive function in elderly
individuals had been improved. Moreover, improved &sitchingand less memory
interference have been observed in healthy older people after they took blueberry supplements
for 90 chys. 39 older persons with cognitive problems who consumed blueberry powder saw
moderate improvements in their memory and reported feeling better overall. Thus, these kinds of
advancements demonstrated improved executive function. Other than those,bregefis
consumption of blueberries can also bring antioxidant, antitumor, and antidiabetic effects. This is
mainly due to their high levels of vitamins, anthocyanins, flavonols, chlorogenic acid, and
procyanidins, which bring high antioxidant activityet®old et al., 2021).
Anthocyanins

Blueberries contain high amounts of sugars (glucose and fructose), vitamins A, D, and E,
folic acid, minerals, and organic acididore importantly they are a significant source of
bioactivecompound, such aglavonoids.Including anthocyanins, flavonols, arfthvonols
While flavanols are represented by catechin, epicatechin, and gallocatechin, the most prevalent
flavonols in blueberries are quercetin, myricetin, and kaempferol (Petzold et al., 2021). As
mentoned above, the anthocyanin content of blueberries is responsible for their blue and purple
hue. Moreover, anthocyanins are the aglycone form of anthocyanidins based on the groups of
donor electrons (methoxy or hydroxyl) that attach to the aglyconesd@lires have five
anthocyanidins, including malvidin, petunidin, peonidin, cyaniding, and delphinidin (Petzold et

al., 2021) Blueberries' biological activity angbtential health benefits are frequently attributed
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to these anthocyanidins, which have haghioxidant capacities. Nevertheless, the anthocyanin
level might vary from 9235 mg/100g depending on the different species of blueberries.
Furthermore, the pulp and peel of blueberries contain significant amounts of bioactive
compoundg. Pertuzattet d. (2016) showed that the peel contained more phytochemicals than the
pulp. The fruitébés tot al phenolic contgdlot wvar.i
acid equivalentGAE), while its anthocyanin concentration was between 70.2 to 217.5&mg
100 grams of CYBEB-G. Procyanidinsconsidered one of the principal phenolic chemicals in
fruit pulp, can be found in blueberries (tannins). Besides, blueberry extracts contained 300 mg
per 100 g of procyanidin B1, and their average condensed tamalmlas 90 times higher than
the hydrolyzable tannin amount (Pertuzatti et al., 2016).
Chlorogenic Acid
Chlorogenic acid is a rich antioxidant in blueberrdsverthelesghe content of
chlorogenic acid significantly varies among different species fr@a @ 0.347 mg per g of
blueberry (Ma et al., 2018). Chlorogenic acid is a crucial agent against liver ddtreagkother
compoundssuch as flavonols, can exert consideraiitoxidant protective effects, which link
to the redox response to a toxitesdte dosage in the rat brain and liver (Ma et al., 2018).
Chlorogenic acid quicklylegradesvhen enzymatic browning occurs. Kader et al. (1997)
found that after 30 minutes of homogenizing fresh blueberries, the color of the resultant turned
dark brown.The intensity of brown color was much more intense at the surface, indicating
oxidation of chlorogenic acidoreover, studies have shown that chlorogenic acid declined
dramatically during the first 10 minutes, reaching a minimum level at around 30 mihetes
droppingsteadily. Also, the kinetics of chlorogenic acid breakdown was not changed by the

addition of catalase at the start of the experiment, demonstrating that only polyphenol oxidase
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should be engaged in the whole proc&esearchers alfoundthatpolyphenol oxidase can
oxidize anthocyaningKader et al., 1997 Furthermoretheanthocyanin degradation was
reported beaccelerated by adding chlorogenic acid when they were present in the reaction
mixture. Nonetheless, neither chlorogenic a@d anthocyanins were degraded after the
enzymatic extract was heated to the point of inactivation (Kader et al., 1997). Thus, this infusion
projectcouldseize the enzymatic extract by heating processes and maximdddhmgenic
acid and anthocyanins eentrationin the final product with the blueberry infusions.
Dried Blueberry Process

Like fresh wolfberries, a distinct epidermal structure on fresh blueberigestsd in a
waxy lipophilic covering that acts as a barrier to moisture transport dugiggd The
hydrophobic nature of the waxes will prevent moisture from moving from the inside of
blueberries to the outside, which can prolong the drying process. Consequently, several
pretreatments have been used to improve moisture dispersion andhessepaict of skin
hydrophobicity during the drying of whole berries. Alkaline solutions that contain ethyl oleate,
NaOH, or NaCOs will be used as pretreatment for drying blueberries. This alkaline solution can
tear down the waxy covering and considerably speeds up moisture transfer. Furthermore,
cryogenic, freezing, and pulsed electric fields are considered pretreatment becauaaa they
shrink or damage the skin to ensure fast heat transfer and shorter processing times (Liu et al.,
2022).

There are several ways of drying blueberries; however, to keep the best quality, Liu and
his colleagues (2022) demonstrated Hygilyingfar-infrared radiation heatingssisted pulsed
vacuum drying is a better way to gmobtain an excellent quality product. The results indicated

that the drying time and product quality had been considerably affected unatérafeed
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radiation conditions. Besidegfar-infrared radiation also significantly increased blueberry
physicochemical characteristics and drying efficiency compared to hot air drying under the same
drying temperature. Dried blueberries that are processed undefréaed radiation preserve a
higher antioxidant content and fewer changes in their ultrastructure of the cell walls. Evidently,
far-infrared radiation had lesser hardness and color alterations than thedrging method and
improved dried blueberry rehydration capabil@uerall this technology igpromisingfor drying
blueberries with good drying efficiency and quality (Liu et al., 2022). As for this project, it is
vital to find a proper drying technique for the ingredient (dried fruits) since ingrednersts
experience the send round of processing (heating); thereforbetierquality ingredient will
ensure a bettdinal product quality
Production Cost of Fruit-Infused Coffee

Unlike coffee beverages from the current marising excessive added sugar and other
flavor ingredients, frudinfused coffee only uses water, coffee, and dried fruits during the
preliminary production process. Table 4 illustrates the retail price for coffiedwolfberry,
anddriedblueberry on the market and the ideal production cost for aumgef the fruit
infused coffee. The price information thie retail markefprice of watelis obtained from the

Raleigh City websitehttps://raleighnc.gov/doirgusiness/utilityratesdepositsotherchargey

The final estimated price for the coffee and packagiilighe around 1.5 dollarsalf of the

price (~$0.74) is the packaging cost. This final cost neglects the cost ekgirag, equipment
maintenance, and labor. Even though the current production cost is relatively high, this cost is
estimated fosmallerscaleproduction. Nonetheless, withrge-scaleproduction and steadier

supply chainthe cost will likelybe lower than the price shown in Table 4.
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Table 4;: Cost Estimation of Fruiinfused Coffee

Price/Ingredients Dried Wolfberry | Dried Blueberry| Coffee Water
Market Retail Price ~$14.99/Ibs ~$15.84/Ibs ~$12.15/Ibs | ~$0.0092/gallon
Wholesale Pric€Costco) | ~$14.17/Ibs ~$6.61/Ibs ~$9.75/Ibs | ~$1.73/gallon
1 Serving Ingredients Cos| ~$0.31 ~$0.25 ~$0.40 ~$0.14
1 Serving Product Cost + | ~$1.53
Packaging (Plastic 12 oz | (blueberry) to
Bottle) ~$1.59
(wolfberry)

Conclusion

In summaryfruit-infused coffee can be a viable product that fits itself into the current

market. As mentioned above, there will be considerable growth in the global coffee market.

Among the traditional coffee markets, such as the United States and the Europeaescount

there will be a steady growth of 2.5% and 1%, respectively. On the other hand,-the non

traditional market, such as China and Japan, with an estimated 4.1%. This coffee market growth

can be explained by three factors: newly developed coffee prodantgnient shopping

circumstances, and coffee innovations outside the home (Samoggia & Riedel, 2019).

Furthermore|smoyowati et al. (2021) mentioned that the COMI® pandemiémpactedthe

commercial sectors worldwide at a global level. According togkearch, one of the fastest

growing industries prior to the pandemic was the coffee shop, which had se®0% B&cline

in sales. Thus, their productustbe more inventive and agile to help coffee shops overcome

these predicament€onsequentlybottledcoffee is a recent development resulting from this

circumstance in coffee shapalso, the findings indicated that coffee businesses began

producing bottled coffee immediately following the epidemicetain their business
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(Ismoyowatiet al., 2021). Therefore, it is safe to say that there will be an increase in the
packaged coffee market, and it is simple to understand the market share potential for infused
coffee.

Moreover, this product might satisfy customer needs, and the targetroers include
anyone over the age of 18 who enjoys coffee and coffee products. Besides, tm&usad
product is for anyone who wants to lose weight, manage weight, or get rid of certain chronic
diseases, such as hypertension, diabetes, orevenRaskon 6 s di sease. Studi es
regularly drinking coffee will make positiienpacton diabetes, cardiovascular diseases, and
liver disease¢Bae et al., 2014; Nieber, 2017; George et al., 2008). Additionally, several studies
have pointed out thathen people take caffeine at levels of 3 to 6 mg per kg of body mass,
caffeine has repeatedly been demonstrated to enhance exercise performance. Also, caffeine has
been proven to lessen leg pain when doing submaximal cycle ergometry and in conjuniation wit
eccentric exercise (Astorino et al., 2011; Guest et al., 2021). Thus, if consumers need a pre
workout or wakeup drink, this new product can undoubtedly satisfy their requirements. Another
main driver for this pr od tthesedseryperaeptorecdtee i s s en
blueberries and coffee may share some common attributes, the wolfberry can make a difference
to coffeedbs original taste due to the relatiyv
wolfberry, the coffee might get sweetand less bitter accordingly. Therefore, further work
needs to be done to generate a drink with excellent quality, exceptional flavors, and high
nutritional value yekeepssome of the original taste of coffdeence t he r esearch,
Development of Fruitl n f u s e d Typically ftheere aréseveral stages involved in product
development, which may be divided into many vital steps, including 1) Product Conception, 2)

Product Design, 3) Bench Development, which consist of three stages that eavittlagach
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other 3a) Blind Guidance Testing, 3b) Product Optimization, and 3c) Sensory Ardlysis

ShelfLife Testing, and 5) Scalep. Even though market research and marketing play a crucial

role in the product development process, this area is lad¢deto the current study on product
development. These key phaseset he proj ect 6s par afmiuseedr s f or ¢

coffee.
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CHAPTER 2. Determination of the Sensory Attributes andConsumers'Acceptance of
Fruit -Infused Coffee Beverages
Abstract
Sensory analysis plays a crucial role in the food and beverage industry. Meanwhile, it is a
valuable technigue that can make a tremendous impact on the development of food. Two
experiments were condct to examine a newly developed frimfused coffee, including a
preliminary descriptive analysis and a heosage consumer acceptance test. Creation and
testing of coffee prototypes involved coffee roasting, grinding, brewing, fruit addition,
pasteurizabn, fruit infusion, and sensory evaluation. For the descriptive analysis, 11 participants
were recruited to test 15 samples. Participants gave feedback (pros and cons) on each sample
after they tasted it. For consumer acceptance testing, more than EliStpavere recruited from
the general public, students, and faculty members from NC State University. Participants were
recruited using flyers (general public) and emails (students and faculty menfbetential
participants completed a series of qumstiaires to determine eligibility for the taste test.
Participants picked up their samples from Schaub Hall (400 Dan Allen Drive) at NC State
University, they finished the survey and taste test at home (Home Usage Test). All participants
that completed theest received a $10 electronic gift card as compensation. The results of the
descriptive analysis demonstrated that lighdst coffee and mediunoast coffee were
compatible with the fruitnfusion process. Moreover, of the fruits tested, dried wolfeg@nd
dried blueberries were the most compatible with coffee. The consumer acceptance test indicated
that the fruitinfusion process generally elevates the overall liking score over regular. @ffee
reason for théncreasediking was the enhanced ce# flavor and sweetness of the wolfberry

and blueberrnynfused beverages.

32



I ntroduction

As one of the most widely consumed beverages in the world, coffee is now seeing
continued growth in both traditional and raditional coffeeconsuming markets. Samoggia
and Riedel (2019redictedthat global coffee consumption would continue to inceeashe
future. This increasing demand for coffee was due to several reasons, such as online shopping,
coffee innovations, and the food industry's development of a broader range of coffee beverages
Thus, the frutinfused coffee concept was generatefilta niche in the market, namely
creatinga coffee product with natural fruity aromas and flavors that provides enhanced
nutritional value compared with regular brewed coffee. Sensory analysis was conducted to
determine proof of concept and estimate ffetsales of fruiinfused coffee products.

In the food industry, sensory analysis is, logically, one of the most prevalent techniques
for product analysisThe sensoranal ysi s uses the panelists6 sen
and hearing to invegiate food product characteristics, such as texture, flavor, taste, appearance,
and fragrance. Sensory evaluations can approve or disapprove foods or beverages for production
and sale (Ruiapillas & Herrero, 2021). Descriptive and discriminant analysishee two
broad categories into which sensory analysis can be dividheddiscriminananalysis mainly
answers t e equdet isampl fe s?200 aStitnrpil beu trmeosd ed isf foefr edni
tests are based on various assumptions, and they grartiotilarly effective for demonstrating
the similarity of samples or spotting minimum variations. Discrimination tests are not eligible for
lexicons determination and consumer preference tests as well. Descriptive analysis, in contrast, is
a much more gahisticated technique that requires a viined panel. It is a technique that can
detect,characterize, and quantify a product's sensory characteri8tict is more appropriate to

use descriptive analysis while determining attributes of food predBajgott et al., 1998).
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Other than defining the attributes of food products, the food industry can also use sensory
analysis as a decisianaking tool. For example, it is an essential procedure for launching a new
product, enhancing product quality, pietohg and prolonging shelf life, and shrinking the cost

of production and shippindgnnario et al., 2012; Sidel & Stone, 1998) summary, the rational
usage of sensory analysis can significantly contribute to the food industry.

Since coffee is a mixte of hundreds of volatile compounds with complex sensory
attributes sensory analysis is the most prevalent technique for determining coffee's flavor and
taste Despite being more subjective than instrumental procedures, the overall process can be
done fater andsimultaneously assess&sveral characteristics (Nebesny & Budryn, 2006).
Implementing descriptive analysis of the fruinfused coffee was necessary to determine the
general sensory properties of the sample. The result of the consumer acdestarare also
illustratec on s umer s 6 p enfused petsusdraditiomdlly bfewead icaff@derefore,
this study aims to use descriptive analysis to direct the development onfusied coffee. The
consumer acceptance test illustrates the rdiffees between fruibfused and regulaorewed
coffee regarding their sensory attributes, further proving the necessity of develophgfdised
coffee.This study aimed to determine the sensory attributes differences between regular brewed
coffee andruit-infused coffee and determiméhether fruitinfused coffee would meet consumer
requirements.

Method & Procedure
A. Preliminary Sensory Analysis

This preliminary sensory analysis aimed to determine the general attributes of the infused

coffee and the best combination of fruits and rdage¢l| coffee for the final product. While

deciding the best combination, panelists received one scoring sheeteaddcussion sheet
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upon tasting samples. A total of 11 panelists from the lab were recruited for this preliminary
sensory analysis. All participants were over the age of 18, and all of them had tasted regular
brewed coffee before. This study was implated in the laboratory setting. A total of 15 coffee
samples were established and analyzed. The 15 sacaophgsisedive dehydrated fruits infused

into three roastevel coffees Table 5. All the fruits were purchased from commercially

available sourcesncluding a Costco located in Raleigh, NC (wolfberry) and from Amazon (all
other fruits). Coffee samples were roasted by and received from Counter Culture (Durham, NC).
Samples were poured into a lidded translucent plastic cup for preliminary sensgsjsanal

Samples were given to participants in sequential order from 1 to 15. The researcher was the only
person who knew the correspondence between the sample type and the sample number. After
tasting, panelists rated each sample orpaibt hedonic scaleyith 1 being very dislikable and 5
being highly likable. While individuals tried to determine the general attributes of samples, they
noted sensorial attributes and supplied other descriptive comments. To prevent aoyeararry
effects between samples, bgganelist received water, unsalted crackers, and an empty cup for
the expectoration of each treatment.

Table 5. Sample Composition of Preliminary Sensory Test

Fruits Dried Dried Cherry| Dried Prune | Dried Raisin Dried
/ Roast Wolfberry Blueberry
Level

Light 15 g Wolfberry| 15 g Cherry H{ 15 g Prune + 15 g Raisin +| 15 g Blueberry

Roast +16.5 g Light | 16.5g Light | 16.5 g Light| 16.5 g Light | + 16.5 g Light

Roast+ 300 ml| Roast+ 300 | Roast+ 300 | Roast+ 300 | Roast+ 300 ml
water ml water ml water ml water water

Medium | 15 g Wolfberry| 15 g Cherry { 15 g Prune 4| 15 g Raisin +| 15 g Blueberry

Roast +16.59 16.5¢ 16.5¢ 16.5¢ +16.59
Medium Roast Medium Medium Medium Medium Roast
+ 300 ml water| Roast+ 300 | Roast+ 300 | Roast+ 300 | + 300 ml water
ml water ml water ml water
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Table 5(continued).

Dark | 15 g Wolfberry +| 15 g Cherry +| 15 g Prune 4 15 g Raisin +| 15 g Blueberry +
Roast 16.5 g Dark 16.5g Dark | 16.5 g Dark| 16.5 g Dark 16.5 g Dark
Roast+ 300 ml | Roast+ 300 [ Roast+ 300 | Roast+ 300 | Roast+ 300 ml
water ml water ml water ml water water

B. Home Usage Consumer Acceptance Test

In this Home Usage Consumer Acceptance Test, 100 to 120 participants were contacted
for recruitment. Participants comprised the general pudiliclents, and faculty members from
North Carolina State University. This study was approved by the Institutional Review Board
(IRB) with a case number of 25091 (see Appendix for IRB application) due to the human
subjects presented in this experiment. Atgnce this sensory analysis was a home usage test,
participants could grab their samples from a pipkstation. Then, they could taste samples and
finish the questionnaire at other locations; this location should be where participants feel the
most comfotable tasting food.

Flyers and emails were distributed for the recruitment of participants. Flyers (see
Appendix) were posted in the coffee shapsund and inside NC State University's main
campus Those coffee shops included but were not limited tdo8tkis, Cup A Joe, Global
Village Organic Coffee, and the Hill of Beans Coffee. A recruitment email (see Appendix) was
sent to the Food, Bioprocessing, and Nutrition Sciences department to recruit students and
faculty members interested in participatinghrs study. Those responding to the flyer completed
a screener survey (powered by Qualtrics) accessed through a QR code on the flyer. A hyperlink
was provided for potential participants who received a recruitment email. This hyperlink directed

participantgo the same screener survey mentioned above.
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Potential participants had to take a screener survey (see Appérdsgurvey could
filter out individualswho werenot qualified to take the sensory analysis. One day before the

pickup session started, piaipants received a document ticantainedheCOVID-1 9 fiDay of

Screenero process and informed cons en-19. | RB r
conditions. The ADay of Screenero (see Append
ensued participants were free of COVAD9 sy mpt o ms . I n addition, thi

demonstrated sanitation procedures for participants. This was designed to give participants a
better understanding of the overall experiment and cleaning protocol to thdugsks of
exposure to or spread of COMMD9 . I ndi vi duals who failed to pa
be disqualified from the sensory test immediately, so they did not come to theppselssion,
thus limiting the possibility of COVIEL9 spread. Ingliduals could choose a time slot to pick up
their samples after they sigine informed consenA total of 8time slots were arranged from
8:00 am to 12:00 pm. Each time slot is 30 minutes, and a maximum of 17 participants were
allowed to appear in a otigne slot.

Finally, after participants finished the i
pick-up station in front of Schaub Hall at NC State University. Participants needed to check in at
the pickup station. Then, the researcher would hand samples to each participant if they
wereeligible for the test. Crackers were also provided so panelists could use them to @tean the
palates Unlike preliminary sensory analysis, thgéint hedonic scale was replaced by-jdint
hedonic scale. Participants who fully participated in this sensory analysis and finished their
guestionnaire on time received a $10 gift card. Participants alsa ¢tzhce to enter a raffle of

getting a $50 gift card afteompletingthe survey.
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C. Statistical Analysis
All data were collected through the Qualtrics survey powered by NC State University.
Preliminary sensory data were analyzed using analysis of valjlaN&aVA). For the consumer
panel, ANOVA was used on the overall l' i king d
posthodest was used to determine differences among means. Penalty analysissaucucd
analysis with the Marascuilo procedudd_Gtat) were used to interpret the Jédiout Right
(JAR) questions. Finally, Dunnds nonparametr.i
Walllis oneway ANOVA were used to analyze fimint responses on nafAR (purchase
intent) questions.
Results
A. Preliminary Sensory Analysis
Table6 illustrates the overall liking score from 11 participants usingpaibt hedonic
scale.The blueberry infusion had the highest overall liking scores with the lowest standard
deviation (light and medium roast coffee), indicating it was the most consistently popular flavor
combination. Wolfberry infusions came in second plagarding overaliking scores but with
higher variability, indicating less consistent liking thhe blueberninfused coffee. Other fruit
flavors scored lower than either wolfberry or blueberry within light medium roast categories.
Dark roast coffee infusions had theviest overall liking scores for each fruit tested, indicating
that the fruit infusion process might not be suitable for dark roast coffees.

Table 6. Overall Liking Score of Preliminary Sensory Analysis

Fruits / Coffee Roast Levg Cherry | Wolfberry | Prune | Raisin | Blueberry

Light Roast 2.55+0.69 | 3.41+1.11 | 3.27+0.61| 2.95+0.99| 4.77+0.23
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Table 6 (continued)

Medium Roast 2.45:0.93 | 3.00+0.77 | 2.91+0.70 | 3.09+0.80 | 3.73:0.41

Dark Roast 2.18+1.33 2.77£1.15 2.77+0.96 2.36x1.00 3.23%£1.19

Table7 displays comments from 11 participants. Any fruit pairings with dark roast coffee
created undesirable attributes, such as burnt and rubber aromas and an extremely bitter taste.
Tables6 and7 also reflect similar trends, indicating that dark roast caffeesions were less
preferable overall. Light roast coffee paired with wolfberry and blueberry was reported to
contain pleasant fruity flavors and aromas, with appropriate levels of sourness and bitterness,
making them the most popular samples in the lighst category. The other fruits tested did not
impart a fruity flavor to the infusions. Two samples were reported as tasting like tea. Infusions
that did not contain fruit and coffee flavors were not included in further experiments. Wolfberry
and bluebaw infusions also scored highest overall when paired with medaast coffee,
relative to all other fruits. Wolfberry had a pleasant aroma and mild sweetness, and blueberry
was reported to contain a balance of coffee and fruit flavor. Other fruits pattechedium
roast coffee had various reported defects, such as soy sauce aroma, high sour taste, astringency,
and the lack of fruit flavor. According to these results, 4 out of 15 samples (blueberry and
wolfberry infusions with light or medium roast cofjegere selected for further development

due to their distinctive sensory attributes.
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Table 7. Comments Generated by Participants

Fruits / Cherry Wolfberry Prune Raisin Blueberry

Coffee

Roast

Level

Light High Sour | Woody Tea Like Taste, | Watery and Strong Fruity

Roast Taste, Lack | Aroma/ Lack of Fruity Tea Taste, Flavor and
of Fruity Pleasant Flavor Lack of Fruity | Aroma, Right
Flavor Fruity Flavor Flavor Sour Taste

Medium [ High Bitter | Pleasant Soy Sauce High Sour and| Great

Roast Taste, Lack | Fruity Aroma, High Astringent Balance
of Fruity Aroma/ Mild | Sour and Bitter | Taste, Good | Between
Flavor Sweetness | Taste Fruity Aroma | Coffee and

Fruit

Dark Soy Sauce/ | High Burnt/Rubler Unpleasant High Sour

Roast Petroleum | Bitter/Sour | Aroma, Aroma/ Taste/No
Aroma Taste Astringent and | Cardboard Fruit Flavor,
Smokey Petroleum High Bitter Taste| Taste Rubber
Taste Aroma Aroma

Table 8 Sample Key of Hom&Jsage Consumer Liking Test

Sample # Sample Composition
718 Regular Light Roast Coffee
824 Regular Medium Roast Coffee
911 | Light Roast Coffee Paired with Wolfberry Infusion
130 Medium Roast Coffee Paired with Wolfberry Infusi
937 | Light Roast Coffee Paired with Blueberry Infusion
289 Medium Roast Coffee Paired with Bluebehmjusion
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B. Home Usage Consumer Acceptance Test

Below is the data gathered from the acceptance test using the Qualtrics survey software.
67 Participants passed all screeners and completed the Home Usage TeS8tisTthialdey to
illustratingthe corresponehce between the samplemberand its composition. Figueeshows
thatsample 937 has the highest overall liking score, and 130 has the lowest score among all other
samples. As a control group, 824 and 718 are listed in second place and fifregéadag
overall liking. 289 and 911 are in third and fourth place in this rartkingave the same score.
It also shows that sample 937 significantly differs from other sampleis amthe first tier.
Also, samples 824, 289, and 911 are not substantidlgreint from each other arate inthe
middle level. Samples 718 and 130 are the least pojpulae last tier.

As for the coffee flavor, there was no significant difference between each sample
regardindiking. The pvalue in the ANOVA test also indicat¢hat the fruiinfusion process
does not improve the coffee flavor between regular and infused coffee. bidispays the
fruity flavor and sweetness liking of all samples. Fmifusion processing generally enhances
the fruity flavor and sweetness$tbe infusions. Only one sample (130) with the finfusion
process received a lower score than the regular brewed coffee. Sample 937 received a higher
liking score in both the fruity flavor and sweetness categoriesinithe top tier and is
significantly different from the rest of the samples. Samples 911, 289, arate€d@4he second
tier, and samples 130 and 74&in the last level for the fruity flavor. 911 and 289 are
significantly different between the first and last tiers. In terms of sweetness, sampksg8Y h
highest liking score, substantially different from samples 824, 130, and 718. Sample 911

significantly differs from samples 824, 130, and 718, but not 937. Sampleez39 the middle
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andis not substantially different from other samples. Finally, samples 130 arat& 1i&he last

tier and significanthdiffer from others except for 824.

Figure 4. Overall Liking Score Coffee Flavor Liking Scoreand ANOVA Test

Lower Upper Standard Lower bound Upper bound
Standard
Samples  Means ::m;r ound bound Groups Samples Means error 95%) (95%) Groups
(95%%) (95%)
937 6.194 0.259 5.685 6.703 A 289 5.000 0.228 4.551 5.449 A
824 5.597 0.259 5.088 6.106 A B 718 4.985 0.228 4.537 5.434 A
289 5.478 0.259 4.968 5.987 A B 824 4.866 0.228 4.417 5314 A
911 5.478 0.259 4.968 5987 A B 937 4.672 0.228 4223 5120 A
718 5.418 0.259 4.909 5927 B 911 4.522 0.228 4.074 4.971 A
130 4.896 0.259 4.386 5.405 B 120 4463 0.228 1.014 4.011 A
Overall Liking Score of Home Usage Test Coffee Flavor Liking of Home Usage Test
Analysis of Variance Analysis of Variance
Sum of Mean Sum of Mean .
Source DF squares squares F Pr=F Source DF squares squares F Pr>F
Model s000 57863 1LS7T3 2574 0.026 Modd 5000 18199 3640 1044 0391
Evror 396.000 1780597 4.496 Emor 306000 1380925  3.487
Corrected Cormrected
Total 401.000 1838.460 Total 401.000  1399.124
ANOVA Result of Overall Liking ANOVA Result of Coffee Flavor Liking
Figure 5. Fruity FlavorLiking Score,Sweetness Liking Scorand ANOVA Test
Lower  Upper
Standard Lower  Upper Samples Means St:?rii:rd bound  bound Groups
Samples Means error bound  bound Groups (95%)  (95%)
(95%)  (95%)
937 6.224 0.245 5743 6.705 A
937 5.672 0.231 5218 6125 A
9211 6.000 0.245 5.519 6.481
911 5015 0.231 4.561 5.469
289 5.657 0.245 5.176 6.138
289 4985 0.231 4.531 5.439
824 5.358 0.245 4.877 5.839 C
824 4418 0.231 3.964 4872
. . . 5.7
130 4328 0.231 3.875 4782 130 5284 0.245 4.803 65
718 4.000 0.231 3.546 4.454 718 5.239 0.245 4.758 5.720 C
Fruity Flavor Liking of Home Usage Test Sweetness Liking of Home Tsage Test
Analysis of Variance Analysis of Variance
Sum of Mean
S f M {
Source DF um o can F Pr=F Source bF squares squares F =¥
seuares seares
Model 5.000 56.090 11.218 2.798 0.017
Model 5.000 122.229 24.446 6.847 <0.0001 Error 396.000 1587 940 4.010
Error 396.000 1413.821 3.570 Corrected
Corrected Total 401.000 1644.030
Total 401.000 1536.050

ANOVA Result of Fruty Flaver Liking

ANOVA Result of Sweetness Liking
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Figure6 demonstrates the result of the penalty analysis from the consumer liking test.
Penalty analysis is an analytical technique that illustrates drawbadks, iver the overall
l' i king scor e. By |l ooking at the penalty analy
making it easier to fix the issue by manipulating the formulation or processing method.@-igure
demonstrates the penalty table and J&rIl from 67 participants for all 6 coffee samples. The
results reflect coffee alone and frinfused lightroasted coffee on the lefiand side. All
mediumroast coffee was on the righaind side. Conventional coffee samples will be introduced
first, then wolfberryinfused and bluebersinfused coffee will be mentioned last.

In the first row of Figures, 718 and 824s regular coffee without the fruibfusion
process. 718 is lighbasted coffee, and 824 is medioasted coffee. 70% of participants
believe that lightoasted coffee has too little fruity flavor, and 43% think the coffee flavor for
regular lightroast offee is just about right. AlImosialf (40%) of panelists reported that coffee
flavor was lacking in light roast coffee samples. As for the sweetness, 40 out of 67 participants
think the sample has insufficient sweetness, and 26 people believe the ssviscapgsopriate.
For the mediunroasted coffee, 58% of individuals feel the sample has an insufficient fruity
flavor, and only 36% of the population consider the fruity flavor is appropriate. As for the coffee
flavor, most participants (57%) believe tlample contains a good flavor, and 58% think the
sample requires more sweetness. Even though regular brewed coffee samples possess different
attributes, they have a similar pattern for their fruity flavor, coffee flavor, and sweetness. In
summary, while frity and sweet characteristics might not be expected in plain coffee, they can
be present naturally. Compared to medium roast coffee, light roast coffee has less intensity in

every aspeategardingfruity flavor, coffee flavor, and sweetness.

43



The second rowf Figure6 reports JAR results for light or medium roast coffees with
wolfberry infusion. Participants werelativelyevenly divided regarding the level of fruit flavor
imparted by wolfberries, with 48% of participants reporting that light roast cefteevolfberry
infusion has an appropriate level of fruity flavor and 42% indicating that the fruity flavor was too
high. Most people (54%) believed that the wolfberry infusion minimizes coffee characteristics of
light-roasted coffee. The majority (55%) mdirticipants thought that ligltbast coffee infused
with wolfberry had an appropriate sweetness level, while 30% of individuals felt the sweetness
was too much. While using wolfberry infused with meditoasted coffee, 55% of people
consider the fruitylavor sufficient, and 30% think the fruity flavor is too much. Furthermore,
37% of participants think the sample loses coffee characteristics, and 45% believe the sample has
an adequate coffee flavor. Finally, 52% of individuals think the wolfberry infiysiovides
enough sweetness to the meditrast coffee, and 27% consider the sample to have an excess
sweetness. In conclusion, the wolfberry effectiyaigvidesfruity aromas, flavor, and sweetness
as consumers described, but the excessive fruity fEvdisweetness overwhelmibe coffee
flavor and thus,loweredthe overall liking score for fruiinfused coffee.

The last row of Figuré reports on JAR Results for light and medium roast coffees
infused with blueberries. For the lightdast coffee wittblueberry infusion sample, 54% of
participants think the fruity flavor is adequate, and 36% consider the sample to have an excess
fruity flavor. Most participants (60%) believe the sample needs more coffee characteristics, and
only 37% think the sample ahe right amount of coffee flavor. As for the sweetness, 60% of
participants think the blueberry infusion brings sufficient sweetness to thedagitcoffee.

While combining blueberry and mediurasted coffee, over 90% of individuals believe the

fruity flavor is just about right or too much. For the coffee flavor, 45% of participants believe the
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sample still preserves the coffee flavor, but 3®%participantghink the coffee sample requires
more coffee characteristics. Finally, 33 out of 67 paricip believe the sample has the right
amount of sweetness, and only 15 think the coffee needs more swdakesslfberry-infused
coffee, blueberry provides adequate fruity aroma, flavor, and sweetness to theRuiftbe
sample alsdoses liking sceesdue to excessive fruity flavor and sweetness.

Based on the result from sensory analysis, it is evident that fruit infusion with wolfberries
and blueberries successfully enhanced the fruity flavor and sweetness from a sensory
perspective. Given thatithstudy examinethe natural flavors and tastes fruit infusions may
provide to coffee, it is appropriate that 70% and 58% of people believe regular light and medium
roast coffee require additional fruity flavor, respectively. After the-infiision proess, the
fruity flavor JAR category percentagereased from 21% to approximately 50%. Some
participants even perceived the fruity flaasoverly strong for lightroast coffee. The fruit
infusion process had the same effects on medaast coffegegading the fruity flavor.The
reportedsweetness was highly variable after the fruit infusion process. Approximately 40% of
people move from finot sweet enougho for regul
swe et n e snfused aoffeesf Thisighlights differences among consumers who prefer
sweetened coffees versus those who do not value sweetness in coffee beverages. However,
results have shown that fruit infusion can eliminate some coffee characteristics from regular
coffee, suggestingew flavor categories that emphasize fruit flavors while minimizing coffee

flavors could be created
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Figure 6. Penalty Table and JAR Level
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Figure7 illustrates the purchase intent of the regular and-infuised coffee. Most
participants choose not to buy regular ligbéast coffee, anthore people become more
ambiguousaboutmediumroast coffeeSince mediunroast coffedendsto havea stronger
coffee flavor, whichwasminimized bythefruit-infusion process. Moreover, after implementing
the fruitinfusion process, the buying intent generally increases except for the medisim
coffee with wolfberry sample. The bluebeinfusion samples have tlmghest buying
probability, especially the lightoast coffee with the blueberry infusion. Over half of the
population is interested in considering purchasing the sample. Jalde confirms the
significant differencen buying intention between regularewed coffee and fruihfused coffee
Figure7.Parti ci pantsd Purchase I ntent of Coffee S
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Table 9. Significance Level of Purchase Intent

P-values
718 824 911 130 937 289

718 1 0.428 0.184 0.702 0.002 0.054
824 0.428 1 0.591 0.682 0.022 0.257
911 0.184 0.591 1 0.344 0.078 0.550
130 0.702 0.682 0.344 1 0.007 0.123
937 0.002 0.022 0.078 0.007 1 0.245
289 0.054 0.257 0.550 0.123 0.245 1

Bonferroni corrected significance level: 0.0033

Discussion

Based on preliminary sensory analysis aadsumer acceptance testing, the fruit

infusion process described hespecific fruit and coffee roast combinations enhanced overall

beverage liking compared with coffee alone. In the preliminary sensory analysis, the fruit

infusion method produced moresirable beveragebght and mediurrroast coffegthan dark

roast. One possible explanation is that the -dadst coffee attributes, such as ashy and

petroleum aroma and taste, are too strong, and those attributes disrupt the attractive attributes

that ®@me from fruits. Conversely, light and mediupast coffee preserve more intrinsic coffee

aroma and flavor due to shorter roasting time, wkiohkswell with fruit. However, not every
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fruit from preliminary testing was selected to move forward for thogept because some
samples lost their coffee flavor and tastenpletely. Henceheir attributes argappropriateor
t he n a mefusedtdffeewi t
Furthermore, by combining all information, the preference of the sample can be
concluded as the bluetrg infusion is the top choice among other samples, and the wolfberry
infusion is slightly better than regular brewed coffee. The distribution of liking and purchase
intent of bluebernjinfusion coffee are uniform. However, wolfberry is diverse in its aler
liking and purchase intent distribution. Most of the population neither likes it very much nor
dislikes it very much. Other than that, some samples receive a high overall liking score but a low
purchase intent. For instance, regular medium roast coffeéhe second highest overall liking
score from participants, but only 15 participants might purchase the sample, and only 3 people
will buy the sample. On the contrary, bluebeimjused medium roast coffee only receives third
place in overall liking. 8, a much higher interest in purchase intent results in 22 people might
buy the sampleand 6 individuals will buy the sample. Hence, it is safe to assume that people
like specific samples, but it does not mean they will purchase them. Thereforeg finglitable
market with greater purchasing interest for the fruit infusion coffee product is crucial.
Moreover, the infusion process alters the original coffee attributes, including increasing
the sweetness and fruity flavor, and at the same time, theedtdvor has been weakened
dramatically. The penalty table also indicates that the lack of coffee flavor is the main reason that
causes those samples to have lower overall liking scores. The future formulastoe
manipulated to preserve more coffeor and keep a good amount of fruity flavor and

sweetness to maintain a highality product. The direction of changing formulation can be
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concluded as lowering the fruit concentration, shrinking the particle size of the coffee, and
increasing the cofleamount in one serving bottle.

While valuableand actionable information wasinedfrom this study, some limitations
still need to be addressed. Firstly, the recruitment survey should include questions about
participantsd race, geographic | ocation, inco
further ask a bfeeprefergneese(y./sweetgnaediverssionemeetened coffee
beverages)lt will be easier to find out the potential target consumers of this product with this
more complete information. In addition, adequate background information will help to optimize
the product based on consumers from different backgrounds. Secondly, a descriptive analysis
should substitute the preliminary sensory analysis for more constructive information about this
product. For instance, a descriptive analysis can provide a spgoiiact description, including
different lexicons and their explanation. Finally, the participant sample size should be increased
to have a more varied background and taste of the coffee. The current partmip@iitpeople
living near Raleigh, most afhom are studying or working at NC State University. This small,
reasonabljhomogenous sample provided limited information and represented a limited range of
coffee preferences. Those issues should be addressed in the future with a larger study.
Conclusion

The preliminary sensory analysis illustrates that light and medbast coffees infused
with wolfberry and blueberry were the most popular choices compauatier fruit options and
dark roast infusion€onsumer acceptance testing indicated that figddt coffee infused with
blueberry was the most popular combination among these four combin&tidhe same time,
the least favorite sample was medium roast coffee infused with wolfberry. A lack of coffee

flavor was the main reason for lowering theemll liking score of samples, and different
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measures should be taken to preserve more coffee flavor while doing the fruit infusion. Future
studiesshould focus on combining descriptive analysis and consumer tistgjo maximize

the accuracy of consumpreference.
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CHAPTER 3. Development of Fruitinfused Coffee Products for Potential Health Benefits
Abstract

Consuming adequate fruits and vegetables is essential for a healthy lifestyle. In addition,
coffee has been consumed worldwide with additional ingredients (sweeteners, creamers) to
provide pleasant attributes to the coffee. This project aim$usamatural dried fruits with
cof fee to enhance regular brewed coffeeds nut
and aromas. Unlike most reattydrink coffee products with excessive added sugars and
artificial flavors on the market, fruinfused coffee contains only natural sugar, and flavors come
from dried fruits. The dried blueberry and dried wolfberry are two fruits chosen for this project
due to their distinctive chemical compositions and optimal consumer feedback from the previous
chapter. The various chemical properties of these fruits will contribute different health benefits to
human health. Even though this process can generate more flavors, the crucial purpose of this
project is to figure out the universal processing techniqdenatrient composition of fruit
infusion coffee. The development of the fruinfused coffee went through 15 different
formulations, and 4 out of 15 were chosen based on sensory acceptability. The optimal
proportion between fruits and coffee is 10 g oédriruitsand300 ml of coffee. As the last
chapter suggested, the fruit concentration has been adjusteddatpafee flavorloss This
combination would provide intense fruity flavors, aromas, and moderate sweetness to the coffee
but still preserve@me of the coffee characteristics. This product is ideal for people who enjoy
coffee but need extra natural flavors and sweetness. Also, it can serveragiatratetbase for
individuals who enjoy Latte or other alternatives for coffee beverages. Tapsectalso

discussed chemical analyses to ensure the successful production of infused coffee with adequate
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nutrients. The goal of this chapter aimed to qualify and quantify the physicochemical properties
and nutrient content of fruihfused coffee and detmine its potential health benefits to humans.
I ntroduction
Product Development

Innovation and the production of intriguing products have heavily relied on product
development. It can be difficult to formulate new products; thus, many procedures have been
established to ease the path of innovation. One such approach is the Coopgatage
technigue, which was developed in the 1990s to have a flexible map to accelerate the
development of new products (Aramouni & Deschenes, 2018). This approach coristsps,
including 1) concept, 2) feasibility, 3) business case, 4) launch, and Sapoeh evaluation. In
contrast, this technique placed a significant amount of emphasis on how well the product would
fit into the market and how viable it would be.eThew product development procedure adapts
Cooperd6s works and establishes a fresh approa
the market and how viable the product is. Fuller (2011) suggested that an eight phases technique
has been establishedeyx t e ndi ng Cooper 6s wor k. This eight
1) concept initiation, 2) concept screening, 3) concept testing, 4) creation of a marketing plan, 5)
business analysis, 6) product development, 7) market testing, and 8) commeraializaso
solution is better organized and has a smoother flow without making the process overly rigid.
The fundamental principles of both approaches are the same and are very effective in producing
high-quality products. A crucial element in product devetept is comprehending the market

that a new product will be joining.
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Flavored Coffee

Millions of people consume coffee daily, making it one of the most prevalent beverages
worldwide compared to other commoditi€squivel & Jimenez2012). Despite its gularity,
black coffee always comes with undesirable attributes in terms of sensory. Stokes and his
colleagues (2014) suggested that bitter taste and astringent aftertaste are some attributes that
drive consumer sod6 di sl i ke triedamergingCaffeesvicheexiracted | v, f
flavors to create a coffdeased flavored beverage. This concept originated frorbasad
flavoreddrinks (Bononi et al., 1998). In addition to the attempt at cofiased flavored
bever agelagredignts e W pdidted out that refrigerated coffee creamer sales
approached close to $2.5 billiomith over a 4% increase over the past year. The creamer market
increased due to the coffee marketds expansi o
coffee creamerssuch as various creamer and plaased creamer flavors. The above
information implies that black coffee contains certain unattractive attributes. Researchers and
food manufacturers introduced coffbased artificial flavored beverages and coffee cresmoer
mitigate the unattractive aromas and flavors to resolve this issue. Thafiuged coffee will
provide a similar approach as those products but naturally with an additional delivery of
nutrients.
Method & Procedure
Product Creation

The formulationcreation process uses market analysis as a reference. The ingredients
must be compatible with coffee to ensure an ideal product production. Details are discussed

below.
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Bench Sample Preparation (Lab Environment)

To highlight the Ainfusiond concept, dried
for a period A preliminary trial was conducted by putting a small box of raisins into a glass
bottle of leftover coffee (leHover coffee was at room temperatbefore it was in the
refrigerator). According to Parker and his colleagues (2007), an average serving size for raisins
was roughly equal to a small snasike box of raisins. Thus, this 1 oz (approximately 28 g) pack
raisin was chosen as the startingpointThen, t he sample was put int
h. After 24 h of infusion, the sample was pulled from the refrigerator and evaluated within 30
min. However, leftover coffee contained significant amounts of variables. A folfpw
experiment wih more controlled variables was implemented to ensure a uniform sample quality,
including grinding size, brewing process, coffee roast level, and other fruit options. Previous
sensory analysis indicated that blueberry and wolfberry were top fruit oplio@sensory
evaluation also suggested that 15 g of fruits generally provided too much fruity flavor to the
sample, leading to a loss of coffee characteristics. Hence, several corrections have been made to
produce the proper sample.

First, 10 g of wolfberry and 10 g of blueberry were measured and placed in the bottle
separately. Three sets of experiments were conducted that correspond to light, medium, and dark
roasted coffee. Thus, 30 g of wolfberry and 30 g of blueberry were mdamdevenly
separated intthreesets (10 g per set). According to Special Coffee Association, the perfect
coffeeto-water ratio is 55 g of coffee to 1 L of water for a cup of coffee. That makes a 300 m|
coffee (1 serving) contain 16.5 g of coffee grouridg5 g of light, medium, and dark roasted
coffee was measured and put into the KitchenAid coffee grinder. The coffee brewing method

used a standard coffee machine, which boiled the DI water, and the water went through coffee
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grounds held by filter papef.h e cof fee | i quid was held in a cc
transferred to a dried fruit bottle. Then, all bottles were inverted for 20 sec to mimic a
pasteurization process, and all bottles were put into the refrigerator for 24 h and would be ready
for analysis.
Physicohemical Analysis of Coffee Samples

All sampleswereduplicated and measured triplicate to avoid outliers under this section.
Colorimetry

The ColorFlex EZ colorimetaneasuredhe sample color with its standard calibration
procedure. Therthe sample was placed in the glass disk with the rubber ring insidesetiiea
metal diskwason the rubber ring like a lid to cover the sample. After that, the glass was put on
the colorimeter for measurement. Colorimeters simulate how people gecoéov or how color
changes in the environment. The color is read
or liquids. This systemobs stdaandball dands fotthigut i s
distinction between white and dark. Thaghter the material, the higher the number; the darker
the substance, the lower the number (Hubédrs. The a demonstrated how red or green the
product is. The higher thé,aheredderthe materials. Conversely, the lower theé a@hegreener
the sample is. Finally,"showed how yellow or blue the sample is. The higher the number, the
more yellow it is, and the more negative the number symbolizes more blueness shown in Figure
8. When comparing two or more samples), &n,1 a',] b, and E’are used to denote the
differences between them. A" represents the sum of the differences between the samples.
The following equation is used to deterniirtg.

1 E'=(L2"-L1")+(aZ-al)+(bZ-bT)
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It is possible to tell whether a product or system hashanged color using this color

formula, even if the change of color may not be visible to the naked eye. The discrepancies
should be more pronounced when thg E” value is away from 0 (Becker, 2016).

Figure 8. Colorimeter LA*B"Vi sual 1l lustration (nrnix Color

Ordinat eso)

+L*White

+b*Yellow

-a*Green \g%,,‘/__.’” +a*Red

L/
L/

\

.

-L*Black

Brix%/TDS (Total Dissolved Solids)

The Brix% and TDS were measured using a refractometer. Each sample was measured in
10 ml and transferred to the glass part of the Brix meter using the pipet. Then, the sample was
transferredand covered the whole glass part of the refractometer. Each sample was measured

three times, antheresults were averaged.
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pH Value

The pH value was measured by and followed its calibration standard. A 40 ml sample
was transferred to a 50 finéaker, and a stir bar was placed in the beaker for continuous stirring.
Then a pH meter was used to record the number after the pH value became stable. Each sample
was measurediplicates and the result was averaged.
Caffeine and Chlorogenic AcidContent

The caffeine and chlorogenic addncentrationsvere measured using Waters Breeze
ReverseePhase HigHPerformance Liquid Chromatography (HPLC) with a WateiBrkige G
18, 3.5um column (100mm x 4.6mm). The mobile phase A consisted of 20 mM citrin acid
water with 10% methanol by volume, and the mobile phase B was 100% methanol. Caffeine and
chlorogenic acid were eluted from the column using a gradient starting at 100% A and 0% B and
increasing to 100% B. Then, a s detector was used to monitor tt@ncentrations of
caffeine and chlorogenic acid at 276 and 325 nm, respectively.
Anthocyanin Concentration

The anthocyanin concentration was measured by using the pH differential method. This
method is a quick and easy spectrophotometric technique #zstumes total monomeric
anthocyanin content. It is based on the structural changes in anthocyanin that occur with a
change in pH. (colored at pH 1.0 and colorless at pH 4.5). The colored oxonium form can be
found in the sample at pH 1.0, but at pH 4.5,dablerless hemiketal form predominates and
takes over the oxonium form. When the absorba
absorbance is proportional to their concentration. The result was presented as-&anidin

glucoside because polymeaathocyanins absorb at pH 4.5 and 1.0. They are not counted in the
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measurements of degraded anthocyanins because they resist color change regardless of pH (Lee
et al., 2005).

Apparatus and reagents for this analysis included a pH meter, a visible
spectropbtometer, glass or disposable curvets (1 cm pathlength), 50 ml volumetric flasks, pH
1.0, and pH 4.5 buffer. While preparing the pH 1.0 buffer, 1.86 g of potassium chloride (KCI)
was put into a beaker, then added to 980 ml of distilled water and meabuieidgly, the pH
was adjusted to 1.0 using HCI and transferred all solutions to a 1 L volumetric flask. For the pH
4.5 buffer, 54.43 g of sodium acetate (CB.INa3H.O) was placed into a beaker with 960 ml of
distilled water. After measurement, the pHswealjusted to 4.5 usingGiand then transferred
the mixture toa 1L flask

When determining the appropriate dilution factor, the test sample should be diluted with a
buffer when the 520 nm absorbance was in the linear range of the spectrophotometer (the
absorbance is usually between 0.2 to 1.4 AU). Then, two dilutions were prepared using the
dilution factor, one for pH 1.0 and the other for pH 4.5. Then, both diluted samples were
measured at 520 and 700 nm. A blank cell filled with distilled water sheultséd against the
sample, and the measurement should occur within 20 to 50 minutes of preparation. Calculation
expressed as cyanidBiglucoside equivalents should be performed using the following

equation:

Anthocyanin pigment (cyanidin — 3 — glucoside equivalents, 2 ) = AMWDF1000

'L £*1

where A = (AwrrAwr)PH 1.0 (AvonrAmm)PH 4.5; MW (molecular weight) = 449.2 g/mol for
cyanidin-3-glucoside; DF = dilution factor, in this case, dilution factor = 6; 1= pathlength in cm;
stands for molar extinction coefficient, in L * mélcm- and = 26900; 1000 = g to mg

conversion factor (Lee et al., 2005).
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Carotenoid Concentration

Determining zeaxanthin or zeaxanthin dipalmitate was the principle of carotenoid content
analysis. However, it could not indicate the total carotenoid contentlihemy-processed
products. A rapid carotenoid extraction method, followed by spectrophotomeasurement
has been applied in this studhile preparing samples, 10 g of coffee samples were accurately
measured and put into a 100 ml beaker. Then, al4dlrent mixture was placed into the
beaker, followed by an ultrasonic treatment for 5 minutes. The mixture was added into a 150 ml
separatory funnel with 30 ml distilled water. The mixture was extracted for 3 min, and the
supernatant was collected in @l volumetric flask. The total carotenoid content was

calculated using the following equation:

: A*7*10000
Carotenoid content (mg ) —

kg Ai:{;*m
where A= absorbance, V= total extract volume, m= sample weight-as2620 (Zheng et al.,
2015).
Results

According to Figure®, coffee withblueberry infusion has the lowest pH value regardless
of the coffee roast levels. Regular brewed coffee has a slightly higher pH value than those with
blueberry infused. Finally, coffee with wolfberry infusion has the highest pH value. Table 1
illustratesthe Brix and TDS values of coffee samples. Regular brewed coffee maintains its Brix
and TDS values between 1.27% and 1.80%. The bluebgused coffee lies in the middle for
the Brix and TDS value, ranging from 3.01% to 4.24%. The wolfberry has theshiBhx and
TDS values, from 3.91% to 5.26%. AccordingFigure10, only blueberry infusion coffee has a

significant level of anthocyanins. Other samples have a much lower number (even negative),

indicating that those samples do not contain anthocyadngist-roast coffee with blueberry
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infusion has higher anthocyanin content, averaging 79.25 mg/L. Meadiast coffee with
blueberry infusion has a lower anthocyanin concentration, averaging 67.66 g anthocyanin per L
of coffee.

Tablell illustrates the calr differences between each coffee sample. After the fruit
infusion, the sample color became darker for the light roast coffee, with arouleti@@sem
L*. Meanwhile, the redness increasedtfafruit-infused sample. Finally, the framfusion
process shifted the yellowness to blueness dramatically compared to regular coffee, with a 44
decrease in wolfberry and a 55 decrease in blueberry. On the other hand, the fruit infusion
process decreased both, &, and 15 of coffee at the sample time, buh&d an indistinctive
change in £ and a* and a significant difference in.trablesl2 and13display the caffeine and
chlorogenic acid in coffee samples, respectively. TABkhows a massive decrease in caffeine
concentration after the coffee was infused with blueberry, and this phenomenon happened in
both light and medium roasgvel coffee. @nversely, the wolfberry infusion coffee kept a
similar level of caffeine compared to regular brewed coffee. TEbtkEemonstrates that light
roast coffee has the highest chlorogenic acid concentration. After the fruit infusion process, a
slight decreasanichlorogenic acid levels was observed for both wolfberry and blueindéunsed
coffee, but they have a similar concentration of chlorogenic acid. For the mediurfeveast
coffee, the fruit infusion process did not significantly change the concentoditobrorogenic
acid, and the blueberinpfused coffee had the highest level of chlorogenic acid. Finedlgle
14 displays the total carotenoid content of wolfberfused coffee. The resulting range is

narrow from 0.23 to 0.29 mg per liter sample.
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Figure 9. pH Value of Fruitinfused Coffee Sample

Result: pH Value of Freinfused Coffee

5.2

4.96
> 4.89

48 4.74

3.6

4.84

4.16 4.15

Light Roast Medium Light Roast + Medium Light Roast + Medium
Roast Wolfberry Roast +  Blueberry Roast +
Wolfberry Blueberry

Table 10 Brix%/TDS of Coffee Samples

Replication/ Light Light Roast + Light Roast +Medium Medium RoastMedium Roas

Sample Roast Wolfberry Blueberry  Roast + Wolfberry + Blueberry
Brix% 1.78% 5.22% 4.00% 1.67% 4.90% 3.81%
TDS 1.41% 4.22% 3.21% 1.32% 3.95% 3.06%
Temperature 2 4 . €24 . 5 24 . 4 24.024.5 25. 3

63



Figure 10. Monomeric Anthocyanin Concentration of Frinfused Coffee

Result: Total Anthocyanin Content of Fruit
Infused Coffee
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Table 11 Color Measurement of Infused Coffee Samples

ID L a b 1L 7a 1b TE
Light Roast 44.8425.2570.50 44.84 25.25 70.50 0.00
Light+Wolfberry  15.7428.8226.52-29.10 3.56 -43.998.75
Light+Blueberry  11.7528.6114.92-33.09 3.36 -55.599.59
Medium Roast 33.5932.7756.21 33.59 32.77 56.21 0.00
Medium+Wolfberry 8.66 22.0014.07-24.93-10.77-42.148.82
Medium+Blueberry 7.81 18.56 9.09 -25.78-14.21-47.129.33
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Table 12 Caffeine Content of Coffee Samples

Sample ID/Paramete mM Caffeine mg Caffeine/100m cv (%)

Light Roast 3.19 61.92 £0.73 1.12
Light + Wolfberry 3.43 66.56 + 0.67 1.03
Light + Blueberry 2.28 44.25 +0.45 1.02
Medium Roast 3.05 59.21 £0.29 0.48
Medium + Wolfberry 3.37 65.38 £ 0.17 0.26
Medium + Blueberry 2.47 48.02 £ 0.33 0.70

Table 13 Chlorogenic Acid Content of Coffee Samples

Sample ID/Paramete mM Chlorogenic Acid mg chlorogenic acid/100 n cv (%)

Light Roast 3.00 106.41 + 0.89 0.84
Light + Wolfberry  2.57 91.13+1.85 2.03
Light + Blueberry  2.66 94.29 + 0.92 0.97
Medium Roast 1.88 66.47 £ 0.42 0.62
Medium + Wolfberry 1.80 63.67 £0.35 0.54
Medium + Blueberry 1.90 67.44 £0.45 0.67

Table 14 Total Carotenoid Content of Wolfberipfused Coffee Samples

Sample Extract Volume Total Carotenoid
Sample ID/Parameter  Weight (g)  (ml) Absorbanc Content (mg/L)
Light +Wolfberry
Replication 1 10.89 20 0.036 0.25+£0.016
Light + Wolfberry
Replication 2 10.11 21 0.029 0.23 +0.016
Medium + Wolfberry
Replication 1 10.13 25 0.031 0.29 £ 0.020

Medium + Wolfberry
Replication 2 10.11 20 0.035 0.26 £ 0.020




Discussion

The result showed that blueberry and wolfbenfyised coffee had a higher level of
Brix%/TDS than regular coffee. It indicated that the finfised coffee sample contained more
sugar than regular brewed coffee. All dissolved sugars were water soldblatanal sugars
from neither blueberry nor wolfberry. While comparing blueberry and wolfberry, the wokberry
infused coffee had a higher Brix%/TDS value, suggesting that more sugar from wolfberry was
dissolved into the coffee. As the sensory analysisi@dpthe wolfberry infusion coffee had a
sweeter taste and a higher liking rate in sweetness. Even though the sweet likeness of blueberry
infusion coffee was lower than wolfberry, it was far more attractive than regular brewed coffee.
Moreover, as the pnehinary sensory analysis implies, the higher sugar content also provided a
smooth mouthfeel for the sample. Lycium Barbarum Polysaccharides (LBP) is one of the most
bioactive compounds with pharmacological effects in the wolfberry, ranging from 13.03ang/g
76.86 mg/g (Zhao et al., 2015; Yajun et al., 2019). Researchers have shown that LBP has a
positive effect on the antioxidant effect, immunomodulatory activity, antitumor activity,
neuroprotective effects, radioprotective activity, and-drabetic actrity (Jin et al., 2013). With
a higher dissolved sugar content in fimitused coffee, it not only provided a better taste and
mouthfeel but also contributed potential positive health benefits to consumers. According to
Akgil and hi s bluebérrleecangain &5différehtGsdgars, including 1 sugar
alcohol, 4 disaccharides, 4 trisaccharides, and 6 monosaccharides. Glucose, fructose, and
galactose are the primary carbohydrates in the blueberry. Those carbohydrates do not contribute

much to hman health but provide positive sensory feedback. They also acted as natural

66



sweeteners to coffee, which were a better choice than added sugar. Adding natural sugar to
coffee can be an excellent approach to the marketing and advertising segments.
Accordingto Figure9, the pH of the blueberfinfused coffee was the lowest among
other coffee samples. Multiple pieces of research have confirmed that the blueberry is an acidic
fruit with a complex mixture of different organic acids, including chlorogenic atitiit; acid,
quinic acid, malic acid, and more (Kalt & McDonald, 1996). Coffee is another source of
chlorogenic acid, especially with a shorter roasting time (mainly light and mediuriaoeist
coffee). Tablel3indicates no significant increase in chigemic acid in blueberrinfused
coffee. However, the average pH value decreased from approximately 4.9 for regular coffee to
4.15 for blueberninfused coffee. This phenomenon implied that other acids (most likely citric
and malic acid) were leaking intbe coffee solution since citric and malic acid are the primary
acids in blueberries (Kalt & McDonald, 1996). Multiple pieces of research have shown that
chlorogenic acid represents all hydroxycinnamic esters with quinic acids, such as the caffeoyl,
feruloyl, dicaffeoyl, and coumaroyl forms. Also, consuming chlorogenic acids positively affects
blood pressure, lipid metabolism, glucose metabolism, glucose tolerance and insulin sensitivity,
neuroprotective effects, inflammation, and certain cancers (Tajlk 047). With that
evidence, it is safe to conclude that consuming-fnitised coffee would benefit human health.
Tablel12 shows that blueberfinfused coffee has significantly less caffeine content than
other samples. One possible explanation fa piienomenon was the drieldieberrysoakedup
coffee during the infusion. Some caffeine was bound to the blueberry, decreasing the caffeine
concentrationAnother hypothesis could be the difference in solubility between caffeine and
anthocyanin in this stem.AccordingtoF a k i & ] K a | (022, lwken the solute has better

solubility, the solutesolvent bond will be stronger, and the adsorption will decréaglis case,
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the caffeine had a higher solubility than anthocyanin, which diminished itspidsan the
solution and the blueberrinfused coffee had a lower caffeine concentratdn the other hand,
the regular brewed coffee and wolfbemyused coffee did not contain anthocyanin. Thus, their
caffeine had a higher concentratibtowever, ths lowercaffeine bluebernmfused coffee might
attract people who love ligltaffeinated drinksCaffeine is more controversial for human health
than chlorogenic acids in coffee and bluebelry Mejia & RamirezMares (2014) pointed out
that regular coffe consumption has several health advantages, including reducing the risk of
devel oping certain cancers and Parkinsonds an
function and a potential role in weight management. Nevertheless, anxiety, hyjoerten
headaches, restlessness, and nausea are linked to excessive caffeine consumption. In addition,
caffeine usage can affect children and adolescents more since they metabolize caffeine more
quickly than adults. Excessive caffeine intake in childrenlesdents, and pregnant women
might cause them hard to sleep, which leads to more severe health and developmental issues (de
Mejia & RamirezMares, 2014). However, healthy adults with regular caffeine consumption
(usually less than 400 mg/day) can genebateefits such as enhanced alertness, geort
reaction time, and memory. Consistent results also demonstrated a better mood and less fatigue
with caffeine consumption. Caffeine consumption can also improve physical performance,
predominantly through ado@ and endurance exercigeuikton, 2008; Barcelos et al., 2020)
Therefore, with all that information, this freiitfused coffee beverage should be an adult
beverage except for pregnant women. It also has the potential to bevargoeit drink due to its
ergogenic effect of caffeine.

The anthocyanin concentration was measured using the pH differential method, and

results indicated that only bluebeiinfused coffee contains anthocyanin. According to Figure

68



10, the blueberry coffee sample contained anthaay, with around 67 mg/L to 79 mg/L. Yang
et al. (2022) demonstrated that the main anthocyanins comprising more than 90% of the overall
anthocyanin content were delphinidin, malvidin, and petunidin glycosides. Furthermore, several
studies have shown bluetny anthocyanins to support human health and reduce the risk of
cardiovascular disease. Other than being-Wetiwn as powerful natural antioxidants, blueberry
anthocyanins also reduce the inflammatory effect, especially in the gut, and reduce systemic
microinflammation to limit the development of cardiovascular disease. These substances also
lessen the chance of developing diabetes and obesity. Additionally, blueberry anthocyanins can
indirectly offer neuroprotection and be effective adjuvants for prengemtarious cancers (Yang
et al., 2022). With those health benefits, drinking coffee that contains blueberry anthocyanins can
be an alternative approach to enhance human nutrition.

Only wolfberry-infused coffee samples went through the total carotenoiduneaent
since the natural pigment of wolfberry is carotenoids. The wolfberry mainly contains lutein and
zeaxanthin as one category of carotenoids. Macular pigments like lutein and zeaxanthin may
reduce the speed and development ofraipted macular degeration. Research has shown that
consuming lutein and zeaxanthin can affect serum concentrations and tissue distribution
throughout the body, especially in the retina. Beyond that, lutein and zeaxanthin also have the
potential to be effective antioxidartts scavenge free radicals around the retina and, therefore,
protect the retina from light and oxidative dama@arpentier et al., 2009n addition,
consuming wolfberry can bring other health benefits to humans, including enhancing the
immune system, prventing particular cancer, afjing, and reducing oxidative str€¥@jun et
al., 2019).Therefore, there is a reason to believe that the wolfberry infusion will bring additional

nutrients to coffee. As shown in Taldlg, only a trace amount of caroted¢0.230.29 mg/L)
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was detected in wolfberspfused coffee. One of the reasons was that the paper filter was used
during sample preparation, which absorbed most of the Mg caused the coffee liquid to
containa small amount dfpids (8 to 13 mg/l) when using this brewing methogtnayake et
al., 1993) As a result, only a tiny amount of carotenoid could be dissolved into the sample due to
its lipophilic property. One approach to overcome this issue is adding extracted carotenoids from
wolfberry o standardize the final product. An alternative approach is changing the brewing
met hod to increase coffeebs | ipid content so
wolfberry. The potential issue with this method is that more lipids can easily aawsédation
problem. Excessive oxidation will lead to rancidity, lower product quality, and shorten the shelf
life dramatically.
Limitation

This study has several limitations that need to be addressed in future research. Firstly, the
total carotenoid and anthocyanin concentration assessment needs improvement because the
current analysis method uses a rapid method with an estimation result. For instance, the
anthocyanin content used the pH differential method, which can only detect monomeric
anthocyanins. Other types of anthocyanin resist color change and would not be detected.
Therefore, the estimation result would be lower than the actual result. Future research should use
a more accurate analytical technique, such as-R@gtiormance Liqui€Chromatography.
Secondly, the sample was made in a laboratory environment with a small production scale.
However, largescale production should be implemented for further development. Future
research should also focus on the differences between theatkband industrial production

samples regarding their changes in physicochemical and sensorial properties.
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Conclusion

In summary, this research illustrates that the fruit infusion process can deliver excessive
nutrients to regularly brewed coffees throwgiious chemical analysis techniques. Extra
nutrients have been found in frutfused coffee, including anthocyanins for blueberry infusion
coffee and carotenoids for wolfberry infusion coffee. Researchers also suggested that
anthocyanins and caroteno@® precious compounds that can potentially contribute significant
health effects to humans, such as antioxidant effects, cancer prevention, and reduced
development of macular diseases. Since the previous sensory analysis demonstrated a generally
better werall liking for fruitinfused coffee over plain coffee, it is safe to conclude that this fruit
infused coffee can be an excellent extension for the coffee beverage indestysef its

better sensory attributes, additional nutrients, and naturadregnt lists.
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Appendix A: IRB Application

The Institutional Review Board (IRB) from North Carolina State University approved the
HomeUsage Test in this study. It wascluded in the appendices as a template for future
sensory analysis based on the fiofused processing and some supporting documents, including
recruitment email, recruitment flyer, consent form, COMI®requirements and additional
package, screenenryey, and sensory analysis questionnaire.

76



IRB Application Documents:

NORTH CAROLINA STATE UNIVERSITY
INSTITUTIONAL REVIEW BOARD FOR THE USE OF HUMAN SUBJECTS IN RESEARCH
SUBMISSION FOR NEW STUDIES

Protocol Number 25091

Project Title
Sensory Analysis of Fruit-Infused Versus Regular Brewed Cold Coffee Products

IRB File Number:

Original Approval Date:
10/04/2022

Approval Period
10/04/2022 - 01/01/2100

Source of funding (provide name of funder not account number):
Harris Lab Funds

NCSU Faculty point of contact for this protocol:NB: only this person has authority to submit the protoco!
Harris, Gabriel Keith: Food, Bioprocessing and Nutrition Sciences

Does any investigator associated with this project have a significant financial interest in, or other conflict of interest involving. the sponsor of this
project? (Answer No if this project is not sponsored)

No

Is this conflict managed with a written management plan, and is the management plan being properly followed?

No

Preliminary Review Determination

Category:
Exempt d.6

In lay language, briefly describe the purpose of the proposed research and why it is important. Provide a brief synopsis of the study including who is
targeted to participate and the data collection methods employed (limit text to 1500 characters)

This study aims to compare consumer preference for fruit-infused coffee versus regular brewed cold coffee. The data is
important because it can provide insight into consumer preferences and desired attributes of newly developed
fruit-infused coffees, which provide natural flavors and colors. In this study, adult coffee consumers will be recruited from
both the general public, as well as NC State University faculty and students. In this experiment, fruit-infused and regular
coffee samples will be brewed from commercially available ingredients and prepared in a food-grade lab environment.
Participants will pick up samples from Schaub Hall on the NC State campus and evaluate samples at home. Participants
will fill out an online questionnaire about their preferences for fruit-infused versus regular brewed coffee during the
evaluation.

Does any member of the project team who is responsible for the design, recruitment, consent, implementation of intervention, interaction with
participants, or those handling identifiable private information under this IRB protocol - or any members of their immediate family (defined as spouse,

dependent children - have any Significant Financial Interest or other types of conflict of interest (as described in SOP 14.3.a) related to the protocol?

If the answer is "yes," please provide the name of the investigator(s) with the potential or actual confiict and confirm that the relationship has been fully
disclosed in the investigators most recent COI disclosure filed with NC State or disclosed through the collaborative research process. If there is a COl
management plan in place with NC State University, please upload it with this application to ensure the IRB protocol meets the expectations of the CO/
plan and the COIl is properly considered in the IRB review process. If you are uncertain how to respond or have questions, please contact
COI-NOI-Compliance@ncsu.edu.

N/A

My research qualifies for Exemption. Exempt research is minimal risk and must fit into the categories d.1 - d8 found here:
http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.html
1

Is this research being conducted by a student?
Yes

Is this research for a thesis/disseration/capstone?

1



Yes

Is this research for a dissertatiion?

No

Is this independent research?
No

Is this research for a course?

No

Do you currently intend to use the data for any purpose beyond the fulfiliment of the class assignment?

No

Please explain

If so, please explain

If you anticipate additional NCSU-affiliated investigators (other than those listed on the Title tab) may be involved in this research, list them here

indicating their name and department.

Will the investigators be collaborating with researchers at any institutions or organizations outside of NC State?

No

List collaborating institutions and describe the nature of the collaboration. If researchers from both institutions are doing any of the following activities:
recruitment, consent process, data collection or handiing of identifiable information/specimens a reliance agreement may be appropriate. For more

information, please contact irb-coordinator-admin@ncsu.edu

What is NCSU's role in this research?

Describe funding flow, if any (e.g. subcontractors)

Is this international research?

No

Identify the countries involved in this research

An IRB equivalent review for local and cultural context may be necessary for this study. Can you recommend consultants with cultural expertise who
may be willing to provide this review? Consultants may not be a part of the research team or have a stake in the research project. Provide email
contact information for consultant(s). A local context review may lengthen the time it takes for your approval.

Adults 18 - 64 in the general population?
Yes

NCSU students, faculty or staff?
Yes

Aduilts age 65 and older?
No

Minors (under age 18--be sure to include provision for parental consent and/or child assent). If minors are included in your research, please read
through the NC State University Regulation for your additional responsibilities. Following this regulation is a requirement of your affiliation with NC
State.?

No

List ages or age range:

Could any of the children be "Wards of the State" (a child whose welfare is the responsibility of the state or other agency, institution, or entity)?
No

Please explain:

Prisoners (any individual involuntarily confined or detained in a penal institution -- can be detained pending arraignment, trial or sentencing)?

No

Pregnant women?
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No

Are pregnant women the primary population or focus for this research?

No

Provide rationale for why they are the focus population and describe the risks associated with their involvment as participants

Fetuses?

No

Students?
No

Does the research involve normal educational practices?

No

Is the research being conducted in an accepted educational setting?

No

Are participants in a class taught by the principal investigator?

No

Are the research activities part of the required course requirements?
No

Will course credit be offered to participants?
No

Amount of credit?

No

If class credit will be given, list the amount and alternative ways to earn the same amount of credit.Note: the time it takes to gain the same amount of

credit by the alternate means should be commensurate with the study task(s)

How will permission to conduct research be obtained from the school or district? IRB approval is not permission to conduct the research. You need to
access a gatekeeper. If you are implementing a survey with NC State populations, please make sure you follow the NC State survey regulation.

Will you utilize private academic records?
No

Explain the procedures and document permission for accessing these records.

Employees?
No

Describe where (in the workplace, out of the workplace) activities will be conducted.

From whom and how will permission to conduct research on the employees be obtained?

How will potential participants be approached and informed about the research so as to reduce any perceived coercion to participate?

Is the empioyer involved in the research activities in any way?
No

Please explain:

Will the employer receive any results from the research activities (i.e. reports, recommendations, etc.)?

No

Please explain. How will employee identities be protected in reports provided to employers?

Impaired decision making capacity/Legally incompetent?

No

How will competency be assessed and from whom will you obtain consent?

Mental/emotional/developmental/psychiatric challenges?

No
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Identify the challenge and explain the unique risks for this population.

Describe any special provisions necessary for consent and other study activities (e.g., legal guardian for those unable to consent).

People with physical challenges?
No

Identify the challenge and explain the unique risks for this population.

Describe any special provisions necessary for working with this population (e.g., witnesses for the visually impaired).

Economically or educationally disadvantaged?

No

Racial, ethnic, religious and/or other minorities?

No

Non-English speakers?

No

Describe the procedures used to overcome any language barrier.

Will a translator be used?

No

Provide information about the translator (who they are, relation to the community, why you have selected them for use, confidentiality measures being
utilized).

Explain the necessity for the use of the vulnerable populations listed.
N/A

State how, where, when, and by whom consent wiil be obtained from each participant group. Identify the type of consent (e.g., written, verbal,
electronic, etc.). Label and submit alf consent forms. Consent Form Template for NC State Research - Adults Parental Permission and Minor Assent
Subjects/Participants will be recruited via email and flyers. Before beginning the study, participants will be required to
finish an electronic consent form and a screening process to ensure they are over 18 years old and without any food
allergies. If the subject chooses not to participate in this test at any time, their data will not be recorded. If participants
would like a copy of their consent information, they can access it from a provided link.

If any participants are minors, describe the process for obtaining parental consent and minor’s assent (minor's agreement to participate).

N/A

Are you applying for a waiver of the requirement for consent (no consent information of any kind provided to participants) for any participant group(s) in
your study?
No

For each participant group that you are requesting a waiver of consent for, please state what method this waiver is needed for, why it is needed and

address each of the above 5 criteria to justify why your study qualifies for a waiver of consent.

Are you applying for an alteration (exclusion of one or more of the specific required elements) of consent for any participant group(s) in your study?
No

Identify which required elements of consent you are altering, describe the participant group(s) for which this waiver will apply, and justify why this
waiver is needed.

Are you applying for a waiver of signed consent (consent information is provided, but participant signatures are not collected)? A waiver of signed
consent may be granted only if: The research involves no more than minimal riskThe research involves no procedures for which consent is normally
required outside of the research context.

No

Would a signed consent document be the only document or record linking the participant to the research?
No

Is there any deception of the human subjects involved in this study?

No

Describe why deception is necessary and describe the debriefing procedures.Does the deception require a waiver or alteration of informed consent
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information?Describe debriefing and/or disclosure procedures and submit materials for review.Are participants given the option to destroy their data if
they do not want to be a part the study after disclosure?

For each participant group please indicate how many individuals from that group will be involved in the research. Estimates or ranges of the numbers
of participants are acceptable. Please be aware that participant numbers may affect study risk. If your participation totals differ by 10% from what was
originally approved, notify the IRB.

This study is designed for the general public. Students, teachers, and employees of the university may qualify for the
study; however, it is not a qualification or goal that participants be associated with the university. The participation goal
is 100; therefore, 130 will be recruited.

How will potential participants be be found and selected for inclusion in the study?
All participants will get an email containing informed consent and a screener (see supporting materials) and the subjects
that qualified will be selected for participation, whereas subjects who do not qualify will be screened out.

For each participant group, how will potential participants be approached about the research and invited to participate? Please upload necessary
scripts, templates, talking points. fiyers, blurbs, and announcements.

Potential panelists will be contacted using e-mail or flyers (see attachment). Flyers will be posted inside coffee shops
located near NC State's main campus. The flyer will contain a QR code, and the QR code will take potential participants
to a screener survey (see attachment). The screener survey will determine the valid participants, and we will send a
recruitment email (see attachment) that contains informed consent (see attachment) and the COVID-19 Screen
package.

Describe any inclusion and exclusion criteria for your participants and describe why those criteria are necessary (If your study concentrates on a
particular population, you do not need to repeat your description of that population here.) Inclusion and exclusion criteria should be reflected in all of
your recruitment materials and consent forms.

In order to qualify for the test, all participants have to be over the age of 18 and have no food allergies or intolerances.
Participant's who self-report that they have experienced symptoms of COVID-19 or have interacted with someone who is
infected with COVID-19 will be ineligible participants. In order to ensure focused results, we will also only recruit
participants who have purchased and consumed coffee in the last month, personally consume coffee more than once
per month, and "somewhat like" flavored coffee. In addition, panelists must be willing to participate in the test.

Is there any relationship between researcher and participants - such as teacher/student; employer/employee?
No

What is the justification for using this participant group instead of an unrelated participant group? Please outline the steps taken to migitate risks to

participants from the pre-existing relationship, including power dynamics of this relationship and/or perceived coercion.

Describe any risks associated with conducting your research with a related participant group.

Describe how this relationship will be managed to reduce risk during the research.

How will risks to confidentiality be managed?

Address any concerns regarding data quality (e.g. non-candid responses) that could result from this relationship.

In the following questions describe in lay terms all study procedures that will be experienced by each group of participants in this study.For each group
of participants in your study, provide a step-by-step description of what they will experience from beginning to end of the study activities.

Panelists will have to finish a screener survey to ensure they are eligible (inclusion criteria) for this taste test (See
attachment). This screener survey is available as a QR code on the flyers. After that, panelists will then be provided with
a list of pickup options for the time they are available. Before arriving, participants will be asked to complete the
COVID-19 day of screener (see attachment) at home.

Qualified participants will receive an email informing them that they have qualified, assigning them to a time slot.
Participants (100-130 total) will need to arrive within a 30-minute time slot for sample pickup outside of Schaub Hall.
Total participation time will be less than 10 minutes. However, a 30-minute time slot will be provided to leave adequate
time for cleaning and sanitizing the pickup area.

No more than 17 participants will be scheduled per pickup station for a 30-minute timeslot. Participants, at home, will
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taste the 6 coffee samples, using provided water and crackers between samples. Samples will be prepared in a
food-grade lab from commercially available ingredients. Crackers will be purchased from commercially available
sources. Samples will be blinded with 3-digit blinding codes for taste testing. Participants will follow the ballot and
answer questions (see attachment). The survey will be hosted by Qualtrics from NCSU and stored on a secure
encrypted server.

Participants will receive an email containing their compensation when the tests are completed.

While GRAS status is generally not applied to whole foods, all ingredients used in fruit infused coffee (blueberries, wolf
berries, and coffee) could be considered GRAS, based on the following FDA definition: 21 CFR 170.3(f) says that
"Common use in food means a substantial history of consumption of a substance for food use by a significant number of
consumers."

Are you requesting the use of secondary information to be used as data for this research project? The secondary information can either currently exist
or be generated in the future. Discuss the following: permission to access the information, the act of accessing the information, the transfer, storage,
destruction of the data, and the identifiable/re-identifiable nature of the data. Discuss if the data requires a Data Use Agreement and if data are subject
to FERPA or HIPAA.

N/A

Social/Reputational?

No

Psychological/Emotional?
No

Financial/Employability?
No

Legal?
No

Physical?
No

Academic (affect grades, graduation)?
No

Employment (affect job)?
No

Financial (affect financial welfare)?
No

Medical (harm to treatment)?

No

Insurability (harm to eligibility)?
No

Legal (reveals unlawful behavior)?
No

Private behavior (harm to relationships/reputation)?
No

Religious Issues/Beliefs?

No

Describe the nature and degree of risk that this study poses. Describe the steps taken to minimize these risks. You CANNOT leave this blank, say
‘N/A', none’ or 'no risks'. You can say "There is minimal risk associated with this research.” For each 'Yes' selected above, describe the probability of
the risk occuring and the magnitude of harm should the risk occur. Discuss how you are mitigating those risks through participant selection, study
design, and data security.

There is minimal risk associated with this study and research.

If you are accessing private records, describe how you are gaining access to these records, what information you need from the records, and how you
will receive/record data. Private records may include: educational, medical, financial, employment. Some of these private records may be subject to
laws such as FERPA and HIPAA. Your content here should match what you've discussed on the procedures tab.

We will not be accessing private records.

Are you asking participants to disclose information about other individuals (e.g., friends, family, co-workers, etc.)?
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taste the 6 coffee samples, using provided water and crackers between samples. Samples will be prepared in a
food-grade lab from commercially available ingredients. Crackers will be purchased from commercially available
sources. Samples will be blinded with 3-digit blinding codes for taste testing. Participants will follow the ballot and
answer questions (see attachment). The survey will be hosted by Qualtrics from NCSU and stored on a secure
encrypted server.

Participants will receive an email containing their compensation when the tests are completed.

While GRAS status is generally not applied to whole foods, all ingredients used in fruit infused coffee (blueberries, wolf
berries, and coffee) could be considered GRAS, based on the following FDA definition: 21 CFR 170.3(f) says that
"Common use in food means a substantial history of consumption of a substance for food use by a significant number of
consumers."

Are you requesting the use of secondary information to be used as data for this research project? The secondary information can either currently exist
or be generated in the future. Discuss the following: permission to access the information, the act of accessing the information, the transfer, storage,
destruction of the data, and the identifiable/re-identifiable nature of the data. Discuss if the data requires a Data Use Agreement and if data are subject
to FERPA or HIPAA.

N/A

Social/Reputational?

No

Psychological/Emotional?
No

Financial/Employability?
No

Legal?
No

Physical?
No

Academic (affect grades, graduation)?
No

Employment (affect job)?
No

Financial (affect financial welfare)?
No

Medical (harm to treatment)?

No

Insurability (harm to eligibility)?
No

Legal (reveals unlawful behavior)?
No

Private behavior (harm to relationships/reputation)?
No

Religious Issues/Beliefs?

No

Describe the nature and degree of risk that this study poses. Describe the steps taken to minimize these risks. You CANNOT leave this blank, say
‘N/A', none’ or 'no risks'. You can say "There is minimal risk associated with this research.” For each 'Yes' selected above, describe the probability of
the risk occuring and the magnitude of harm should the risk occur. Discuss how you are mitigating those risks through participant selection, study
design, and data security.

There is minimal risk associated with this study and research.

If you are accessing private records, describe how you are gaining access to these records, what information you need from the records, and how you
will receive/record data. Private records may include: educational, medical, financial, employment. Some of these private records may be subject to
laws such as FERPA and HIPAA. Your content here should match what you've discussed on the procedures tab.

We will not be accessing private records.

Are you asking participants to disclose information about other individuals (e.g., friends, family, co-workers, etc.)?
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No

You have indicated that you will ask participants to disclose information about other individuals (see Populations tab). Describe the data you will collect
and discuss how you will protect confidentiality and the privacy of these third-party individuals.

If you are collecting information that participants might consider personal or sensitive or that if revealed might cause embarrassment, harm to
reputation or could reasonably place the subjects at risk of criminal or civil liability, what measures will you take to protect participants from those
risks?

We will not be collecting information considered to be sensitive.

If any of the study procedures could be considered risky in and of themselves (e.g. study procedures involving upsetting questions, stressful situations,
physical risks, etc.) what measures will you take to protect participants from those risks?

The study procedures are not considered risky.

Describe the anticipated direct benefits to be gained by each group of participants in this study (compensation is not a direct benefit).
There is no direct benefit to participating in this research.

If no direct benefit is expected for participants describe any indirect benefits that may be expected, such as to the scientific community or to society.
The benefit to the scientific community is a greater understanding of consumer preferences for fruit-infused coffee,
which can be used to develop coffee products in the future that better meet consumer needs.

Will you be receiving already existing data without identifiers for this study?

No

Will you be receiving already existing data which includes identifiers for this study?
No

Describe how the benefits baiance out the risks of this study.

Will data be collected in a way that would not allow you to link any identifying information to a participant?
No

Will any identifying information be recorded with the data (ex: name, phone number, IDs, e-mails, etc.)?
Yes

Will you use a master list, crosswalk, or other means of linking a participant's identity to the data?

Yes

Will it be possible to identify a participant indirectly from the data collected (i.e. indirect identification from demographic information)?

No

Audio recordings?

No

Video recordings?
No

Images?
No

Digital/electronic files?
Yes

Paper documents (including notes and journals)?

No

Physiological Responses?

No

Online survey?
Yes

Restricted Access (who, what, when, where)?
Yes

Password Protection (files, folders. drives, workstations)?
Yes

Suggestion of anonymous browsing?
No

Locks (office, desks, cabinets, briefcases)?
Yes

VPN (transfer, upload, download, access)?
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Yes

Encryption (files. folders, drives)?
Yes

Describe all participant identifiers that will be collected from each data collection method (surveys, interviews, focus groups, existing data, background
data collected via host site or software). Discuss why it is necessary lo record identifiers at all and describe the deidentifying process

Data collected will be numerical scores reflecting the participant's perception of fruit-infused coffee attributes. Answers to
multiple-choice demographic questions, including gender identity and age, will be collected in the screener. Panelist
names will be collected on the informed consent forms (these are identifying data). Data will be collected using
Qualtrics. Other panelists' data cannot be accessed by panelists' devices.

If recording identifiable information about participants, discuss any links between the data and the participants and why you need to retain them.
Discuss destruction of links or removal of identifers.

We will not be recording identifiable information other than informed consent data. On the day of sample pickup,
panelists and researchers will complete an online COVID-19 screener at home (see attachment) to be allowed to attend
sample pickup time slots.

Discuss if you'll be working with your departmental IT to create a data management plan and if you're using NC State managed devices, NC State
Google Drive or other NC State non-networked device. If using a personal device, discuss data protection.

Data will be collected using Qualtrics and stored on secure, encrypted servers. Servers can only be accessed on secure
computers by specific people with unity logins and two-factor authentication enabled OR remotely via the NC
State-managed VPN by specific people with unity logins and two-factor authentication enabled.

Describe any ways that participants themselves or third parties discussed by participants could be identified indirectly from the data collected, and
describe measures taken to protect identities. (Data can be reidentified by researcher access, technology employed, researcher expertise, and
triangulation of data or other information. Discuss the probability of reidentification and the magnitude of harm to participants should the data be
reidentified. Discuss the probability of reidentification occuring and the magnitude of harm should it occur).

It is extremely unlikely, if not impossible, that you could re-identify participants in the data based on the demographics
collected. We expect 100-130 responses, and the data are reported as mean composites only. Should the remote
possibility of identification occur with raw data by the researchers, there is no or minimal harm possible since knowledge
of food usage and attitudes is the only data collected.

For all recordings of any type:Describe the type of recording(s) to be made Describe the safe storage of recordings Who will have access to the
recordings? Will recordings be used in publications or data reporting? Will images be aitered to de-identify?Will recordings be transcribed and by
whom?

N/A

Describe how data will be reported (aggregate, individual responses, use of direct quotes) and describe how identities will be protected in study
reports. Reporting data may sometimes reidentify your participants. If needed, you can adjust how you report your data to protect the identities of your
participants. Discuss.

Data will be collected using Qualtrics software but no directly identifying information will be associated with the data.
Data will be reported as an aggregate of the overall study data, rather than as individual responses.

Will anyone besides the Pl or the research team have access to the data (including completed surveys) from the moment they are collected until they
are destroyed? This includes sharing data with sponsors, journals, or using the data for future research endeavors. If you are sharing the data, this
should be in your consent form.

No one besides the Pl will have the access to the raw data. However, de-identified data will be used for presentations,
publication, and future research purposes.

Describe any compensation that participants will be eligible to receive, including what the compensation is, any eligibility requirements for that
compensation, and how that compensation will be delivered. Examples of compensation include: monetary compensation, research credits,
raffle/drawing, novel items. Make sure to check with your department regarding issues of tracking payments as your department accounting office may
have requirements that affect your human subjects privacy (such as the mandatory tracking of anyone who receives compensation). This tracking may
influence the confidentiality/anonymity of your research and must be addressed in this appiication.

Study subjects will be compensated with a $10 gift card and be entered into a raffle for a $50 gift card.

Explain compensation provisions if the participant withdraws prior to completion of the study.

Participants that withdraw prior to completing the study will not receive compensation.
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Reauitment Flyer:

SCAN TO
DniversiTy B PARTICIPATEM

. Fruit-Infused
:-. Coffee Taste Test -

SIGN uP F

FRUIT-INFU
" COFFEE TRSTE F
'GET A $10 GIFT CARD
- PLUS A CHANCE TO
m A RAFFLE TO

~ WIN A $50 GIFT
~ CARD!

86



Recruitment Email:

Hello!

The NCSU Food, Bioprocessing, and Nutrition Sciences Department has a
new Home Usage Test. You will pickup the sample at Schaub Hall (400 Dan
Allen Drive) and taste the sample in your home. The pickup date will be on
Wednesday, October 26%. If you qualify and fully participate in the taste test,
you will receive a $10 digital gift card and a chance to enter the raffle to win a
$50 digital gift card.

To participate in this test, you must first qualify by answering a brief (<5 min)
screener survey. Please enter the screener through this link:

https://ncsu.qualtrics.com/jfe/form/SV_cT3jRpajPblRTue

This is a voluntary taste test and there is no direct benefit to participating.

Thank you!
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ScreenSurvey:

Q1 Dear potential participants!

This is a new tasting test opportunity from the Food Science department at NC State University.
We are trying to develop a fruit-infused coffee product that combines dry fruit and coffee
together. This tasting test is going to take place on Wednesday, October 26th, and you will
pick up your sample at Schaub Hall (400 Dan Allen Drive) and finish a short survey at home.
The pickup time is between 8:00 am and 12:00 pm. This home usage test should take you no
more than 25 minutes to complete. The questions must be completed by 11:59 PM on the day
of pick-up. If you are unable to complete the test by 11:59 PM on Wednesday, October 26th
you will not be eligible for compensation. If you fully participate in this study, you will get a $10
gift card plus a chance to enter a raffle to win a $50 gift card. All gift cards will be digital.
This study is open to anyone over the age of 18 with no food allergies or intolerances and willing
to taste the coffee. This is a voluntary research study, and there is no direct benefit to
participating. This survey will automatically close when we have enough qualified participants. If
you are interested, please continue with our screening process. Thank you so much for your
time!

Sincerely!

Display This Question:

If Dear potential participants! This is a new tasting test opportunity from the Food Science departm...
Is Displayed

Q2 Do you currently have any dietary restrictions, food allergies, intolerances, or illness that
would affect your ability to taste and/or smell?

Yes (1)

No (2)

Display This Question:

If Do you currently have any dietary restrictions, food allergies, intolerances, or illness that wou... =
No

Q3 Please provide your email so we are able to contact you and email your gift card later.

Page 2 of 5
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Display This Question:

If If Please provide your email so we are able to contact you and email your gift card later. Text
Response Is Not Empt

Q4 What is your gender?
~ Male (1)
' Female (2)
' Prefer not to say (3)
Display This Question:

If What is your gender? = Male
Or What is your gender? = Female

Or What is your gender? = Prefer not to say

Q5 What is your age group?

Below 18 (1)
18-24 (2)
2534 (3)
3544 (4)
4554 (5)
55-64 (6)

64 and above (7)
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Display This Question:
If What is your age group? = 18-24
Or What is your age group? = 25-34
Or What is your age group? = 35-44

Or What is your age group? = 45-54

Or What is your age group? = 55-64
Or What is your age group? = 64 and above

Q6 In the past three months, which of the following product/products did you consume?
Coffee (1)
Creamer (2)
iTurkey (3)
Ham (4)
Eurger (5)
;Juice (6)
Cheese (7)
Milk (8)

Plant-based Milk (9)

Display This Question:

If In the past three months, which of the following product/products did you consume? = Coffee

Q7 How often do you consume coffee?
Multiple times per week (1)
Once per week (2)
Multiple times per month (3)
Once per month (4)
Multiple times per 3 months (5)

Once per 3 months (6)
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ConsentForm:

Q1

INFORMED CONSENT

Sensory Analysis
10/26/2022

What are some general things you should know about research studies?

You are invited to join in a research study. Your participation in this study is voluntary. You
have the right to be a part of this study, choose not to participate, and stop participating at any
time without penalty.

The purpose of this research study is to gain a better understanding of consumer perception of
fruit-infused coffee and regular brewed cold coffee. We will do this through a Home Usage Test,
which means participants will pick up the sample on campus, then evaluate and answer an
online survey at home.

You are not guaranteed any personal benefits from being in this study. Research studies also
may pose risks to those who participate. You may want to participate in this research because
you are interested in this topic and want to contribute your views that may help the lab to
develop products. You may not want to participate in this research because you do not wish to
discuss this topic.

Specific details about the research in which you are invited to participate are contained below.
Please ask the researcher for clarification or more information if you do not understand
something in this form. If you wish, you can ask the researcher for a paper copy of this consent
form. If, at any time, you have questions about your participation in this research, do not
hesitate to contact the researcher(s) named above or the NC State IRB office. The IRB office's
contact information is listed in the What if you have questions about your rights as a research

participant? section of this form.

What is the purpose of this study?
The study aims to understand consumer perception of fruit-infused coffee products and regular
brewed cold coffee.

Am | eligible to be a participant in this study?
There will be approximately 100-120 participants in this study.

To be a participant in this study, you must agree to be in the study, be 18 years of age or older,
have no food allergies or intolerances, and meet the following criteria: Must not have any
allergies or intolerances Must have purchased and consumed coffee products every 6
months Must not have a household member who works in the Food Manufacturing field.
You cannot participate in this study if you do not want to be in the study, are under 18 or over 65
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years old, or do not meet the specific criteria listed above.

What will happen if you take part in the study?

If you agree to participate in this study, you will be asked to do all of the following: Taste
samples and answer questions in an online questionnaire

1. Sign an online informed consent form verifying you are over 18 years old and have no food
allergies or intolerances.

2. Travel to Schaub Hall

3. Pick up your samples and taste 6 coffee samples, and complete an online Qualtric survey.

The total time you will be participating in the study is approximately 20-25 minutes.

Risks and benefits

There are no direct benefits to your participation in the research. The indirect benefits include a
greater understanding of the food product mentioned, which may help to develop products that
better meet consumer needs and expectations.

Right to withdraw your participation

You can stop participating in this study at any time for any reason. In order to stop your
participation, please let the researcher know. If you choose to withdraw your consent and stop
participating in this research, we will not use any of your data. If you withdraw your consent and
stop participating in this research, you will forfeit your right to gift card compensation.

Confidentiality, personal privacy, and data management

Trust is the foundation of the participant/researcher relationship. Much of that principle of trust
is tied to keeping your information private and in the manner that we have described to you in
this form. The information that you share with us will be held in confidence to the fullest extent

allowed by law. Protecting your privacy as related to this research is of utmost importance to us.

How we manage, protect, and share your data are the principal ways that we protect your
personal privacy. Data generated about you in this study will be de-identified.

De-identified

De-identified data is information that at one time could directly identify you, but we have
recorded this data so that your identity is separated from the data. We do not have a master list
with your code and real name that connects your information to the research data. While we
might be able to link your identity to your data at earlier stages in the research, when the
research concludes, there will be no way your real identity will be linked to the data we publish.

Data that will be shared with others about you will be de-identified because this consent form
will be stored separately from your data.

To help maximize the benefits of your participation in this project, by further contributing to
science and our community, your de-identified information will be stored for future research and
may be shared with other people without additional consent from you.
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Compensation
You will receive a $10 gift card for participating in this study. If you withdraw from the study

prior to its completion, you will forfeit your right to gift card compensation.

Emergency medical treatment
If you are hurt or injured during the study session, the researcher will call 911 for necessary

care. There is no provision for compensation or free medical care for you if you are injured as a
result of this study.

What if you are an NCSU student?
Your participation in this study is not a course requirement, and your participation, or lack
thereof, will not affect your class standing or grades at NC State.

What if you are an NCSU employee?
Your participation in this study is not a requirement of your employment at NCSU, and your
participation or lack thereof, will not affect your job.

What if you have questions about this study?

If you have questions at any time about the study itself or the procedures implemented in this
study, you may contact the Principal Investigator Kai Deng or Gaberial, Keith Harris at
kdeng@ncsu.edu or gkharris@ncsu.edu.

What if you have questions about your rights as a research participant?
If you feel you have not been treated according to the descriptions in this form, or your rights as

a participant in research have been violated during the course of this project, you may contact
the NC State IRB (Institutional Review Board) Office. An IRB office helps participants if they
have any issues regarding research activities. You can contact the NC State IRB Office via
email at irb-director@ncsu.edu or via phone at (919)515-8754.

Consent To Participate

By signing this consent form, | am affirming that | have read and understand the above
information. All of the questions that | had about this research have been answered. | have
chosen to participate in this study with the understanding that | may stop participating at any
time without penalty or loss of benefits to which | am otherwise entitled. | am aware that | may
revoke my consent at any time.

PLEASE TYPE YOUR NAME TO SIGN THIS ELECTRONIC CONSENT FORM:
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Display This Question:
If If INFORMED CONSENT Sensory Analysis 10/20/2022 What are some general things you

should know about research studies? You are invited to join in a research study. Your participation in this
study is... Text Response Is Not Empt

Q2 Congratulation, you are qualified for our taste test; please select the time when you are able
to pick up your sample on Wednesday, October 26th. Thanks!

Display This Choice:
If Quota 8:00am - 8:30am Has Not Been Met

' 8:00am - 8:30am (1)

Display This Choice:
If Quota 8:30am - 9:00am Has Been Met

8:30am - 9:00am (2)

Display This Choice:
If Quota 9:00am - 9:30am Has Not Been Met

9:00am - 9:30am (3)
Display This Choice:
If Quota 9:30am - 10:00am Has Not Been Met

’ 9:30am - 10:00am (4)
Display This Choice:
If Quota 10:00am - 10:30am Has Not Been Met

10:00am - 10:30am (5)
Display This Choice:
If Quota 10:30am - 11:00am Has Not Been Met

- 10:30am - 11:00am (6)
Display This Choice:
If Quota 11:00am - 11:30am Has Not Been Met

11:00am - 11:30am (7)
Display This Choice:
If Quota 11:30am - 12:00pm Has Not Been Met

' 11:30am - 12:00pm (8)
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COVID -19 requirements and additional package:

COVID-19 Requirements and Additional Procedures
Packet

Updated 6/22/2022

This guidance must be reviewed and in some cases completed by the researchers and tailored to the
specific research procedures taking place in person. Unless changed to address an immediate
hazard, any deviation from these stated procedures without prior IRB approval will result in potentially
halting your research and in an investigation of noncompliance.

This packet comprises three main types of research interactions, each with different guidance and
requirements for researchers based on current COVID-19 guidelines and the NC State University
IRB’s risk-based assessment for participants.

Type 1: When the research taking place is a part of the participants’ normal environment (see
page 2).
e This type of research DOES NOT require submission of this packet.
e Add the five statements (edit number four as necessary) to your elRB protocol in the step-by-
step procedures response on the procedures tab. No other information is required.

Type 2: When the research activities involve in person data collection involving methods such
as in person surveys, interviews, or focus groups (see page 3).

e This type of research DOES NOT require submission of this packet though it may require
some of the appendices if it involves participant group interactions.

e Add the five statements (edit number four as necessary) to your elRB protocol in the step-by-
step procedures response on the procedures tab.

e |f the study involves participants interacting in a group, address points 6 and 7 as described on
page 3 and upload necessary supplemental documents that have been edited to match your
study.

e No other information is required.

Type 3: When participants are asked to go somewhere/do something they wouldn’t already be
doing that involves more than a discussion (see page 4).

e This type of research requires submission of an edited version of this packet (starting on page
4) to be used in the proposed study.

e Add this statement to your elRB protocol in the step-by-step procedures response on the
procedures tab, “Please see additional procedures packet for COVID-19 precautions. These
activities will cease when the NC State University IRB gives permission. When that occurs, all
other approved IRB procedures will be implemented.”

In some places in the document, you will see instructional language that is colored red and between
carrot symbols such as <insert information here>. When this appears, Insert the appropriate
information and delete the prompt verbiage and insertion carets.

Please note: If needed, the NC State University IRB may increase protections for human subjects as

the landscape of the COVID-19 pandemic changes. Should that occur, you may be required to
implement additional protections and take additional actions as communicated by the IRB.

This guidance will be updated regularly to remain current
Updated 6/22/2022
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Type 1: When the research taking place is a part of the participants’ normal environment
This section of guidance is for research that occurs where the researcher enters the participant’s
environment and does not ask the participant to leave their environment or go somewhere different.
Examples include observations of already occurring behavior, a researcher going to an already
established event or location where there are already COVID-19 requirements in place (such as a
school or a festival). If this occurs, you do not need to complete this packet. but state the following in

your IRB protocol in the step-by-step procedures question on the procedures tab:

1. All researchers will screen themselves for COVID-19 symptoms before interacting with any
participants and if symptoms arise, the research team will not interact with participants.

2. All researchers, regardless of other exceptions, will wear a face mask over their nose and
mouth throughout the entire research process that involves interacting or observing
participants.

3. All researchers will wash their hands or use hand sanitizer before interactions with individual
participants.

4. All researchers will follow the established COVID-19 guidelines for the <insert event/location>
throughout the research process in addition to wearing a face mask.

5. When the NC State IRB gives permission, these protective measures will cease and the
normal approved procedures will continue without COVID-19 protections in place.

This guidance will be updated regularly to remain current
Updated 6/22/2022
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