
ABSTRACT 

DENG, KAI . Development of Coffee Beverages Using the Fruit-Infusion Process. (Under the 

direction of Dr. Gabriel Keith Harris). 

 

As one of the most popular beverages worldwide, coffee plays an essential role in the 

economy and the market. The future trend of coffee consumption will continue to grow globally, 

with significant growth (4.1%) in non-traditional markets and steady growth in traditional 

markets, such as Europe (1%) and North America (2.5%) (Samoggia & Riedel, 2019). One of the 

reasons that caused the coffee market growth is the development of flavored coffee and creamer. 

However, most of them use artificial flavors, and none of them contain additional nutrients. This 

project aims to address those problems. With the addition of wolfberry and blueberry, this coffee 

beverage can contain natural fruity flavors, aromas, and additional nutrients. With the possession 

of lutein, zeaxanthin, Lycium Barbarum polysaccharides, and betaine, the benefits of wolfberry 

mainly include antioxidant effects, cancer prevention, immune-system enhancement, and anti-

aging. Conversely, blueberry possesses chlorogenic acid, anthocyanins, vitamins, flavonols, and 

citric acid. Blueberries can potentially control and maintain weight, lower the risk of 

cardiovascular disease, positively affect cognition and neuroprotection, and prevent certain 

cancers. With those health-beneficial compounds, this fruit-infused coffee beverage is expected 

to provide nutraceutical effects for humans. 

This research conducted two categories of analysis to ensure this product's better quality: 

a consumer acceptance test for sensory analysis and physicochemical analyses. An IRB-

approved consumer acceptance test was conducted with 67 participants from the general public, 

students, and faculties from NC State University. The result demonstrated that fruit-infused 

coffee generally has higher liking scores, attractive flavors, and higher purchasing intent. The 

physicochemical analyses consisted of pH measurement, color analysis using the colorimeter, 



caffeine and chlorogenic acid analysis using HPLC equipped with a UV-Vis detector, 

anthocyanin concentration measurement using the pH differential method with the 

spectrophotometer (Lee et al., 2005), and total carotenoid quantification using the 

spectrophotometric technique (Zheng et al., 2015). Results illustrated that the fruit-infusion 

process dramatically decreased the yellowness and whiteness of the coffee and a higher Brix%. 

Moreover, blueberry-infused coffee had a lower pH and caffeine content, the same amount of 

chlorogenic acid, and a significant amount of anthocyanins compared to regular brewed coffee. 

The wolfberry-infused sample had the same amount of caffeine and chlorogenic acid, slightly 

higher pH and a tiny amount of carotenoids.  

A pilot scale-up process was also conducted to discover the best way to preserve flavors 

and nutrients. Two methods were used to process coffee: a conventional heating method using 

the steam jacketed kettle and an advanced technique using microwave processing. Conventional 

processing could preserve half of the anthocyanins (40 to 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 sample. On the other hand, microwave processing 

preserved most of the volatile compounds since it 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 the lab-made sample, and one serving of this beverage (300 

mL) could satisfy the zeaxanthin recommended daily intake for a healthy adult per day. 
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CHAPTER 1 Literature Review 

Introduction 

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 countries. Samoggia and 

Riedel (2019) pointed out that the future trend of coffee consumption will continue to grow 

worldwide, including those conventional and non-traditional markets for coffee consumption. A 

significant growth (4.1%) is estimated in non-traditional markets such as Africa, Asia, and 

Oceania. On the other hand, steady growth in traditional markets is observed 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 developed coffee 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). According to 

Teketay (1998), even though the origin of coffee is controversial, recent studies believe that 

Ethiopia was the place where Arabica coffee originated. Coffee was planted in Harar when 

Arabs took up this city. Coffee was then introduced to Mecca and spread to other cities in 

Islamic areas. In summary, there are three major areas in Ethiopia for a considerable amount of 

coffee cultivation, including eastern, southern, and western-southwestern regions in Ethiopia 

(Teketay, 1998). In east Ethiopia, coffee cultivation 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 
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eastern Ethiopia 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 account for 35% of coffee 

production in Ethiopia. Finally, the western-southwestern area occupies the largest land area for 

coffee growth, about 58% of the area. Among those three major areas, the western-southwestern 

area has the highest rainfalls and excellent soil properties, 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 pulp without 

other processing techniques. However, limited shelf life makes people have to 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 butter or fat and making them a 

protein bar-like 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 from Cairo (Teketay, 1998).  

People agree that drinking coffee can bring various functional benefits when people think 

about consuming coffee. According to Samoggia and Riedel (2019), drinking coffeeôs energetic 

and therapeutic effects are two primary reasons people consume 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, personal 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 
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people still tend to believe that drinking coffee will have adverse effects on their bodies, 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 double-edge-sword 

effects. Multiple studies have shown that drinking coffee could positively affect our bodies, but 

adverse effects would emerge from consuming excessive amounts of coffee. Coffee is a 

complicated chemical mixture with over 1000 chemicals, including polyphenols, carbohydrates, 

lipids, vitamins, minerals, etc. This feature makes coffee one of the most chemical-enriched 

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 cancers is closely 

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 of various 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., 2008). Besides 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 beverage. In 

addition, some studies have shown that there is a relationship between regular coffee intake and a 

lower risk of Parkinsonôs disease (Bae et al., 2014; Nieber, 2017; Butt & Sultan, 2011; George et 

al., 2008). In continuation, drinking coffee can lower the 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 
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need attention to demonstrate the negative effects on human health. Butt and Sultan (2011) stated 

that excessive consumption of coffee is one of the main reasons that causes adverse effects, such 

as insomnia, epilepsy, and osteoporosis. Pregnant women should avoid drinking coffee because 

of the potential damage that coffee can cause, such as miscarriage and low birth weight (Bae et 

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

Coffeeôs energetic effect makes it an excellent substitute for energy drinks without sugars 

and artificial colorants. Therefore, more and more soft drinks companies have started adding 

coffee elements into their products, such as coffee-flavored coke. In addition, Samoggia and 

Riedel (2019) pointed out that ready-to-drink coffee has started to become an extraordinary 

existence among coffee products because of its suitability for the current grab-and-go lifestyle, 

major investments, and coffee culture growth. This development trend also affects our product 

innovation; more details will be discussed below. 

Although the public still possesses a conservative attitude towards coffee consumption, 

there is no doubt that coffee contains many nutrients, including bio-phenols, biochemical 

elements, and bioactive compounds (Samoggia& Riedell, 2019). Within those compounds, 

chlorogenic acid, caffeine, and polyphenols are well-known for their functionality in humans, 

especially their antioxidizing and energetic effects. Moreira et al. (2017) analyzed the coffee 

compositions by using various techniques, including gas chromatography-mass spectrometry 

(GC-MS), high-pressure liquid chromatography (HPLC), and anion exchange chromatography to 

determine the methanolysis products, chlorogenic acid, and content of different carbohydrates, 

respectively.  

 

 

 



   

5 

 

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

al., 2017) 

 

Component/Coffee 

Green Coffee Roasted 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% 1.5-3% Polymers of 

galactose, 

arabinose 

Cellulose, 

ɓ(1-4)mannan 

41-43% 32-40% N/A  

Acids and Phenols   

Chlorogenic Acid 6.7-9.2% 7.1-12.1% 2.57-2.99% 2.84-3.22% Mono-, dicaffeoyl-

, and 

feruloylquinic acid 

Lipids 15-18% 8-12% N/A  

Protein 8.5-12% 12.36-14.32% 14.9-17.26%  

Caffeine 0.8-1.4% 1.7-4.0% 0.83-0.93% 1.42-1.76% Traces of 

theobromine and 

theophylline 

 

Economics of Coffee 

Ponte (2002) stated that coffee had become a powerful crop to help developing countries 

profit as a worldwide commodity. In 2002, around 2.25 billion coffee cups were consumed 

worldwide daily. The International Coffee Organization (ICO) pointed out that coffee 

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

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

consumption of coffee, the production had robust growth in the past two years as well. Coffee 
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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 

Production By 

Species(In thousand 

60kg bags) 

Year % Change 2019-2020 

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 

Production By 

Region (In thousand 

60kg bags) 

Year % change 2019-2020 

Growth Region 2019 2020 

Africa 18,686 18,514 -0.9% 

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

Mexico & Central 

America 

19,564 19,542 -0.1% 

South America 77,367 88,205 14% 

World Coffee 

Consumption By 

Region (In thousand 

60kg bags) 

Year % change 2019-2021 

Region 2019/20 2020/21 
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Table 2 (continued). 

Africa 12,024 12,242 3.4% 

Asia & Oceania 36,002 36,503 1.5% 

Central America & 

Mexico 

5,327 5,364 0.6% 

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 Covid-19 pandemic, many industries have been 

affected, and coffee cannot escape. Hernandez et al. (2020) stated that in some 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 processes are delayed, the delivery of coffee is also affected, 

and the selling price of coffee increases. Despite the adverse effects that Covid-19 brought 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 arises: Can an innovative coffee 

product with attractive flavors, handy packaging, and potentially enhanced nutritional value be 

created? When this 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.  
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Fruit -Infused Coffee 

Coffee possesses an intricate flavor profile. Seninde & Chambers (2020) explained all 

coffee flavors, including floral, nutty, fruity, earthy, spicy, acid, bitter, ashy, etc. Withstanding 

this, fruit-infused coffee can be described as the fruit contributing its flavor profile to coffee and 

becoming a part of a coffee or coffee-like product. Coffee becomes a natural resource to extract 

beneficial compounds from dried fruits. It turns itself into a drink with intense fruity flavors and 

provides health benefits, including antioxidants, vitamins, 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. According to Chang, Alasalvar, and Shahidi 

(2016), the most popular fruits are grown seasonally. Thus, they might not always be accessible 

in the fresh state. To increase the shelf life of fresh fruits, numerous processing methods are used 

to turn fresh fruits into dried fruits. From a long point of view, numerous aspects must be 

considered if this product is going to the market eventually. For instance, the supply chain is one 

of the most crucial parts since it provides every ingredient for the final product. Therefore, 

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 vital for 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 immature green to a completely red ripen condition, including color, composition, scent, 

flavor, and texture alterations. It indicates that the ripening process can change the attributes of 

fresh fruit, and it might also impact its quality. Thus, using dried fruits is more reasonable 

considering the quality control. Finally, this project aims to create a coffee product instead of a 
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juice or coffee-like product. Therefore, coffee should be the primary component, and fruits 

should not overpower the effect of coffee, consequently, after 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 

coffee products, with a significant amount of combinations and characteristics. However, my 

thesis research focuses on developing this pleasant flavor product with innovative packaging and 

applying the overall concept to the industrial scale. Nevertheless, is this creation necessary even 

though it sounds creative? This question will be explained below. 

Necessity of Product 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. As mentioned 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 consumption pattern, called out-of-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 because 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 pigment that provides the blueberry 

with a purple hue.  Despite carotenoids and anthocyanins being completely different pigments 

with different characteristics. Both will provide significant health benefits for humans, such as 
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the antioxidative effect. Thus, these two fruits from two distinctive 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), artificial-flavored creamer (Figure 2), and ready-to-

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 often comes with artificial flavor, sugar, and creamer 

(components vary with different products). Therefore, most of the time, this product does not 

taste like coffee, and all the ingredients cannot provide 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 and is now expanding. Therefore, those artificial flavors 

can attract more potential customers. On the other hand, artificially flavored 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 will give excessive sugar but little to non-nutritional value 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, ready-to-drink dried fruit coffee 

can be found in some coffee shops in China. This productôs preparation is straightforward: put 

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 product is evident. Due to the extremely short 

extraction time and the small number of 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 with no fruit flavor.  

The fruit-infused coffee idea has been initiated to mitigate the drawback of previously 

mentioned products. With proper processing methods, this final product should present natural 

flavor, color, and bioactive compounds directly from fruits 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: Artificial-Flavored Instant Coffee 

 

 

  
Figure 2: Artificial-Flavored Creamer 
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Figure 3: Ready-To-Drink Dried Fruit Coffee 

 

Introduction of Wolfberry  

The wolfberry (Lycium Barbarum), also known as goji berry, is one of the most famous 

herbs used in China for centuries. There are various ways of consuming wolfberry, including 

water infusion, cooking, infusing other herbs, and directly eating it. In 1596, one of the most 

distinguishable herbalists, Li Shizhen, had his own opinion about the wolfberry. In his book, the 

Compendium of Materia Medica, he mentioned that the wolfberry could positively affect eye 

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 some of his research has been 

proven wrong, he made some significant contributions regarding wolfberry research through 

observations. Recently, researchers have found numerous pieces of evidence to prove the 

existence of distinguishable nutrients inside wolfberries, including sugar, betaine, Lycium 

barbarum polysaccharides (LBP), pharmacodynamic amino acids, flavonoids, and carotenoids. 

With those compounds, the corresponding benefits of wolfberry are rich in antioxidative 

properties, immune-system enhancement, anti-aging, and cancer prevention (Yajun et al., 2019). 

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



   

13 

 

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

substances: 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 wolfberry must 

have a balanced ratio (50:50) between its total sugar and betaine content. 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 temperature, the moderate altitude, sunshine duration, and 

temperature difference between day and night, Zhongning countyôs wolfberry contains not only a 

proper sugar-betaine ratio but also the highest amount of LBP, iron, magnesium, and selenium 

(Yajun et al., 2019).  

Both dried and fresh wolfberry is bright red, and the carotenoids are the primary pigment 

responsible for this color. According to KulczyŒski and Gramza-Michağowska (2016), 

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 

occupy around 31 to 56% of the total carotenoids. In tradition, water 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, this fruit-infusion coffee 

applied the same concept; the only difference 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, fruit-infused coffee is an alternative way of making carotenoid 

extraction since Ratnayake et al. (1993) have confirmed that a small portion of lipid from coffee 

will leak out into the coffee liquid after processing. In addition, Abdel-Aal et al. (2013) 

demonstrated that a 6 mg per day intake could mitigate the risk of getting age-related macular 
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degeneration disease. Still, a typical 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, and it will meet the daily requirement of a regular adult. 

Lutein and Zeaxanthin 

Lutein and Zeaxanthin are the major components of wolfberries' 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. Thus, lutein and zeaxanthin might be 

potential antioxidants that can screen out high-energy 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 serum levels of lutein and the risk of getting certain ocular 

diseases, including age-related macular degeneration and cataracts. Furthermore, the latest 

studies also indicated that the intake of xanthophylls, such as lutein and zeaxanthin, can help 

reduce the risk of atherosclerosis to promote heart health. Oral consumption of lutein and 

zeaxanthin could promote skin health by reducing UV-induced damage. Thus, it is confident that 

consuming carotenoids, especially lutein and zeaxanthin, will positively affect human health in 

various ways, including vision and other aspects (Alves-Rodrigues & Shao, 2004). 

If coffee can extract lipid-soluble compounds, such as lutein and zeaxanthin, from the 

wolfberry, this product will be an excellent drink with natural carotenoids that will support 

vision health for consumers.  In the meantime, Alves-Rodrigues 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 consumers lacking lutein and zeaxanthin. High-
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Performance Liquid Chromatography (HPLC) will be used to analyze the lutein and zeaxanthin 

content in the fruit-infused coffee. 

Other Potential Benefits of Wolfberry Consumption 

Other than carotenoids, wolfberries also contain a significant amount of other nutrients, 

including Lycium Barbarum Polysaccharides (LBP), betaine, ascorbic acid, thiamine, riboflavin, 

potassium, iron, zinc, and selenium (Wenli et al., 2021). Among all those nutrients, 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, anti-aging, 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 essential as LBP 

in terms of its functionalities. Craig (2004) stated that betaine could be the 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 donor, it has 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 quality of the ingredients. According to 

Cui et 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 times to remove water from food. Nonetheless, fruits like berries are often 

sensitive to heat; thus, a more significant temperature can permanently alter the end goodsô 

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 fruit-infused coffees.  

The fundamental goal of the drying process is to remove the water from the fruit in order 

to prolong its shelf life. 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 

discovered that the only epidermal structure identified in wolfberries is surrounded by a thick 

layer of longitudinally folded cuticles and a thin wax 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 particular attention 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 pretreatment to remove 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 increased antioxidant activity. As for the chemical process, it 

usually takes a short time (a few minutes) to break down the wax coating of wolfberries, making 

them more appealing than physical pretreatment procedures. Moreover, researchers also 

compared the sodium 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 carbonate or sodium 

hydroxide solutions, which can cause skin rupture and facilitate mass transfer (Cui et al., 2022).  

Sun drying (solar drying) and hot air drying are the two primary traditional drying 

techniques used extensively in manufacturing wolfberries. The solar 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 nutrients 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 method unsuitable for large-scale 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. However, some defects 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 quality of wolfberries. 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, more advanced technologies 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 methods, the 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 the process prevents the microwave drying method from being prevalently used. 

Microwave technology usually demands a high expense, so it is only used as an assistant drying 

method to help other techniques produce higher-quality 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 

pump can recycle the energy to lower the overall cost of the drying process. However, the four 

major components of the pump require frequent maintenance, which makes this 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 future of drying and 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 small fruit that belongs to the species Vaccinium. 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 et al., 2019). 

Lowbush blueberries are used as fresh and processed organic fruit, and they are also used in 

baked products and yogurt. Indigenous peoples typically use semi-wild systems, such as slash-

and-burn techniques, to grow lowbush blueberries in Maine, New Brunswick, 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. Highbush blueberries can also be used in processed foods 

(Vincent et al., 2019). Regardless of the subspecies, blueberries are one of the best suppliers of 
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anthocyanins compared to other common fruits (Table 3). This pigment, known as anthocyanins, 

gives those ripe 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 anthocyanins 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 compounds, such as 3-monoglucoside acylated and 3,5-diglucosides 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 amount of 13C-

labeled CO2 was found in exhaled breath six hours after individuals consumed anthocyanins, 

indicating complete and quick decomposition. Nevertheless, 48 hours later, over 50% of the 13C 

remained in the body. Moreover, anthocyanins and their phase 2 metabolites can still be tracked 

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 (Kalt et al., 2020). 

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

Fruit Description Number of Sample Anthocyanins 

Concentration 

(mg/100g) 

Apple Red peel 6 12 

Apple Yellow peel 2 0 

Banana  ï 0 

Blackberry  4 245 

Blueberry Highbush 7 387 

Blueberry Lowbush 1 487 
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Table 3 (continued). 

Cantaloupe  ï 0 

Cherry (sweet)  4 122 

Grape Red peel and flesh   5 27 

Grape Purple peel and flesh 1 120 

Kiwifruit   ï 0 

Nectarine Yellow peel 5 15 

Orange Orange flesh ï 0 

Plum Yellow peel 1 0 

Plum Red peel 2 20 

Plum Black peel 2 116 

Raspberry (red)  5 92 

Strawberry  8 21 

Watermelon  ï  0 

 

Frost, Ristenpart, and Guinard (2020) conducted a descriptive analysis in their research. 

The result 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 coffee could boost the original blueberry attribute in the coffee. 

As one of the superfruits on the market, blueberries are good for ordinary people and an 

excellent choice for professional athletes. Sucharita et al. (2019) pointed out that consuming 

blueberries can quickly help athletes 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 

benefits to the public. A study has shown that up to 60% of all polyphenols comprise 
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anthocyanin flavonoids, contributing significantly to ripe blueberriesô health benefits. 

Blueberries contain both flavonoid and nonflavonoid polyphenolic compounds. 

Proanthocyanidins 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 consumption of blueberries provides various health 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 regular blueberry 

consumption will positively affect cardiovascular diseases. According to a meta-analysis of 6 

studies, a higher anthocyanin intake will decline mortality risk. Among those risks, 

cardiovascular mortality risk is at the top of this list (Grosso et al., 2017). 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 years) 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 et al. (2012) 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 the highest quintile of anthocyanin and berry intake 
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was attributed to a reduced risk of Parkinsonôs disease in a pooled analysis of two US cohort 

studies. Kalt et al. (2020) reported that after 12 weeks of moderate consumption of either 

Concord grape or blueberry juice, the result demonstrated that the cognitive function in elderly 

individuals had been improved. Moreover, improved task switching and less memory 

interference have been observed in healthy older people after they took blueberry supplements 

for 90 days. 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 benefits, regular 

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 activity (Petzold et al., 2021). 

Anthocyanins 

Blueberries contain high amounts of sugars (glucose and fructose), vitamins A, D, and E, 

folic acid, minerals, and organic acids. More importantly, they are a significant source of 

bioactive compounds, such as flavonoids. Including anthocyanins, flavonols, and flavonols. 

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 

mentioned 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 aglycones. Blueberries have five 

anthocyanidins, including malvidin, petunidin, peonidin, cyaniding, and delphinidin (Petzold et 

al., 2021). Blueberries' biological activity and potential health benefits are frequently attributed 
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to these anthocyanidins, which have high antioxidant capacities. Nevertheless, the anthocyanin 

level might vary from 93-235 mg/100g depending on the different species of blueberries.  

Furthermore, the pulp and peel of blueberries contain significant amounts of bioactive 

compounds. Pertuzatti et al. (2016) showed that the peel contained more phytochemicals than the 

pulp. The fruitôs total phenolic content varied from 612.61 to 876.53 mg per 100 grams of gallic 

acid equivalent (GAE), while its anthocyanin concentration was between 70.2 to 217.55 mg per 

100 grams of CYD-3-G. Procyanidins, considered 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 tannin level was 90 times higher than 

the hydrolyzable tannin amount (Pertuzatti et al., 2016). 

Chlorogenic Acid 

Chlorogenic acid is a rich antioxidant in blueberries. Nevertheless, the content of 

chlorogenic acid significantly varies among different species from 0.02 to 0.347 mg per g of 

blueberry (Ma et al., 2018). Chlorogenic acid is a crucial agent against liver damage. It and other 

compounds, such as flavonols, can exert considerable antioxidant protective effects, which link 

to the redox response to a toxic selenite dosage in the rat brain and liver (Ma et al., 2018).  

Chlorogenic acid quickly degrades when 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 acid. Moreover, studies have shown that chlorogenic acid declined 

dramatically during the first 10 minutes, reaching a minimum level at around 30 minutes, then 

dropping steadily. 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 process. Researchers also found that polyphenol oxidase can 

oxidize anthocyanins (Kader et al., 1997). Furthermore, the anthocyanin degradation was 

reported bet accelerated by adding chlorogenic acid when they were present in the reaction 

mixture. Nonetheless, neither chlorogenic acid nor anthocyanins were degraded after the 

enzymatic extract was heated to the point of inactivation (Kader et al., 1997). Thus, this infusion 

project could seize the enzymatic extract by heating processes and maximize the chlorogenic 

acid and anthocyanins concentration in the final product with the blueberry infusions. 

Dried Blueberry Process 

Like fresh wolfberries, a distinct epidermal structure on fresh blueberries is coated in a 

waxy lipophilic covering that acts as a barrier to moisture transport during drying. 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 and lessen the impact of skin 

hydrophobicity during the drying of whole berries. Alkaline solutions that contain ethyl oleate, 

NaOH, or Na2CO3 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 because they can 

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 that applying far-infrared radiation heating-assisted pulsed 

vacuum drying is a better way to go to obtain an excellent quality product. The results indicated 

that the drying time and product quality had been considerably affected under far-infrared 
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radiation conditions. Besides, far-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 under far-infrared 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 the hot air-drying method and 

improved dried blueberry rehydration capability. Overall, this technology is promising for 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 ingredients must 

experience the second round of processing (heating); therefore, a better-quality ingredient will 

ensure a better final product quality.  

Production Cost of Fruit-Infused Coffee 

Unlike coffee beverages from the current market, using excessive added sugar and other 

flavor ingredients, fruit-infused coffee only uses water, coffee, and dried fruits during the 

preliminary production process. Table 4 illustrates the retail price for coffee, dried wolfberry, 

and dried blueberry on the market and the ideal production cost for one serving of the fruit-

infused coffee. The price information of the retail market price of water is obtained from the 

Raleigh City website (https://raleighnc.gov/doing-business/utility-rates-deposits-other-charges). 

The final estimated price for the coffee and packaging will  be around 1.5 dollars; half of the 

price (~$0.74) is the packaging cost. This final cost neglects the cost of processing, equipment 

maintenance, and labor. Even though the current production cost is relatively high, this cost is 

estimated for smaller-scale production. Nonetheless, with large-scale production and a steadier 

supply chain, the cost will likely be lower than the price shown in Table 4. 

 

https://raleighnc.gov/doing-business/utility-rates-deposits-other-charges
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Table 4: Cost Estimation of Fruit-Infused Coffee 

Price/Ingredients Dried Wolfberry Dried Blueberry Coffee Water 

Market Retail Price ~$14.99/lbs ~$15.84/lbs ~$12.15/lbs ~$0.0092/gallon 

Wholesale Price (Costco) ~$14.17/lbs ~$6.61/lbs ~$9.75/lbs ~$1.73/gallon 

     

1 Serving Ingredients Cost ~$0.31 ~$0.25 ~$0.40 ~$0.14 

1 Serving Product Cost + 

Packaging (Plastic 12 oz 

Bottle) 

~$1.53 

(blueberry) to 

~$1.59 

(wolfberry) 

   

 

Conclusion 

In summary, fruit-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 European countries, 

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 products, convenient shopping 

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

Furthermore, Ismoyowati et al. (2021) mentioned that the COVID-19 pandemic impacted the 

commercial sectors worldwide at a global level. According to the research, one of the fastest-

growing industries prior to the pandemic was the coffee shop, which had seen a 50-90% decline 

in sales. Thus, their product must be more inventive and agile to help coffee shops overcome 

these predicaments. Consequently, bottled coffee is a recent development resulting from this 

circumstance in coffee shops. Also, the findings indicated that coffee businesses began 

producing bottled coffee immediately following the epidemic to retain their business 
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(Ismoyowati et 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 target consumers include 

anyone over the age of 18 who enjoys coffee and coffee products. Besides, this fruit-infused 

product is for anyone who wants to lose weight, manage weight, or get rid of certain chronic 

diseases, such as hypertension, diabetes, or even Parkinsonôs disease. Studies have shown that 

regularly drinking coffee will make positive impact on diabetes, cardiovascular diseases, and 

liver diseases (Bae et al., 2014; Nieber, 2017; George et al., 2008). Additionally, several studies 

have pointed out that when 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 conjunction with 

eccentric exercise (Astorino et al., 2011; Guest et al., 2021). Thus, if consumers need a pre-

workout or wake-up drink, this new product can undoubtedly satisfy their requirements. Another 

main driver for this productôs success is sensory profile; while the sensory perception of the 

blueberries and coffee may share some common attributes, the wolfberry can make a difference 

to coffeeôs original taste due to the relatively high sugar content. Thus, with the addition of 

wolfberry, the coffee might get sweeter and less bitter accordingly. Therefore, further work 

needs to be done to generate a drink with excellent quality, exceptional flavors, and high 

nutritional value yet keeps some of the original taste of coffee- hence the research, ñProduct 

Development of a Fruit-Infused Coffee.ò Typically, there are several 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 correlate with each 
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other- 3a) Blind Guidance Testing, 3b) Product Optimization, and 3c) Sensory Analysis- 4) 

Shelf-Life Testing, and 5) Scale-up. Even though market research and marketing play a crucial 

role in the product development process, this area is not related to the current study on product 

development. These key phases were the projectôs parameters for creating the fruit-infused 

coffee. 
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CHAPTER 2. Determination of the Sensory Attributes and Consumers' Acceptance of 

Fruit -Infused Coffee Beverages 

Abstract 

Sensory analysis plays a crucial role in the food and beverage industry. Meanwhile, it is a 

valuable technique that can make a tremendous impact on the development of food. Two 

experiments were conducted to examine a newly developed fruit-infused coffee, including a 

preliminary descriptive analysis and a home-usage consumer acceptance test. Creation and 

testing of coffee prototypes involved coffee roasting, grinding, brewing, fruit addition, 

pasteurization, 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 100 panelists were 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 members).  Potential 

participants completed a series of questionnaires 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 the test received a $10 electronic gift card as compensation. The results of the 

descriptive analysis demonstrated that light-roast coffee and medium-roast coffee were 

compatible with the fruit-infusion process. Moreover, of the fruits tested, dried wolfberries and 

dried blueberries were the most compatible with coffee. The consumer acceptance test indicated 

that the fruit-infusion process generally elevates the overall liking score over regular coffee. One 

reason for the increased liking was the enhanced coffee flavor and sweetness of the wolfberry 

and blueberry-infused beverages. 
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Introduction  

As one of the most widely consumed beverages in the world, coffee is now seeing 

continued growth in both traditional and non-traditional coffee-consuming markets. Samoggia 

and Riedel (2019) predicted that global coffee consumption would continue to increase in the 

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 fruit-infused coffee concept was generated to fill a niche in the market, namely 

creating a 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 future sales of fruit-infused coffee products. 

In the food industry, sensory analysis is, logically, one of the most prevalent techniques 

for product analysis. The sensory analysis uses the panelistsô senses of sight, smell, taste, touch, 

and hearing to investigate food product characteristics, such as texture, flavor, taste, appearance, 

and fragrance. Sensory evaluations can approve or disapprove foods or beverages for production 

and sale (Ruiz-Capillas & Herrero, 2021). Descriptive and discriminant analysis are the two 

broad categories into which sensory analysis can be divided. The discriminant analysis mainly 

answers the question, ñAre the samplesô attributes different?ò Simple models of discrimination 

tests are based on various assumptions, and they are not particularly 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 sophisticated technique that requires a well-trained panel. It is a technique that can 

detect, characterize, and quantify a product's sensory characteristics. So, it is more appropriate to 

use descriptive analysis while determining attributes of food products (Piggott 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 decision-making tool. For example, it is an essential procedure for launching a new 

product, enhancing product quality, predicting and prolonging shelf life, and shrinking the cost 

of production and shipping (Iannario et al., 2012; Sidel & Stone, 1993). In summary, the rational 

usage of sensory analysis can significantly contribute to the food industry.  

Since coffee is a mixture 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 faster and simultaneously assesses several characteristics (Nebesny & Budryn, 2006). 

Implementing descriptive analysis of the fruit-infused coffee was necessary to determine the 

general sensory properties of the sample. The result of the consumer acceptance test can also 

illustrate consumersô perception of fruit-infused versus traditionally brewed coffee. Therefore, 

this study aims to use descriptive analysis to direct the development of fruit-infused coffee. The 

consumer acceptance test illustrates the differences between fruit-infused and regular-brewed 

coffee regarding their sensory attributes, further proving the necessity of developing fruit-infused 

coffee. This study aimed to determine the sensory attributes differences between regular brewed 

coffee and fruit-infused coffee and determine whether fruit-infused 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 roast-level coffee for the final product. While 

deciding the best combination, panelists received one scoring sheet and one discussion 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 implemented in the laboratory setting. A total of 15 coffee 

samples were established and analyzed. The 15 samples comprised five dehydrated fruits infused 

into three roast-level coffees (Table 5). All the fruits were purchased from commercially 

available sources, including 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 sensory analysis. 

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 on a 5-point hedonic scale, with 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 any carry-over 

effects between samples, each panelist received water, unsalted crackers, and an empty cup for 

the expectoration of each treatment.  

Table 5: Sample Composition of Preliminary Sensory Test 

Fruits 

/    Roast 

Level 

Dried 

Wolfberry 

Dried Cherry Dried Prune Dried Raisin Dried 

Blueberry 

Light 

Roast 

15 g Wolfberry 

+ 16.5 g Light 

Roast + 300 ml 

water 

15 g Cherry + 

16.5 g Light 

Roast + 300 

ml water 

15 g Prune + 

16.5 g Light 

Roast + 300 

ml water 

15 g Raisin + 

16.5 g Light 

Roast + 300 

ml water 

15 g Blueberry 

+ 16.5 g Light 

Roast + 300 ml 

water 

Medium 

Roast 

15 g Wolfberry 

+ 16.5 g 

Medium Roast 

+ 300 ml water 

15 g Cherry + 

16.5 g 

Medium 

Roast + 300 

ml water 

15 g Prune + 

16.5 g 

Medium 

Roast + 300 

ml water 

15 g Raisin + 

16.5 g 

Medium 

Roast + 300 

ml water 

15 g Blueberry 

+ 16.5 g 

Medium Roast 

+ 300 ml water 
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Table 5 (continued). 

Dark 

Roast 

15 g Wolfberry + 

16.5 g Dark 

Roast + 300 ml 

water 

15 g Cherry + 

16.5 g Dark 

Roast + 300 

ml water 

15 g Prune + 

16.5 g Dark 

Roast + 300 

ml water 

15 g Raisin + 

16.5 g Dark 

Roast + 300 

ml water 

15 g Blueberry + 

16.5 g Dark 

Roast + 300 ml 

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 public, students, 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. Also, since this sensory analysis was a home usage test, 

participants could grab their samples from a pick-up station. Then, they could taste samples and 

finish the questionnaire at other locations; this location should be where participants feel the 

most comfortable tasting food. 

Flyers and emails were distributed for the recruitment of participants. Flyers (see 

Appendix) were posted in the coffee shops around and inside NC State University's main 

campus. Those coffee shops included but were not limited to Starbucks, 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 participating in this 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 

participants to the same screener survey mentioned above.  
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Potential participants had to take a screener survey (see Appendix). This survey could 

filter out individuals who were not qualified to take the sensory analysis. One day before the 

pickup session started, participants received a document that contained the COVID-19 ñDay of 

Screenerò process and informed consent. IRB required this process due to ongoing COVID-19 

conditions. The ñDay of Screenerò (see Appendix) that had to be taken before arrival to campus 

ensured participants were free of COVID-19 symptoms. In addition, the ñDay of Screenerò 

demonstrated sanitation procedures for participants. This was designed to give participants a 

better understanding of the overall experiment and cleaning protocol to reduce the risks of 

exposure to or spread of COVID-19. Individuals who failed to pass the ñDay of Screenerò would 

be disqualified from the sensory test immediately, so they did not come to the pick-up session, 

thus limiting the possibility of COVID-19 spread. Individuals could choose a time slot to pick up 

their samples after they sign the informed consent. A total of 8-time 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 one-time slot. 

Finally, after participants finished the ñDay of Screenerò survey, they could come to the 

pick-up station in front of Schaub Hall at NC State University. Participants needed to check in at 

the pick-up station. Then, the researcher would hand over samples to each participant if they 

were eligible for the test. Crackers were also provided so panelists could use them to clean their 

palates. Unlike preliminary sensory analysis, the 5-point hedonic scale was replaced by a 9-point 

hedonic scale. Participants who fully participated in this sensory analysis and finished their 

questionnaire on time received a $10 gift card. Participants also had a chance to enter a raffle of 

getting a $50 gift card after completing the 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 variance (ANOVA). For the consumer 

panel, ANOVA was used on the overall liking data, while a Fisherôs least significant difference 

posthoc test was used to determine differences among means. Penalty analysis and chi-squared 

analysis with the Marascuilo procedure (XLStat) were used to interpret the Just-About Right 

(JAR) questions. Finally, Dunnôs nonparametric multiple pairwise comparisons and Kruskal-

Wallis one-way ANOVA were used to analyze five-point responses on non-JAR (purchase 

intent) questions. 

Results 

A. Preliminary Sensory Analysis 

Table 6 illustrates the overall liking score from 11 participants using a 5-point 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 place regarding overall liking scores but with 

higher variability, indicating less consistent liking than the blueberry-infused coffee. Other fruit 

flavors scored lower than either wolfberry or blueberry within light medium roast categories. 

Dark roast coffee infusions had the lowest 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 Level 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 2.36±1.00 3.23±1.19 

 

Table 7 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. 

Tables 6 and 7 also reflect similar trends, indicating that dark roast coffee infusions 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 light roast 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 blueberry infusions also scored highest overall when paired with medium-roast 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 paired with medium 

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 coffee) were selected for further development 

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

Fruits / 

Coffee 

Roast 

Level 

Cherry  Wolfberry Prune Raisin Blueberry 

Light 

Roast 

High Sour 

Taste, Lack 

of Fruity 

Flavor 

Woody 

Aroma/ 

Pleasant 

Fruity Flavor 

Tea Like Taste, 

Lack of Fruity 

Flavor 

Watery and 

Tea Taste, 

Lack of Fruity 

Flavor 

Strong Fruity 

Flavor and 

Aroma, Right 

Sour Taste 

Medium 

Roast 

High Bitter 

Taste, Lack 

of Fruity 

Flavor 

Pleasant 

Fruity 

Aroma/ Mild 

Sweetness 

Soy Sauce 

Aroma, High 

Sour and Bitter 

Taste 

High Sour and 

Astringent 

Taste, Good 

Fruity Aroma 

Great 

Balance 

Between 

Coffee and 

Fruit 

Dark 

Roast 

Soy Sauce/ 

Petroleum 

Aroma 

Smokey 

Taste 

High 

Bitter/Sour 

Taste 

Petroleum 

Aroma 

Burnt/Rubber 

Aroma, 

Astringent and 

High Bitter Taste 

Unpleasant 

Aroma/ 

Cardboard 

Taste 

High Sour 

Taste/No 

Fruit Flavor, 

Rubber 

Aroma 

 

Table 8. Sample Key of Home-Usage 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 Infusion 

937 Light Roast Coffee Paired with Blueberry Infusion 

289 Medium Roast Coffee Paired with Blueberry Infusion 
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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 Test. Table 8 is the key to 

illustrating the correspondence between the sample number and its composition. Figure 4 shows 

that sample 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 fifth place regarding 

overall liking. 289 and 911 are in third and fourth place in this ranking but have the same score. 

It also shows that sample 937 significantly differs from other samples and is in the first tier. 

Also, samples 824, 289, and 911 are not substantially different from each other and are in the 

middle level. Samples 718 and 130 are the least popular in the last tier. 

As for the coffee flavor, there was no significant difference between each sample 

regarding liking. The p-value in the ANOVA test also indicates that the fruit-infusion process 

does not improve the coffee flavor between regular and infused coffee. Figure 5 displays the 

fruity flavor and sweetness liking of all samples. Fruit-infusion processing generally enhances 

the fruity flavor and sweetness of the infusions. Only one sample (130) with the fruit-infusion 

process received a lower score than the regular brewed coffee. Sample 937 received a higher 

liking score in both the fruity flavor and sweetness categories. It is in the top tier and is 

significantly different from the rest of the samples. Samples 911, 289, and 824 are in the second 

tier, and samples 130 and 718 are in the last level for the fruity flavor. 911 and 289 are 

significantly different between the first and last tiers. In terms of sweetness, sample 937 has the 

highest liking score, substantially different from samples 824, 130, and 718. Sample 911 

significantly differs from samples 824, 130, and 718, but not 937. Sample 289 lies in the middle 
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and is not substantially different from other samples. Finally, samples 130 and 718 are in the last 

tier and significantly differ from others except for 824. 

Figure 4. Overall Liking Score, Coffee Flavor Liking Score, and ANOVA Test 

 

Figure 5. Fruity Flavor Liking Score, Sweetness Liking Score, and ANOVA Test 
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Figure 6 demonstrates the result of the penalty analysis from the consumer liking test. 

Penalty analysis is an analytical technique that illustrates drawbacks, which lower the overall 

liking score. By looking at the penalty analysis result, the sampleôs defects can be identified, 

making it easier to fix the issue by manipulating the formulation or processing method. Figure 6 

demonstrates the penalty table and JAR level from 67 participants for all 6 coffee samples. The 

results reflect coffee alone and fruit-infused light-roasted coffee on the left-hand side. All 

medium-roast coffee was on the right-hand side. Conventional coffee samples will be introduced 

first, then wolfberry-infused and blueberry-infused coffee will be mentioned last.  

In the first row of Figure 6, 718 and 824 is regular coffee without the fruit-infusion 

process. 718 is light-roasted coffee, and 824 is medium-roasted coffee. 70% of participants 

believe that light-roasted coffee has too little fruity flavor, and 43% think the coffee flavor for 

regular light-roast coffee is just about right. Almost half (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 sweetness is appropriate. 

For the medium-roasted 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 the sample 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 fruity 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 aspect regarding fruity flavor, coffee flavor, and sweetness. 
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The second row of Figure 6 reports JAR results for light or medium roast coffees with 

wolfberry infusion. Participants were relatively evenly divided regarding the level of fruit flavor 

imparted by wolfberries, with 48% of participants reporting that light roast coffee with wolfberry 

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%) of participants thought that light-roast coffee infused 

with wolfberry had an appropriate sweetness level, while 30% of individuals felt the sweetness 

was too much. While using wolfberry infused with medium-roasted coffee, 55% of people 

consider the fruity flavor 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 infusion provides 

enough sweetness to the medium-roast coffee, and 27% consider the sample to have an excess 

sweetness. In conclusion, the wolfberry effectively provides fruity aromas, flavor, and sweetness, 

as consumers described, but the excessive fruity flavor and sweetness overwhelmed the coffee 

flavor and, thus, lowered the overall liking score for fruit-infused coffee.  

The last row of Figure 6 reports on JAR Results for light and medium roast coffees 

infused with blueberries. For the light-roast coffee with blueberry 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 has the right amount of coffee flavor. As for the sweetness, 60% of 

participants think the blueberry infusion brings sufficient sweetness to the light-roast coffee. 

While combining blueberry and medium-roasted 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 39% of participants think the coffee sample requires 

more coffee characteristics. Finally, 33 out of 67 participants believe the sample has the right 

amount of sweetness, and only 15 think the coffee needs more sweetness. Like wolfberry-infused 

coffee, blueberry provides adequate fruity aroma, flavor, and sweetness to the coffee. But the 

sample also loses liking scores due 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 that this study examined the 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 fruit-infusion process, the 

fruity flavor JAR category percentage increased from 21% to approximately 50%. Some 

participants even perceived the fruity flavor as overly strong for light-roast coffee. The fruit 

infusion process had the same effects on medium-roast coffee regarding the fruity flavor. The 

reported sweetness was highly variable after the fruit infusion process. Approximately 40% of 

people move from ñnot sweet enoughò for regular brewed coffee to ñJAR sweetò or ñtoo much 

sweetnessò for fruit-infused coffees. This highlights 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, suggesting new 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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Figure 7 illustrates the purchase intent of the regular and fruit-infused coffee. Most 

participants choose not to buy regular light-roast coffee, and more people become more 

ambiguous about medium-roast coffee. Since medium-roast coffee tends to have a stronger 

coffee flavor, which was minimized by the fruit-infusion process. Moreover, after implementing 

the fruit-infusion process, the buying intent generally increases except for the medium-roast 

coffee with wolfberry sample. The blueberry-infusion samples have the highest buying 

probability, especially the light-roast coffee with the blueberry infusion. Over half of the 

population is interested in considering purchasing the sample. Table 9 also confirms the 

significant difference in buying intention between regular brewed coffee and fruit-infused coffee. 

Figure 7. Participantsô Purchase Intent of Coffee Samples   
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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 and consumer acceptance testing, the fruit-

infusion process described here, specific fruit and coffee roast combinations enhanced overall 

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

infusion method produced more desirable beverages, light and medium-roast coffee, than dark 

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

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

that come from fruits. Conversely, light and medium-roast coffee preserve more intrinsic coffee 

aroma and flavor due to shorter roasting time, which works well with fruit. However, not every 
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fruit from preliminary testing was selected to move forward for this project because some 

samples lost their coffee flavor and taste completely. Hence, their attributes are inappropriate for 

the name: ñfruit-infused coffee.ò 

Furthermore, by combining all information, the preference of the sample can be 

concluded as the blueberry 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 blueberry-infusion coffee are uniform. However, wolfberry is diverse in its overall 

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 coffee has the 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, blueberry-infused medium roast coffee only receives third 

place in overall liking. Still, a much higher interest in purchase intent results in 22 people might 

buy the sample, and 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. Therefore, finding a suitable 

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, the coffee flavor 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 formulation must be 

manipulated to preserve more coffee flavor and keep a good amount of fruity flavor and 

sweetness to maintain a high-quality 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 coffee amount in one serving bottle. 

While valuable and actionable information was gained from this study, some limitations 

still need to be addressed. Firstly, the recruitment survey should include questions about 

participantsô race, geographic location, income level, and other related information. It should 

further ask about participantsô coffee preferences (e.g., sweetened versus non-sweetened coffee 

beverages).  It 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 specific product 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 participants are 67 people 

living near Raleigh, most of whom are studying or working at NC State University. This small, 

reasonably homogenous 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 medium-roast coffees infused 

with wolfberry and blueberry were the most popular choices compared to other fruit options and 

dark roast infusions. Consumer acceptance testing indicated that light roast coffee infused with 

blueberry was the most popular combination among these four combinations. At the same time, 

the least favorite sample was medium roast coffee infused with wolfberry. A lack of coffee 

flavor was the main reason for lowering the overall liking score of samples, and different 



   

51 

 

measures should be taken to preserve more coffee flavor while doing the fruit infusion. Future 

studies should focus on combining descriptive analysis and consumer liking tests to maximize 

the accuracy of consumer preference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

52 

 

REFERENCES 

Iannario, M., Manisera, M., Piccolo, D., & Zuccolotto, P. (2012). Sensory analysis in the food 

industry as a tool for marketing decisions. Advances in Data Analysis and classification, 

6(4), 303-321. https://doi.org/10.1007/s11634-012-0120-4 

 

Lawless, H.T. and Heymann, H. (2010) Sensory Evaluation of Food. Principles and Practices. 

2nd Edition, Springer Verlag, New York. https://doi.org/10.1007/978-1-4419-6488-5 

 

Nebesny, E., & Budryn, G. (2006). Evaluation of sensory attributes of coffee brews from robusta 

coffee roasted under different conditions. European Food Research and Technology, 

224(2), 159-165. https://doi.org/10.1007/s00217-006-0308-y 

 

Piggott, J. R., Simpson, S. J., & Williams, S. A. (1998). Sensory analysis. International journal 

of food science & technology, 33(1), 7-12. https://doi.org/10.1046/j.1365-

2621.1998.00154.x 

 

Ruiz-Capillas, C., & Herrero, A. M. (2021). Sensory analysis and consumer research in new 

product development. Foods, 10(3), 582. https://doi.org/10.3390/foods10030582 

 

Samoggia, A., & Riedel, B. (2019). Consumers' perceptions of coffee health benefits and 

motives for coffee consumption and purchasing. Nutrients, 11(3), 653. 

https://doi.org/10.3390/nu11030653 

 

Sidel, J. L., & Stone, H. (1993). The role of sensory evaluation in the food industry. Food 

Quality and Preference, 4(1-2), 65-73. https://doi.org/10.1016/0950-3293(93)90314-V 

 

 

 

 

 

 

 

 

https://doi.org/10.1007/s11634-012-0120-4
https://doi.org/10.1007/978-1-4419-6488-5
https://doi.org/10.1007/s00217-006-0308-y
https://doi.org/10.1046/j.1365-2621.1998.00154.x
https://doi.org/10.1046/j.1365-2621.1998.00154.x
https://doi.org/10.3390/foods10030582
https://doi.org/10.3390/nu11030653
https://doi.org/10.1016/0950-3293(93)90314-V


   

53 

 

CHAPTER 3. Development of Fruit-Infused 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 aims to infuse natural dried fruits with 

coffee to enhance regular brewed coffeeôs nutritional value and offer natural, delightful flavors 

and aromas. Unlike most ready-to-drink coffee products with excessive added sugars and 

artificial flavors on the market, fruit-infused 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 technique and nutrient composition of fruit-

infusion coffee. The development of the fruit-infused 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 of dried fruits and 300 ml of coffee. As the last 

chapter suggested, the fruit concentration has been adjusted to prevent coffee flavor loss. This 

combination would provide intense fruity flavors, aromas, and moderate sweetness to the coffee 

but still preserve some of the coffee characteristics. This product is ideal for people who enjoy 

coffee but need extra natural flavors and sweetness. Also, it can serve as a concentrated base for 

individuals who enjoy Latte or other alternatives for coffee beverages. This chapter also 

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 fruit-infused coffee and determine its potential health benefits to humans. 

Introduction  

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 Cooper Stage-gate 

technique, which was developed in the 1990s to have a flexible map to accelerate the 

development of new products (Aramouni & Deschenes, 2018). This approach consists of 5 steps, 

including 1) concept, 2) feasibility, 3) business case, 4) launch, and 5) post-launch 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. The new product development procedure adapts 

Cooperôs works and establishes a fresh approach that emphasizes how well the product matches 

the market and how viable the product is. Fuller (2011) suggested that an eight phases technique 

has been established by extending Cooperôs work. This eight phases procedure was composed of 

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) commercialization. This 

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 development 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 commodities (Esquivel & Jimenez, 2012). Despite its popularity, 

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 consumersô dislikeness. Consequently, food scientists tried merging coffee with extracted 

flavors to create a coffee-based flavored beverage. This concept originated from tea-based 

flavored drinks (Bononi et al., 1998). In addition to the attempt at coffee-based flavored 

beverages, ñFewer Ingredientsò (2017) pointed out that refrigerated coffee creamer sales 

approached close to $2.5 billion, with over a 4% increase over the past year. The creamer market 

increased due to the coffee marketôs expansion; consumers have more choices when purchasing 

coffee creamers, such as various creamer and plant-based creamer flavors. The above 

information implies that black coffee contains certain unattractive attributes. Researchers and 

food manufacturers introduced coffee-based artificial flavored beverages and coffee creamers to 

mitigate the unattractive aromas and flavors to resolve this issue. The fruit-infused coffee will 

provide a similar approach as those products but naturally with an additional delivery of 

nutrients. 

Method & Procedure 

Product Creation 

The formulation creation 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 ñinfusionò concept, dried fruits were placed inside the bottle with coffee 

for a period. A preliminary trial was conducted by putting a small box of raisins into a glass 

bottle of left-over coffee (left-over coffee was at room temperature before it was in the 

refrigerator). According to Parker and his colleagues (2007), an average serving size for raisins 

was roughly equal to a small snack-size box of raisins. Thus, this 1 oz (approximately 28 g) pack 

raisin was chosen as the starting point. Then, the sample was put into a refrigerator at 4  for 24 

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 follow-up 

experiment with 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 options. The 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 measured and evenly 

separated into three sets (10 g per set). According to Special Coffee Association, the perfect 

coffee-to-water ratio is 55 g of coffee to 1 L of water for a cup of coffee. That makes a 300 ml 

coffee (1 serving) contain 16.5 g of coffee grounds. 16.5 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 paper. The coffee liquid was held in a coffee pot at around 75  and 

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. 

Physicochemical Analysis of Coffee Samples 

All samples were duplicated and measured triplicate to avoid outliers under this section. 

Colorimetry  

The ColorFlex EZ colorimeter measured the sample color with its standard calibration 

procedure. Then, the sample was placed in the glass disk with the rubber ring inside, then set the 

metal disk was on 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 perceive color or how color 

changes in the environment. The color is read using a mechanical deviceôs absorbance of solids 

or liquids. This systemôs standard output is expressed in terms of L* a* and b*. L* stands for the 

distinction between white and dark. The brighter the material, the higher the number; the darker 

the substance, the lower the number (Hunter Labs). The a* demonstrated how red or green the 

product is. The higher the a*, the redder the material is. Conversely, the lower the a*, the greener 

the sample is. Finally, b* 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, an ‏L*, ‏a*, ‏b*, and ‏E*are used to denote the 

differences between them. An ‏E* represents the sum of the differences between the samples. 

The following equation is used to determine ‏E*. 

 E*=(L2*-L1*)+(a2*-a1*)+(b2*-b1*)‏
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It is possible to tell whether a product or system has changed 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 the ‏E* value is away from 0 (Becker, 2016). 

Figure 8. Colorimeter L* A* B* Visual Illustration (nix Color Sensor, n.d., Color ñCo-

Ordinatesò) 

 

 

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 

transferred and covered the whole glass part of the refractometer. Each sample was measured 

three times, and the results 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 ml beaker, 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 measured triplicates, and the result was averaged.  

Caffeine and Chlorogenic Acid Content 

The caffeine and chlorogenic acid concentrations were measured using Waters Breeze 

Reversed-Phase High-Performance Liquid Chromatography (HPLC) with a Waters X-Bridge C-

18, 3.5um column (100mm x 4.6mm). The mobile phase A consisted of 20 mM citric acid in 

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 UV-Vis detector was used to monitor the concentrations 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 that measures 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, the colorless hemiketal form predominates and 

takes over the oxonium form. When the absorbance is at 520 nm, the difference in the pigmentsô 

absorbance is proportional to their concentration. The result was presented as cyanidin-3-

glucoside because polymeric anthocyanins 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 

spectrophotometer, 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 (KCl) 

was put into a beaker, then added to 980 ml of distilled water and measured pH. Finally, the pH 

was adjusted to 1.0 using HCl and transferred all solutions to a 1 L volumetric flask. For the pH 

4.5 buffer, 54.43 g of sodium acetate (CH3CO2NaϽ3H2O) was placed into a beaker with 960 ml of 

distilled water. After measurement, the pH was adjusted to 4.5 using HCl and then transferred 

the mixture to a 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 should be used against the 

sample, and the measurement should occur within 20 to 50 minutes of preparation. Calculation 

expressed as cyanidin-3-glucoside equivalents should be performed using the following 

equation: 

where A = (A520nm-A700nm)pH 1.0- (A520nm-A700nm)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 * mol-1 * cm-1 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 content in wolfberry-processed 

products. A rapid carotenoid extraction method, followed by spectrophotometry measurement, 

has been applied in this study. While preparing samples, 10 g of coffee samples were accurately 

measured and put into a 100 ml beaker. Then, a 40 ml solvent 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 a 50 ml volumetric flask. The total carotenoid content was 

calculated using the following equation: 

 

where A= absorbance, V= total extract volume, m= sample weight, and A1cm1%= 2620 (Zheng et al., 

2015). 

Results 

According to Figure 9, coffee with blueberry 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 10 

illustrates the Brix and TDS values of coffee samples. Regular brewed coffee maintains its Brix 

and TDS values between 1.27% and 1.80%. The blueberry-infused coffee lies in the middle for 

the Brix and TDS value, ranging from 3.01% to 4.24%. The wolfberry has the highest Brix and 

TDS values, from 3.91% to 5.26%. According to Figure 10, 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 anthocyanins. Light-roast coffee with blueberry 
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infusion has higher anthocyanin content, averaging 79.25 mg/L. Medium-roast coffee with 

blueberry infusion has a lower anthocyanin concentration, averaging 67.66 g anthocyanin per L 

of coffee. 

Table 11 illustrates the color differences between each coffee sample. After the fruit 

infusion, the sample color became darker for the light roast coffee, with around 30 decreases in 

L* . Meanwhile, the redness increased for the fruit-infused sample. Finally, the fruit-infusion 

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 L* , a* , and b*  of coffee at the sample time, but it had an indistinctive 

change in L*  and a* and a significant difference in b* . Tables 12 and 13 display the caffeine and 

chlorogenic acid in coffee samples, respectively. Table 12 shows a massive decrease in caffeine 

concentration after the coffee was infused with blueberry, and this phenomenon happened in 

both light and medium roast-level coffee. Conversely, the wolfberry infusion coffee kept a 

similar level of caffeine compared to regular brewed coffee. Table 13 demonstrates that light 

roast coffee has the highest chlorogenic acid concentration. After the fruit infusion process, a 

slight decrease in chlorogenic acid levels was observed for both wolfberry and blueberry-infused 

coffee, but they have a similar concentration of chlorogenic acid. For the medium roast-level 

coffee, the fruit infusion process did not significantly change the concentration of chlorogenic 

acid, and the blueberry-infused coffee had the highest level of chlorogenic acid. Finally, Table 

14 displays the total carotenoid content of wolfberry-infused 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 Fruit-Infused Coffee Sample 

 

Table 10. Brix%/TDS of Coffee Samples 

Replication/ 

Sample 

Light 

Roast 

Light Roast + 

Wolfberry 

Light Roast + 

Blueberry 

Medium 

Roast 

Medium Roast 

+ Wolfberry 

Medium Roast 

+ 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 24.9 24.5 24.4 24.0 24.5 25.3 
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Figure 10. Monomeric Anthocyanin Concentration of Fruit-Infused Coffee 

 

 

Table 11. Color Measurement of Infused Coffee Samples  

ID L * a* b* ‏L  *E‏ *b‏ *a‏ *

Light Roast 44.84 25.25 70.50 44.84 25.25 70.50 0.00 

Light+Wolfberry 15.74 28.82 26.52 -29.10 3.56 -43.99 8.75 

Light+Blueberry 11.75 28.61 14.92 -33.09 3.36 -55.59 9.59 

Medium Roast 33.59 32.77 56.21 33.59 32.77 56.21 0.00 

Medium+Wolfberry 8.66 22.00 14.07 -24.93 -10.77 -42.14 8.82 

Medium+Blueberry 7.81 18.56 9.09 -25.78 -14.21 -47.12 9.33 
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Table 12. Caffeine Content of Coffee Samples 

Sample ID/Parameter mM Caffeine mg Caffeine/100ml 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/Parameter mM Chlorogenic Acid mg chlorogenic acid/100 ml 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 Wolfberry-Infused Coffee Samples 

Sample ID/Parameter 

Sample 

Weight (g) 

Extract Volume 

(ml) Absorbance 

Total Carotenoid 

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 
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Discussion 

The result showed that blueberry and wolfberry-infused coffee had a higher level of 

Brix%/TDS than regular coffee. It indicated that the fruit-infused coffee sample contained more 

sugar than regular brewed coffee. All dissolved sugars were water soluble and natural sugars 

from neither blueberry nor wolfberry. While comparing blueberry and wolfberry, the wolfberry-

infused coffee had a higher Brix%/TDS value, suggesting that more sugar from wolfberry was 

dissolved into the coffee. As the sensory analysis implied, the 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 preliminary 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 13.03 mg/g to 

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 anti-diabetic activity (Jin et al., 2013). With 

a higher dissolved sugar content in fruit-infused coffee, it not only provided a better taste and 

mouthfeel but also contributed potential positive health benefits to consumers. According to 

Akġiĺ and his colleagues (2019), blueberries contain 15 different sugars, 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 human health but provide positive sensory feedback. They also acted as natural 
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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. 

According to Figure 9, the pH of the blueberry-infused 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 acid, citric 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 medium roast-level 

coffee). Table 13 indicates no significant increase in chlorogenic acid in blueberry-infused 

coffee. However, the average pH value decreased from approximately 4.9 for regular coffee to 

4.15 for blueberry-infused coffee. This phenomenon implied that other acids (most likely citric 

and malic acid) were leaking into the 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 (Tajik et al., 2017). With that 

evidence, it is safe to conclude that consuming fruit-infused coffee would benefit human health.  

Table 12 shows that blueberry-infused coffee has significantly less caffeine content than 

other samples. One possible explanation for this phenomenon was the dried blueberry-soaked up 

coffee during the infusion. Some caffeine was bound to the blueberry, decreasing the caffeine 

concentration. Another hypothesis could be the difference in solubility between caffeine and 

anthocyanin in this system. According to Fakioĵlu & Kalpaklē (2022), when the solute has better 

solubility, the solute-solvent bond will be stronger, and the adsorption will decrease. In this case, 
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the caffeine had a higher solubility than anthocyanin, which diminished its adsorption in the 

solution, and the blueberry-infused coffee had a lower caffeine concentration. On the other hand, 

the regular brewed coffee and wolfberry-infused coffee did not contain anthocyanin. Thus, their 

caffeine had a higher concentration. However, this lower-caffeine blueberry-infused coffee might 

attract people who love light-caffeinated drinks. Caffeine is more controversial for human health 

than chlorogenic acids in coffee and blueberry. De Mejia & Ramirez-Mares (2014) pointed out 

that regular coffee consumption has several health advantages, including reducing the risk of 

developing certain cancers and Parkinsonôs and Alzheimerôs diseases, positively impacting liver 

function and a potential role in weight management. Nevertheless, anxiety, hypertension, 

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 children, adolescents, and pregnant women 

might cause them hard to sleep, which leads to more severe health and developmental issues (de 

Mejia & Ramirez-Mares, 2014). However, healthy adults with regular caffeine consumption 

(usually less than 400 mg/day) can generate benefits such as enhanced alertness, short-term 

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 aerobic and endurance exercise (Ruxton, 2008; Barcelos et al., 2020). 

Therefore, with all that information, this fruit-infused coffee beverage should be an adult 

beverage except for pregnant women. It also has the potential to be a pre-workout drink due to its 

ergogenic effect of caffeine. 

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

results indicated that only blueberry-infused coffee contains anthocyanin. According to Figure 



   

69 

 

10, the blueberry coffee sample contained anthocyanin, 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 blueberry anthocyanins to support human health and reduce the risk of 

cardiovascular disease. Other than being well-known 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 preventing various 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 carotenoid measurement 

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 of age-related macular degeneration. 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 antioxidants to scavenge free radicals around the retina and, therefore, 

protect the retina from light and oxidative damage (Carpentier et al., 2009). In addition, 

consuming wolfberry can bring other health benefits to humans, including enhancing the 

immune system, preventing particular cancer, anti-aging, and reducing oxidative stress (Yajun et 

al., 2019). Therefore, there is a reason to believe that the wolfberry infusion will bring additional 

nutrients to coffee. As shown in Table 14, only a trace amount of carotenoid (0.23-0.29 mg/L) 
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was detected in wolfberry-infused coffee. One of the reasons was that the paper filter was used 

during sample preparation, which absorbed most of the lipid. This caused the coffee liquid to 

contain a small amount of lipids (8 to 13 mg/L) when using this brewing method (Ratnayake 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 to standardize the final product. An alternative approach is changing the brewing 

method to increase coffeeôs lipid content so that more carotenoids could be extracted from 

wolfberry. The potential issue with this method is that more lipids can easily cause an oxidation 

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 High-Performance Liquid Chromatography. 

Secondly, the sample was made in a laboratory environment with a small production scale. 

However, large-scale production should be implemented for further development. Future 

research should also focus on the differences between the lab-made and 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 through various chemical analysis techniques. Extra 

nutrients have been found in fruit-infused coffee, including anthocyanins for blueberry infusion 

coffee and carotenoids for wolfberry infusion coffee. Researchers also suggested that 

anthocyanins and carotenoids are 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 overall liking for fruit-infused coffee over plain coffee, it is safe to conclude that this fruit-

infused coffee can be an excellent extension for the coffee beverage industry, because of its 

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

The Institutional Review Board (IRB) from North Carolina State University approved the 

Home-Usage Test in this study. It was included in the appendices as a template for future 

sensory analysis based on the fruit-infused processing and some supporting documents, including 

recruitment email, recruitment flyer, consent form, COVID-19 requirements and additional 

package, screener survey, and sensory analysis questionnaire. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

77 

 

IRB Application Documents: 
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Recruitment Flyer:  
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Recruitment Email:  

 

 

 

 

 

 

 

 

 

 



   

88 

 

Screen Survey: 
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Consent Form: 

 



   

92 

 

 



   

93 

 



   

94 

 

 

 



   

95 

 

COVID -19 requirements and additional package: 
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