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Coffee pulp polysaccharides with potential immunomodulatory 
activity 

 

by 
 

Jacqueline García Campuzano 

 
Abstract 

 

Coffee is one of the most valuable primary products in world trade and its agricultural 
production and consumption are part of Mexican culture. Coffee pulp is the first by-
product obtained during the wet processing of coffee. This waste is rich in 
macronutrients and contains considerable amounts of tannins, total pectic 
substances, sugars, caffeine, chlorogenic acid and caffeic acid. These components 
have multiple beneficial health properties. This has led to the generation of a line of 
research for the study of biologically active ingredients such as specific 
polysaccharides that may present immunostimulatory activity for the treatment of 
diseases.  

The following project assessed the immunomodulatory potential of different pectin 
extracts from coffee pulp. The extraction of polysaccharides that may have an 
immunomodulatory activity was the main objective of this investigation along with 
the identification and quantification of phenolic compounds present in the extracts. 
The interactions between the polysaccharides and phenolic compounds present in 
the extracts are key for understanding their dual immunomodulatory effect. This 
could contribute to the treatment and prevention of immunodeficiency diseases.  

This project was structured in three main stages: extraction of pectin from coffee 
pulp, separation and quantification of phenolic compounds in the extracts and 
evaluation of the immunomodulatory potential of the polysaccharides. Dry coffee 
pulp samples were collected from Tezonapa, Veracruz. Pectin extractions were 
carried out with different experimental factors, such as the type of solvent (water and 
acidified water to pH 4 using citric acid at a 1% concentration), pulp: solvent ratio 
(1:10 and 1:20), agitation (with and without agitation), temperature (90 °C and 70 °C) 
and washing method (dialysis and ethanol washes). The content of total phenolic 
compounds, caffeine and caffeic acid of the extracted pectin samples was also 
evaluated. Finally, cytotoxicity assays in mouse machrophages cell line (RAW264.7) 
were performed to evaluate the growth induction of the different extracts. LPS- 
induced inflammatory response of this cell line was also evaluated. 

 

Key words: polysaccharides, immunomodulation, coffee pulp, phenolic compounds, 

caffeine.  
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Introduction 

1. Introduction      

 

Coffee production is one of the most valuable economic activities in world 

trade, and it represents an important activity for the support of many tropical 

countries, especially Latin America. The coffee bean is the second most 

commercialized product in the world after petroleum (Giraldi-Díaz et al., 2018). It is 

popular due to its aromatic and flavor characteristics as well as its stimulating, 

refreshing qualities, and antioxidant potential. The coffee industry focuses mainly on 

coffee bean extraction, however, the processing of coffee cherry into coffee beans 

is quite complex and it generates a large amount of waste currents and by-products 

that have not been completely exploited. The main solid by-products of coffee 

cultivation and preparation are spent coffee beans, followed by coffee pulp as an 

unused by-product from the wet benefit processing of coffee (Giraldi-Díaz et al., 

2018). 

Even though coffee pulp is generally seen as a waste current from coffee 

processing, this by-product has many nutritional properties due to its high content of 

carbohydrates, proteins, minerals, tannins, reducing and non-reducing sugars, 

caffeine (which is the most popular compound), phenolic compounds like 

chlorogenic and caffeic acids, and many other bioactive compounds (Blinová et al., 

2017). These bioactive compounds give coffee pulp several nutraceutical properties.  

Plant derived polysaccharides have proven to have immunomodulatory 

effects, these compounds are also referred as biological response modifiers (BRMs) 

and their study has turned into one of the most active areas of polysaccharide 

research. Pharmacological and clinical studies have shown that plant 

polysaccharides present immune regulation effects, anti-tumor and anti-

inflammatory activity, anti-viral functions and anti-radiation functions, and 

hypoglycemic effects (Yin et al., 2019). 

Plant polysaccharides may enhance macrophages proliferation and 

phagocytic activity, increase the generation of reactive oxygen species (ROS) and 

secretion of cytokines (Gong et al., 2017). Nevertheless, some studies have 

discovered that plant polysaccharides can simultaneously regulate the expression 

of pro- and anti-inflammatory cytokines, exerting an immunoregulatory effect on 

macrophages (Muzes et al., 2012). 

Several studies have proven that phenolic compounds found in plants present 

beneficial effect in cardio-vascular diseases, characterized by exerting antioxidant 

and anti-inflammatory effects. Also, it has been proven that most phenolic 

compounds derived from plants induce a nonspecific immune response, specifically 
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Introduction 
by enhancing phagocytosis and macrophage and neutrophil cells proliferation 

(Grigore, 2017). 

Both polysaccharides and phenolic compounds are important components of 

coffee pulp. These could attribute to the immunomodulatory potential of coffee pulp. 

Phenolic compounds mainly have anti-inflammatory effects on immune cells; 

nevertheless, polysaccharides have presented both pro and anti-inflammatory 

effects on in vitro studies depending on their composition and molecular structure.  

Taking the previously mentioned into account, it is important to analyze 

polysaccharides and phenolic compounds interactions on immune cell proliferation 

and inflammation response. Studying these interactions is important to understand 

and predict the immunomodulatory effects of different coffee pulp extracts.  

The studies of coffee pulp´s potential applications are important for the 

generation of a second opportunity to coffee production industry residues. The main 

objective of this project was the extraction and quantification of high molecular 

weight polysaccharides and phenolic compounds present in coffee pulp, and to 

analyze how their interactions may exert immunomodulatory effects on cells of the 

immune system, specifically, macrophages.  
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Hypothesis and objectives 

2. Hypothesis and objectives 

 

2.1 Hypothesis   

High molecular weight polysaccharides along with phenolic compounds from coffee 
pulp present immunomodulatory activities tested in vitro, such as induction of 
macrophage proliferation and induction of inflammatory activity. 

 

2.2 General objective 

To determine the best extraction conditions for recovering coffee pulp’s high 
molecular weight polysaccharides and evaluate their immunomodulatory potential.  

 

2.3 Specific objectives      

a) To extract soluble polysaccharides from coffee pulp through different extraction 

conditions such as type of solvent, pulp: solvent, temperature, and concentration 

method. 

b) To measure the total phenolic compounds content of the different soluble 

polysaccharides extracts. 

c) To measure the caffeine and caffeic acid content in the different soluble 

polysaccharides extracts. 

d) To validate through in vitro assays the cytotoxicity of the different soluble 

polysaccharides extracts on mouse macrophages of the cell line RAW264.7. 

e) To assess through in vitro assays the LPS- induced inflammatory response of the 

different extracts on the RAW264.7 cell line.
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Theoretical framework 

3. Theoretical framework 

 

3.1 Immunostimulants as a treatment for secondary immunodeficiency 

disorders 

 

Immunodeficiency disorders can be defined as a group of diseases originated 

by the affectation and changes in the functioning of the mechanisms that regulate 

the innate and adaptive immune response. These can be classified into primary and 

secondary immunodeficiency diseases. Primary immunodeficiency diseases (PIDs) 

are inherited genetic defects, while secondary (SIDs) occur with an acquired 

infection or exposure to an external agent. Both types of IDs are related to 

complications such as infections, autoimmune and inflammatory, lymphomas, and 

others, being AIDS, caused by HIV infection, the best-known SID (Sánchez-Ramón 

et al., 2019). 

 

SIDs are triggered by diverse factors that potentially affect the host’s immune 

system such as infectious agents, drugs, metabolic diseases, and environmental 

conditions. These immunodeficiencies manifest clinically by an increased frequency 

or unusual complications of common infections (McKendrick, 2017). The restoration 

of immunity in secondary immunodeficiencies is generally achieved with the 

management of the principal condition of the disease or the removal of the affecting 

or toxic agent. In other cases, the stimulation of the immune system can be achieved 

through the administration of specific formulations with properties that boost the 

immune system’s response. 

 

One of the most researched treatments for SIDs are immunostimulants; these 

are substances that enhance the immune response, specifically, they activate innate 

immunity and promote the release of immune mediators as an aid in the treatment 

of immunodeficiency disorders, chronic infections, and even carcinomas. 

Immunostimulants induce a nonspecific or selective activation of the immune system 

and amplify different effectors of the immune response, such as phagocytosis, 

intracellular killing of organisms, antigen presentation, cytotoxic and antiviral activity, 

cytokine release, and antibody production (Felippe, 2014).  

 

The use of immunostimulants or immunomodulators in clinical medicine 

considers the reconstitution or correction of immune function or the suppression of 

normal or excessive immune function. One of the most popular immunostimulants 

are cytokines. Thanks to recombinant technology, many of the cytokines can be 

synthesized and are commercially available as a treatment for immunodeficiency 

diseases. However, the immune system is complex, and the interaction of various 
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Theoretical framework 
components is often necessary to have a potential effect and modify a system’s 

immune functions (Hadden, 2015).  

Researchers have designed many kinds of immunostimulants to treat primary 

and secondary immunodeficiency disorders. One example of synthesized 

immunostimulants is an Intravenous and Subcutaneous Immunoglobulin 

Replacement Therapy developed by Sánchez et al. (2019) that acts directly on B 

cell function and antibody production for PIDs and acts on SID against severe or 

frequent infections. A new line of research has been generated to study biologically 

active ingredients such as specific polysaccharides that may have 

immunostimulatory activity for the treatment of diseases. Among the most studied 

immunostimulants are β-glucans extracted from fungi, yeast and seaweed. They 

have been described as potent immunostimulants against infectious diseases and 

cancer (Vetvicka, 2011).  

A study performed by Vetvicka (2011) stated that β-glucans isolated from the 

cell walls of Saccharomyces cerevisiae (denominated as Zymosan) act as a potent 

stimulator of macrophage proliferation and induce cytokine release from neutrophils. 

As science moves forward and new technologies are developed, the development 

of potent immunostimulants derived from natural resources has gained interest 

among the scientific community, this tendency is paired with the functional use of by-

products of industrial processes to prevent the contamination of the environment. 

 

3.2 Macrophages and their role in the immune system 

 
Macrophages are mononuclear immune cells that play an important role in 

immunity and immune responses. These cells are specialized in the detection, 
phagocytosis and destruction of parasites and microorganisms. They also have the 
function of antigen presentation to cells and initiate the inflammatory process through 
cytokine liberation, followed by lymphocyte activation and proliferation, through this 
antigen presentation (Saldana, 2017). Macrophages can detect bacterial products 
and other microorganisms with the help of Toll-like receptors (TLRs). These 
receptors bind specifically to different compounds of pathogens such as 
lipopolysaccharides, RNA, DNA or extracellular proteins(Butcher et al., 2018).  

 
In regards to the biological origin of macrophages, they originate from blood 

monocytes that exit blood vessel circulation to differentiate into different tissues and 
exudative macrophages (Elhelu, 1983). During the inflammatory process 
macrophages can present different phenotypes depending on the stage of the 
inflammatory response, they can present a M1-type polarization, characterized by 
the elevation of pro-inflammatory cytokines, and a M2-type polarization, that is 
associated with immunosuppression and tissue repair (Lv et al., 2017).  
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 Macrophage differentiation can also influence in the type of pathogens they 
can recognize and also in the level of inflammatory cytokines they produce, such as 

Interleukin-1 through 6 (IL-1 to IL-6) and the tumor necrosis factor alpha (TNF-). 
Another biological property of macrophages is that they are able to produce reactive 
oxygen species (ROS) like nitric oxide, which favors the destruction of phagocytized 
pathogens (Saldana, 2017). The production of ROS can be measured through 
spectrophotometric techniques and give an approach of the inflammatory effect 
carried out. 
 
 The in vitro experimentation of this work was carried out using the murine 
macrophage RAW264.7 cell line. Raw264.7 cells are a monocyte/macrophage like 
cell linage generated from Abelson leukemia virus induced tumor derived from 
BALB/c mice. This cell line has been approved as an adequate model of 

macrophages for in vitro assays, being well‐characterized in macrophage‐mediated 
immune, metabolic and phagocytic functions (Kong et al., 2019). Therefore, this cell 
line can be considered an appropriate macrophage model for the present work. 

 

3.3 Coffee production industry in Mexico 

In Mexico, coffee farming is considered a fundamental strategic activity, 

because it allows the integration of production chains, the generation of foreign 

exchange and jobs, the livelihood of many small producers and around 30 

indigenous groups. Recently, it has been considered of enormous ecological 

relevance, as it provides environmental services to society since 90% of the area 

cultivated with coffee is under diversified shade (CEDRSSA, 2018), which 

contributes to conserving biodiversity. However, the relevance of the coffee sector 

has been immersed in recurrent crises due to the fall in prices in the international 

market. 

In 2018, Mexico had a production of 2,528.86 thousand tons of coffee, the 

country's coffee sector suffered a serious decline due to the rust plague and price 

reductions in the world market. This led to a 71% drop in the coffee production the 

previous decade, however, the coffee market is currently recovering from this fall 

(CEDRSSA, 2018). 

Currently, coffee production represents 0.66% of the national agricultural 

GDP and 1.34% of the production of agro-industrial goods. Coffee is a strategic crop 

in Mexico; its production employs more than 500.00 producers from 14 states and 

480 municipalities. The main producer is the state of Chiapas, an entity that 

contributes 39 percent of the national volume, followed by Veracruz with 30 percent 

and Oaxaca with 13 percent. Other important coffee producing states are Puebla, 

Guerrero, Hidalgo, Nayarit and San Luis Potosí, entities that participate in the 

national generation of this product (SAGARPA, 2017). 

 

3.3.1 Coffee production process 
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The process of coffee transformation comprehends all the stages from 

harvesting the coffee cherry to transforming it into a desired finished product like 
roasted coffee ground, soluble coffee, coffee beverage, and many others. In order 
to explain coffee processing, it is important to understand the structure of the coffee 
cherry shown in Figure 1. The first layer is formed by the skin which turns from green 
to red as ripeness increases, followed by the mesocarp consisting of the pulp. 
Beneath this, it is the endocarp (parchment) which encloses two seeds conforming 
the endosperm, also called coffee beans. The parchment is covered by a thin layer 
of pectin substances also known as mucilage (Klingel et al., 2020). 
 

 

Figure 1. Principal components of coffee cherry. 

 
After harvesting the coffee cherries, there are different ways in which green 

coffee is produced. The most popular methods are wet and dry coffee processing. 
In dry processing, the whole coffee cherries are spread out and dried in the sun. The 
dried pulp, parchment, and silver skin are removed in a single dehulling or husking 
step. Dry processing is popular in areas where climatic conditions favor sun drying 
(Kleinwächter et al., 2015).  

 
On the other hand, wet processing is a more complex method. Generally, the 

coffee cherry is mechanically depulped, usually by a press machine. The remaining 
pulp and mucilage residues attached to the bean are degraded by microorganisms 
or separated by mechanical methods, and finally the product is dried (Kleinwachter, 
2015). Nevertheless, wet processing can be divided into three sub-forms according 
to the method carried out to treat the adhered mucilage and pulp remaining in the 
bean after depulping, these methods are: pulped natural, semi-washed, and fully-
washed.  

 
In the natural or semi-dry method, the remaining is dried along with the bean, 

with the purpose of allowing sugars from the mucilage to enter the bean and sweeten 
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it. In the semi- washed and fully-washed methods, the mucilage is removed. 
Mechanical methods are used in the semi-washed method, whereas in the fully-
washed method, mucilage is degraded by a fermentation process. During 
fermentation, microorganisms like bacteria, yeast, and fungi break down the sugars 
and pectin substances of the mucilage, resulting in the production of acids and 
alcohols. This process is usually not controlled or monitored as in other industries, 
the “spontaneous fermentation” depending mainly on environmental conditions 
creates a broader spectrum of aromas in the coffee, while the sweetness is 
decreased (Klingel 2020). 

 
The dry green coffee bean is the resulting product of dry or wet processing. 

This is followed by a roasting process. The diagram presented in Figure 2 illustrates 
all the steps of coffee processing previously explained. In the diagram, steps 
contributing to the major generation of solid residues (i.e. spent coffee ground, coffee 
cherry, coffee husks, peel and pulp) are highlighted in a dark blue box. Optional 
steps are highlighted in hyphenated boxes and the main coffee products are 
highlighted in bold letters. 
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Figure 2. Coffee processing steps. Modified diagram from Blinová et al., 2017. 

 

3.3.2 Coffee processing by-products 

The main solid by-products of coffee cultivation and processing are spent 

coffee grounds, produced either by consumers or the soluble coffee industry; pulp, 

parchment, husks and mucilage are by-products of the wet and dry processing; and 

silver skin is also a by-product from coffee roasting. Parts of the coffee plant such 

as flowers, leaves, twigs and wood are also considered coffee by-products, as they 

are a stream resulting from coffee cherry harvesting. Figure 3 displays a diagram of 
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Theoretical framework 
the most important by-products produced during the different stages of coffee 

processing. 

 

Figure 3. Coffee processing related by-products. Modified diagram from Klingel et 

al., 2020. 

 

Cherry Pulp 

 

 The pulp comprehends the majority of the coffee cherry and it is obtained as 

a by-product from the wet processing of coffee. It is essentially rich in carbohydrates, 

proteins, fiber, lipids and minerals. This by-product also contains a considerable 

amount of tannins, total pectic substances, reducing and non-reducing sugars 

caffeine, and diverse polyphenolic compounds (Blinová et al., 2017). These 

components will be fully analyzed in the following section.  

 

Coffee pulp has been used as a substrate for solid state fermentation, 

composting, biogas and bioethanol production, as a substitute for animal feed, for 

enzyme production such as pectinases or cellulases, obtention of bioactive 

phytochemicals and also for food production such as jam, juice concentrates, jelly, 

and flour(Dorsey & Jones, 2017; Moreno et al., 2019).  
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Parchment 

 

 Coffee parchment is a thin lignocellulosic layer that encapsulates the green 

coffee seed inside the cherry. It is normally obtained as a by-product from the wet 

processing of coffee. Some uses suggested for this by-product have been for food 

preservation as an antifungal additive, as a biocomponent with antioxidant activity, 

and as a promising low-calorie functional ingredient for dietary fiber enrichment in 

foods (Klingel et al., 2020). The last mentioned application could have positive 

impacts on regulating blood glucose and reducing serum lipids concentration in 

patients. 

 

Cherry Husk 

 

 This is a by-product obtained directly form the dry processing of coffee. After 

cultivated coffee cherries are sun-dried, the green beans are removed from the dried 

husks. These are composed of the skin of the cherry, pulp and parchment. It 

represents around 12% of the cherry on dry weight basis. Approximately, 0.18 tons 

of husks are obtained from 1 ton of fresh coffee cherry (Blinová et al., 2017). Husks 

contain 8%–11% of protein, 0.5%–3%  of  lipids,  3%–7%  of  minerals,  and  58%–

85%  of  total carbohydrates; they also contain around 1% caffeine and 5% of tannins 

(Blinová et al., 2017). Husks are a rich source of fiber containing 24.5% of cellulose, 

29.7% of hemicellulose, and 23.7% of lignin (Klingel et al., 2020). 

 

 Coffee husks can be re-utilized as a substrate for alcohol and biogas 

production, bio-remediating agents for cyanide, heavy metals, and lead aqueous 

contamination. Husks have been proven to act as an ideal substrate for mushroom 

production due to their high fiber content (Blinová et al., 2017). By-products like citric 

acid, gibberellic acid, and enzymes can be produced with husks fermentation. In 

terms of food applications, a stimulating beverage called “cascara” has been 

produced as a coffee husk infusion. Also, husk can be transformed into a potential 

dietary fiber supplement (Klingel et al., 2020). 

 

Silver Skin 

 

 Coffee silver skin is a thin tegument located beneath the parchment and 

surrounds the coffee beans. It is the first coffee industry residue produced in coffee-

consuming countries since it is released and accumulated in large amounts during 

the roasting process (Blinová et al., 2017). It is composed majorly of dietary fiber, 

containing around 60% to 80% of fiber formed mainly by cellulose, hemicellulose, 

and lignin. The main monosaccharides conforming silver skin hemicellulose are 

xylose, galactose, arabinose, and mannose (Klingel et al., 2020). 
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 Silver skin has a high antioxidant activity due to its high content of phenolic 

compounds such as 5-caffeoylquinic acid, and chlorogenic acid. It also contains 

flavonoids like rutin and its caffeine content is estimated to be around 0.8 to 1.4% 

(Klingel et al., 2020). Due to its high content in antioxidants and dietary fiber, silver 

skin could be considered as a new potential functional ingredient in foods and even 

as a promising antiaging ingredient in cosmetic industry (Blinová et al., 2017). 

 

Spent Coffee Grounds 

 

 Spent coffee grounds are not a by-product obtained from all the coffee 

processing to obtain green beans; these are formed directly from the following 

polishing steps of roasted coffee transformation, either from the production of a 

coffee beverage or during instant coffee production. For 1 kg of instant coffee, 2 kg 

of wet spent coffee grounds are produced (Klingel et al., 2020). Spent coffee grounds 

are composed of 12.4% cellulose, 39.1% hemicellulose (3.6% arabinose, 19.07% 

mannose, 16.43% galactose), 23.9% lignin, 2.29% fat, 17.44% protein, and 60.46% 

of total dietary fiber (Blinová et al., 2017). 

 

 This by-product can be re-used as a dietary fiber supplement, to produce 

alcoholic distillates, for biodiesel and bioethanol production, as a bio-remediation 

agent for metal ions and dye removal, and as a biomaterial in the pharmaceutical, 

food, and polymeric industry (Blinová et al., 2017). Also, a nutritious coffee flour is 

produced from dried spent coffee grounds; this is gluten-free and enriched in fiber 

and proteins. This flour is intended to be approved as a novel food ingredient in 

bakery products and cereal snacks (Klingel et al., 2020). 

 

3.4 Coffee pulp as an unused waste 

 

The coffee production industry generates over 20 million tons of liquid and 

solid residues each year. The yield of green coffee extraction is around 150-200kg 

per ton of coffee cherry (Bhandarkar et al., 2021), leaving at least 80% of the 

feedstock as a waste stream. This is translated into environmental pollution in rural 

areas that do not count with the resources or technology to remediate these 

enormous quantities of waste. 

Coffee pulp is the first by-product obtained during the wet processing of coffee 

and represents 29% of the dry weight of the whole cherry. For every 2 tons of 

commercial green coffee produced, 1 ton of coffee pulp is obtained (Blinová et al., 

2017). This represents thousands of tons discarded by the wet benefits. Taking as 

reference the total coffee production in Mexico in 2018, there were approximately 1, 

264.43 thousand tons of coffee pulp generated as a resulting waste. These 

enormous quantities of pulp affect water bodies in the region where they are 
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Theoretical framework 
discarded; its flora and fauna get affected by the acidification of lakes and rivers due 

to the presence of fermentable sugars in coffee pulp (Giraldi et al, 2018).  

Apart from being one of the most important by-products from coffee 

processing, coffee pulp presents diverse nutritional and nutraceutical properties that 

will be described in the following section. These properties have led to the novel food 

application of some coffee processing by-products like pulp and cascara in the 

European Union. The European Food Safety Authority (EFSA) has all already made 

evaluations and have not objected any safety objections to the placing of cherry pulp 

or dried cherry pulp on the market within the European Union (Lachenmeier et al., 

2021). 

 

3.4.1 Coffee pulp characterization  

 

As mentioned previously, coffee pulp is one of the most important by-products 

obtained in the wet benefit processing of coffee. Although this by-product is generally 

seen as a waste current from this process, several studies have reported coffee pulp 

as a by-product with many nutritional properties. It is rich in carbohydrates, proteins 

and fiber (Table 1).  

 

 

Table 1. Nutrient composition of coffee pulp.* 

 

Component Concentration 

%w/w (dry base) 

Carbohydrates 
Reducing sugars 

Non reducing sugars 

44- 50 % 
12.4% 

2% 

Lipids 2.5 – 7% 

Total fiber 18 – 21% 

Protein 5 – 15% 

Ash 6 – 10% 

*Data was retrieved from Janissen et al. (2017), Blinová et al. (2017), and 

Klingel et al. (2020). 

 

 

 Apart from its nutritious properties, coffee pulp contains considerable 

amounts caffeine and polyphenolic compounds such as tannins, chlorogenic acid, 

caffeic acid, and their derivatives (Del Castillo et al., 2017; Martínez et al., 2019). 

Particularly, phenolic acids have proven to have beneficial effects on human health. 

Studies of foods rich in phenolic compounds have proven to reduce the incidence of 

several human diseases such as cardiovascular diseases, colon cancer, liver 
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disorders and diabetes (Bhandarkar et al., 2021). Table 2 encompasses and 

describes the most important biomolecules that have been identified in coffee pulp. 

 

Caffeine and chlorogenic acid are the most studied compounds of coffee and 

coffee by-products due to their multiple properties. Caffeine is the major component 

of coffee that produces the stimulant effect characterized by fatigue reduction. 

Caffeine binds to the adenosine receptor inhibiting its sleep induction function 

(Janissen & Huynh, 2018). Human consumption of caffeine has proven to lower the 

risk of suffering from obesity and type two diabetes; also reduction of Parkinson’s 

disease symptoms, and has proven to delay age-related cognitive decline and 

Alzheimer’s disease (Shin, 2017). 

 

On the other hand, chlorogenic acid (CGA) is a soluble polyphenol formed by 

the esterification of caffeic acid with quinic acid (Gauthier et al., 2016). Being a 

central nervous system stimulator, CGA has proven to have hepatoprotective, 

antioxidant, antiplatelet, antibacterial, cardioprotective, anticancer, anti-

inflammatory, and neuronal cell death protection properties (Rodrigues da Silva et 

al., 2022). Also, chlorogenic acid has been evaluated for its potential use as a natural 

food additive to replace synthetic antibiotics. 
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Table 2. Important molecules present in coffee pulp, biological effects and average 

concentration. 

Compound 

Average 

concentration in 

coffee pulp %w/w 

(dry weight) 

Biological effect Reference 

Caffeine 0.58 – 1.3% 

o Increases glutathione 

production. 

o Activates glutathione 

reductase and superoxide 

dismutase. 

o Acts as an adenosine 

receptor agonist. 

o Decreases cyclic 

nucleotide 

phosphodiesterase. 

o Suppresses inflammatory 

and immunocompetent 

cells. 

Blinová et 

al., 2017. 

 

Janissen & 

Huynh, 

2018. 

P
h

e
n

o
lic

 a
c
id

s
 

Caffeic acid  1.6% 

o Antioxidant properties. 

o Protects against DNA and 

lipid peroxidation 

damage. 

o Modulates glucose 

metabolism. 

o Inhibits fatty acid 

synthase, and HMG-CoA 

reductase. 

o Antiinflammatory. 

Blinová et 

al., 2017. 

 

Bhandarkar 

et al., 2021. 

Chlorogenic 

acid and 

derivatives 

5-caffeoyl-

quinic acid 

0.19 – 

2.6 % 

42.1% 

Epicatechin 21.6 % 

Isochlorogenic 

acid I 
5.7% 

Isochlorogenic 

acid II 
19.3% 

Isochlorogenic 

acid III 
4.4% 

Catechin 2.2% 

Rutin 2.1% 

Protocatechuic 

acid 
1.6% 

Ferulic acid 1.0% 

D
it
e

rp
e

n
e
s
 

Cafestol 

0.10% 

o Antioxidant properties. 

o Increases glutathione 

production. 

o Antiinflammatory. 

o Increases serum lipids 

production. 

Dorsey & 

Jones, 

2017. 
 

Bhandarkar 

et al., 2021. 
Kahweol 

Trigonelline 2.51% 

o Source of niacin. 

o Increases glutathione 

production. 

o Antiinflammatory. 

o Increases serum lipids 

production. 

Dorsey & 

Jones, 

2017. 
 

Bhandarkar 

et al., 2021. 

 

There are many human health benefits associated with bioactive compounds 

from coffee pulp (Table 2). Polyphenols (chlorogenic acid and caffeic acid) and 
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Theoretical framework 
caffeine possess antibiotic, anti-inflammatory, hepatoprotective, and antioxidant 

properties. These compounds are contained normally in small quantities in foods 

and plant material, however agro industrial by-products like coffee processing waste 

(especially coffee pulp) are a promising source of phenolic compounds (Rodrigues 

da Silva et al., 2022). 
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Materials and methods 

4. Materials and methods 

4.1 Chemicals and reagents  

 
Ethanol (96%) and methanol (99%) solutions were purchased from IsaaQuim 

(Estado de México, México). Food grade citric acid was obtained from Sigma Aldrich 
(St. Louis, MO, USA). Concentrated hydrochloric acid was obtained Thermo Fisher 
Scientific (Grand Island. NY, USA). Sodium carbonate, gallic acid and Folin & 
Ciocalteu’s phenol reagent were purchased from Sigma Aldrich (St. Louis, MO, 
USA). HPLC grade water, methanol, and acetonitrile were obtained Thermo Fisher 
Scientific (Grand Island, NY, USA). Phosphate saline solution (PBS) pH 7.4 (1X), 
Dulbecco’s Modified Eagle Medium (DMEM) (1X), penicillin/streptomycin (10,000 
U/mL), and 0.25% trypsin-EDTA (1X) solutions were purchased from Gibco Fisher 
Scientific (Grand Island, NY, USA). Celltiter96®AQueous One Solution Cell 
Proliferation Assays was obtained from Promega (Madison, WI, USA). 
Lipopolysaccharides (LPS) from Salmonella enterica serotype typhimurium L7261 
were obtained from Sigma Aldrich (St. Louis, MO, USA). Griess reagent system 
containing sulfanilamide and NED solutions was purchased from Promega 
(Madison, WI, USA).   

 
4.2 Biological material  

 
Dried coffee pulp samples were collected from a dry benefit in Tezonapa, 

Veracruz. The pulp was sun dried and ground in a food grade processor and stored 
in sealed bags for future use. 

 
4.3 Pectin extraction 

 
The high molecular weight polysaccharide extraction process from coffee pulp was 

based on the methodology reported by Hasanah et al. (2019). It consisted of 4 main 
stages: extraction, precipitation, cleaning and polishing, which can be visualized as 
a flow chart in Figure 4. During the extraction stage, 4 experimental factors were 
tested with 2 different levels: type of solvent (water or acidified water), pulp: solvent 
ratio (1:10 and 1:20), agitation (with and without agitation) and temperature (90 °C 
and 70 °C). 

Extractions were carried out with distilled water or distilled water acidified to pH 4 
with citric acid 1% (w/v); each one under the different conditions set out in the 
experimental design previously elaborated. The thermal treatment lasted 2 h, once 
it was finished, the sample was cooled down at room temperature and then it was 
filtered with Whatman No.1 filter paper to separate the liquid pectin extract from the 
remaining pulp solids. 
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Materials and methods 
Pectin precipitation was carried out using 2 volumes of 96% (v/v) ethanol per 

volume of extract. The sample was allowed to precipitate at 4 °C for 24 h. The 
precipitated gel was recovered by filtration with Whatman No.1 filter paper. 

The cleaning stage was carried out by ethanolic washes or dialysis. In the 
ethanolic washings, the precipitate was washed 3 times with 30 mL of 96% ethanol 
through a filtration process with Whatman No1 filter paper. In the samples cleaned 
by dialysis, the precipitate was dialyzed at 4 °C for 48 h using a dialysis tubing 
cellulose membrane with a 14 kDa cut-off (Sigma Aldrich, St. Louis, MO, USA) to 
selectively remove low molecular weight substances. Finally, in the polishing stage, 
the concentrated pectin samples were lyophilized to eliminate water and ethanol 
remains. All experiments were performed by duplicate. 

Once the pectin extracts were lyophilized, the extraction yield of each experiment 
was calculated using equation 1. 

Equation I.   𝐄𝐱𝐭𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐲𝐢𝐞𝐥𝐝 (%) =
𝐆𝐫𝐚𝐦𝐬 𝐨𝐟 𝐥𝐲𝐨𝐩𝐡𝐢𝐥𝐢𝐳𝐞𝐝 𝐩𝐞𝐜𝐭𝐢𝐧 (𝐝𝐫𝐲 𝐛𝐚𝐬𝐞) 

𝐆𝐫𝐚𝐦𝐬 𝐨𝐟 𝐜𝐨𝐟𝐟𝐞𝐞 𝐩𝐮𝐥𝐩 (𝐝𝐫𝐲 𝐛𝐚𝐬𝐞) 
∗ 𝟏𝟎𝟎 

 
 

 
Figure 4. Pectin extraction process flowchart. 

 
 
4.4 Total phenolic compounds quantification 

 
For the determination of total phenolic compounds content, 50 mg of sample were 

mixed with 2 mL of distilled water and 2 mL of concentrated methanol. Samples were 
sonicated for 10 min at room temperature and then filtered with Whatman No.1 
paper. All samples were stored at 4°C for their use in different experiment. 
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Materials and methods 
 
Total phenolic compounds quantification was carried out with Folin-Ciocalteu 

method (G. Martínez & López, 2010). 200 L of sample were mixed with 5 mL of HCl 

0.1 M, followed by the addition of 150 L of Folin-Ciocalteu reagent. The mixture 
was left settling in the absence of light for 8 min; then a solution of 20% (m/v) Na2CO3 

was added to complete a volume 10 mL. The mixture was incubated in the absence 
of light for 1 hour and then the absorbance at 760 nm was measured. A standard 
curve was developed using gallic acid at concentrations from 0 to 300 mg/L.  
 
4.5 Caffeine and caffeic acid quantification 

 
Samples previously prepared for total phenolic compounds quantification were also 
used in this experiment. Each sample was diluted in water grade HPLC by a 1:10 
factor and injected to the column under the protocol conditions. All samples were 

analyzed by HPLC in a Zorbax SB C18 (2.1 mmx100 mm, 3.5m) column, using 
water grade HPLC (A) and concentrated ACN grade HPLC (B) as the binary solvent 
system (20:80 v/v), in isocratic conditions. A protocol for the proper quantification of 
caffeine and caffeic acid was designed based on the method developed by Lima et 

al. (2020). Running conditions include an injection volume of 5L, column 

temperature of 30°C, total pump flow of 0.4mL/min, and a rising volume of 500L; 
the estimated running time of the protocol was of 25min.  
 

Reading wavelengths were 275nm for caffeine and 325nm for caffeic acid 
detection (Samanidou, 2015). A standard curve was developed using caffeine and 
caffeic acid standards with concentrations from 10 to 100 ppm. Through linear 
regression, an equation was developed to transform area under de curve to 
concentration units for each compound.  

 
 
4.6 Cell culture 

 
Murine macrophages cell line RAW 264.7 were obtained from American Type 

Culture Collection (ATCC, Manassas, VA, USA). These cells were cultured in petri 
plates with Dulbecco´s Modified Eagle Medium (DMEM) supplemented with 10% 
fetal bovine serum (FBS) and 1% antibiotic. Plates were incubated at 37°C, 98% 
humidity, and 5% concentration of CO2. 
 
4.7 Cell viability assays 

 
For bioassays, 5mg of lyophilized extract were dissolved in 1 mL of DMEM 

medium supplemented with 10% FBS and 1% antibiotic under sterile conditions. 
Samples were stored at -80°C for future use. Cell viability of RAW264.7 cells in 
presence of the different pectin extracts was performed using CellTiter96®AQueous 

One Solution Cell Proliferation Assay. Cells were seeded in 96 well plates with 100L 
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Materials and methods 
at a density of 1x105 cells/mL and incubated at 37°C for at least 4 h to assure their 

adhesion to the plates. Once incubated, 100 L of pectin extracts dissolved in growth 
media were added to the plates by triplicate at different concentrations under sterile 
conditions and incubated at 37°C for 24 hours. Finally, viability was measured using 
20 µL of CellTiter96 per well, incubating during 40 min at 37°C. Absorbance was 
measured at 490 nm using a micro plate reader with the software Gene 5 (BioTek, 
VT, USA).  

 
First, a screening testing 3 different extract concentrations: 1000, 100 and 10 

g/mL (in order to obtain final concentrations of 500, 50, and 5 g/mL of extract per 
well). This first screening was performed to determine the minimal concentration 
required to observe significant effects on cell viability. Once the least cytotoxic 
concentration was determined, cell viability assays were performed for all the 
samples under this concentration. Figure 5 displays the 96 well plate layout for the 
cell viability assays. Finally, cell viability was obtained with equation II. 

 

Equation II.  𝐂𝐞𝐥𝐥 𝐯𝐢𝐚𝐛𝐢𝐥𝐢𝐭𝐲 (%) =
(𝐞𝐱𝐭𝐫𝐚𝐜𝐭 𝐚𝐯𝐞𝐫𝐚𝐠𝐞 𝐚𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 −𝐞𝐱𝐭𝐫𝐚𝐜𝐭 𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐚𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞)  

(𝐜𝐞𝐥𝐥 𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐚𝐯𝐞𝐫𝐚𝐠𝐞 𝐚𝐛𝐬𝐨𝐫𝐯𝐚𝐧𝐜𝐞−𝐜𝐞𝐥𝐥 𝐚𝐧𝐝 𝐞𝐱𝐭𝐫𝐚𝐜𝐭 𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐚𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞) 
∗ 𝟏𝟎𝟎 

 

 
Figure 5. 96 well plate layout for cell viability assays. 

 
 4.8 Lipopolysaccharide-induced inflammatory response 

 

RAW264.7 cells were seeded in 96 well plates using 100 L of cell suspension at a 
density of 1x105 cells/mL and incubated at 37°C for at least 4 h to assure adherence. 

Then, 50L of different pectin extracts (previously prepared for bioassays) at a 

concentration of 1 g/mL were added to each well and then incubated for 24 hours. 
This resulted in a final extract concentration of 250 ng/mL per well in the 
experiments. Figure 6 describes the 96 well plate layout designed for LPS-induced 
inflammatory response assays. 
 

50g/mL 5 g/mL 

5 g/mL 50g/mL 

500g/mL 

500g/mL 
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Materials and methods 
Then, half of wells were stimulated with 50 µL LPS at 10 µg/mL (final 

concentration) while the other half used as control for each sample. After incubation 
at 37°C for 24 hours, half of the volume of the plate (100 µL) was separated into 
another 96 well plate. In the new plate, Nitric Oxide production (an equivalent for 
inflammation induction by LPS) was determined using the Griess Reagent System 

(Promega, Madison, WI, USA); adding 50 L of sulfanilamide solution (A), followed 

by 50 L of NED solution (B) and incubating the plate for 10 min. Finally, absorbance 
was measured at 490 nm using a micro plate reader with the software Gene 5 
(BioTek, VT, USA).  

 
The initial plate (containing RAW264.7 cells) was analyzed for cell viability using 

CellTiter96®AQueous One Solution Cell Proliferation Assay. Results of this 
experiment were expressed in terms of relative nitric oxide production (Equation III), 
considering control cells and the effect of cell viability. Extracts were considered pro-
inflammatory when the relative nitric oxide production resulted above 100%, and 
anti-inflammatory with relative nitric oxide production below 100%. 
 

Equation III. 

𝐑𝐞𝐥𝐚𝐭𝐢𝐯𝐞 𝐍𝐎 𝐩𝐫𝐨𝐝𝐮𝐜𝐭𝐢𝐨𝐧(%) =
(𝐀𝐯𝐠.  𝐚𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐞𝐱𝐭𝐫𝐚𝐜𝐭 𝐰𝐢𝐭𝐡 𝐋𝐏𝐒 𝐢𝐧𝐝𝐮𝐜𝐭𝐢𝐨𝐧  − 𝐀𝐯𝐠.  𝐚𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐞𝐱𝐭𝐫𝐚𝐜𝐭 𝐰𝐢𝐭𝐡𝐨𝐮𝐭 𝐋𝐏𝐒 𝐢𝐧𝐝𝐮𝐜𝐭𝐢𝐨𝐧)  

(𝐀𝐯𝐠. 𝐚𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐜𝐞𝐥𝐥 𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐰𝐢𝐭𝐡 𝐋𝐏𝐒 𝐢𝐧𝐝𝐮𝐜𝐭𝐢𝐨𝐧 − 𝐀𝐯𝐠. 𝐚𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐜𝐞𝐥𝐥 𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐰𝐢𝐭𝐡𝐨𝐮𝐭 𝐋𝐏𝐒 𝐢𝐧𝐝𝐮𝐜𝐭𝐢𝐨𝐧) 
∗ 𝟏𝟎𝟎 

 

 

 
Figure 6. 96 well plate layout designed for LPS-induced inflammatory response 

assays. 

 
4.9 Statistical analysis  

 
Extractions were performed by duplicate, and all analysis performed to each 

duplicate was carried out by triplicate. Results were analyzed with Minitab statistical 
software (LLC, State College, PA, USA) and JMP statistical software (SAS, Cary, 
NC, USA), using ANOVA for a complete factorial design. Mean differences analysis 
was performed with an HSD Tukey test, followed by multivariate correlation tests 

performed in both softwares. For each data set, a significance level of =0.05 was 
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Materials and methods 
established; this is, a p-value <0.05 was considered statistically significant. Every 
factorial design was validated with normality and homoscedasticity tests on the 
residues of the analysis, this was performed in Minitab.
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Results and discussion 

5. Results and discussion 

 
5.1 Pectin extraction 

 

The factors that significantly affected the extraction yield were temperature, type 

of extraction, cleaning method, and pulp: solvent ratio (or proportion). Some 

interactions between factors also showed statistical significance (Figure 7). 

Agitation was the only individual factor that did not show any significance in the 

response variable. 

 

Figure 7. Pareto chart and p-values for pectin extraction yields at different 

experimental conditions. 

 

Validation of the factorial analysis with a significance level of =0.05 was 

established. The model passed normality and homoscedasticity tests on residues. A 

coefficient of determination R2 of 92.12% indicated that the model adjusted correctly 

to the data provided. The highest extraction yields were between 4.9 and 6.1%, most 

of them obtained at 90°C using distilled water (Table 3). On the other hand, 

extractions at 70°C and dialysis as cleaning method presented the lowest extraction 

yields, with an average yield between 1.7 and 2.4%. 
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 Shin et al. (2017) extracted crude polysaccharides from cold brew coffee, 

using distilled water in a 1:10 coffee:water ratio. They followed a similar process 

using 96% ethanol precipitation followed by dialysis and lyophilization, obtaining an 

extraction yield of 0.16%. Compared with the aqueous extractions, with a 1:10 ratio 

and dialysis as cleaning method carried out in this work, the yields obtained were 

higher, being in a range from 1.7 to 4.9%, this could indicate a higher content of 

pectin in coffee pulp than in processed coffee grain. 

 For extractions carried out with an acidified solvent, reports in literature 

highlight the work of Richembach et al. (2020), coffee pulp was extracted with 0.1 M 

HNO3 using a 1:25 pulp: solvent ratio, treated with 96% ethanol for pectin 

precipitation and using ethanol washes for cleaning. They obtained a 14.6% yield. 

Compared with acidified treatments performed in this work, with a 1:20 ratio and 

cleaned with ethanol washes, the yields obtained were considerably lower going 

from 2.4 to 5.6%. Nitric acid is a much stronger acid than citric acid and this facilitated 

the extraction of insoluble pectin that is normally bound to the cell matrix of the plant 

sample, resulting in higher yields (Sandarani, 2017).  

 On the other hand, Hasanah et al. (2019) performed pectin extractions from 

coffee pulp using citric acid in a 1:20 ratio, followed by 96% ethanol precipitation and 

ethanol washes, obtaining a yield of 7.8%. The yields obtained for similar treatments 

in this work (2.4 to 5.6%) were lower but closer to the yield reported in literature; 

confirming that stronger acid solvents will lead to higher extraction yields.   

As summary, the extraction yield was higher at 90ºC than 70ºC. For pulp: 

solvent ratio, a lower ratio gave a higher yield due to the saturation of the solution 

with solute (in this case pulp). Finally, the use of a solvent with a lower pH (acidified 

with citric acid) also improved the extraction yield. 
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Results and discussion 
Table 3. Average pectin extraction yields at different experimental conditions and 

HSD Tukey test for least squares means analysis. 

Temperature 
(°C) 

Type of 
extraction 

Pulp:solvent 
ratio 

Cleaning method Agitation 
Average 
yield (%) 

HSD Tukey  test 
Experiment 

number 

90 

Aqueous 

01:10 

Ethanol washes 

With agitation 5.0 ± 0.1 A B C D E 1 

Without agitation 5.3 ± 0.05 A B C 2 

Dialysis 

With agitation  4.5 ± 0.2 A B C D E F G H 3 

Without agitation 4.9 ± 0.6 A B C D E F G 4 

1:20 

Ethanol washes 

With agitation 4.9 ± 0.7 A B C D E 5 

Without agitation 4.7 ± 0.5 A B C D E F G H 6 

Dialysis 

With agitation 6.1 ± 0.1 A 7 

Without agitation 4.9 ± 0.4 A B C D E F 8 

Acidified 

1:10 

Ethanol washes 

With agitation 3.9 ± 0.1 A B C D E F G H I 9 

Without agitation 3.6 ± 0.3 A B C D E F G H I J K 10 

Dialysis 
With agitation 4.6 ± 0.2 A B C D E F G H 11 

Without agitation 3.1 ± 0.1 A B C D E F G H I J K L M 12 

1:20 

Ethanol washes 

With agitation 5.6 ± 0.8 A B 13 

Without agitation 3.7 ± 0.4 A B C F E F G H I J 14 

Dialysis 
With agitation 3.8 ± 0.03 A B C F E F G H I 15 

Without agitation 3.5 ± 0.2 A B C D E F G H I J K 16 

70 

Aqueous 

1:10 

Ethanol washes 
With agitation 3.6 ± 0.1 A B C F E F G H I J 17 

Without agitation 3.7 ± 0.5 A B C F E F G H I J 18 

Dialysis 

With agitation 1.7 ± 0.2 A B C D E F G H I J K L M N 19 

Without agitation 2.2 ± 0.2 A B C D E F G H I J K L M N 20 

1:20 

Ethanol washes 

With agitation 4.1± 0.4 A B C D E F G H I 21 

Without agitation 3.4 ± 0.4 A B C D E F G H I J K L 22 

Dialysis 

With agitation 1.9 ± 0.05 A B C D E F G H I J K L M N 23 

Without agitation 3.6 ± 0.1 A B C F E F G H I J 24 

Acidified 

1:10 

Ethanol washes 

With agitation 2.3 ± 0.1 A B C D E F G H I J K L M N 25 

Without agitation 5.2 ± 0.01 A B C D 26 

Dialysis 

With agitation 2.3 ± 0.3 A B C D E F G H I J K L M N 27 

Without agitation 2.3 ± 0.3 A B C D E F G H I J K L M N 28 

1:20 

Ethanol washes 

With agitation 3.8 ± 0.01 A B C F E F G H I 29 

Without agitation 2.4 ± 0.1 A B CD E F G H I J K L M N 30 

Dialysis 

With agitation 3.5 ± 0.2 A B C D E F G H I J K L 31 

Without agitation 4.3 ± 0.4 A B C D E F G H I 32 
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5.2 Total phenolic compounds quantification 

 

The factor that had the highest significant effect in the total phenolic 

compounds content was the pulp: solvent ratio, followed by the interaction of type of 

extraction and cleaning method (Figure 8). 

 

Figure 8. Pareto chart and p-values for total phenolic compound content at 

different experimental conditions. 

 

Validation of the factorial analysis with a significance level of =0.05 was 

established. The model passed normality and homoscedasticity tests on residues 

which indicates that the model correctly described the behavior of the data. A 

coefficient of determination R2 of 94.94% which indicates that the model adjusts 

correctly to the data provided. The extraction condition that maximized the total 

phenolic compounds content in the pectin extracts was pulp: solvent ratio of 1:10 
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ranging from 149.4 to 176.3 g of gallic acid equivalents (GAE) per mg of extract, 

when using water at 70ºC without agitation or acidified water at 90ºC with agitation 

(Table 4).  

Dialysis did not reduce the phenolic compounds concentration as ethanol washes. 

The lowest phenolic compounds concentrations ranged from 80.2-46.1 g GAE/mg. 

The majority of these extracts were made using distilled water and in the absence of 

agitation. Silva et al. (2020) analyzed coffee husk’s bioactive compounds through 

aqueous extractions and obtained a total phenolic compound concentration of 45.20 

g GAE per mg of extract. This concentration matches within the range obtained for 

aqueous extractions from 172 to 45.9 g GAE/mg.  

 Geremu et al (2016) evaluated the phenolic compound content of fresh coffee 

pulp samples extracted with 80% ethanol, obtaining a total phenolic concentration of 

489.5g GAE/mg. This difference could occur due to the difference of raw material. 

Another study performed by Heeger et al. (2017) reported a content of total 

polyphenols between 4.9 and 9.2 g GAE/mg in coffee pulp extractions. These 

values were considerably smaller than the average range of total phenolic 

compounds measured in this project since Heeger et al. tested methanol/water and 

ethanol/water extractions, while extractions in the present work were performed 

using distilled water and water acidified with citric acid as extraction solvents.   

As an overview, the effect of modifying the pulp: solvent ratio was almost null. 

On the other hand, aqueous extractions (neutral pH) had a higher content of total 

phenolic compounds. Finally, extracts cleaned with dialysis had a higher content of 

phenolic compounds. This shows an interesting behavior for polyphenol content in 

the extracts, the objective of a dialysis is to remove low molecular weight compounds 

(below 12,000 Da for this specific membrane) and retain only compounds with a 

molecular weight above the established cut-off of the membrane used. In the other 

hand, plant polyphenols have reported molecular weights around 500 to 4,000 Da 

(Yoshida et al., 2000), this would lead to the expectation of low or almost null 

concentrations of polyphenols in the present extracts, nevertheless the results 

express a contrary behavior of this statement. The high concentrations of phenolic 

compounds in the extracts could indicate possible interactions between the 

polysaccharide matrix and polyphenols that result in a retention of these compounds 

in spite of the cleaning methods used.    
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Pulp:solvent 
ratio 

Type of 
extraction 

Cleaning method Agitation 
Temperature 

(°C) 

Total phenolic 

compounds (g gallic 
acid eq./mg extract) 

HSD Tukey  test 
Experiment 

number 

1:10 

Aqueous 

Ethanol washes 

With agitation 

70 82.7 ± 5.5 A B C D E F G H I J K L M N 1 

90 54.0 ± 6.7 A B C D E F G H I J K L M N 2 

Without 
agitation 

70 45.9 ± 4.6 A B C D E F G H I J K L M N 3 

90 65.5 ± 0.4 A B C D E F G H I J K L M N 4 

Dialysis 

With agitation 

70 172.0 ± 6.5 A B C D E F G H I 5 

90 104.9 ± 9.2 A B C D E F G H I J K L M N 6 

Without 
agitation 

70 149.4 ± 22.0 A B C D E F G H I J K L 7 

90 85.9 ± 3.2 A B C D E F G H I J K L M N 8 

Acidified 

Ethanol washes 

With agitation 

70 165.2 ± 5.5 A B C D E F G H I J K L M N 9 

90 125.2 ± 14.9 A B C D E F G H I J K L M N 10 

Without 
agitation 

70 109.8 ± 1.8 A B C D E F G H I J K L M N 11 

90 137.3 ± 10.8 A B C D E F G H I J K L M N 12 

Dialysis 

With agitation 

70 133.1 ± 7.7 A B C D E F G H I 13 

90 176.3 ± 18.7 A B C D E F G H I J K L 14 

Without 
agitation 

70 93.7 ± 7.8 A B C D E F G H I J K L M N 15 

90 58.6 ± 4.8 A B C D E F G H I J K L M N 16 

1:20 

Aqueous 

Ethanol washes 

With agitation 
70 46.1 ± 0.6 A B C D E F G H I J K L M N 17 

90 57.7 ± 5.0 A B C D E F G H I J K L M N 18 

Without 
agitation 

70 51.8 ± 1.7 A B C D E F G H I J K L M N 19 

90 56.9 ± 1.1 A B C D E F G H I J K L M N 20 

Dialysis 

With agitation 

70 92.9 ± 8.7 A B C D E F G H I J K L M N 21 

90 82.4 ± 5.3 A B C D E F G H I J K L M N 22 

Without 
agitation 

70 71.6 ± 7.0 A B C D E F G H I J K L M N 23 

90 80.2 ± 3.8 A B C D E F G H I J K L M N 24 

Acidified 

Ethanol washes 

With agitation 

70 57.7 ± 6.8 A B C D E F G H I J K L M N 25 

90 90.4 ± 1.7 A B C D E F G H I J K L M N 26 

Without 
agitation 

70 45.6 ± 1.0 A B C D E F G H I J K L M N 27 

90 95.4 ± 7.4 A B C D E F G H I J K L M N 28 

Dialysis 

With agitation 

70 124.7 ± 12.4 A B C D E F G H I J K L M N 29 

90 75.4 ± 10.8 A B C D E F G H I J K L M N 30 

Without 
agitation 

70 82.7 ± 12.2 A B C D E F G H I J K L M N 31 

90 64.8 ± 7.6 A B C D E F G H I J K L M N 32 

Table 4. Average total phenolic compound content at different experimental 

conditions and HSD Tukey test for least squares means analysis. 
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5.3 Caffeine and caffeic acid quantification 

 
Caffeic acid was not detected in the samples ran through HPLC. For caffeine, the 

statistical analysis of the factorial design was analyzed with a significance level of 

=0.05. The Pareto chart of the standardized effects (Figure 9) showed that all the 

individual factors or extraction conditions were statistically significant for the caffeine 

content. The factor that had the highest significant effect was the type of extraction, 

followed by the pulp: solvent ratio and cleaning method. Also, some interactions 

between factors showed statistical significance.  

 

Figure 9. Pareto chart and p-values for caffeine content at different experimental 

conditions. 
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Validation of the factorial analysis with a significance level of =0.05 was 

established. The model passed normality and homoscedasticity tests on residues 

indicated that the model correctly described the behavior of the data. A coefficient of 

determination R2 of 97.39% indicated that the model adjusts correctly to the data 

provided.   

The extraction conditions that maximized the caffeine content in the pectin 

extracts were aqueous extractions with a 1:10 pulp: solvent ratio, in the absence of 

agitation and with dialysis as cleaning method. The highest caffeine concentration 

was obtained in experiment 8 with 205.7 g of caffeine per mg of extract (Table 5).   

On the other hand, the lowest range of caffeine concentration obtained was 

41.7-7.4 g/mg of extract (experiments 21, 24, 26, 28, 29, and 31). Acidified 

conditions did not benefit caffeine recovery. A study reported in literature for 

methanol/water and ethanol/water coffee pulp extractions showed caffeine contents 

of 6.5 and 6.8 g per mg of extract, respectively (Heeger et al., 2017; Zabaniotou & 

Kamaterou, 2019). Compared with caffeine concentrations obtained in aqueous 

extraction (49.4-205.7g/mg) ethanol/water extractions resulted considerably lower.  

Additionally, studies of caffeine content determination on fresh pulp samples 

have reported lower concentrations than the concentration range obtained in this 

work with dried coffee pulp. Ameca et al. (2018) reported a caffeine content of 18.6 

g/mg while Janissen et al. (2017) reported a caffeine concentration range of 12.5-

13 g/mg. Both reports showed caffeine concentrations close to the lowest caffeine 

range obtained in this work (41.7-7.4 g/mg for acidified extractions).  

Overall, aqueous extractions (neutral pH) lead to a higher caffeine 

concentration. There was also a higher caffeine content with extractions having a 

bigger pulp: solvent ratio. Finally, extracts cleaned with dialysis had higher caffeine 

concentration. As mentioned in the previous section, the caffeine content, as well as 

phenolic compound content were expected to be low or almost null due to the low 

molecular weight of this compounds, expected to be eliminated in by either one of 

the cleaning methods used. Nevertheless, the high caffeine concentrations present 

in the extracts could also indicate possible interactions between them and the 

polysaccharide matrix causing their retention. 
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Type of 
extraction 

Pulp:solvent 
ratio 

Cleaning method 
Temperature 

°C 
Agitation 

Caffeine concentration 

(g/mg extract) 
HSD Tukey  test 

Experiment 
number 

Aqueous 

1:10 

Ethanol washes 

70 

With agitation 107.1 ± 3.3 A B C D E F G H I J K L M  1 

Without 
agitation 

49.6 ± 11.9 
A B C D E F G H I J K L M 
N 

2 

90 

With agitation 72.6 ± 12.9 
A B C D E F G H I J K L M 
N 

3 

Without 
agitation 

67.2 ± 19.0 
A B C D E F G H I J K L M 
N 

4 

Dialysis 

70 

With agitation 72.7 ± 3.4 
A B C D E F G H I J K L M 
N 

5 

Without 
agitation 

49.4 ± 1.5 
A B C D E F G H I J K L M 
N 

6 

90 

With agitation 147.9 ± 0.8 A B C D E F G H I J K L M  7 

Without 
agitation 

205.7 ± 11.8 A B C D E F G H I J K L M  8 

1:20 

Ethanol washes 

70 

With agitation 95.5 ± 14.2 
A B C D E F G H I J K L M 
N 

9 

Without 
agitation 

65.4 ± 0.4 
A B C D E F G H I J K L M 
N 

10 

90 

With agitation 71.2 ± 6.1 
A B C D E F G H I J K L M 
N 

11 

Without 
agitation 

156.3 ± 20.0 A B C D E F G H I J K L M  12 

Dialysis 

70 

With agitation 65.1 ± 6.7 
A B C D E F G H I J K L M 
N 

13 

Without 
agitation 

79.7 ± 6.7 
A B C D E F G H I J K L M 
N 

14 

90 

With agitation 51.2 ± 3.4 
A B C D E F G H I J K L M 
N 

15 

Without 
agitation 

140.6 ± 21.1 A B C D E F G H I J K L M 16 

Acidified 

1:10 

Ethanol washes 

70 

With agitation 128.0 ± 3.5 A B C D E F G H I J K L M  17 

Without 
agitation 

154.9 ± 5.3 A B C D E F G H I J K L M  18 

90 

With agitation 67.4 ± 7.7 
A B C D E F G H I J K L M 
N 

19 

Without 
agitation 

85.6 ± 4.4 
A B C D E F G H I J K L M 
N 

20 

Dialysis 

70 

With agitation 7.4 ± 1.7 
A B C D E F G H I J K L M 
N 

21 

Without 
agitation 

70.7 ± 4.5 
A B C D E F G H I J K L M 
N 

22 

90 

With agitation 91.6 ± 1.0 
A B C D E F G H I J K L M 
N 

23 

Without 
agitation 

7.6 ± 0.3 
A B C D E F G H I J K L M 
N 

24 

1:20 

Ethanol washes 

70 

With agitation 12.8 ± 2.0 
A B C D E F G H I J K L M 
N 

25 

Without 
agitation 

10.6 ± 1.1 
A B C D E F G H I J K L M 
N 

26 

90 

With agitation 147.1 ± 2.1 
A B C D E F G H I J K L M 
N 

27 

Without 
agitation 

14.8 ± 3.2 
A B C D E F G H I J K L M 
N 

28 

Dialysis 

70 

With agitation 34.3 ± 1.0 
A B C D E F G H I J K L M 
N 

29 

Without 
agitation 

86.7 ± 2.2 
A B C D E F G H I J K L M 
N 

30 

90 

With agitation 41.7 ± 4.7 
A B C D E F G H I J K L M 
N 

31 

Without 
agitation 

47.1 ± 4.5 
A B C D E F G H I J K L M 
N 

32 

Table 5. Average caffeine content at different experimental conditions and HSD Tukey test for 

least squares means analysis. 
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5.4 Cell viability assays 

 
An initial cell viability screening test was carried out in order to determine the 

minimum concentration at which the pectin extracts started presenting cytotoxic 

effects on the cells. The screening test was carried out with 20 aleatory pectin 

extracts. An average cell viability of the 20 extracts evaluated was calculated for 

each concentration tested (0.25, 5, 50, and 500g/mL). Cell viabilities below 85% 

were considered cytotoxic. Extracts at 500g/mL were clearly cytotoxic, whereas at 

50g/mL concentration presented an average viability of 94.69% (Figure 10). 

Following bioassays were performed with 5 and 0.25 g/mL concentrations.  

 

 

Figure 10. Average RAW264.7 cell viability percentage with pectin extracts at 

different concentrations (0.25, 5, 50, and 500 g/mL). 

 

The statistical analysis of the factorial design was analyzed with a significance 

level of =0.05. The Pareto chart of the standardized effects of the cell viability assay 

with extracts at 5 g/mL showed that the factor that has the highest significant effect 

in cell viability was the type of extraction followed by temperature. The remaining 

factors (pulp: solvent ratio, agitation, and cleaning method) were not considered 

statistically significant for the cell viability. 

No extract was found to significantly reduce cell viability when tested at 0.25 

or 5 g/mL (Table 6). The extraction conditions that presented the greatest 

RAW264.7 cell viability in presence of the pectin extracts at 5 g/mL were acidified 

extractions at 90°C. Extracts 28 and 29 presented a boosting proliferation effect on 

cells, resulting in the highest average cell viability in a range of 195-200%.  
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Results and discussion 
Similar studies in literature reported murine macrophage cell viability with a 

crude polysaccharide extracted from cold-brew coffee; this polysaccharide was 

extracted with water and precipitated with ethanol. A viability of 150-160% was 

obtained with extracts at a 50g/mL and extracts at 10g/mL reported a viability of 

120-150% (Shin, 2017). The average viability at 50g/mL with coffee pulp extracts 

was lower (94.6%) in comparison with cold-brew coffee extracts. This could indicate 

that coffee grain has a greater cell growth promotor behavior than coffee pulp. 

Another study, where cytotoxicity of aqueous extractions of two coffee by-

products (husk and silverskin) was evaluated in macrophages, reported cell 

viabilities of 100-106% for husk extracts and of 93-98% for silverskin extracts at 

concentrations ranging from 31 to 500g/mL (Rebollo et al., 2019). Coffee pulp 

extracts at 500g/mL and 50g/mL presented lower average cell viabilities (78.2% 

and 94.6% respectively) than data reported for coffee husk and silverskin. Also, husk 

and silverskin extracts did not presented any case of cytotoxicity in raw264.7 cells, 

while coffee pulp extracts at 500g/mL and 50g/mL did present viabilities below 

85%, being considered cytotoxic. 

On the other hand, the Pareto analysis of the standardized effects of the cell 

viability assay with extracts at 0.25 g/mL revealed that the factor that had the 

highest significant effect on cell viability was the cleaning method. Three main 

groups of experiments (classified in letters A, B, and C) were observed: the first 

group of treatments (sharing letter A) presented the highest cell viabilities all 

surpassing the 100% viability and showing cell growth promotor behaviors, they 

showed viabilities from 133.4 to 102%. From these treatments, the highest viabilities 

were obtained in acidified extractions. Experiments 6, 7, 10, 12, 17, 25, 27, and 31 

presented the lowest viabilities from 93.3 to 98.6%, the majority being aqueous 

extractions with ethanol washes as cleaning method. As an overall, cell viability 

assays with 5 g/mL extract concentration present a tendency of cell growth 

promotor in acidified extractions at low temperature.  
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Type of 
extraction 

Temperature 
°C 

Pulp:solvent 
ratio 

Agitation Cleaning method 
Average cell 
viability % 

(5g/mL) 

HSD 

Tukey  test 

(5g/mL) 

Experiment 
number 

5g/mL) 

Average cell 
viability % 

(0.25g/mL) 

HSD Tukey  test 

(0.25g/mL) 

Experiment 
number 

(0.25g/mL) 

Aqueous 

70 

1:10 

With agitation 

Ethanol washes 93.4 ± 10.4 A B C D E 1 102.7 ± 9.9 A B C 1 

Dialysis 98.5 ± 7.0 A B C D E 2 104.1 ± 9.4 A B C 2 

Without agitation 
Ethanol washes 103.1 ± 13.0 A B C D E 3 112.6 ± 1.9 A B C 3 

Dialysis 136.4 ± 17.9 A B C D E 4 131.1 ± 13.7 A B C 4 

1:20 

With agitation 
Ethanol washes 141.2 ± 9.0 A B C D E 5 101.2 ± 4.0 A B C 5 

Dialysis 125 ± 18.6 A B C D E 6 96.0 ± 6.1 A B C 6 

Without agitation 
Ethanol washes 114.9 ± 14.2 A B C D E 7 93.3 ± 4.7 A B C 7 

Dialysis 111.9 ± 10.8 A B C D E 8 102.1 ± 7.3 A B C 8 

90 

1:10 

With agitation 
Ethanol washes 109.9 ± 9.0 A B C D E 9 106.4 ± 2.2 A B C 9 

Dialysis 99.7 ± 2.9 A B C D E 10 97.6 ± 1.2 A B C 10 

Without agitation 
Ethanol washes 107.6 ± 6.6 A B C D E 11 108.6 ± 3.2 A B C 11 

Dialysis 96.2 ± 9,4 A B C D E 12 94.6 ± 6.6 A B C 12 

1:20 

With agitation 
Ethanol washes 100.5 ± 10.9 A B C D E 13 104.8 ± 5.1 A B C 13 

Dialysis 111.3 ± 12.1 A B C D E 14 112.7 ± 0.3 A B C 14 

Without agitation 
Ethanol washes 118.5 ± 8.8 A B C D E 15 105.3 ± 9.2 A B C 15 

Dialysis 132.6 ± 5.0 A B C D E 16 120.4 ± 6.2 A B C 16 

Acidified 70 

1:10 

With agitation 
Ethanol washes 119.6 ± 14.5 A B C D E 17 96.9 ± 8.8 A B C 17 

Dialysis 150.4 ± 1.9 A B C D E 18 118.5 ± 14.8 A B C 18 

Without agitation 

Ethanol washes 103.3 ± 3.5 A B C D E 19 113.3 ± 3.7 A B C 19 

Dialysis 104.3 ± 1.4 A B C D E 20 111.9 ± 4.7 A B C 20 

1:20 With agitation 
Ethanol washes 103.4 ± 2.4 A B C D E 21 131.9 ± 7.4 A B C 21 

Dialysis 99.3 ± 14.8 A B C D E 22 133.4 ± 11.1 A B C 22 

Table 6. Average cell viability at 5g/mL and 0.25g/mL extract concentrations at different experimental conditions. 
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Without agitation 
Ethanol washes 99.1 ± 0.1 A B C D E 23 109.5 ± 8.1 A B C 23 

Dialysis 89.8 ± 2.9 A B C D E 24 110.3 ± 13.5 A B C 24 

90 

1:10 

With agitation 
Ethanol washes 111.0 ± 5.9 A B C D E 25 98.6 ± 1.3 A B C 25 

Dialysis 100.1 ± 5.4 A B C D E 26 114.8 ± 14.5 A B C 26 

Without agitation 

Ethanol washes 95.5 ± 11.9 A B C D E 27 94.6 ± 6.6 A B C 27 

Dialysis 194.4 ± 14.6 A B C D E 28 111.0 ± 2.4 A B C 28 

1:20 

With agitation 

Ethanol washes 205 ± 13.9 A B C D E 29 108.7 ± 3.5 A B C 29 

Dialysis 132.4 ± 18.4 A B C D E 30 116.3 ± 6.4 A B C 30 

Without agitation 
Ethanol washes 105.4 ± 8,6 A B C D E 31 97.5 ± 1.4 A B C 31 

Dialysis 104.4 ± 11.1 A B C D E 32 106.5 ± 11.7 A B C 32 
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Cell viability was also measured at 0.25g/mL with the induction of LPS 

induction and no extract showed any cytotoxic behavior on RAW264.7 cells (Table 

7). The Pareto analysis of the standardized effects revealed that the only individual 

factor that had the significant effect on cell viability with LPS induction was the type 

of extraction. The least squares mean analysis divided experiments into only two 

groups (letters A and B), where the extraction conditions that presented the greatest 

RAW264.7 cell viability with LPS induction were extractions with distilled water 

presenting viabilities from 144.5% to 105.8%.   

Regarding the effect of LPS induction, aqueous extracts incubated with LPS 

presented higher cell viabilities than without LPS induction. Overall, extracts in the 

presence of LPS presented higher cell viabilities than without LPS. In the presence 

of LPS, maximum cell viabilities of up to 144.5% were obtained (experiment 8, table 

7); while without LPS, maximum cell viabilities were around 133.4% (experiment 22, 

table 6). It is also important to highlight that in the presence of LPS, all the extracts 

presented cell viabilities above 100%, contrary to the experiments without LPS, 

where lower values were obtained. This may indicate that the presence of LPS in 

the bioassays favored cell differentiation of the RAW264.7 line from monocytes to 

macrophages. In the assays with LPS, a growth-promoting effect on differentiated 

macrophages could have been obtained.  
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Type of 
extraction 

Temperature 
(°C) 

Pulp: solvent 
ratio 

Cleaning 
method 

Agitation 
Average cell 
viability % 
(0.25g/mL) 

HSD 
Tukey  test 

Experiment 
number 

Aqueous 

70 

1:10 

Ethanol 
washes 

With agitation 115.6 ± 0.6 A B 1 

Without agitation 110.5 ± 3.6 A B 2 

Dialysis 
With agitation 100.6 ± 3.2 A B 3 

Without agitation 113.0 ± 9.7 A B 4 

1:20 

Ethanol 
washes 

With agitation 114.1 ± 5.3 A B 5 

Without agitation 105.8 ± 5.25 A B 6 

Dialysis 
With agitation 123.4 ± 7.2 A B 7 

Without agitation 144.5 ± 24.2 A B 8 

90 

1:10 

Ethanol 
washes 

With agitation 114.1 ± 1.8 A B 9 

Without agitation 116.8 ± 3.6 A B 10 

Dialysis 
With agitation 100.8 ± 1.1 A B 11 

Without agitation 102.9 ± 5.7 A B 12 

1:20 

Ethanol 
washes 

With agitation 107.4 ± 11.8 A B 13 

Without agitation 111.0 ± 10.6 A B 14 

Dialysis 
With agitation 115.9 ± 4.5 A B 15 

Without agitation 119.6 ± 2.4 A B 16 

Acidified 

70 

1:10 

Ethanol 
washes 

With agitation 123.7 ± 17.3 A B 17 

Without agitation 108.0 ± 7.7 A B 18 

Dialysis 
With agitation 107.9 ± 23.3 A B 19 

Without agitation 101.4 ± 5.9 A B 20 

1:20 

Ethanol 
washes 

With agitation 101.4 ± 14.5 A B 21 

Without agitation 100.3 ± 7.1 A B 22 

Dialysis 
With agitation 102.4 ± 0.7 A B 23 

Without agitation 100.1 ± 1.2 A B 24 

90 

1:10 

Ethanol 
washes 

With agitation 130.6 ± 5.8 A B 25 

Without agitation 122.2 ± 6.8 A B 26 

Dialysis 
With agitation 101.9 ± 7.0 A B 27 

Without agitation 117.8 ± 23.3 A B 28 

1:20 

Ethanol 
washes 

With agitation 100.2 ± 3.0 A B 29 

Without agitation 102.8 ± 12.0 A B 30 

Dialysis 
With agitation 106.3 ± 1.7 A B 31 

Without agitation 109.5 ± 3.7 A B 32 

Table 7. Average cell viability with LPS induction at 0.25g/mL extract 

concentration at different experimental conditions. 
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Results and discussion 
5.4.1 Relationship between cell viability and phenolic compounds content of 

caffeine content 

There was no correlation between total phenolic compounds content and cell 

viability tested at 5 or 0.25 g/mL (p-values of 0.648 and 0.704, respectively). No 

correlation was found between caffeine content and cell viability tested at 5 and 0.25 

g/mL (p-values of 0.693 and 0.128, respectively).      

5.5 Lipopolysaccharide-induced inflammatory response  

 
The 3 main extraction factors that present the highest significant effect in the 

response variable were pulp: solvent proportion, type of extraction and cleaning 

method. Most extracts had an anti-inflammatory effect on cells (experiments with a 

relative NO production below 100%). An exceptional anti-inflammatory effect of 0% 

was found in experiment 19 (Table 8). The treatments with a stronger anti-

inflammatory effect ranged between 20.5 and 0% relative NO production 

(experiments 5,6 and 16 to 20). Most of these extracts were obtained with acidified 

media and a 1:10 pulp: solvent ratio and using ethanol washes as cleaning method. 

These anti-inflammatory extracts also presented a high phenolic compound content 

ranging from 172 to 80.2 g GAE/mg. Reports in literature have proven that phenolic 

compounds are key factors for the suppression of inflammation among 

phytochemicals, having a strong anti-inflammatory capacity (Shahidi & Yeo, 2018).  

Similar studies made with other coffee by-products as coffee husk and silverskin 

have shown an anti-inflammatory behavior in murine macrophages with relative NO 

production of around 22.7–57.6% for coffee husk extracts (31 to 500 g/mL 

concentrations). Silverskin extracts (31 to 500 g/mL concentrations) presented a 

range of relative NO production of 22.5 to 77% (Rebollo-Hernanz et al., 2019). This 

study confirms the anti-inflammatory properties of coffee by-products; some coffee 

pulp extracts analyzed in this work even presented lower or null relative NO 

production, indicating that coffee pulp can have stronger anti-inflammatory 

properties.  

On the other hand, relative NO production was enhanced reaching values up to 

248% in experiment 2. The conditions that maximize relative NO production were 

aqueous extractions with a 1:10 pulp: solvent ratio, with agitation and ethanol 

washes as cleaning phase. Shin et al. (2017) reported that peritoneal macrophage 

cells treated with a polysaccharide extracted from cold-brew coffee presented a 

dose-dependent increase in NO production. Extract concentrations from 5 to 1000 

μg/mL presented a relative NO production in a range from 103.3% to 145%. This 

study backs up the pro-inflammatory behavior of some coffee pulp extracts analyzed.  
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Results and discussion 
Table 8. Nitric oxide relative production of coffee pulp extracts obtained using 

water or acidified water, different pup:solvent ratio, agitation and temperature  

    

Type of 
extraction 

Pulp:solvent 
ratio 

Cleaning method Agitation 
Temperature 

°C 

Nitric Oxide 
relative 

production % 
HSD Tukey  test 

Experiment 
number 

Aqueous 

01:10 

Ethanol washes 

With agitation 
70 64.6 ± 7.6 A B C D E F G H I J K L M 1 

90 248.0 ± 10.9 A B C D E F G H I J K L M 2 

Without agitation 
70 111.2 ± 4.4 A B C D E F G H I J K L M 3 

90 22.4 ± 3.2 A B C D E F G H I J K L M 4 

Dialysis 

With agitation 
70 5.8 ± 0.6 A B C D E F G H I J K L M 5 

90 12.8 ± 7.9 A B C D E F G H I J K L M 6 

Without agitation 
70 24.0 ± 8.8 A B C D E F G H I J K L M 7 

90 30.9 ± 5.6 A B C D E F G H I J K L M 8 

01:20 

Ethanol washes 

With agitation 
70 56.5 ± 0.0 A B C D E F G H I J K L M 9 

90 146.1 ± 0.9 A B C D E F G H I J K L M 10 

Without agitation 
70 173.1 ± 0.8 A B C D E F G H I J K L M 11 

90 44.2 ± 4.0 A B C D E F G H I J K L M 12 

Dialysis 

With agitation 
70 158.3 ± 4.7 A B C D E F G H I J K L M 13 

90 155.4 ± 8.1 A B C D E F G H I J K L M 14 

Without agitation 
70 63.9 ± 5.6 A B C D E F G H I J K L M 15 

90 20.5 ± 0.5 A B C D E F G H I J K L M 16 

Acidified 

01:10 

Ethanol washes 

With agitation 
70 16.3 ± 1.6 A B C D E F G H I J K L M 17 

90 4.1 ± 0.0 A B C D E F G H I J K L M 18 

Without agitation 

70 0.0  ± 0.0 A B C D E F G H I J K L M 19 

90 9.6 ± 0.4 A B C D E F G H I J K L M 20 

Dialysis 

With agitation 
70 73.7 ± 8.7 A B C D E F G H I J K L M 21 

90 105.0 ± 4.8 A B C D E F G H I J K L M 22 

Without agitation 
70 92.2 ± 1.7 A B C D E F G H I J K L M 23 

90 60.8 ± 3.4 A B C D E F G H I J K L M 24 

01:20 

Ethanol washes 

With agitation 
70 162.8 ± 4.4 A B C D E F G H I J K L M 25 

90 108.3 ± 4.8 A B C D E F G H I J K L M 26 

Without agitation 

70 31.4 ± 7.8 A B C D E F G H I J K L M 27 

90 69.0 ± 3.6 A B C D E F G H I J K L M 28 

Dialysis 

With agitation 

70 113.04.4 A B C D E F G H I J K L M 29 

90 101.7 ± 2.8 A B C D E F G H I J K L M 30 

Without agitation 
70 80.5 ± 1.3 A B C D E F G H I J K L M 31 

90 101.5 ± 1.9 A B C D E F G H I J K L M 32 
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Results and discussion 
5.5.1 Relationship between relative NO production and phenolic compounds 

content or caffeine content 

 

Correlation analysis were also made to test the relationship between the phenolic 

compounds and caffeine content with the relative NO production in RAW264.7 cells. 

For the purpose of this analysis, extracts were divided into two categories: anti-

inflammatory extracts, for experiments with a relative NO production lower than 

100%, and pro-inflammatory extracts, for experiments with a relative NO production 

greater than 100%. 

Table 9 describes all the Pearson correlation coefficients obtained in the 

analysis. For pro-inflammatory extracts, the correlation analysis of total phenolic 

compounds and caffeine content with relative NO production were not statistically 

significant (p>0.05). On the other hand, for anti-inflammatory extracts the correlation 

analysis of total phenolic compounds content and relative NO production resulted in 

a Pearson correlation coefficient of -0.427 with a p-value of 0.061 (Figure 11A), as 

the resultant p-value is almost lower than the established , a moderate correlation 

between these variables can be considered. As the phenolic compounds content 

increases, pectin extracts present a lower relative NO production or a stronger anti-

inflammatory effect on RAW264.7 cells.  

Table 9. Pearson correlation coefficients for nitric oxide relative induction 

correlated with total phenolic compound and caffeine content. 
 Proinflammatory extracts Antiinflammatory extracts 

 
Total phenolic compounds (g 

gallic acid eq/mg extract) 

Caffeine concentration 

(g/mg extract) 
Total phenolic compounds (g 

gallic acid eq/mg extract) 

Caffeine concentration 

(g/mg extract) 

Nitric oxide relative 
induction % -0.409 -0.075 -0.427* -0.384 

* Pearson correlation with a p-value<0.05 or close. 

Studies have analyzed the effect of chlorogenic acid (a phenolic compound 

found in coffee) on LPS-induced nitric production in RAW264.7 cells. Chlorogenic 

acid (CGA) was tested at small concentrations from 0.05 to 2 ng/mL, resulting in 

relative NO production ranging from 0-30%, whereas the concentration of CGA 

increased, the NO production decreased (Kim et al., 2017). This study also confirms 

a relationship between a phenolic compound found in coffee and NO production 

leading to an anti-inflammatory behavior with higher phenolic compounds 

concentrations. 

Also for anti-inflammatory extracts, correlation analysis of caffeine content 

and relative NO production resulted in a negative Pearson correlation coefficient of 

-0.384, indicating a negative relationship between variables (Figure 11B). A study 

performed by Hwang et al. (2016) reported that in the presence of LPS, caffeine 

decreased the NO production, proving a correlation between these variables. 

Nevertheless, in the present work, there was not found a statistically significant 

relationship between these two variables. 
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Results and discussion 
 

   

Figure 11. Matrix correlation graph of RAW264.7 LPS-induced anti-

inflammatory effect with total phenolic compounds and caffeine content. A) 

Matrix plot of average NO relative induction at 2.5g/mL extract concentration and 

total phenolic compounds content. B) Matrix plot average NO relative induction at 

2.5g/mL extract concentration and caffeine content. 

 

The conditions that will maximize total phenolic compound content while 

minimizing the relative NO production were acidified extractions with 1:10 pulp: 

solvent ratio. Ethanol washes minimized the total phenolic compound content while 

enhancing relative NO production. For this specific experiments temperature and 

agitation did not significantly affect any of the response variables. 

  

A B 



 

 
 

4
2

 

Masters products 

6. Masters products 

 
6.1 National congress 
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Conclusion 

7. Conclusion and future perspectives 

Polysaccharides extracted from coffee pulp along with phenolic compounds 
presented immunomodulatory activities tested in vitro, such as induction of 
RAW264.7 cell proliferation and induction of pro and anti-inflammatory activity. 

The highest extraction yields obtained were between 4.9 and 6.1%, most of 

them obtained at 90°C using distilled water as extraction solvent. This yield was also 

improved with a pulp: solvent ratio of 1:20. On extractions carried out at 70°C, the 

use of an acidified solvent improved the yield obtained.  

The extraction condition that maximized the total phenolic compounds 

content was a pulp: solvent ratio of 1:10 ranging from 149.4 to 176.3 g GAE/mg. 
For extractions carried out at 70°C agitation increased the total phenolic compound 
content, whereas in extractions at 90°C, the absence of agitation improved it. The 
type of solvent and cleaning method had a lower impact on phenolic compound 
obtainment, but aqueous extractions and dialysis as cleaning method also lead to 
higher concentrations. Caffeic acid was not detected in any sample. The conditions 

that maximized caffeine concentration (in 205.7 g/mg) were aqueous extractions 
with a 1:10 pulp: solvent ratio without agitation and with dialysis as cleaning method. 
Possible interactions between phenolic compounds, caffeine and the polysaccharide 
matrix could explain the high concentrations obtained of these compounds in spite 
of the cleaning methods used in the extraction process. 

 

Bioassays showed that no extract was cytotoxic at 0.25 or 5 g/mL. Extraction 
conditions that presented the greatest RAW264.7 cell viability in presence of the 

pectin extracts at 5 g/mL were acidified extractions at 90°C, these conditions 
created a promotor cell growth behavior and cell viabilities of 195-200%. At 0.25 

g/mL a cell growth promotor behavior having viabilities from 133.4 to 102% was 
observed in acidified extractions. There was no correlation between total phenolic 

compounds content and cell viability tested at 5 and 0.25 g/mL. As well as for the 
correlation of caffeine and cell viability. 

 
Regarding the effect of LPS induction, all extracts in the presence of LPS 

presented cell viabilities above 100% and also higher cell viabilities than without 
LPS. The presence of LPS in the bioassays could have favored cell differentiation of 
the RAW264.7 line from monocytes to macrophages, showing a possible growth-
promoting effect on differentiated macrophages. 

 
Relative NO production reached values up to 248% (pro-inflammatory) with 

aqueous extractions with a 1:10 pulp: solvent ratio, with agitation and ethanol 
washes as cleaning phase. Treatments with a stronger anti-inflammatory effect 
presented a relative NO production between 20.5 and 0%, these results were 
observed in acidified extracts, a 1:10 pulp: solvent ratio and using ethanol washes 
as cleaning method.  These anti-inflammatory extracts also presented a high 

phenolic compound content ranging from 172 to 80.2 g GAE/mg. As the phenolic 
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Conclusion 
compound content increased, the relative NO production decreased, resulting in 
anti-inflammatory extracts.  

 
This project has showed a novel application of the transformation of a coffee 

processing by-product into a potential nutraceutical. It has also provided 

comprehensive information on the extraction conditions that maximize the 

obtainment of specific components like phenolic compounds and caffeine, and that 

lead to a immunostimulant or anti-inflammatory behavior con murine macrophages.  

Further experimentation is needed for the proper characterization of 

polysaccharide matrix extracted. Characterization of polyphenols present in the 

extracts is also an important key for the understanding of the type of interactions 

present in this polysaccharide matrix. In addition, the determination of the 

inflammatory mechanism through an enzyme-linked immunoassay (ELISA) can give 

an approach of the specific inflammation markers being activated by the 

polysaccharide matrix interacting with the present polyphenols.    

Finally, it is important to note the constant need to optimize and escalate the 

pectin extraction process and techniques, in order to develop a future potential 

application of these polysaccharides in the health care sector. 
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