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ABSTRACT 

THE FOAMING PROPERTIES OF COLD BREW COFFEE  

Dongning Yu 

University of Guelph, 2020

Advisor(s): 

Professor Loong-Tak Lim 

 

The foaming properties of cold brew coffee have been studied. The variables 

investigated were coffee variety, roast degree, brewing conditions, and brewing 

methods. The initial foam volume generated from 37.0±1.0 to 47.0±0.5 mL for light to 

dark roast degree coffee brews, respectively, due to the higher nitrogen content and 

lower surface tension of the dark roast brews than that of light roast brews. Brews from 

dark roast beans had more stable foam due to the higher viscosity and higher total 

sugar content than the light roast coffee brew. The samples were precipitated with 

ethanol to investigate the effects of chemical composition on the foaming properties. 

The reconstituted supernatant fraction presented the foam atbility due to the higher 

nitrogen content and lower surface tension than that of the reconstituted precipitate 

fraction. The reconstituted precipitate fraction exhibited foam stability due to the higher 

total sugar content than that of the reconstituted supernatant.
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1  CHAPTER 1: LITERATURE REVIEW 

1.1 Cold brew and “nitro” coffees 

Coffee is a beverage that made by brewing roasted coffee bean grounds with water. It 

is one of the most popular beverages consumed in the world. The annual consumption 

of coffee is around 7 billion kg of coffee beans (International Coffee Organization, 2016). 

Coffee is being appreciated by consumers because of its characteristic flavor and odor, 

and psychoactive nature of caffeine (Buffo & Cardelli-Freire, 2004; Grosch, 1998; Illy & 

Viani, 2005). Traditional hot brew coffees are typically prepared using hot water 

extraction method. Recently, cold brew coffees have started to gain consumer 

acceptance due to their milder sensory profiles. Cold brew coffees are perceived by 

consumers to be smoother, sweeter, less acidic and less bitter than hot brew coffees. 

Unlike the hot brew counterparts, cold brew coffees are prepared by steeping coffee 

grinds in water at room or refrigerated temperatures typically for 12-18 h.  

“Nitro” coffee is one variant of cold brew coffee. It is prepared by delivering 

pressurized nitrogen (N2) into cold brew coffee. The pressure used is in the range from 

30 to 50 psi. Nitro cold coffee is stored in kegs and maintained at refrigerated 

temperature. Instead of pressurizing the brew with CO2 which can impart acidity, N2 is 

used to avoid this sensory issue, as well as to produce smaller bubbles and creamier 

foam texture (Gerstner, 2011; Jarvis & Morrison, 2015). When the product undergoes 

decompression (e.g., exiting from a tap, uncapping a bottle), the dissolved N2 becomes 

over-saturated, forming small bubbles that rise to the top to form a thick foam head. 
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Concomitantly, a cascade of sinking bubbles appear near the glass wall, a phenomenon 

which has been attributed to the circulatory convective flow induced by the rising 

bubbles in the center of the glass, as well as the geometry of the container (Benilov et 

al., 2013). The product is often being described by coffee connoisseurs to have “creamy 

texture and rich taste to the palate” (Vierhile, 2016).  

For foam-forming beverages, such as espresso coffee, beer, champagne, sparkling 

wine, and so on, the concentrations of surface active components (e.g., amino acids, 

proteins, peptides, and low molecular weight melanoidins) greatly influence the 

foamability of the products (Coelho, Rocha, & Coimbra, 2011; Lewis, M.J., & Lewis, A. 

S., 2003; Nunes, Coimbra, Duarte, & Delgadillo, 1997; Piazza, Bulbarello, & Gigli, 2006). 

As bubbles are being generated through decompression, these surfactant molecules 

migrate on the newly formed air-liquid surface which lower the surface tension of the 

solution, thereby promoting bubble formation of bubbles at the nucleating surfaces 

(Langevin, 2017; Brissonnet, & Maujean, 1991; Malvy, Robillard, & Duteurtre, 1994; 

Medina-Trujillo, Matias-Guiu, Lopez-Bonillo, Canals, & Zamora, 2017; Robillard, 

Delpuech, Viaux, Malvy, Vignes-Adler, & Duteurtre, 1950). On the other hand, the foam 

stability of these products is mainly dictated by the presence of high molecular weight 

polymers, such as polysaccharides, melanoidins, and denatured proteins. They are 

essential in promoting the formation of stable foam by enhancing the viscoelasticity of 

the foam lamellae (Coelho, Rocha, & Coimbra, 2019; Murray, 2007; D’Agostina, 

Boschin, Bacchini, & Arnoldi, 2004; Langevin, 2017; Nunes, & Coimbra, 1998; Nunes, 

Coimbra, Duarte, & Delgadillo, 1997; Piazza, Bulbarello, & Gigli, 2006). 
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1.2 Coffee plant 

The coffee species belong to genus Coffea which has more than 90 species. There 

are two species that are commercially important in the coffee industry, which are Coffea. 

arabica and Coffea. canephora, commonly referred as ‘Arabica’ and ‘Robusta’, 

respectively (Preedy, 2015).  

Coffee plant is an ever-green tree with typical life span of around 10-15 years. The 

coffee seedlings are planted in nurseries and transferred to plantations (Arya & Rao, 

2007). The tree of Arabica could reach up to 6 m height when grown in high elevations 

(1300-1500 m) with mild temperature; whereas Robusta could reach up to 10 m in low 

elevations and warm weather (Preedy, 2015). Coffee plants produce red cherry-like 

fruits containing two seeds. The seeds, after separated from the fruits pulp, are known 

as “green coffee beans”. The green beans have minimal flavor; fermentation and 

roasting is needed to develop the characteristic aroma profile of coffee through complex 

reactions that take place during those processes. To develop unique flavor and color 

characteristics for different roasted coffee products, green coffee beans from various 

regions are roasted according to specific time-temperature regimes, following by 

blending (Preedy, 2015; Wang, 2014).  

 The coffee cherry is composed of five main parts (Figure 1.1): (i) Epicarp or exocarp, 

which is the skin layer covered with a waxy substance to protect the fruit  (ii) Mesocarp - 

a thick pectinaceous pulp that attaches to the parchment; (iii) Parchment - a papery and 
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brittle polysaccharide covering; (iv) Integument or perisperm - the “sliver skin” layer 

comprises of polysaccharides that are made up of mainly cellulose and hemicelluloses; 

and (v) Endosperm – the coffee beans which are usually two elliptical shaped seeds 

(Bordiga, Nollet, 2019; Galanakis, 2017; Preedy, 2015; Wintgens, 2004b);.  

 

 

Figure 1.1 Cross section (A) and vertical section (B) of coffee berry (fruit). Adapted from 
Preedy (2015) & Wintgens (2004b) 

 

1.3 Harvesting and processing 

The quality of brewed coffee is drastically affected by harvesting and post-harvest 

methods. Only matured cherries that are red in color should be harvested, which can be 

difficult since maturity among coffee fruits can vary considerably. Harvesting of coffee 
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cherries is done manually or mechanically. Manual harvesting by hand picking is 

laborious and expensive but produced better quality coffee beans than the mechanical 

method which is characterized by shaking the tress or stripping the branches (Preedy, 

2015; Clark & Vitzbum, 2001; Wang, 2014).  

After harvesting, the pulp and hull of the coffee fruits are removed by using dry or wet 

methods. The dry processing involves exposing the coffee beans under the sun for 1 to 

2 weeks or in mechanical air dryers (Arya & Rao, 2007; Preedy, 2015). In contrast, in 

the wet method also known as ‘washed process’, the coffee beans are first sorted and 

separated mechanically, followed by (de)pulping, soaking and fermentation step. During 

the fermentation, bacteria, yeast, and enzymes act on the pulp and silver skin and lose 

it to the extent than they are removed by extensive washing before drying the beans 

(Arya & Rao, 2007; Preedy, 2015).  
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Figure 1.2 Dry and wet processing of green coffee bean. Adapted from Preedy (2015) & 
Wang (2014) 
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1.4 Chemical compositions of green coffee bean 

Chemical compositions of green coffee beans are related to the species and varieties 

of the coffee plants.  Figure 1.3 shows the chemical composition, for the Arabica green 

beans, Arabica roasted beans, and coffee brew obtained from the traditional hot 

brewing. The chemical compositions of Arabica and Robusta coffee beans vary 

considerably, including carbohydrates, proteins, lipids, caffeine, free amino acids, 

trigonelline, and coffee oil, and so on. As shown in Table 1.1, Arabica coffee has higher 

coffee oil, sucrose, and trigonelline contents than the Robusta counterpart. On other 

hand, Robusta coffee has higher caffeine and chlorogenic acids contents.  
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Figure 1.3 Chemical compositions of Arabica green coffee beans, medium roasted 
coffee beans, and brewed coffee. Adapted from Barter (2004) 

 

1.4.1 Carbohydrates 

Carbohydrate are one of the major components of green coffee beans which 

accounts for about 50% by weight, mainly as arabinogalactan, galactomannans and 

cellulose (Trugo, 1985). Cell wall of coffee bean mainly consists of cellulose and 

arabinogalactan at the early stage of growing. The content of cellulose starts decreasing 

in the middle stage of growing with the increasing of the content of mannan synthesis 

and synthesizes galactomannan at the later stage of bean development (Redgwell & 

Fischer, 2006). Glucose, fructose, mannose and arabinose present in small amounts 
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(Farah, 2012; Kölling-Speer & Speer, 2005). These free sugars are being depleted 

during roasting process by reacting with amino acids through the Maillard reaction to 

develop the characteristic aroma and brown color of coffee beans.  

Mannan in coffee beans has β-(1-4) linkage with the molecular weight of around 7000 

kDa. The side chain ratio of galactose to mannose units is 1:47 (Wolfor, Laver, & Patin, 

1961), with 1/30 units of mannose backbone attached with a galactose side group at the 

C-6 position of the mannose (Fischer, Reimann, Trovato, & Redgwell, 1999).  

The water-soluble galactomannan is a major contributor to the yield of soluble solid 

from coffee grinds during the brew extraction process (Redgwell & Fischer, 2006; Wang 

& Lim, 2014). Arabinogalactan is another highly soluble polysaccharide in coffee beans 

with the arabinose/galactose ratio of 0.4:1.0. Arabinogalactan represents about one 

third of the polysaccharides in green coffee bean. A fraction of the arabinogalactans is 

linked to proteins to form arabinogalactan proteins (AGPs), consisting of approximately 

12 % protein and 85 % arabinogalactan (Fischer, Reimann, Trovato, & Redgwell, 1999; 

Merwe, Carbo-Nalac, Bradbury, & Halliday, 1990). 

 

1.4.2 Nitrogen-containing compounds 

Protein made up around 11 % (dry weight) of green coffee beans (Montavon, Mauron, 

& Duruz, 2003). The proteins include water-soluble and water-insoluble fractions in 

approximately equal proportion. Moreover, free amino acids are also one part of 

nitrogen-containing compounds, which present 0.5-0.9 % by weight in green coffee 
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beans (Farah, 2012). Most of free amino acids react in Maillard reaction during the 

roasting process. The content and the variety of amino acids determine the flavor and 

color of coffee brew.  

Caffeine is another nitrogen-containing component in coffee, which represents 0.8-

4.0 % (dry weight) in green coffee beans (Bell, Wetzel, & Grand, 1996; Farah, 2012). 

Besides its psychoactive properties, caffeine also contributes to the bitterness in coffee 

brew. Caffeine content is influenced by the environmental and agricultural factors, the 

brewing method, and bean variety (Bell, Wetzel, & Grand, 1996). The caffeine content 

in Robusta is higher than that in Arabica around 2.0±0.5 g/100 g and 1.1±0.2 g/100g, 

respectively (Table 1.1).  
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Table 1.1 Chemical Compositions (g/100 g) in C. Arabica and C. Robusta 

 Green coffee beans 
Medium roasted 

coffee beans 

Compositions Arabica Robusta Arabica Robusta 

Protein 10.5±0.5 13.0±2.0 9.0±1.5 8.5±2.0 

Caffeine 1.1±0.2 2.0±0.5 1.2±0.1 2.4±0.1 

Free Amino Acids 0.5±0.1 0.9±0.1 ND ND 

Trigonelline 1.4±0.5 0.6±0.1 1.2±0.0 0.7±0.0 

Sucrose 6.5±1.5 2.0±2.0 4.2±0.5 1.6±1.5 

Reducing Sugars 0.1±0.1 0.3±0.2 0.2±0.1 0.3±0.1 

Polysaccharides (Arabinogalactan, 
Glactomannan, & Mannan) 

39.0±5.0 52.0±3.0 36.0±2.0 31.0±1.0 

Lignin 3.0±0.1 3.0±0.1 3.0±0.1 3.0±0.1 

Oil 16.0±1.0 7.5±1.5 16.5±1.5 9.5±1.0 

Diterpene Esters 0.9±0.3 0.5±0.3 1.0±0.1 0.2±0.1 

Adapted from (Farah, 2012) 



12 

 

 

 

 

1.5 Roasting of coffee beans 

Roasting process is essential developing the characteristic flavor of roasted coffee. 

Green coffee beans are typically roasted at 195-245 ℃ for 3-10 min (not including 

cooling time), which causes the change of coffee bean color and other physicochemical 

properties. Initial heating causes the water inside of coffee bean to evaporate. Brown 

color begins to develop when the bean is heated above 160 ℃, while the strong 

characteristic aroma of roasted coffee beans is generated when the temperature 

reaches 190 ℃ (Clarke, 2005; Toci, Silva, Fernandes, & Farah, 2009). During the 

heating process, the internal pressure of the coffee bean increases due to the 

generation of substantial amount of CO2 and volatiles, causing the bean to expand and 

crack, with concomitant rapid darkening of color. When the coffee beans reach the 

certain roast degree, as determined by their color, the coffee beans are dumped from 

the roast chamber onto a perforated tray and cooled down rapidly by air (Clark & 

Vitztbum, 2001). Figure 1.4 summarizes the main events that occurred during the 

roasting of coffee beans, which include temperature increasing continuously up to 

200 ℃, water evaporation, CO2 volatiles, Maillard reactions, dry mass loss, volume 

enhancement, and changes of material properties. 

The effects of temperature and time profile during roasting on the properties of coffee 

beans, such as the formation of CO2, the crema of espresso coffee, and the flavor 

formation of coffee brew, and so on, have been investigated by many researchers. In 

general, relative bean volume (volume of roasted beans/volume of green beans) and 
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bean porosity are greater for beans processed using a high-temperature-short-time 

(HTST; e.g., 260 ℃, 170 s) than those roasted using a low-temperature-long-time (LTLT; 

e.g., 228 ℃, 720 s) process (Baggenstoss, Poisson, Luethi, Perren, & Escher, 2007; 

Franca, Oliveira, Agresti, & Augusti, 2009; Schenker, 2000; Schenker, Heinemann, 

Huber, Pompizzi, Perren, & Escher, 2002; Schenker, Kandschin, Frey, Perren, & 

Escher, 2000). As a result, coffee beans roasted using HTST process tend to have 

higher brew yield because of the improvement of water permeation (Clark & Vitzbum, 

2001; Schenker, 2000). Brew yield is also known as extraction yield, which is referred 

as the amount of soluble dissolved solid during coffee brewing.  

At any given roast temperature, the roast time will determine the degree of roast, the 

longer the roasted time, the darker the coffee beans. The roast degree could be judged 

by the color or weight loss of coffee beans. The coffee industry uses the Agtron 

Gourment scale (Staub, 1995), which is based on the near-infrared absorption. This 

scale uses standard color reference tiles to evaluate the degree of roast (Wang & Lim, 

2015).  

The roasting time dictates the degree of roast. The longer the roasted time, the darker 

the coffee beans. The roast degree could be judged by the color or weight loss of coffee 

beans. The features of roasting degrees of coffee bean are presented in Table 1.2. 
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Figure 1.4 Schematic representation of the main phenomena occurring during the 
roasting coffee beans. Adapted from Wang (2014) 
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Table 1.2 Characteristics of coffee beans at different roast degrees 

 Light roast Medium roast Dark roast 

Color Light brown Medium brown Shiny black 

Surface 
appearance 

No oil on the surface Shiny and some oil 
on the surface 

Oily surface  

Flavor Acidity Slightly bitterness Pronounced 
bitterness and less 
acidity 

Specific roasting 
name 

Light city; Half city; 
Cinnamon 

City; American 
breakfast 

Full-city; French; 
and Italian 

Adapted from (Folmer, 2017) 

 

1.6 Chemical composition of roasted coffee beans 

1.6.1 Carbohydrates 

Sucrose is degraded during roasting and caramelized when it reaches 130 ℃. As a 

result, the content of sucrose in roasted coffee is minimal. Sucrose is also being 

hydrolyzed into glucose and fructose, which react with free amino acids to form 

melanoidins through the Maillard reactions; the product from which are important 

contributors to the typical color and flavor of brewed coffee (Clarke & Vitzthum, 2008; 

Redgwell & Fischer, 2006; Wang & Lim, 2014).  
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Approximately 15-40% (w/w) of polysaccharides are degraded during roasting; the 

darker the degree of roast, the greater the extent of degradation (Oosterveld, Voragen, 

& Schols, 2003; Redgwell, Trovato, Curti, & Fischer, 2002). Under typical roasting 

conditions, among the polysaccharides, arabinogalactan is the most susceptible to 

thermal degradation (up to 60% w/w), followed by mannan (up to 35% w/w). The most 

thermal resistant polysaccharide is cellulose which showed negligible degradation (180-

205 ℃) (Redgwell et al., 2002). 

 

1.6.2 Maillard reaction 

The Maillard reaction was named after Louis Maillard, a French chemist who studied 

the reaction, although John Edward Hodge was the first person who reported the non-

enzymatic browning reaction. The Maillard reaction is essential to further develop the 

flavor and aroma characteristics of coffee. It is a non-enzymatic browning reaction 

between proteins and compounds with carbonyl groups (Hodge, 1953; Van, 2006; 

Wang & Lim, 2014; Wong, Wijayanti, & Bhandari, 2015). In the initial stage of the 

Maillard reaction, condensation reactions occurred between reducing sugars and amino 

acids to form Amadori/Heyns products. In the intermediate step, through Amadori 

rearrangement, ketosamines are formed, which further dehydrate into reductones and a 

variety of fission products. These products undergo the Strecker degradation (Bekedam, 

2008; Wang, 2014; Hodge, 1953; Martins, Jongen, & Boekel, 2001; Van Boekel, 2006). 

During the roasting process, over 80% of the carbon dioxide is generated from the 

carboxylic group of the α-amino acid in the initial stage of Maillard reaction (Hodge, 
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1953; Stadman, Chickester, & Mackineey, 1952; Wang & Lim, 2014). The liberation of 

carbon dioxide comes not only from the Maillard reaction but also from the degradation 

of glucose and furfural (Buffo & Cardelli-Freire, 2004; Hodge, 1953). 

 

1.7 Surface Tension  

Surface tension is measured in force per unit length, which reflects the cohesive force 

between the molecules of a liquid. At the liquid-air interface, the cohesive forces come 

from liquid molecules on the surface and below it in the liquid that hold the surface of 

the liquid together. This surface tension allows small light objects to remain on the 

surface of the liquid instead of sinking through the interface. However, when surfactant 

molecules are adsorbed at the interface, they lower the original surface tension value 

(Burlatsky, et al., 2013).  

Surface tension, sometimes referred as interfacial tension can be measured using 

different techniques, such as those based on non-perturbing capillary-waves (Langevin, 

1990), rheology (Pelipenko, Knitl, Rosic, Baumgartner, & Kocbek, 2012), and optical 

measurements (Gulseren & Corredig, 2012;; Ravera, Loglio, & Kovalchuk, 2010; Wang 

& Narsimhan, 2005). The principle of the optical method is to take high resolution image 

of a drop hanging out of the bottom of a syringe just before it falls. The properties of the 

material inside and outside of the drop, as well as the shape that the drop adopts are 

used to compute the surface tension. The relation between the pressure difference 

across the interface, the surface tension and the surface curvature is provided by the 
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Young-Laplace equation. The software analyzes the shape of the drops on the images. 

The surface tension of the drop is computed. In this thesis, bubble pressure tensiometer 

and drop shape tensiometer were used to measure the surface tension value.  

 

 

Figure 1.5 Schematics of drop tensiometry. Light source (1), cuvette (2), syringe (3), 
motor (4), CCD camera (5), computer (6). Adapted from Faour, Grimaldi, Richou, & Bois 
(1996) 

 

A schematic diagram of a drop shape tensiometry is illustrated in Figure 1.5 showing 

a bubble being generated at the end of the syringe needle. Other main parts of drop 

shape tensiometer are the light source, cuvette, where the liquid of interest is placed 

and a CCD camera. The volume of each droplet is controlled by a syringe, located 
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above the cuvette, which is driven by a motor. The changing of dynamic surface tension 

is monitored by drop shape tensiometer by oscillating the volume of the droplet in 

function of time. Interfacial viscoelasticity, viscosity, and elasticity could be measured by 

oscillating the droplet volume. The image of droplet is collected by the CCD camera and 

analyzed by a computer. The shape of the droplet is dependent on the density and 

surface tension of the fluid. Fluid with high density tends to elongate the droplet, 

whereas, surface tension works on minimizing the droplet interface area to make the 

droplet more spherical (Faour, Grimaldi, Richou, & Bois, 1996; Nylander, Hamraoui, & 

Paulsson, 1999, Saad, Policova, & Neumann, 2011).  

The surface tension can be determined based on the Young-Laplace equation (Liu & 

Cao, 2015):  

       
 

  
  

 

  
                                              Eq. 1 

where    is dubbed the Laplace pressure which is the pressure difference across the 

fluid interface,   is the surface tension,    and    are the principle radii of curvature, 

where   is the minor radius and    is the superior radius. Figure 1.6 presents the 

principle of measuring surface tension based on the Young-Laplace equation. ABCD 

(light gray) is one of the curve surfaces of the bubble/droplet, and A’B’C’D’ (dark gray) is 

the extended curve surface as the bubble/droplet keep increasing.  
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Figure 1.6 Principle of measuring surface tension based on Young-Laplace equation. 
Adapted from Chen, Chiu, & Weng (2006) 

 

A scheme of a bubble pressure tensiometer and the principle of bubble surface 

tension measurement is presented in Figure 1.7. The principle of this tensiometer is to 

pump air through a capillary tube that deliver it to the needle tip which is submerged in 

the tested liquid. The bubble is formed as the air is forced into the solution. When the 

bubble breaks away from the needle tip, it rises to the surface of the solution. During the 

forming process, the air pressure (bubbling frequency) increases as the bubble is 

aerated in the tested liquid (Vega-Lugo & Lim, 2012). The frequency at which bubbles 

can be generated is controlled by the control panel. When the bubble achieves a 
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spherical shape with a diameter equal to the diameter of capillary needle tip (R1 = R2), 

the pressure reaches a maximum value (Figure 1.7B) (Thiessen & Man, 1999). This 

maximum value of pressure can be converted into the surface tension value by the 

following equation (Liu & Cao, 2016; Thiessen & Man, 1999):  

 

   
     

 
                                                      Eq. 2 

where   is the surface tension,    is the Laplace pressure,    is the radius of curvature 

of bubble apex, which is same as the radius of capillary. 
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Figure 1.7 The schemes the principle of surface tension measurement by using bubble 
pressure tensiometer. When the radius of curvature of bubble apex reaches the same 
value of the radius of capillary tube, the surface tension achieves to the largest value. 
Adapted from Vega-Lugo & Lim (2012) 
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1.8 Foam properties in food beverages 

1.8.1 Foamability 

The initial step of bubble formation in pressurized food beverages is nucleation 

(Ronteltap, 1989). Bubble is generated at a nucleation site with the aim to overcome the 

energy barrier for bubble formation. The nucleation sites could be foreign particles, 

fibers, cracks from the wall of a container (Figure 1.8), or gas pockets within a dispersed 

material (Prins & van Marle, 1999; Ronteltap, 1989). The concept of the critical radius of 

bubble is based on a fact that the radius of nucleation site must have a minimal and 

critical size to allow bubbles to be generated (Ward, 1975). When the radius of nucleus 

is smaller than the critical radius, the nucleus become unstable and dissolves rapidly 

(Prins & van Marle, 1999). Moreover, the size of nuclei is related to the contact angle 

and the value of supersaturation. Under the conditions of the low supersaturation and 

small contact angle, the bubble nuclei would stay in stable equilibrium (Ward & Levart, 

1984). The radius of the bubble after nucleation is related to the dispense angle and 

dynamic surface tension of the liquid. Eq. 3 shows how the parameters responsible for 

the bubble radius are related to the nucleation site (Bamforth, 1999): 

 

 ubble radius   
   

   
 

 

 
                                                  Eq. 3 

where   is the radius of nucleation site,   is the surface tension,   is the relative density 

of beverage, and   is the acceleration due to gravity (9.8 m. s-2) 
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Figure 1.8 The process of heterogeneous bubble nucleation, growth and detachment at 
a crack on the container wall as an example of nucleation site. Adapted from Ronteltap 
et. al (1991) 

The nucleation sites in beverage are many, such as surface imperfections and 

entrapped gas pockets present on the surface of the container, as well as comtaminants, 

and particles that are present in the product. In the present study, the bubbles were 

generated on pores of a bubble diffuser set up at the bottom of a graduated cylinder 

containing the coffee brew samples.  

1.8.2 Foam stability 

After bubbles detached from the nucleating site, they rise and accumulate on top of 

the surface of the beverage, forming a foam head made up of many closely packed gas 

bubbles. Visually, foam stability can be assessed by measuring the time taken for the 

foam to subside and expose the beverage underneath. In this study, the stability of 

foam is evaluated by determining the rate of decreasing foam head volume in a 250 mL 

graduated cylinder, within a 30 min period. Bubble coalescence is a process by which 

two (or more) gas bubbles in a liquid medium collide and form one larger bubble. 

Coalescence occurs in three stages: i.e., collision of particles, drainage of the film of 

liquid during the collision, and later film rupture leading to a larger particle. Researchers 
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had found that the interfacial tension gradient, the surface viscosity of the thin film 

separating the bubbles and the temperature at which the foam is kept are factors that 

influence foam stability (Braz, 2009; Kunimune, 2008). By extending the hydrophobic 

tail in the gas phase, and the hydrophilic head in the water phase, amphiphilic 

surfactant molecules, such as proteins, protein fragments, peptides, and amino acids, 

and so on, at the gas-liquid interface can improve foam stability by reducing interfacial 

tension and increasing the elasticity of the thin film lamellae which is the single layer of 

bubble (Figure 1.9) (Doroudian, 2018; Hughes, 1999).  

 

 

Figure 1.9 Adsorption of surfactants at the gas-liquid interface. The hydrophilic head 
faces to the water phase, and the hydrophobic tail face to the gas bubble. Adopted from 
Doroudian Rad (2018) 
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1.8.3 Drainage 

Under the influence of gravity, liquids in the foam tend to flow towards the liquid 

underneath. This drainage process weakens the film lamellae and destabilizes the foam 

(Ronteltap, 1989). Figure 1.10 shows the schematic diagram of the drainage 

phenomenon in the foam lamellae due to the gravity. During drainage, the spherical 

bubbles become polyhedral in shape. As drainage continues, the “dry” lamellae induce 

suction at the plateau border, weakening the bubble films and finally leading the 

collapse of foam bubble (Ronteltap, 1989; Ronteltap, Hollemans, Bisperink, & Prins, 

1991; Van Boekel, 2006). Viscosity and capillary effects are the opposite forces that act 

against to the driving forces of gravity due to the hydrogen bonding and intermolecular 

force of each molecule (Bamforth, 2004; Ronteltap, Holleman,s Bisperink, & Prins, 

1991).  
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Figure 1.10 The process representation of drainage. The down arrows show the liquid 
flow direction due to the gravity. The plateau borders present between each bubble.  
Adopted from Bamforth (2009) 

 

  



28 

 

 

 

2 CHAPTER 2: RESEARCH OBJECTIVES 

Foaming properties in espresso coffee have been researched for more than two 

decades (Dold et al., 2011; Nunes & Coimbra, 1998; Nunes, Coimbra, Duarte, & 

Delgadillo, 1997). However, systematic studies on foamability and stability of nitro 

coffee have not been reported in the literature yet. As described earlier, the foam head 

of nitro coffee is derived from the nitrogen bubbles accumulated on top of the beverage. 

To form a thick and creamy foam head, which is the main characteristic of nitro coffee, 

the formation of stable small bubbles is important. In this research, factors that 

influenced the foam properties of cold brew coffees were investigated, including coffee 

varieties and brewing conditions. The hypotheses of this study were that the coffee 

bean variety, roast degree, brewing temperature, and brewing ratio may have an 

influence on foam properties; whereas setting size and brew temperature had minimal 

influence on foam properties. It is hypothesized that coffee bean variety, roast degree, 

brewing temperature, and brewing ratio may produce a different initial foam volume of 

coffee brew and alter foam stability. It is also hypothesized that the nitrogen containing 

compounds in the coffee brew are responsible for the foamability, while the foam 

stability is dictated by the total sugar content in the coffee brew. To test these 

hypotheses, different fractions of precipitated brewed coffee using ethanol were 

investigated. 

Specific objectives of this research are:  

(1) To investigate the effect of coffee varieties on the cold coffee foam properties. 
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(2) To investigate the effect that the roasting degree of the coffee beans has on the 

foam properties in cold brew.  

(3) To investigate the effect of brewing conditions on the foam properties in cold brew. 

(4) To study the physicochemical properties (e.g. surface tension, viscosity and total 

nitrogen and sugar content) of cold brew coffee. 
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3 CHAPTER 3: INVESTIGATION OF FACTORS AFFECTING 
THE COFFEE FOAM OF COLD BREW 

3.1 Introduction 

Coffee is one of the world’s most popular beverages with approximately 7 billion kg of 

coffee beans being consumed in 2016 (International Coffee Organization, 2016). 

Traditionally, coffee is brewed in hot water, but cold brewed coffee is gaining popularity 

in recent years due to its perceived milder “sweet” and “smooth” taste by the consumers 

(Fuller & Roa, 2017). Because of the low brewing temperature, typically, cold brew 

coffee takes 12-18 h to extract the soluble solids from the coffee ground at room or 

refrigerated temperatures. One variant of cold brew coffee is known as “nitro” coffee, 

where the beverage is infused with nitrogen gas to generate the characteristic foam 

head resembling a Guinness stout beer.  

  The foamablity and foam stability of nitro coffee have not been systematically reported 

in the literature, although the foaming properties for conventional espresso coffee have 

been relatively well investigated by researchers for more than two decades, since the 

foam head of espresso coffee (also known as crema) is generally being used as an 

indicator of the quality of the beverage. The main factors that influence crema in 

espresso coffee are the coffee bean variety and its freshness.  Robusta presented a 

larger crema volume than that of Arabica. Also, the fresher the roasted coffee beans, 

the greater the crema volume which was attributed to the higher residual CO2 in fresher 

beans (Wang, Lim, Tan, & Fu, 2019). While providing the creamy mouthfeel, coffee 

foam also traps the volatile aroma molecules to maintain the coffee flavor in the brew 
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(Gmoser, Bordes, Nilsson, Altskär, Stading & Lorén, 2016). Nunes (1997) reported that 

the formation of crema was mainly due to protein-like molecules and protein-derived 

melanoidins present in the coffee brew. On the other hand, the persistence of the foam 

was influenced by the polysaccharides, especially galactomannans and arabinogalactan 

extracted into the coffee brew. Furthermore, when the concentration reached a certain 

level, lipids can increase the foam stability by increasing the potential tensioactive 

properties which can modify the surface of foam bubble (Kemp, Conde, Jégou, Howell, 

Vasserot, & Marchal, 2018; Roberts, Keeney, & Wainwright, 1978). Thus, roasting and 

brewing conditions (e.g., roast/brew temperature, roast degree, brewing ratio) that 

influenced the polysaccharide, protein, and lipid profiles will determine the foaming 

phenomena of coffee brews (D’Agostina, Boschin, Bacchini, & Amoldi, 2004; Gmoser, 

Bordes, Nilsson, Altskär, Stading & Lorén, 2016; Wang, Lim, Tan, & Fu, 2019).  

  This study investigated different factors that might be important in determining 

foamability and foam stability in cold brew coffee after it was infused with N2, which is an 

area that has not been thoroughly explored. Findings from this study will be useful for 

coffee producers and café baristas to better control the foam phenomena in cold brew 

coffees. The factors investigated in this study include coffee bean variety, roast degree, 

coffee particles based on the grinder setting, brew ratio, brewing temperature, and brew 

temperature. 
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3.2 Materials and methods 

Colombian Arabica green coffee beans were supplied by Mother Parkers Tea & 

Coffee Inc. (Mississauga, ON, Canada). Indian Robusta green coffee beans were 

purchased from Green Beanery (Toronto, ON, Canada). Filter paper was purchased 

from Fisher Scientific (Ottawa, ON, Canada). 

3.2.1 Coffee roasting, grinding and brewing 

Colombian green coffee beans were roasted to light, medium, and dark degree using 

a fluidized-bed hot air roaster (Fresh Roast SR 500, Fresh Bean Inc., Park City, UT, 

USA). The degree of roasting was determined using the Specialty Coffee Association of 

America (SCAA) roast color reference tiles (Figure 3.1). The roasted coffee beans were 

stored in 250 mL opened glass jar for 2 days at room temperature to degas the carbon 

dioxide, and then ground to setting #1of the Bodum grinder, according to the machine 

setting (10903-01 US, Bodum USA Inc., New York, NY, USA). The weight control of the 

roasting level is presented in Table 3.1. Brewing ratio is the ratio between the amounts 

of the coffee ground to the amount of water that was used for the extraction. This study 

used 1:15 coffee/water brewing ratio to reach the same concentration of commercial 

cold brew coffee beverage.  
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Figure 3.1 Bottom row: Representative ground samples for coffee beans processed to 
light (a), medium (b), and dark (c) roasts. Top row: The corresponding standard 
reference color tiles from Specialty Coffee Association of America (SCAA) #45 (A), #65 
(B), and #85 (C) roast color tiles.  

 

To investigate the effect of coffee bean varieties on the foaming properties, medium 

roasted Arabica and Robusta coffee ground (grinder setting #1) was soaked with water 

at 1:15 coffee:water at ambient temperature (20±2 ℃). To investigate the study of roast 

degree, the Arabica coffee beans were roasted to light, medium, and dark roast degree 

and ground using the grinder at #1 of grinder setting, then the ground was soaked with 

water at 1:15 coffee:water at ambient temperature (20±2 ℃). To investigate the effect of 

brewing temperature on the foaming properties, 20 g of medium roasted Arabica coffee 

ground was soaked with 300 g water (i.e., brew ratio 1:15 coffee:water) at 4, 20, and 35 ℃ 
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for 18 h. To investigate the effect of brewing ratio, different masses of water were used 

to achieve brew ratios of 1:5, 1:10, and 1:15 coffee:water (w/w) with medium roasted 

Arabica coffee ground at ambient temperature (20±2 ℃), or the environmental chamber 

(35 ℃; MLR-350H, Samyo Corp., Osaka, Japan). To investigate the study of grinding 

size, the medium roasted Arabica coffee beans were ground using the grinder at 

settings #1, #3, and #5, and then soaked with water at brewing ratio 1:15 coffee:water 

at ambient temperature (20±2 ℃). To investigate the effect of brew temperature, the 

medium roasted Arabica coffee ground was soaked with water at 1:15 coffee:water (w/w) 

at ambient temperature (20±2 ℃), and then storage at 4, 20, and 35 ℃ before 

measuring.  

After the brewing, the brews were filtered through filter paper (coarse porosity, Grade 

8, Fisher Scientific, Ottawa, ON, Canada).  
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Table 3.1 Weight changes of coffee beans prepared at different roast degrees 

Degree of roast 

Weights  

Before 
roasting (g) 

After roasting 
(g) 

Weight 
loss (g) 

Light 90.07±0.32 81.60±0.20 8.47±0.13 

Medium 89.98±0.51 76.19±0.22 13.79±0.34 

Dark 89.96±0.21 74.21±0.35 15.75±0.21 

 

 

3.2.2 Foam volume and persistence 

The foam properties were determined following the procedure by Gmoser, Bordes, 

Nilsson, Altskär, Stading, and Lorén (2016). To evaluate the foaming properties of the 

brew, 70 mL of brew was gently poured into a 250 mL graduated cylinder. Nitrogen gas 

was introduced at the bottom of the cylinder at a rate of 50 mL/min using a mass flow 

controller (Bronkhorst USA Inc., Bethlehem, PA, USA) through a bubbler with pore size 

of 10-16 μm (Type B class, prosity # 4, ROBU Clasfilter-Geraete GmbH, Hattert, 

Germany). After 30 s, the nitrogen gas flow was stopped and the foam height was 

recorded immediately. The foam height was monitored periodically for up to 30 min. The 
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volume of the foam was calculated using the height of the foam and the diameter of the 

graduate cylinder.  

The foam volume and stability of brew samples were measured at room temperature 

(20±2 ℃). Each experiment was repeated for 5 times. 

 

3.2.3 Kinetics of foam depletion  

The changes of foam volume with time for the coffee samples were modeled using 

the Weibull distribution model. The empirical model has been successfully to describe 

the kinetics of many processes in food, including degassing ,spoilage, shelf-life, drying 

and hydration (Bakalis, Kyritsi, Karathanos, & Yannitis, 2009; Cunninghan, McMinn, 

Magee, & Richardson, 2007; Menges & Ertekin, 2006; Wang & Lim, 2014):  

 

              
 

 
 
 

                                           Eq. 4 

where   is time (min);   (mL) is the foam volume in the graduated cylinder at time t;      

(mL) is the initial foam volume at 0 min;   is the scale parameter (min), and   is the 

shape parameter (dimensionless). Parameter   is numerically equaled the time taken 

for the foam volume to decrease by approximately 63%. It is noteworthy that the 

reciprocal of   is the rate constant for the foam depleting process. 
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3.2.4 Surface tension and total dissolved solid measurement 

The total dissolved solids (TDS) were measured using lab coffee refractometer (LAB 

Coffee-Espresso Ⅲ, Pittsburgh, PA, USA). This technique was based on the working 

principle of lights refractions. The TDS value was used as the concentration of the 

coffee brew. The surface tension of polymer solution was determined using a bubble 

pressure tensiometer (SITA pro line f10, SITA Messtechnik, GmbH, Dreden, Germany). 

The tensiometer was equipped with a capillary and air was bubbled continuously into 

the coffee brews at a graduated bubbling frequency from 1 Hz to 10 Hz. All tests were 

conducted at 20±2 ℃ (Huang, 2016).  

 

3.2.5 Ultraviolet-visible (UV-vis) spectrophotometry 

The UV-Vis spectra (100-900 nm) of the brew samples were taken by using a UV-

Visible spectrophotometer (Thermo Electron Scientific Instruments LLC, Madison, WI, 

USA).  

Brew samples from medium roast beans prepared at 20±2 ℃ with a brew ratio of 

1:15 coffee:water which is typical for cold brew product. Samples were diluted 400 

times before UV-Vis spectrophotometer measurement to prevent detector saturation.  
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3.3 Results and discussion 

3.3.1 Effect of coffee variety 

The TDS values of Arabica and Robusta were 1.34 and 1.36%, which are comparable. 

Figure 3.2a presents the relationship between surface tension and bubbling frequency, 

showing that brews from Arabica and Robusta had similar trends. The increased 

surface tension values with increasing bubbling frequency could be attributed to the 

limited adsorption of surfactant molecules to the bubbles due to the rapid movement. At 

elevated bubbling frequency, the diffusion of the surfactants molecules might have been 

limited, resulting in less surfactant molecules coverage as compared to bubbles 

generated at a slower bubbling frequency. As a result, the surface tension tended to 

converge towards to that of the solvent (i.e., water, 72.8 mN/m).  

The surface tension of a liquid will determine its foamability; the lower surface tension 

the liquid has, the higher the initial foam volume. The initial foam volumes of Arabica 

and Robusta brews were 47.0±0.5 and 43.0±1.5 mL, respectively. The comparable 

initial foam volumes can be attributed to the similar surface tension of the brews, which 

were 68.6±0.1 and 69.5±0.4 mN/m for Arabica and Robusta at 10 Hz, respectively. In 

coffee brew, surface active species can contribute to the reduction in surface tension 

include proteins, low molecular weight melanoidins, and amino acids. It has been shown 

before that a higher initial foam volume in beverages could be due to the nitrogen 

contents which mostly are surface active components (Farah, 2012; Nunes, Coimbra, 

Duarte, & Delgadillo, 1997). This relationship will be discussed in the next chapter.  

 



39 

 

 

 

 

Figure 3.2 (a) Changes of surface tension value as influenced by bubbling frequency for 
Arabica and Robusta brews at 20±2 ℃. (b) Foam volume as a function of time for 

Arabica and Robusta brews at 20±2 ℃. The solid lines are best fit regression equations 

based on the Weibull distribution model (Eq. 4). The brew samples were prepared from 
medium roasted coffee beans, ground to #1 grinder setting, and brewed at 1:15 

coffee:water brewing ratio at 20±2 ℃. The TDS values of the Arabica and Robusta 

brews were adjusted to 1.34 and 1.36%, respectively 

 

The changes of foam volume for the Arabica and Robusta brews are presented in 

Figure 3.2b. The solid lines of the plots are the best fit curves based on Weibull 

Distribution function (Eq. 4). The rate of the foam volume depletion can be represented 

by the reciprocal α value, i.e., the larger the α value, the slower the rate of foam 

depletion. The estimated parameter values of the Weibull Distribution function are 

summarized in Table 3.2. The α values for Arabica and Robusta brews were 33.88 and 

13.11 min, respectively, i.e., the times taken for foams to deplete by ~63% of the initial 

volume were 33.8 and 13.11 min, respectively. These results indicated that the foam in 
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the Arabica brew was more than that of the Robusta. Considering the higher 

carbohydrate concentration in roasted Arabica than Robusta beans (3.1-4.2 and 1.2-1.6 

g/100g, respectively, Farah, 2012). The higher carbohydrate concentrations in Arabica 

might have contributed to a higher viscosity in the brew which increased its foam 

stability (He, Woods, Litowski, Roschen, Gadgil, Razinkow, & Kerwin, 2011; Kim, 2010). 

This is consistent with finding from Nunes et al. (1997) that carbohydrate content 

correlated with foam stability in espresso coffee: they reported that samples with higher 

galactomannan and arabinogalactan contents had more stable foam than those with 

lower galactomannan and arabinogalactan contents (Nunes, Coimbra, Duarte, & 

Delgadillo, 1997). Thus, the more stable foam observed for the Arabica brew could be 

attributed to its higher carbohydrates content than that of the Robusta counterpart.  
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Table 3.2 Derived Weibull distribution model parameters (α, β, C∞), RMSE (root mean 
square error), and coefficient of determination (R2) 

Coffee sample α (min) β C∞ (mL) RMSE (mL) R2 

Coffee bean variety 

Arabica 33.88 0.64 47.0 2.28 0.933 

Robusta 13.11 0.81 43.0 3.00 0.946 

Roast degree 

Light 17.54 0.74 29.0 1.87 0-.935 

Medium 43.42 0.57 41.0 2.20 0.904 

Dark 70.00 0.69 45.0 1.70 0.924 

Brewing temperature 

4 ℃ 59.44 0.64 40.7 1.66 0.927 

20 ℃ 126.99 0.55 41.0 0.80 0.968 

35 ℃ 1977.92 0.30 42.0 0.96 0.897 

Brewing ratio 

1:5 803.90 0.39 47.0 2.03 0.845 

1:10 478.14 0.36 42.3 1.51 0.855 

1:15 235.23 0.55 40.2 1.76 0.898 

Coffee particle 

#1 60.59 0.50 43.3 1.30 0.960 

#3 86.46 0.60 43.0 1.95 0.881 

#5 684.05 0.34 44.0 1.61 0.831 

Brew temperature 

4 ℃ 358.01 0.39 39.0 1.07 0.911 

20  ℃ 39.15 0.54 37 1.07 0.972 

35 ℃ 15.25 0.70 40 1.63 0.974 
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3.3.2 Effect of roast degree 

The effects of roast degree on the surface tension and foam properties of cold brew 

coffee are summarized in Figure 3.3. At comparable TDS values (1.29, 1.23, and 1.21% 

for light, medium, and dark roasts, respectively), brews prepared from light roast beans 

had lower initial foam volume (29.0±1.0 mL) as compared with those from medium 

(41.0±2.0 mL) and dark (45.0±0.0 mL) roast beans (Figure 3.3b). The higher surface 

tension at the maximum bubbling frequency (10 Hz) was observed for the brew from 

light roast beans (66.5±0.2 mN/m) and might be related to the lower initial foam volume. 

The higher surface tension could be attributed to the lower contents of surface active 

compounds (i.e., proteins, peptides, amino acids, and melanoidins) in light roast coffee 

brew (Bekedan, Loots, Schols, Boekel, & Smit, 2008; Lusk, Cronan, Chicoye, & 

Goldstein, 1987). Compared to the initial foam volume of light roast coffee brew, the 

initial foam volume of medium and dark roast coffee brew were comparable. The 

comparable values may be caused by the similar values of the surface tension at 

maximum bubbling frequency (10 Hz). The surface tensions of medium and dark roast 

coffee brew were 65.7±0.1 mN/m and 65.4±0.1 mN/m, respectively (Figure 3.3a). In 

terms of foam stability, brew samples from dark roast coffee were more stable foam 

than those of medium and dark roast counterparts (Figure 3.3b). The dark roast coffee 

brew (70.0 min) had a higher α value than that of the medium (43.4 min) and light roast 

coffee brew (17.5 min) (Table 3.2). Based on the findings from other researchers, the 
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more stable foam presented in dark roast coffee brew could be attributed to the higher 

melanoidins contents in the dark roast coffees (Nunes & Coimbra, 1998; 2007). 

 

 

Figure 3.3 (a) Changes of surface tension value as influenced by bubbling frequency for 
light, medium, and dark roast brews at 20±2 ℃. (b) Changes in foam volume as a 
function of time for light, medium, and dark roast brews at 20±2 ℃. The solid lines are 
best fit regression equations based on the Weibull distribution model (Eq. 4). The brew 
samples were prepared from Arabica green coffee beans, ground to #1 grinder setting, 
and brewed at 1:15 coffee:water brewing ratio at 20±2 ℃. The TDS values of the light, 
medium, and dark brews were adjusted to 1.29, 1.23, and 1.21%, respectively.  

 

3.3.3 Effect of brewing temperature 

Figure 3.4 summarizes the surface tension and foam volume of the coffee brews 

prepared at 4, 20, and 35 ℃ for samples adjusted to TDS values of approximately 

1.05%. Similar to the previous cases, the surface tension increased with the bubbling 

frequency. As shown, although the changes were minimal, which might have 

contributed to the initial foam volumes for all the tested samples (42.0±1.0 mL) (Figure 
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3.4b), surface tension of the brew increased with the decreased brewing temperature 

(Figure 3.4a). However, foams from samples brewed at higher brewing temperature 

were more stable during the 30 min standing than that of the samples brewed at lower 

brewing temperature, suggesting that the extraction of foam-stabilizing components 

from the ground is temperature dependent. Figure 3.4b shows that the sample brewed 

at 35 ℃ had higher α value (1977.9 min) than that of the samples brewed at 20 (127.0 

min) and 4 ℃ (59.4 min) (Table 3.2). Considering that the brews were adjusted to 

similar levels of strength (~1.05% TDS), the increased stability of brews at 35 ℃ could 

be attributed to the presence of polymers (e.g., melanoidins and carbohydrates) of 

higher molecular weight that were not being extracted in brews extracted at lower 

temperatures (4 and 20 ℃).  
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Figure 3.4 (a) Changes of surface tension value, measured at 20±2 ℃, as influenced by 
bubbling frequency for samples brewed at 4, 20, and 35 ℃. (b) Changes in foam 
volume at 20±2 ℃ with time for samples brewed at 4, 20, and 35 ℃. The solid lines are 
best fit regression equations based on the Weibull distribution model (Eq. 4). (c) UV-Vis 
measurement was taken of the 400 times diluted samples after filtration. The brew 
samples were prepared from Arabica green coffee bean, roasted to medium roast 
degree, ground to #1 grinder setting, and brewed at 1:15 coffee:water brewing ratio. 
The TDS values of the 4, 20, and 35 ℃ brews were all around 1.05%  

 

Figure 3.4c showed the absorbance UV-Vis spectra of coffee brews prepared at 

temperature of 4, 20, and 35 ℃ around the UV region. The absorbance around 276 nm 

has been attributed to caffeine (Hagos, Redi-Abshiro, Chandravanshi, Ele, Monhammed, 

& Mamo, 2018; Belay, Ture, Redi, & Asfaw, 2008), while the peaks at 299 and 330 nm 
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are chlorogenic acids (CGA) and caffeic acid, respectively (Suhandy & Yulia, 2017; 

Belay, Ture, Redi, & Asfaw, 2008). As shown, the sample of lower brewing temperature 

presented lower absorbance values compared to the sample of higher brewing 

temperature. Due to the difference between each brewing sample, the brew with higher 

brewing temperature presented more stable foam than that of the brew with lower 

brewing temperature (Nunes & Coimbra, 1998; 2007).  

 

3.3.4 Effect of brewing ratio 

The effects of brewing ratio on surface tension and foam properties of cold brew are 

summarized in Figure 3.5. As expected, increasing the brew ratio resulted in decreased 

TDS values. The TDS values for brews prepared from 1:5, 1:10, and 1:15 coffee:water 

brewing ratios were 3.64, 1.84, and 1.20%, respectively, Also, expectedly, the 

foamability of brew at lower brew ratio was higher than that prepared at higher brew 

ration (initial foam volumes were 47.0±1.0, 42.0±0.5, and 40.0±0.5 mL for 1:5, 1:10, and 

1:15 coffee:water (w/w), respectively) (Figure 3.5a) due to the higher concentration of 

surface active components being extracted in the more concentrated brew (as reflected 

by the TDS values). Rapid decreases in foam volume were observed in all samples 

during the first 5 min. The foam receding rates for brews at 1:5 and 1:10 coffee:water 

ratios slowed down considerably as time increased when compared with 1:15 

coffee:water brewing ratio. Overall, as expected, the higher brew strength (as reflected 

by the TDS value) was, the more stable the foam. Figure 3.5b showed that the α value 
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of the coffee brew with 1:5 coffee: water ratio (803.9 min) was higher than that of the 

coffee brews with 1:10 (478.1 min) and 1:15 (235.2 min) coffee:water ratios (Table 3.2).  

 

 

Figure 3.5 (a) Changes of surface tension value as influenced by bubbling frequency for 
1:5, 1:10, and 1:15 coffee:water brewing ratio brews at 20±2 ℃. (b) Changes in foam 
volume as a function of time for brews prepared at 1:5, 1:10, and 1:15 coffee:water 
brewing ratio brews at 20±2 ℃. The solid lines are best fit regression equations based 
on the Weibull distribution model (Eq. 4). The brew samples were prepared from 
Arabica green coffee bean, roasted to medium roast, ground to #1 grinder setting, and 
brewed at 20±2 ℃. The TDS values were 3.64, 1.84, and 1.20% of the coffee:water 
ratio of 1:5, 1:10, and 1:15, respectively 

 

 

3.3.5 Effect of coffee particles of grinder setting  

The effect of coffee particles of grinder setting on surface tension and foam properties 

are summarized in Figure 3.6. The TDS values of the as brewed samples at 1:15 

coffee:water ratio were 1.78, 2.26, and 2.36% for ground prepared using the grinder 
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settings #1, #3, and #5 of the Bodum grinder, respectively. This trend is expected since 

grinds using the setting #5 will be smaller particles and will have larger surface area 

available for brewing as compared to larger particles. In order to evaluate the effect of 

the grinder setting on the foaming behavior, the samples were diluted to similar 

concentrations (~1.15% TDS values). Figure 3.6b shows that the foams of brews 

prepared using the grinder setting #5 produced more stable foam than the foam 

produced using grinder settings #3 or #1. The α value of brew prepared using the 

grinder setting #5 was 684.1 min, which was higher than that of the brew prepared 

using the grinder setting #3 (86.5 min) and #1 (60.6 min). This observation suggested 

that coffee grounds with smaller particles sizes (setting #5) resulted in a greater 

extraction of soluble polymer, such as polysaccharides from the exposed cell walls, than 

coffee grounds with larger grind sizes (setting #1 and #3) (Murray, Durga, Yusoff, & 

Stoyanov, 2011).  
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Figure 3.6 (a) Changes of surface tension value as influenced by bubbling frequency for 
coffee particles of #1, #3, and #5 grinder setting at 20±2 ℃. (b) Changes in foam 
volume at 20±2 ℃ as a function of time for samples brewed using coffee grounds 
prepared with grinder setting #1, #3, and #5. The solid lines are best fit regression 
equations based on the Weibull distribution model (Eq. 4). The brew samples were 
prepared from Arabica green coffee beans, roasted to medium roast, and brewed at 
1:15 coffee:water brewing ratio at 20±2 ℃. The TDS values of brew samples were all 
around 1.15%  

 

3.3.6 Effect of brew temperature 

Coffee beverages are often consumed at different temperatures based on consumers’ 

preference. Brew temperature in this study referred as the tested temperature, which 

the coffee samples were tested at specific temperature after filtration. The cold brew 

coffees exhibited different foam properties when they were being held at different 

temperatures (Figure 3.7). As expected, the initial foam volumes were comparable at 

37.0±1.0, 39.0±0.0, and 41.0±1.0 mL for brews were equilibrated at 4, 20, and 35 ℃, 

respectively (Figure 3.7b). However, the α value of coffee brew equilibrated at lower 

brew temperature was 358.0 min, which was considerably higher than that of the brews 
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at 20 (39.2 min) and 35 ℃ (15.3 min) (Table 3.2). These results indicate that the foams 

tended to be more stable when the brews were maintained at a lower temperature. This 

observation can be attributed to the increased brew viscosity which slowed down foam 

drainage. In addition, less water evaporation is expected at a lower temperature, thus 

help to maintain the lamellae film’s elasticity. The corresponding photographs of the 

foamed brew samples are presented in Figure 3.8 to illustrate the changes of foam after 

infusing with nitrogen gas in 30 min. It is noteworthy that at 35 ℃, foams were coarser 

and collapsed faster than those at 20 and 4 ℃ (Figure 3.8). The reason could be the 

low temperature causes slower drainage and coalescence of coffee foam due to the 

slowly movement of the molecules.  

 

 

Figure 3.7 (a) Changes of surface tension value as influenced by bubbling frequency for 
brew temperature of 4, 20, and 35 ℃ brews at 20±2 ℃. (b) Changes in foam volume as 
a function of time for brews maintained at 4, 20, and 35 ℃ brews. The solid lines are 
best fit regression equations based on the Weibull distribution model (Eq. 4). The brew 
samples were prepared from Arabica green coffee beans, roasted to medium roast, 
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ground to #1 grinder setting, and brewed at 1:!5 coffee:water brewing ratio at 20±2 ℃. 
The TDS values of samples were around 1.12%. 

 

 

 

Figure 3.8 Changes in foam height at different temperatures and over a period of 30 min 
after initial sparging with nitrogen. The tested samples had the TDS value around1.12%. 

All samples were measured under specific temperatures (4, 20, 35℃). The lower 

temperature was controlled by using ice bath, and the higher temperature was 
controlled by using the chamber.  
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3.4 Conclusion 

Results from this study show that the roasting degree (light, medium, and dark roast), 

and brewing ratio influenced the foamability and foam stability in cold brew coffee when 

injected with air bubbles. The foam stability also influenced by coffee varieties (Arabica 

versus Robusta), brewing temperature (4, 20, and 35℃), coffee particles (#1, #3, and 

#5 grinder setting), and brew temperature (4, 20, and 35℃). Arabica coffee tended to 

generate foams with similar initial foam volume that were more stable than those made 

from the Robusta coffee brews. The brews prepared from darker roast coffee resulted in 

foams with a higher volume and more stable foam than foam made with brews from 

lighter roast coffee. Brews prepared at high temperature showed similar initial foam 

volume but more stable foam than those prepared at low temperature. Brews prepared 

using a lower brewing ratio (coffee:water) presented foams with higher initial volume 

that were more stable than those made from higher brewing ratio. Brews kept at lower 

temperatures had more stable foam than those stored at higher temperatures. On the 

other hand, brewing temperature, coffee particles of grinder setting, and brew 

temperature have minimal effects on the initial foam volume. In terms of foam stability, 

brews prepared at higher brewing temperature or smaller ground particle size had more 

stable foam than those prepared at lower brewing temperatures or with larger ground 

particle sizes.  

The different foaming properties observed in the present chapter are hypothesized to 

be caused by the different chemical compositions, such as proteins, polysaccharides, 

peptides, and free amino acids. In the next chapter, two fractions of coffee brews were 
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isolated in an attempt to shed light on the effect of brew fraction composition on 

foamability and foam stability.  
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4 CHAPTER 4: PHYSICOCHEMICAL ANALYSIS OF FOAM 
FROM COLD BREW COFFEE  

4.1 Introduction 

Foam characteristics are important attributes of certain beverages, such as stout 

beers and espresso coffees. Foams contribute to “creamy” mouthfeel in these products, 

in addition to providing pleasant aesthetics often being associated with quality products. 

“Nitro” coffee is an emerging coffee beverage which started to gain acceptance among 

consumers due to its unique sensory properties. It is prepared by pressurizing cold brew 

coffees with nitrogen gas and stored in kegs or bottles. When the product undergoes 

compression (e.g., exiting from a tap, uncapping a bottle), the dissolved N2 becomes 

over-saturated forming small bubbles that rise to the top to form a thick foam head. The 

nitrogen-infused beverage is being described to have “creamy”, “sweet” and “rich” 

taste/texture to the palate (Jarvis & Morrison, 2015). Similar to stout beers, when 

poured into glass, nitro coffee exhibits a cascade of sinking bubbles near the glass wall, 

which has been attributed to the circulatory convective flow in the beverage induced by 

the rising bubbles in the center of the glass (Benilov et al., 2013).  

The formation of a stable foam head in nitro coffee can be attributed to the presence 

of surface active components in the beverage, such as the amino acids, proteins, 

peptides, and low molecular weight melanoidins (Coelho, Rocha, & Coimbra, 2011; 

Lewis, M.J., & Lewis, A. S., 2003; Nunes, Coimbra, Duarte, & Delgadillo, 1997; Piazza, 

Bulbarello, & Gigli, 2006). As a bubble is being generated at the nucleating site, the 

migration of the surfactant molecules to the newly formed air-liquid surface lower the 
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surface tension of the solution which helps in inflating the bubbles (Langevin, 2017). 

Researchers have reported the positive correlation between protein concentrations and 

foamability in many beverage systems, including champagnes and sparkling wines 

(Brissonnet, & Maujean, 1991; Malvy, Robillard, & Duteurtre, 1994; Medina-Trujillo, 

Matias-Guiu, Lopez-Bonillo, Canals, & Zamora, 2017; Robillard, Delpuech, Viaux, Malvy, 

Vignes-Adler, & Duteurtre, 1950). Amphiphilic proteins and peptides are surface active 

compounds, which could help improving the foamability (Dambrouch, Marchal, Cilinder, 

Parmentier, & Jandet, 2005). Other high molecular weight compounds, such as 

polysaccharides, melanoindins, and proteins are important contributors to foam stability 

by imparting viscosity to foam the lamellae (Coelho, Rocha, & Coimbra, 2019; Murray, 

2007; D’Agostina, Boschin, Bacchini, & Arnoldi, 2004; Langevin, 2017; Nunes, & 

Coimbra, 1998; Nunes, Coimbra, Duarte, & Delgadillo, 1997; Piazza, Bulbarello, & Gigli, 

2006).  

The foaming behaviours of coffee brews is strongly influenced by their chemical 

composition and physical properties that are determined by many factors. For instance, 

the roasting degree has the influence on the content of polysaccharides which include 

arabinogalactan and galactomannan. The darker the coffee beans are being roasted the 

higher the extractable polysaccharides and high molecular weight compounds due to 

the Maillard reactions. Moreover, the foam stability is positively correlated with the 

contents of total sugar (Nunes, & Coimbra, 1998; Nunes, Coimbra, Duarte, & Delgadillo, 

1997). As reviewed in Section 3.3.1, the chemical compositions of coffee beans of 

different varieties varied considerably, which can cause differences in brew foaming 



56 

 

 

 

behaviors. Overall, Arabica coffee beans have higher protein and amino acid content 

than the Robusta, which correlates with the greater foamability of crema observed in the 

Arabica brews (D’Agostina, Boschin, Bacchini, & Arnoldi, 2004; Nunes, Coimbra, Duarte, 

& Delgadillo, 1997). Another factor that can influence coffee foam stability is the particle 

size of the grounds. The adsorption of small solid particles to air-liquid interface of 

bubbles through Pickering phenomenon can contribute to increased rigidity of foam 

lamellae. With optimal hydrophilicity, particles can spontaneously adsorb onto the air-

liquid interface to form a physical layer that resists the coalescence of bubbles. The 

stability of the particles at the interface is related to the radius of the particle, surface 

tension of the liquid, and contact angle of particle at interface measured through the 

aqueous phase. When the contact angle is less than 90 ° , the particle will be 

preferentially being wet in water than air, thereby promoting the formation of air foam 

(Hunter, Pugh, Franks, & Jameson, 2008). Typically, particles of diameter ranging from 

10 nm to 30 μm with contact angle between 60 and 90° are ideal for producing stable 

foams (Lam, Velikov, & Velev, 2014). However, when the contact angle is smaller than 

30° or greater than 150°, the Pickering phenomenon can be anti-foaming due to the 

protrusion of particles into the aqueous lamellae (Marinova, Denkov, Branlard, Giraud, 

& Deruelle, 2002). Besides these interfacial phenomena, the formation and stability of 

bubbles are also influenced by whether the dissolved gas is oversaturated or under-

saturated in the fluid. Over-saturation will cause the bubble to grow (e.g., during 

decompression), while under-saturation (e.g., during pressurization) will lead to a 

shrinkage in bubble size. The rate by which the bubble changes in size is determined by 
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the gas density in bubble, dissolved gas concentration, surface tension, and diffusivity 

of the gas in liquid (Epstein & Plesset, 1950).  

Although it is well established that infusing nitrogen gas into cold coffee will enhance 

the sensory properties of the beverage through the introduction of foam head, there is 

little systematic research reported in the literature about the foaming properties of cold 

brew coffee. The main objective of this chapter is to investigate the factors that 

influence foam properties, focusing on the unraveling the compositional effects through 

physicochemical analyses.  

 

4.2 Materials and methods 

4.2.1 Materials and Reagents 

Colombian Arabica green coffee bean (C. Arabica) was supplied by Mother Parkers 

Tea & Coffee Inc. (Mississauga, ON, Canada). Indian Robusta green coffee bean (C. 

canephora) was purchased from Green Beanery (Toronto, ON, Canada). Filter paper 

was purchased from Fisher Scientific (Ottawa, ON, Canada). 

  Sulfuric acid (reagent grade 98%); phenol (reagent grade 91%); glucose, and 98% 

ethanol were purchased from Fisher Scientific International Inc. (Ottawa, ON, Canada). 
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4.2.2 Coffee roasting, grinding and brewing  

Colombian green coffee beans were roasted to light, medium, and dark degree using 

a fluidized-bed hot air roaster (Fresh Roast SR 500, Fresh Bean Inc., Park City, UT, 

USA). The degree of roasting was determined using the Specialty Coffee Association of 

America (SCAA) roast color reference tiles (Figure 3.1). The roasted coffee beans were 

stored in hermetically sealed 250 mL opened glass jar for 2 days at room temperature 

to degas the carbon dioxide, and then ground to grind setting #1of the Bodum grinder, 

according to the machine specifications (10903-01 US, Bodum USA Inc., New York, NY, 

USA). The weight control of the roasting level is presented in Table 3.1. Brewing ratio is 

the ratio between the amounts of the coffee ground to the amount of water that used for 

brewing. The weight of the roasting level was presented in Table 3.1. This chapter was 

using 1:4 coffee/water brewing ratio to get highly concentrated coffee brew. The coffee 

ground was soaked in the water for 18 h at 20±2 ℃ for cold brew coffee; whereas the 

coffee ground was soaked for 5 min at 98±2 ℃ for hot brew coffee.  

The weight of the coffee beans was measured before roasting and immediately after 

roasting and cooling. The roast loss was calculated based on the following equation:  

 

    
             

      
                                           Eq. 5 

where        (g) is the weight of green coffee beans, and        is the weight of roasted 

coffee beans.  
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4.2.3 Isolation of the different fractions from cold brew coffee and foaming 

A fractionation procedure was adapted from D’Agostina (2004) to isolate different 

fractions of cold coffee brew (Figure 4.1). In this method, 40 g of ground coffee with 

particle size around 6.0 - 8.5 μm in diameter was brewed for 18 h with the coffee:water 

ratio of 1:4 at 20±2 ℃. The coffee spent (fraction A) and coffee brew (fraction B) were 

separated by filtration. Following the process, 160 mL ethanol was added into 40 mL 

fraction B to reach the ethanol concentration ~80%. The mixture was shaken for 5 min 

and stored at 4 ℃ for 12 h followed by centrifugation at 10,000 xg for 15 min. The 

precipitate (fraction C) was dried at 30 ℃ for 6 hours for the measurement of weight by 

using a gas chromatograph oven (Agilent 5890, Agilent Technologies, Santa Clara, 

USA). The supernatant (fraction D) was collected and the solvent was evaporated by 

using a rotary evaporator (Rotavapor R-120, Buchi, US). The rest of supernatant was 

then freeze-dried and the dry weight was determined. To reconstitute the coffee brew, 

fraction C and fraction D were added to distilled water to make up the original brew 

volume (as the same volume of fraction B). Due to the reduced solubility of high 

molecular weight polymers in ethanol, they were being precipitated in 80% ethanol 

solution, while the low molecular weight compounds remained solubilized in the 

supernatant.  
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Figure 4.1 Fraction isolation process for coffee brew 

 

 

4.2.4 Foam volume and persistence 

The method of determining foam properties was determined following the procedure 

by Gmoser, Bordes, Nilsson, Altskär, Stading, and Lorén (2016). To evaluate the 

foaming properties of the brew, 20 mL of sample was gently poured into a 50 mL beaker, 

and nitrogen gas was introduced at a rate of 50 mL/min which was controlled by a mass 

flow controller (Bronkhorst USA Inc., Bethlehem, PA, USA) through a bubble diffuser 

with pore size of 10-16 μm (Type B class, prosity # 4, ROBU Clasfilter-Geraete GmbH, 
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Hattert, Germany) at the bottom of the beaker. After 10 s, the nitrogen gas flow was 

stopped, and the photos of the foam height were taken immediately. Photos of foam 

volume changing in function of time were taken over an 8 s range to indicate the foam 

stability. 

4.2.5 Surface tension  

Surface tension measurements were performed on an oscillating pendant drop 

tensiometer (Tracker, IT Concept, Longessaigne, France). A droplet of the tested 

solution was created in the air within an empty cuvette at the needle tip of a syringe. 

The syringe was attached to an infusion pump which controlled the droplet volume (5 

μL). Light from a halogen light source passed through the cuvette, casting the shadow 

of the droplet profile. The profile of the droplet was continuously being captured by a 

CCD camera, which was connected to a computer for shape analysis (Aske, Sjoblom, 

Kallevik, & Oye, 2004). The surface tension was calculated based on the Young-

Laplace equation (Eq. 6) (Liu & Cao, 2015) 

       
 

  
  

 

  
                                                     Eq. 6 

where    is the Laplace pressure which is the pressure difference across the fluid 

interface,   is the surface tension,    and    are the principal radii of curvature of drop 

apex, which is the reciprocal of curvature of drop/bubble apex, and    is the minor 

radius and    is the superior radius.  

 



62 

 

 

 

4.2.6 Total sugar measurement  

Total sugar content of the samples was determined following the method from Dubois 

et al. (1956), with some modifications. An aliquot of 1 mL of sample was added to 1 mL 

of 4% phenol (4% grade phenol was prepared by adding 15 mL distilled water into 16 

mL of 91% phenol by weight) solution in a 30 mL glass tube. After mixing thoroughly, 5 

mL of concentrated sulfuric acid was added and then incubated in the water bath at 40 ℃ 

for 30 min. Samples were cooled down to room temperature. Absorbance value of the 

resulting solution was measured using a UV-VIS spectrophotometer (Evolution 60S, 

Thermo ScientificTM  Kidriceva, Slovenia) at 480 nm wavelength. The controlled sample 

was prepared by diluting 1 mL of the sample with 6 mL of distilled water.  

4.2.7 Analysis of nitrogen content  

The nitrogen content of fraction B, E, and F were determined based on the 

combustion method, using a nitrogen analyzer (Dumas, FP-528 Leco Instrument Ltd. 

Mississauga, ON, Canada). Ethylenediaminetetraacetic acid (EDTA) was used as the 

nitrogen calibration standard. The test sample (0.2 g) was weighed in a foil capsule, 

sealed and loaded into the analyzer. The sample was fully combusted in the sealed 

furnace at 1150 ℃. Measurements were reported as percent value of nitrogen. Three 

independent tests were conducted for each sample.  

During the combustion in the presence of O2, carbon and nitrogen in the samples 

were converted to CO2 and NOx, respectively. These gasses were separated by 

chromatography and measured in the thermal conductivity cell. The content of the 
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nitrogen content is based on the standard curve of EDTA, and the protein content was 

calculated by the following equation (Belitz, Grosch, Schieberle, 2009):   

The content of crude protein=
                      

                
                        Eq. 7 

 

4.2.8 Viscosity measurement  

The viscosity of each sample was measured by using an Ostwald viscometer at room 

temperature (20±2 ℃). The instrument was calibrated first with deionized distilled water, 

before sample analysis (0.9358±0.0030 mPa.s). The viscometer had two glass reservoir 

bulbs, one higher than the other, connected by a glass U-tube. A capillary with a 

diameter of 1.0 mm, was fused to the arm of the U-tube connected to the upper 

reservoir. The test liquid (15 mL) was drawn into the upper reservoir by suction and 

allowed to drain by gravity into the lower reservoir. The time taken for the liquid to pass 

through two marks, one etched above and other below the upper reservoir, was 

determined by using a stopped watch. Before suctioning the sample into reservoir, the 

air valve was turned off to make a vacuum condition. The sample was stabilized for 1 

min before opening the air valve. The time was translated into a viscosity value based 

on the following equation (Eq. 8):  

  

  
 

  

  
                                                     Eq. 8 



64 

 

 

 

where    is the viscosity of pure water,    is the viscosity of tested solution,    is the 

time of pure solvent that pass the viscometer,    is the time of tested solution that pass 

the viscometer 

 

4.3 Result and discussion 

4.3.1 Fractionation of cold coffee brew and its effects on foam properties 

To explore the foam properties, an isolation procedure was adopted to separate the 

coffee brew components into an ethanol insoluble high molecular weight fraction and an 

ethanol soluble low molecular weight fraction, and the contribution of each fraction to 

foam properties in cold brew coffee was investigated. The weights of each fraction are 

shown in Table 4.1. The foam properties for each of these fractions are illustrated in 

Figure 4.2. As shown, ~42.3% w/w of the brew was made up of components that were 

ethanol insoluble (fraction C), which are mainly made up of proteins and higher 

molecular weight polysaccharides. The fraction D, i.e., the ethanol soluble fractions, is 

mainly made up of proteins fragments, peptides and oligopeptides, and arabinogalactan 

(Nunes, Coimbra, Duarte, & Delgadillo, 1997; Wang, 2014).  
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Table 4.1 Weights of fractions B, C and D (Figure 4.1) 

 Weight (g) Percent (%) 

Original (fraction B) 1.9032±0.0500 100 

Supernatant (fraction D) 1.0642±0.0200 55.9 

Precipitate (fraction C) 0.8053±0.0300 42.3 

Experimental Loss 0.0337±0.0200 1.8 
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Figure 4.2 Foaming behaviors in fractions (B, E, F, and reconstituted fraction B) of cold 
brew coffee samples. Water was added to dissolve fractions C and D to the original 
brew volume before foaming experiments testing. Fractions C and D were combined 
and dissolved with 20 mL of water to form Reconstituted fraction B 

The foaming behavior for fractions E and F were markedly different. After infusing the 

nitrogen gas, fraction F formed a foam head, whereas, a negligible foam head was 

generated for fraction E. To evaluate the stability of the foam, the time taken for the 
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foam head to recede and reveal the liquid underneath (as examined from above the 

sample) was determined. As shown in Figure 4.2, the foam generated in the fraction F 

was unstable; the time taken to reveal the liquid was 8 s. This observation suggests that 

the fraction F contained low molecular weight components, such as protein fragments, 

peptides, and amino acids, that were attributed to the foamability of coffee brews, but 

lacked the components that stabilize the foam. The foamability of fraction F could be 

related to the higher concentration of low molecular weight nitrogen-containing 

compounds that are surface active components, such as those derived from proteins. 

Figure 4.3 revealed that the nitrogen content of fraction F (supernatant) (0.150±0.002%) 

was about 5 times higher than that of fraction E (precipitate) (0.030±0.001%).  Based on 

the results, the foamability may be related to the fraction F (supernatant); whereas the 

foam stability may be related to the fraction E (precipitate).  
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Figure 4.3 The nitrogen content and total sugar content between fraction B (original), E 
(precipitate), and F (supernatant) 

 

Figure 4.4 shows that the solution prepared from fraction F had lower surface tension 

than that of fraction E, indicating that fraction F had a greater fraction of surfactants than 

that of fraction E. The fraction F (supernatant) presented the function of foamability 

could due to the higher concentration of surfactants. The surface tensions of both 

fractions E and F decreased with increasing time during the droplet tensiometer 

analysis, which can be attributed to the migration of surface active molecules to the 

droplet surfaces during the experiment, likely the higher molecular weight surface-active 

species (e.g., melanoidins and proteins), that required a longer time to diffuse onto the 

droplet’s surface.  
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Figure 4.4 The surface tension (a) and viscosity (b) of fractions B (original), E 
(precipitate), and F (supernatant) of cold brew coffee. Fractions E and F were dissolved 
in water to the same volume as fraction B (20 mL) 

 

When adding the dried precipitate back to the reconstituted supernatant, the foams 

were more stable in the reconstituted sample (reconstituted fraction B) than that of 

fraction F (Figure 4.2). The total sugar content analysis (Figure 4.3) showed that the 

fraction E (precipitate) had higher sugar content than the fraction F, which were 
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2.98±0.11 mg/mL and 2.30±0.10 mg/mL for fraction E and F, respectively. The higher 

sugar content in the fraction E can be related to the higher polysaccharides content, 

which might have resulted in higher viscosity of the solution prepared from the 

precipitate due to the stronger hydrogen bonding between each molecule (Figure 4.4b) 

(He, Woods, Litowski, Roschen, Gadgil, Razinkow, & Kerwin, 2011; Kim, 2010). This 

reasoning is in accordance with findings from Nunes et al. (1997) and Nunes and 

Coimbra (1998), who reported that high molecular weight polysaccharides are 

partitioned into the precipitate fraction (fraction E). The dissolved polysaccharides in 

coffee brew, such as arabinogalactan and galactomannan might have helped stabilize 

the foams by reducing the drainage process.  

In conclusion, these observations suggested that the supernatant fraction (fraction F) 

contains mainly the surface-active species that contribute to the foamability. However, it 

lacks the higher molecular weight fraction essential to promote foam stability. On the 

other hand, the precipitate fraction (fraction E) has the function of foam stability, 

probably because of the higher polysaccharide content (as reflected by its total sugar 

contents) than the supernatant fraction (fraction F).  

 

4.3.2 Effect of coffee variety, degree of roast and brewing temperature on 
physiochemical and foaming properties of cold brew 

The foaming behaviors of coffee brews using beans processed to different degree of 

roasts are presented in Figure 3.3 in Chapter 3. As shown, the initial foam volume of 

dark roast (46.0±0.0 mL) was the highest, whereas light roast (29.0±1.0 mL) had the 
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lowest initial foam volume. The different in initial foam volumes can be attributed to the 

variation in surface tension value among the brew samples from coffee beans of 

different degree of roast. As shown in Figure 4.6b, the initial surface tension of light 

roast coffee was ~54.5 mN/m; whereas the initial surface tension of medium roast 

(~52.1 mN/m) and dark roast (~51.5 mN/m) were lower than that of light roast. On the 

basis that the nitrogen content was higher in the coffee brew of dark roast 

(0.260±0.002%) than that of the coffee brew of the medium (0.17±0.003%) and light 

roast (0.160±0.002%) (Table 4.2), the results implied that the dark roast brew had a 

higher content of protein-derived surface active species than the light roast counterparts 

It is noteworthy that other nitrogen-containing compounds present in the brew, such as 

caffeine and pyrazines, can also contribute to the total nitrogen content, although their 

concentrations are considerably lower (< 1%) than that of protein, peptides and amino 

acids (protein presents 9-10%). These nitrogen-containing components were 

considered as surface active components that diffused on the bubble surface to help 

form bubble. Therefore, the sample with higher nitrogen content and lower surface 

tension presented higher initial foam volume.  

The foams in dark roast coffee brews were the most stable among brews from the 

three roast degrees. The foam stability behaviors observed here can be correlated with 

the total sugar content and viscosity data. As shown in Figure 4.6e, the viscosity value 

was the highest in the dark roast (~1.15±0.01 mPa.s), which followed by the medium 

roast (~1.13±0.02 mPa.s) and light roast (~1.11±0.01 mPa.s). This trend correlated 

positively with the total sugar content data in Table 4.2 (dark roast 6.78±0.11 mg/mL; 
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medium roast 6.53±0.12 mg/mL; light roast 6.29±0.20 mg/mL). Foams from hot brew 

coffee were also more stable than those of the cold brew (Figure 4.5). The greater foam 

stability for the hot brew can correlated with the higher total sugar content, which were 

6.57±0.20 and 5.56±0.12 mg/mL for hot and cold brews, respectively, and higher value 

of viscosity, which were 1.16±0.02 mPa.s and 1.13±0.01 mPa.s for hot and cold brews, 

respectively, than the cold brew samples. Similar observations have been reported by 

other researchers correlating total sugar content with viscosity in other solution system 

due to the hydrogen bonding between each molecule (He, Woods, Litowski, Roschen, 

Gadgil, Razinkow, & Kerwin, 2011; Kim, 2010). The higher sugar contents in the 

samples, the stronger the inter force between each molecule; therefore, the value of 

viscosity presents higher value. Since the total sugar determination process hydrolyzed 

the polysaccharides present in the brew samples. Hence, a higher total sugar content in 

the sample may imply the presence of a greater amount of dissolved polysaccharides, 

which may have contributed to increased solution viscosity. Thus, the sample with 

higher total sugar content and higher viscosity value will present more stable foam.  
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Figure 4.5 Comparisons of foaming volume of hot and cold brews for Arabica beans 
under a medium roast. The TDS values were around 1.15% in both samples 

 

In terms of the effect of temperature during the brewing process, Figure 4.5 shows 

that the initial foam volume of hot brew (46.0±1.0 mL) was comparable to that of the 

cold brew (44.0±0.5 mL). This observation correlated with the similar nitrogen contents 

between the hot (0.18%) and cold (0.17%) brew samples. It is important to mentioned 

here that although hot brew coffee was prepared at a considerably higher temperature 

(98℃) than the cold brew product (23℃), the brew time was much longer in the cold 

brew (18 h) than the hot brew (5 min). This observation agreed well with the comparable 

magnitude of the initial surface tension values for both samples (51.8 and 51.4 mN/m 

for hot and cold brews, respectively) (Figure 4.6c). The more stable foam for hot brew 
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than that of the cold brew (Figure 4.5) can be attributed to the higher viscosity in the 

former (1.15±0.02 mPa.s and 1.13±0.01 mPa.s for hot and cold brews, respectively) 

(Figure 4.6).  

 

 

Figure 4.6 Surface tension and viscosity of brews as influenced by coffee variety (a, d), 
roast degree (b, e), and brew techniques (c, f). The comparisons of roast degree and 
brew techniques were using Arabica as tested coffee samples. The comparisons of 
coffee variety and brew techniques were using medium roasted coffee grounds as 
coffee samples. The comparison of coffee variety and roast degree were using cold 
brew coffee as coffee samples.  

 

From Figure 3.2b in Chapter 3, it can be seen that the initial foam volume in Arabica 

brew (47.0±0.5 mL) was comparable with that of the Robusta (45.0±0.5 mL). As shown 
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in Figure 4.6a, the surface tension values for the Arabica and Robusta brews were 

comparable at ~52 mN/m for both at the onset of the surface tension experiments. This 

observation correlated well with the comparable nitrogen contents between the two 

coffee varieties as shown in Table 4.2 (0.16-0.17%). As time progressed, the surface 

tension values decreased rapidly initially but gradually plateaued towards the end of the 

experiment (50 s), with Arabica brew having a marginally lower surface tension value 

(45.01 mN/m) than the Robusta (46.44 mN/m). However, as shown in Figure 3.2b in 

Chapter 3, the Arabica brew had a more stable form than that of the Robusta, which can 

be correlated with the higher total sugar content in the Arabica brew (5.53±0.14 mg/mL) 

than that of the Robusta (5.09±0.11 mg/mL). This correlation corroborates with the 

higher apparent viscosity in the Arabica (1.134±0.001 mPa.s) than the Robusta 

(1.059±0.001 mPa.s) brews, which might have contributed to an increase in the 

viscoelasticity of the foam lamellae and enhanced the foam stability in the former 

(Bikeman, 1973).  
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Table 4.2 The nitrogen content and total sugar of coffee brews 

Total Nitrogen Content (%) Total sugar content (mg/mL) 

  Original Supernatant Precipitate Original Supernatant Precipitate 

Roast 

Degree 

Light roast 0.160±0.002 0.140±0.001 0.030±0.001 6.29±0.20 3.34±0.25 2.70±0.23 

Medium 

Roast 
0.170±0.003 0.150±0.002 0.040±0.000 6.53±0.12 2.80±0.21 2.98±0.15 

Dark Roast 0.260±0.002 0.200±0.003 0.040±0.002 6.78±0.11 2.74±0.13 3.04±0.20 

Coffee 

Variety 

Arabica 0.170±0.003 0.150±0.002 0.030±0.001 5.53±0.14 2.30±0.19 2.98±0.11 

Robusta 0.160±0.001 0.140±0.001 0.040±0.001 5.09±0.11 2.87±0.15 2.17±0.13 

Hot brew 

vs Cold 

Brew 

Hot Brew 0.180±0.002 0.160±0.002 0.040±0.001 6.57±0.20 3.32±0.22 2.36±0.25 

Cold Brew 0.170±0.002 0.150±0.002 0.020±0.001 5.56±0.12 2.37±0.25 1.27±0.22 

 

 

4.4 Conclusion 

In summary, this chapter showed that the difference of foam properties under 

different conditions were physic-chemical in nature. The samples with higher nitrogen 
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content and lower surface tension presented higher initial foam volume, and the 

samples with higher value in viscosity and total sugar content presented more stable 

foam. Arabica coffee tends to generate a higher foam volume and more stable foam 

than the Robusta coffee due to the higher nitrogen content and viscosity value. The 

brew with darker roast has a higher nitrogen content and viscosity value, which 

attributed to higher foam volume and more stable foam than the lighter roast. The hot 

brew coffee generates more stable foam than the cold brew coffee. Additionally, the two 

fractions of cold brew coffee attributed to the two foam properties after ethanol 

precipitate. The precipitate of coffee brew (fraction C) which contained high molecular 

weight compounds contributed to the foam stability of coffee brew. The content of total 

sugar present in the precipitate (2.98±0.11 mg/mL) was also higher than that in the 

supernatant (2.30±0.10 mg/mL). While the supernatant of coffee brew (fraction D) 

which contained low molecular weight compounds is related to the foamability. The 

supernatant also got a higher nitrogen content (0.150±0.002%), which was around three 

times higher than that of precipitate (0.030±0.001%). Moreover, the surface tension of 

the supernatant was lower than that of the precipitate.  
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5 CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 

This study investigates the foam behaviors in cold brew coffee as it was infused with 

nitrogen. The foam volume and the stability of coffee foam were the two main 

parameters measured. The physical and chemical properties of cold brew coffee that 

influence the foam properties were also studied.  

In the first part of the study, the foamability and foam stability were strongly influenced 

by the coffee origins and roast degree. Even though the brewing conditions influenced 

the foam stability, the foamability presented no difference under different brewing 

conditions. The foamability presented higher foam volume in darker roasted coffee brew; 

whereas the foam volume of lighter roasted coffee brew was the least. Besides, the 

foam stability presented more stable foam in Arabica coffee brew. The darker the coffee 

brews presented the more stable the foam. Higher brewing temperature, lower coffee 

brewing ratio, and the cold brew with espresso grind presented more stable foam.  

In the second portion of this study, the physical and chemical properties of cold brew 

coffee were determined to analyze the foam behaviors. The coffee brew with higher 

nitrogen content presented in higher foam volume (foamability); whereas the coffee 

brew with higher total sugar content showed more stable foam. Moreover, the two 

fractions of cold brew coffee after ethanol precipitation also demonstrated the two 

different foam properties. The foamability showed in the supernatant; while the 

precipitate fraction presented the function of foam stability.  



79 

 

 

 

Overall, this thesis research has established some fundamental understanding of how 

foam was influenced by the different factors which include coffee bean variety, roast 

degree and brewing conditions. In addition, to the research yielded basic knowledge of 

physical and chemical properties of cold brew coffee in different conditions, as well as 

the two fractions with different foam properties. Based on the results gathered and the 

observed phenomena during the whole research, the following recommendations can 

be made for future studies:  

(1) Effect of lipids on foam properties. The lipids act as antifoaming agents; however, 

when the concentration of lipids is below a certain value, the lipids become foam 

stabilizers. Since the darker roast coffee brew has higher lipids content than that of 

medium and light roast coffee brew, the more stable foam which presented in dark roast 

coffee brew may be also influenced by the concentration of lipids. The phenomenon is 

not well understood which warrants future study. To study the influence of lipids on the 

foaming behavior, the model system of graduated changing the lipids concentration will 

be investigated.  

(2) Effect of melanoidins on foam properties. Melanoidins are the products that are 

generated by the reaction between amino acids and free sugar during the Maillard 

reaction. Melanoidins with higher content of nitrogen are speculated to present better 

foamability than the melanoidins with lower content of nitrogen. Moreover, the 

concentration of melanoidins also influences the viscosity, which may cause the 

function of foam stability become differently. Further research will be working on the 

investigation of melanoidins’ content and the molecular structure.  
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(3) Effect of different molecular weight compounds on foam properties. The 

supernatant and precipitate of coffee brew after ethanol precipitation resulted in 

fractions that have low and high molecular weight compounds, respectively. Based on 

the result and observation from this study, the two fractions are related to the different 

foam properties. Thus, the molecular weight of the chemical compounds in coffee has 

the relationship with the foam properties. Future study will focus on the analysis of 

molecular weight distribution of two fractions and the chemical compositions in two 

fractions by using size exclusive chromatography (SEC). 

(4) Effect of the polysaccharides on foam properties. The arabinogalactan is present 

in the supernatant; whereas galactomannan in the precipitate fraction after ethanol 

precipitation treatment (Nunes & Coimbra, 1998; Nunes, Coimbra, Duarte, & Delgadillo, 

1997). Arabinogalactan has a linear structure with more branches than that of 

galactomannan, which will influence the viscosity value of coffee brew. In the future 

study, the concentration of the two main polysaccharides in cold brew coffee will be 

determined using HPLC, and the molecular structure of the two polysaccharides will be 

characterized by using NMR or FTIR.   
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