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ABSTRACT 
 

ONE-WAY DEGASSING VALVE BEHAVIOR & FUNCTION IN THE ACCEPTABILITY 

OF STORED COFFEE 

 

Jessey Cowell                              Advisor:  

University of Guelph, 2018         Dr. Loong-Tak Lim 

 

In this research, the opening/closing behavior of low-profile and button one-way degassing 

valves were examined with varying silicone oil viscosities (20, 70, 160 and 1100 mPa·s), valves 

were exposed to darkly roasted fine and coarse grind coffee degas. Furthermore, the degassing 

rates of fine and coarse coffees were approximated with two-component empirical models, 

enabling the simulation of CO2 degas behavior via a programmable infusion pump. Oxygen ingress 

was measured in real-time while the valve was exposed to fine and coarse coffee degas to evaluate 

the effect of opening/closing behavior on the ingress of air. In addition, consumer acceptability 

and discrimination testing between reference and treated samples stored in fraction pouches with 

oiled low-profile and button valves, as well as un-oiled low profile and no valve samples, were 

conducted in 7 sensory evaluations over a 12-week duration. Headspace analysis of key volatile 

concentrations was also performed on the brewed coffee.
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CHAPTER 1: LITERATURE REVIEW 

1.1. Introduction 
 

Coffee is one of the most highly traded commodities worldwide. The global economic 

significance of coffee continues to grow, as the annual rate of consumption has increased by an 

average of 1.3%, from 2012 to 2016 (International Coffee Organization (ICO), 2016; Lee et al., 

2015). The increasing demand is driving innovation across the industry, facilitating new products, 

processes as well as packaging. However, manufacturers must remain mindful when formulating 

packaging solutions, as they must simultaneously strive to minimize the risk of package related 

failures in addition to reducing related costs.  

Coffee’s packaging related requirements are unique due to its nature of releasing gasses after 

roasting. This has previously forced manufacturers to slow their process to allow for coffee to 

degas prior to packaging, as the gas generated by the roasted coffee is substantial enough to cause 

the package to fail. Responding to this bottleneck within the process, the coffee industry adapted 

to include a one-way degassing valve within the package to enable active regulation of its internal 

pressure, allowing manufacturers to package the coffee immediately after roasting. This study aims 

to outline the degassing behavior of one-way valves, analyze changes in degassing behavior with 

varying silicone oil viscosities, and finally to relate degassing valve behavior to consumer 

acceptability in brewed coffee.  

 

1.1. Coffee overview 
 

Coffee belongs to the family Rubiaceae, known as an evergreen shrub, and is grown in 

various tropical or subtropical regions at varying altitudes. If left un-pruned the plant may grow 
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between 4-12 m depending on the species. Each species of coffee is diploid, possessing 22 

chromosomes, with the exception of Coffea Arabica L., allotetraploid, a functional diploid with 

2n=44 chromosomes (Illy & Viani, 2005). The two most commonly consumed coffee species are 

Coffea. Arabica L. and Coffea. canephora, referred to as Arabica and Robusta respectively (Illy & 

Viani, 2005; Pinkas et al., 2010). C. canephora, Robusta coffee, is the more disease resistant and 

more easily grown of the two. Differences in: chlorogenic acid, amino acid, caffeine content, sugar 

and total oil content contribute to distinctive chemical compositions between the two coffee 

varieties, resulting in their unique flavor and sensory characteristics (Illy & Viani, 2005; Wang & 

Lim, 2014; Clark & Vitzthum, 2008).  

The variety in flavor and aroma profile of Arabica and Robusta coffees can be manipulated 

through controlling roast degree, changing process condition and blending different genotypes, to 

further develop the unique flavor dimensions of popular consumer coffees (Illy & Viani, 2005). 

Generally, Arabica coffee is regarded as clean and sweet when compared to the full bodied more 

astringent Robusta coffee. As a result, Arabica coffee is more often more desired among consumers 

and comprises approximately 70-75% of coffee consumed globally, verses the 20-24% of Robusta 

coffee (International Coffee Organization (ICO), 2016; Illy & Viani, 2005).   

Coffee beans are obtained from the fruit of the plant known as the coffee cherry. The skin 

of the cherry, epicarp, gives way to the pulp of the fruit, mesocarp, where the coffee beans or the 

endosperms are found. The beans are surrounded by the parchment or endocarp, which is finally 

enclosed in a thin layer of integument known as the silverskin (Illy & Viani, 2005). Arabica coffee 

beans have an elongated oval shape with a S-shaped longitudinal central cut whereas Robusta 

beans are more rounded and have a straight longitudinal cut (Figure 1.1). Upon harvesting, coffee 
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cherries are processed into ready-to-roast green beans through a natural or washed process, 

referred to as dry and wet processing, respectively.  

 

Figure 1.1: Cross-section of a coffee cherry, showing the Arabica coffee beans therein. Adapted 

from Wintgens (2004) 

 

Natural processing utilizes over-ripe cherries, and may result in fermentation. Immediately 

following harvest, the whole cherries are dried under the sun while agitated or with mechanical 

dryers until a moisture content of 11-12% (% dry basis) is achieved (Illy & Viani, 2005; Pinkas et 

al., 2009). The sun drying process takes approximately 7-10 days to complete. Both methods result 

in beans with a brittle dark brown outer layer and are free to move within their husk (Pinkas et al., 

2009). Washed processing involves un-ripe, ripe and mature coffee cherries being separated 

followed by pulping. The remaining pulp adhered to the parchment of the coffee is often removed 

during fermentation, but may also be removed mechanically or chemically (Illy & Viani, 2005; 

Pinkas et al., 2009). Fermentation is conducted under ambient conditions within holding tanks, 

filled with water, in the presence of microorganisms (Viani, 2005). Fermentation is completed 

when the parchment loses its slimy texture, often between 12 to 36 h (Illy & Viani, 2005). Once 

processed, the green coffee beans are ready to roast.  

 

Epicarp 

Mesocar

p 

Endocarp 

Integument 

Endosperm 
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1.2. Non-volatile coffee chemistry  
 

Beans from Arabica and Robusta species, show different chemical compositions, as 

summarized in Table 1.1.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

Table 1.1: Chemical composition of green Arabica and Robusta coffee (in % dry basis).  

Compiled from Beltiz et al. (2009), Illy & Viani, 2005) and Wang (2014).  

Component Arabica Robusta Constituent 

Soluble carbohydrates 

Monosaccharide 0.2-0.5 Fructose, glucose, galactose, arabinose (traces) 

Oligosaccharides 6-9 3-7 
Sucrose (>90%), raffinose (0-0.9%), stachyose 

(0-0.13%) 

Polysaccharides 3-4 
Polymers of galactose (55%-65%), mannose 

(10-20%), arabinose (20-35%), glucose (0-2%) 

Insoluble carbohydrates 

Hemicelluloses 5-10 3-4 
Polymers of galactose (65-75%), arabinose 

(25-30%), mannose (0-10%) 

Cellulose, β-1,4-

Mannan 
41-43 32-40  

Acids & phenols 

Volatile acids 0.1  

Non-volatile 

aliphatic acids 
2-2.9 1.3-2.2 Citric acid, malic acid, quinic acid 

Chlorogenic acid 6.7-9.2 7.1-12.1 Mono-, dicaffeoyl-, and feruloylquinic acid 

Lignin 1-3 

Lipids 

Wax 0.2-0.3  

Oil 7.7-17.7 Main fatty acids: 16:0 and 18:2 (9,12) 

N Compounds 

Free amino acids 0.2-0.8 Main amino acids: Glu, Asp, Asp-NH2 

Proteins 8.5-12  

Caffeine 0.8-1.4 1.7-4.0 Traces of theobromine and theophylline 

Trigonelline 0.6-1.2 0.3-0.9  

Minerals 3-5.4 
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1.3.1. Carbohydrates 

The carbohydrate content in green coffee beans, Arabica or Robusta, embodies 

approximately 50% by dry weight, containing soluble and insoluble polysaccharides (Illy & Viani, 

2005). Sucrose content varies with cherry ripeness, immature-black and immature-green beans 

show levels lower than mature beans (Illy & Viani, 2005). Glucose content also correlates 

positively with sweetness (Illy & Viani, 2005). 

 The primary polysaccharides in green coffee beans are galactomannans, arabinogalactan-

proteins (AGPs) and cellulose (Wang, 2014). The hard, thick cell wall of coffee is mostly 

comprised of polysaccharides, notably galactomannans (Redgwell and Fischer, 2006; Wang 2014; 

Clark & Vitzthum, 2008). The relative composition of the polysaccharides in the cell wall changes 

progressively during maturation, the early stage of growth being primarily cellulose and 

arabinogalactan, the middle stage shows decreased cellulose but increased mannan synthesis, and 

the final stage illustrates further enhanced mannan synthesis (Redgwell and Fischer, 2006). 

The solubility of galactomannan is a key factor in determining the yielded solutes obtained 

from ground coffee during commercial extraction (Redgwell and Fischer, 2006; Wang, 2014). 

Mannans are one of the most resistant polymers to solubilization, requiring galactose substitutions 

to disrupt hydrogen bonding to increase their solubility. However, the presence of acetyl groups 

or arabinosyl residues, contained in soluble galactomannans as side chains, also contribute to the 

disruption of hydrogen bonding, further increasing the solubility of galactomannans (Redgwell 

and Fischer, 2006; Wang, 2014).  
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1.3.2. Lipids 

Coffee beans contain between 8-18% (dry basis) of lipids depending on the species, with 

Arabica being higher than Robusta (Beltiz et al., 2009; Illy & Viani, 2005; and Wang, 2014). 

Coffee oil (approximately 75%), is primarily composed of triglycerides with fatty acid proportions 

similar to vegetable oils. Linoleic and palmitic acids represent the two main fatty acids (Illy & 

Viani, 2005; and Wang, 2014). The remaining oil fractions are unsaponifiables, consisting of 

diterpene alcohols (~19%), sterols (~5%), with trace amounts of tocopherols (Illy & Viani, 2005; 

and Wang, 2014). 16-O-methylcafestol, a primary diterpene, found only in Robusta coffee, has 

been used as a reliable identifier for Robusta due to its exclusivity (Speer and Kolling-Speer, 2006; 

Wang, 2014).  

 

1.3.3. Organic acids 

 Green coffee contains many organic acids including quinic, chlorogenic, citric, malic, and 

phosphoric (Illy & Viani, 2005; Wang, 2014; and Clark & Vitzthum, 2008). The aliphatic 

component of chlorogenic acid is quinic acid, which is present in its free state. The content of 

quinic acid is affected by age, processing, and fermentation (Illy & Viani, 2005; Clark & Vitzthum, 

2008). Chlorogenic acid (CGA) is a phenolic acid, the ester to quinic acid, with an acid 

concentration in green coffee of approximately 3-12% by dry weight (Clifford, 1999; Wang, 2014; 

Illy & Viani, 2005). CGA is antimicrobial, aiding the plant in warding off viruses and infection. It 

is also associated with numerous health benefits including antioxidative, anti-cancerous and 

modulates glucose metabolism (Clifford, 1999; Huang et al., 1988; Johnston et al., 2003; Wang, 

2014).  
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1.3.4. Nitrogen-containing compounds  

 Protein is the primary source of nitrogen in coffee (approximately 10% dry weight). 

Following protein, other prominent nitrogen sources are caffeine trigonelline and nicotinic acid 

(Schenker, 2000; Wang, 2014; Illy & Viani, 2005). Caffeine is the most prevalent nitrogen 

containing compound (0.8-4.0% dry weight) (Beltiz et al., 2009). Additionally, caffeine and 

trigonelline are considered the major contributors to the bitterness of brewed coffee (Macrae, 1985; 

Clark & Vitzthum, 2008). Caffeine content varies between species, with Robusta coffees being 

higher in caffeine content and variation than Arabica coffees (Wang & Lim, 2014). 

 

1.4.  Changes with roasting  

1.4.1. Physical and micro-structural changes 

Applying heat to the coffee bean allows for the endothermic evaporation of residual water 

within the bean, leading to an exothermic reaction once the internal bean temperature exceeds 

160oC, plateauing at 210oC (Clark & Vitzthum, 2008). As seen in Figures 1.2 and 1.3, the trapped 

water vapor and carbon dioxide (CO2) generated during roasting results in an increase in the 

internal pressure, causing the expansion of the coffee beans. Progressive growth in the micro-

structure of the cell walls and cytoplasm is heard audibly and referred to as “the popping phase” 

(Clarke & Macrae, 1987; Clark & Vitzthum, 2008; Wang & Lim, 2014; Schenker, 2000). Both 

roast time and temperature have a substantial effect on the density and porosity of the bean (Clarke 

& Macrae, 1987; Schenker, 2000). For example, dark roast coffees processed quickly using high-

temperature-short-time (HTST) conditions have greater porosity than light roast counterparts, 

roasted with a low-temperature-long-time (LTLT) process (Schenker, 2000; Wang & Lim, 2014). 

Deviations in the porosity of coffee beans are known to influence the rate of solutes extraction, 
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oxidation, staling, and CO2 degassing behavior (Wang & Lim, 2014). Furthermore, the residual 

CO2 content within roasted coffee was shown to vary significantly with roast degree, but not with 

roasting temperature. Dark roast coffee was reported to contain more than double the residual CO2 

of light roast (Wang & Lim, 2014). 

 

Figure 1.2: Cross-section of coffee bean (a) green; (b) toasted to 70oC; and (c) fully roasted. From 

Illy & Viani (2005). 

 

Figure 1.3: SEM images of coffee microstructure roasted at 240oC (a) green; (b) end-of-1st-crack; 

and (c) end-of-2nd-crack. From Wang & Lim (2012).  

 

1.4.2. Chemical changes   

 

Carbohydrates 

During roasting, low molecular weight sugars are being depleted. For example, sucrose is 

pyrolyzed and caramelized during roasting, with much being hydrolyzed into fructose and glucose, 

both of which are involved in Maillard reactions (Redgwell & Fischer, 2006; Wang, 2014; Clark 

& Vitzthum, 2008). Approximately 12-40% of polysaccharide is degraded after roasting, with the 

darker roasted coffees showing greater degradation (Redgwell et al., 2002; Oosterveld et al., 2003). 

(a) (b) (c) 

(a) (b

) 

(c) 
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Redgwell et al. (2002) reported marked differences in the thermal stability of Arabinogalactans, 

mannan and cellulose, with arabinogalactans being the most susceptible to thermal degradation 

(up to 60%), followed by mannan (up to 36%). Cellulose, the most thermally resistant, showing 

negligible degradation (Regwell et al., 2002).  

Lipids  

Unlike carbohydrates, lipids are generally more resistant to thermal degradation, showing 

very little changes to fatty acid composition during roasting (Casal et al., 1997; Speer & Kolling-

Speer, 2006), though a small increase in trans fatty acids has been reported by researchers (Casal 

at al., 1997). Sterols and triglycerides remain largely unaffected by roasting conditions (Clark & 

Vitzthum, 2008), but diterpenes (kahweol and cafestol) are more susceptible to thermal 

degradation (Speer & Kolling-Speer, 2006). In contrast 16-O-methylcafestol, only found in 

Robusta coffee, is quite thermally stable.      

Organic acids 

 Most organic acids in coffee are partially decomposed, whereas phosphoric acid content 

increases due to the hydrolysis of inositol phosphates (Illy & Viani, 2005). Similarly, chlorogenic 

acids are mostly destroyed, largely undergoing hydrolysis, isomerization, and to a lesser extent 

lactonization (Illy & Viani, 2005). The majority of free quinic acid remains unchanged, with some 

becoming isomerized and a small portion being decomposed into simple phenols (Illy & Viani, 

2005; Wang & Lim, 2015). Caffeic acid is known to degrade to simple phenolic compounds that 

are being consumed in Maillard reactions (Clark & Vitzthum, 2008; Illy & Viani, 2005). On the 

other hand, many acids such as formic and acetic acid are created through Maillard reactions (Illy 

& Viani, 2005).       
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Nitrogen-containing compounds 

 Bekedam et al. (2008) demonstrated that roasting greatly reduces the nitrogen content in 

beans, with nitrogen and protein content also correlated to melanoidin levels, illustrating their key 

involvement in Maillard browning reactions. The free amino acids in the green coffee beans are 

reduced to negligible levels after roasting (Belitz et al., 2009; Wang, 2014). Approximately 50-

80% of trigonelline is degraded after roasting, forming nicotinic acid, pyridine and 3-methyl 

pyridine (beltiz et al., 2009; Wang, 2014).   

 

1.4.3. Maillard reaction 

 

Maillard and Strecker degradation reactions are fundamental in the development of 

characteristic flavor and aroma in coffee beverages. Maillard reaction is broadly defined as a non-

enzymatic browning reaction involving the reactions of compounds with carbonyl groups 

(primarily reducing sugars, containing free amino groups) leading to chemical changes in proteins 

(Hodge, 1953; Van Boekel, 2006; Wong et al., 2015; Wang, 2014).  Three general stages are 

involved. In the first stage, condensation of a reducing sugar with a free amino acid group, gives 

rise to N-substituted glycosylamine with aldose sugars. These products further rearrange to form 

Amadori rearrangement product (ARP), or Heyns product if the sugar is a ketose (Hodge, 1953; 

Wang, 2014; Van Boekel, 2006).  

In the second, intermediate stage, sugar fission and dehydration occur. Sugar, in sugar-

amine reactions forms furfural or reductones depending on the presence of an aqueous solvent, as 

well as the pH of the solvent (Hodge, 1953). In aqueous solutions with a pH ≤ 7 the ARP undergo 

1,2- enolization, forming furfural or hydroxy-methylfurfural with pentose and hexoses 

respectively. In non-aqueous systems, in the presence of amine groups, with a pH > 7 the 
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degradation of Amadori involves mainly 2,3 enolisation, leading to the formation of reductones 

(Wang, 2014; Martins, 2001; Hodge, 1953).   

As mentioned previously, Strecker degradations elicit important physicochemical changes 

within the coffee bean structure during roasting and are also vital in flavor formation (Wang & 

Lim, 2015). Strecker degradation reactions relate to Maillard reactions as they utilize α-dicarbonyl 

compounds, created from Maillard reactions (Buffo & Cardelli-Freire, 2004; Wang & Lim, 2015). 

Strecker degradation reactions result in the liberation of carbon dioxide, through glucose and 

furfural degradation of the carboxyl group of α-amino acids (Hodge, 1953). The degradation of 

the carboxylic group of the α-amino acid is responsible for over 80% of the carbon dioxide 

liberated during Maillard reactions, with less than 10% stemming from reactions with sugar 

radicals (Hodge, 1953; Stadtman et al., 1952; Wang & Lim, 2015).    

In the final stage, amino groups act as catalysts during aldol’s condensation of 

acetaldehyde, which is believed to partially initiate the formation of melanoidins (Hodge, 1953). 

In non-amino systems many sugars, polysaccharides, reductones, quinones, etc. will undergo 

browning at high temperatures. These reactions may be accelerated with reactants, such as the salts 

of carboxylic acids etc., causing a decrease in the systems pH (Hodge, 1953). 

 

1.5. Coffee roasting   

The roasting process, as previously discussed, is a critical step in developing complex 

flavor and aroma characteristics of coffee. The roasting process is carefully controlled between 

180 to 250oC depending on the bean size, desired roast level and roaster type used (Illy & Viani, 

2005; Wang, 2014). Below are some of the key design parameters commonly associated with 

different types of coffee roasters.    
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Coffee Roasters 

Coffee roasters vary considerably in design, although all share some similarities in that they 

must consider product flow, mixing, and heat transfer to ensure uniformity in the product (Illy & 

Viani, 2005; Wang 2014). Large-scale production of roasted coffee is achieved through either 

continuous or batch roasting. As mentioned previously, common roasting systems must include a 

mechanism to agitate the beans, ensuring an even roast. Some examples of how this may be 

achieved include: physical paddles, a rotating chamber/drum, (housing the coffee) or alternatively 

high velocity air (Illy & Viani, 2005; Wang 2014; Clarke & Vitzbum, 2001). 

The mechanism of heat transfer varies with the roasting system, fluidized bed and spouting 

bed roasters, for example, predominantly rely on convection, as high velocity hot air forces the 

mixing of the beans (Figure 1.4). On the other hand, in a drum roaster with perforations in the 

drum, both convection and indirect heating of the beans are involved as well as conduction where 

the beans absorb heat through direct contact with the drum itself (Illy & Viani, 2005; Wang 2014).  

Figure 1.4: Fluidized bed roaster   

 

Table 1.2 summarizes the function of various types of mixing mechanisms commonly used in 

industrial coffee roasters.     

Hot Air 

Coffee 
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Table 1.2: Characteristics of different roaster systems.  

Adapted from Illy & Viani (2005), Wang (2014), Clarke & Vitzthum (2001)  

Hurdle Roaster type Description Discussion 

Product 

flow 

 

Batch 

 

- Large batches of 

the sample are 

roasted at once 

Batch roasting is common place as 

between batch consistency is good, 

and the demand for various specialty 

coffee blends reduces the demanded 

volume for a single product (Illy & 

Viani, 2005). 

 

Continuous 

 

- Continuous 

roasting of beans, 

used if producing 

few products 

Mixing 

mechanism 

Horizontal 

drum 

- Drum housing 

rotates 

To achieve uniform roasting the 

coffee beans must be continuously 

mixed. This may be accomplished 

by physically mixing the beans, or 

using roasting gases to forcefully 

disturb the beans. 

Fixed vertical 

drum (& 

mixing paddles) 

- Drum is fixed, 

paddles are used to 

mix beans 

Vertical 

rotating bowl 

- Beans are pulled to 

the outer edge of 

the bowl with 

centrifugal force 

Fluidized bed 

- High velocity air 

suspends and 

mixes the beans 

Spouting bed 

- Air forces the 

beans through a 

designed pathway 

Packed bed 

- Hot air flow causes 

the beans to spiral 

upwards 

Heat 

transfer 

Conduction 

- Direct heat transfer 

from surface of 

roaster to bean 
Coffee roasters transfer heat through 

conduction, convection & radiation, 

or a combination thereof. 

Convection is the most often used 

method in industry (Wang, 2014) 

Convection 

- Indirect heat 

transfer through 

the air surrounding 

the bean 

Radiation 

- Energy transfers as 

electromagnetic 

radiation if roasted 

over a flame 
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The physicochemical properties of coffee undergo considerable changes during roasting, 

the extent of which varies with time-temperature profile, and mode of heat transfer during roasting 

(Clarke & Macrae, 1987; Schenker, 2000; Wang & Lim, 2015). As these parameters have 

significant effects on the degassing behavior of coffee, special packaging solutions must be 

considered (Wang & Lim, 2014).  

 

1.6. Degassing & packaging 

1.6.1. Common industrial degassing & packaging practices  

Due to the requirement of carbon dioxide degassing, manufacturers developed innovative 

solutions to maximize process efficiency and minimize the risk of package failure, such as, the 

development of micro holes, or tears. Typical strategies employed by manufacturers include 

allowing coffee to degas for a period of time before packaging, packaging coffee in a ridged 

container capable of withstanding the pressure, applying a vacuum prior to sealing the package, 

and finally the inclusion of a one-way degassing valve to regulate internal pressure (Clarke & 

Vitzthum, 2001; Illy & Viani, 2005). Each of these methods has its inherent drawbacks. For 

example, tempering the beans for several hours before packaging will slow the manufacturing 

process while simultaneously subject the coffee to oxidation (Illy & Viani, 2005; Cardelli & 

Labuza, 2001; Holscher & Steinhart, 1992). Packing coffee in rigid containers will be costlier. 

Inducing a vacuum within the headspace of the package will remove aroma volatiles, potentially 

impacting sensory characteristics of the product (Holscher & Steinhart, 1992). On the other hand, 

the inclusion of a one-way degassing valve can introduce additional complexity to the packaging, 

and potentially compromise the barrier integrity of the package if the valve is defective (Olmi, 

2015).    
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1.6.2. One-way degassing valves 

 The one-way degassing valves enable gas to be expelled from the headspace of a 

pressurized package, without allowing the ingress of air. The valve is designed to open when a 

target internal-external pressure differential is reached, resealing when the pressure differential 

drops to a designed value. The open and close pressure differentials are important in preventing 

the bulging of the package, while the valve’s ability to reseal is critical in preventing undesirable 

oxygen ingress. As reported by Cardelli & Labuza (2001), the exposure of unprotected roasted and 

ground coffee to oxygen at atmospheric concentrations (21%) resulted in a 20-fold increase in the 

rate of deterioration, making oxygen a key determinant of coffee shelf-life. A simple design, of 

which many valves generally resemble, is illustrated in Figure 1.5.  

 

Figure 1.5: Cross-sectional diagram of a one-way degassing “button valve” (closed state), 

mounted to a packaging material. Compiled from Goglio (1996); Goglio et al. (2002); Olmi, 

(2015); and http://pacificbag.com/pbiarticles/ValvesTechSheetFINAL.pdf.   

 

 CO
2
 

Body 

Vent holes 

Packaging film 

Diaphragm 

Outside 

Inside 

Filter 

Cap 

Sealant liquid 

Valve Closed 

Exit hole 

 

http://pacificbag.com/pbiarticles/ValvesTechSheetFINAL.pdf
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This “button valve” design is composed of the valve body which houses an oil layer 

(sealant liquid), and a rubber diaphragm, held in place by a cover. To prevent fine coffee particles 

from blocking the valve, a nonwoven filter is attached to the interior side of the valve. The body 

and cover of the valve are often made from polyethylene through an injection molding process 

(Olmi, 2015; Goglio, 1996). The cover is fixed onto the valve body and is used to keep the rubber 

diaphragm from dislodging. The diaphragm covers the vent hole and with the help of the oil layer 

creates an air tight seal. Illustrated in Figure 1.6 is the one-way degassing button valve in the open 

state. The diaphragm alone will not provide an airtight seal. Due to the surface tension of the fluid 

and its adhesion to the substrate surface, the thin layer of oil applied between the diaphragm and 

the vent hole peripheral allows the diaphragm to temporarily seal the hole. The diaphragm will 

flex, thereby opening the vent hole, when the pressure built up within the package exceeds the 

adhesion force, and the atmospheric pressure exerted on the opposite side of the diaphragm (i.e., 

outside the package). The design of the button valve risks compromising the barrier properties of 

the package if improperly sealed, assembled, or if dislodged during application/transportation 

(Olmi, 2015). To mitigate some of these pitfalls and reduce the size of the one-way degassing 

valve, Gilbert (1977); Buckingham & Anker (2002); and Hoffman, (2009), among others in 

industry, have moved to create a “Low-profile valve” design.  
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Figure 1.6: Cross-sectional diagram of a one-way degassing “button valve” (open state), mounted 

to a packaging material. Compiled from Goglio (1996); Goglio et al. (2002); Olmi, (2015); and 

http://pacificbag.com/pbiarticles/ValvesTechSheetFINAL.pdf. 

 

Low-profile valves are composed of a multi-layer laminate structure, with a vent channel. 

Depending on the shape of the channel it may also act as a reservoir for the included oil. A 

simplified depiction of a low-profile valve is shown in Figure 1.7 (Buckingham & Anker, 2002; 

Gilbert, 1977; and Hoffman, 2009). The substrate layers are made of flexible metalized or non-

metalized polymer films such as oriented polypropylene, oriented polyamide, poly(ethylene 

terephthalate). The section of laminate materials will vary depending on the desired opening 

pressure, heat sealing properties and oxygen permeability (Lykke & Hansen, 2013; Gilbert, 1977; 

Hoffman, 2009). The sealant liquid is applied onto the expansion chambers of the middle substrate 

layer, the layers are then arranged and bonded together using heat or an adhesive (see Figure 1.8). 

Once assembled, the sealant liquid (oil) flows freely within and between the non-bound sections 

Valve Open 

CO
2
 

http://pacificbag.com/pbiarticles/ValvesTechSheetFINAL.pdf
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of the expansion chambers and exit channel, together forming the vent channel of the low-profile 

one-way degassing valve.  

 

Figure 1.7: Exploded view of simplified un-oiled “Low-profile” One-Way degassing valve  

 

 

 

 

 

 

Figure 1.8: Perspective view of assembled Low-profile One-way degassing valve with view of 

exit channel 

 

Like the button valve, the low-profile one-way degassing valve relies on oil to completely 

seal the vent channel. The vent channel, expansion chambers and exit channel, of the low-profile 

valve will flex with the build-up of pressure within the package. Once the pressure within the 

package has built up enough to overcome the adhesion force of the sealant liquid within the vent 

Base Middle  Outer  

Packaging film 
Vent holes 

Bondable adhesive coating 
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Non-bound polymer 

film 

Air flow 
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Base layer Middle layer 

Outer layer 
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channel and the atmospheric pressure exerted on the outside of the package, the vent channel 

arches, separating from the oil layer and allowing for the release of CO2 gas. The sealant liquid 

remains within the valve but is pushed to the peripheries of the vent channel, creating the opening 

for the passage of CO2 (Figures 1.9 and 1.10). 

 

Figure 1.9: Cross-section, seen from the exit channel, of a Low-profile One-way degassing valve 

(Buckingham & Anker, 2002) 
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Figure 1.10: Cross-sectional view of a Low-profile One-way degassing valve (Buckingham & 

Anker, 2002) 

 

Unlike the button valve which only releases CO2 gas once the vent hole is open, the low-

profile valve is able to degas while the vent channel remains closed. This may occur if the pressure 

generated within the package is great enough to disrupt the surface energy of the sealant liquid, 

but not so great as to exceed the adhesion forces between the oil and substrate layers. The CO2 

bubbles generated are then propelled through the oil of the sealed vent channel until expelled from 

the exit channel. This allows the package to regulate its internal pressure while remaining sealed, 

providing the coffee with greater protection against the ingress of air (Buckingham & Anker, 

2002). Furthermore, the surface tension and viscosity of the sealant liquid greatly influence the 

opening behavior of both button and low-profile degassing valves. 
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1.6.3. Surface tension & viscosity 

Surface tension is the elastic nature of a fluid, where higher energy molecules near the 

surface of the fluid are pulled inward in order to reduce the number of outer molecules, resulting 

in a decreased surface area (Brackbill et al., 1991; Levich & Seeger, 1963). Thus, the behavior of 

a fluid that comes into contact with varying substrates or when exposed to different forces results 

in unique interactions and natural phenomena (Bonn et al., 2009; Brackbill et al., 1991). For 

example, the seal created by the oil within the vent channel of a one-way degassing valve is in-

part determined by the wettability of the substrate materials that come into contact with the sealant 

liquid. Wettability is the change in a substrate’s surface energy with the addition of a drop of liquid, 

affecting the liquids ability to spread across the substrates surface (Bonn et al., 2009). The 

wettability of the diaphragm of the button valve or the substrate materials of the low-profile 

degassing valves is determined experimentally by measuring the contact angle created between 

the respective material and oil, contact angles between 0-90 degrees illustrate a wetting 

phenomenon. Young’s equation is used to mathematically relate the contact angle to the interfacial 

energy between solid, liquid, and gas: 

𝛾𝑆𝑉  = 𝛾𝑆𝐿 + 𝛾𝐿𝑉 cos 𝜃𝑒𝑞                     Eq. 1.1 

where 𝛾𝑆𝑉 is the surface tension between solid and gas, 𝛾𝑆𝐿 the surface tension between solid and 

liquid, 𝛾𝐿𝑉 the surface tension between liquid and gas, and 𝜃𝑒𝑞 the equilibrium contact angle the 

oil makes with the surface of the substrate (Bonn et al., 2009). In summary, these forces prevent 

the expulsion of sealant fluid from the one-way degassing valve, and ensure the valve seals as they 

re-wet the surface of the diaphragm and/or vent channel. In addition, the viscosity of the sealant 

liquid affects the rate of surface wetting via capillary action (Zisman, 1964; Adamson & Gast, 

1967). 
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 Viscosity is a measure of a liquid’s resistance to shear stress, and corresponds to a fluid’s 

thickness (Zisman, 1964; Adamson & Gast, 1967). Increasing the viscosity of sealant fluids within 

one-way degassing valves for example, will show greater opposition to the pressures exerted onto 

the diaphragm and vent channels of button and low-profile valves (Zisman, 1964; Adamson & 

Gast, 1967). The design of the low-profile-one-way-degassing-valve provides the sealant liquid 

with more freedom to flow, as opposed to the button valve. Furthermore, if the viscosity of the 

sealant liquid is lowered to the point where Reynolds number (Re) is greater than 2000, than the 

flow of the oil within the exit channel of the low-profile valve may illustrate turbulence (Diamante 

& Lan, 2014).  

Reynolds number is a dimensionless quantity used to describes flow patterns, where the 

ratio of inertial to viscous forces determine the internal movement of a fluid. A high value of Re 

is dominated by inertial forces and represents a more turbulent flow, whereas, a low Re is 

dominated by viscous forces and the flow remains more laminar (Hallett et al. 2003). In addition 

to changes in flow behavior, the viscosity of the sealant liquid will also alter the pressure drop and 

volumetric flow rate as it travels down the exit channel of the low-profile valve. The Hagen-

Poiseuille law (below) describes the volumetric flow rate for elliptical tubes, providing a 

reasonable approximation for the geometry shown by the low-profile valves exit channel while 

degassing:  

∆𝑃 =  
4𝜇(𝑎2+𝑏2)𝐿𝑄

𝜋𝑎3𝑏3                                                             Eq. 1.2 

where ∆𝑃 the change in pressure, 𝑄 is the volumetric flow rate of the sealant liquid, 𝜇 the dynamic 

viscosity (Pa·s), and finally 𝑎 & 𝑏 the axis of the elliptical cross-section (Hazel & Heil, 2002). 

Thus, viscosity will alter the capillary action and volumetric flow rate of the sealant liquid, 
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affecting one-way degassing valve parameters including opening pressures, time taken to re-seal, 

pressure relieved while open, and time between openings. One-way degassing valve opening 

pressures, re-sealing time, pressure relieved while open, and time between openings are likely to 

affect the rate of oxygen ingress (through the diffusion of oxygen molecules across a concentration 

gradient) as well as the perceived freshness of coffee.  

 

1.7. Staling & sensory perception/acceptability 
 

1.7.1. Key factors affecting shelf-life 

The shelf-life of coffee is often not clear as it is related to the spoilage of product and is 

often defined as the time taken for the consumer to deem the product unacceptable. Many authors 

relate coffee staling to the oxidation or loss of key sensory attributes (Hough et al., 2003; Cardelli 

& Labuza, 2001). Coffee is rich in volatiles (contributing to the unique and enjoyable brewed 

beverage), and as coffee ages many of these volatiles deteriorate or are lost (Anese et al., 2006). 

Roasted coffee has a low moisture content (approximately 12%). As a result, microbial spoilage 

is not often a principal concern in determining shelf-life (Illy & Viani, 2005; Pinkas et al., 2009; 

Nicoli et al., 2009). The primary factors affecting the shelf-life of coffee include oxygen, 

temperature and water activity (Cardelli & Labuza, 2001; Anese et al., 2006). Furthermore, the 

shelf-life of roasted coffee is relatively long (greater than 12 months) if packaged as a whole bean, 

using materials with high oxygen and moisture barrier properties, and stored in a dry environment. 

However, its shelf-life will rapidly deteriorate to as little as 1 month if stored in the presence of 

oxygen (Cardelli & Labuza, 2001; Nicoli et al., 2009). Cardelli & Labuza (2001) found that oxygen 

was the most detrimental to coffee shelf-life, accelerating the deterioration of the coffee by 20-

fold when increasing the oxygen concentration to atmospheric levels. Cardelli & Labuza (2001) 
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conducted a survival analysis based on participant acceptability to determine the shelf-life of 

coffee. Additionally, changes to key volatiles during storage is another method used to analyze the 

shelf-life of coffee.  

1.7.2. Key volatiles 

 Roasted coffee is comprised of a vast number of volatile compounds, of which 

approximately 30 known to be vital in the formation of coffee’s aromatic nature, seen in Table 1.3 

(Czerny et al. 1999; Grosch, 1998; Semmelroch, 1995; Semmelroch & Grosch, 1996; Buffo & 

Cardelli-Freire, 2004; Wang, 2014). Czerny et al. (1999) reported that 2-furfurylthiol, 4-

vinylguaiacol, several alkyl pyrazines, furanones, acetaldehyde, propanal, methylpropanal, 2-

methylbutanal and 3-methylbutanal were the most important coffee flavor.  Key odorants differ 

slightly between Robusta and Arabica coffees, with Robusta coffee containing more earthy, 

smoky/phenolic notes as these groups are associated with pyrazine and phenol content (which 

Robusta coffees contain higher concentrations of than Arabica coffees) (Semmelroch, 1995; 

Wang, 2014).  

  The degree to which the coffee is roasted has also been reported to affect key odorants 

including propanal, 5-ethyl-4-hydroxy-2-methyl-3(2H)-furanone, guaiacol, 4-ethylguaiacol, 2-

furfurylthiol, 3-methyl-2-butene-1-thiol and methanethiol (Wang, 2014; Mayer et al., 1999). Roast 

degree influences Maillard reactions and consequently the associated generation of pyrazines, with 

these compounds generally regarded as roasted and earthy flavors (Andueza et al., 2003; Mayer et 

al., 1999; Semmelroch & Grosch, 1995). 
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Table 1.3: Key odorants in roasted coffee. Adapted from: Leino et al. 1992; Semmelroch & 

Grosch, 1995; Grosch, 1998; Czerny et al. 1999; Clarke & Vitzbum, 2001; Andueza et al. 2003; 

and Belitz et al., 2009 

 

Compound/odorant 

Fruity group 

  Acetaldehyde 

  Propanal 

  β-Damascenone 

Sweet/caramel group 

  Methylpropanal  

  2-Methylbutanal  

  3-Methylbutanal  

  2,3-Butandione  

  2,3-Pentandione  

  4-Hydroxy-2,5-dimethyl-3(2H)-furanone 

  5-Ethyl-4-hydroxy-2-methyl-3(2H)-furanone  

  Vanillin 

Earthy group 

  1-Octen-3-one 

  2-Ethyl-3,5-dimethylpyrazine  

  2,3-Diethyl-5-methylpyrazine  

  2-Ethenyl-3,5-dimethylpyrazine  

  2-Ethenyl-3-ethyl-5-methylpyrazine  

  3-Isobutyl-2-methoxy-pyrazine 

Sulfurous/roasted group 

  Methional 

  Methanethiol 

  2-Furfurylthiol 

  2-Methyl-furanthiol 

  3-Methyl-2-butene-1-thiol 

  3-Mercapto-3-methylbutyl-formiate 

  Dimethyl trisulfide 

Smoky/phenolic group 

  4-Ethylguaiacol  

  4-Vinylguaiacol 

Spicy group 

  3-Hydroxy-4,5-dimethyl-3(5H)-furanone 

  5-Ethyl-3-hydroxy-4-methyl-2(5H)-furanone 
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CHAPTER 2: RESEARCH OBJECTIVES 
 

 The CO2 degassing of roasted coffee has led to the implementation of one-way degassing 

valves in coffee packaging, and enables the gas to be expelled from the headspace of a pressurized 

package, without allowing the ingress of air. Low-profile and button valve designs are reliant on 

the sealant fluid to hermetically seal the valve and provide protection against the ingress of oxygen, 

which is detrimental to the sensory characteristics of coffee and has been demonstrated to 

expediate the rate staling. In order to better test and analyze future degassing valve iterations, a 

method to simulate the degassing behavior of coffee was developed. On the basis of these findings, 

it is hypothesized that the viscosity of the sealant fluid will influence the opening/closing behavior 

of one-way degassing valves. It is further hypothesized that the changes in the opening/closing 

behavior of the degassing valve will influence the ingress of air into the package, which may result 

in detectable changes to the sensory characteristics of the coffee. 

 The main objectives of chapters 3 and 4 of this thesis are outlined below:     

 

Chapter 3 

i) To investigate the changes in the open/close behavior of low-profile and button one-

way degassing valves, when prepared with sealant fluids of varying viscosities. 

ii) To investigate the rheological properties of the sealant fluid when exposed to the 

degassing rates of fine and coarse grind coffee. 

iii) To replicate the degassing behavior of fine and coarse grind coffee so that it may be 

simulated via a syringe pump, in an effort to streamline future testing. 
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Chapter 4 

i) To investigate the ingress of oxygen into a system due to the varying open/close 

behaviors of low-profile and button degassing valves. 

ii) To study the overall consumer acceptability and differences in sensory characteristics 

of brewed reference coffee, compared to treated samples stored with oiled low-profile 

and button valves, as well as un-oiled low-profile and leaking (no-valve) samples.  

iii) To analyze the headspace concentrations of key volatiles in brewed coffee as a function 

of storage time to complement the findings of the sensory evaluations.  
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CHAPTER 3: OPEN/CLOSE BEHAVIOUR OF ONE-WAY DEGASSING 

VALVES 
 

3.1. Introduction 

During the roasting of coffee beans, endothermic evaporation of water takes place, followed 

by the exothermic reactions that generate CO2 and other gases, which are being trapped within the 

coffee matrices (Clark & Vitzthum, 2008). CO2 is predominately liberated through the Strecker 

degradation of the carboxylic group of α-amino acids (via Maillard reactions). While a substantial 

quantity of CO2 is being released during the roasting process, a large amount of CO2 remains 

trapped in the roasted coffee beans. This is partially released during grinding, while the residual 

fraction is released gradually during storage. The CO2 degassing rate is influenced by numerous 

factors including roasting time/temperature, extent of roast, and ground size (Hodge, 1953; 

Stadtman et al., 1952; Wang & Lim, 2015). The volume of CO2 degassed from packaged roasted 

coffee beans, and grounds, during storage is often substantial enough to cause package swelling. 

In the worst-case scenario, catastrophic failure where the package ruptures or holes are formed 

may occur. Therefore, optimal post-processing and packaging techniques are required to retain 

product freshness and ensure optimal shelf-life.    

To this end, manufacturers allow the roasted coffee to degas prior to packaging. However, this 

is not an ideal solution due to reduced production efficiency and the exposure of coffee to oxygen 

leading to a reduction in shelf-life (Illy & Viani, 2005; Cardelli & Labuza, 2000; Holscher & 

Steinhart, 1992). As reported by Cardelli & Labuza (2000), unprotected roasted and ground coffee 

exposed to oxygen (21%) in the air can lead to a 20-fold increase in the rate of degradation. The 

effects of water activity, aw, in air were also observed, with a 0.1 increase resulting in a 60% 

increase in the rate of deterioration. To mitigate these issues, coffee producers often incorporate a 
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one-way degassing valve on the package that enables active regulation of its internal pressure, 

allowing the packaging of roasted coffee beans after a brief tempering process or immediately after 

grinding. Different one-way degassing valve designs have been created, and each are adopted to 

meet varying manufacturing and package requirements. Though varied in design, the one-way 

valves are characterized by the ability of opening at a predetermined internal-external pressure 

differential (i.e., open pressure), enabling the liberation of gas from the headspace of the package 

whilst simultaneously preventing the ingress of air. When the pressure differential decreases below 

a certain value (i.e., close pressure), the valve will close, preventing the ingress of air (Buckingham 

& Anker, 2002; Gilbert, 1977; Goglio, 1996; Goglio et al., 2002; Hoffman, 2009; Lykke & Hansen, 

2013). These valves are known as “one-way” because the movement of gas is intended to be one-

directional, only allowing the venting of gas from the headspace, but not the other way around. 

One-way degassing valves for coffee packaging typically follow “button” and “low-profile” 

designs. For the button valve (Figure 1.5) the body is made though an injection molding process, 

which houses a rubber diaphragm, held in place by an insert, to cover the vent hole (Olmi, 2015; 

Goglio, 1996). The diaphragm provides a critical function of covering the vent hole, preventing 

headspace-air mass transport. A thin layer of sealant fluid is applied between the diaphragm and 

the periphery of the vent hole, temporarily providing a hermetic seal, which is not achievable with 

the diaphragm alone. Finally, a nonwoven medium is attached to the valve to prevent fine coffee 

particles from obstructing the degassing path. On the other hand, the low-profile degassing valve 

(Figure 1.7) is composed of a multi-layer laminate structure where thin polymer layers are arranged 

and bonded together to create a channel, which may also function as a reservoir for the sealant 

fluid applied during assembly (Buckingham & Anker, 2002; Gilbert, 1977; and Hoffman, 2009).  
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The ability of the one-way valves to degas and reseal properly is critical to prevent packaging 

failure, as well as oxygen ingress, which would not be possible without the inclusion of the sealant 

fluid. Despite the importance of the sealant fluid in optimal functionality of the one-way valve, the 

effects of sealant fluid on the open and close pressures are not well understood. Therefore, this 

study aims to: (i) investigate the effects of silicone oil viscosity on the opening/closing behaviors 

of button and low-profile one-way degassing valve designs; (ii) Investigate the rheological 

properties of the sealant fluid when exposed to the degassing rates of fine and coarse grind coffee; 

(iii) characterize the degassing rate of roasted and ground coffees so that they may be modeled and 

simulated via a syringe pump. 

 

3.2. Materials & Methods 
 

3.2.1. Materials 

Single sourced Ethiopian green Arabica coffee beans were donated by Mother Parkers Tea & 

Coffee Inc. (Mississauga, ON, Canada). Silicone oils [-Si(CH3)2O-]n of two viscosities 20 and 

1000 𝑚𝑃𝑎 ∙ 𝑠 (25oC) were purchased from Sigma Aldrich (Oakville, ON, Canada). The two 20 

and 1000 𝑚𝑃𝑎 ∙ 𝑠 silicone oils were mixed in ratios of 8:2 and 6:4 respectively (w/w), using a 

Vortex Genie mixer (Scientific Industries Inc., Bohemia, NY, U.S.A.), to yield two homogenous 

blends. One-way degassing valves (201 Size Valve with Filter, Pacific Bag Inc., Woodinville, WA, 

U.S.A.) and (Flexis® MC One-way Valves, Framingham, MA, U.S.A.) were donated by O2i Ltd. 

(Port Perry, ON, Canada).   
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3.2.2. Test apparatus for pressure evaluation  

The test apparatus had two mirroring cells, one fabricated from aluminum and the other 

Plexiglass®. Each cell had a cylindrical chamber of 5 cm diameter and 1 cm depth, with a volume 

of 19.63 cm3. Separating the chambers was a circular aluminum plate, to which the test degassing 

valve was mounted on one side. The plate was bored with either one or two vent holes (0.06 cm 

diameter) and these were indexed with the degassing ports of the button and the low-profile test 

valves, respectively. The two cells are bolted together, compressing the o-rings installed along the 

peripheral of the chambers, and resulted in an airtight test apparatus for the one-way valves (Figure 

3.1).  

 

Figure 3.1: Test apparatus showing air inlets, upstream/downstream test cells, o-ring, and 

mounting plate with vent hole. 
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Each cell had two ports, one connected to a pressure sensor (PASPORT Dual Pressure 

Sensor, Pasco., Roseville, CA, U.S.A.) coupled to a data acquisition device (550 Universal 

Interface; Pasco., Roseville, CA, U.S.A.) to allow continuous logging of pressure data using 

software (Capstone, Pasco., Roseville, CA, U.S.A.). To simulate pressure build up within the 

package, the second port on one cell was attached to an airtight syringe via silicone tubing to allow 

the pressurization the cell with the aid of an infusion pump (LEGATO® 270/270P, KD Scientific 

Syringe Pumps & Dispensers Inc., Holliston, MA, U.S.A.), while the second port of the other cell 

was shut (Figure 3.2).         

 

Figure 3.2: Integrated test setup showing the infusion pump, test apparatus, pressure sensor, data 

acquisition device, and laptop computer running the data acquisition software. 

 

3.2.3. Roasting  

The fluidized bed coffee roaster (see Figure 1.4) (Fresh Roast SR500 roaster, Fresh Beans 

Inc., UT, U.S.A.) was warmed to 100oC prior to roasting, and temperatures were measured with a 

temperature controller (Model CN 7800, Omega Engineering, Inc., Stamford, CT., U.S.A.), 

coupled to 20 AWG multipair cable thermocouples, with polyvinyl jacket, tinned-copper drain 
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wire overlay covered with electro-static shield of aluminum-backed polyester film tape (Omega 

Engineering, Inc., Stamford, CT., U.S.A).  Approximately 12 g of green coffee beans were 

weighed and introduced into the feed throat of the warmed roaster, where temperatures rose to an 

average of 236oC after 1.5 min, before plateauing at an average of 241oC after 2.5 min. After 3 

min, the heater was turned off, while the beans were allowed to fluidize continuously with cool air 

for 2 min, to an average of 58oC. After cooling, the beans were removed from the roaster and 

allowed to rest, tempering, at room temperature for another two min before to grinding.  

 

3.2.4. Grinding  

The roasted coffee was ground using a conical burr grinder (Bistro Electric Burr Coffee 

Grinder, BODUM® Inc., NY, U.S.A.). The beans were ground to either “fine” or “coarse” settings 

suitable for “Espresso” or “French press” brewing, respectively. Particle size analysis of the coffee 

grinds were conducted via the HELOS (H2698) & RODOS, R7: with a spectrum range of 0.5/18-

3500 µm using the WINDOX 5.7.2.0 evaluation (Sympatec GmbH System-Partikel-Technik, 

Clausthal-Zellerfeld, Germany). This method is based on laser diffraction, where the intensity of 

light scattered by a particle is proportional to the size of the particle. Furthermore, the angle of 

light scattered by a particle is inversely related to its size (Mudroch, 2017; McCave et al., 1986).     

   

3.2.5. Roast degree 

The degree of roast was determined using a spectrophotometer in reflectance mode (Konica 

Minolta Sensing, Inc., Osaka, Japan). Prior to sample measurement, the system was calibrated with 

the white (L*=100) and black (L*=0) reference standards. The ground coffee was inserted into a 

glass petri dish (30 mm in diameter) and was then placed on top the target mask where the CIE 
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(International Commission on Illumination) L*, a*, b* values were measured. Measurements were 

taken in triplicate for each sample. The grounds were also compared to industry standard color 

disks, established by The Specialty Coffee Association of America (SCAA), with L* values of 20 

approximately corresponding to a dark roast.   

 

3.2.6. Valve preparation & mounting  

Silicone oil was drawn via a cone point needle into a 2 µL Hamilton Co. syringe (Hamilton 

Company, Reno, Nevada, U.S.A.), and applied to either an un-oiled button or low-profile 

degassing valve. The low-profile degassing valve received 5 µL of silicone oil (2.5 µL was applied 

to the peripheral of each vent hole, where upon application, the oil was spontaneously drawn into 

the exit channel and expansion chambers via capillary action. On the other hand, pre-oiled button 

valves were weighed and then disassembled to remove the factory applied oil, by rinsing the 

diaphragm and valve body with 100% ethanol and wiping with lint-free paper (Kimwipes®, 

Kimberly-Clark Professional Kimtech Science, Roswell, Georgia, U.S.A.). The de-oiled button 

valves were re-weighed following the application of 3 µL of silicone oil to the face of the 

diaphragm that seals the air passage. 

To mount the low-profile valves, they were removed from the protective backing sheet, 

exposing the adhesive layer. The vent holes of the valve were lined up with the holes in the plate 

of the testing apparatus and the adhesive side of the valve was pressed against the plate. On the 

other hand, the mounting of the button valve was achieved with polyethylene hot glue adhesive 

(MasterCraft Heavy-Duty Glue Sticks; MasterCraft Inc., U.S.A.), applied to the bottom outer edge 

of the valve body. The valve was pressed against the plate with uniform pressure for 30 s, followed 
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by applying additional hot glue around the joint between the valve body and the plate to ensure a 

hermetic seal was achieved.   

 

3.2.7. Rheology 

Silicone oil sealant fluids of 20 and 1000 𝑚𝑃𝑎 ∙ 𝑠 at 25oC low (Lv) and high (Hv) viscosity, 

as well as their blends were evaluated, totaling four sealant fluid treatments (i.e., 1:0, 8:2, 6:4, and 

0:1 Lv:Hv). Viscosity values for the sealant fluids were determined using a rheometer (Advanced 

Rheometer AR1000 with AR Instrument Control Application, TA Instruments Ltd., New Castle, 

DW, U.S.A.). Approximately 25 mL of sealant fluid sample was introduced into the concentric 

cylinder cup with a conical geometry system (15 mm cup radius, DIN rotor with 14 mm outer 

radius, and 42 mm immersed cylinder height) and was maintained at a room temperature of 25 oC. 

Measurement was conducted in Steady State Flow mode with a shear rate ramping from 100 to 

1000 s-1. The data was exported to Microsoft Excel (Microsoft Office 2016, Redmond, WA, 

U.S.A.) and plotted as shear stress (τ) vs. shear rate (γ) plots.   

 

3.2.8. Testing of degassing valve 

The pressure testing apparatus had two inlet ports for each of the upstream and downstream 

cells. One port of these cells was connected to separate pressure sensors, while the other ports were 

closed. In experiments with a one-way valve mounted to a plate, the plate was sandwiched between 

the upstream and downstream chambers, with the vent holes of the plate in direct contact with the 

coffee of the upstream cell, and the valve residing in the opposing downstream cell (Figure 3.3). 

During the testing of the valve specimen attached to the mounting plate, the upstream and 

downstream chambers were able to connected via the vent holes on the plate when the degassing 



41 
 

valve was in an open state. On the other hand, when the valve resumed a closed state, 

communication between these chambers was prevented, resulting in the pressurization of the 

upstream chamber, while the pressure in the downstream chamber remained unchanged.   

Figure 3.3: Pressure apparatus depicting the coffee loaded downstream chamber with a plate 

mounted button valve  

 

The rate of pressurization in the upstream chamber was determined by the volume of CO2 

released by the ground coffee. When the built-up pressure overcame the force required to open the 

one-way valve, a passage was created through the valve, resulting in a relief of pressure from the 

upstream chamber, and a simultaneous pressurization of the downstream chamber. When the 

pressure dropped below a certain level, the one-way degassing valve resumed a closed state, and 

the pressure of the downstream chamber would remain constant, indicating that the valve was not 

leaking. Whereas if the downstream chamber continued to pressurize, the valve would have been 

leaking. The latter observation occurred when the valve was not entirely shut or the valve was not 
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properly attached to the mounting plate. Additionally, a decline in the downstream pressure might 

indicate a leak in the downstream test cell.      

Pressure measurements and data collection were executed as outlined in Section 3.2.2. and 

data was imported to Microsoft Excel (Microsoft Office 2016, Redmond, WA, U.S.A.). In Excel, 

downstream absolute pressures were deducted from those of the upstream to give the pressure 

differential across the valve. Key pressure information acquired from a typical test includes: the 

rate of pressurization, opening pressure, closing pressure, and re-sealing time (Figure 3.5).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: One-way degassing valve pressurization behavior over time. Illustrating absolute 

pressures of up and downstream chambers as well as the subtracted differential pressures.   
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Figure 3.5: Key one-way degassing valve pressure information. Where i) represents the opening 

pressure, ii) the time taken from open to close, iii) the closing pressure, iv) the rate of 

pressurization.     

 

3.2.9. Simulating coffee degassing rate  

Simulating the pressure profiles of ground coffee was conceived following the testing of 

degassing valves with coffee, and was developed to simplify and improve the efficiency of future 

investigations as well as confirm the reliability of degassing valve behavior. Approximately 4 g of 

roast and ground coffee samples were inserted into one cell of the testing apparatus. The occupied 

test cell was then immediately covered with the non-perforated mounting plate and clamped 

together with wingnuts. One inlet port on the coffee containing (upstream) cell was connected to 

a pressure sensor (PASPORT Dual Pressure Sensor, Pasco., Roseville, CA, U.S.A.) coupled to the 

data acquisition device (Pasco 550 Universal Interface, Pasco., Roseville, CA, U.S.A.), controlled 
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by a software (Capstone, Pasco., Roseville, CA, U.S.A.) for real-time pressure data acquisition via 

a laptop computer. The remaining inlet port on the upstream cell was closed. An inlet port of the 

downstream cell was connected to another pressure sensor, via the arrangement mentioned 

previously, with the second inlet port remaining closed. The rate of pressurization in the upstream 

chamber is determined by the volume of CO2 gas released by the ground coffee. Pressures were 

recorded every 1/10th of a second by upstream and downstream pressure sensors, and the data was 

imported to Microsoft Excel (Microsoft Office 2016, Redmond, WA, U.S.A.). In Excel, 

downstream absolute pressures were deducted from those of the upstream. The degassing profiles 

of fine and coarse ground coffees were approximated with the following empirical model:   

𝑃−𝑃𝑒

𝑃𝜃−𝑃𝑒
  = (a0·(1-e(-k0(t)))) + (a1·(1-e(-k1(t))))                   Eq. 3.1 

where 𝑃 is the pressure at time t, 𝑃𝜃 is the initial pressure, 𝑃𝑒 is the equilibrium pressure at infinite 

time, a0 & a1 are dimensionless constants and k0 & k1 are diffusion rate constants (Madamba et 

al., 1996; Sharaf-Eldeen et al., 1980; Mohapatra & Rao, 2005; Henderson, 1974; Doymaz, 2007; 

Menges & Ertekin, 2006).  A non-linear regression analysis was performed with the Solver 

function in Microsoft Excel to estimate a0, a1, 𝑃𝑒, k0 and k1 values. The two-component empirical 

model was chosen to describe the additive behavior of two apparent coffee degassing rates, as a 

bi-modal particle size distribution was observed for finely ground coffee. The diffusion rate of 

CO2 gas released via roasted coffee is directly affected by its surface area. Assuming uniform 

porosity, the rate of diffusion is influenced by the particle size of the grounds. Thus, the degassing 

behavior of roast and ground coffee may be considered the sum product of a range of individual 

diffusion rates, comprised of particles with varying sizes.  
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  The predicted pressure profiles calculated from the two-component empirical model were 

entered into the programmable infusion pump (LEGATO® 270/270P, KD Scientific Syringe 

Pumps & Dispensers Inc., Holliston, MA, U.S.A.), so that the degassing behavior of coffee could 

be simulated by using the pump itself, via Boyle’s law:   

P1V1 = P2V2                      Eq. 3.2 

where P1 & V1 are the initial pressure and volume, respectively; and P2 & V2 are the final pressure 

and volume, respectively. Total free volumes (V1) of the test system, that would contain fine and 

coarse coffee grinds, were 37.0 and 57.4 mL, respectively, calculated via water displacement. A 

10-mL plastic syringe with Luer-Lok tip (Becton, Dickinson and Company, New Jersey, U.S.A.) 

was used when simulating fine grind coffee, and a plastic 60-mL syringe (Monoject, Covidien 

MonojectTM, Dublin, Ireland) was used when simulating the coarse grind coffee. P1 and P2 values 

were derived from the calculated two-component diffusion model at a given time point, and V2 

was calculated from Eq. 3.1 The input for the KD Scientific syringe pump is delta V, V1 - V2, per 

minute (mL/min). 

 

3.3. Results & Discussion 

3.3.1. Viscosity of sealant fluid       

The absolute viscosities (µ) of the silicone oils were obtained from the slope of the shear 

stress (τ) against shear rate (γ) linear regression, based on the following equation:  

𝜇 =
𝜏

𝛾
                       Eq. 3.3 

The linear relationship between the shear stress and shear rate for each oil (Figure 3.6) illustrated 

that the sealant fluids are Newtonian, where the measured viscosities (Table 3.1) are independent 
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of shear rate (Bhattacharyya et al., 1972; Gold et al., 2001). Therefore, the shear rate elicited via 

degassing coffee will not affect the viscosity of the sealant fluid.  

 

Table 3.1: Mean viscosity ± standard deviation (n=3), and coefficient of determination (R2) of 

silicone oil treatments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6: Rheograms of 1:0, 8:2, 6:4, and 0:1 Lv:Hv silicone oil treatments. 

 

Treatment Viscosity (mPa·s) R2 

1:0 Lv 22.3 ± 0.15 0.999 

8:2 Lv:Hv 67.6 ± 0.13 0.999 

6:4 Lv:Hv 158 ± 0.41 0.999 

0:1 Hv 1.17  10+3 ± 16.6 0.995 
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The silicone oil viscosity appeared to increase exponentially when blended in ratios of 8:2 and 6:4 

Lv:Hv (Figure 3.7). In contrast, Caramoy et al. (2011) reported silicone oil viscosity increased 

proportionally with the addition of high molecular weight (HMW) silicone oil polymer. 

Furthermore, it is noteworthy that the viscosities of the silicone oils tested were substantially lower 

than those tested by Caramoy et al. (2011). 

 

Figure 3.7: Viscosity of 1:0, 8:2, 6:4 and 1:0 Lv:Hv silicone oils  

 

3.3.2. One-way degassing valve degassing behavior  

The number of valve openings decreased with increasing sealant fluid viscosity, this was 

true of fine and coarse ground degassing rates and for both low-profile and button valves (Table 

3.2). Furthermore, the time each valve spent open increased with sealant fluid viscosity (Table 

3.3). The decreasing number of valve openings and a corresponding increase in time spent open, 

indicates that the sealant fluid’s flow behavior is influenced by its viscosity.  
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Table 3.2: Mean valve openings ± standard deviation (n=3). 

 

 

 

 

 

 

 

 

Table 3.2: Mean time open until valve is resealed (s) ± standard deviation (n=30) 

 

 

The ability of the silicone oil to re-seal the substrate of the exit channel after an open cycle 

varied depending on the viscosity of the oil, as well as the pressurization behavior of the degassing 

coffee. Increasing the sealant fluid viscosity resulted in greater first-open pressures for both low-

profile and button degassing valves. This increase in differential pressure between the upstream 

and downstream chambers, may in-part be explained by the Hagen-Poiseuille law of fluid flow 

through an elliptical tube: 

∆𝑃 =  
4𝜇(𝑎2+𝑏2)𝐿𝑄

𝜋𝑎3𝑏3                                                                                                                    Eq. 3.4 

 

Where ∆𝑃 is the pressure difference between ends, 𝐿 is the length of the channel, 𝑄 the volumetric 

flow rate, 𝜇 the dynamic viscosity and 𝑎 & 𝑏 are the semi-axes of the elliptical tube. The Hagen-

Poiseuille law predicts that the pressure between ends will increase with channel length, 

Valve Grind size Mean number of openings per treatment 

  1:0 Lv:Hv 8:2 Lv:Hv 6:4 Lv:Hv 0:1 Lv:Hv 

Low-profile Fine 42 ± 2 25 ± 3 20 ± 2 17 ± 5 

Coarse 159 ± 13 118 ± 8 103 ± 4 73 ± 14 

Button Fine 123 ± 10 80 ± 5 52 ± 5 38 ± 6 

Coarse 405 ± 114 264 ± 44 218 ± 35 126 ± 1 

Valve Grind size Mean time to reseal (s) per treatment 

  1:0 Lv 8:2 Lv:Hv 6:4 Lv:Hv 0:1 Hv 

Low-profile Fine 0.33 ± 0.08 0.43 ± 0.14 0.52 ± 0.13 6.02 ± 6.40 

Coarse 0.25 ± 0.14 0.29 ± 0.12 0.40 ± 0.09 0.67 ± 0.22 

Button Fine 0.25 ± 0.08 0.47 ± 0.58 0.34 ± 0.08 4.73 ± 4.94 

Coarse 0.13 ± 0.05 0.19 ± 0.04 0.22 ± 0.04 0.55 ± 0.14 
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volumetric flow rate, as well as the viscosity. The pressure data for both low-profile and button 

valves followed this relationship, as opening and closing pressures (p) were observed to increase 

and decrease with viscosity, respectively. Furthermore, the opening pressure (p) for low-profile 

valves were greater than button valves with sealant fluid of the same viscosity, this was likely the 

result of key design differences including a longer exit channel.  

 

3.3.3. First and subsequent open/closing behavior 

Low-profile and button valves both displayed first-open pressures greater than the 

subsequent openings. Similar trends were observed for all sealant fluids and grind sizes tested 

(Figure 3.8 & 3.9). Prior to pressurization, the sealant fluid was uniformly distributed within the 

expansion chambers and exit channel, or the surface of the diaphragm in the button valve. The 

wetting ability of the sealant fluid was determined by its surface energy as-well-as interfacial 

surface tension between the wet, dry and gaseous media (Bonn et al., 2009). As pressure built, the 

sealant liquid was pushed along the exit channel until it reached its periphery, where it dwelled 

until the pressure exceeded the cohesive forces of the oil, triggering the separation of the oil and 

creating an opening allowing the escape of CO2 gas. The buildup of pressure may also overcome 

the adhesive forces of the oil, causing the sealant fluid to be displaced along one length of the 

channel. When the pressure was dissipated below the cohesive and/or adhesive forces, the sealant 

fluid coalesced and/or retracted into the channel, thereby resealing the degassing valve.  
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Figure 3.8: Button valve actual and average opening/closing pressures when exposed to coarsely 

ground coffee 

 

 

 

 

 

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 50 100 150

G
au

g
e 

p
re

ss
u
re

 (
k
P

a)

Time (min)

0:1 Hv open 8:2 Lv:Hv open 6:4 Lv:Hv open 1:0 Lv open

0:1 Hv avg. open 8:2 Lv:Hv avg. open 6:4 Lv:Hv avg. open 1:0 Lv avg. open

0:1 Hv close 8:2 Lv:Hv close 6:4 Lv:Hv close 1:0 Lv close

0:1 Hv avg. close 8:2 Lv:Hv avg. close 6:4 Lv:Hv avg. close 1:0 Lv avg. close



51 
 

 

Figure 3.9: Low-profile valve actual and average opening/closing pressures when exposed to 

coarsely ground coffee  

 

Mean first open pressures increased with viscosity for low-profile degassing valves with 

coarse ground coffee. The mean first open pressures for 6:4 and 0:1 Lv:Hv treatments increased 

by 17% and 100%, respectively, when compared to 1:0 Lv. First open pressures did not change 

between 1:0 to 8:2 Lv:Hv sealant fluids (Table 3.3). In addition, the average first open pressures 

for the button valve also increased by 23 and 82% in 6:4 and 0:1 Lv:Hv treatments, respectively, 

when compared to 1:0 Lv. First open pressures for the button valve did not change between 1:0 to 

8:2 Lv:Hv sealant fluids. The first open pressures were also affected by the degas of finely ground 

coffee, but to a lesser extent than the coarse grinds, with only the 0:1 Lv:Hv sealant fluid increasing 

first opening pressures by 28 and 22% for low-profile and button valves respectively.  
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Table 3.3: Mean first and subsequent opening pressures (kPa) ± standard deviation (n=3 or 

n=27) due to sealant fluid treatment for low-profile and button valves with fine or coarse grinds  

  Mean differential opening pressure per treatment (kPa) 

V
a

lv
e 

G
ri

n
d
 

1:0 Lv:Hv 8:2 Lv:Hv 6:4 Lv:Hv 0:1 Lv:Hv 

1st subsequent 1st subsequent 1st subsequent 1st subsequent 

L
o
w

-p
ro

fi
le

 

F
in

e 0.76± 

0.08 
0.46 ± 0.02 

0.78 ± 

0.04 
0.44 ± 0.07 

0.78 ± 

0.04 
0.59 ± 0.05 

0.97± 

0.10 
0.87 ± 0.50 

C
o

a
rs

e 

1.07 ± 

0.41 
0.44 ± 0.02 

1.03 ± 

0.09 
0.43 ± 0.04 

1.26 ± 

0.08 
0.45 ± 0.03 

2.14 ± 

0.20 

 

0.57 ± 0.18 

B
u

tt
o

n
 F

in
e 0.46 ± 

0.02 
0.38 ± 0.03 

0.37 ± 

0.04 
0.30 ± 0.07 

0.37 ± 

0.03 
0.29 ± 0.02 

0.56 ± 

0.12 
0.35 ± 0.09 

C
o
a
rs

e 

0.42 ± 

0.04 
0.35 ± 0.03 

0.41 ± 

0.06 
0.33 ± 0.02 

0.52 ± 

0.05 
0.37 ± 0.04 

0.77 ± 

0.04 
0.49 ± 0.08 

 

All button valve opening pressures, following the first open, were markedly reduced and 

have been termed “subsequent openings”. Though all the subsequent opening pressures had 

dropped after the first open, these pressures remained constant through time. In addition, 

subsequent opening pressures were found to increase with viscosity, remaining constant across 

time (Table 3.3 & Figure 3.8). This consistency in subsequent opening pressures was observed 

regardless of the degassing rate, as affected by the grind size of the coffee.  

In comparison, the opening behavior of the low-profile degassing valve was more complex. 

The magnitudes of subsequent valve openings were consistent for 1:0, 8:2 and 6:4 Lv:Hv sealant 

fluids, when exposed to coarsely ground coffee. However, the exposure to fine grind coffee 
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resulted in consistent subsequent openings for the 1:0 Lv:Hv treatment only. With finely ground 

coffee, the more viscous 8:2 and 6:4 Lv:Hv sealant fluids resulted in complex opening behavior 

unique to the low-profile degassing valve. Consistent opening pressures were also observed 

following the first open in these experiments. However, approximately half-way through each test, 

the development of yet another opening pressure profile was observed. It was here, that the 

constant magnitude of the subsequent valve openings developed into an alternating behavior. This 

behavior saw the inconsistent switching in subsequent opening pressures with the low-profile 

valve. (Figure 3.10). 

 

Figure 3.10: Low-profile degassing valve with 8:2 Lv:Hv sealant fluid first, and subsequent a) 

and b) opening behavior when exposed to finely ground coffee   

 

On the basis of this observation, it is hypothesized that the changing degassing rate might have 

influenced the flow behavior of the sealant fluid, resulting in the complex opening behavior of the 

low-profile degassing valve. This hypothesis is further supported by a live video captured during 

the degassing experiment (Appendix A.), which showed the deformation of the sealant fluid as 

coffee degas traveled into the vent holes, through the expansion chambers and out the exit channel 

of the low-profile valve.   
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Following the relief of the internal gas, the sealant fluid was once again re-distributed to 

re-seal the valve. The valves closing pressure, similar to the opening pressures, elicited trends 

dependent on the experimental conditions, showing up to a 4 and 12-fold decrease in the mean 

closing pressures of low-profile and button valves respectively, with coarse grind coffee (Table 

3.4). In contrast to the opening pressures, there was minimal detectible difference between the 

initial closing and subsequent closing events across the duration of each experiment.  

 

Table 3.4: Mean first and subsequent closing pressures (kPa) ± standard deviation (n=3 or n=27) 

per sealant fluid treatment for low-profile and button valves with fine or coarse grinds 

  Mean differential closing pressure per treatment (kPa) 

V
a

lv
e 

G
ri

n
d
 

1:0 Lv:Hv 8:2 Lv:Hv 6:4 Lv:Hv 0:1 Lv:Hv 

1st subsequent 1st subsequent 1st subsequent 1st subsequent 

L
o
w

-p
ro

fi
le

 

F
in

e 0.29 ± 

0.03 
0.20 ± 0.02 

0.17 ± 

0.01 
0.09 ± 0.03 

0.17 ± 

0.01 
0.14 ± 0.02 

0.22 ± 

0.02 
0.16 ± 0.11 

C
o
a
rs

e 

0.25 ± 

0.03 
0.17 ± 0.02 

0.20 ± 

0.03 
0.08 ± 0.02 

0.16 ± 

0.01 
0.04 ± 0.01 

0.11 ± 

0.02 
0.08 ± 0.11 

B
u

tt
o

n
 F
in

e 0.26 ± 

0.06 
0.26 ± 0.02 

0.15 ± 

0.06 
0.09 ± 0.08 

0.04 ± 

0.03 
0.03 ± 0.02 

0.02 ± 

0.03 
-0.01 ± 0.01 

C
o

a
rs

e 

0.11 ± 

0.05 
0.20 ± 0.04 

0.08 ± 

0.01 
0.09 ± 0.03 

0.13 ± 

0.09 
0.08 ± 0.06 

0.03 ± 

0.01 
0.02 ± 0.03 
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3.3.4. Coffee degas & modeling    

Whole bean coffee was roasted and ground to average particle sizes of 205 and 1158 µm 

for fine and coarse coffees, respectively. The CO2 degassed by the finely and coarsely ground 

coffees (Figure 3.11) can be approximated by the two-component equations:  

y = (5.789·(1-e(-0.002(t)))) + (10.517·(1-e(-0.0004(t))))                                                                    Eq. 3.5 

y = (17.316·(1-e(-0.002(t)))) + (31.603·(1-e(-0.0003(t))))                  Eq. 3.6 

The initial diffusion rate, ko, for coarse and fine ground coffees were the same, while a0 and a1 for 

coarse coffee were approximately 3 times greater than the a0 and a1 values for fine coffee. 

Indicating that coarse coffee retains more CO2 after grinding, and once packaged releases CO2 

faster and for a greater amount of time than fine coffee. These results are expected and are 

supported by findings from Heiss et al. (1977), demonstrating that approximately 45% of CO2 was 

released within the first 5 min following grinding. In addition, CO2 degassing rates are influenced 

by the available surface area of the coffee ground. As both fine and coarse ground coffees contain 

particles of various sizes, the overall degassing rate of each coffee is likely the sum product of a 

multitude of unique diffusion rates. The average MSE of finely ground samples is significantly (p 

< 0.05) smaller than coarse ground, indicating the two-component model fit better for finely 

ground coffee (Table 3.5). The range in the particle size distribution for coarse coffee is greater 

than in fine coffee, with 80% of particles between 293 to 1933 and 15 to 443 µm respectively, 

supporting the idea that the overall degassing behavior of the coffee is affected by the particle size 

distribution. 
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Figure 3.11: Pressurization of upstream chamber (a) coarse grind (b) fine grind. Red and grey 

lines represent fitted curves based on Eq. 3.6 & 3.5 and experimental data, respectively.  
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Table 3.5: Estimated equation parameters, sum square error (SSE) and mean square error (MSE) 

obtained by fitting Eq. 3.5 and 3.6 to the actual degassing data.      

 Fine grind Coarse grind 

a0 5.79 ± 0.22 17.3 ± 0.16 

k0 2.25  10-3 ± 9.43  10-5 1.72  10-3 ± 8.16  10-5 

a1 10.5 ± 0.13 31.6 ± 1.20 

k1 4.03  10-4 ± 7.53  10-6 2.56  10-4 ± 5.76  10-6 

SSE 39.3 ± 14.9 1.91  10+3 ± 301 

MSE 7.28  10-4 ± 2.76  10-4 0.02 ± 2.79  10-3 

 

3.4. Conclusion 

In this chapter, the degassing rates of finely and coarsely ground coffees were approximated 

with two-component empirical models. The number of valve openings were shown to decrease 

with increasing sealant fluid viscosity. The valve open time increased with viscosity. Mean first 

open pressures increased with viscosity for both low-profile and button degassing valves for coarse 

ground coffee, while the subsequent openings saw a decline in maximum opening pressure, which 

remained consistent across time. The mean closing pressures increased up to 12-fold with 

increasing viscosity, though minimal difference was observed between the initial and subsequent 

closings across time. In conclusion the importance of the sealant fluid has clear impact on the 

sealing and the degassing behavior of the one-way valve, and ought to be considered during it 

design phase. Furthermore, modeling coffee degas will aid in the development of specialized 

methodologies and equipment, enhancing the understanding of the force coffee may exert onto its 

packaging.  
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CHAPTER 4: ONE-WAY DEGASSING VALVES AND THEIR EFFECT ON 

OXYGEN INGRESS & COFFEE ACCEPTABILITY  
 

4.1. Introduction 

Oxidative stress is among the most detrimental factors contributing to the degradation of 

roasted coffee. Cardelli & Labuza (2001) found that increasing oxygen exposure from 0.5 to 21.3 

kPa increased the rate of deterioration by 20-fold, reducing the shelf-life to just a few weeks. 

Therefore, preventing unnecessary exposure to oxygen is a primary concern when processing and 

packaging freshly roasted coffee. The unique degassing behavior of coffee, however, further 

complicates packaging, as the volume of CO2 gas generated may be substantial enough to cause 

critical package failure (Clark & Vitzthum, 2008; Hodge, 1953; Stadtman et al., 1952; Wang & 

Lim, 2015). Therefore, one-way degassing valves are often included and enable the package to 

actively regulate its internal pressure, allowing for immediate packaging after roasting. Regardless 

of the design, each one-way degassing valve is developed to open at a predetermined internal-

external pressure differential. Once the force of pressure acting on the sealant fluid in a degassing 

valve overcomes its adhesion force, a channel is opened enabling the liberation of gas from the 

package (Buckingham & Anker, 2002; Gilbert, 1977; Goglio, 1996; Goglio et al., 2002; Hoffman, 

2009; Lykke & Hansen, 2013).  

The chief concern with a one-way degassing valve is the risk of its failure, leading to the 

unrestricted ingress of oxygen and resulting in premature coffee staling. Common points of failure 

for the button valve include the application of the valve onto the package, and the disassembly of 

the valve body from its cover (Olmi, 2015). Unfortunately, there is a gap in available literature 

regarding oxygen ingress into one-way valves. As discovered previously, the viscosity of the 

included sealant fluid greatly influences the valve’s open/close behavior. Furthermore, changes in 
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the opening/closing behavior of the valve may result in varying levels of oxygen ingress. With the 

average consumer able to detect notes of staling in brewed coffee in as little as a few weeks 

(Cardelli & Labuza, 2001; Anese et al., 2006; Ross et al., 2006; Johnston, 1938), the expected 

sensory acceptability of the coffee may also change with minute variations in the ingress of oxygen 

via the open/closing behavior of one-way degassing valves.   

Therefore, this study aims to (i) investigate oxygen ingress kinetics due to one-way degassing 

valve open/close behavior; and (ii) determine if the average coffee consumer is able to perceive 

differences between different brewed samples, as well as evaluate their overall acceptability; (iii) 

analyze the headspace concentrations of key volatiles in brewed coffee as a function of storage 

time. 

 

4.2. Materials & Methods 

4.2.1. Materials  

Planar Oxygen Sensitive Spots were purchased from PreSens Precision Sensing GmbH 

(Regensburg, Germany). 20 & 1000 𝑚𝑃𝑎 ∙ 𝑠 (25oC) Silicone oils, [-Si(CH3)2O-]n, were purchased 

from Sigma Aldrich (Oakville, ON, Canada). The 20 and 1000 𝑚𝑃𝑎 ∙ 𝑠 silicone oils, termed Lv 

and Hv respectively, were blended in ratios of 1:0, 8:2 and 6:4 Lv:Hv (w/w). Mixing was done 

with a Vortex Genie mixer (Scientific Industries Inc., Bohemia, NY, U.S.A.). Low-profile and 

button one-way degassing valves were donated by O2i Ltd. (Pacific Bag Inc., Woodinville, WA, 

U.S.A.; and Flexis® MC One-way Valves, Framingham, MA, U.S.A.). Aluminized Plain Silver 

(1.5) 9.5” packaging film and dark roast whole bean coffee (Proprietary blend of 100% Arabica 

beans from Brazil, Colombian and Nicaragua) were donated by Mother Parkers Tea & Coffee Inc. 
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(Mississauga, ON, Canada). 4 L Nestle Pure Life Natural Spring Water bottles were purchased 

from Walmart (Guelph, ON, Canada). 

4.2.2. Test apparatus for oxygen ingress  

The test apparatus was set up as in Section 3.2.2., with two mirroring cells, one fabricated 

from aluminum and the other Plexiglass®. Each cell had a cylindrical chamber of 5 cm diameter 

and 1 cm depth, with a volume of 19.63 cm3. One portion of the Plexiglass® test cell was reduced 

to a thickness of 1 cm, to enable the communication between a fiber-optic oxygen meter and PSt3 

oxygen-sensitive sensor (PreSens, Precision Sensing GmbH, Regensburg, Germany) (Figure 4.1). 

Fine and coarse grind coffee degassing rates were simulated with an infusion pump, i.e., no coffee 

was present in the test apparatus for this study since coffee is known to absorb oxygen (Johnston, 

1938). Silicone oils of 20 and 1000 𝑚𝑃𝑎 ∙ 𝑠 at 25oC (termed low (Lv) and high (Hv) viscosity, 

respectively) were blended and sealant fluids in ratios 1:0, 8:2 and 6:4 Lv:Hv (w/w) were evaluated 

in both low-profile and button degassing valves. Methodologies for pressurization, valve loading 

and application were similar to those described in chapter 3.   

Figure 4.1: Integrated test-setup showing the infusion pump, test apparatus, polymer optical fiber, 

oxygen sensor and laptop computer running the data acquisition software.   

Oxygen sensor  

Infusion pump 

Test apparatus 

Computer and 

DAQ software 

Polymer optical fiber  
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4.2.3. Monitoring oxygen ingress  

Oxygen measurements were conducted with a non-destructive fiber-optic chemical sensor, 

where the quenching of molecular oxygen affects the dynamic luminescence of the sensor (Huber 

& Krause, 2003). The luminophore collides with oxygen (quencher) in its excited state and results 

in energy transfer from the excited indicator molecule to oxygen, transforming oxygen to a singlet 

state and thus decreasing the measurable luminescence signal (Wolfbeis, 2008; Huber et al., 2006; 

Huber & Krause, 2003). 

A two-point calibration of the PSt3 oxygen sensitive sensor was conducted as outlined by 

the PreSens instruction manual, attuning the sensor to 0 and 21% oxygen levels. Oxygen-free water 

was prepared by adding 1 g of sodium sulfite (Na2SO3) to a 250 mL pyrex glass bottle. Where 100 

mL of water was added, the screw top sealed, and then shaken for approximately 1 minute to 

dissolve the Na2SO3. The air-saturated water was prepared by adding 100 mL of water to a 250 

mL beaker and blowing air into the water via air-pump and air stone for 20 min. The solution was 

further stirred for 10 min. without the air-pump. 

The PSt3 oxygen sensitive sensor was attached onto the inside of the Plexiglass® test cell 

(via SG1 Silicone glue) (Figure 4.2). A Polymer Optical Fiber was pulled through a foam grommet, 

holding it in position against the exterior of the Plexiglass® cell (POF-L2.5-1SMA, PreSens, 

Precision Sensing GmbH, Regensburg, Germany).  
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Figure 4.2: Modified Plexiglass® test cell with Planar Oxygen Sensitive Spot and Polymer Optical 

Fiber 

   

One-way degassing valves were plate-mounted (as described in Chapter 3), and the plate 

was oriented between the cells so that the valve was able to relieve pressure from the upstream 

cell, containing the O2 sensor. The upstream cell, tubing and syringe were flushed with nitrogen 

before testing. The Polymer Optical Fiber was coupled with a Fibox 3 fiber-optic oxygen meter, 

connected via USB to a laptop computer. Real-time %O2 was recorded every 30 s with the Fibox 

3 OxyView software, version 6.02 for PSt3 sensors (PreSens Precision Sensing GmbH, 

Regensburg, Germany). A 10-mL plastic syringe with Luer-Lok tip (Becton, Dickinson and 

Company, New Jersey, U.S.A.) was used when simulating the CO2 degassing rate of fine grind 

coffee, and a plastic 60-mL syringe (Monoject, Covidien MonojectTM, Dublin, Ireland) was used 

when simulating coarse grind coffee.  

Polymer 

optical fiber  

PSt3 oxygen 

sensitive sensor 
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The data were imported to Microsoft Excel (Microsoft Office 2016, Redmond, WA, 

U.S.A.), and the oxygen content (% oxygen) was calculated with the following modified Stern-

Volmer equation: 

[𝑂2] =
1−

𝑡𝑎𝑛Φ

𝑡𝑎𝑛Φ0

𝐾𝑠𝑣∗(
𝑡𝑎𝑛Φ

𝑡𝑎𝑛Φ0 
−0.11)

                                                                                                              Eq. 4.1 

where Φ is the measured phase angle, Φ0 the calibrated phase angle of oxygen free water, and 𝐾𝑠𝑣 

is the Stern-Volmer quenching constant (Huber and Krause 2003). The oxygen ingress kinetics 

were evaluated with a modified empirical Gompertz model:  

𝑄𝑡 = 𝑄𝑚𝑎𝑥 exp {− exp [
𝑘 ∗ 𝑒𝑥𝑝(1)

𝑄𝑚𝑎𝑥
 (𝜆 − 𝑡) + 1]                                                                       Eq. 4.2          

where 𝑄𝑡  is the % oxygen at time 𝑡, 𝑄𝑚𝑎𝑥 is the maximum oxygen in the system, 𝑘 is the rate 

constant, and 𝜆 is the lag time (Dai & Lim, 2015; Mu, Wang & Yu, 2006). The three parameters 

(𝑄𝑚𝑎𝑥, 𝑘 and 𝜆) were determined by non-linear regression analysis, where the residual sum of 

squares was minimized with the GRG Nonlinear algorithm via the Solver function in Microsoft® 

Excel (Microsoft Office 2016, Redmond, WA, U.S.A.).   

 

4.2.4. Packaging and coffee  

Treatments for this study include: factory pre-oiled button valves, low-profile valves 

loaded with 8:2 Lv:Hv silicone oil, factory un-oiled low-profile valves, no-valve and coffee stored 

in hermetically sealed glass jars. Single-serve fraction pouches were created using the metalized 

Plain Silver packaging film donated by Mother Parkers Tea & Coffee Inc. (Mississauga, ON, 

Canada). 12 in of film was folded in half and bonded on two sides with a heat sealer (DT Industries 

Plastics and Packaging Machinery, Sencorp Systems Inc., Hyannis, MA, U.S.A.), top and bottom 
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jaws set to 230oC and adjusted to compress at 40 psi for 7 s. The pouches were trimmed and 

measured approximately 10 cm wide by 15 cm tall. A 25-gauge sterile PrecisionGlideTM needle 

(Becton, Dickinson and Company, New Jersey, U.S.A.) was used to create vent holes in the 

pouches, two holes were inserted in pouches designed for the low-profile degassing valves. The 

vent holes for pouches with button valves were created on the exterior of the package, after the 

valve was mounted internally. Fraction pouches without one-way degassing valves had one vent 

hole on one side of the package exterior. Glass mason jars (1L) were used to store reference 

samples, and did not include a one-way degassing valve (Regular Mason Jar with Standard Lid-

1L, Bernardin®, Brampton, ON, Canada). 

To apply the low-profile valves, they were removed from the protective backing sheet to 

expose the adhesive layer. The vent holes of the valve were lined up with the holes in the pouch 

and the adhesive side of the valve was pressed against the package. On the other hand, mounting 

the button valve was achieved with polyethylene hot glue adhesive (MasterCraft Heavy-Duty Glue 

Sticks; MasterCraft Inc., U.S.A.), applied to the bottom outer edge of the valve body. The valve 

was pressed against the interior of the package with uniform pressure for 30 s, followed by 

applying additional hot glue around the joint between the valve body and the package to ensure a 

hermetic seal was achieved. 

Once the vent holes were created and valves were mounted, 50 g of freshly roasted and 

ground coffees were deposited into each fraction pouch. The coffee was ground using the Bistro 

Conical Burr Coffee Grinder (BODUM® Inc., NY, U.S.A.) under the “French press” setting. The 

volume mean diameter of grounds produced at this setting was 1158 µm, validated via the HELOS 

(H2698) & RODOS, R7: with a spectrum range of 0.5/18-3500 µm using the WINDOX 5.7.2.0 

evaluation (Sympatec GmbH System-Partikel-Technik, Clausthal-Zellerfeld, Germany). The 
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packages were heat sealed and the packaged coffee (Figure 4.3) was stored at room temperature 

under atmospheric conditions in the food formulation lab (Food Science building University of 

Guelph, Guelph, ON, Canada). The reference coffee was also stored in the formulation lab, in a 

freezer at -8 oC (T-23-HC Natural refrigerant, True®, MO, U.S.A.). 

 

Figure 4.3: Low-profile, button and no-valve fraction pouches 

 

4.2.5. Sensory evaluation 

Sensory testing was conducted to determine the shelf-life of the coffee. For testing, the 

brewing procedure recommended by the Specialty Coffee Association of America (SCAA) was 

followed. Bottled spring water (Pure Life Natural Spring Water, Nestle, ON, Canada) was heated 

to 94 oC with an electric kettle (Cordless Electric Kettle with Digital Controls, Black and Decker, 

MD, U.S.A.). Room temperature ground coffee (50 g) was placed into a 1 L French press 

(Bodum®, Triengen, Switzerland) and extracted with 800 mL of hot water, with the lid covering 

the brewing coffee without depressing the plunger. After 2 min the lid was removed, the coffee 

gently stirred, and an additional 200 mL of hot water (94 oC) was added. The floating grounds 

Low-profile Button No-valve 
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were removed and the lid replaced. At 4 min the plunger was slowly depressed, and the brewed 

coffee poured into 1 L vacuum insulated stainless steel beverage bottles until serving (Thermos®, 

IL, U.S.A.). The reference coffee was removed from the freezer and equilibrated to room 

temperature (approximately 1 h) prior to brewing. 

 Espresso cups (90 mL) and single-well saucers (Palm, Brownie®, ON, Canada) were 

warmed at 60 oC for approximately 30 min (8 series C5, Metro®, PA, U.S.A.). Once ready to 

serve, cups and saucers were removed from the heater and labelled with a random 3-digit blinding 

codes. Approximately 25 mL of the corresponding coffees were measured and poured into each of 

the cups, which were then covered with a saucer. Coffee was served one sample at a time and at a 

temperature of 60 oC. During each testing session, panelists were provided with water, unsalted 

soda crackers (Premium Plus, Christie, Nabisco), access to an insulated beverage bottle filled with 

reference sample coffee, and a questionnaire. Five samples were served 10 min apart, one was a 

blind control. Participants were instructed to taste the sample and indicate on the questionnaire if 

the sample was “acceptable” or “unacceptable”. They were also asked if the distributed samples 

were the “same” or “different” from the provided reference sample (Appendix B.). Additionally, 

participants were also asked to write down any relevant comments. Panelists could drink as much 

of the reference sample as required. 

All sensory evaluations were approved by the University of Guelph Research Ethics Board 

(REB#16AU015). Participants were recruited from the University of Guelph via email, and written 

consent was obtained from each panelist prior to their participation in each session. Participants 

who consume black and dark roast coffees were recruited as panelists. A staggered sampling 

design was used (Gacula & Kubala, 1975 and Cardelli & Labuza, 2001). Three panelists were used 

for the first session, with the sample size increasing by one panelist each session until 50% of the 
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participants found the samples unacceptable. After which, the number of panelists increased by 

one plus the number of unacceptable responses for the previous session, resulting in a total of 27 

participants for the seventh and final session. 

Seven sensory sessions were conducted bi-weekly over 12 weeks. Acceptability of the 

brew was evaluated for each session. Additionally, a difference from control test was employed 

on the third session until the testing concluded. Judge feedback was entered into a Microsoft® 

Excel spreadsheet (Microsoft Office 2016, Redmond, WA, U.S.A.). The difference from control 

feedback was assigned values of 0 or 1 for incorrect and correct responses, respectively. On the 

other hand, acceptability data was assigned a “+” or “-” for evaluations deemed acceptable and 

unacceptable, respectively. All data was organized by sampling time and treatment.   

 Hazard values were calculated with the following formula:  

h(x) = (1 𝑘⁄ )100                     Eq. 4.3 

where h is the hazard value at termination time, x, and 𝑘 is the reverse rank of the termination 

time. Cumulative hazard values were then calculated for each fail, xi, by summing the ith hazard 

value and all prior hazard values (Gacula & Kubala, 1975; Gacula & Singh, 1984; Nelson, 1969; 

Nelson, 1972; Cardelli & Labuza, 2000). The termination age was plotted against the cumulative 

hazard on a Weibull hazard, log-log, plot:  

log  (𝑥) =
1

𝛽
log(𝐻) + log(𝛼)                                                                                                   Eq. 4.4 

where 𝛽 is the shape parameter, 𝛼 the scale parameter, and 𝐻 was the cumulative hazard. The 

shape parameter, 𝛽, was calculated with: 

𝛽 = (
1

𝜎
) (

𝜋

√6
)                                                                                                                             Eq. 4.5   
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where 𝜎 is the standard deviation of the ln of the terminated samples (Gacula & Kubala, 1975). 

The scale parameter, 𝛼, was determined by non-linear regression analysis, where the residual sum 

of squares was minimized with the GRG Nonlinear algorithm via the Solver function in 

Microsoft® Excel (Microsoft Office 2016, Redmond, WA, U.S.A.). The end of shelf-life was 

when 50% of untrained panelists volunteers determined the samples were unacceptable.  

 A sequential test analysis was performed to determine if the participants were able to 

differentiate between the provided reference sample and blind reference/treatments. The 

cumulative number of trials was plotted on the x-axis and the cumulative number of correct 

responses on the y-axis. Starting at (x,y) = (0,0), for subsequent tests the number x increases by 1 

and y increases by 1 for a correct evaluation or 0 for an incorrect evaluation (Meilgaard, Carr & 

Civille, G, 2007). Lower, 𝑑0, and upper, 𝑑1, lines were calculated:  

𝑑0 =
log𝛽 − log (1− 𝛼) − 𝑛 𝑙𝑜𝑔(1−𝑝1) + 𝑛 𝑙𝑜𝑔(1−𝑝0)

log 𝑝1 − log 𝑝0 − log(1−𝑝1) + log (1−𝑝0)
                                                                           Eq. 4.6 

𝑑1 =
log(1−𝛽) − log 𝛼 − 𝑛 𝑙𝑜𝑔(1−𝑝1) + 𝑛 𝑙𝑜𝑔(1−𝑝0)

log 𝑝1 − log 𝑝0 − log(1−𝑝1) + log (1−𝑝0)
                                                                           Eq. 4.7 

where 𝛼 is the probability that the participant indicates the known reference sample and the blind 

treatment are the same (actually different), 𝛽 is the probability that the participant indicates the 

known reference and blind treatment are different (actually the same), 𝑝0 is the maximum 

unacceptable ability (proportion of correct answers), and 𝑝1 is the minimum acceptable ability 

(proportion of correct answers). If values were above the upper line (𝑑1), then the null hypothesis 

was rejected, indicating that these treatments were significantly different from the provided 

reference sample, and values below the lower line (𝑑0) lead to the null hypothesis being accepted, 

indicating that these treatments were statistically similar to the provided reference. Values within 
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the bounds of the upper and lower lines do not have a sufficient sample size to accept or reject the 

null hypothesis (Meilgaard, Carr & Civille, G, 2007). The 𝛼 and 𝛽 values were set to 0.05 and 

0.10 respectively. Furthermore, 𝑝0 = 0.5 as the proportion of participants expected to correctly 

distinguish the samples due to chance was 50%, and 𝑝1 = Pr[distinguisher]  Pr[correct responses 

by distinguisher] + Pr[non-distinguisher]  Pr[correct responses by non-distinguisher] or 𝑝1 =

(0.5)(1.0) + (0.5)(0.5) = 0.75 (Meilgaard, Carr & Civille, G, 2007).  

 

4.2.6. Headspace analysis  

Additional coffee was aged and brewed in a similar manner as for sensory testing, for the 

purpose of volatile analysis. Brewed coffee was drawn into a 10 mL syringe (Becton, Dickinson 

and Company, New Jersey, U.S.A.) and 8 mL was injected into 16 mL amber glass sample vials, 

sealed with a PTFE-lined silicone septum (Thermo Fisher Scientific, U.S.A.). The samples were 

cooled and held at a temperature of 25 oC for approximately 1 h prior to measurement with the 

Selected Ion Flow Tube Mass Spectrometry (SIFT-MS, Syft Technologies ™, Christchurch, New 

Zealand). A scan in Selected Ion Mode (SIM) was performed with H3O
+, NO+, or O2

+ as reagent 

ions, carrier gas helium pressure 250 kPa, arm temperature of 120 oC, and flow tune pressure 121 

± 1.8 mTorr. Volatiles (Table 4.1) were quantified with a time limit of 100 ms, ambient background 

time 30 s, and scan time of 14 s. Measurements were in triplicate and values were taken at 7 s after 

drawing volatiles into the instrument. Concentrations were recorded in parts per million by volume 

(ppmv).  
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Table 4.1: Volatile concentrations (ppmv) measured with Selected Ion Flow Tube Mass 

Spectrometry (SIFT-MS) in Selected Ion Mode (SIM) 

 

 

Volatile concentration values were imported into Microsoft Excel, where trends for 

acetaldehyde, 2-methylpropanal, 3-methylbutanal, dimethyl disulfide, propanal, 2-methylbutanal, 

and 2,3-butanedione were investigated over the storage time of 86 days. Results from day 44 were 

omitted as they were substantially different from each of the other sampling points for all 

treatments, due to systematic experimental error.     

 

1-octen-3-one (4312-99-6) furaneol (3658-77-3) 

2,3-butanedione (431-03-8) furfural (98-01-1) 

2,3-dimethylpyrazine (5910-89-4) guaiacol (90-05-1) 

2,3-pentanedione (600-14-6) homofuraneol (27538-10-9) 

2-furfuryl mercaptan (98-02-2) methional (3268-49-3) 

2-methyl-3-ethylpyrazine (15707-23-0) propanal (123-38-6) 

2-methylbutanoic acid (116-53-0) pyrazine (290-37-9) 

2-methylpropanal (78-84-2) vanillin (121-33-5) 

3-methylbutanal (590-86-3) 2,3-diethyl-5-methylpyrazine (18138-04-0) 

3-methylindole (83-34-1) 2-isopropyl-3-methoxypyrazine (25773-40-4) 

4-vinylguaiacol (7786-61-0) 2-methyl-3-mercaptofuran (28588-74-1) 

5-methylfurfural (620-02-0) 2-methylbutanal (96-17-3) 

acetaldehyde (75-07-0) 3-methylbutanoic acid (503-74-2) 

dimethyl disulfide (624-92-0) methyl mercaptan (74-93-1) 

dimethyl trisulfide (3658-80-8) sotolon (28664-35-9) 
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4.3. Results & Discussion 

4.3.1. One-way degassing valves and oxygen ingress 

 Oxygen ingress, as % oxygen, into the experimental set-up was measured and modelled 

(Figure 4.4) with a modified empirical Gompertz model (Eq. 4.2) where the average Qmax value of 

0.41 ± 1.89  10-4 was obtained.    

 

Figure 4.4: Actual and modelled oxygen ingress into system over time 

 

The oxygen ingress behavior for each treatment is represented in Figure 4.5 and summarized in 

Table 4.2. 
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Figure 4.5: Actual (blue) and modelled (red) % oxygen ingress over time for: 1. i) & ii) no-valve, 

fine and coarse degassing rates respectively; 2. i) & ii) low-profile without oil, fine and coarse; 3. 

i) & 3. ii) 1:0 low-profile, fine and coarse; 4. i) & ii) 8:2 low-profile, fine and coarse; 5. i) & ii) 

6:4 low-profile, fine and coarse; 6. i) & ii) factory oiled button, fine and coarse  
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Table 4.2: Estimated parameters of modified Gompertz equation, 𝑄𝑚𝑎𝑥, 𝑘 and lag time of 

oxygen ingress profiles for one-way degassing valves with standard deviation (n=3).  

 
  

𝑸𝒎𝒂𝒙 (% Oxygen) Rate 𝒌 (min-1) Lag time 𝝀 (min) 

N
o
 

va
lv

e
 Fine 21.0 0.09 ± 1.00  10-3 59.7 ± 2.19 

Coarse 21.0 0.06 ± 1.00  10-3 73.7 ± 1.30 

L
o
w

-p
ro

fi
le

 

No 

oil 

Fine 1.02 ± 0.13 8.28  10-3 ± 3.25  10-4 18.6 ± 2.05 

Coarse 1.94 ± 0.08 5.99  10-3 ± 4.23  10-4 27.9 ± 6.80 

1:0 

Lv 

Fine 0.39 ± 0.01 5.16  10-3 ± 3.34  10-4 10.1 ± 0.77 

Coarse 0.42 ± 0.05 3.69  10-3 ± 4.47  10-4 5.82 ± 1.26 

8:2 

Lv 

Fine 0.43 ± 0.02 5.38  10-3 ± 3.01  10-4 7.72 ± 1.12 

Coarse 0.42 ± 0.05 3.86  10-3 ± 4.24  10-4 6.27 ± 1.22 

6:4 

Lv 

Fine 0.38 ± 0.03 5.11  10-3 ± 3.06  10-4 11.0 ± 1.44 

Coarse 0.44 ± 0.06 3.95  10-3 ± 4.21  10-4 6.01 ± 1.27 

B
u

tt
o
n

 

Fine 0.37 ± 0.03 4.76  10-3 ± 6.53  10-4 10.1 ± 1.33 

Coarse 0.41 ± 0.02 3.93  10-3 ± 1.00  10-4 5.85 ± 0.40 

 

 The no-valve treatment enabled the unrestricted ingress of oxygen over time, and thus the 

𝑄𝑚𝑎𝑥 approached the atmospheric oxygen level. The 𝑄𝑚𝑎𝑥 values for the remaining treatments 

were estimated and summarized in Table 4.2 Overall, the valve and viscosity of sealant fluid had 

little effect on the total ingress of oxygen, this was also true for the infusion rates investigated. 

Furthermore, the oiled button and low-profile valve treatments observed similar levels of oxygen 

ingress to the baseline ingress into the experimental set-up, suggesting that the opening/closing 

behavior of the one-way degassing valves had a negligible effect on the ingress of oxygen during 

testing. In contrast, the 𝑄𝑚𝑎𝑥  for un-oiled low-profile degassing valves varied with fine and coarse 
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degassing rates. The exposure of the valve to the coarse grind degassing rate (Eq. 3.6) resulted in 

an increase in 𝑄𝑚𝑎𝑥 by approximately 2-fold, when compared to the fine grind degassing rate. This 

observation can be attributed to the increased pressure generated via the coarse degassing profile, 

which might have caused a greater inflation of the low-profile valves expansion chambers and the 

exit channel than if the valve were to be pressurized via the fine grind degas profile.  

It is important to note that though the investigation of oxygen ingress was short relative to 

typical storage conditions, ground coffee has been observed to degas more rapidly than whole 

beans after grinding with total volumes of gas released leveling off within a few days (Wang & 

Lim, 2014; Heiss et al., 1979; Illy & Viani, 2005). Thus, it is likely that the impact, if any, of a 

properly functioning one-way degassing valve on the ingress of oxygen is primarily associated 

with the initial opening and closing behavior, observed shortly following packaging. As 

mentioned, the viscosity of the sealant liquid within the degassing valve had little effect on either 

the rate, nor the total ingress of oxygen during the time tested. However, oxygen ingress alone 

cannot entirely account for the changes in coffee during storage. For example, it was found that 

the number of valve openings and the residual pressure within the package was unique to a 

particular degassing valve, and was further influenced by the sealant fluid viscosity. As 

documented in the literature, pressure has been observed to play an important role in the shelf-life 

and acceptability of coffee (Illy & Viani, 2005; and Buffo & Cardelli-Freire, 2004). Sensory 

evaluation, therefore, was conducted to further investigate any holistic changes that one-way 

degassing valves may have had on the perceived acceptability in terms of the quality of the coffee. 

These results were used to calculate the shelf-life of the coffee as detailed in the next section.    
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4.3.2. Coffee discrimination and shelf-life  

 Hazard values for the blind reference sample, stored in hermetically sealed mason jars, are 

illustrated in Tables 4.3 and 4.4, respectively. Furthermore, Figure 4.6 depicts a Weibull Hazard 

plot for the blind reference sample. Cumulative hazard values were 350, or greater, when measured 

across a storage time of 12 weeks. The β values ranged between 2.76-3.66 for all treatments, 

indicating a bell-shaped Weibull distribution, and therefore the 50th percentile was a good 

approximation for the end of shelf-life (Gacula & Kubala, 1975). On the basis of the 50th percentile 

cut off criterion, the shelf-life values for all treatments are shown in Table 4.5 The shelf-life values 

were estimated based on the Weibull distribution, for example the shelf-life of blind reference 

coffee was 9.15 ± 1.47 weeks. In contrast to our findings, Cardelli & Labuza (2001) reported that 

the shelf-life for coffee samples stored in impermeable containers, at 35 oC, was between 20.6-

24.6 weeks. The different shelf-life values observed could be attributed to the panelists lack of 

experience consuming coffee in a controlled environment. Furthermore, the panelists could only 

detect minor sensory differences between treatments. Panelists were informed prior to the study 

that the prepared coffee was a dark roast blend served black, however, it is likely that not all 

participants drink coffee prepared by a French Press. Since the panelists were untrained, it is 

possible that their evaluations were based on subjective liking and not the acceptability of quality, 

as initially expected. 
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Table 4.3: Weibull hazard ranking and time to failure for reference treatment 

Rank Weeks H Valuea ∑ H 

23 2 4.35 4.35 

22 4 4.55 8.89 

21 4 4.76 13.66 

20 6 5.00 18.66 

19 8 5.26 23.92 

18 8 5.56 29.47 

17 8 5.88 35.36 

16 8 6.25 41.61 

15 8 6.67 48.27 

14 8 7.14 55.42 

13 10 7.69 63.11 

12 10 8.33 71.44 

11 12 9.09 80.53 

10 12 10.00 90.53 

9 12 11.11 101.64 

8 12 12.50 114.14 

7 12 14.29 128.43 

6 12 16.67 145.10 

5 12 20.00 165.10 

4 12 25.00 190.10 

3 12 33.33 223.43 

2 12 50.00 273.43 

1 12 100.00 373.43 
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Table 4.4: Typical Weibull sensory data for blind reference treatment 

+: acceptable sample 

-: unacceptable sample  

                                                                                                                                                           

Figure 4.6: Weibull hazard plot for reference treatment with β = 1/slope = 2.77 with a cumulative 

hazard of 75.3 at 50% probability of product termination 
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Table 4.5: Nominal shelf-life of packaging treatments ± standard deviation 

 Blind 

reference 

Low-profile 

(w oil) 
Button 

Low-profile 

(w/o oil) 
Hole 

𝛼 1.92 1.69 3.08 2.48 2.44 

𝛽 2.77 2.76 3.66 3.23 3.13 

Df 22 20 26 20 27 

Cumulative 

hazard 

(50%) 

75.3 75.6 71.5 73.6 73.2 

Shelf-life 9.15 ± 1.47 8.12 ± 1.37 9.88 ± 1.13 9.38 ± 1.37 9.62 ± 1.25 

 

 

 The shelf-life data raises the concern that the selected panel may not have been focusing 

on the quality attributes impacting the acceptability of coffee, stored under different degassing 

valve treatments. This concern was led to the implementation of a difference from control test. The 

difference from control test was conducted parallel to the acceptability testing, commencing at 

week 4, and enabled the assessment of the panel’s sensitivity to changes due to different levels of 

oxygen ingress during storage, regardless of the overall acceptability of the brew. Results were 

organized sequentially (Figure 4.7) as outlined by Meilgaard et al. (2007), and the cumulative 

number of correct responses were plotted over the cumulative number of trials (upper and lower 

lines were calculated with 𝛼 and 𝛽 values of 0.05 and 0.1, respectively).  
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Figure 4.7: Sequential difference from control test with coffee brewed from grounds stored under 

the denoted valve treatments across time. Samples above the upper line are different from the 

provided reference sample, and values below the lower line depict samples that are similar (α and 

β values of 0.05 and 0.1 respectively).    

 

As illustrated in Figure 4.7, participants were able to consistently match the provided 

reference sample with the equivalent blind reference starting from week 6 of storage. These 

findings indicate that the differences in the overall impression of the brewed coffee, due to its 

storage, were detected at as early 6 weeks, implying that there was a change in coffee sensory 

attributes, in treated samples, detectable to the average consumers of black coffee. Furthermore, 

after 10 weeks participants were able to discriminate the provided reference sample from those of 

no-valve, button and to a lesser extent, the un-oiled low-profile valve treatments. The storage time 

for the emergence of detectable differences in no-valve samples is similar to coffee stored at 

atmospheric levels of oxygen observed in the literature (Cardelli & Labuza, 2001; Anese et al., 

2006). These findings, in conjunction with the coffees acceptability, suggest that the recruited 
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panelists did not object to the staleness of the aged coffee, even though they were able to 

differentiate between most treated samples and the reference. An unexpected result observed was 

the panelists inability to differentiate between the oiled low-profile degassing valve, and the 

reference sample after 10 weeks of storage. As this storage time was adequate to highlight 

differences between the reference sample and button valve.     

Though the method of button valve application was validated against initial leaks, prior to 

sensory testing, it is possible that a leak could have occurred during the extended storage time. 

Another possibility is that the permeation of oxygen through the packaging film was greater than 

anticipated and accelerated the aging of the ground coffee. However, if true then it would be 

expected that all treatments with an oiled degassing valve would have been received similarly, as 

they would encounter similar levels of oxygen permeating though the packaging material. To 

investigate the panelists general distaste for the provided coffee and to further quantify any 

associated differences, the concentrations of key headspace volatiles were measured with Selected 

Ion Flow Tube Mass Spectrometry (SIFT-MS). 

 

4.3.3. Key headspace volatiles for brewed coffee 

Ground coffee samples were stored and brewed following the same testing protocol used 

for sensory testing, and trends in the headspace concentration of acetaldehyde, 2-methylpropanal, 

3-methylbutanal, dimethyl disulfide, propanal, 2-methylbutanal, and 2,3-butanedione were 

monitored across time (Table 4.6). The volatile concentrations measured in coffee brewed from 

reference samples generally remained constant across time, with the exception of acetaldehyde 

and 3-methylbutanal, showing an approximate decline of 8% and increase of 21% respectively, 

after the 86-day storage (Figure 4.8). 
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 Rhoades (1960) reported an acetaldehyde concentration of 1.74 ppm in coffee brewed 

from fresh grounds, and 1.39 ppm for that prepared from grounds after six days of open air 

exposure. These concentrations are similar to those observed in no-valve samples with an initial 

acetaldehyde concentration of 1.71 ± 0.40 ppm, declining to 1.36 ± 0.09 ppm after 16 days of 

storage. After 86 days of storage, average acetaldehyde concentrations decreased between 8 to 

45% across all treatments studied. Leino et al. (1992) reported changes in the proportions of 

headspace volatiles, over one year of storage, with a linear correlation coefficient value of 0.19 for 

3-methylbutanal in ground coffee. Furthermore, Kallio et al. (1990) reported a 13-22% increase in 

3-methylbutanal concentrations for ground coffee stored up to 4 months, in bags flushed with air 

or CO2 respectively. In this study, 3-methylbutanal concentrations increased between 21-46% for 

reference, oiled low-profile, and button treatments. Whereas, the 3-methylbutanal concentration 

in non-oiled low-profile and no-valve treatments decreased by 4 and 31% respectively (Figure 

4.8).   
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Table 4.6: Key volatile concentration ± standard deviation (n=3), in the headspace of brewed 

coffee prepared from 0 to 86-day old ground coffee kept under varying storage treatments  

Compound Storage 

treatment 

Storage time (days) 

0 16 30 58 72 86 

a
ce

ta
ld

eh
yd

e 

Reference 
1.71 ± 

0.40 

1.58 ± 

0.13 

1.52 ± 

0.07 

1.52 ± 

0.10 

1.90 ± 

0.56 

1.57 ± 

0.08 

Low-profile 

(with oil) 
 

1.61 ± 

0.10 

1.64 ± 

0.57 

1.24 ± 

0.08 

1.43 ± 

0.07 

1.41 ± 

0.19 

Button  
1.51 ± 

0.10 

1.29 ± 

0.02 

1.22± 

0.07 

1.34 ± 

0.12 

1.20 ± 

0.02 

Low-profile 

(without oil) 
 

1.62 ± 

0.04 

1.43 ± 

0.10 

1.25 ± 

0.03 

1.44 ± 

0.04 

1.09 ± 

0.09 

No-valve  
1.36 ± 

0.09 

1.23 ± 

0.08 

0.94 ± 

0.03 

1.07 ± 

0.12 

0.94 ± 

0.01 

2
-m

et
h
yl

p
ro

p
a
n
a
l 

Reference 
0.37 ± 

0.06 

0.32 ± 

0.02 

0.33 ± 

0.02 

0.34 ± 

0.02 

0.43 ± 

0.14 

0.35 ± 

0.02 

Low-profile 

(with oil) 
 

0.38 ± 

0.10 

0.38 ± 

0.57 

0.36± 

0.08 

0.41 ± 

0.07 

0.41 ± 

0.19 

Button  
0.36 ± 

0.01 

0.35 ± 

0.01 

0.36 ± 

0.01 

0.40 ± 

0.02 

0.35 ± 

0.01 

Low-profile 

(without oil) 
 

0.37 ± 

0.02 

0.40 ± 

0.02 

0.36 ± 

0.01 

0.36 ± 

0.01 

0.43 ± 

0.03 

No-valve  
0.35 ± 

0.01 

0.32 ± 

0.01 

0.27 ± 

0.01 

0.32 ± 

0.03 

0.26 ± 

0.01 

3
-m

et
h
yl

b
u
ta

n
a
l 

Reference 
5.62 ± 

1.70 

5.47 ± 

0.64 

6.41 ± 

0.05 

6.84 ± 

0.54 

7.36 ± 

1.70 

6.78 ± 

0.30 

Low-profile 

(with oil) 
 

7.34 ± 

0.41 

7.28 ± 

1.33 

7.32 ± 

0.35 

8.55 ± 

0.23 

8.20 ± 

1.10 

Button  
6.94 ± 

0.59 

6.70 ± 

0.28 

7.08 ± 

0.32 

7.74 ± 

0.93 

6.99 ± 

0.10 

Low-profile 

(without oil) 
 

7.60 ± 

0.42 

6.69 ± 

0.19 

6.72 ± 

0.18 

7.44 ± 

0.26 

5.37 ± 

0.22 

No-valve  
5.20 ± 

0.29 

4.79 ± 

0.18 

3.94 ± 

0.23 

4.51 ± 

0.45 

3.87 ± 

0.08 

d
im

et
h
yl

 d
is

u
lf

id
e 

Reference 
0.18 ± 

0.04 

0.18 ± 

0.01 

0.20 ± 

0.01 

0.21 ± 

0.02 

0.23 ± 

0.06 

0.21 ± 

0.01 

Low-profile 

(with oil) 
 

0.24 ± 

0.02 

0.25 ± 

0.07 

0.23 ± 

0.02 

0.25 ± 

0.01 

0.23 ± 

0.04 

Button  
0.23 ± 

0.01 

0.21 ± 

0.01 

0.22 ± 

0.01 

0.23 ± 

0.03 

0.19 ± 

0.01 

Low-profile 

(without oil) 
 

0.24 ± 

0.02 

0.22 ± 

0.01 

0.22 ± 

0.01 

0.24 ± 

0.02 

0.18 ± 

0.01 

No-valve  
0.21 ± 

0.01 

0.20 ± 

0.01 

0.17 ± 

0.01 

0.20 ± 

0.02 

0.16 ± 

0.01 
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p
ro

p
a
n
a
l 

Reference 
2.57 ± 

0.59 

2.31 ± 

0.15 

2.14 ± 

0.07 

2.21 ± 

0.12 

2.80 ± 

0.98 

2.20 ± 

0.12 

Low-profile 

(with oil) 
 

2.70 ± 

0.20 

3.52 ± 

2.16 

2.29 ± 

0.14 

2.62 ± 

0.13 

2.63 ± 

0.42 

Button  
2.60 ± 

0.18 

2.16 ± 

0.06 

2.22 ± 

0.11 

2.49 ± 

0.23 

2.26 ± 

0.05 

Low-profile 

(without oil) 
 

2.73 ± 

0.09 

2.50 ± 

0.20 

2.25 ± 

0.07 

2.64 ± 

0.13 

2.01 ± 

0.18 

No-valve  
2.31 ± 

0.17 

2.20 ± 

0.13 

1.67 ± 

0.07 

2.02 ± 

0.23 

1.69 ± 

0.04 

2
-m

et
h
yl

b
u
ta

n
a
l 

Reference 
0.89 ± 

0.20 

0.77 ± 

0.13 

0.82 ± 

0.01 

0.86 ± 

0.03 

1.27 ± 

0.70 

0.91 ± 

0.03 

Low-profile 

(with oil) 
 

0.95 ± 

0.03 

0.90 ± 

0.06 

0.93 ± 

0.06 

1.03 ± 

0.03 

1.09 ± 

0.20 

Button  
0.88 ± 

0.04 

0.87 ± 

0.01 

0.89 ± 

0.04 

0.98 ± 

0.01 

0.85 ± 

0.03 

Low-profile 

(without oil) 
 

1.00 ± 

0.09 

0.83 ± 

0.16 

0.88 ± 

0.03 

1.01 ± 

0.04 

0.76 ± 

0.06 

No-valve  
0.88 ± 

0.06 

0.75 ± 

0.05 

0.66 ± 

0.02 

0.79 ± 

0.02 

0.63 ± 

0.04 

2
,3

-b
u
ta

n
ed

io
n
e 

Reference 
0.49 ± 

0.12 

0.43 ± 

0.04 

0.46 ± 

0.02 

0.47 ± 

0.04 

0.57 ± 

0.15 

0.48 ± 

0.01 

Low-profile 

(with oil) 
 

0.52 ± 

0.03 

0.50 ± 

0.07 

0.50 ± 

0.04 

0.58 ± 

0.01 

0.55 ± 

0.06 

Button  
0.51 ± 

0.03 

0.48 ± 

0.01 

0.46 ± 

0.03 

0.54 ± 

0.05 

0.46 ± 

0.01 

Low-profile 

(without oil) 
 

0.57 ± 

0.01 

0.46 ± 

0.02 

0.45 ± 

0.02 

0.52 ± 

0.02 

0.38 ± 

0.05 

No-valve  
0.45 ± 

0.04 

0.42 ± 

0.01 

0.35 ± 

0.01 

0.41 ± 

0.03 

0.35 ± 

0.01 
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Figure 4.8: Key volatile concentrations (ppm) of: Acetaldehyde, 2-Methylpropanal, 3-

Methylbutanal, Dimethyl disulfide, Propanal, 2-Methylbutanal and 2,3-Butanedione in coffee 

brewed from grinds stored in packaging with varying one-way degassing valves  

 

Concentrations of 2-methylpropanal remained relatively constant, with the exception of the 

no-valve treatment which decreased by approximately 30% after 84 days of storage. Dimethyl 

disulfide remained constant across all treatments for the duration of the experiments, agreeing with 

Kallio et al. (1990) who recorded a 4% decline in dimethyl disulfide concentration (in bags flushed 

with air) after 4 months. Low-profile and no-valve treatments also saw a decrease in propanal 

concentrations of 22 and 34% respectively. 2-methylbutanal concentrations appear to slightly 

increase under reference and oiled low-profile treatments, remain constant for button treatments, 

and decrease by 15 and 29% for un-oiled low-profile and no-valve treatments respectively. 2,3-

butanedione concentrations decrease by 22 and 29% in un-oiled low-profile and no-valve 

treatments respectively. Generally, the compounds measured for the reference, oiled low-profile 

and button samples follow similar trends over time, whereas the concentrations of the no-valve 

treatment are noticeably different after approximately 30 days. This suggests there are negligible 
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change in the sensory characteristics for the reference, oiled low-profile and button samples over 

time, as well as little change between these treatments. Furthermore, noticeable changes in the 

concentrations of measured compounds for no-valve samples are observed at approximately 30 

days, indicating likely changes to the sensory characteristics of the brewed samples.  

 

4.4. Conclusion 

Sealant fluid viscosity and degassing valve designs were observed to have little effect on 

the ingress of oxygen into the experimental setup. Furthermore, the rate of infusion also showed 

little evidence of influencing the ingress of oxygen. Demonstrating that coffee particle size, valve 

design and the viscosity of the sealant fluid, though each having a great impact on the open/close 

behavior of one-way degassing valves, these impacts do not translate into changes in the initial 

ingress of oxygen.  

The results of the sensory evaluations indicate that after approximately the 6th week of 

storage, panelists were able to correctly match the provided reference with the blind reference 

sample. In addition, at the 10th week of storage, panelists were able to differentiate between 

reference brews and those prepared from button, un-oiled low-profile and no-valve treatments. 

Beyond chance alone, participants were unable to differentiate between reference brews and the 

oiled low-profile treatment for the duration of the 12-week storage period. Finally, a calculated 

shelf-life of approximately 8 to 10 weeks across all treatments suggests that many of the panelists 

may not have been used to consuming coffee in a controlled setting, and the strength of the darkly 

roasted brew, prepared with a French Press, resulted in its very subjective assessment based on 

personal preference rather than its sensory quality due to storage.  
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Headspace volatile concentrations in brewed coffee generally showed little difference 

between the reference, oiled low-profile, and button valve treatments. However, in most cases 

differences in volatile concentrations emerged for un-oiled low-profile and no-valve treatments. 

Furthermore, the time for these changes to manifest varied with treatment. For example, no-valve 

treatments often saw noticeable changes after the first few sampling points, or within 30 days of 

storage, whereas changes to un-oiled low-profile samples were not as apparent until later 

observations.    

In summary, the degassing valve design and behavior has little effect on the ingress of 

oxygen. Valve design and sealant fluid was observed to influence participants perception of the 

final brew, as panelist were able to differentiate button valve treatments from reference samples. 

Where-as, panelists were not able to differentiate between oiled low-profile treatments and 

reference samples. Initially thought to be the result of improper application of the valve to the 

package, this was later in-part dismissed by measuring the headspace volatiles of the brews. The 

measured compounds show the button valve varied from the no-valve treatment, indicating that 

the valves were properly fixed to the packaging and not leaking. Thus, studies further analyzing 

the sensory characteristics of quality in coffees stored with different degassing valves is warranted.  
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CHAPTER 5: CONCLUSIONS & FUTURE DIRECTIONS 
 

This study investigated the behavior of one-way degassing valves in response to sealant 

fluid viscosities with the CO2 degas of roasted and ground coffee, furthering the understanding of 

the one-way valve and its effects on coffee oxidation as well as its role in the development of 

sensory differences.   

The first portion of this study focused on the open/close behavior of low-profile and button 

one-way degassing valves loaded with sealant fluids of varying viscosities, valves were exposed 

to dark roast finely and coarsely ground coffees. Furthermore, the degassing rates of fine and 

coarse coffees were approximated with two-component empirical models, enabling the simulation 

of CO2 degas behavior via a programmable infusion pump. Valve openings were found to decrease 

in frequency with increasing sealant fluid viscosity. The maximum opening pressure of low-profile 

and button valves was found to decline after the first open, this trend in subsequent opening 

pressures occurred regardless of the sealant fluid and grind size tested, and remained constant 

across time. On the other hand, minimal differences were observed between the initial and 

subsequent closing pressures across time. Closing pressures were found to increase up to 12-fold 

with increasing viscosity.  

In the second portion of the study, oxygen was measured in real-time to evaluate how 

changes in open/close behavior of one-way degassing valves affect its ingress. In addition, 

headspace analysis and sensory evaluation were performed on brewed coffee from grounds stored 

in fraction pouches with a one-way degassing valve attached. The sealant fluid viscosity and one-

way valve design were found to have minimal effect on the ingress of oxygen during the time 

tested. Furthermore, the degassing rate also had minimal effect on the ingress of oxygen during 
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the time tested. Sensory evaluation indicated that after 6 weeks of storage, panelists were able to 

accurately match the provided and blind reference samples. At the 10th week of storage, 

differentiation between the provided reference was possible for button, un-oiled low-profile and 

no-valve samples. Panelists were unable to differentiate between reference and oiled low-profile 

samples for the duration of the 12-weeks of testing. The calculated shelf-life was approximately 8 

to 10 weeks for all treatments, suggests that many of the panelists may not have been used to 

consuming coffee in a controlled setting, and thus the strength of the darkly roasted brew, prepared 

with a French Press, resulted in its very subjective assessment based on personal preference rather 

than its sensory quality due to storage. The headspace of brewed coffee showed minimal difference 

in the concentrations of key volatiles for reference, oiled low-profile and button treatments. On the 

other hand, differences in key volatile concentrations for un-oiled and no-valve treatments were 

found. Furthermore, the time at which these differences emerged appeared to vary between 

treatments.      

 Overall, this thesis has furthered the fundamental understanding of the one-way degassing 

valves effects on roasted and ground coffee during its storage. Based on the findings and 

experimental evidence gathered during this research, the following recommendations can be made 

for future studies: 

(1) The effect of temperature and relative humidity on the silicone oil, and resulting 

one-way degassing valve behavior. Changes in temperature have been found to influence the 

viscosity of silicone oils, which was fundamentally addressed in this study. However, it is not 

known if temperature and relative humidity would change the adhesive and cohesive forces of the 

sealant fluid to a degree that impacts its open/close behavior. Additionally, varying types of oils 

may be used to investigate differences in surface tension.  
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(2) The effect of different degassing rates on the open/close behavior of one-way 

valves. The one-way valve behavior was found to change with the degassing rate of ground coffee. 

This suggests that the valve behavior will change if exposed to the degas of whole beans, 

bean/grounds roasted under different conditions, the degree of roast and the volume of coffee used.   

(3) The sensory differences in brewed coffee with varying roast methods, degrees of 

roast and ground sizes. Coffee grind size, roast degree and the roasting method all impact the 

extraction yield of volatiles in brewed coffee, and may alter the brews sensory characteristics. 

Thus, varying these parameters may change the reception of the coffee, and better highlight 

differences in coffee stored with varying one-way degassing valves. 
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CHAPTER 6: APPENDIX 
 

APPENDIX A: Sealant fluid movement through low-profile one-way degassing 

valve during valve open 
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APPENDIX B: One-way degassing valve open/close behavior for low-profile (a & b) and button (c & d) valves, 

with fine and coarse grind coffee degas. Top to bottom illustrates sealant fluids 1:0, 8:2, 6:4 and 0:1 respectively, 

replicates of a given treatment can be observed when reading left to right     
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APPENDIX C: Coffee sample questionnaire 

 

Instructions: 

1. Think back to the smell and taste of the original sample provided, compare that experience 

to that of the sample in front of you now. Are there noticeable differences between the 

two in taste/flavor, mark “same” or “different”, if different please make note of some of 

these differences (e.g. sweetness, bitterness, bland etc.) 

 

2. Please smell and drink each coffee sample presented, mark the sample as “acceptable” or 

“unacceptable”. “Acceptable” can be defined as a generally satisfactory coffee, one 

without significantly offensive sweetness, bitterness, oxidation, or bland tones. Whereas, 

“unacceptable” represents a coffee which is quite noticeably stale or otherwise 

completely unenjoyable, you would consider returning or throwing this away. 

 

 

Point of Reference:                      Acceptable     Unacceptable 

                                     

Sample Code:         Same            Different               Notes: (key differences)          Acceptable Unacceptable 

 

____________                                     _________________                                 

____________                                                                 _________________                                              

____________                                                                 _________________                                              

____________                                                                 _________________                                              

____________                                                                 _________________                                              

Notes: (why unacceptable?) 
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APPENDIX D: Correct judgements for differentiating treatment samples and the 

provided reference 
 

Test 

week 

Judge 

no. 

Blind 

reference 

Low-profile 

(w oil) 
Button 

Low-profile 

(w/o oil) 
Hole 

4 

1 Y 0 N 0 Y 1 Y 1 N 0 

2 Y 0 Y 1 Y 2 N 1 Y 1 

3 Y 0 Y 2 N 2 Y 2 Y 2 

4 N 1 N 2 Y 3 N 2 Y 3 

5 N 2 N 2 N 3 Y 3 Y 4 

6 Y 2 Y 3 Y 4 Y 4 Y 5 

7 Y 2 N 3 N 4 Y 5 N 5 

6 

8 N 3 Y 4 N 4 N 5 N 5 

9 N 4 N 4 N 4 N 5 Y 6 

10 Y 4 N 4 Y 5 Y 6 Y 7 

11 N 5 N 4 Y 6 Y 7 Y 8 

12 Y 5 N 4 Y 7 Y 8 N 8 

13 Y 5 Y 5 Y 8 Y 9 Y 9 

14 Y 5 Y 6 N 8 Y 10 N 9 

15 N 6 Y 7 N 8 N 10 Y 10 

8 

16 Y 6 Y 8 Y 9 Y 11 N 10 

17 Y 6 Y 9 Y 10 N 11 Y 11 

18 N 7 Y 10 Y 11 Y 12 Y 12 

19 Y 7 N 10 Y 12 Y 13 Y 13 

20 Y 7 Y 11 Y 13 N 13 Y 14 

21 Y 7 Y 12 Y 14 Y 14 Y 15 

22 Y 7 N 12 Y 15 Y 15 Y 16 

23 N 8 Y 13 Y 16 Y 16 N 16 

24 Y 8 N 13 Y 17 Y 17 N 16 

10 

25 Y 8 Y 14 Y 18 Y 18 Y 17 

26 N 9 Y 15 Y 19 Y 19 Y 18 

27 N 10 N 15 Y 20 Y 20 N 18 

28 N 11 Y 16 Y 21 N 20 Y 19 

29 Y 11 Y 17 Y 22 N 20 Y 20 

30 N 12 Y 18 Y 23 Y 21 Y 21 

31 N 13 Y 19 Y 24 Y 22 Y 22 

32 Y 13 N 19 Y 25 Y 23 Y 23 

33 Y 13 N 19 Y 26 Y 24 Y 24 

34 Y 13 Y 20 Y 27 Y 25 Y 25 

35 Y 13 Y 21 N 27 N 25 Y 26 

36 N 14 N 21 Y 28 Y 26 Y 27 

37 N 15 Y 22 Y 29 Y 27 Y 28 
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38 Y 15 Y 23 Y 30 Y 28 Y 29 

39 N 16 Y 24 Y 31 Y 29 Y 30 

40 Y 16 Y 25 Y 32 Y 30 N 30 

12 

41 Y 16 N 25 Y 33 Y 31 Y 31 

42 Y 16 Y 26 Y 34 N 31 Y 32 

43 N 17 N 26 Y 35 Y 32 N 32 

44 Y 17 Y 27 Y 36 Y 33 Y 33 

45 N 18 Y 28 N 36 Y 34 Y 34 

46 N 19 Y 29 N 36 Y 35 Y 35 

47 Y 19 N 29 Y 37 Y 36 Y 36 

48 Y 19 Y 30 Y 38 N 36 Y 37 

49 Y 19 N 30 N 38 N 36 N 37 

50 Y 19 Y 31 Y 39 N 36 Y 38 

51 N 20 Y 32 Y 40 Y 37 Y 39 

52 N 21 Y 33 Y 41 N 37 Y 40 

53 N 22 N 33 Y 42 N 37 Y 41 

54 Y 22 N 33 Y 43 N 37 Y 42 

55 Y 22 Y 34 Y 44 N 37 N 42 

56 Y 22 Y 35 N 44 Y 38 Y 43 

57 Y 22 Y 36 Y 45 Y 39 Y 44 

58 Y 22 N 36 Y 46 Y 40 Y 45 

59 Y 22 N 36 N 46 N 40 Y 46 

60 Y 22 N 36 N 46 Y 41 Y 47 

61 Y 22 Y 37 Y 47 N 41 N 47 

62 Y 22 N 37 Y 48 Y 42 N 47 

63 Y 22 Y 38 Y 49 Y 43 Y 48 

64 Y 22 Y 39 Y 50 Y 44 N 48 

65 Y 22 Y 40 Y 51 Y 45 Y 49 

66 N 23 Y 41 Y 52 Y 46 Y 50 

67 Y 23 Y 42 Y 53 N 46 Y 51 

 


