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Sensory evaluation 

 

Sensory ranking tests for similarities between the standard sample (CE, 10˚C) and various 

concentrate samples (10˚C) diluted to 1.5 ˚Brix, dispensed in white plain plastic cups, were 

carried out by 11 panelists (10 males and 1 female; age range, 29-45), who had previous 

experience with beverage development for Morinaga Milk Industry. 

 

Coffee beverages with milk and sugar (coffee green bean, 10.7%; milk fat, 1.6%; non-fat 

solids, 2.6%), which contained the same quantity of coffee solids from each coffee 

concentrate, were subjected to a 7-point sensory descriptive analysis for hedonic rating and 13 

sensory descriptors by the 11 panelists. Each beverage sample was compared with the 

standard beverage sample containing CE, which was given four points. Significant differences 

in sensory characteristics among the beverages were revealed by analysis of variance 

(ANOVA) of the sensory scores. 

 

GC/MS analysis 

 

Aliquots (10 mL) of the diluted samples were placed in 20-mL vials and held at 35˚C, and the 

headspace volatile compounds were then captured using a solid-phase microextraction 

(SPME) fiber (50/30 μm DVB/Carboxen/PDMS; Sigma-Aldrich Co., St. Louis, MO, USA) 

for 30 min. GC/MS analyses were performed on a 6890 gas chromatograph equipped with a 

HP5973A mass spectrometer (Agilent Technologies Inc., Santa Clara, CA, USA). The 

capillary column was HP-INNOWax (30 m × 0.25 mm, 0.50 μm film thickness, Agilent 

Technologies Inc.), and the flow rate of helium carrier gas was maintained at 1.2 mL/min. The 

oven temperature was programmed at an initial 40˚C for 2 min, then increased at 4˚C/min to 

120˚C, 6˚C/min to 240˚C and next held at 240˚C for 10 min. The injection port was 

maintained at 250˚C. The inlet was operated in the pulsed splitless mode (30 psi, 3 min). 

GC/MS analyses were carried out using the scan mode. The compounds were identified by 

comparison of the mass spectra with data in the Wiley Online Library. The GC peak areas 

were classified into each functional group and summed to create the volatile profile. 

 

Taste sensing analysis 

 

Diluted concentrate samples were analyzed using the taste sensing system TS-5000Z 

equipped with five lipid/polymer membranes sensors (AAE, CTO, CAO, COO, and AE1 

(Intelligent Sensor Technology Inc., Kanagawa, Japan), at room temperature and in 

quadruplicate for each sample. Details of the system, the lipid components of the sensors, and 

the method used to measure the sensitivity and the sensitivity of adsorption (CPA) of the 

samples are described in a previous paper. Principal component analysis (PCA) was applied 

to the sensor responses in order to generate a taste profile of the samples. 

 

E-nose analysis 

 

Headspace air of the diluted concentrate samples was injected into the E-nose system αFOX 

4000 equipped with 18 metal oxide semiconductor (MOS) sensors (Alpha M.O.S.; Toulouse, 

France), at room temperature and in triplicate for each sample. Details of the analysis method 

are described in a previous paper. PCA was applied for the maximum sensor responses to 

generate an E-nose profile of the samples. 

 

  



 

325 

 

Statistical analysis 

 

Data analyses were conducted with the JMP8 software package (SAS Institute Inc., Cary, NC, 

USA). 

 

RESULTS AND DISCUSSION 

 

Sensory evaluation 

 

Similarity ranking obtained from sensory tests showed that the PF coffee concentrate was the 

most similar to CE (Table 1). In addition, similar results were obtained from sensory 

descriptive analysis of coffee beverages with milk and sugar (Figure 2). 

 

Table 1. Sensory ranking for similarity between column extract (standard) and various 

coffee concentrates obtained from sensory tests. 

 

 
a
Score: most similar to the flavour of standard sample (column extract), 1 point; secondary 

similar, 2 points; not similar, 3 points. 

 

 
 

Figure 2. Analytical sensory profile of coffee beverages with milk and sugar using 

various coffee concentrates. Score: weak, 1 point; strong, 7 points. 

 

GC/MS analysis 

 

Figure 3 shows the total peak area of volatile compounds classified into seven functional 

groups. The volatile compound profile of the PF coffee concentrate was the most similar to 

CE. Meanwhile, the total peak area of the 58 volatile compounds of the coffee concentrate 

sample derived from the LC method was almost the same as CE. Peak area was in the rank 

order: CE > LC > PF > RO. 

 

127LC

322RO

717PF

Persons who evaluated as most 

similar to column extract
Total scoreaConcentration method

127LC

322RO
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Persons who evaluated as most 

similar to column extract
Total scoreaConcentration method

aScore: most similar to the flavor of standard sample (column extract), 1 points; 

secondary similar, 2 points; not similar, 3 point
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Figure 3. GC/MS profile of various coffee concentrates by peak areas of functional 

groups. 

 

Taste sensing and E-nose analyses 

 

PCAs of responses from the taste sensing system and the E-nose system showed that the PF 

coffee concentrate was the most similar to CE (Figures 4 and 5). Tables 2 and 3 list the PC 

loadings of the taste sensing and E-nose sensors, respectively. 

 

 
 

Figure 4. Scatter plot of PC1 and PC2 scores obtained using PCA of taste sensor 

responses for various coffee concentrates. Average PC score (n = 4) for each sample is 

shown. 

 

 
 

Figure 5. Scatter plot of PC1 and PC2 scores obtained using PCA of E-nose sensor 

responses for various coffee concentrates. Average PC score (n = 3) for each sample is 

shown. 
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Table 2. PC loadings of taste sensors using PCA of sensor responses. These sensor 

responses showed significant differences (p < 0.05) among the concentrates using 

ANOVA. CPA = change of membrane potential caused by adsorption, corresponding  

to aftertaste. 

 

 
 

Table 3. PC loadings of E-nose sensors using PCA of sensor responses. 

 

 
 

CONCLUSIONS 

 

Sensory evaluation, GC/MS analysis, as well as taste sensing and E-nose analyses showed 

that the change in quality, before and after concentration, using the PF method was smaller 

than with the RO and LC methods. PF was evaluated to be the best method among the three 

concentration methods in terms of coffee extract quality. 

 

  

Sensor (corresponding taste) PC1 PC2

AAE (Umami) 0.55

CTO (Saltiness) -0.74

COO (Bitterness) 0.93

AE1 (Astringency) 0.89

CPA (COO)(Bitter aftertaste) 0.63

CPA (AE1)

(Astringent aftertaste)

0.89

Variance 3.5 1.5

Contribution (%) 59.1 25.3

Cumulative contribution (%) 59.1 84.4

Sensor PC1 PC2

LY2/LG 0.88

LY2/G -0.89

LY2/AA -0.89

LY2/GH -0.89

LY2/gCTl -0.86

T30/1 0.99

P10/1 0.96

P10/2 0.95

P40/1 0.84

T70/2 0.99

PA/2 0.96

P30/1 0.98

P40/2 0.97

P30/2 0.98

T40/2 0.68

T40/1 0.94

TA/2 0.90

Variance 10.5 5.6

Contribution (%) 58.2 31.3

Cumulative 

contribution (%)

58.2 89.6
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Coffee Extraction Process: Yield, pH and Antioxidant Capacity 

Studies. 
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Medellín, Colombia 

SUMMARY 

Once the roasted coffee is obtained, the extraction process is the main operation in the 

production of soluble coffee because is there where the final sensorial and chemical 

characteristics of the instant product are defined. This research studied three variables in the 

extraction process: extract drawoff, feed water temperature and extract flow and their effects 

in the antioxidant activity, pH and the yield of the process. A replicated full factorial 

experiment design was performed in an extraction pilot plant. 16 runs in all the experiment 

were done with Arabica Colombian coffee with 25-26 color (L) in Hunterlab scale. The 

results indicate that when high yield is the target, high water temperature and high extract 

drawoff are required. High values of antioxidant activity (Total Polyphenols, FRAP and 

ABTS) and pH are found when the process is set in low water temperature. The water flow 

did not affect any of the studied parameters. The feed water temperature is the main variable 

on the coffee extraction process and modifies all the characteristics of the final product. 

INTRODUCTION 

In recent year studies have been conducted regarding the benefits of coffee consumption in 

human health: cardiovascular diseases, Parkinson´s, liver disease, diabetes, among others. The 

high content of polyphones in a coffee beverage contributes to reduce the quantity of free 

radicals, avoiding cell damages. These studies indicate that both green and roasted coffee 

beans are knowledge as an antioxidant compound source. Green coffee beans contain 

antioxidants such as chlorogenic acids, polyphenols and alkaloids. The amount of these 

antioxidant compounds suffer a reduction in the roasting process, however the Maillard 

reaction can generate products such as the melanoidins which exhibit antioxidant activity . 

Phenolic compounds are also found in instant coffee. Due to the importance of the instant 

coffee in the Colcafe´s portfolio, this research is carrying on. 

The extraction process defines the physicochemical and the sensorial parameters in the final 

powder product. This research focus the analysis on the extraction process considering three 

variables feed water temperature, extract drawoff and extract flow and their effect in the yield, 

pH and antioxidant activity. FRAP, ABTS and total polyphenols methods are use to measure 

the antioxidant activity. 
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MATERIALS AND METHODS 

 

Raw material 

 

Arabica Green Coffee; Colombian origin. 

 

Roasting Process 

 

 Industrial scale Roaster (PROBAT). 

 Roasting batch: 140 kg. 

 Roasting degree: L*= 25 – 27. 

 Final moisture levels: 5,5 – 6,5%. 

 

Extraction 

 

The whole research was done in pilot plant, with a soluble solid capacity of 200–600 kg/day. 

Each run consisted of 20 continues extractions. After plant stabilization several drawn extracts 

were mixed forming a representative sample for further analysis. 

 

Table 1. Parameters level in extraction process 

 

Parameter Low values High values 

Feed water temperature (°C) 125-155 170-200 

Extract flow (L/h) 150-250 300-400 

Ratio Extract drawoff 130-230 300-400 

 

Measurement of Antioxidant activity, Yield and pH 

 

Antioxidant activity (FRAP, ABTS and Total Polyphenlos) was measured 

spectophotometrally by standards. 

 

Coffee soluble solids concentration was measured by refractometry (Mettler Toledo RE40) 

and pH was in a pHmeter. 

 

Statistical analysis 

 

The effect of the extractions variables feed water temperature, extract drawoff and extract 

flow on the response variables extraction yield, pH, and antioxidant activity of the obtained 

coffee extract was studied with a 2
3
 experimental design with repetition. 

 

Obtained data was analyzed by means of the statistical software Minitab 14. 
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RESULTS AND DISCUSSION 

 

Statistical Analysis Yield 

 

Table 2. Anova results; second order models. 

 

Variable 

P-Value 

R
2
 R

2 (adj)
 Water 

Temp. 

Extract 

drawoff 

Extract 

flow 

Yield 0,000 0,000 0,194 98,85 98,08 

pH 0,000 0,004 0,218 93,40 88,99 

Total polyphenols 0,000 0,099 0,255 90,36 83,93 

ABTS 0,000 0,807 0,426 87,72 72,53 

FRAP 0,000 0,087 0,454 78,16 72,70 

 

 
 

Figure 1. Main effect for yields: Water temperature and extract drawoff. 

 

High temperatures produce higher solubility of the soluble solids , as a result higher values of 

yield are obtained (Figure 1). At high temperatures there is a reduction of the extract viscosity 

which improves the diffusivity . With higher values of yield non desired compounds can be 

obtained, but the cost will be lower. The extract flow does not show a significant effect in the 

process yield. 

 

pH 

 

According to Sivetz, temperature is the main factor in the extraction hydrolysis. The pH 

values in instant coffee powder are result of the formed acids in the hydrolysis step . When 

high yield are fixed (30 to 50%) the acid compounds will be different and the pH will be 

lower (Figures 2, 3) compared with roasted coffee beverage. 
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Figures 2, 3. pH main effects: Water temperature and extract drawoff; correlation yield 

vs. pH. 

 

Antioxidant Activity 

 

Many studies correlated the antioxidant capacity with coffee species, roasted bean grade and 

preparation methods. 

 

A significant effect for extract antioxidant activity (Total Polyphenols, FRAP y ABTS) was 

found with feed water temperature. Low temperatures let high antioxidant values in the 

extract. When yield is correlated with temperature, antioxidant activity can be shown in 

figures 4, 5 and 6. 

 

 
 

Figures 4, 5, 6. Antioxidant activity correlations vs process yield: Total polyphenols, 

ABTS and FRAP. 

 

Vignoli , evaluated the effects in antioxidant activity in freeze dried coffee considering raw 

material, extraction process and roasted grade; this research show a similar antioxidant 

activity behavior when the extraction process condition were modified. Total Polyphenols 

values obtained in this paper are consistent with Sánchez-González and Brezová researches  . 

Low Total Polyphenols values can be related with soluble solid solubility but this will be 

study in next researches. 

 

CONCLUSIONS 

 

Eventhough antioxidant capacity of coffee is modified during the roasting process, it is clear 

that extraction conditions also affects the final antioxidant activity of the obtained soluble 

coffee and thus of the final beverage. 

 

Extracts obtained at low temperatures and low extract drawoff, lead to coffee extracts with 

high antioxidant activity values expressed as Total polyphenols, ABTS and FRAP measures. 
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Yield is the most important parameter in extraction process. Low yields values mean high 

production costs, higher pH, higher Antioxidant activity and good extract quality flavours. 
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SUMMARY 

In the early stages of roasting process (under-roasting conditions) non-enzymatic browning is 

only partially developed, aroma is almost completely contributed by unaffected precursors 

and pyrolysis is just at its beginning being dehydration the prevailing phenomenon. The effect 

of these conditions on sensory properties of coffee beverages has not yet been investigated. 

The goal of the present study is to fulfil the gap between green and roasted coffee through the 

definition of a set of sensory attributes describing the sensory profile of beverages prepared 

by using under-roasted coffee. 

Coffea arabica from two different geographical origins (Brazil and Guatemala) was thermally 

treated (temperature ranging from 140°C to 165°C for a total of 6 different samples) for 20 

minutes. 

The sensory profile of samples was described by a panel of 14 assessors, with no previous 

experience in coffee sensory evaluation, by using the descriptive analysis. 

The dataset obtained from this work leads us to conclude that when non-enzymatic browning 

is not fully developed, the sensory attributes used to describe beverages obtained by 

conventional roasted coffee are not appropriate. Thus, a new set of sensory descriptors with 

appropriate reference standards should be used to properly describe the specific sensory 

properties of beverages obtained from coffee treated by under-roasting conditions. 

The results show that there is a minimum process temperature below which these products, 

are not described as coffee. In this case aroma and flavour are dominated by peanuts, 

vegetables and cereal notes. 

INTRODUCTION 

It is well known that roasting is a process during which coffee beans are brought for a given 

time (typically 10-15 min) to a temperature in the range 170-240°C. It has been reported that 

during the process, the drying step occurring up to 130°C is followed by coffee bean softening 

due to glass-to-rubber transition of coffee polymers and then by the actual roasting which 

starts, at 160-170°C. When roasting reactions take place, non-enzymatic browning and 

pyrolysis with formation of aroma volatile compounds and large quantities of gas, mainly 

CO2, change completely both physical and sensory properties of the coffee beans. 

The heat treatment induces the evolution of the sensory profile from green coffee to the stage 

which characterizes and makes recognizable the product in its common meaning. 



 

335 

 

Roasting conditions therefore, in addition to specie/variety, geographical origin and post-

harvest processing, remarkably affect the characteristic aroma and flavour of coffee. 

 

Both green and roasted coffee have been extensively investigated highlighting the deep 

modifications of chemical and sensory properties induced by conventional roasting process. 

The influence of roasting degree and roasting process on sensory properties of coffee 

beverages has been widely studied. Sensory profile of beverages prepared by using green 

coffee has also been investigated, albeit not extensively. 

 

The adoption of conditions milder than those of the conventional roasting ( under-roasting , 

140-160°C) allows to limit both thermal degradation of coffee compounds such as 

chlorogenic acids trigonelline and many others and consequent generation of a plethora of 

compounds including melanoidins, chlorogenic acid lactones and aroma volatile compounds. 

For the latter, it has been recommended “gently roasting conditions” (140°C for 20 min) to 

reduce the formation of the heat-induced toxicant furan (C4H4O). However effects of these 

conditions on sensory properties of coffee beverages, have not been investigated yet. 

 

In this work we studied the relationships between the roasting temperature and the sensory 

profile of beverages prepared by using coffee roasted in under-roasting conditions. 

 

MATERIALS AND METHODS 

 

Coffea arabica from two different geographical origins (Brazil and Guatemala) was thermally 

treated (temperature ranging from 140°C to 165°C for a total of 6 different samples for each) 

for 20 minutes in a 10 kg roasting plant. 

 

Each coffee sample, characterized by a set of physical measurements (moisture, total weight 

loss and colour), was used to prepare beverages by means of a plunger coffee maker. 

 

A panel consisting of 14 subjects (5 males and 9 females, age range 22-44 years) regular 

coffee consumers and with no prior experience in coffee sensory evaluation was employed to 

describe the beverages by mean of descriptive analysis. Subjects were told that the aim of the 

evaluation was the description of vegetable-based infusions. Thus, any direct reference to the 

coffee was avoided. 

 

Six training sessions were run. Subjects were trained to recognize and rate the intensity of 

sweetness, sourness, bitterness, and astringency in standard solutions. A 9-point category 

scale (1:extremely weak; 9:extremely strong) was used. 

 

After completing the general training step assessors developed a vocabulary describing 

differences among samples according to the Generic Descriptive Analysis. During the term 

generation phase, assessors were presented samples in pairs. Three pairs were presented in 

each session. 

 

The panel reached a consensus on a list of 28 attributes describing aroma, mouthfeel, and 

flavour sensations of the samples. 

 

Finally assessors participated to seven evaluation sessions: six for under-roasted coffee 

samples and one for a reference sample represented by a conventionally roasted C. arabica 

blend (medium roast). In each session six samples were evaluated. 
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Assessors had 2 min break after each sample and a further 15 min break every two samples. 

Each sample was evaluated 3 times. The samples were presented one by one in 100cc closed 

bottles coded with 3-digit random numbers. Sample presentations was balanced across 

subjects. For each samples assessors were asked to rate the intensity of aroma descriptor first. 

Then they were asked to take a sip of the sample and rate the intensity of flavor attributes. 

Finally they had to take a second sip and rate mouthfeel attributes. 

 

All ratings were expressed on a 9-point category scale. In the adopted experimental conditions 

aroma evaluation was performed at 64-66°C and the in-mouth evaluation at 54-56 °C. 

 

The evaluations were run in individual booths under red light, and the data were collected 

with the software Fizz (ver.2.40.G, Biosystemes). 

 

RESULTS AND DISCUSSION 

 

The relationships between thermal treatment performed at fixed time (20 min) on coffee and 

sensory properties of resulting beverages were investigated. As far as beverage preparation is 

concerned, the infusion method has been chosen thanks to its reproducibility and to its 

extensive use in coffee cup testing. 

 

Product differences for each attribute were assessed by a three-way ANOVA mixed model 

using assessor and replicate as random factors, while sample was the fixed factor. A 

significant sample effect (p ≤ 0.05) was found for 20 out of 28 attributes. Differences among 

samples from descriptive analysis were studied by means of Principal Component Analysis 

(PCA). PCA models were computed on panel averages of each significant attribute arising 

from the ANOVA models. Samples were included as dummy variables (down-weighted in the 

data matrix) to improve the visual interpretation. The full cross validation was computed to 

validate the interpretation of the first two components. Results are summarized in the 

correlation plot of Figure 1. 
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Figure 1. Bi-plot from Principal Component Analysis of mean intensity values of 

significant attributes for under-roasted coffee samples from Brazil (B) and Guatemala 

(G). Process temperatures are indicated. 

 

Along the first component samples are discriminated according to their process temperature. 

 

Samples thermally processed at a temperature equal or below 150 °C are positioned on the 

left side of the map while those thermally processed at a temperature equal or higher than 

155°C are located on the right. The first component is negatively associated to a group of 11 

attributes (aroma and flavor of peanut, vegetable, cereals/oats, puffed cereals, cereal broth and 

sweet taste) and positively correlated to a group of 9 attributes (aroma and flavor of coffee, 

roasted and burnt, bitter, sour and astringent). 

 

High correlation values were found both between attributes negatively associated to process 

temperature (Cronbach α = 0.97) and between those positively associated to process 

temperature (Cronbach α = 0.98). Thus two mega-attributes (sum of the intensities of the 

attributes within each group) were defined and called “non coffee” and “coffee” respectively. 

Intensity data of mega-attributes were independently submitted to a three-way ANOVA 

mixed model. Mean intensity values of mega-attributes "non coffee" and "coffee" of reference 

and unroasted samples from Brazil and Guatemala are reported in Figure 2 (a and b). Samples 

processed at a temperature equal or lower than 150°C are characterized by mean values of the 

mega-attribute “non-coffee” systematically and significantly higher than the reference sample. 

On the contrary, samples treated at temperatures equal or higher than 155°C do not differ 

from the reference sample for this attribute. Moreover, Guatemala sample treated at 165 °C 

and Brazil samples processed at both 160 and 165°C do not significantly differ from the 

reference samples in relation to the “coffee” mega-attribute. 
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 a       b 

 
 

Figure 2. Mean intensity values of mega-attributes “non coffee” (□) and “coffee” (■) in 

samples from Brazil (left) Guatemala (right) processed at different temperatures. Lines 

indicate mean intensity values of mega-attributes in the reference sample processed in 

standard roasting conditions. Dotted lines represent standard error in reference sample. 

 

The conditions of coffee thermal treatment needed to obtain beverages with the sensory 

characteristics of standard coffee were clearly identified. Attributes commonly used to 

evaluate the sensory properties of conventional roasted coffee do not describe the main 

sensory characteristics of products obtained in “under-roasting” conditions. Thus, a new set of 

sensory descriptors with appropriate reference standards, should be used to describe the 

specific sensory properties of beverages obtained from coffee treated by under-roasting 

conditions. 

 

Furthermore, for the first time, we found out that there is a minimum process temperature 

below which these products, are not described as coffee. In particular, the results indicate that 

beverages from coffee processed for 20 min at temperatures below 150°C (e.g. under 

conditions suggested to minimize furan formation), cannot be recognized as coffee flavoured 

beverages. In this case aroma and flavour are dominated by peanuts, vegetables and cereal 

notes. 
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SUMMARY 

Immature coffee processing contributes to a high amount of defective beans which determines 

a significant amount of low quality coffee sold in the Brazilian internal market. Unripe beans 

processing was tested, taking the levels of bioactive amines as criteria for evaluating the 

extent of fermentation and establishing the differences between different processing methods. 

The beans were processed by the dry method and after being mechanically de-pulped, 

immediately after harvest or after a 12h resting period in a dry pile or immersed in water. 

Seven bioactive amines were quantified: putrescine, spermine, spermidine, serotonin, 

cadaverine, histamine, and tyramine, with global amounts ranging from 71.8 mg/kg to 80.3 

mg/kg. The levels of spermine and spermidine were lower in the unripe de-pulped coffee than 

in the natural coffee. The specific conditions processing also influenced cadaverine levels and 

histamine was reduced in unripe depulped coffee. A resting period of 12 h does not induce 

significant alteration on the beans and can be improved if performed in water. These results 

confirm that peeling immature coffee can decrease fermentation processes while providing 

uniform drying, reducing defects and potentially beverage quality. 

INTRODUCTION 

Coffee is a natural beverage, with several compounds that promote human health and 

performance. However, some compounds present in the grains may interfere with its quality 

and safety. Given the current trade barriers and restrictions on food marketing, concerns are 

increasing about coffee quality and safety. Meanwhile, consumers themselves are also 

becoming more selective. One of the biggest problems in the Brazilian coffee production 

chain is the high amount of defective beans, which contributes to a significant amount of low 

quality coffee sold in the internal market. The presence of defects affects coffee quality, and 

these defects can arise from problems that occur during harvesting, processing, or drying. 

“Green defects” are associated with the presence of immature fruits, with leased to increased 

stringency and have been described as an important factor for coffee classification. 

The key difference between the classical dry and wet processing methods is pulp removal: in 

the wet method, the fruit pulp is separated from the seeds before drying by a combination of 

mechanical de-pulping and fermentation, whereas in the dry method occurs only after a 

prolonged period of drying the entire cherries. Processing of unripe coffee beans by the wet 

method is seen as a potential way to minimise the negative impacts of defective “green” 

beans. The drying step after pulp removal is more uniform and results in fewer black, green, 

and sour defects, producing improved coffee with higher commercial value. The quality of 

coffee beverages is related to the chemical composition of the roasted beans, which, in turn, is 

affected by the chemical composition of the green beans and by post-harvesting processing 
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conditions. The criteria commonly used to evaluate the quality of coffee include bean size, 

color, shape, processing method, crop year, flavor or cup quality and presence of defects (5). 

Among those, cup quality and presence of defects (type classification) are the most important 

criteria employed worldwide in coffee trading. The variations in processing, and also of the 

fact that the content of amines is known to be related to quality of food products in general, an 

investigation of the profiles of amines in coffee samples of different qualities, as well as the 

effects of processing on those compounds are relevant. Because defective beans are known to 

have altered levels of bioactive amines and the concentrations of such amines can depend 

upon the processing method, the present study aims to evaluate the effect of different methods 

on the levels of bioactive amines in unripe coffee beans processing. 

 

MATERIALS AND METHODS 

 

Coffee samples 

 

Coffee fruits (Coffea arabica L.) were grown in the UFLA site. After cleaning and hydraulic 

separation, the proportion formed by cherry and green fruits was pulped without a counter-

weight. This method regulates the pressure of the drum pulper, allowing no more than 10% of 

cherry fruits to exit with the green fruits. The pulped cherry beans were dried and the rejected 

mixture with 10% cherries was used in this study. A part of this portion was naturally 

processed and used as control (A). Another part of the mixture was pulped using a counter-

weight to regulate the pressure, resulting in a pulped parcel (B) and a natural parcel (C) that 

were also dried. A third part of the mixture with 10% cherry fruits was put in two boxes and 

allowed to rest for 12 hours. One of the boxes was filled with water. After the resting period, 

both portions were pulped with a counter-weight, giving rise to pulped and natural immature 

coffee samples after resting in water (D and E) and pulped and natural immature coffee 

samples after resting in the open air (F and G). The experimental parcels were dried on patios 

until water content of the coffee beans was about 10-12% (wb). 

 

Sample preparation 

 

After drying, samples were ground to a fine grain for a period of 2 minutes in a refrigerated 

mill. A second milling step was performed with a grinding ball mill using liquid nitrogen for 

1 minute, and a 0.75 mm sieve was used to isolate the smallest grains. Samples were 

preserved by freezing and then freeze-dried for extended preservation. 

 

Chromatographic analysis 

 

Analyses were performed on an HPLC system with dual pumps, an auto-sampler and a diode 

array detector. The column used was a reversed-phase Kromasil 100 C18 (5 mm x 250 mm x 

4.6 mm), and it was operated at room temperature. The elution was performed with a linear 

gradient of 0.05 M phosphoric acid and methanol / acetonitrile (1:1) at 1 mL/min with 

gradient elution. Compounds were identified by chromatographic comparison with standards 

and by co-elution, taking as reference published data on green coffee. Detection was 

performed using the DAD at 254 nm. All procedures were performed at least in duplicate, and 

the results were expressed as mg/kg of dried unripe coffee. 

 

Statistical analysis. All data were subject to analysis of variance (ANOVA). The GLM 

procedure of the SAS was used to evaluate the statistical significance of the differences 

among mean values. The F-test was also applied, and Tukey test was used to compare means. 
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RESULTS AND DISCUSSION 

 

In this study, immature cherries (with up to 10% ripe cherries) were processed by the classical 

dry method (A, B, C and D) and by the wet method, in which the cherries are mechanically 

de-pulped before being dried (E, F, G). Shell removal in immature beans is a step that induces 

intense mechanical stress and wear in the pulping equipment. In order to reduce the peel 

adhesion and facilitate pulp removal the immature cherries were left to rest for 12 h either 

placed in dry piles or immersed in water. A resting period like is often necessary due to 

processing constraints, as mature beans are typically given higher priority and are de-pulped 

sooner. These organic compounds are usually formed by free amino acids decarboxilation as a 

consequence of physical-chemical and biochemical processes that take place during coffee 

bean processing. These fermentations can be intentionally carried out by the producer, as in 

the wet processing method, in order to remove the mucilage remains. Some fermentation can 

also occur during the drying steps, used on both wet and dry processing methods, although the 

nature of the process depends on the coffee beans: because of the lack of external layers, the 

wet processed beans dry faster and more uniformly, resulting in higher quality beans. In the 

dry method, the beans are dried still within the cherry which results in reduced drying 

efficiency and consequently undesired fermentation. 

 

Variations can be seen as a consequence of differences in resting period, drying method, 

drying period, and the maturity of the cherries. In this study, immature cherries were 

separated before being processed, allowing specific adjustments to be made in the drying step 

for each batch (i.e., each batch was either pulped or dry-processed). When the different 

processes are compared (dry vs. wet), all naturally processed batches (had increased amounts 

of total bioactive amines compared to those that were previously de-pulped, the result was not 

found to be statistically significant. Quantities of total bioactive amines ranged from 71.8 

mg/kg in the control (A) to 80.3 mg/kg in treatment C. Putrescine levels varied from 53.8 

mg/kg in the controls (A) to 61.5 mg/kg in the immature cherries with a 12 h dry rest before 

drying (C). These values are within the range of the only reference values available in the 

literature for immature beans (average value of 53.9 mg/kg). The polyamines spermidine and 

spermine are formed sequentially from putrescine, and these also occur naturally in fruits. 

 

Changes in their concentrations can be observed in response to a variety of stresses, including 

mechanical damage, carbonic gas treatment and temperature fluctuations. In this study, 

spermine and spermidine levels in immature coffee beans averaged 6.8 mg/kg and 7.3 mg/kg, 

respectively. This result was only significant (p<0.05) for the samples processed immediately 

(B and E); the increased concentrations in the naturally processed coffees may be due to the 

longer drying periods required for this type of coffee. The three bioactive amines (histamine, 

cadaverine and tyramine) were detected in reduced amounts, below 1 ppm. The most toxic of 

these compounds is histamine; temperature is recognized as a critical factor in histamine 

formation. Thus, when immature fruits were piled for 12 h, the temperature increase may have 

favoured histamine formation. Additionally, the drying time of natural coffee is longer 

compared to depulped coffee, mainly due to presence of the exocarp, allowing more time for 

the formation of histamine in the bean. The higher amine levels in the procedure without 

water may be due to other factors that influence this amine, such as pH variation, temperature, 

oxygen levels, and the concentrations of free amino acids. The average level of tyramine 

found in immature seeds was around 0.38 mg/kg. Cadaverine showed average levels of 0.49 

mg/kg in immature coffee beans. Vasconcelos et al. did not detect the presence of this amine 

in coffee associated with “green” defects, and the tyramine levels they found were slightly 

higher than the 0.20 mg/kg found in normal Arabica coffee beans. In the present work, lower 

cadaverine levels were found in the procedures that lacked a resting step. However, when 

immature coffee beans remained at rest, increased concentrations were observed when de-
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pulped after 12 h of resting, both with and without water. This may be related to various 

physiological processes in fruit that result from stress due to the accumulation of grains in a 

box. It was observed in this study that the specific conditions of unripe coffee beans 

processing influenced the resulting concentrations of biogenic amines, particularly spermine, 

spermidine, histamine and cadaverine. The depulping of unripe beans reduces fermentation 

and favours uniform drying, contributing to a reduced formation of biogenic amines. 

However, if cherries could not be de-pulped immediately and had to be reserved, then the 12 

h resting period was not responsible for a substantial increase in the concentrations of 

bioactive amines amounts. Nevertheless, a benefit could still be observed if the cherries are 

immersed in water. When the two processing methods are compared – natural vs. wet – the 

total amount of bioactive amines is smaller in the latter, and the amount of defective beans 

after processing is also reduced. Treating immature beans separately and using adjusted 

depulping could provide additional improvements to the quality of immature beans and 

reduced the levels of biogenic amines, similar to those observed in ripe coffee. The depulping 

step allows for a shorter and more uniform drying period, reducing the extent of fermentation 

and reducing the number of defective beans found after processing, and increasing the 

beverage quality, regarding the amines composition in the unripe coffee beans. These results 

indicate that the use of more appropriate techniques for processing and drying lead to a 

reduction in polyamine levels. Whether this reduction is associated with increased cup quality 

or not is an issue that deserves further attention. 
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to shortening the fermentation process and encouraging a more uniform and faster drying, 

reducing the defects of the immature coffee. 

 

It is well known that the mode of coffee processing (i.e., the wet or dry method) determines 

the quality of the corresponding green coffees and establishes characteristic flavor 

differences. However, differences in the constitution of coffee beans may be related to the 

presence or absence of skin tissues, as reported by. Furthermore, specific and low molecular 

flavor precursors, i.e., carbohydrates and free amino acids, are different in differently 

processed green coffees. Among the amino acids present in raw coffee grain, asparagine is the 

major precursor of acrylamide, a potentially carcinogenic substance. The presence of 

acrylamide in foods, including coffee, may present risks to human health. The toxicological 

potential of acrylamide in foods is related to the concentrations of its precursors in the raw 

material, which may vary significantly between species, cultivation practices and processing 

techniques. 

 

Qualitative analysis has shown that asparagine is the main amino acid present in immature 

coffee grains. More recent work has shown that the pulping of immature fruits allows a 

reduction in asparagine levels. Both the low yield of the asparagine/acrylamide reaction and 

significant reduction of acrylamide during roasting may be the reason that the correlation 

between asparagine and acrylamide in coffee is less prominent than in other foods. Although 

coffee beans are roasted at high temperatures, the amount of acrylamide found in roasted 

beans and ground coffee is reported to be low. Reports on commercial market samples of 

roasted coffee confirm lower levels of acrylamide for dark-roasted in comparison to lighter-

roasted coffees. However, some post-harvest practices were reported to interfere with the free 

amino acid content of green coffee beans, which might offer the opportunity for further 

investigations. The aim of this study is to assess the effect of post-harvest coffee processing 

on acrylamide formation in immature coffee, relating it to asparagine concentrations in the 

raw material. The post-harvest processing conditions of immature coffee beans are also 

related to the degree of roasting and acrylamide formation in order to improve the quality and 

value of the final product. 

 

MATERIALS AND METHODS 

 

Coffee samples 

 

Coffee fruits (Coffea arabica L.) were grown in the UFLA site. After cleaning and hydraulic 

separation, the proportion formed by cherry and green fruits was pulped without a counter-

weight. This method regulates the pressure of the drum pulper, allowing no more than 10% of 

cherry fruits to exit with the green fruits. The pulped cherry beans were dried and the rejected 

mixture with 10% cherries was used in this study. A part of this portion was naturally 

processed and used as control (A). Another part of the mixture was pulped using a counter-

weight to regulate the pressure, resulting in a pulped parcel (B) and a natural parcel (C) that 

were also dried. A third part of the mixture with 10% cherry fruits was put in two boxes and 

allowed to rest for 12 hours. One of the boxes was filled with water. After the resting period, 

both portions were pulped with a counter-weight, giving rise to pulped and natural immature 

coffee samples after resting in water (D and E) and pulped and natural immature coffee 

samples after resting in the open air (F and G). The experimental parcels were dried on patios 

until water content of the coffee beans was about 10-12% (wb). 
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Roasting process 

 

Coffee samples were roasted in a batch roaster using medium and dark roast. The roasting 

process started at 150ºC, and the final point was determined by visual and instrumental 

examination with a colorimeter. The average temperature reached was 220ºC after 9 minutes. 

The roasted beans were vacuum packed in aluminum packages, sealed and stored until 

analysis. The roasted beans were ground in an electric grinder at 20 mesh to perform the 

analysis. 

 

Statistical analysis 

 

All data were subject to analysis of variance (ANOVA). The GLM procedure of the SAS was 

used to evaluate the statistical significance of the differences among mean values. The F-test 

was also applied, and Tukey test was used to compare means. 

 

RESULTS AND DISCUSSION 

 

The acrylamide concentrations are presented for the two roasting levels tested, as well as the 

asparagine levels obtained from each procedure applied to the unripe coffee. Higher amounts 

of asparagine correspond to increased levels of acrylamide in roasted coffee. The coffee beans 

presenting higher levels of acrylamide are those submitted to medium roast and obtained from 

natural or dry process for all procedures: control (A), natural (C), 12 hours immersed in water 

(E) and 12 hours without water (G). This fact may be related to the higher amounts of 

asparagine present in natural coffee compared with pulped coffee, as reported by Dias et al.. 

Unripe natural coffee grains submitted to medium roasting showed higher levels of 

acrylamide compared with unripe, pulped beans. These levels are directly related to 

asparagine quantities. The results are in accordance with other studies, in which asparagine 

was reported as limiting factor in acrylamide formation during the roasting process. 

 

 

Figure 2. Formation of acrylamide in unripe coffee differently processed and roasted at 

medium and dark degrees. Storage procedures: A - Control; B - Unripe pulped; C - 

Unripe natural; D - Unripe pulped 12 hours in water; E - Unripe natural 12 hours in 

water; F - Unripe pulped 12 hours piled; G - Unripe natural 12 hours piled. 

 

No significant differences in acrylamide levels were detected in the dark roasts of natural and 

pulped immature coffee. In this experiment, the highest concentrations of acrylamide were 

obtained at low temperatures (220°C) and a short roasting time (9 minutes). During more 

intense roasting, the acrylamide degrades until it can no longer be detected. Coffee is typically 
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roasted at temperatures in the range of 200–230°C. The average amount of acrylamide found 

in immature coffee beans was 458.2 µg kg
-1

 for medium roasting and 326.8 µg kg 
-1 

for dark 

roasting. Roasted coffee beans can produce levels of acrylamide between 40 and 400 µg kg
-1

 

with a mean value of 200 µg kg
-1

. At the end of the roasting process, according to data from 

the European Commission, the beans present an average level of acrylamide between 265 and 

290 µg kg 
-1

. In dark-roasted immature coffee beans, mean levels found are close to those 

made public by the European Commission. It can conclusively be said that the food industry, 

in a joint collaborative effort, could show moderate success in the relative reduction of 

acrylamide by establishing several collective measures for the treatment of certain foods, e.g., 

raw material selection, adapting processing parameters and guidance on final food 

preparation. Alterations in post-harvest coffee will define the potential formation of 

acrylamide from changes in concentration of its precursor. Acrylamide content is altered by 

the levels of asparagine and the type of processing, showing a significant difference after 

coffee roasting. Currently, there are no options available for acrylamide reduction in the 

process of roasting coffee beans. Controlling the levels of acrylamide’s precursors in the raw 

material seems to be the most effective way to reduce acrylamide during roasting. The 

pulping of immature coffee contributes to decreased asparagine levels, and consequently 

acrylamide levels, for both levels of roasting. Whatever the processing type, acrylamide 

content is lower after dark roasting when immature coffee beans are processed in the same 

day or when the fruits are stored piled in a box for 12 hours. The procedures discussed in this 

work can form the scientific basis for the control and generation of new technologies in post-

harvest coffee treatments, minimizing the potential formation of harmful chemicals such as 

acrylamide and improving the quality, safety and economic viability of immature coffee. 
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SUMMARY 

The objective of this research was to characterize the profile of fatty acids in green coffee 

beans to evaluate the influence of these profile changes on the beverage quality during the 

storage period. Coffee samples (natural coffee) and wet (pulped coffee) were submitted to 

drying in concrete yard and in a mechanical dryer operating with hot air drying at 40°C until 

the grains reached moisture content of 11% (wb). When the natural and parchment coffee 

dried reached has hygroscopic equilibrium were packaged in jute bags and stored at 

environment without control of temperature and humidity relative. To evaluate the effects of 

the post-harvest processing and drying methods on coffee bean quality the analyses were done 

at zero, six and twelve months after the storage. After processing the grains were classified by 

size in screens with circular and oblong perforations and coffee samples free of damaged or 

defective beans were submitted to lipids extraction by cold press being the free fatty acids 

identified and quantified by gas chromatography, and another part of beans were submitted to 

sensory analysis. It were identified and quantified twelve fatty acids and into the lipid 

composition the main acid saturated was the palmitic acid and among the unsaturated acids 

prevails the linoleic acid followed by oleic acid. The variations in the fatty acids profile 

contributed for significant sensory changes, particularly in the natural coffee processing 

procedure, which presented unpalatable flavor and undesirable aroma, independent of the 

drying method. 

INTRODUCTION 

The storage of coffee beans is considered a critical phase for the beverage quality 

maintenance. It is very known that during storage the coffee beans suffer a fast deterioration 

due several biochemical and sensory alterations culminating in loss of quality and 

undervalued the coffee price. The presence of compounds that determine the flavor and aroma 

of the coffee beverage of the differentiated quality is necessary to expand the consumer 

market, both Brazilian and the international sector, ie, its quality depends on genetic, 

environmental and technological. The procedures of processing, drying, and storage can harm 

or affect the quality of coffee. Thus, besides the conduct and management of the farming, 

harvesting, different processing techniques and reducing the water content, by a drying 

method influence the quality, should be considered for safe storage of coffee, because, among 

other things, reduces risks breathing, oxidation and fermentation in grains stored. 

The properties of the fatty acids present in oil from of coffee grains are important for coffee to 

drink, and for pharmaceutical and cosmetic formulations, but the fatty acid composition of 

arabica coffee grains suffers variation significant effect due to defects grains, its biosynthesis 
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depends temperature, especially the biosynthesis of polyunsaturated fatty acids. Some 

chemical alterations detected in the green coffee grain are usually associated to oxidative 

processes, in special the oxidation of lipids that contributed to form unpleasant flavours and 

undesirable aromas in roasted coffee beans, depreciating the cup quality. However, it is not 

yet well understood how this process occur and how extent is its effects on sensory quality. 

Therefore, the objective of this research was to characterize the profile of fatty acids in green 

coffee beans and to evaluate the influence of these profile changes on the beverage quality 

during the storage period. 

MATERIALS AND METHODS 

Arabica coffee samples obtained by dry (natural coffee) and wet (pulped coffee) processing 

procedures were submitted to drying in concrete yard and in a mechanical dryer operating 

with hot air drying at 40°C until the grains reached moisture content of 11% (wb). Natural 

(whole fruits) and pulped (parchment) coffee samples with moisture content of 11% (wb) 

were packaged in jute bags and stored at environment without control of temperature and 

humidity relative. To evaluate the effects of the post-harvest processing and drying methods 

on coffee bean quality the analyses fatty acids were done at zero and twelve months and 

sensory were done at zero, six and twelve months after the storage. After processing the 

grains were classified by size in screens with circular and oblong perforations and coffee 

samples free of damaged or defective beans were submitted to sensory analysis and the fatty 

acids characterization by gas chromatography. The lipids extraction was by cold press being 

the free fatty acids identified and quantified by gas chromatography (Official Methods and 

Recommended Practices of the American Oil Chemists Society - AOCS method 1-62). The 

sensory analysis was performed according the Specialty Coffee Association of America 

(SCAA) procedures. 

RESULTS AND DISCUSSION 

The storage time in each processing method led to the fatty acid composition to small 

variations from zero to twelve months, independent of the drying method, being more 

pronounced the variation in the twelve natural coffees (Table 1). Among the identified fatty 

acids, the linoleic stands out from the unsaturated and saturated, palmitic acid, followed by 

moderately oleic and stearic acid and small amounts of other acids (Table 1). The 

predominance of the four main acids in the oil of coffee beans corroborates other authors. 

Unsaturated fatty acids are highly susceptible to degradation reactions, among them, the 

linoleic acid. During storage their percentage in the oil was reduced, consequently increasing 

the content of palmitic acid. Although small, to twelve months, the variations (Table 1) 

indicate that there was degradation for all components of the oil, these changes occurred 

during the aging of the coffee beans during drying and not these. Important to emphasize, the 

results suggest that the release of fatty acids is not uniform and that the degradation occurs 

differently from a fatty acid to another, which agrees with findings. 

The degradation of the quality of acids caused changes in the quality of the coffee beverage as 

noted in the sensory analysis (Table 2) indicating that there was oxidative deterioration of 

some chemical constituents of stored grain, especially polyunsaturated acids evidenced by 

lower content of the oil at twelve months (Table 1). The oxidations form undesirable 

compounds to the taste of the drink, among them taste of stale coffee and rancid odor, 

indicating loss of product quality. In this study, changes in taste and smell caused significant 

reductions in notes during the sensory evaluation of coffee (Table 2). The variation in fatty 

acids indicates latent damage arising from processing and drying processes, and that 
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associated with variations of the water content of grains stored degraded to a greater degree 

unsaturated fatty acids, especially the natural coffee (Table 1) shown in this study for greater 

reduction in sensory quality coffees in these storage function (Table 2). 

Table 1. Fatty acids of oil from coffee beans (µg 100 µg-1), the natural and pulped coffee 

submitted to drying in concrete yard and in a mechanical dryer operating with hot air 

drying at 40°C, to zero and twelve months of storage. 

*
By Tukey test, p <0.05 on the lines significant differences. 

Table 2. Mean values of sensory analysis (notes), the natural and pulped coffee to drying 

in concrete yard and in a mechanical dryer operating with hot air drying at 40°C to zero 

and twelve months of storage submitted. 

Means followed by same letters, the letters in the column between lines within each 

processing method of drying between columns and capitals for storage times do not differ at 

5% probability by Tukey test. p < 0,05. Among the drying methods did not significantly. 

Importantly, since the unsaturated fatty acids are related to the formation of aldehydes, the 

higher linoleic acid content the better the quality of the beverage. It is believed that the 

oxidation of the compound affected the quality of coffee to twelve months, and these changes 

in the grain decreased quality of the drink of coffee (Table 2). The variation of the 

composition of unsaturated fatty acids observed in this study is justified by a factor of storage 

time since these acids are more likely to react to oxygen and thus undergo oxidation, which 

agrees with found that reducing unsaturated acids as a function of storage time. 

In the results obtained in this study were identified and quantified twelve fatty acids and into 

the lipid composition the main acid saturated was the palmitic acid and among the unsaturated 

acids prevails the linoleic acid followed by oleic acid. The variations in the fatty acids profile 

contributed for significant sensory changes, particularly in the natural coffee processing 
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procedure, which presented unpalatable flavor and undesirable aroma, independent of the 

drying method. 
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SUMMARY 

Considering the scarcity of information concerning the coffee genotype effects on sensory 

profile and green bean physical characteristics in Brazil this study aimed to evaluate the size 

and shape of green beans and beverage quality of several Coffea arabica genotypes under 

selection at Agronomic Institute, concerning to identify progenies with good physical 

characteristics, distinctive cup quality and naturally low level of caffeine content in the beans. 

The experiment was carried out at Agronomic Institute (IAC) in Campinas-SP during the 

2010/2011 crop year. It were analyzed fifty five coffee bean samples from different genotypes 

in F2 and F1BC1 generations between wild coffee genotypes naturally caffeine-free and elite 

Brazilian commercial cultivars, being each treatment constituted by the respective progeny. 

Healthy and ripe coffee fruits were hand harvested and prepared by semi washed process 

(pulped natural coffee) and the wet parchment coffees were sun dried over elevated screens 

until the grain reached moisture content of 11% (wb). After hulling the clean coffee beans 

were classified by size to determine the percentage of retention in screens. Coffee samples 

from up to 15 inch sieve size without defective beans were submitted to sensory analyses 

according to Specialty Coffee Association of America (SCAA) procedures. The results 

indicated that there are differences for both green bean size and cup quality among the 

progenies. This confirms the existence of genetic variability for physical and sensory traits 

into the studied genotypes, indicating the feasibility of selection of new cultivars in the future. 

Some progenies showed qualitative characteristics better than the commercial cultivars used 

as check, revealing the real intrinsic genetic potential of these genotypes to produce naturally 

low caffeine coffee beans with sensory profile differentiated by flavor and aroma. 

INTRODUCTION 

Sensory profile, green bean size and green bean shape & make are physical characteristics so 

important to determine the coffee price at market, where generally large beans receive better 

prices than small beans. It is reported that intrinsic sensory coffee quality depends on a 

combination of factors including the green bean chemical composition and green bean 

physical characteristics. The differentiated quality of coffee, especially the arabica species has 

accelerated Brazil's insertion in the market for specialty coffees. The coffee grains size and 

physical characteristics are very important to coffee quality and coffee prices determination in 

the market, and the presence of compounds that determine the flavor and aroma of the coffee 

beverage, ie, its quality depends on genetic, environmental and technological. It is also 

important to emphasize that the procedures for processing and drying, and storage affect the 

quality of coffee. Thus, besides the conduct and management of the farming, harvesting, 

different processing techniques and the drying methods, should be considered for 

maintenance the quality and the safe storage of coffee, because, among other things, reduces 

risks breathing, oxidation and fermentation in grains stored. 
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However the relations between these green bean physical characteristics and the sensory 

profile of coffee as well as its effects on beverage quality have not yet been fully elucidated. 

In this context arabica coffee cultivar that presents genetic potential to produce coffees beans 

with differentiated cup quality constitute an important alternative for coffee breeding 

programs aiming to improve cultivars for specialty coffee production. Considering the 

scarcity of information concerning the coffee genotype effects on sensory profile and green 

bean physical characteristics in Brazil this study aimed to evaluate the size and shape of green 

beans and beverage quality of several Coffea arabica genotypes under selection at Agronomic 

Institute (IAC), concerning to identify progenies with good physical characteristics, 

distinctive cup quality and naturally low level of caffeine content in the grains. 

 

MATERIALS AND METHODS 

 

The experiment was carried out at Agronomic Institute (IAC) in Campinas-SP during the 

2010/2011 crop year. To characterize the quality of the drink of the genotypes selected by the 

Genetic Improvement Program of the IAC, are being evaluated numerous progeny and 

genotypes in the form of treatments, each consisting of a population of plants with different 

genetic compositions. The genetic heritage contributes to an uneven ripening of the fruits, and 

the harvest extends over a long period during the year, once to evaluate the quality of the 

coffee were used only fully ripe fruit (cherries). It were analyzed fifty five coffee bean 

samples from different genotypes in F2 and F1BC1 generations between wild coffee 

genotypes naturally caffeine-free and elite Brazilian commercial cultivars, being each 

treatment constituted by the respective progeny. Healthy and ripe coffee fruits were hand 

harvested and prepared by semi washed process (pulped natural coffee) and the wet 

parchment coffees were sun dried over elevated screens until the grain reached moisture 

content of 11% (wb). After hulling the clean coffee beans were classified by size in several 

screens with circular perforations of 19, 18, 17, 16, 15, 14 and 13/64 inches and three screens 

with oblong perforations of 11, 10 and 9 x ¾ inches to determine the percentage of retention. 

Coffee samples classified in sieve size up to 13 inch without, defective beans were submitted 

to sensory analyses descriptive, according procedures to Specialty Coffee Association of 

America (SCAA). The sensory analysis was performed by Judges Certificates by SCAA, 

based on the protocol for sensory analysis of Specialty Coffee Association of America 

(SCAA), according to the methodology proposed by. It was evaluated five cups per sample 

and the correspondent whole bean of each cup was ground after running a cleansing quantity 

of the sample through a laboratory grinder and then grinding each cup’s batch individually 

into the cupping glasses, ensuring that the whole and consistent quantity of sample gets 

deposited into each cup, according to the procedure described by. The roasting process of the 

samples was done with 100 grams of grain, by monitoring the temperature and time roasting 

that was between eight and twelve minutes . All samples were roasted with a minimum of 

twelve hours before the tasting. Were evaluated and graded with grading on a scale of zero to 

ten points the fragrance / aroma, acidity, body, flavor, aftertaste, sweetness, consistency, clean 

cup, and global impression balance in each genotype. The cumulative score and the final 

result obtained of the sensory evaluation were described according SCAA. 

 

RESULTS AND DISCUSSION 

 

The beverage quality assessment done by trained coffee tasters and the prescribed sensory 

evaluation procedures method provides specific and reliable data about each coffee genotype 

and can be used successfully for screening in breeding selections to coffee quality 

improvement. The results indicated that there are differences for both green bean size and cup 

quality among the progenies (Table 1), corroborating with other studies. This result confirms 
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the existence of genetic variability for physical and sensory traits into the studied genotypes, 

indicating the feasibility of selection of new cultivars in the future. 

 

Table 1. Average percentage of grains retained in sieves with circular screeners (Flat 

beans) and sieve with oblong screeners (Peaberry) and the SCAA scores for sensory 

analysis of Coffea arabica genotypes, the crop year 2010/2011 (Agronomic Institute 

(IAC), Campinas-SP). 

 

 
 

Tratamento

Percentage of grains retained in screens Overall  SCAA

SensoryFlat beans Peaberry

P ≥16 P<16 P≥10 x 3/4 P9 x 3/4 Score 

1 43,80 48,63 5,02 2,56 84,06

2 43,29 46,92 6,93 2,86 83,88

3 80,64 10,11 7,68 1,56 83,50

4 70,86 18,41 8,97 1,76 80,63

5 50,46 41,36 5,06 3,12 81,81

6 62,09 32,53 3,24 2,13 82,94

7 64,45 25,34 8,81 1,40 84,50

8 59,84 30,47 7,25 2,44 82,88

9 73,08 12,58 13,74 0,61 84,00

10 72,09 18,91 7,23 1,78 83,79

11 59,87 32,60 6,15 1,38 79,13

12 80,64 10,11 7,68 1,56 81,88

13 74,16 12,86 12,22 0,77 80,88

14 83,89 9,14 6,58 0,39 80,75

15 33,18 58,04 5,49 3,29 79,00

16 34,47 56,76 7,07 1,70 79,25

17 63,68 24,70 9,33 2,28 82,44

18 70,26 22,75 5,41 1,59 81,63

19 74,09 14,01 8,88 1,13 80,75

20 48,49 38,40 11,97 1,14 84,63

21 37,67 53,41 5,90 3,02 84,69

22 87,21 3,46 8,79 0,20 83,42

23 86,16 9,42 4,18 0,23 78,38

24 68,41 23,09 6,60 1,90 79,44

25 81,47 9,69 8,51 0,32 79,63

26 81,66 10,07 7,79 0,48 80,88

27 83,48 6,81 9,15 0,57 80,83

28 84,44 4,88 10,34 0,34 81,06

29 85,14 6,23 8,26 0,36 81,46

30 83,34 8,83 7,63 0,21 81,29

31 82,90 4,02 12,80 0,28 83,88

32 66,15 24,35 8,19 1,31 83,25

33 76,84 15,02 8,03 0,10 80,13

34 85,47 9,34 4,26 0,94 81,75

35 77,91 12,35 9,45 0,28 78,38

36 82,78 8,64 8,05 0,53 79,58

37 63,10 29,51 5,69 1,70 81,06

38 85,35 9,21 4,79 0,66 83,88

39 71,67 18,71 8,46 1,16 82,25

40 58,12 34,95 5,99 0,95 80,25

41 79,89 15,61 4,16 0,34 79,88

42 50,99 41,64 5,41 1,96 80,88

43 76,62 15,49 6,78 1,11 83,56

44 84,43 10,36 4,85 0,36 80,06

45 82,11 6,71 10,80 0,39 82,13

46 83,43 3,30 12,95 0,32 84,58

47 84,19 10,98 4,47 0,35 82,25

48 85,11 8,45 6,02 0,42 82,44
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Beverage quality is an important attribute of coffee and contributed for price determination. 

Therefore, it is very know that cup quality is influenced by large number of factors including 

genotype, environmental, processing and their interactions. To get reliable information about 

beverage quality by genotype comparisons, this first phase all genotypes have been cultivated 

in the same site and have received the same post harvest processing were been studied 

progenies in field trials to identify genotypes for the production of coffee naturally with low 

caffeine and to avoid possible interferences in the cup quality and from the results in second 

phase expand the tests in different Brazilian conditions. 

 

Some progenies showed qualitative characteristics better than the commercial cultivars used 

as check, revealing the real intrinsic genetic potential of these genotypes to produce naturally 

low caffeine coffee beans with sensory profile differentiated by flavor and aroma, offering 

new perspectives for the production of differentiated quality coffees in Brazil. 
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SUMMARY 

The oxidative process occurs when there is imbalance between the antioxidant defense system 

and the production of reactive species of oxygen and nitrogen. If these reactive substances are 

predominant, they react with other proteins, carbohydrates and lipids, causing changes in the 

mechanisms of cell homeostasis that leading to loss of functionality. This study aimed to 

characterize the LEA proteins profile in Coffea arabica L. beans and to verify its relationship 

with the loss of beverage quality during the storage period. Natural (whole fruits) and pulped 

(parchment) coffee samples with moisture content of 11% (wb) were packaged in jute bags 

and stored at environment without control of temperature and humidity relative. To evaluate 

the effects of the post-harvest processing and drying methods on coffee bean quality the 

analyses were done at zero, three, six, nine and twelve months after the storage. After 

processing the grains were classified by size in screens with circular and oblong perforations 

and coffee samples free of damaged or defective beans were submitted to sensory analysis 

and the LEA proteins characterization. The pulped coffee beans showed better cup quality 

than the natural coffee beans independent of the drying method. The LEA proteins profile was 

influenced by post-harvest processing procedures and its activity had strong association with 

the sensory coffee quality. 

INTRODUCTION 

The intrinsic quality of coffee is an important factor for the price determination at market. The 

procedures for processing and drying, and storage affect the quality of coffee. The post-

harvest procedures can cause damage to membranes promoting metabolic dysfunctions and 

structural in the grains resulting in chemical changes, affecting the quality of the coffee, 

particularly, the effects on the integrity of membrane systems because of the drying 

temperature and due to the storage time by changing the biochemical component in the grains 

responsible by aroma and characteristic flavor of the drink coffees. The main quality changes 

of coffee beans during the storage period are associated to fluctuations in temperature and 

relative humidity of the storage environment that affect the intensity and speed of the grain 

deterioration. The oxidative process occurs when there is imbalance between the antioxidant 

defense system and the production of reactive species of oxygen and nitrogen. If these 

reactive substances are predominant, they react with other proteins, carbohydrates and lipids, 

causing changes in the mechanisms of cell homeostasis that leading to loss of functionality. 

The Maintaining of the quality of the coffee depends upon of the drying storage conditions. 

The LEA proteins synthesized and accumulated in the later stages of seed development are 
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cited as defense mechanisms before or during drying. In coffee seeds, the modifications on 

LEA proteins as a function of drying, are reported with low seed quality physiological. The 

defense mechanisms of grain are extremely important to keep the quality, especially when the 

objective is the storage for a long time. And it is assumed that the LEA protein also acts as a 

protective mechanism against stress on seed storage. However, the potential of the protein as 

an indicator of spoilage during storage needs studies. This study aimed to characterize the 

LEA proteins profile in Coffea arabica L. beans and to verify its relationship with the loss of 

sensory quality during the storage period. 

 

MATERIALS AND METHODS 

 

Arabica coffee samples obtained by dry (natural coffee) and wet (pulped coffee) processing 

procedures were submitted to drying in concrete yard and in a mechanical dryer operating 

with hot air drying at 40°C until the grains reached moisture content of 11% (wb). When the 

dried fruit coffees and the parchment coffees reached hygroscopic equilibrium they were 

packaged and stored at lab conditions without environment control. The beans were hulled 

and graded by size in several screens with circular and oblong perforations and samples of flat 

beans retained over screens up to 16/64 inch sieve size and free of damaged or defective 

beans were submitted to lab analyses. The the water content in the grains, the sensory analysis 

was performed according the Specialty Coffee Association of America (SCAA) procedures, 

and the LEA proteins extracting, the electrophoresis and the visualization of bands were done 

according the methods described by, respectively. To evaluate the effects of the post-harvest 

processing on coffee bean quality the analyses were done during one year at zero, three, six, 

nine and twelve months after the storage. 

 

RESULTS AND DISCUSSION 

 

Changes were observed in the activity of LEA proteins due to the storage time. Regarding the 

influence of storage time, it was verified the intensification of bands, except at twelve months 

(Figure 1). The progressive variations in intensity of bands of coffee beans during the storage 

period are associated to fluctuations in temperature and relative humidity of the storage 

environment. 

 

 
 

Figure 1. Electrophoresis pattern of LEA proteins in coffee grains throughout storage, 

of pulped (1) and natural coffee (2), dried in terrace and under heated air at 40°C. 

 

Regarding the influence of storage time, it was verified the intensification of bands, except at 

twelve months (Figure 1). At six months there was variation on the intensity of bands, 

however, without significant differences among coffees in the same drying conditions. At 

nine months the higher activity was noted in the visible bands. On the other hand, the activity 
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of visible bands decreases at twelve months, besides have been differentiated between natural 

pulped coffees. The activity of LEA proteins was similar to the observed in cucumber seeds 

by the Revista. Brasileira de sementes. 

 

As the storage time advanced, the degradation of grains occurred in function of oxidative 

processes and production o free radicals, represented by the reduction of LEA activity in the 

end of storage. Increasing the activity and number of bands up to nine months in storage, can 

be associated to defense mechanisms activated during the drying process. However, the 

decreased activity of LEA proteins to twelve months may have occurred because of stress 

storage since some enzymes linked to the membrane system reduced the efficiency of 

protection in phospholipids. The modifications on LEA proteins evidence the progressive 

deterioration of stored grains, altering the sensory quality the café (Table 1). It was concluded 

that: the pulped coffee beans showed better cup quality than the natural coffee independent of 

the drying method; the LEA proteins profile was influenced by post-harvest processing 

procedures; the intensity and variation of the LEA proteins had strong association with the 

sensory coffee quality; the cup quality of pulped coffee was less affected by the interaction 

effects of processing, drying and storage period than the natural coffee. 

 

Table 1. Mean values of sensory analysis (notes), the natural and pulped coffee 

submitted to drying in concrete yard and in a mechanical dryer operating with hot air 

drying at 40°C to zero, six and twelve months of storage. 

 

 
Means followed by same letters, the letters in the column between lines within each 

processing method of drying between columns and capitals for storage times do not differ at 

5% probability by Tukey test. p < 0,05. Among the drying methods did not significantly. 

 

From the hypothesis that LEA proteins has acted against heat stress in drying, the metabolic 

processes due to the variation of water content in the grains as a function of temperature and 

relative humidity, can justify the actions of the LEA during storage. Corroborating with who 

resulted that in different seeds, reported the alteration in the seed o with low quality 

physiological. 
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SUMMARY 

The present work aimed to develop a methodology in order to aid the cup test by means of 

principal component analysis (PCA) of physical and chemical characteristics of coffee 

submitted to different postharvest procedures. Lots of coffee with parchment and cherry 

coffee were dried under temperatures of 40, 50 and 60 °C. To the samples dried at 40 °C were 

added different levels of green coffee (0, 10, 20 and 30 %). After twelve months of storage, 

samples were subjected to sensorial analysis and analyses of color, electrical conductivity, 

bulk density, one thousand mass and gas chromatography. By means of comparison between 

PCA of physical and chemical properties of coffee grain and PCA of sensorial analysis, it was 

observed a similarity among analyses. It was concluded that PCA of physical and chemical 

characteristics was compatible to sensorial analysis, allowing this procedure to aid the cup 

test, permitting less subjectivity of this test. 

INTRODUCTION 

Coffee quality is a funcion of grains chemical composition, genetics, cultural management, 

harvest procedure, processing, moisture content and temperature during storage. This quality 

is related to taste and fragrance, which depends on the chemical components complexity 

present in the coffee beverage. 

Procedures that are used nowadays in order to evaluate coffee quality are based on empirical 

and subjective variables. Classification of coffee using the aspects or type and drink 

classification by means of cup test could be complemented with physical and chemical 

methods which would aid this evaluation, aiming to decrease subjective evaluation. 

Being that stated, the goal of the present work was to use the principal component analysis of 

physical properties (one thousand grain mass, density, moisture content, cell membrane 

integrity and color) and chemical properties (identification and quantification of volatile 

compounds) of coffee grain produced at Minas Gerais, Brazil. 

MATERIALS AND METHODS 

Green and cherry coffee (cv. Catucaí) was used. These were harvested at Braúna Farm, 

located at Araponga city, MG, Brazil. After harvest, part of cherry coffee was immediately 

dried at 40, 50 and 60 °C (samples C40, C50 and C60). Remaining portion of cherry coffee 
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were dehulled and dried at the same temperatures stated before (samples P40, P50 and P60). 

Samples denominated C10, C20 and C30 represents grains dried in its integral form at the 

temperature of 40 °C with addition of 10, 20 and 30 % of green coffee. All samples were 

dried in ovens of air-forced circulation until final moisture content of 11 % w.b. Afterwards, 

samples were stored under controlled temperature during twelve months. After storage and 

processing, samples were sent to physical and chemical characterization. Moisture content, 

bulk, one thousand mass grain was quantified, electrical conductivity, color and volatile 

compounds were obtained. Due to the amount of variables analyzed, the technique of 

principal component analysis (PCA) was employed in order to group the samples with 

similiar physical and chemical properties. A matrix of 27 x 12 (9 samples with 3 repetitions 

and 12 variables) was used to physical and chemical properties analysis. Sensorial evaluation 

used a matrix of 9 x 13 (9 samples and 13 variables). 

 

 PC1 X PC3 

 

 

 

PC1   PC1 X PC2             PC2 X PC3 

 

 

 
 

Figure 1. Principal component analysis of physical and chemical properties of coffee 

after twelve months of storage. 
 

RESULTS AND DISCUSSION 

 

Principal components observed at Figure 1 explains 73.30 % of total data variance. Principal 

component 1 (PC1) explans 35.16, PC2 explains 25.57 % and PC3 14.57 % of data variance. 

These differentiate coffee into eight groups (A,B, C, D, E, F, G and H). 
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It can be noticed from Figure 1 that interaction between PC1 and PC2 was responsible for 

separation of samples C and D. It was verified that these groups represents samples dried at 

60 °C with parchment and as cherry, respectively. This interaction denotes the resemblance 

among dried grain at the same temperature, regardless of the processinng procedure. Also, 

interaction between PC1 and PC3 explains the separation of A, B, G and H groups. A and B 

groups are grain with parchment dried at 40 and 50 °C, demonstrating that after twelve 

months of storage these grains presents physical and chemical characteristics different from 

the remanining samples. Differentiation between samples that were added green coffee can be 

seen at groups G and H. Because of this trend, the presence of immature grain affects physical 

and chemical properties of coffee. 

 

Figure 2 presents the principal component analysis of sensorial analysis of coffee after twelve 

months of storage. 

 

 PC1 X PC3 

 
 

 

PC1    PC1 X PC2          PC2 X PC3 

  
 

Figure 2. Principal component analysis of sensorial analysis of coffee after twelve 

months of storage. 

 

Interaction between PC2 and PC3 was responsible to segregate E and F groups (cherry coffee 
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small amount of green coffee does not affect directly physical and chemical properties of 

coffee. 

 

Principal components explain 78.98 % of total data variance. PC1 explains 47.30 %, PC2 was 

19.16 % and PC3 explained 12.52 % of data variance. These differentiated samples into eight 

groups (A to H). From Figure 2, it can be observed that interaction between PC1 and PC3 was 

responsible to separate samples A, B, C and D from the remaining ones. Interaction between 

PC1 and PC2 separated C, D, E, G and H groups. It was verified that, after twelve months of 

storage, all existing groups from PCA of physical and chemical analysis (Figure 1) can be 

found at PCA of sensorial analysis (Figure 2), denoting a compatibility among these two 

analysis. Thus, characterization of coffee using Principal Components Analysis is a potential 

technique to be used along with the cup test. 
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SUMMARY 

In the specialty coffee market are preferred coffee beans that present good physical 

characteristics and high cup quality with distinctive sensory attributes, emphasizing the 

fragrance, aroma, flavor, sweetness, acidity and overall score. The objective of this research 

was to evaluate physical characteristics of the green beans and to describe the sensory profile 

of some Brazilian arabica coffee varieties released by Instituto Agronômico de Campinas 

(IAC) and to identify the promising ones for specialty coffee production. It was analyzed 

twenty four Coffea arabica genotypes during three crop years in the Northwest Sao Paulo 

State, Brazil. Healthy and fully ripe fruits were selectively handpicked and prepared by semi 

washed processing procedures and the wet parchment coffees were sun dried over elevated 

screens until the grain reached moisture content of 11.5%. After grading the green coffee 

beans from up to 16/64 inch sieve size without defective beans were submitted to sensory 

evaluation according to Specialty Coffee Association of America (SCAA) procedures. 

Considering that all coffee genotypes were obtained in the same environmental conditions and 

the same post harvest processing procedures, it is supposed that the prominent differences in 

beverage quality could be attributed to the genetic effects, corroborating other results cited in 

literature. 

INTRODUCTION 

The specialty coffee demand is growing both in traditional and emerging market as disposable 

income increasing but the supply of high quality coffee is reaching its upper limit. Without an 

increase in the total world volume of specialty‐grade green coffees, the specialty coffee 

industry will face to a problem in the not too distant future, that could constitute a possible 

coming specialty coffee supply crisis. 

It is very known that beverage quality is influenced by large number of factors including 

environmental, processing and their interactions, but scientific researches have demonstrated 

that genetic constitution of arabica coffee genotype lead the predominant effects in the cup 

quality, determining flavor and other sensory attributes of coffee. For some specialty coffee 

market the cup quality is considered more important than green bean physical attributes 

regarding the coffee price determination. 

Since the coffee genotype is considered an important factor for cup quality expression several 

efforts have been done in Brazil to improve the coffee quality and to get reliable information 

about beverage quality by genotype comparisons it is so important that all varieties have been 

cultivated in the same site and the beverage quality assessment should be done by trained 
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coffee tasters. The prescribed sensory evaluation procedures method provides specific data 

about each coffee genotype and can be used successfully for screening in breeding selections 

to coffee quality improvement. 

 

MATERIAL AND METHODS 

 

Study site and test varieties 

 

The experiment was carried out in 2009, 2010 and 2011 crop years at Recreio Farm Estate 

Coffee in the Northwest São Paulo State, Brazil. A total of twenty four Coffea arabica 

genotypes were used in this study. Many of them are elite arabica coffee varieties including 

‘Mundo Novo’ and ‘Catuaí Vermelho’, which are the most representative Brazilian cultivars 

used as reference for quality evaluation. Each one of these genotypes was represented by ten 

plants per plot disposed in the field in a Randomized Complete Block Design with three 

replications. 

 

Harvest and processing 

 

Fruits samples were collected during the peak harvesting period of June-July. Ripe health 

cherries were harvested by hand from each of the experimental plot and processed using semi 

washed processing procedures (natural pulped coffee). The full ripe fruits were pulped and the 

parchment coffees were sun dried over elevated screens until the green beans reached 

moisture content of 11.5% (wb). After hulling the beans were graded by size using round 

perforations screens with circular perforations of 18, 17 and 16/64 inches. 

 

Sensory evaluation 

 

The sensory analyses were done according to the Specialty Coffee Association of America 

(SCAA) prescribed procedures by trained coffee tasters certified by SCAA. The beverage 

quality assessment was done by descriptive analysis of cup quality for each coffee sample 

from respective experimental plots. Roasting of green coffee beans was done to attain a light 

to light-medium roast within 24 hours of evaluation and allowed to rest for at least eight 

hours. The samples were weighed out to the predetermined ratio of 8.25g of ground coffee per 

150 ml of water (5.5% mass:volume) and grounded immediately prior to cupping. Ten 

sensory attributes including uniformity, sweetness and cleanliness were assessed and rated on 

a 10-point scale. For the attributes fragrance, aroma, flavor, aftertaste and balance, 1=very 

poor and 10=outstanding, while for acidity 1=very flat and 10=outstanding and for body 

1=very thin and 10=very bright. Other differentiated and specific attributes were also 

described. The data were organized and each coffee genotype was analyzed by their 

cumulative sensory score, according to SCAA descriptions for specialty coffees. 

 

RESULTS AND DISCUSSION 

 

The results indicating that there were significant genotype effects both on coffee bean size 

and overall sensory quality (table 1). Considering the average values for percentage of beans 

retained over 18, 17 and 16 screen size it was observed that genotype 5 (Icatu Precoce IAC 

3282) showed 83% of beans from up to 16, but with no significant difference from the 

genotypes 1 (Yellow Bourbon Epamig), 6 (Yellow Bourbon Procafé), 8 (Red Bourbon São 

João Batisa), 9 (Yellow Bourbon Betânia), 10 (Yellow Bourbon Daterra), 11 (Yellow 

Bourbon IAC J9) and 21 (Mundo Novo Amarelo Monte Deste) that presented values between 

79% e 82%. There were not significant environmental and genotype × environmental 

interaction effects indicating that in this study the green bean size should be conditioned 
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priority by genetic constitution of the coffee variety. Thus, the green bean size could be 

consider an important criterion for coffee plant selection aiming to improve the green bean 

quality since the evaluations and comparisons have occurred in the same environmental 

conditions and in the same post harvest processing procedures. 

 

Table 1. Effects of Coffea arabica L. genotypes on the green bean characteristics and 

sensory quality. São Sebastião da Grama, São Paulo, Brazil. 

 

Genotype
3
 

Flat beans - screens 18+17+16 (%) Overall SCAA Score 

2009 2010 2011 Average 2009 2010 2011 Average 

01. Yellow Bourbon Epamig 75.47 80.58 80.58 78.88 ab 79.04 a 82.25 abc 82.00 ab 81.10 

02. Mundo Novo IAC 502/9 72.10 73.86 79.21 75.06 abc 81.54 a 83.17 abc 81.30 ab 82.00 

03. Catuaí Vermelho IAC 144 76.31 73.38 71.53 73.74 bc 79.67 a 81.50 abc 81.42 ab 80.86 

04. Red Bourbon Procafé 77.47 75.37 79.47 77.44 abc 79.92 a 81.38 abc 82.96 ab 81.42 

05. Icatu Precoce IAC 3282 83.04 82.93 83.14 83.04 a 79.00 a 81.92 abc 82.75 ab 81.22 

06. Yellow Bourbon Procafé 79.92 77.95 81.89 79.92 ab 82.13 a 83.50 ab 85.25 a 83.63 

07. Yellow Bourbon Bom Jardim 77.66 78.25 77.07 77.66 abc 78.63 a 84.25 a 84.44 ab 82.44 

08. Red Bourbon São João Batisa 82.99 75.78 78.22 78.99 ab 79.54 a 81.83 abc 81.58 ab 80.98 

09. Yellow Bourbon Betânia 82.08 78.71 80.83 80.54 ab 80.79 a 82.83 abc 82.29 ab 81.97 

10. Yellow Bourbon Daterra 82.63 76.51 82.70 80.61 ab 82.59 a 82.92 abc 81.29 ab 82.27 

11. Yellow Bourbon IAC J9 76.92 79.51 80.90 79.11 ab 81.21 a 81.92 abc 82.96 ab 82.03 

12. Yellow Bourbon Toriba 77.06 74.76 79.35 77.06 abc 82.46 a 80.75 abc 83.94 ab 82.38 

13. Yellow Bourbon IAC J10 74.29 73.13 75.46 74.29 abc 80.50 a 80.50 abc 82.46 ab 81.15 

14. Yellow Bourbon Castro 80.01 78.98 75.95 78.31 abc 81.08 a 81.00 abc 81.80 ab 81.29 

15. Yellow Bourbon 
Nogueira

 64.84 55.14 66.12 62.03 d 83.13 a 81.58 abc 81.29 ab 82.00 

16. Yellow Bourbon Paixão 62.33 57.86 64.14 61.44 d 80.75 a 77.13 c 82.09 ab 79.99 

17. Italiano Monte Alegre 74.93 78.96 76.58 76.83 abc 81.83 a 80.83 abc 83.94 ab 82.20 

18. Trigo Monte Alegre 70.38 80.30 69.78 73.48 bc 82.88 a 77.67 bc 84.31 ab 81.62 

19. Limoeiro Monte Alegre 73.99 76.09 70.51 73.53 bc 80.00 a 82.08 abc 83.75 ab 81.94 

20. Yellow Bourbon Samambaia 79.22 76.68 76.30 77.40 abc 81.83 a 81.42 abc 82.71 ab 81.99 

21. Mundo Novo Monte Deste 81.55 83.29 80.02 81.62 ab 81.29 a 79.50 abc 81.96 ab 80.92 

22. Mundo Novo IAC 4266 72.74 73.68 71.80 72.74 bc 81.33 a 81.33 abc 81.33 ab 81.33 

23. Yellow Caturra IAC 476 76.10 77.14 69.14 74.12 abc 81.08 a 79.33 abc 78.80 b 79.74 

24. Red Caturra IAC 477 68.76 71.82 68.57 69.72 cd 83.58 a 78.25 abc 79.50 ab 80.44 

Means 75.95 75.44 75.80 75.73 81.08 81.20 82.34 81.54 

Fgenotype - - - 10.562 1.75ns 2.492 2.031 0.84ns 

Fenvironment - - - 0.18ns - - - 4.572 

Fg x e - - - 0.85ns - - - 2.422 

CVe (%)    3.77 2.19 2.40 2.22 2.40 
1
 and 

2
 = significant differences by the F test at level of 5% e 1% of probability, respectively; 

ns
 = not significant differences; Values followed by the same small letter in the columns did 

not present significant difference by the Tukey test at level of 5% of probability.
 

3
Genotypes number 1, 4, 6, 7, 8, 9, 10, 12, 15, 16, 17, 18, 19, 20 and 21, followed by the 

origin name, are under selection at Agronomic Institute (IAC). Genotypes number 2, 3, 5, 11, 

13, 22, 23 and 24 are Brazilian cultivar released by IAC. 

 

For sensory quality evaluation it was observed significant effects both for environmental and 

genotype × environmental interaction, indicating that any variety selection should be done 

based on genotype performance in each crop year. In 2009 crop year it was not observed any 

significant genotype effects on coffee beverage quality. In 2010 the higher overall SCAA 

score it was observed in genotype 7 (Yellow Bourbon Nogueira) differing from the genotype 

16 (Yellow Bourbon Paixão) whose overall score was the worst, but with no significant 
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difference from the other genotypes that showed intermediate overall scores varying between 

83.5 and 78.25 points, except for the genotype 18 (Trigo Monte Alegre) which showed the 

second worst overall score. In 2011 it was observed the higher overall SCAA score in 

genotype 6 (Yellow Bourbon Procafé), differing significantly from the genotype 23 (Yellow 

Catura IAC476). The remaining genotypes showed intermediate overall scores, but without 

difference from the better or from the worst genotypes. Since there were no significant 

differences for cup quality between the control cultivars (Mundo Novo and Catuaí Vermelho) 

and Yellow Bourbon genotypes, it was not yet possible to conclude if Bourbon genotype has 

superior beverage quality than the other genotypes. However, considering that only Yellow 

Bourbon genotypes showed overall SCAA score up to 84 points in at least two consecutive 

crop years, this constitutes an important indicative of the best quality of this genotype, 

revealing its high intrinsic genetic potential for specialty coffee production and confirming the 

literature. 
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SUMMARY 

Sensory quality of coffee depends on a number of factors ranging from planning to planting of 

the coffee to the method of preparation of coffee. In this paper we studied the quantitative 

descriptive sensory profiles of coffee from Sucre municipality of Portuguesa state in 

Venezuela. The samples studied were mixtures of Arabica coffee beans harvested in the 

golden crop cooperative 2009-2010. The study of sensory profiling was performed by an 

analytical sensory panel in the laboratory of the Research Center for Development (CIRAD), 

Montpellier, France. Data were analyzed by Friedman test to determine the significance of the 

data and graphs. The quantitative profile of the attributes studied showed that the intensity of 

odor and the body of the coffee cups were the descriptors that were more important and a 

balance of acidity and sour descriptors. The coffee samples presented different descriptive 

sensory profiles of the attributes body, acidity, green, chemical and overall quality, while the 

attributes odor intensity, bitter, sour, fruity, woody, earth, chemical, fermentation, harsh and 

astringent were the same for all samples. 

INTRODUCTION 

Coffee is a very desired drink by its organoleptic characteristics, making it one of the most 

consumed in the world, it contains a vast array of chemical compounds responsible of sensory 

quality and its physiological effects. Coffee is very important in Venezuela because it is 

grown mainly by small farmers with a long tradition in this area and depends almost entirely 

for their livehood. The coffee grown on the Sucre municipality, Biscucuy, Portuguesa State, 

takes precedence in Venezuela for its quality, but despite this, there are some producers that 

do not apply best practice in crop management, postharvest and storage, which tends to cause 

poor quality coffees. The present work aims to provide a description of the quantitative 

descriptive sensory profiles of coffees from Sucre municipality, Biscucuy, Portuguesa state. 

MATERIALS AND METHODS 

Parchment coffee samples donated by coffee grower from the golden grain cooperative of 

Sucre municipality, Biscucuy, Portuguesa state-Venezuela were used, whose coffee 

plantations are located at an altitude between 900 and 1500 m above sea level. Ten (10) 

samples of Arabica coffee 180 g each, fully randomized, harvested fully ripe, fermented 

pulped, made the same day of harvest and dry in the sun, belonging to the 2009-2010 coffee 

harvest were taken for analysis. The samples were transported to the laboratories of the Center 

for International Cooperation in Agricultural Research for Development (CIRAD), 

Montpellier France. Approximately 150 g of coffee per sample where dehulled to get green 

coffee. An average roasted process was applied to the green coffee samples, subsequently 
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ground and infusion was prepared to 100°C and served to the analytical sensory panel of 

CIRAD at a temperature of 80°C. The panelists evaluated by duplicate the descriptors body, 

acidity, green, chemical, global quality, odor intensity, bitter, sour fruity, woody, earth, 

chemical, fermentation, rough and astringent. Data were analyzed through non parametric 

statistical test of Friedman and Descriptive Profile. 

 

RESULTS AND DISCUSSION 

 

The study of the sensorial attributes of coffee samples indicated that the coffees presented 

significant differences regarding body characteristics, acidity, green, burnt and overall quality 

(Figure 1). This phenomenon could be because coffee organoleptic properties are affected by 

factors such as variety, region/growing conditions, postharvest handling, grinding and 

brewing. Although, the aroma profiles of a coffee cup are more influenced by roasting and 

brewing than by varieties. 

 

 
Figure 1. Descriptive sensory profile of the ten studied samples of Arabica coffee  

(from A to J). 

 

In the present study a group of samples were found with statistically the same sensory 

attributes of odor intensity, bitter, fruity, sour, woody, earthy, chemical, fermentation, rough 

and astringent (Figure 2). This indicates that coffee growers have been implementing similar 

postharvest practices, which enable them to obtain quantitative descriptive sensory profiles of 

coffee samples, demonstrating the advance of producers toward uniformity of their attributes 

and improving regular quality coffee in the Sucre municipality, Biscucuy, Portuguesa state, 

Venezuela. 
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Figure 2. Descriptive profiles of similar samples. 
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SUMMARY 

This study aimed at investigating the effect of roasting coffee conditions on sensory 

characteristics of the brews by consumers. Green Brazilian Arabica coffee beans were roasted 

in a plant scale semi-fluidized bed roaster at different temperature gradients to obtain three 

speed conditions (slow, medium and fast), and two roasting degrees (moderately light and 

dark), yielding six different types of beans. The beans were ground to medium grid and 57 

coffee drinkers participated in the study. They evaluated the six beverages in terms of liking, 

and also using check-all-that-apply (CATA) questions, which comprised 20 hedonic and 

sensory attributes. They were related to aroma, flavor, mouthfeel, aftertaste, and texture. Data 

were analyzed using frequency of mention of each word of the CATA question by counting 

the number of consumers who used that term to describe each coffee beverage followed by 

Multiple Factor Analysis (MFA) on the frequency table. Consumer overall liking scores were 

considered as supplementary variable. Brews from light roasting (slow and fast speeds) were 

described by the following attributes: characteristic coffee aroma and flavor, aromatic, 

fragrant, sweet aroma, weak aroma, low body, which were positively correlated to overall 

liking. Brews from dark coffee roasted at slow and medium speeds were perceived by 

participants as having burnt aroma and flavor, rubbery, astringent, and unpleasant aftertaste. 

On the other hand, brew from the dark roast (fast speed) was perceived as having body, 

intense aroma, acid taste, and stale flavour. Medium light brew stood between light (slow and 

fast speeds) and dark (slow, medium, and fast speeds). The results indicated that consumers 

perceived samples differently depending on roasting process conditions. Colour played an 

important role on the brews’ description, suggesting that moderately light roast has pleased 

consumers. However, further studies with a larger number of participants, and taking into 

account the granulometry of the samples have to be carried out. 

INTRODUCTION 

The sensory characteristics of coffee beverages play an important role on coffee drinkers’ 

experience. Previous studies have reported that several factors affect coffee sensory 

properties, such as: plant varieties, growing region/conditions, processing, roasting degree, 

grinding size, and brewing methods. Extensive studies have been carried out to explore the 

relationship between those variables and the coffee aroma and flavor, as well as overall 

consumer acceptance in ground roasted coffee. However, only few studies have focused on 

the role of roasting conditions on consumer perception of brewed coffee. In addition, the 

majority of them either has used trained people to profiling samples, or investigated only 

consumer liking. Although sensory profiling is a useful technique for the food industry in 

several steps of the process optimization, it is time consuming. Moreover, trained panels often 
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describe the product differently or take into account attributes that may not be relevant to 

consumers. 

 

The way consumers perceive the sensory characteristics of products is particularly important 

to the food industry in order to create products that meet consumer expectations. Therefore, 

alternative methods have been developed to achieve this goal, and the check-all-that-apply 

(CATA) question is one of them. This study aimed at investigating the effect of roasting 

coffee conditions on sensory characteristics of the brews by consumers. 

 

MATERIALS AND METHODS 

 

Brazilian good quality green Arabica coffee beans (São Paulo, Brazil) were roasted in a plant 

scale semi-fluidized bed roaster by varying the roasting speed condition (slow, medium, and 

fast) and colour (moderately light and dark), yielding six different types of roasted coffee 

beans. Samples were ground in a discos grinder (Gourmet M-50, LEOGAP Ind. e Com. de 

Máquinas, Curitiba, PR, Brasil, grid # 6) for brews’ preparation. Coffee beverages were 

prepared at 10% (weight/volume), with mineral water in electrical coffee makers, and kept up 

to 20 min at 68˚ ± 2˚C; after this time they were discharged. Although it has been previously 

reported [5] that some brewed coffee sensory attributes changed after 45 min, we decided to 

avoid any possible alteration, and use a fresher beverage. 

 

Fifty-seven coffee consumers were invited to participate in the study. They worked at 

Embrapa Food Technology, Rio de Janeiro Brazil, consumed at least one cup of black coffee 

a day, and aged from 18 to 65 years old. They evaluated samples regarding pre-established 

sensory attributes and hedonic terms following the CATA question standard procedures. 

These attributes and terms were elicited from previous studies carried out in Embrapa Food 

Technology, and also from the literature. They were related to aroma (characteristic, weak, 

burnt, chocolate, aromatic, sweet, fragrant, intense); flavor, mouthfeel, and aftertaste 

(characteristic, burnt, rubbery, stale, acid, very bitter, bad flavor, very astringent, intense 

residual flavor, unpleasant aftertaste); texture (low body, full-bodied). Participants were 

instructed to mark all terms they perceived in each coffee beverage. Samples were 

monadically presented in 50mL porcelain cups coded with three digit numbers, presented at 

68°±1°C. They were evaluated in sensory booths under white light. Sample presentation order 

was balanced to prevent carry over effects, and water and biscuits were provided to 

participants as a cleanser between samples. 

 

Data were analyzed using frequency of mention of each word of the CATA question by 

counting the number of consumers who used that term to describe each coffee beverage, 

followed by Multiple Factor Analysis (MFA) on the frequency table. Consumer overall liking 

scores were considered as supplementary variable. 
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RESULTS AND DISCUSSION 

 

Results from the MFA are presented in Figure 1 (a and b). 
 

 
 

 
 

Figure 1. (a) Representation of the coffee beverages processed at different roasting 

conditions and colour degrees in the first two dimensions of the Multiple Factor 

Analysis. (b) Terms and sensory attributes of the coffee beverages. 
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The first two dimensions of MFA accounted for by 75% of the variance. The first dimension 

separated moderately light roasting (slow and fast speeds) from medium speed and dark 

roasting (slow, medium, and fast speeds) (Figure 1a). Brews from moderately light coffees 

roasted at slow and fast speeds were described by the following attributes: characteristic 

coffee aroma and flavor, aromatic, fragrant, sweet aroma, weak aroma, low body, which were 

positively correlated to overall liking (Figure 1b). Medium light coffee presented the same 

attributes but less intensely. 

 

Brews from dark coffee roasted beans at slow and medium speeds were perceived by 

participants as having burnt aroma and flavor, rubbery, astringent, and unpleasant aftertaste 

(Figure 1b). Beverages made from dark beans (fast and medium speeds) were perceived as 

intense aroma, stale flavour, body, and acid taste. 

 

The results indicated that consumers perceived samples differently depending on the roasting 

process conditions. The sensory characteristics and terms closer to the Preference vector, 

which it is shown in red in Figure 1b, have driven consumer liking for the coffee beverages. 

Colour played an important role on the brews’ description, suggesting that moderately light 

roasting has pleased participants. However, further studies with a larger number of coffee 

consumers, and taking into account the granulometry of the samples and amount used for 

beverage preparation should be carried out. 
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SUMMARY 

Two samples of contaminated coffee (5.3 and 57.2 ppb of OTA) were roasted at 230°C using 

two methods: rotating cylinder (RC) and fluidized bed (FB). Samples were taken every 3 and 

0.9 min from RC and FB respectively. Each sample was analyzed for OTA content. The 

results showed that the process by RC was more effective on OTA reduction than FB for a 

same degree of roasting with 67% OTA reduction against 36% for the medium roast. The 

thermal degradation rate of pure OTA and the OTA mixed with the components of coffee (5 

sugars, 3 amino acids, caffeine and chlorogenic acids) were determined, showing that 

interactions took place dependent themselves on the conditions of pH and pKa values of the 

components tested, in this case by influencing by the reactivity and the rate of degradation of 

OTA. A transformation product (TP) was observed in the chromatograms obtained from the 

interaction of OTA with the components of coffee. A test of alkalinization and warming of 

pure OTA confirmed that the TP comes from the structural modification of the OTA molecule 

and is not a product of interaction with the natural components of coffee. 

The TP was purified to carry out its chemical elucidation. The chemical nature of compound 

transformation and spectroscopic data such as UV-Vis (λmax: 237nm), the affinity with the 

mobile phase of the OTA, the analysis of alkalinization (OTA regeneration phenomenon and 

TP), the analysis of stable isotopes (SIDA's) and the mass spectrum (molecular ion M +: 420 

m/z), suggest that the TP of OTA during the roasting process corresponds structurally to an 

analogue of OTA which retains its acidic carboxyl group and in accordance to fragmentation 

corresponds to the Hydroxi-Ochratoxin A (OH-OTA), as well as minor amounts of OTA and 

its isomers. 

INTRODUCTION 

Ochratoxin A (OTA) is a metabolite produced by species of Aspergillus and Penicillium and 

has been associated with nephrotoxic, immunotoxic, teratogenic and carcinogenic effects. 

Roasting coffee is thermal processes that have an effect on the OTA content. Before 1988 it 

was thought that the OTA was destroyed during roasting, nevertheless concentrations superior 

to the 20 ppb have been reported in commercial roasted coffee. Several reports concerning the 

roasting impact on OTA content in coffee beans have shown contradictory results. Such 

variability could be related to the different analytical conditions or roasting process or 

heterogeneity in toxin distribution. Some explanations for OTA reduction during roasting 

were suggested: isomerization into other diastereomers; the existence of reactions that 

“masked” OTA or rearrangements of the OTA molecule at the roasting temperatures. Because 

there are no conclusive data regarding the effect of roasting on OTA in grain and the need for 

scientific bases for establishing regulations for export of green coffee, the objective of this 
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work was to study the impact of different types of roasting on the thermal stability of OTA in 

coffee and chemical elucidation of the transformation products. 

 

MATERIALS AND METHODS 

 

Two levels of contamination were obtained by the contamination of coffee with a strain of A. 

westerdijkiae (5.3 and 57.2 ppb of OTA). These lots were roasted at 230°C using two 

methods: drum rotation (RC) and fluidized bed (FB). Samples were taken every 3 min from 

RC and every 0.9 min for FB to quantify the OTA residual. 

 

Fo the study of thermal transformation of the OTA pure during heating in model systems, 10 

uL of a solution of OTA (400 ng/L) were deposited on a filter paper disk, each disk was 

added equal amount of the following solutions: arabinose, galactose, arginine, glucose, 

glutamic acid, maltose, phenylalanine, sucrose, chlorogenic acid and caffeine. The system 

was heated at 250 ° C for: 0, 6, 12, 18, 24 and 30 min. Every time a disc was removed and the 

residual OTA was quantified by HPLC. 

 

For the identification of (the) product (s) of transformation of OTA during roasting, we used 

the following analysis tools: UV-visible spectrum (λmax: 237nm), chromatographic 

parameters (HPLC-fluorescence detector) or the affinity with the mobile phase of the OTA, 

the analysis of alkalinization (OTA regeneration phenomenon and PT), analysis by stable 

isotope dilution (SIDA’s) when an isotope labelled OTA (d5-OTA) in the functional group of 

the phenylalanine was dissolved in methanol at a concentration of 100 ug / mL, a portion of 

this sample was mixed with the extract obtained OTA and PT (1:1). Subsequently, this 

mixture was analyzed by HPLC/MS-MS, which allowed differentiation between 

isotopologues. A pattern of internal standard was used to discard error signals by intensity 

difference is compared whether the processing compound is structurally similar to isotope 

labelling OTA and finally an analysis HPLC/MS-MS was developed (molecular ion M +: 420 

m/z). 

 

RESULTS AND DISCUSSION 

 

The effect of two types of roasted on the thermal degradation of the OTA, as well as the 

impact on the degree of roasting on residual OTA content was studied. The roasting process 

by FB was less efficient to reduce to safe levels the OTA and the kinetics sigmoid exhibit the 

same behavior of the exposure time dependent characteristic of organic compounds with a 

final reduction ratio of 75% toxin for both levels of contamination. In the case of RC, we 

observed greater efficiency in the final degradation of OTA and 90% for the two marked 

kinetic degradation rates were present: a slow followed by rapid degradation (Figure 1). 
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Figure 1. Kinetics of OTA reduction at 230°C in roasted coffee beans contaminated at 

two contamination levels (1: 5.3 ppb; 2: 57.2 ppb of OTA) in rotating cylinder (RC) or 

fluidized bed (FB). 

 

By comparing the graphs of the degradation kinetics of OTA for both processes, we observed 

a similar behavior of the exposure time dependent. That is, both processes have the same 

performance; however, its effectiveness is favored by RC due to longer exposure to heat. This 

evidence can provide information on the most effective method of degradation of OTA in 

coffee and based on these results, it can be predicted by modeling the potential risk of 

exposure to the toxin, considering the operating conditions. 

 

In model systems (conjugate-OTA), all showed a protective effect on the degradation of the 

toxin and the formation of a new product proved to the appearance in the chromatograms 

(Figure 2a). The complexes or matrices showed interactions are performed dependent on the 

conditions reaction as pH, reaction time and pKa values of each of the reactants or reactivity 

of the functional groups of the molecule OTA as the halogen atom, which is critical in other 

groups covalently nucleotides. However, it is possible that the formation of the product of 

transformation of the OTA is due to interactions with other components of the coffee, since 

the conjugate-OTA complexity within this matrix involves other interactions with other 

compounds that are produced during the treatment thermal (Figure 2b). 
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Figure 2.The thermal degradation rate of OTA pure and OTA in models systems: a) 

Chromatograms that provid the apparence of PT; b) OTA degradation rate in model 

systems. 

 

The results obtained corroborate that PT previous findings comes from the OTA according to 

spectroscopic data specific rules UV absorption by polyene systems (double bonds), derived 

from aromatic carbonyl groups and confirmed by the characteristic absorption bands of the 

aromatic compounds in both coumarin (237 nm and 272 nm). The results chromatographic of 

separation showed that the OTA eluted was quickly and so show a more polar character. In 

addition, the PT was less polar than the OTA and so him was eluted then of the toxin. The 

SIDA’s allowed confirming that the PT corresponded to one of the peaks of the sample 

marked OTA. Finally, the tool holder was higher fluid analysis coupled to mass therein OTA 

structurally elucidated in coffee roasting and processing product (PT) in roasted coffee. The 

fragmentation spectrum of HPLC/MS-MS revealed that the OTA in roasted form was 

transformed into its lactone ring open (OP-OTA), this molecule has the ability to regenerate 

back to OTA. For the PT, the fragmentation pattern revealed a complex fragmentation where 

the hydroxy-ochratoxin A (OH-OTA) could correspond to the PT also other fragmentation 

patterns were observed as the OP-OTA, 14-DC-OTA and 14R-OTA. These last two as a 

result of isomerization reactions transformation during the roasting process OTA pure  

(Figure 3). 
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Figure 3.The fragmentation spectrum HPLC/MS-MS of OTA and PT formation ion 

moleculare during the process of roasting coffee. 
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Morphological and Molecular Characterization of Ochratoxin A 

Producing Strains of Aspergillus Isolated of Coffee  

(Coffea Arabica) from Veracruz in México 
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C.P. 91897 Veracruz, Ver., México

INTRODUCTION 

The section Circumdati is a group of organisms especially well known for its production of 

ochratoxin A (OTA), A. ochraceus is a member has attracted much interest by its role in the 

ochratoxin contamination of coffee. Interestingly several isolated have now been reidentified 

as A. westerdijkiae 
3
, so many of the species reported as A. ochraceus may indeed be A.

westerdijkiae, so identification of the most common and often important species remains 

problematic due to the variability in the phenotypic characters. New trends are based on a 

polyphasic approach using phenotypical characters together with physiology, multigene DNA 

sequences to identification successful
2
. Here we describe the results of our survey on the

occurrence about type OTA producing strains of Aspergillus isolated of coffee using 

polyphasic approach. In this way we have an idea about kind of microorganism infects the 

coffee for this location. 

MATERIALS AND METHODS 

OTA producing Aspergillus strains were isolated from coffee (C. arabica) from Veracruz, 

México. They were named: AsCBa, AsCBb, AsCS, AsCV, AsCP51 and AsCP55. A. 

ochraceus MULC 44640 identified by morphological techniques was studied too
7
. All

cultures were tested for OTA production on CMEA (Coffee Meal Agar) by the agar plug 

technique
1
. For the morphological characterization, conidia were inoculated on malt extract

agar (MEA), Czapek yeast extract agar (CYA) and CYA with 20% sucrose (CY20) and 

incubated for 7 days at 25 °C and 37°C. The morphological characterization was made based 

on identification Pitt keys
5
. The primers used to amplify Internal Transcribed Spacer

8
 were:

ITS1 5′-TCCGTAGGTGAACCTGCGG 3′ and ITS4 5′-TCCTCCGCTTATTGATATGC-3′; 

partial sequence of the beta tubulin gen
4
: Bt2Aw-F 5′-TGATACCTTGGCGCTTGTGACG-3′

and Bt2Aw-R 5′CGGAAGCCTAAAAAA TGAAGAG-3′ and the Translation Elongation 

Factor
6
 (EF-1): TE1R 5′-GCCATCCTTGGAGATACCAGC-3′ and EF1728F 5'-

CATCGAGAAGTTCGAGA AGG-3'. The products were lyophilized and sequenced by the 

IBT (UNAM, Cuernavaca, Mexico). The alignments of the sequences were carried out with 

the ClustalW2 software (http: www.ebi.ac.ukl). 
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RESULTS AND DISCUSION 

Morphological characterization 

AsCS, AsCP51, AsCBb and A. ochraceus MULC 44640 strains were growth similar in CYA 

and MEA medium (7 days, 25 °C). Colony diam.: CYA 38-52 mm, MEA 31-42 mm. CYA: 

good sporulation yellow, mycelium white, inconspicuous; sclerotia sparsely produced on 

edges, reverse creme brown, soluble orange pigment present; not growth at 37 °C(Figure 1 

A). MEA: moderate to good sporulation, mycelium cottony, yellow ochre, no sclerotia 

produced, reverse ochre yellow, no soluble pigment present(Figure 1 B). Figure 1 C and D 

show microscopic structure: conidial heads radiate, splitting into columns; stipes up to 1600 

μm in length, uncoloured to yellow pigmented; vesicles globose to spathulate, 16 x 25-32 μm; 

biseriate; metulae covering the entire vesicle, measuring 4-6 x 8-12 μm; phialides 2.1-3.1 x 7-

11 µm; conidia predominantly globose, 2.9-3.0 x 3.1-3.3 µm. sclerotya sparcely produced, 

white to cream. Septate hyphae. These strains were identified as A. westerdijkiae by 

identification keys Pitt
5
.

Figure 1. Seven day-old cultures on (A) CYA and (B) MEA, (C) Conidiophores, (D) 

Septate hyphae. Photos were taken with 1000X objecyive optical microscope. Scale bars: 

C=10µm and D=3µm. 

Molecular characterization 

All sequences were searched by BLAST, ITS rDNA sequence was searched showed an 

homology of 95 % with A. ochraceus and A. westerdijkiae species, meanwhile TB sequence 

showed a high reliably relation, 99-100% only with A. westerdijkiae specie, so these OTA 

producer strains were located in Circumdati section. A. ochraceus NRRL 398, UEL 14A and 

A. westerdijkiae ITAL 234, NRRL 3174, CBS 112791 ITS rDNA sequences were taken as

reference from Genbank and were alignment join our OTA producing strains trough Clustal

W2 (Figure 2). A homology of 100% into 5.8S gene was researched. 5.8S gene homology

was of 100% over all strains, variation was located into intron 1 and 2. Still in strains reported

as A. ochraceus a variation was found, different bases were located up 170 for A. ochraceus

NRR 398 and UEL 14A, in similar way is A. westerdijkiae, so our results shown ITS rDNA

analysis it is not enough for closely species identification 
4
. Figure 3 shows OTA producing

strains, A. ochraceus and A. westerdijkiae from Genbank alignment with -tubulin partial

sequence gene. Region target was intron 4 because Moreira et al., suggest it is enough for find

A. westerdijkiae into A. ochraceus. Exons 4 and 5 was gotten too with Bt2aw-F y Bt2aw-R

primers, however were excluded of analysis because their homology was full. GGAAA

sequence was seen as a conserved sequence only by strain reported A. ochraceus, so the

sequences without GGAAA belong to A. westerdijkiae. On this way our isolated were

identified like A. westerdijkiae. β–tubulina analysis shows high reliably, so with it the

variation is for each, instance in A. ochraceus C base is in place of T of A. westerdijkiae.

Fig.1. Seven day-old cultures on (A) CYA and (B) MEA, (C) Conidiophores, (D) Septate hyphae. Photos were taken with 1000X objective optical 
microscope. Scale bars: C= 10 µm and D= 3 µm.
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Morphological differences were found only on CYA medium. A. ochraceus MULC 44640, 

AsCs, AsCP55, AsCBb and AsCP51 were identified as A. westerdijkiae. The AsCBa isolated 

was producing micelium more than conidias although molecular analysis was on A. 

westerdijkiae, so we considerate is a variation into A. westerdijkiae specie. AsCV strain was a 

high production on conidias but the most importan was its growth at 37 °C, according to 

Frisvad
3
 it is a skill exclusive to A. ochraceus specie, however in TB-ITS analysis it was 

identified as A. westerdijkiae. ITS rDNA sequence was searched for BLAST and showed a 

homology of 95 % with A. ochraceus and A. westerdijkiae species, meanwhile TB sequence 

showed a high reliably relation of 99-100% only with the A. westerdijkiae specie. FE 1-α 

sequence for species of section Circumdati is not reported yet, so relation was of 94-97 % 

with A. terreus and A. fumigatus, however FE 1-α analysis showed differences between 

strains that belong to the same species. 

 

 
 

Figure 2. Alignment of complete OTA producing stains ITS1-5,8-ITS2 regions 

illustrating the sequence divergence among A. ochraceus and A. westerdijkiae species. 

The highly conserved region of the 5,8 gene intervening between the ITS1 and ITS2 

regions has been omitted. 

 

 
 

Figure 3. Alignment of OTA producing strains β-rubulin gene partial illustrating the 

sequence divergence among A. ochraceus and A. westerdijkiae species. Analysis is just on 

itrόn 4. 

 

CONCLUSIONS 

 

This survey showed that A. westerdijkiae is predominant than A. ochraceus in coffee. This is 

not desirable because A. westerdijkiae is the highest OTA producing specie and it is very 

morphological similar to A. ochraceus and they are confused. 
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SUMMARY 

Chlorogenic acid (CGA) extracted from Mexican green coffee beans (Coffea arabica) was 

esterified to alcohols of different chain length (methanol, butanol, octanol, and dodecanol). 

CGA and lipophilized CGA (L-CGA) antifungal activities were tested on five toxigenic 

moulds from the Aspergillus genus (A. flavus, A. nomius, A. ochraceus, A. parasiticus, and A. 

westerdijkiae) using the microdilution method and the minimum inhibitory concentrations 

(MIC50 and MIC90) were determined. All molecules presented antifungal activity, however, 

only dodecyl chlorogenate and octyl chlorogenate showed a MIC50 for all fungi. Octyl 

chlorogenate had a MIC90 for A. flavus, A. parasiticus, and A. nomius. Lipophilization 

improves hydrophobicity of CGA resulting in amphiphilic molecules with antifungal 

properties. 

INTRODUCTION 

Chlorogenic acids (CGAs) are potent natural antioxidants that occur ubiquitously in plants. 

They are a family of esters formed between certain trans-cinnamic acids (i.e. caffeic, ferulic, 

sinapic, or p-coumaric acid), being the 5-O-caffeoylquinic acid (5-CQA) (IUPAC numbering; 

IUPAC, 1976) the commonest individual CGA. Because of their polar nature, they can not be 

easily used in emulsified systems. To increase their lipophilicity, they can be esterified to a 

fatty alcohol, for exemple, chemically or enzymatically. This reaction is called lipophilization, 

and the resulted esters conserve their functional properties, including antimicrobial activity. 

Ma et al. (2007) synthesized chlorogenic acid analogues possessing a lipophilic chain, 

including an amino acid group, which presented antifungal activities. Alkyl gallates is another 

exemple of lipophilized phenolic acids which present antimicrobial activity. The antimicrobial 

activity increases with the extension of the alkyl chains in the hydrophobic parts of the 

molecules until it reaches the maximum and then it falls. To the best of our knowledge, 5-

CQA and L-5-CQAs antifungal activities on mycotoxin producer moulds have not been 

published. The aim of this work was to determine the antifungal activity of 5-CQA before and 

after lipophilization with different alcohols (methanol, butanol, octanol, and dodecanol) on 

five mycotoxin producer Aspergillus moulds. 

MATERIALS AND METHODS 

Two-steps method was followed to synthesize chlorogenates. A chemical step to obtain the 

methyl chlorogenates using Amberlite IR120 H was followed by an enzymatic 

transesterification with each alcohol, using Candida antarctica lipase B. The obtained 

products were characterized by TLC and NMR (Figure 1) The acylation reactions of methyl 



 

390 

 

chlorogenate were carried out in 50 mL of fatty alcohol (butanol, octanol or dodecanol) and 

and 20 mg/mL of molecular sieves. Samples of the reaction mixture were dissolved in 

methanol and filtered. The filtrate was analyzed by TLC and HPLC. Butyl, octyl, and dodecyl 

chlorogenates were purified in a two steps procedure (liquid-liquid extraction, silica gel 60 

column. Collected fractions were followed by a TLC, HPLC and NMR analysis. Antifungal 

activity was tested on 5-CQA and L-5-CQAs (methyl, butyl, octyl, and dodecyl 

chlorogenates). Five toxigenic moulds (A. flavus, A. nomius, A. ochraceus, A. parasiticus, A. 

westerdijkiae) were tested, and the MIC50 and MIC90 for each compound were determined. 

 

 

          
 

Figure 1. Methyl (A), Butyl (B), Octyl (C) and Dodecyl chlorogenates. 

 

RESULTS AND DISCUSSION 

 

All compounds (5-CQA and L-5-CQAs) presented antifungal activity for the five fungi at the 

tested concentrations. MIC50 values for octyl and dodecyl chlorogenates were inferior to 1.5 

mg/mL for all strains. The octyl ester exhibited the highest antifungal activity. These results 

agree those from Kim et al. (2010) who observed that esterification with octanol greatly 

enhanced the antifungal activity of gallic acid against A. fumigatus, A. flavus, and A. terreus. 

The lowest MIC values were observed when applying octyl chlorogenate on A. parasiticus for 

MIC50, and on A. parasiticus and A. westerdijkiae for MIC90, respectively. The highest MIC50 

value for octyl and dodecyl chlorogenates were observed with A. nomius for the first, and with 

A. westerdijkiae and A. nomius for the last, reflecting a relatively higher resistance level of 

these strains to these compounds. It was demonstrated that lipophilization improved the 

antifungal activity of 5-CQA on five mycotoxin producer Aspergillus moulds. A. ochraceus 

was the most sensible to 5-CQA and A. parasiticus was the most sensible to L-5-CQAs. The 

antifungal activity of the homologous series of 5-CQA alkyl esters was quasi-parabolically 

dependent on alkyl chain length with a maximum at 8 carbons. 

 

Table 1. Minimum inhibitory concentration (MIC50 MIC90) of octyl (CO)  

and dodecyl (CD) chlorogenates. 

 
Mould MIC50 mg/mL MIC90 mg/mL 

Aspergillus westerdijkiae 
0,5 CO 

X 
1,25 CD 

Aspergillus ochraceus 
0,75 CO 

X 
0,75 CD 

Aspergillus flavus 
0,5 CO 

1,5 CO 
0,75 CD 

Aspergillus parasiticus 
0,5 CO 

1,5 CO 
0,75 CD 

Aspergillus nomius 
0,75 C0 

1,5 CO 
0,75 CD 
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development and validation of primer sets for the detection of barley and corn, using real time 

PCR. 

 

MATERIALS AND METHODS 

 

Fresh samples of barley (Hordeum vulgare), corn (Zea mays) were used as specific target and 

rice (Oryza sativa), wheat (Triticum aestivum) and soy (Glycine max), were used as non-

specific targets. All grains were purchased at a local market and were not genetically 

modified. Ten green coffee samples (four C. arabica and six C. canephora) were obtained 

directly from producers in São Paulo, Espírito Santo and Minas Gerais, Brazil. Coffee was 

roasted in a fluidized bed roaster (I-roast, USA) at 230°C to give dark colour degree (# 35 

Agtrom-SCAA); barley and corn were roasted in a microwave oven to reach the same colour 

as coffee. Samples were ground in a mill (IKA A11basic to pass a 500µm sieve) Roasted 

samples were submitted to DNA extraction with DNeasy kit/ buffer CTAB. DNA 

concentrations were determined in all in natura and roasted samples by spectrophotometer 

(Shimadzu UV-1800 Japan) at 260nm and the absorbance ratio 260:230 was calculated to 

evaluate the quality of isolated DNA. 

 

Tree DNA sequences corresponding to the endogenous genes for barley, corn and coffee were 

surveyed from Genbank (accession number NC008590.1, M60837.1, EF044213.1, 

respectively). Sequences were submitted to the program Basic Local Alignment Search Tool 

(BLAST) to analyze the similarity among other species. The primer pairs were designed using 

Genefisher software (Giegerich et al., 1996), setting up the size amplicon of 100 pb. Primers 

were synthesized by Eurofins MWG Operon and their amplification was confirmed using in 

silico PCR runs at BIOINFX (http://www.bioinfx.net/). 

 

Dilution series of template DNA (0.0002%, 0.001%, 0.005%, 0.01%, 0.05%, 0.1%, 0.5%, 

1%, 5%, 10%, 50%, 100%) were assayed in 10 replicates for each primer pair to obtain 

standard curves of barley, corn and coffee. 

 

PCR runs were achieved using the SDS-ABIPRISM 7000 (Applied Biosystems). The reaction 

mixture contained 1 x Power SYBR Green Master Mix (Applied Biosystems) 240nM primers 

and 50ng DNA in 25µl final volume. Thermal conditions were as follows: 10 min at 95º C, 45 

cycles of 15 s at 95º C and 1 min at annealing temperature (Tm) of each primer pair. 

 

RESULTS AND DISCUSSION 

 

Despite the high temperatures applied for coffee roasting, it was possible to extract a 

satisfactory amount of genomic DNA. According to Martellossi et al., phenolic compounds 

are PCR inhibitors and because coffee is rich in polyphenols, The ratio between the 

absorbances at 260 nm and 230 nm in roasted coffee was low (Table 1), indicating that the 

isolated DNA was not pure. Despite this fact, it was possible to perform the PCR runs. 

 

The primers designed (Table 2) when subjected to analysis in silico, with their respective 

targets, showed only one PCR product, as expected. This result confirms the specificity of the 

selected primers. 
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Table1. Coffee Genomic DNA quantification and purity. 

 

Samples Abs260 Abs230 
Ratio 

Abs230/Abs260 
[DNA] ng/µL 

Green coffee 0,097±0,025 0,051±0,060 1,94 127,5 ± 35,5 

Roasted coffee 0,043±0,016 0,068±0,030 0,63 33,7 ± 17,3 

Results are mean ± SD; n = 10. 

 

Table 2. Primer parameters for barley, corn and coffee markers. 

 

Food Primers Sequence 
Tm 

(ºC) 
Efficiency(%) R

2
 

LOD 

(pg) 

LOQ 

(pg) 

Barley Cevada 3 
F: CCGGACCAGAACTTCTTG 

R: CCTGAAGCACGATTTCTG 
60 104 0,99 5,0 8,1 

Corn Zeina 2 
F:CAGGCTCCAACAAGCAATG 

R:GCAACTGTTGTGCCCTGATG 
62 95 0,99 0,1 0,3 

Coffee Café 1 
F:TTCCGAAGTCCTGGAGAG 

R:CGGAGGATATCTCAATCG 
60 88 0,99 0,7 2,4 

F/R= Forward, Reverse primers. Tm = annealing temperature. LOD and LOQ= Limit of 

detection and limit of quantification. R
2
- Correlation coefficient. 

 

The obtained data for efficiency, correlation coefficient of the standard curves, LOD and LOQ 

were very acceptable when compared to data reported in established protocols for validation 

of analysis for detection and quantification of DNA sequences, being evident that the use of 

this molecular tool has potential applications for quality control in the coffee industry. The 

melting curves (Figure 2) indicate if the amplification is specific or nonspecific using a 

temperature ramp where the expected product presented a sharp peak with specific 

temperature. The melting curve for Cevada3, Zeina2 and Coffe1 demonstrated that these 

primer pairs were specific for barley and corn detection and nonspecific amplification peaks 

were attenuated by increasing Tm. 

 

 
 

Figure 1. Standard Curves for coffee (1), barley (2) and corn (3) was used for 

determination of LOD and LOQ. Dilution series of DNA template: corn 0,01% to 100% 

of 50 ng (m/v), barley and coffee 0,0002% to 100% of 50 ng(m/v). Ct = average of 10 

replicates. 
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Figure 2. Primer Cevada3 (AB), Café1 (CD) and Zeina2 (EF). Letters A, C and E show 

specific amplifications and letters B, D and F show nonspecific amplifications like 

primer-dimer. Each primer pair was tested with genomic DNA of target and non-target 

foods (rice, wheat, soy, corn, barley, coffee arabica / robusta). 

 

Even in a highly degraded DNA, the markers (primers) were able to detect the presence of 

adulterants in coffee intentionally adulterated with barley and corn as shown in Fgure3. 

 

 
 

 

Figure3. PC-Positive control, DT- Detection of adulterant. ( 1) primer for roasted barley 

(Cevada3); (2) primer for roasted corn (Zeina2). 

 

In the present work, it was possible to analyze the genomic DNA from processed coffee, 

barley and corn. The designed primers proved to be sensitive and specific for each target, 

being able to detect adulterated coffee samples. Therefore, real time PCR showed to be a 

promising tool in the identification of barley and corn as coffee adulterants in the market. 
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severe contamination and environmental pollution problems. The scientific literature does not 

mention the specific use of coffee grounds as a source of dietary fiber, however, studies such 

as those of Diaz-Rubio and Saura-Calixto and Borrelli et al. indicate the potential use of 

coffee and its byproducts as a source of dietary fiber. 

 

The objective of this study was to modify the hydration properties of spent coffee grounds 

and evaluate the possibility of use as a source of dietary fiber for production of functional 

foods, studying its chemical characteristics. 

 

MATERIALS AND METHODS 

 

The spent coffee grounds used in the study was donated by the company Soluble Coffee 

Brasilia, located in Varginha / MG, Brazil. The coffee residue was treated with a solution of 

alkaline hydrogen peroxide for modification of the physical and functional properties. The 

spent coffee grounds was treated with 1% alkaline hydrogen peroxide for 5 hours at 30°C. 

Samples of coffee grounds treated were dried in an oven (65°C) for 24 h before the analyses. 

 

Dietary fiber and chemical composition of the samples were determined according to the 

methods described by AOAC. The fiber fraction was determined by a modified procedure of 

Van Soest. The Water Holding Capacity (WHC) was determined according to Robertson et al. 

 

RESULTS AND DISCUSSION 

 

The composition of spent coffee treated is shown in Table 1. 

 

Table 1. Chemical Composition of Coffee Grounds Treated (CGT). 

 

parameters Protein fat ashe carbohydrates
b
 

CGT 13.16±0.74 17.89±0.30 2.13±0.07 37.48±1.20 

a
 Values are given per 100 g of dry matter. 

b
 Calculated by difference. 

 

The coffee grounds treated (CGT) had a significant amount of protein (13.16%). The value 

obtained in this study was lower than that reported by Ravindranath et al. about 14%, but was 

higher than the value reported by Lago et al. which varied between 6.7% and 9.9%. 

Differences in the chemical composition of CGT may occur according to the variety of beans 

utilized and the roasting and extraction process to which they were submitted. Coffee bean oil 

is rich in fat, and to produce soluble coffee, during processing, only a part of this fat is used 

for instant coffee (0.1%), the remaining fat is found in SCG (20%).24 In the CGT analyzed, 

the oil content was found to be 17,89%, Lago et al. observed an CGT oil content that ranged 

from 19.90 to 27.83%. According to Turatti the oil present in CGT can be used in food 

products as a filling for candy or even as a flavor enhancer in soluble coffee, as well as use in 

formulation of coffee liqueurs. Kondamudi et al. reported that the oil of CGT may be 

converted into a similar amount of biodiesel using transesterification methods. Coffee 

grounds treated also contain ash. According Arya and Rao after extraction with hot water to 

prepare instant coffee, most of the mineral elements contained in the CGT are easily 

extracted, but a small amount still remains in the CGT, where potassium is predominant. It 

was observed that CGT exhibit a high carbohydrate content (37.48%) (Table 1). According 

Mussato et al. CGT are rich in polymerized structures of cellulose and hemicellulose, the 

hemicellulose is composed of three sugars, mannose (46.8%), galactose (30.4%) and 

arabinose (30.8%), and cellulose is composed of glucose (19.0%). 
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Spent coffee grounds show a high fraction of Insoluble Dietary Fiber (63.61%), which 

corresponds to 99% of Total Dietary Fiber (Table 2). After comparing the data from the CGT 

with those of the other ingredients of cereals, it is clear that Soluble Dietary Fiber has an 

equivalent level of Total Dietary Fiber (64.19%). The amount of Soluble Dietary Fiber 

(0.58%) in CGT is low compared with that in the other ingredients. Insoluble Dietary Fiber is 

important in regulating bowel functions. Several studies have shown that Insoluble Dietary 

Fiber (lignin, cellulose, etc.) plays a role in the prevention of intestinal cancer, possibly 

because of the improvement in intestinal motility, meanwhile, soluble dietary fiber reduces 

cholesterol and glucose absorption. Although coffee grounds tend to be low in soluble fiber, 

they can be used as functional ingredients to develop foods that are rich in insoluble fiber and 

thus prevent constipation. 

 

Table 2. Dietary fiber content of coffee grounds treated and different types of cereals
a
. 

 

 CGT wheat bran 
b
 Oat bran 

b
 

Total dietary fiber 64.19±1.01 44.00 23.80 

Soluble Dietary Fiber 0.58±0.01 2.90 3.60 

Insoluble Dietary Fiber 63.61±1.02 41.10 20.2 
a 
Values are given per 100 g of dry matter. 

b
 Data from ref Food Res. Int., 1998.

 

 

Fractionation of dietary fiber in coffee grounds treated is presented in Table 3. 

 

Table3. Fiber composition of the coffee grounds treated (CGT)
a
. 

 

parameters Cellulose Hemicellulose Lignin 

CGT 45.34±0.25 2.61±0.27 24.38±0.14 

a 
Values are given per 100 g of dry matter. 

 

The main advantage of fractionation is additional information about the fiber components, 

facilitating the understanding of the variability in the physiological and physicochemical 

properties of different food-induced fiber sources, since the amounts of dietary fiber alone 

cannot predicting the actual functional property of the fiber. 

 

Azevedo determined the fraction of fiber in coffee grounds treated and found cellulose 

43.40%, soluble hemicellulose 2.25% and lignin 23.30%, results close to those reported in 

this study. 

 

Comparison of the results of water retention capacity (WHC) of the coffee grounds, before 

and after treatment is shown in Table 4. 

 

Table 4. Effect of treatment with alkaline hydrogen peroxide in water retention capacity 

of the spent coffee grounds. 

 

CGT WHC 

without treatment 2.49 

with treatment 3.23 
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Treatment improved by 30% the water retention capacity of the coffee grounds treated 

compared to untreated coffee grounds. The increase in the CRA is consistent with the idea 

that these treated materials have more open structure with porosity increased, which facilitates 

retention of water. 

 

The results presented in this study show that treatment allows the obtention of a product with 

a water retention capacity greater than the untreated material, coffee grounds presented 

himself as a byproduct rich in its composition, can be used by various sectors of industry. By 

removing the oil from coffee grounds for the production of biodiesel or for use as a flavor 

enhancer in food products, we obtain cake-rich insoluble fibers and significant amounts of 

protein. Owing to its unique chemical composition, coffee grounds could be used as a source 

of fibers for the manufacture of products with functional appeal. 
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Optimisation of Chromatographic Techniques for the Isolation 

and Analysis of Volatile Aromatic Compounds  

in Commercial Coffee Samples 
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SUMMARY 

The extraction method chosen for coffee volatiles in this project was the simultaneous 

distillation extraction (SDE). The concentration of the extract was compared using two 

methods: nitrogen gas (N2) evaporation and Kuderna-Danish concentration. It was found that 

N2 evaporation could concentrate the extract more efficiently and to a smaller volume. 

Tetradecane was the internal standard used for quantitation of the aroma compounds. The 

extracted volatiles were separated and identified using an optimised Gas Chromatography 

Mass Spectrometry (GC-MS) method. The extraction method was used to characterise the 

aroma profiles from commercial samples of coffee from various origins: Zentveld's Ernesto 

Roast (Australia, standard); Highlands Coffee (Vietnam); Kapal Api (Indonesia); Suan Ya 

Luang (Thailand); Cafe Canecão (Brazil); Cafe Aguila Roja (Colombia); Kopi Luwak 

(Indonesia); Loa Sinuak (Lao); and Goroka Coffee (Papua New Guinea). Important character-

impact aromatic compounds (furans, pyrazines, pyridines, pyrroles, phenols and esters) were 

found in all samples. In contrast, sulphur containing compounds varied more, and affect more 

the perceived aroma of the coffee. The sulphur compounds, present in each of the coffees 

although at much lower concentration, are more powerful and have a potential to influence 

coffee aroma. It is likely that the presence of sulphur strengthens the character impression of 

the overall aroma and strikes a familiar scent. The ability of sulphur compounds to have an 

'odour addition', or synergism to other aromatic compounds, could indicate that the particular 

concentration and mix of the sulphur compounds in a coffee, will distinctly define its aroma. 

INTRODUCTION 

Coffee is a widely consumed beverage, and contains one of the world's most widely 

consumed psychoactive stimulant compounds, caffeine. When consumed by humans, caffeine 

stimulates the central nervous system, reduces drowsiness temporarily, and increases alertness 

and heart rate. As the effects of caffeine in coffee appear to be sought out, the unique essence 

of flavour and distinct pungent aroma of coffee are other attributes that are a pleasure to taste 

and smell to consumers, and non-consumers. Long-time consumers take preference of certain 

brands, blends and roasting grades. Next to quality and quantity of colour pigments, the 

composition of various aroma substances in a food product can greatly affect consumer 

preference and inherently the commercial value of it. The food industry is quickly catching 

onto the impact flavour and aroma can affect the consumer. The ability to be able to replicate 

nature-identical flavours and aromas is of high value in the food flavour industry. Advances in 

chemical analysis and organic chemistry has paved the way for this technology. In a sense, to 

know the composition of an aroma, is to have the means to produce a close replicate, and an 

insight to those precious few compounds that could make all the difference to consumer 

preference. The flavour and aroma of coffee are complex. A vast number of compounds 
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contribute to coffee aroma and flavour and even its texture. Compounds that exist in coffee 

are acids; aromatic compounds (volatiles of high and low volatility), and bitter substances 

(acids, proteins, furans, pyrazines, caffeine). Coffee aroma and flavour have been of interest 

to researchers for some time. There are many methods which were developed to analyse the 

chemical composition of coffee aroma and new improved methods continue to be developed. 

The aroma analysis includes the extraction and the identifications steps. 

 

The aim of the project was to optimise existing flavour extraction and identification methods 

and to analyse and compare Arabica coffee beans from different regions. An important stage 

of this analysis was the concentration of the extracted volatiles. This step has always been a 

challenge with volatiles, as they need to be treated carefully to minimise loss into the 

surrounding environment. This study compares two existing methods, one very common 

(nitrogen gas) and another, supposedly more efficient, Kuderna-Danish concentrator. Gas 

chromatography program was optimised. Comparative testing was carried out to display the 

difference in chromatograms of a coffee sample treated in the same way, but over a range of 

different oven programs. The optimised method was used to analyse regional coffee samples. 

 

MATERIALS AND METHODS 

 

The coffee samples were roasted Arabica coffee beans sourced from various locations: 

 

 Standard sample: Australia, Zentveld's Coffee Ernesto Roast. 

 Vietnamese – Highlands Coffee, Loai. 

 Indonesia – Kapal Api, Kopi Medan. 

 Thailand – Suan Ya Luang. 

 Brazil – Cafe Canecão, Tradicional. 

 Colombia – Cafe Aguila Roja. 

 Indonesia – La Jaranica Kopi Luwak. 

 Laos – Lao Sinouk, Scandinavian Roast. 

 Papua New Guinea – Goroka Coffee. 

 

The equipment used in the experiments consisted of: 

 

 Sunbeam™ (Botany, Australia), domestic coffee grinder for sample preparation. 

 SDE (Likens & Nickerson) apparatus; 2 × 500 mL round bottom flasks; 2 pear shaped 

flasks; conical flask; extractor; condenser and 2 electric jackets for aroma extraction. 

 Kuderna-Danish concentrator with a 500 mL flask (Sigma-Aldrich), 1 × 1000 mL beaker; 

3 boiling chips; 1 × 15 mL condenser tube graduated with hooks and connecting springs; 

3 ball macro-economy Snyder column; condensate trap and condenser. 

 GC-MS Agilent Technologies Inc. model 6890 N (Wilmington, DE, USA) with 7683B 

Series Injector, 6890N Network GC system and 5975 Inert Mass Selective Detector. 

 GC column SGE (Ringwood Vic, Australia) Solgel-wax™ Model SGE054796, stationary 

phase: polyethylene glycol; 30.0 m (L) × 250 μm (ID) × 0.25 μm (FT). 

 

The chemicals included solvent, dichloromethane (CH2Cl2), internal standard: tetradecane 

(C14), anhydrous Na2SO4, acetone (Sigma-Aldrich), and dry CO2 (BOC). 

 

The extraction procedure in the SDE apparatus included placing approximately 24 g of 

ground coffee dissolved in 200 mL of distilled water in the lower positioned flask and 80 mL 

of dichloromethane in the higher positioned flask. The top extremity of the extractor was 

connected to a cold trap condenser containing dry ice and acetone. The lower part of the 
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nitrogen gas concentration method. Similar result was obtained at lower temperature and thus 

the latter could be eliminated as a possible cause. 

 

 
 

 
 

Figure 1. Comparison of abundance of aroma compounds in standard coffee (Ernesto 

Roast, Zentveld’s, Australia) after concentration with time in minutes. A: Kuderna-

Danish; B: nitrogen gas. 

 

To optimise the GC-MS program, four methods (Table 1) were applied to the standard 

sample. Method A, described in the Proceedings of the International Workshop on 
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Agricultural and Bio-systems Engineering, intended to increase peak resolution and reduce 

overlapping. This method was the first tested, and gave a very neat chromatogram, with clear 

resolution, and no overlapping peaks. The method did not give many peaks, however. For this 

reason, method A was used as a focus for the optimisation of solvent evaporation. Methods B, 

C, and D were developed from method A, by alteration of certain oven, inlet and flow rate 

parameters. The spreading of the chromatogram peaks was not achieved very well with 

method B but the amount of compounds that the MS detected was significantly higher. This 

might have been due to the steady temperature increase rate and lack of temperature rate 

change between 70 and 250 °C. Method C employed an extra temperature rate to spread out 

and sharpen peaks in the middle of the chromatogram. This was achieved well. To reduce the 

baseline and further increase resolution along the chromatogram, the initial slow temperature 

increase rate interval was extended in method D (Figure 2), producing an exceptional 

chromatogram, with sharps peaks and almost no baseline. As a result, method D was used in 

the other tests. 

 

 
 

Figure 2. Chromatogram of standard sample, GC-MS method D, Abundance vs. Time 

(min). 

 

As far the determination of character impact compounds in the regional samples is concerned, 

the aromatic compounds identified were, in the majority, expected and most compounds 

appeared consistently across most of the samples (Figure 3). These appear to be generic or 

standard aromatic compounds present in arabica coffee. Some samples, however, presented 

smaller profiles and uncommon compounds. The Indonesian Kopi Luwak is one of these 

samples. The coffee itself has a unique harvest source and claims to have a very specific 

“smooth, caramel and chocolate” flavour. The amount of caffeine present in the coffee is 

certainly low enough to be at an almost negligible level, and its absence might also contribute 

to supposed higher quality taste. Another coffee of small aromatic profile was the Goroka 

Coffee, an organic sample form Papua New Guinea. 
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Figure 3. Aromatic compounds in regional coffee (µg/mL). Kapal Api/Kopi Luwak are 

from Indonesia. 

 

Figure 3 shows the compounds considered to be the most representative of the coffee aroma 

profile. Not every coffee sample will possess the same volatile compounds just at different 

levels. This project reveals that the origin of the coffee might well very much affects the 

compounds it possesses and their concentrations. The concentration of aromatic compounds 

has a strong influence on the entire aroma of the produce. The perceived scent of a compound 

can change from extremely pungent and unpleasant at 100% concentration to light and 

pleasing aromas when at concentrations as low as < 10%. The 'others' category in Figure 3 

refers to the remainder of the compounds identified, but not considered as character impact 

aroma compounds. Furans, pyrazines and pyridines are the volatile aromatic compounds that 

dominate each coffee sample. 

 

Pyrolytic degradation of sugars is responsible for the formation of furans. Their presence in 

coffee is due to roasting, and is considered to be important for quality of coffee flavour and 

aroma. Furfuryl, a product of caramelisation is a common flavour constituent, characteristic if 

a toasty odour. Furanones are other significant furans that have a sweeter and fruitier scent, 

also giving burnt caramel-like nutty impressions, but similar still to furfuryls. 1-(2-furyl)-2-

propanone gives a rum-like aroma. 

 

Pyrazines are a class of compounds believed to contribute to the desireable flavour of foods. 

Alone, pyrazine is more bitter sweet in scent. Alkyl pyrazines have a higher concentration at 

lower roasts and give the nutty, roasted and burnt note. The odour attribute given to the coffee 

by methyl pyrazine is a mixture of chocolate, nutty, earthy and green. 
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Pyridine, a pyrolysis product, is made with the thermal reaction between sugars and amino 

acids, or alkanals with amino acids comparing with other classes of food flavour/aroma 

compounds, relatively few pyridines occur naturally, but are still considered to have a 

significant organoleptic contribution. Pyridines will appear as a 'basic' food aromatic 

compound, but will be mostly dominated by pyrazine. Pyridine has been described as a 

pungent, penetrating and somewhat nauseating odour, but in dilution it becomes much less 

offensive, and has a warm, burnt and smoky character. With respect to the coffee samples 

analysed, pyridine itself appears in every coffee, as the majority in its class, and again, the 

other most abundant pyridines identified were alkyl-substituted pyridines. Pyridine will give a 

green and bitter astringency whereas the alkyl substitutions can give buttery and caramel 

odour qualities, although keeping the astringency. 

 

Pyrroles, found more in coffee than any other food, are produced thermally, like furans, 

pyrazines and pyridines, from a reaction between amino acids and sugars. The concentration 

of pyrroles is proportional to the roasting degree, increasing with it, and aroma will vary 

depending on the degree of roast also. The aromas that pyrroles can emit are mushroom and 

oily scents, green and hay-like, sweet, corn-like or slightly burnt (alkylpyrroles). Structurally, 

they are closely related to furans. 

 

Phenol concentration increases with roasting degree, and is mostly described as having a 

'smoky' aroma. 

 

Esters in certain combinations play a strong role in fruit, cocoa and tea flavours and aromas. It 

appears that most esters give sweet floral scents suggestive of fruit and herbs. Some, however, 

can have pungent and bitter astringencies. Esters are of lesser representation in coffee and are 

not considered potent contributors to coffee aroma. 

 

The aroma of a coffee can be defined by a spectrum of certain compounds at certain 

concentrations and 'odour addition' mixtures, or synergisms made possible by sulphur 

compounds. Figure 4 shows the major sulphur compounds found in the regional coffee 

samples. 

 

Contributing to the pleasant and unpleasant flavours and odours, sulphur compounds are 

essential for character impact of roasted coffee. Sulphur groups on any compound will 

strongly bind to the olfactory receptors, and therefore have a very high aroma impact. Most 

sulphur compounds thermally produced contain heterocyclic sulphur. Over 250 thermally 

produced sulphur compounds have been identified, and most present in coffee, and meat. At 

high concentrations, stench aromas are produced from many sulphurous compounds – so 

much so that they are added as odorants to natural gases so that leaks can easily be detected 

by the stench. 

 

Meaty characteristics are given by furans with thiol, methylthio and disulfide substituents. 

Sulphur compounds with a thiol function are well represented in wine aroma and flavour. 

Berger mentions research conducted by a French enologist, Emile Peynaud and quotes him 

“fermentation brings out the primary aroma hidden in the fruit [grape]”. This refers to 

specific enzymic activity exhibited by yeasts during fermentation which are responsible for 

the release of thiol odorants. 

 

The odour threshold value of simple alkylthiazoles has a range of 1 to 1000 µg/kg, typically 

with a green, vegetable-like, cocoa, nutty, and some meaty characteristics. Furans with thiol, 

sulphide or disulphide substitution are noted as important meat and coffee volatiles. 
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Formation of these involves interaction with hydrogen sulphide, dicabonyls, furanones and 

furfuryls. 

 

 
 

Figure 4. Concentration (µg/mL) of all sulphur compounds identified in each coffee 

sample. 
 

CONCLUSIONS 

 

The comparison of concentration methods (Kuderna-Danish vs. nitrogen gas) showed the 

advantage of nitrogen gas over macro Kuderna-Danish concentrator by extracting volatile 

compounds with a higher abundance. However, a micro Kuderna-Danish concentrator may be 

able to concentrate to smaller volumes more easily than the macro and should be compared 

with the N2 concentration method. 

 

The GC-MS methods were optimised as much as possible, giving a reasonable run time and 

exceptional peaks. Slowing temperature rates any further, will risk an overloaded internal 

standard peak. 

 

As for character-impact odorants of each coffee sample shows that the most abundant classes 

were furans, pyrazines and pyridines respectively, with pyrazines showing in a higher 

proportion in the Brazil and Kapal Api samples, but only marginally (Figure 3). These classes 

of compounds are all present in the roasted coffee beans as products of the thermal reactions 

that take place during roasting. Due to the similarity in trend of these classes in each coffee, it 

is assumed that the aroma they contribute to each individual coffee are similar, however 

varying in intensity. 

 

The sulphur compounds present in each of the coffees, although at much lower concentration, 

are more powerful and in effect have a potential to have a greater influence on aromatic 

character. The standard Australian Zentveld's Ernesto Roast coffee shows the highest amount 
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of sulphur containing volatiles (Figure 5) inherently giving it the most diffusive aroma. The 

Vietnamese Highlands; Indonesia's Kapal Api and Kopi Luwak, and Papua New Guinea's 

Goroka Coffee coffees contain almost the same concentration of aromatic sulphur 

compounds. It is possible that the presence of sulphur in the volatiles strengthens the character 

impression of the overall aroma and strikes a familiar scent. The ability of sulphur compounds 

to have an 'odour addition', or synergism to other aromatic compounds, could indicate that the 

particular concentration and mix of the sulphur compounds in a coffee will define its aroma 

distinctly. 

 

 
 

Figure 5. Total concentration of Sulphur compounds in each coffee ( µg/mL). 
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Based on the assessments made, was obtained by the consumption of biomass gasifier 71.43 

kg / hr, with a total production of 183.6 m3/hr gas with a calorific value of 1402 kcal/m3 

using husk as biomass, achieving a performance of 86.8% gasification. With gas outlet 

temperatures of 350 º C to 400 º C, with a generation of condensed water and tar from 0.15 to 

0.2 l / kg biomass. Table 2. 

 

Table 2. Gasifier operating parameters fed coffee husk. 

 

Gasification Operation Data 

Biomass Consumption 71.43 kg/hr 

Conversion Ratio 2.57 m3/Kg biomass 

Caloric Power Gas 1402.00 Kcal/m3 

Performance 88.84% 

 

The chemical composition of the obtained gas mainly composed of carbon monoxide, 

methane, hydrogen, carbon dioxide and other gases, is within the expected concentrations for 

this technology as shown in Table 3. 

 

Table 3. Chemical composition of the gas produced by gasification of coffee husks. 

 

Gas Produced Concentration (vol/vol) 

Carbon monoxide (CO) 18,10 % 

Methane (CH4) 2,85 % 

Hydrogen (H2) 9,10 % 

Carbon dioxide 11,60 % 

 

The electricity generated by this system will be used to feed a small processing plant in the 

wet stage of coffee processing capacity of 7500 kg / hr coffee fruit that includes: 1 pump for 

fruit, 2 pulpers coffee fruit, 1 screening for pulping coffee, 1 desmucilage vertical upflow, 1 

pump for parchment coffee first, 1 pump for lower grades, 1 and 1 elevator auger screw. For a 

total installed power of 39 kW. 
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