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Abstract

This study evaluated the physicochemical qualities of washed specialty Bourbon Arabica from major producing areas
of Rwanda in comparison with two world renowned Arabica coffees: natural/dry Bourbon from Brazil and washed
Typica from Ethiopia. Significant differences in most physicochemical properties were observed between coffee grow-
ing areas within Rwanda as well as among the three countries. Washed Bourbon from Rwanda and washed Typica
from Ethiopia were denser than the natural Bourbon from Brazil. Natural Bourbon from Brazil was found to be 20%
more caffeinated whereas roasted washed Typica from Ethiopia contained about 21% higher caffeoylquinic acid
(CQA) than the washed Bourbon from Rwandan. Generally, roasted washed Bourbon coffees from Rwanda showed
higher acidity properties than Brazilian and Ethiopian coffees. This study indicated that coffee quality may vary even
within the same variety from different origins which is due to conditions applied in different coffee growing areas.
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Introduction

Bourbon is the main variety that dominates Rwandan

Arabica coffees since its introduction in 1904 (Chemonics

International Inc., 2006; USAID, 2010; Promar Consulting,

2011; Nzeyimana et al., 2013). It is one of the natural Arabica

coffee varieties and believed to possess nice aroma in addition

to the general refreshing effect of coffee. In Rwanda, the areas

suitable for Arabica coffee growth are in western region near

Lake Kivu, central region and south-eastern region (Harding,

2009; Nzeyimana et al., 2014). The country has recently

focused on increasing the production of high quality specialty

Arabica coffee whose world demand is also increasing. The

nature of coffee (variety) and the area (origin) from which it

has been grown are the main factors that affect its unique

quality characteristics (Toci & Farah, 2008; Ongo et al., 2012;

Buratti et al., 2014).

Coffee quality can be classified into physical, chemical as

well as flavor characteristics, but for consumers, flavor is the

major coffee quality determinant. Therefore, the pleasant

flavor of Arabica coffee is what makes it popular among the

two worldwide consumed coffee species (Kathurima et al.,

2012; Sunarharum et al., 2014). However, the value of coffee

on the market is also affected by physical characteristics such as

color, size and defects which influence the acceptability and

chemical characteristics of coffee which have a direct impact

on flavor as well as on our health. High concentrations of

alkyl-methoxy pyrazines for example, have been said to be

responsible for cup defects (Czerny & Grosch, 2000), whereas

many other volatiles (such as pyrazines, alcohols, aldehydes,

ketones, furans, furanones, thiols, pyrans, pyrroles, lactones,

pyrimidines and pyridines) and non-volatile components

(proteins, lipids, organic acids, melanoidins, alkaloids and

soluble fibers) are responsible for the desirable coffee flavor

(Farah, 2012).

Coffee chemical constituents such as phenolics (mainly

chlorogenic acids), alkaloids (caffeine, trigonelline), diterpenes

(cafestol, kahweol), melanoidins and dietary fibers are of great

interest for possessing health benefits such as antioxidant

activities and also contribute to flavor of the brew (Kitzberger

et al., 2014; Vignoli et al., 2014; Gebeyehu & Bikila, 2015;

Skowron et al., 2016). Trigonelline is also a known precursor

for niacin/nicotinic acid (vitamin B). In addition to chlorogenic

acids (CGAs), quinic acid and aliphatic organic acids such as

acetic, citric, lactic, and malic acids are responsible for coffee

acidity which has an influence on sensory quality (Seo et al.,

2003; Franca et al., 2005; Tawfik & El Bader, 2005;

Ramalakshmi et al., 2007; Wei et al., 2012; Koskei et al., 2015).

Physicochemical and flavor characteristics of different

varieties of Arabica coffees from different producing countries
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such as chemical properties of Rwanda’s ordinary coffee

(Skowron et al., 2016), volatile constituents of Kenyan

Arabica coffee (Kathurima et al., 2012), Philippine civet

coffee (Ongo et al., 2012), fermented and dried Indonesian

Arabica coffee (Baggenstoss et al., 2008; Madihah et al.,

2013), cup qualities of Colombia coffee (Maeztu et al., 2001;

Rodríguez et al., 2010), Ethiopia, Tanzania, and Guatemala

(Akiyama et al., 2007) have been studied. However, no study

about quality characteristics of wet processed Bourbon cultivar

from Rwanda has been reported. Thus, this study aimed at

investigating the physicochemical qualities of this coffee from

major producing areas in comparison with Arabica coffees

from some established world class origins. The main focus

was on some known bioactive compounds (total polyphenol,

CGA, caffeine and trigonelline), radical scavenging activity

(antioxidant properties), pH and titratable acidity. 

Materials and Methods

Coffee samples

Eight samples of a wet processed/washed commercial

cultivar; Bourbon Mayaguez 139 (BM 139) from seven coffee

growing areas of Rwanda selected based on where Arabica

coffee growth is suitable were ordered from coffee washing

stations (CWS) of four exporters: RWACOF Exports Ltd.

(Kigali, Rwanda), SACOF Ltd. (Gakenke, Rwanda), COOPAC

Ltd. (Rubavu, Rwanda) and Muhondo coffee company Ltd.

(Gakenke, Rwanda). A washed Typica (G2) from Yirgacheffe,

Ethiopia and a dry processed/natural Red Bourbon (NY2/

Sc16) from Brazil were bought from GSC International

(Seoul, Korea). The growing areas, CWS and producers are

indicated in Table 1.

Chemicals

Caffeine (99.9%), 5-caffeoylquinic acid (5-CQA, ≥ 95%),

trigonelline (≥ 98.5%), methanol (99.9%), Folin-Ciocalteu’s

(FC) reagent, sodium carbonate, gallic acid, 2, 2-diphenyl-1-

picrylhydrazyl (DPPH), ethanol, sodium hydroxide (0.1 N)

and phenolphthalein indicator were purchased from Sigma

Aldrich (St. Louis, MO, USA).

Determination of moisture content

Moisture content of both green and roasted coffee beans was

determined in triplicates by measuring loss in mass of whole

beans using a forced convection-type oven (WOF-155, Daihan

Scientific, Seoul, Korea), according to ISO 6673: 2003

standard method (Reh et al., 2006; Mendonc et al., 2007). 

Determination of true and bulk density

True and bulk densities were determined as previously

described (Olukunle & Akinnuli, 2012). Briefly, true density

was measured on 10 g of coffee by displacement method using

50 mL of distilled water in a 100 mL graduated cylinder.

Bubbles were eliminated by gentle shaking and the change in

volume was noted. Bulk density was determined on 10 g of

coffee by tapping method (10 times) using 100 mL graduated

cylinder. Five measurements were performed for each sample.

Roasting and grinding

Coffee samples were roasted to a light degree in a 500 g

capacity drum roaster (Namgaiver, Namyangju, Korea). The

roasting process was controlled by a roast profile monitoring

software and the same conditions were applied to all samples

(sample weight: 200 g, preheating temperature: 180
o
C, roasting

time: 10 min). Beans were air cooled at room temperature and

Table 1. Commodity information and labeling of coffee samples

Province 
(geographical sub-region)

District 
(growing area)

Washing station/ 
Farm

Producer/Seller
Cultivar/ 
Genotype

Crop
Grade/ 
Screen

Labeling
1)

North
Gakenke Muhondo Muhondo BM 139

2)
2015 15+ NGK

Rulindo Rulindo SACOF BM 139 2015 15+ NRL

South
Kamonyi Nyamiyaga RWACOF BM 139 2015 15+ SKN

Kamonyi Kayumbu RWACOF BM 139 2015 15+ SKK

East Rwamagana Karenge RWACOF BM 139 2015 15+ ERW

West 

Rutsiro Kirorero COOPAC BM 139 2015 15+ WRT

Rusizi Nzahaha RWACOF BM 139 2015 15+ WRS

Rubavu Nyamyumba RWACOF BM 139 2015 15+ WRB

Ethiopia Yirgacheffe GSC Typica 2015 G2 ETH

Brazil Cerrado Fazenda Bau GSC Red Bourbon 2015 NY2 BRA

1)
 For Rwandan coffees, first two letters stand for first letter of the province and district, respectively.

2)
 Bourbon Mayaguez-139
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packed in stand up foil pouches until used. Both green and

roasted beans were ground and sieved through mesh No. 30

using a micro fine mill, Culatti Type MFC CZ 13 (BDL, Brno,

Czech Republic) for green beans, and R-220 coffee grinder

(Fuji Royal, Osaka, Japan) for roasted beans.

Color measurement

The color measurement was performed on both green and

roasted coffee grounds using a colorimeter (Chroma meter

CR-400, Konica Minolta Sensing Inc., Tokyo, Japan) which

was calibrated on a white standard tile. Ten measurements

were done for each sample.

Simultaneous determination of caffeine, caffeoylquinic

acid (CQA) and trigonelline

Stock solutions of caffeine, caffeoylquinic acid and

trigonelline standards were prepared by dissolving 40 mg into

100 mL of distilled water in a 100 mL volumetric flask. The

solutions were sonicated to dissolve completely. Concentra-

tions of 2.5-40 ppm were then prepared by 1/2 (v/v) dilution

from the stock solutions to obtain calibration curves. 

Samples were extracted in triplicates according to DIN

20481 method with some modifications (Naegele, 2013). For

both green and roasted coffee, 200 mL of boiling water were

added to 1 g of the grounds in a 250 mL Erlenmeyer flask and

stirred for 20 min in water bath at 90
o
C. The mixture was

cooled to room temperature and filtered through Whatman

filter paper No. 1 (GE Healthcare UK Ltd., Amersham Place,

Buckinghamshire, UK). An aliquot of the extract was filtered

through a nylon syringe filter 17 mm, 0.4 µm (National

Scientific, Los Angeles, CA, USA) into a 2 mL vial (Agilent

Tech., Lexington, MA, USA) and directly injected into the

LC-MS system.

Analyses were performed on Agilent 1100 series liquid

chromatograph system equipped with an auto sampler, a diode

array detector (DAD) and a mass detection system (Agilent

LC/MSD VL, Agilent Tech., Lexington, MA, USA). Separa-

tion was carried out on reverse phase column: ZORBAX

Eclipse Plus, XDB-C
18

,
 
4.6 mm × 150, 5 µm (Agilent Tech.,

Lexington, MA, USA). The experiment was operated on-line

by Agilent ChemStation software. Analytical conditions are

indicated in Table 2. The contents expressed as percentage by

dry weight were calculated from the calibration curves of

concentration against peak area.

Quantification of 3-CQA and 4-CQA isomers

The concentrations of these two isomers of caffeoylquinic

acid were determined using their peak areas and peak area of

5-CQA standard together with their respective molar absorption

coefficients according to literature (Trugo & Macrae, 1984;

Perrone et al., 2008; Bravo et al., 2012). 5-CQA was identified

based on the retention time, UV-Visible and mass spectra of its

standard, while the other two isomers were identified

according to the order reported in literature and their UV-

Visible as well as mass spectra. 

Determination of total phenolic content

The total phenolic content was determined using FC reagent

diluted to 1/10 and 7.5% sodium carbonate solution as pre-

viously described by Rez-Martínez et al. (2010) and Cosoreci

et al. (2014). Samples were prepared in triplicates by extract-

ing 1 g of the grounds with 100 mL of 50:50 (v/v) methanol/

water solution for 1 h in a water bath with continuous agitation

at room temperature and filtered through Whatman filter paper

Table 2. LC-MS analytical conditions for caffeine, trigonelline and CQA determination

Part Parameter Value

LC

Mobile phase A: Methanol + 0.1% AA
*
 and B: Water + 0.1% AA

Flow rate 0.70 mL/min

Injection volume 20 µL

Gradient elution 5 min – 95% B, 20 min – 50% B, 25 min – 50% B, 30 min – 10% B, 37 min– 10% B, 39 min – 95% B

Column temp 35
o
C

Running time 39 min

Post time 5 min

Detection (λ) 278 nm (caffeine), 325 nm (CGA) and 268 nm (trigonelline)

Spectra range 190-400 nm

MS

Ionization mode Atmospheric pressure ionization- electrospray (API – ES)

Data recording Positive ion mode

Screening (m/z) 100.00-1500.00

Spray chamber Gas temp: 350
o
C, neb press: 40 psi, volt: 4 kv

*Acetic acid
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No. 1. Standard solutions of gallic acid (0.005-0.08 mg/mL) in

50% methanol were prepared by 1/2 (v/v) dilution from a

stock solution of 32 mg/100 mL for calibration.

Two and a half milliliters of FC-reagent were added to 0.5

mL of the samples and to 0.5 mL of each of the standard

solutions in different test tubes. After 10 min, 2 mL of 7.5%

sodium carbonate solution were added and the mixture incu-

bated for 2 h. Polyphenol concentration was then calculated as

gallic acid equivalent per gram of sample (GAE/g of dry

matter) from the calibration curve of absorbance read at 750

nm against concentration of the standards, using UV-Visible

Spectrophotometer (T60 U, PG Instruments Ltd., Lutterworth,

UK). Fifty percent aqueous methanol was used as blank. 

Determination of antioxidant properties

The samples were prepared as described above for phenolic

content determination. 0.1 mM DPPH (2, 2-diphenyl-1-picryl-

hydrazyl) solution was prepared by dissolving 0.394 mg into

100 mL of methanol. The antioxidant properties were deter-

mined by assaying the DPPH radical scavenging activity

(RSA) as previously described (Oboh & Omoregie, 2011;

Somporn et al., 2011; Pérez-Hernández et al., 2012). 2 mL of

0.1 mM DPPH solution were added to 2 mL of sample extracts

and 2 mL of 50% aqueous methanol in different test tubes

wrapped in aluminium foil to protect the mixture from light.

The tubes were incubated in the dark for 30 min. Changes in

the absorbance of the mixtures were measured at 515 nm

against 50% methanol as blank using UV-Visible Spectropho-

tometer. The radical scavenging activity expressed as inhibi-

tion percentage was calculated using the equation:

Where, A
o
 = Absorbance of DPPH alone and 

Where, A
s
 = Absorbance of DPPH + sample

Determination of total titratable acidity and pH

The acidity of coffee samples was determined according to

A.O.A.C 920.20 method (Pez-Galilea et al., 2007). 10 g of

coffee grounds were extracted in triplicate by 75 mL of 80%

ethanol for 16 h under continuous agitation at ambient

temperature in a water bath. Samples were filtered using

Whatman filter paper No. 1 and 10 mL of filtrate for roasted

coffee and 25 mL for green coffee transferred to Erlenmeyer

flask. The filtrate was diluted to 100 mL with distilled water

and titrated to an end point of pH 8.2 with 0.1 N NaOH

solution using a magnetic stirrer. The acidity was expressed as

mL of 0.1 N NaOH/g of coffee (dry matter).

The pH was determined on 25 mL of roasted coffee brews

using a calibrated pH meter (pH 210 Microprocessor pH

meter, Hanna Instruments, Woonsocket, RI, USA). Five brews

per samples were prepared using aero-press coffee makers

(Aerobie Inc. Palo Alto, CA, USA) by pouring hot water

(93
o
C) over the grounds in a ratio of 8.25 g of the grounds to

150 mL of water and allowed to stand for 5 min. Three

measurements were performed for each brew.

Statistical analyses

One-way analysis of variance (ANOVA) at 5% significant

level was conducted and Duncan’s multiple range test was

performed for multiple comparisons using SPSS software

(version 23.0, IBM Corporation, New York, NY, USA). All

values are means of at least three determinations.

Results and Discussion

Moisture content, density and color of raw coffee

Physical characteristics of raw coffee samples are summarized

in Table 3. Moisture content of raw coffees was in the range of

7.7-10.2%. Moisture content of raw coffee is an important

quality as it influences cost, storability as well as the overall

cupping quality of the commodity. Very high moisture content

supports the growth of mold whereas very low moisture

content may cause inconsistent roasting properties. The ideal

moisture content of raw coffee is 8-13% (Mendonc et al.,

2007).

Samples from Rwanda showed no significant difference in

both true and bulk densities (1.26-1.27 g/cm
3
 for true density

and 0.669-0.681 g/cm
3
 for bulk density) but the difference was

significant between Rwandan coffees and the natural Red

Bourbon from Brazil which had the lowest density of 1.19 g/

cm
3
. Higher bulk density was also observed for samples from

Rwanda (except SKN, SKK and WRB) than washed Typica

from Ethiopia. The density of Rwandan coffees obtained in

this study is also higher than reported for Ibadan coffees

(Olukunle & Akinnuli, 2012). Density measurement reflects

the hardness/compactness of the bean which helps to design a

proper roast profile to produce the best flavor characteristics of

a particular coffee.

The raw Bourbon coffee from Brazil was darker in terms of

lightness (L* = 66.5) which was measured on the grounds.

This was due to the brown color caused by some pulp and/or

parchment attached inside the coffee bean center cut since it

was processed by a natural/dry method than the wet processed

A
o

A
s

–

A
o

------------------- 100×
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samples from Rwanda (L* = 68.4-72.1). Among the coffee

samples from Rwanda, NGK was the darkest (L* = 68.4).

Color especially lightness is one of the criteria used to

determine the degree of roast. It is therefore useful to know the

color properties of the raw material to begin with in order to

optimize the roast. For raw coffee, this visual appearance can

also impact its marketability (Ramalakshmi et al., 2007).

Total titratable acidity of raw coffee

Total titratable acidity (TTA) of raw coffee was in the range

of 2.1 to 2.3 mL/g of dry matter and raw coffee from

Yirgacheffe, Ethiopia presented the highest value (Table 4).

The values obtained in this study fall in the range of 2.0-2.9

mL/g reported by Ramalakshmi et al. (2007) for commercial

grades of wet and dry processed Arabica and Robusta coffees.

Higher values than obtained in this study were found for

defective beans. The results obtained however were slightly

higher than reported for Harar and Berry coffees by Tawfik &

El Bader (2005) perhaps due to varietal, origin or sample

preparation (such as ground particle size) differences. Primary

acids present in green coffee are chlorogenic acids, quinic

acid, citric acid and malic acid (Wei et al., 2012). 

Caffeine and trigonelline contents of raw coffee

The Red Bourbon from Brazil had the highest caffeine

content of 18.5 mg/g of coffee on dry weight basis. This was

20% higher than that of NGK (15.3 mg/g) which had the

highest caffeine concentration among Rwandan coffee samples

evaluated, but NGK showed higher trigonelline concentration

of 12.5 mg/g (d.m.) followed by Ethiopian coffee which had

Table 3. Physical characteristics of raw coffee samples

Sample name
Moisture content

(%)
Bulk density 

(g/cm
3
)

True density
(g/cm

3
)

Color

L* a* b*

WRS 08.3±0.06
ef

0.674±0.00
a

1.27±0.01
a

70.9±0.6
c

0.8±0.1
ef

13.5±0.2
e

WRT 10.2±0.01
a

0.676±0.01
a

1.27±0.00
a

72.1±0.6
a

0.6±0.1
g

14.3±0.4
d

WRB 08.4±0.020
e

0.671±0.00
ab

1.27±0.01
a

71.7±0.8
ab

0.9±0.1
de

14.7±0.4
d

SKK 08.3±0.03
f

0.672±0.00
ab

1.26±0.01
a

71.3±0.6
bc

0.9±0.1
d

14.7±0.2
d

SKN 08.1±0.02
g

0.669±0.00
ab

1.26±0.01
a

70.9±0.3
c

0.8±0.1
ef

14.7±0.5
d

NGK 07.7±0.04
i

0.675±0.00
a

1.27±0.02
a

68.4±0.6
e

1.6±0.1
b

16.5±0.4
a

NRL 08.9±0.06
d

0.681±0.01
a

1.27±0.01
a

69.7±0.8
d

0.8±0.1
f

15.5±0.4
c

ERW 08.0±0.03
h

0.675±0.01
a

1.26±0.01
a

71.6±0.6
ab

1.1±0.1
c

14.6±0.3
d

ETH 09.9±0.09
b

0.660±0.01
b

1.26±0.01
a

71.6±0.9
ab

0.5±0.1
h

14.6±0.6
d

BRA 09.5±0.04
c

0.644±0.02
c

1.19±0.02
b

66.5±0.4
f

1.7±0.1
a

16.0±0.4
b

All values are means ± standard deviations of at least three measurements.
a-i

 Values with different superscripts in the same column are significantly different (p<0.05).

Table 4. Contents of phenolic and nitrogenous compounds, acidity and antioxidant activities of raw coffee samples

Sample 
name

TPC
(mg GAE/g,

d.m.)
1)

RSA
(%)

TTA
Caffeine

(mg/g, d.m.)
Trigonelline
(mg/g, d.m.)

CQA (mg/g, d.m.)

(% C.A, d.m.)
2)

(mL/g, d.m.) 3-CQA 4-CQA 5-CQA Total

WRS 38.9±0.43
f

89.9±2.47
b

1.43±0.0
b

2.2±0.05
bc

13.8±0.01
h

10.7±0.06
h

9.7±0.03
e

15.3±0.05
g

48.3±0.02
g

73.2
g

WRT 40.9±0.10
e

91.1±0.39
ab

1.41±0.03
bc

2.2±0.0
bcd

14.9±0.07
d

10.8±0.01
g

9.4±0.02
g

15.5±0.01
e

52.1±0.03
b

76.9
d

WRB 46.8±0.86
a

90.9±0.35
ab

1.36±0.04
cd

2.1±0.1
de

14.7±0.06
e

11.1±0.08
d

9.5±0.02
f

15.4±0.01
f

52.9±0.07
b

77.8
b

SKK 38.4±0.21
f

91.6±0.26
a

1.38±0.03
bcd

2.2±0.0
cde

14.4±0.07
f

11.1±0.04
de

9.3±0.09
g

15.0±0.03
i

48.9±0.23
ef

73.2
g

SKN 42.7±0.30
d

91.0±0.43
ab

1.34±0.03
d

2.1±0.0
e

14.2±0.02
g

11.0±0.08
ef

9.5±0.07
f

15.2±0.02
h

50.5±0.20
d

75.2
f

NGK 43.2±2.35
cd

91.3±0.20
ab

1.42±0.03
b

2.2±0.0
bc

15.3±0.04
b

12.5±0.09
a

12.0±0.08
a

17.1±0.03
a

48.8±0.12
f

77.8
c

NRL 44.9±0.60
b

91.8±0.20
a

1.36±0.01
cd

2.1±0.0
de

14.1±0.01
g

10.9±0.01
fg

10.3±0.05
c

15.9±0.01
d

49.2±0.20
e

75.4
e

ERW 41.0±0.26
e

91.6±0.10
a

1.35±0.01
cd

2.1±0.0
e

13.4±0.01
i

10.3±0.03
i

11.1±0.04
b

15.9±0.03
c

45.3±0.10
h

72.3
h

ETH 44.5±0.25
bc

91.4±0.17
ab

1.48±0.01
a

2.3±0.0
a

15.2±0.05
c

12.1±0.07
b

9.8±0.08
d

16.4±0.03
b

56.5±0.34
a

82.6
a

BRA 42.1±0.25
de

91.1±0.26
ab

1.43±0.00
b

2.2±0.0
b

18.5±0.02
a

11.3±0.05
c

9.8±0.03
de

14.7±0.05
j

45.7±0.63
h

70.1
i

All values are means ± standard deviations of at least three measurements.
1)
 Milligram of gallic acid equivalent per gram, on dry matter basis

2)
 Citric acid

a-j
 Values with different superscripts in the same column are significantly different (p<0.05).
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12.1 mg/g (d.m.). The lowest amount of both caffeine and

trigonelline was found for ERW (13.4 and 10.3 mg/g,

respectively) and WRS (13.8 and 10.7 mg/g, respectively).

Caffeine and trigonelline content might be influenced by

rainfall and temperature, as these two areas are characterized

by low rainfall and higher temperature than other growing

areas studied. Caffeine and trigonelline are the main alkaloids

found in coffee. Together with phenolics (mainly chlorogenic

acids) these alkaloids are bioactive and apart from caffeine, the

rest act as precursors for aroma compounds (Farah, 2012;

Kitzberger et al., 2014).

Total phenolics, caffeoylquinic acid content and anti-

oxidant activities of raw coffee

In this study, WRB was found to contain the highest total

phenolic content (TPC) of 46.8 mg/g (d.m.), whereas SKK had

the lowest phenolic content of 38.4 mg/g of coffee (d.m.) than

samples from other areas. In terms of caffeoylquinic acid

content (chlorogenic acids), NGK showed the highest concen-

trations of both 3-CQA (12.0 mg/g) and 4-CQA (17.1 mg/g)

whereas the sample from Ethiopia had the highest 5-CQA

(56.5 mg/g) as well as the total CQA (82.6 mg/g) content than

coffees from other areas. Brazilian coffee had the lowest total

CQA of 70.1 mg/g. 

Chlorogenic acids are the main phenolic compounds found

in coffee and caffeoylquinic acids (CQA) are the major sub-

class reported in literature (Farah, 2012). This study also

confirmed the dominance of 5-CQA (> 60% of total CQA) in

all coffee samples studied, followed by 4-CQA. The same

trend was also found by Skowron et al. (2016) for ordinary

coffees from Rwanda but the concentrations were higher than

obtained in this study because they were expressed per

quantity of dry mass of dry extract. 

Phenolic compounds are among the known important

antioxidants present in coffee together with melanoidins and

Maillard reaction products. However, Isabel et al (Pez-Galilea

et al., 2007) did not find a significant correlation between

volatile Maillard reaction products and antioxidant properties

by DPPH and redox potential methods. The radical scaveng-

ing activity of chlorogenic acids and melanoidins was said to

be dependent on the type of free radical present. A study by

Rez-Martínez et al. (2010) demonstrated that chlorogenic

acids (the main phenolic compounds) reacted with Fremy’s

salt and not with stabilized radical 2,2,6,6-tetramethylpi-

peridinooxy (TEMPO), in contrast to melanoidins which

indicated a high scavenging activity towards the latter than

the former.

The antioxidant activity of melanoidins has been attributed

mainly to the low molecular weight compounds linked to

melanoidin skeleton. Antioxidant activity of coffee brews has

also been shown to be dependent on the preparation method

(Pez-Galilea et al., 2007). This is due to the difference in

concentration of the bioactive compounds extracted by those

methods. The radical scavenging activity of all samples ranged

from 89.9% to 91.8% with no significant difference between

all other samples except WRS whose RSA was lower than that

of three samples (NRL, ERW and SKK).

Caffeine, trigonelline and 5-caffeoylquinic acid were

identified by comparing their retention time (Fig. 1), UV-

Visible absorption spectra and mass spectra (Fig. 2) with those

of pure compounds, while concentration calculations were

achieved using calibration curves. As mentioned earlier in

“Materials and Methods”, the other two isomers of CQA (3-

CQA and 4-CQA) were identified based on the order reported

in literature (Perrone et al., 2008; Vignoli et al., 2014) and

confirmed by their mass and UV-Visible spectra. 

Moisture content, density and color of roasted coffee

As seen for raw coffee samples, significant differences in

physical characteristics of roasted coffees were also observed

as indicated in Table 5. After 10 min of roasting, coffee

samples lost over 70% of the original moisture content and

over 9% of the total weight. 

Owing to increase in volume, bulk density decreased to the

range of 0.4-0.48 g/cm
3
. Brazilian coffee also showed the

lowest density after roasting. It was clearly found that roasted

samples with higher moisture content presented higher density.

This is because water is denser than roasted coffees. The

density values obtained in this study were lower than 0.548-

0.592 g/cm
3
 reported by Gebeyehu & Bikila (2015) for Coffea

Arabica tip. variety from Sumatra which were roasted by high

temperature short time (HTST) and low temperature long time

(LTLT) methods for 200-1200 s. 

Regarding color changes, the most affected were lightness

(L* = 31.1-39.3) and a* (9.6-12.4) compared to b* values

(10.0-18.9). Lightness values are in the range used to describe

the light degree by Suh et al. (2014). Ethiopian and Brazilian

coffees were characterized by more lightness (L*), redness

(a*) and yellowness (b*) than Rwandan coffees after roasting.

Lightness is commonly used to determine the degree of roast

(light, medium and dark) which is directly related to the type

of aroma formed. Light roasted coffees are generally used for

sensory evaluation to detect the origin character (Akiyama et

al., 2008).
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Total titratable acidity and pH of roasted coffee

TTA of roasted samples was 1.92-2.59 mL/g (d.m.) whereas

pH; another measure of acidic properties of coffee brews was

found in the range of 4.72-5.02 (Table 6). A good correlation (r

= -0.913) was found between TTA and pH values. The pH of

coffee depends on the strength of the acids. Rwandan coffees

exhibited almost similar acidity properties after roasting but

higher than Ethiopian and Brazilian coffees. TTA of Rwandan

coffee samples increased after roasting as opposed to Ethiopian

and Brazilian coffees whose TTA decreased below that of their

corresponding raw beans. This can be attributed to the type,

concentration and dissociation properties of the acids present

(formed or left after roasting) as a result of the roasting

properties of coffees from different origins. 

In this study, the pH obtained with the Aeropress extracts of

Ethiopian and Brazilian coffees were similar to the range 4.82

to 5.59 reported by Seo et al. (2003) for regular coffees con-

sumed in Seoul coffee shops. TTA values are higher and pH

values lower than obtained for Harar and Cherry coffees

(Tawfik & El Bader, 2005) and also for soft Brazilian coffees

roasted at 200
o
C for 1 h (Franca et al., 2005). This is because

these samples were roasted longer which led to decrease in the

acid fraction as TTA and pH were found to peak at the end of

first crack (Wang & Lim, 2012).

These two parameters are functions of extraction tempera-

ture and time in addition to coffee cultivar and roasting condi-

tions. For TTA, the end point is another factor that determines

the values obtained. The acid fraction of roasted coffees is

constituted by various kinds of acids such as chlorogenic

acids, quinic acid, short chain aliphatic carboxylic acids (such

Fig. 1. Overlaid 3-D LC-DAD chromatograms for standard compounds (A) with concentrations of 2.5, 5, 10, 20 and 40 ppm,
respective of the peak size, and a typical 2-D LC-DAD chromatogram for samples (B). The detection wavelength (λ) and
retention time (RT) are 265 nm and 2.3 min for trigonelline (I), 278 nm and 18.7 min for Caffeine (II), 330 nm and 17.3 min for
5-CQA (III). 3-CQA and 4-CQA are at RT = 14.6 min and 18.0 min at the same (λ) as that of 5-CQA.
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as citric, acetic, malic, formic and lactic), phosphoric acid and

fatty acids. As pointed out earlier, chlorogenic acids are

degraded during roasting producing quinic acid and caffeic

acid. Other degrading acids during roasting include citric acid

and malic acid while acetic acid, formic acid, lactic acid and

nicotinic acid are formed (Wei et al., 2012). Some of the coffee

acids are volatile contributing to the aroma while others are

less or non-volatile contributing to the perceived acidity (taste)

of coffee brews.

Caffeine and trigonelline contents of roasted coffee

Caffeine and trigonelline contents after roasting were found

Fig. 2. UV-Visible spectra (A) and mass spectra (B) for caffeine, trigonelline and 5-CQA identification

Table 5. Physical characteristics of roasted coffee samples

Sample name
Mositure content

(%)
Bulk density

(g/cm
3
)

Color

L* a* b*

WRS 1.5±0.08
f

0.414±0.01
ef

31.1±0.2
g

09.9±0.2
e

10.1±0.4
f

WRT 2.6±0.05
a

0.477±0.00
b

33.6±0.5
c

10.8±0.2
c

12.8±0.2
d

WRB 1.4±0.02
f

0.417±0.00
e

31.4±0.5
fg

09.7±0.2
ef

10.3±0.6
f

SKK 1.5±0.02
f

0.410±0.01
ef

32.2±0.5
de

09.7±0.1
ef

10.0±0.4
f

SKN 1.7±0.03
e

0.412±0.01
ef

31.9±0.4
ef

09.6±0.2
f

10.0±0.5
f

NGK 1.9±0.02
d

0.419±0.00
e

32.7±0.6
d

10.3±0.1
d

11.7±0.3
e

NRL 2.6±0.06
a

0.486±0.01
a

35.4±0.5
b

10.4±0.3
d

12.9±0.6
d

ERW 2.4±0.22
b

0.448±0.01
c

35.4±1.5
b

10.6±0.3
c

13.5±1.1
c

ETH 2.5±0.14
ab

0.437±0.00
d

39.2±0.4
a

11.9±0.2
b

18.2±0.9
b

BRA 2.2±0.11
c

0.405±0.00
g

39.3±0.7
a

12.4±0.2
a

18.9±0.6
a

All values are means ± standard deviations of at least three measurements.
a-g

 Values with different superscripts in the same column are significantly different (p<0.05).
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to be in the range of 14.8-19.8 and 10.2-11.9 mg/g (d.m.), re-

spectively. Brazilian coffee still had the highest caffeine

content after roasting whereas NGK and Ethiopia coffee

maintained the first position in trigonelline content. Among

Rwandan coffees, NGK together with SKK and WRB showed

the highest caffeine content. Coffee from Yirgacheffe, Ethiopian

showed similar caffeine content to Wembera coffee of North-

west Ethiopia (Gebeyehu & Bikila, 2015). 

In contrast to caffeine which is not affected by roasting

process, trigonelline is thermally degraded to nicotinic acid but

the conversion rate was said to be low and needs high

temperature time conditions (220
o
C for 20 min) than used in

this study (Taguchi et al., 1985). This might be the reason why

a small decrease was noticed. Caffeine appears to increase

after roasting due to loss of some other components while

remains unchanged. Caffeine and trigonelline contribute to the

strength, body and bitterness of the brew. Caffeine and

trigonelline contribute not only to the perceived flavor but also

possess antioxidant activity. Excellent correlation between

caffeine content and DPPH RSA of coffee brews has been

reported (Pez-Galilea et al., 2007; Vignoli et al., 2011).

Total phenolics, caffeoylquinic acid contents and

antioxidant activities of roasted coffee

Total phenolic content of roasted coffees ranged from 25.8

to 30.6 mg/g. Brazilian coffee had the smallest amount

whereas Ethiopian coffee was neither significantly different

from Rwandan coffees nor Brazilian coffee. In this study,

roasting coffees up to 10 min (light degree) decreased the total

phenolic content by over 30% of the original amount. The

antioxidant activity however (89.5-91.5%) seemed to be

unaffected by the roasting process as also previously reported

(Vignoli et al., 2011). However, after roasting Brazilian and

Ethiopian coffees came up with a slightly higher RSA than

Rwandan coffees.

Both total phenolic content and RSA are influenced by the

extraction methods employed during sample preparation. In

this study 50% methanol solution yielded lower TPC than

obtained from ground coffee by filter, plunger, mocha, and

espresso coffee makers (Rez-Martínez et al., 2010), but in

agreement with what was obtained for light and medium

roasted Arabica coffees when similar solvent type and

concentration were applied in acidic conditions of pH 2.0

(Somporn et al., 2011).

CQA concentration dropped to the range of 32.7-54.3 mg/g

(d. m.). Similar results were obtained by Vignoli et al. (2011)

with hot water extracts of Arabica coffees (3.53-4.11%). These

results are also close to the ones obtained for instant coffee

(Trugo & Macrae, 1984). As seen for raw coffees, Ethiopian

coffee yielded the highest amount of 5-CQA as well as total

CQA. Chlorogenic acid concentration decreased due to

thermal degradation by the roasting process and in this study

4-CQA appeared to be the most sensitive whereby over 90%

of its initial amount was lost. Similar observation of decrease

in chlorogenic acid after roasting was made by Somporn et al.

(2011) and Vignoli et al. (2011).

After roasting, browned compounds (melanoidins) have

been considered to be the most contributors to the antioxidant

properties of coffee brews (Pez-Galilea et al., 2007). DPPH

radical scavenging activity was found to be highly correlated

with phenolics as well as caffeic acid but no correlation was

found with chlorogenic acid (Pérez-Hernández et al., 2012).

Table 6. Contents of phenolic and nitrogenous compounds, acidity and antioxidant activities of roasted coffee samples

Sample 
name

TPC
(mg GAE/g,

 d.m.)
1)

RSA
(%)

TTA

pH
Caffeine

(mg/g, d.m.)
Trigonelline
(mg/g, d.m.)

CQA (mg/g, d.m.)

(% CA, 
d.m.)

2)
(mL/g, 
d.m.)

3-CQA 4-CQA 5-CQA Total

WRS 28.4±0.46
abc

89.6±0.27
b

1.64±0.05
ab

2.56±0.08
ab

4.82±0.01
c

15.0±0.15
de

10.2±0.35
e

6.65±0.07
g

0.51±0.03
a

25.6±0.36
h

32.7
h

WRT 29.0±0.84
ab

90.1±0.61
b

1.64±0.02
ab

2.56±0.03
ab

4.72±0.01
g

15.6±0.15
c

10.4±0.09
de

9.09±0.14
c

0.47±0.01
bc

34.9±0.48
c

44.4
c

WRB 28.3±0.63
abc

89.5±0.31
b

1.58±0.04
b

2.47±0.06
b

4.83±0.00
c

16.3±0.02
b

10.3±0.04
e

7.24±0.02
f

0.49±0.03
ab

26.4±0.05
g

34.2
g

SKK 26.4±1.25
bc

90.1±0.77
b

1.60±0.03
ab

2.50±0.04
ab

4.83±0.01
c

16.4±0.11
b

10.6±0.06
c

7.24±0.08
f

0.46±0.02
bc

26.8±0.23
fg

34.5
fg

SKN 28.7±0.38
abc

89.5±0.31
b

1.66±0.09
a

2.59±0.14
a

4.79±0.01
d

15.4±0.07
c

10.6±0.07
cd

7.31±0.08
f

0.46±0.04
bc

27.1±0.33
f

34.9
f

NGK 29.7±1.25
a

89.8±0.55
b

1.66±0.03
a

2.59±0.04
a

4.79±0.01
d

16.4±0.03
b

11.9±0.03
a

8.0±0.07
e

0.44±0.00
cd

31.1±0.15
e

39.5
e

NRL 30.6±0.81
a

89.5±0.81
b

1.63±0.00
ab

2.54±0.04
ab

4.75±0.00
f

14.8±0.21
e

10.2±0.16
e

9.21±0.20
c

0.45±0.01
c

35.1±0.53
c

44.8
c

ERW 26.6±4.06
bc

89.5±0.41
b

1.60±0.01
ab

2.50±0.02
ab

4.77±0.00
e

14.9±0.08
e

10.3±0.03
de

8.85±0.11
d

0.45±0.01
c

33.0±0.35
d

42.3
d

ETH 28.1±0.81
abc

91.1±0.55
a

1.36±0.01
c

2.13±0.02
c

4.89±0.01
b

15.2±0.07
d

11.9±0.07
a

11.10±0.06
a

0.47±0.01
bc

42.7±0.17
a

54.3
a

BRA 25.8±0.69
c

91.5±0.46
a

1.23±0.03
d

1.92±0.05
d

5.02±0.00
a

19.8±0.17
a

11.1±0.10
b

10.26±0.09
b 0.41±0.00

d
37.8±0.33

b
48.5

b

All values are means ± standard deviations of at least three measurements.
1)
 Milligram of gallic acid equivalent per gram, on dry matter basis

2)
 Citric acid

a-h
 Values with different superscripts in the same column are significantly different (p<0.05).
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This means that even though chlorogenic acids are said to be

the main phenolics present in coffee, they may not be the

antioxidant phenolic fraction. Vignoli et al. (2011) also did not

find any correlation between 5-CQA and antioxidant activity

but rather found strong correlation between DPPH RSA and

phenolics. 

Conclusions

This study indicated that the wet processed Bourbon from

Rwandan was less caffeinated than the dry/natural processed

Bourbon from Brazil and characterized by low CQA content

than the wet processed Typica from Ethiopia. However, the

roasted wet processed Bourbon from Rwanda had higher

acidity properties than Brazilian and Ethiopian coffees studied.

Since both Bourbon and Typica belong to Coffea Arabica, this

study indicated that coffee quality may vary even within the

same variety from different or same country due to differences

in environmental conditions, processing as well as agricultural

practices applied in different coffee growing areas. 

References

Akiyama M, Murakami K, Hirano Y, Ikeda M, Iwatsuki K,

Wada A, Tokuno K, Onishi M, Iwabuchi H. 2008. Charac-

terization of headspace aroma compounds of freshly brewed

Arabica coffees and studies on a characteristic aroma com-

pound of Ethiopian coffee. J. Food Sci. 73: 335-346.

Akiyama M, Murakami K, Ikeda M, Iwatsuki K, Wada A,

Tokuno K, Onishi M, Iwabuchi H. 2007. Analysis of the

headspace volatiles of freshly brewed Arabica coffee using

solid-phase micro extraction. J. Food Sci. 72: 388-396. 

Baggenstoss J, Poisson J, Kaegi R, Perren R, Escher F. 2008.

Coffee roasting and aroma formation: Application of different

time-temperature conditions. J. Agr. Food Chem. 56: 5836-

5846.

Bravo J, Juániz I, Monente C, Caemmerer B, Kroh LW, De

Peña MP, Cid C. 2012. Evaluation of spent coffee obtained

from the most common coffeemakers as a source of hydro-

philic bioactive compounds. J. Agr. Food Chem. 60: 12565-

12573. 

Buratti S, Sinelli N, Bertone E, Venturello A, Casiraghi E,

Geobaldo F. 2014. Discrimination between washed Arabica,

natural Arabica and Robusta coffees by using near infrared

spectroscopy, electronic nose and electronic tongue analysis.

J. Sci. Food Agr. 95: 2192-2200.

Chemonics International Inc. 2006. Assessing USAID’s Invest-

ments in Rwanda’s coffee sector. Best practices and lessons

learned to consolidate results and expand impact. Available

from: http://pdf.usaid.gov/pdf_docs/Pnadg793.pdf. Accessed

Apr. 1, 2016.

Cosoreci A, Moldovan C, Raba DN, Popa MV, Dumbravă DG.

2014. Evaluation of antioxidant capacity and total polyphenol

content of some coffee. JAPT 20: 161-164.

Czerny M, Grosch W. 2000. Potent odorants of raw Arabica

coffee. Their changes during roasting. J. Agr. Food Chem. 48:

868-872.

Farah A. 2012. Coffee constituents. In Coffee: Emerging

health effects and disease prevention, John Wiley & Sons.

Blackwell Publishing, Hoboken, NJ, USA, p 21-58.

Franca SA, Mendonc JCF, Oliveira SD. 2005. Composition of

green and roasted coffees of different cup qualities. LWT-

Food Sci. Technol. 38: 709-715. 

Gebeyehu BT, Bikila SL. 2015. Determination of caffeine

content and antioxidant activity of coffee. Am. J. Food Chem.

3: 69-76. 

Harding B. Review of the economic impacts of climate change

in Kenya, Rwanda and Burundi. Ecosystems chapter Rwanda.

Available from: https://www.weadapt.org/sites/weadapt.org/files/

legacy-new/knowledge-base/files/4e25767e1dac3DFIDRegional_

Ecosystems_Final.pdf. Accessed Mar. 12, 2016.

Kathurima C, Kenji G, Muhoho S, Boulanger R, Ng’ang’a F.

2012. Volatile organic compounds in brewed Kenyan Arabica

coffee genotypes by solid phase extraction gas chromato-

graphy mass spectrometry. Food Sci. Qual. Manag. 8: 18-26.

Kitzberger CSG, Scholz MBD, Benassi MT. 2014. Bioactive

compounds content in roasted coffee from traditional and

modern Coffea Arabica cultivars grown under the same

edapho-climatic conditions. Food Res. Int. 61: 61-66.

Koskei KR, Muliro P, Muhoho S. 2015. Effects of coffee pro-

cessing technologies on physico-chemical properties and

sensory qualities of coffee. Afr. J. Food Sci. 9: 230-236.

Madihah K, Zaibunnisa KY, Norashikin AH, Rozita SO,

Misnawi J. 2013. Optimization of roasting conditions for

high-quality Arabica coffee. Int. Food Res. J. 20: 1623-1627.

Maeztu M, Sanz C, Andueza S, de Peña MP, Bello J, Cid C.

2001. Characterization of espresso coffee aroma by static

headspace GC-MS and sensory flavor profile. J. Agr. Food

Chem. 49: 5437-5444.

Mendonc JCF, Franca AS, Oliveira LS. 2007. A comparative

evaluation of methodologies for water content determination

in green coffee. LWT-Food Sci. Technol. 40: 1300-1303.

Naegele E. Determination of Caffeine in Coffee Products

According to DIN 20481, Available from: https://www.agilent.

com/cs/library/applications/5991-2851EN.pdf. Accessed May

12, 2018.

AvaAgilent Technologies Application Note, publication number

5991-2851EN. 

Nzeyimana I, Hartemink AE, de Graaff J. 2013. Coffee farming



Characterization of Raw and Roasted Coffee in Rwanda 99

and soil management in Rwanda. Outlook Agr. 42: 47-52.

Nzeyimana I, Hartemink AE, Geissen V. 2014. GIS-based

multi-criteria analysis for Arabica coffee expansion in

Rwanda. PLOS ONE. 9: 1-12.

Oboh HA, Omoregie IP. 2011. Total Phenolics and antioxidant

capacity of some Nigerian beverages. Nig. J. Basic Appl.

Sci. 19: 68-75.

Olukunle OJ, Akinnuli BO. 2012. Investigating some engineer-

ing properties of coffee seeds and beans. J. Emerg. Trends

Eng. Appl. Sci. 3: 743-747.

Ongo E, Falasconi M, Sberveglieric G, Antonelli A, Montevecchi

G, Sberveglieri V, Concina I, Sevilla F. 2012. Chemometric

discrimination of Philippine civet coffee using electronic

nose and gas chromatography mass spectrometry. Procedia

Eng. 47: 977-980.

Pérez-Hernández, L.M., Chávez-Quiroz, K., Medina-Juárez,

L.A., Meza, N.G. 2012. Phenolic characterization, melanoidins,

and antioxidant activity of some commercial coffees from

Coffea Arabica and Coffea Canephora. J. Mex. Chem. Soc.

56: 430-435.

Perrone D, Farah A, Donangelo CM, de Paulis T, Martin PR.

2008. Comprehensive analysis of major and minor chloro-

genic acids and lactones in economically relevant Brazilian

coffee cultivars. Food Chem. 106: 859-867.

Pez-Galilea IL, de Pena MP, Cid CN. 2007. Correlation of

selected constituents with the total antioxidant capacity of

coffee beverages: Influence of the brewing procedure. J. Agr.

Food Chem. 55: 6110-6117. 

Promar Consulting. Agriculture, Forestry and Fisheries of

Rwanda. Fact-finding survey for the support of aid to develop-

ing countries. 97-121. Available from: http://www.promarcon

sulting.com/site/wp-content/uploads/2012/05/Rwanda_2012.

pdf. Accessed Jan. 5, 2016.

Ramalakshmi K, Kubra IR, Rao LJM. 2007. Physicochemical

characteristics of green coffee: Comparison of graded and

defective beans. J. Food Sci. 72: 333-336. 

Reh CT, Gerber A, Prodolliet J, Vuataz G. 2006. Water content

determination in green coffee – Method comparison to study

specificity and accuracy. Food Chem. 96: 423-430.

Rez-Martínez M, Caemmerer B, de Peña MP, Cid C, Kroh

LW. 2010. Influence of brewing method and acidity regulators

on the antioxidant capacity of coffee brews. J. Agr. Food

Chem. 58: 2958-2965.

Rodríguez J, Durán C, Reyes A. 2010. Electronic nose for

quality control of Colombian coffee through the detection of

defects in “cup tests”. Sensors. 10: 36-46.

Seo HS, Kim SH, Hwang I. 2003. Comparison on physico-

chemical properties and antioxidant properties of commonly

consumed coffees at coffee shops in Seoul downtown. J.

Korean Soc. Food Cookery Sci. 19: 624-630.

Skowron MJ, Sentkowska A, Pyrzyn´ska A, de Peña MP.

2016. Chlorogenic acids, caffeine content and antioxidant

properties of green coffee extracts: influence of green coffee

bean preparation. Eur. Food Res. Technol. 242:1403-1409.

Somporn C, Kamtuo A, Theerakulpisut P, Siriamornpun S.

2011. Effects of roasting degree on radical scavenging activity,

phenolics and volatile compounds of Arabica coffee beans

(Coffea Arabica L. cv. Catimor). Int. J. Food Sci. Tech. 46:

2287-2296.

Suh Y, Lee S, Shang Y, Yoon J, Lee WJ. 2014. Changes in

antioxidant activities and flavor patterns of Coffea Arabica

beans during roasting. Korean J. Food Preserv. 21: 224-230.

Sunarharum WB, Williams DJ, Heather ES. 2014. Review on

complexity of coffee flavor: A compositional and sensory

perspective. Food Res. Int. 62: 315-325.

Taguchi H, Sakaguchi M, Shimabayashi Y. 1985. Trigonelline

content in coffee beans and the thermal conversion of tri-

gonelline into nicotinic acid during the roasting of coffee

beans. Agr. Biol. Chem. Tokyo. 49: 3467-3471. 

Tawfik MS, El Bader NA. 2005. Chemical characterization of

Harar and Berry coffee beans with special reference to

roasting effect. J. Food Technol. 3: 602-605.

Toci AT, Farah A. 2008. Volatile compounds as potential de-

fective coffee beans’ markers. Food Chem. 108: 1133-1141.

Trugo LC, Macrae R. 1984. Chlorogenic acid composition of

instant coffees. Analyst. 109: 263-266.

USAID. 2010. Rwanda Coffee Industry Value Chain Analysis:

Profiling the actors, their interaction, costs contrats and

opportunities. Available from: https://d3n8a8pro7vhmx.cloud

front.net/eatradehub/pages/831/attachments/original/1432730

234/Rwanda_Coffee_Industry_Value_Chain_Analysis_2010.

pdf?1432730234. Accessed Jan. 20, 2016.

Vignoli JA, Bassoli DG, Benassi MT. 2011. Antioxidant activity,

polyphenols, caffeine and melanoidins in soluble coffee: The

influence of processing conditions and raw material. Food

Chem. 124: 863-868. 

Vignoli JA, Viegas MC, Bassoli DG, Benassi MT. 2014.

Roasting process affects differently the bioactive compounds

and the antioxidant activity of Arabica and Robusta coffees.

Food Res. Int. 61: 279-285. 

Wang N, Lim L. 2012. Fourier transform infrared and phy-

sicochemical analyses of roasted coffee. J. Agr. Food Chem.

60: 5446-5453. 

Wei F, Furihata K, Koda M, Hu F, Miyakawa T, Tanokura M.

2012. Roasting process of coffee beans as studied by nuclear

magnetic resonance: Time course of changes in composition.

J. Agr. Food Chem. 60: 1005-1012.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


