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Abstract Indonesian Lampung Robusta coffee green

beans were roasted at eight roasting levels (green bean,

early yellow, brown, 1st crack done, very light, light,

medium, and dark), followed by grinding and brewing. The

physical properties of ground coffee and chemical prop-

erties of brewed coffee were analyzed. The resulting data

were mapped in order to investigate the critical roasting

level. It was observed that major alterations for physico-

chemical properties of coffee happened after ‘‘first crack’’

roasting level (when water activity (Aw) of bean decreased

from 0.22 to 0.15). This cracking is defined as popping

sound of the bean during roasting. Continuous formation of

melanoidins under low Aw (\ 0.15) was followed by slow

degradation of chlorogenic acid (5-CQA) and total phe-

nolic compounds. Caffeine was stable during roasting,

while antioxidant activity slightly decreased. The ‘‘first

crack’’ was determined to be the critical roasting level to

produce roasted coffee beans containing high concentra-

tions of phenolics.

Keywords Roasted coffee � Roasting � Water activity �
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Introduction

Indonesia is the 4th largest coffee producer in the world

after Brazil (Van der Werf et al., 2014), Vietnam

(Amarasinghe et al., 2015), and Colombia (ICO, 2017).

Coffee plants grow in areas surrounding Indonesia, and

most plantations are commercial with a yield of 660,000

metric tons of green bean per year (ICO, 2017). Lampung

province, located on South Sumatera, is the most recog-

nized coffee producer in this region, especially for Robusta

coffee (Coffea canephora).

Lampung Robusta coffee bean has a unique character

that gives coffee brew with a very strong and persistently

bitter taste. Bitterness is frequently perceived in beverages

rich in bioactive compounds from alkaloid and phenolic

groups. However, there is no information regarding the

composition of Lampung Robusta coffee. A study of

Lampung Robusta coffee bioactive compounds will pro-

vide valuable information for seeking the health benefit of

the coffee consumption in addition to having a pleasant

flavor.

Coffee brew contains at least four groups of bioactive

compounds: phenolics; alkaloids; Maillard reaction prod-

ucts (MPRs); and terpenoids (Ding et al., 2014; Hečimović

et al., 2011; Ludwig et al., 2014; Van der Werf et al., 2014;

Zanin et al., 2016). These bioactive compounds exhibit an

antioxidant activity that may be involved in the prevention

of certain degenerative diseases. This property is consistent

with epidemiological studies showing a significant role for

a coffee brew in the prevention of type 2 diabetes mellitus

(Zhang et al., 2011), Parkinson’s and Alzheimer’s (Bae

& Nuri Andarwulan

andarwulan@apps.ipb.ac.id

1 Department of Food Science and Technology, Faculty of

Agricultural Engineering and Technology, Bogor

Agricultural University (IPB), IPB Dramaga Campus,

Bogor 16680, Indonesia

2 Southeast Asian Food and Agricultural Science and

Technology Center, Bogor Agricultural University (IPB), Jl.

Ulin No.1 IPB Dramaga Campus, Bogor 16680, Indonesia

3 Primate Research Center, Bogor Agricultural University

(IPB), Jl. Lodaya II No. 5, Bogor, Indonesia

4 Department of Agricultural Chemistry, Faculty of

Agricultural and Marine Science, Kochi University,

B200, Monobe, Nankoku, Kochi 7838502, Japan

123

Food Sci Biotechnol (2019) 28(1):7–14

https://doi.org/10.1007/s10068-018-0442-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s10068-018-0442-x&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10068-018-0442-x&amp;domain=pdf
https://doi.org/10.1007/s10068-018-0442-x


et al., 2014), and certain types of cancer (Li et al., 2011; Yu

et al., 2011).

Bioactive compound composition in coffee beans and

coffee brew are highly dependent on the processing steps,

and roasting is the most crucial of these steps. High tem-

perature and low water activity (Aw) in the roasting pro-

cess facilitate molecular degradation and the formation of

new compounds (Gloess et al., 2014; Liu and Kitts, 2011).

During the roasting process, thermal degradation and the

Maillard reaction are heavily investigated as the greatest

contributor not only to changes in physical properties but

also to alterations in the chemical composition of the

coffee bean (Gloess et al., 2014; Wang and Lim, 2017).

During roasting, water evaporation creates gas pressure

that causes cell expansion in the coffee bean. Under this

condition is reached, destruction of the inter- and intra-

cellular matrix easily occurs, resulting in the porous

structure of roasted coffee beans (Fadai et al., 2017). At the

same time, coffee bean color gradually turns darker due to

the development of melanoidins via the Maillard reaction

(Van der Werf et al., 2014; Vignoli et al., 2014). As a

consequence of melanoidins formation, several coffee

constituents are degraded or incorporated into a melanoi-

dins molecule (Bartel et al., 2015). Phenolic compounds,

especially chlorogenic acid (5-CQA), are a noticeable

coffee bioactive compound that is decomposed by that

mechanism in addition to thermal degradation (Liu and

Kitts, 2011; Vignoli et al. 2011).

Mapping of roasted beans color and bioactive com-

pounds in their coffee brews is described by previous

method (Vignoli et al., 2014). In addition, other researchers

evaluated the effect of the roasting conditions for the coffee

bean such as time and temperature on the bioactive com-

pounds of the coffee brew (Liang et al., 2016). However,

the information regarding to the behavior of the physico-

chemical alteration in correlation with water activity (Aw)

or moisture content (MC) change of the coffee beans

roasted in different levels is lacking. Since Aw plays an

important role in facilitating roasting reactions, this infor-

mation will provide a better understanding of coffee bean

physicochemical changes during roasting as a function of

Aw. In this study, the bioactive compounds composition in

the coffee beans were represented by the composition of

their coffee brew in order to provide the data of the

bioactive compounds available for consumption. There-

fore, this study elucidates the changes of Aw and other

physicochemical properties during roasting to evaluate the

critical roasting level for the Robusta coffee bean. It is

expected that the coffee industry will be able to use the

result from this study as a reference for choosing the

roasting level of the coffee bean.

Materials and methods

Materials

These chemicals were purchased from Sigma-Aldrich

(Germany): gallic acid; chlorogenic acid (5-O-caf-

feoylquinic acid/5-CQA); caffeine; ascorbic acid; 2,2-

diphenyl-1-picrylhydrazyl (DPPH); 2,4,6-Tri(2-pyridyl)-

1,3,5-triazine (TPTZ); and 6-hydroxy-2,5,7,8-tetram-

ethylchroman-2-carboxylic acid (Trolox). Unless listed

otherwise, the chemicals were purchased from Merck

(Germany).

Sample preparation

Dried processed Robusta Lampung green bean from Eerste

Kwaliteit Grade 1 (EK1) was provided by the Aneka

Coffee Industry, Surabaya Indonesia. Green coffee (100 g)

was fed to a micro-roaster coffee machine (BRZ 2; PRO-

BAT-WERKE Emmerich am, Rhein, Germany) at an ini-

tial temperature 200 �C. The beans were roasted to eight

levels: green bean (GB), early yellow (EY), brown (BR),

1st crack done (CD), very light (CR), light (LG), medium

(MED), and dark (DR), with end roasting temperature

ranges of 185–190, 190–195, 195–200, 200–205, 205–210,

210–215, and 215–220 �C, respectively. The roasting

levels for early yellow, brown, and 1st crack done samples

were determined by these following specification since the

commercial bean at those levels were not available. The

beans were roasted at 2 min for early yellow, 4 min for

brown, and 5 min for 1st crack done, corresponding to the

lightness color (L*) listed at Table 1. The 1st crack done

roasting level was also determined by hearing the popping

sound. Meanwhile, the duration for the others were

6–7 min, and the roasting levels were visually determined

based on the targeted lightness color (L*) of the commer-

cial roasted beans as presented in Table 1. Roasted coffee

beans were transferred to convection coolers for 5 min and

Table 1 Lightness color (L*) of roasted beans

Roasting level Lightness color (L*)

Early yellow 47–49

Brown 38–40

1st crack done 31–33

Very light 21–23**

Light 20–21**

Medium 18–19**

Dark 17–18**

**Lightness color (L*) of commercial roasted beans
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air coolers for 15 min. The beans (15 g) were packed in

aluminum foil for individual analysis.

Roasted coffee bean (15 g) was ground in a grinder

machine (Eureka Mignon MK 2; Eureka, Florence, Italy)

for 30 s at 4.0 grade. Five grams of ground coffee was

brewed with 100 mL of boiling water, heated at 95 �C, and

stirred using a magnetic stirrer for 1 min. The sample was

stirred in the ice bath for 2 min and filtered through filter

paper (Whatman no 1). The total soluble solid content in

filtered coffee brew was measured using a SCM-1000

refractometer (HM Digital, Korea).

Measurement of physical properties for ground

coffee

Determination of Aw

The water activity of ground coffee was determined using

an Aw meter (Rotronic-HygroLab C1; Yokohama, Japan)

based on the instruction manual.

Moisture content (MC) measurement

Moisture content of ground coffee was measured using

AOAC method (AOAC, 2012). MC was expressed on a

g/100 g dry basis (DB).

Color analysis

The color of ground coffee was analyzed by a chromameter

(Minolta CR-310; Minolta Camera Co., Ltd., Osaka,

Japan). The sample was loaded into a sample holder, and

the color was detected according to the manual instruction.

The critical color parameter for the coffee sample was

lightness, which was represented by L* value (0 for black

and 100 for white).

Particle size measurement

Particle size distribution was measured using a sieving

method. A multistage American Society for Testing and

Materials (ASTM) vibrating screen (Fisher Scientific,

Singapore) with a mesh size of 425 lm, 300 lm, and

250 lm was used to distribute the coffee grounds by par-

ticle size. Samples (15 g) were shifted for 10 min, and the

particle size distribution was calculated based on the per-

centage of the particles passing through the shifter.

Analysis of chemical composition and AA of coffee brew

Total phenolic compounds (TPC) analysis TPC analysis

was conducted using a spectrometry method (Shetty et al.,

1995). The TPC concentrations were quantified by a gallic

acid standard curve (triplicate with 6 concentrations range

of 20–140 lg/mL). TPC was expressed by g gallic acid

equivalent (GAE)/100 g soluble solid.

Chlorogenic acid (5-CQA) determination Reverse phase-

high performance liquid chromatography (RP-HPLC)

methods was used for 5-CQA determination (Li et al.,

2015), with some modifications. The coffee brew was fil-

tered through a 0.45 lm cellulose acetate membrane

(Sartorius; Germany). The filtrate (10 lL) was separated

with a Zorbax C18 column (4.6 9 150 mm, 5 lm) (Agi-

lent Technologies, Santa Clara, USA) with a RP-HPLC

system equipped with ultra violet-visible (UV–VIS)

detector (Agilent Technologies). HPLC grade acetonitrile

(A) and 0.02% phosphoric acid in HPLC grade H2O

(B) were used as a mobile phase and delivered at 1 mL/

min. Sample was eluted in a gradient system: 0 min (5%

A), 0–10 min (20% A), 10–15 min (25% A), 15–20 min

(25% A), and 20–25 min (5% A). The component was

detected at 320 nm. The quantification was performed by a

7-point calibration curve with concentrations range of

10–150 mg/L (triplicate, LoD = 1 mg/L, and R2 = 0.995).

The 5-CQA content was expressed as g/100 g soluble

solid.

Caffeine analysis Determination of caffeine was con-

ducted using an RP-HPLC method (DiNunzio, 1985). The

coffee extract was passed through a 0.45 lm membrane

filter (PTFE; Sigma-Aldrich, Germany), and 10 lL of

sample was injected into an HPLC coupled to a UV–VIS

detector (Agilent Technologies). HPLC grade methanol

and HPLC grade H2O (20:80 v/v) as a mobile phase were

delivered at 1 mL/min to a Zorbax C18 (4.6 9 150 mm,

5 lm) column (Agilent Technologies). The component was

detected at 254 nm. The concentration of caffeine was

calculated by a 6-point standard curve with concentrations

range of 6.25–200 mg/L (triplicate, LoD = 0.7 mg/L, and

R2 = 0.999). The caffeine concentration was expressed as

g/100 g soluble solid.

Melanoidins analysis The content of melanoidins was

determined using a gravimetric method developed by

Vignoli et al. (2011), with several modifications. The

coffee brew was dialyzed using a Regenerated Cellulose

Dialysis Membrane with a cut off of 12–14 kDa (Spec-

tra/por� 2; USA). The coffee brew was transferred to the

membrane, placed in a Baker glass containing 650 mL

deionized water, and agitated in a shaker (Innova-platform

shaker; New Brunswick Scientific, USA) at 150 rpm.

Deionized water was changed after 16, 20 and 24 h of

agitation until it was colorless, and the used water was

scanned using a spectrophotometer at k 200–800 nm. The

retained sample was dried using a freeze dryer (Labconco,
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USA) at - 47 �C and a pressure of 0.05–0.1 kPa. Dried

sample was weighed, and the content of melanoidins was

expressed as g/100 g soluble solid.

Antioxidant activity (AA) analysis The AA analysis of

coffee brew using a DPPH method was conducted

according to the method developed by Vignoli et al.

(2011). The DPPH value was stated by the concentration of

compound that provide 50% reduction of DPPH free rad-

icals concentration (IC50). Ferric reducing ability of plasma

(FRAP) analysis developed by Vignoli et al. (2011) was

also used for determining the AA of the coffee brew. A

trolox standard curve (triplicate with 8 concentrations

range of 100–450 mg/L) was used for the quantification.

The FRAP value was express as g Trolox equivalent

antioxidant capacity (TEAC)/100 g soluble solid.

Data analysis

Data for each parameter was analyzed using multivariate

one-way analysis of variance (ANOVA) followed by

Duncan test for multiple comparisons (P\ 0.05). Physic-

ochemical properties profiling was analyzed by biplot

principal component analysis (PCA) with R Statistical

software.

Results and discussion

Physical properties of ground coffee

Lampung Robusta green bean had a moisture content (MC)

of approximately 10.02 g/100 g on a wet basis (WB) or

11.13 g/100 g on a dry basis (DB) (Table 2). This MC

value meets the requirement for good green coffee beans

(8–12 g/100 g WB) stated by previous study (Gloess et al.,

2014). Initial MC value is an important parameter for green

coffee beans, since it significantly affects the characteris-

tics of roasted beans. Lower MC causes limited water

mobility in the bean and generates an underdeveloped

roasted bean. Conversely, higher MC produces slower

evaporation, leading easily to case hardening on the bean

surface.

During roasting, MC declined from 11.13 g/100 g (DB)

for the green bean to 0.75 g/100 g (DB) for the bean

roasted to the dark level (Table 2). A significant change in

MC only occurred until the first crack done level, when the

roasting duration reached 5 min. Continued roasting to the

very light level only slightly decreased the MC; after this

roasting, there was no significant change in MC. At the

initial roasting stage, water in the green coffee bean matrix

evaporates and reduces the MC by up to several percent

(Gloess et al., 2014). This water evaporation creates high

internal pressure in the matrix and generates bean expan-

sion (Fadai et al., 2017). This condition makes the cellular

and intercellular matrix of coffee beans susceptible to

degradation. Pyrolysis and other degradation pathways

with further heating produce CO2, resulting in porosity and

enabling the water vapor and other gases to evaporate more

easily. However, water evaporation will stop at a certain

roasting level when no more free water is left in the coffee

bean matrix. Fadai et al. (2017) stated that the evaporation

of water from the bean brings the moisture content

decreases from an initial value of 12% to approximately

2%. In our study, this phenomenon occurred after the very

light level, which is when further roasting has no signifi-

cant effect on MC.

In addition to MC, the water activity (Aw) of the beans

decreased with the degree of roasting (Table 2). The sig-

nificant change in Aw only occurred until the very light

Table 2 Moisture, Aw, color, and particle size of coffee beans at different roasting level

Level of

roasting

Moisture content (g/

100 g)*

Aw* Color lightness

(L)**

Particle size (g/100 g)*

[425 lm 300–425 lm 250–300 lm \250 lm

Green bean 11.13 ± 0.01e 0.65 ± 0.01e 46.35 ± 0.03f 84.17 ± 0.78f 5.42 ± 0.40a 7.38 ± 1.6a 3.03 ± 0.39a

Early yellow 6.76 ± 0.17d 0.56 ± 0.01d 47.37 ± 1.04f 64.57 ± 3.26e 18.20 ± 1.63b 11.13 ± 0.95b 6.10 ± 2.58a

Brown 3.48 ± 0.15c 0.37 ± 0.01c 39.61 ± 0.26e 47.87 ± 0.74d 31.57 ± 1.29c 19.13 ± 0.54c 1.44 ± 0.01a

1st crack done 1.68 ± 0.09b 0.22 ± 0.02b 32.02 ± 1.35d 35.02 ± 0.67c 40.00 ± 0.23d 22.70 ± 0.94d 2.28 ± 0.04a

Very light 0.94 ± 0.07a 0.15 ± 0.01a 22.33 ± 0.21c 23.04 ± 0.25b 39.75 ± 5.00cd 28.72 ± 1.00e 8.49 ± 5.75a

Light 1.15 ± 0.37a 0.17 ± 0.02a 20.28 ± 0.09b 19.19 ± 0.76ab 39.49 ± 5.65cd 31.65 ± 1.33f 9.66 ± 6.22a

Medium 0.68 ± 0.37a 0.14 ± 0.03a 18.49 ± 0.12a 16.92 ± 2.82a 39.51 ± 4.66cd 35.42 ± 0.82g 8.15 ± 2.65a

Dark 0.75 ± 0.11a 0.15 ± 0.01a 17.21 ± 0.49a 15.76 ± 3.66a 37.97 ± 2.66cd 36.91 ± 0.47g 9.35 ± 6.78a

Values with different superscript in the same column are significantly different (P\ 0.05)

*Average of four data ± standard deviation

**Average of ten data ± standard deviation
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level, and further roasting did not affect the value. The Aw

of green bean is 0.65 and the level reaches 0.1 after

roasting to a dark level (Iaccheri et al., 2015). Monitoring

of Aw during roasting is important because each reaction

has a certain optimal Aw condition. Water content and

water activity (Aw) determine the quality of green coffee

bean. A certain amount of water in the coffee bean is

needed for creating water vapor resulting high gas pressure

causes bean to expand and facilitates the reaction during

roasting (Fadai et al., 2017). However, the availability of

water to support the reactions is represented by Aw, rather

than water content. Water activity (Aw) parameter has

more significant effect than water content because it con-

siders water availability, which depends on the interactions

between the aqueous phase and the biopolymeric matrix in

the coffee bean (Iaccheri et al., 2015).

Following a reduction in the MC and Aw of coffee bean,

the other parameters also changed during roasting, as

presented in Table 2. Coffee bean color lightness level

decreased when a more intensive roasting level was

applied. The largest decline in lightness was observed from

the 1st crack done to very light level. After this point, the

color lightness reduction still occurred in a slower rate.

According to lightness reduction, the greenish brown color

of green beans turned to dark brown during roasting. Color

alteration in green beans is caused by the formation of

brown pigment (melanoidins) due to the Maillard reaction

(Liu and Kitts, 2011; Vignoli et al., 2014). Maillard reac-

tion is browning reaction between reducing sugars and

amino acids (BeMiller and Huber, 2008). In the beginning,

the reducing sugar reacts with amino acid to form a schiff-

base (glycosylamine). Then, Amadori rearrangement will

change unstable glycosylamine into intermediate products.

The intermediate products will involve in a complex

reaction to form volatile compounds and melanoidins.

In addition to the color parameter, ground coffee beans

from different roasting levels also had different size dis-

tributions, as shown in Table 2. Sieving distributes particle

size based on the particle passing through the shifter. High

levels of roasting increased the number of small particles

(\ 300 lm) and decreased the number of large particles

([ 425 lm). Ground coffee with smaller particle size came

from more fragile, porous coffee beans because these beans

are easier to grind. Thus, roasting increases porosity, and

rapid increases occur from the initial time to the very light

level.

During heating, the evaporation of water in coffee beans

increases the internal pressure and the matrix volume,

resulting in the formation of a porous, homogenous coffee

microstructure (Schenker et al., 2000). This microstructure

is primarily composed of polysaccharides developing a

permeable 3-dimensional structure (Massini et al., 1990).

Chemical properties of coffee brew

Bioactive content of coffee brew

The bioactive compound composition of coffee brew from

a series of roasting levels is presented in Table 3. Roasting

significantly reduced the level of TPC, and the largest

reduction was from the bean roasted at the 1st crack done

level to the one roasted at the very light level.

Further observations showed that 5-CQA (5-O-caf-

feoylquinic acid) was the largest phenolic compound found

in the coffee brew from Lampung Robusta coffee bean.

The 5-CQA concentration in the green bean reached 68%

of the TPC.

Roasting dramatically reduced the 5-CQA concentra-

tion. The largest change in 5-CQA was between coffee

brew from the 1st crack done level to the very light level.

The decline in 5-CQA was considerably higher than the

overall reduction of TPC, indicating that 5-CQA partly

transformed into new phenolic compounds. 5-CQA, an

ester of caffeic acid and quinic acid, may be degraded into

its derivatives (Hečimović et al., 2011; Van der Werf et al.,

2014; Vignoli et al. 2011).

Caffeine was the main alkaloid compound found in the

coffee brew (Rodrigues and Bragagnolo, 2013). The caf-

feine content of coffee brew from Robusta Lampung green

bean reached 6.54 g/100 g and slightly decreased to

5.11 g/100 g in the coffee brew from the dark roasted bean.

This result was similar with the previous study for the

Robusta coffee bean roasted in dark roasting level (Vignoli

et al. 2011).

Roasting increased the melanoidins content in Lampung

Robusta coffee brew (Table 3). The highest increase was

observed in coffee brew prepared from the 1st crack done

level to the very light level. After that point, melanoidins

content showed continuous increasing during roasting.

Brown pigment, melanoidins are considered as the final

products of Maillard reaction (Andriot et al., 2004).

Therefore, they will be accumulated during normal roasting

condition.

Antioxidant activity (AA)

The AA of Lampung Robusta coffee brew measured by

DPPH IC50 and FRAP method slightly decreased when the

roasting level increased (Table 4). It is natural in correla-

tion to the degradation of bioactive compound during

roasting. Phenolic compounds especially chlorogenic acids

(5-CQA) are thermally unstable (Hečimović et al., 2011;

Vignoli et al., 2014), so there is a consistency in reducing

these compounds with a more excessive roasting process.

However, it is known that as the degree of roasting

increases, large amounts of Maillard reaction products

Critical roasting level of Robusta coffee beans 11
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(MPRs) are formed, which have AA and tend to compen-

sate losses of AA from phenolics (Ludwig et al., 2014;

Vignoli et al., 2014).

The DPPH IC50 of coffee brew from the green beans

was only 1.67 times stronger than the one in the coffee

brew from the dark roasted bean. Meanwhile, the 5-CQA

content in the green bean coffee brew was 18.2 times

higher than in the dark roasted coffee brew. This result

confirms that the newly-formed compound during roasting

compensates losses of AA from native compounds.

In general, the AA of coffee brew measured by FRAP

had slightly different behavior with those by DPPH. The

AA by DPPH decreased significantly when the roasting

proceeded after the first crack done level. FRAF also

decreased after roasted at the very light level, but it rather

increased in light level and showed no significant differ-

ence thereafter. This finding indicates that the ability of the

reduction of ferric (Fe3?) to ferrous (Fe2?) in the Robusta

coffee brew comes from the native and newly-formed

bioactive compounds.

Determining critical roasting level from profiling

of physicochemical change

Bioactive compounds changed differently as a function of

Aw and MC (Fig. 1). Phenolic compounds (TPC and

5-CQA) dramatically declined when Aw decreased from

0.65 to 0.15, and the most significant decline was in Aw

0.22. Inversely, melanoidins dramatically rose at that Aw

point. In addition, phenolic degradation or melanoidins

formation continued when Aw reached a constant level.

This profile supported a previous study of the incorporation

of phenolic into melanoidins structures during roasting

(Bartel et al., 2015). This phenomenon also confirms that

low Aw is an ideal condition for the Maillard reaction, but

it has an inverse effect on TPC. Caffeine was thermo

Table 3 Soluble solid, chlorogenic acid (5-CQA), total phenolic (TPC), caffeine, and melanoidins content of coffee brew from beans roasted at

different levels

Level of roasting Soluble solid (g/100 mL) 5-CQA (g/100 g) TPC (g GAE/100 g) Caffeine (g/100 g) Melanoidins (g/100 g)

Green bean 1.47 ± 0.21a 9.84 ± 0.53f 14.31 ± 0.93bc 6.54 ± 0.38b 8.74 ± 1.36a

Early yellow 1.53 ± 0.19a 9.68 ± 0.34f 14.39 ± 0.32c 5.49 ± 0.28a 6.48 ± 0.72a

Brown 1.90 ± 0.07b 6.95 ± 0.42e 13.38 ± 0.44bc 5.98 ± 0.70ab 7.81 ± 1.16a

1st crack done 1.98 ± 0.08bc 5.24 ± 0.55d 12.84 ± 0.04b 5.83 ± 0.56ab 12.04 ± 0.05b

Very light 2.06 ± 0.07cd 2.54 ± 0.08c 10.30 ± 0.03a 5.74 ± 0.14ab 18.31 ± 0.82c

Light 2.10 ± 0.07cd 1.68 ± 0.17b 9.65 ± 0.04a 6.01 ± 0.14ab 18.45 ± 1.83c

Medium 2.15 ± 0.05d 0.90 ± 0.01ab 9.35 ± 0.16a 5.32 ± 0.04a 20.03 ± 1.20c

Dark 2.06 ± 0.08d 0.54 ± 0.04a 9.59 ± 0.36a 5.11 ± 0.05a 23.26 ± 1.40d

Values with different superscript in the same column are significantly different (P\ 0.05)

Average of four data ± standard deviation

Table 4 DPPH and FRAP of coffee brew from beans roasted at

different levels

Level of roasting DPPH IC50 (mg/mL) FRAP (g TEAC/100 g)

Green bean 3.07 ± 0.17ab 25.13 ± 0.69a

Early yellow 2.85 ± 0.13a 26.03 ± 1.37ab

Brown 2.97 ± 0.12a 30.01 ± 0.16c

1st crack done 3.80 ± 0.26bc 29.59 ± 0.28c

Very light 4.14 ± 0.25c 24.74 ± 0.91a

Light 4.11 ± 0.15c 29.14 ± 0.14c

Medium 4.46 ± 0.36cd 28.38 ± 2.21bc

Dark 5.12 ± 0.76d 27.21 ± 0.31abc

Ascorbic acid 0.43 ± 0.00 –

Values with different superscript in the same column are significantly

different (P\ 0.05)

Average of four data ± standard deviation

Fig. 1 Profile of bioactive change during roasting as a function of

Aw. MC Moisture content, TPC Total phenolic compounds, and

5-CQA = chlorogenic acid. Average of four data ± standard

deviation
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stable because there were no significant changes in con-

centration during the Aw range (0.65–0.15).

The remarkable decomposition of Arabica coffee beans

has been detected at its glass transition point, as observed

by differential scanning calorimetry (DSC) and thermo-

gravimetric analysis (TGA) (Rivera et al., 2011). At this

point, the coffee matrix suffered the greatest transformation

and greatest weight loss. Thus, the glass transition of

Lampung Robusta coffee during roasting may occur when

Aw decreases from 0.22 to 0.15 (Fig. 1). However, further

analysis using DSC should be determined for confirmation.

Biplot analysis discriminated coffee samples into dif-

ferent groups based on degree of roasting (PC1) and

bioactive content (PC2) as presented in Fig. 2. Coffee

samples are separated in tree locations according to the

roasting levels (PC1). Light samples (green bean, early

yellow roasted bean, and brown roasted bean) were located

on the left side and were associated with higher MC, Aw,

TPC, 5-CQA, and DPPH. Dark brown samples (very light,

light, medium, and dark) were separated on the right side

and were associated with melanoidins content. The 1st

crack done sample had a unique position in the center of

the figure between light and dark color sample groups. This

discrimination strongly indicates that the critical roasting

level determining bioactive content was the 1st crack done.

Separation of sample groups based on PC2 was not clearly

defined. Based on this result, it can be concluded that the

critical roasting level for physicochemical change in

Robusta coffee bean is in the first crack done level or when

Aw decreased from 0.22 to 0.15.
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