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INTRODUCTION

Coffee is globally recognized as a popular beverage with 
well-documented in vitro antioxidant activities (Ramalakshmi 
et al., 2009; Liang and Kitts, 2014; Górnaś et al., 2016). In 
the Philippines, Benguet ranks third among the provinces 
in the Cordillera Administrative Region with the highest 
coffee production, with Arabica coffee variety grown in 
backyard or commercial coffee farms (Culliao and Barcelo, 
2015). In an effort to minimize fungal contamination of  
coffee, wet processing is practiced by coffee growers in 
several areas of  Benguet (Alvindia and Acda, 2010) and 
good agricultural practices are promoted by coffee farmers. 
However, the environmental condition in the province is 
characterized by low diurnal temperature and high humidity 
which may  compromise  efficient  drying  of   parchment 
coffee. Furthermore, fungal contamination of  coffee 
especially during post-harvest processing is common. 

Fungal contamination can cause defects in coffee beans 
and may decrease the quality of  coffee brew.

In Benguet, coffee is visually evaluated for defects based 
on size, colour, and presence of  other imperfections. The 
defects in coffee beans are usually classified as black, sour or 
brown, immature, insect-damaged or bored beans (Franca 
et al., 2005a; Ramalakshmi et al., 2008). Several literatures 
have characterized the properties of  defective coffee beans 
to improve the quality of  commercial coffee. Published data 
on the characteristics of  defective coffee were described 
using Fourier transform infrared spectroscopy (Craig 
et al., 2012), physical, organoleptic and chemical analysis 
(Franca et al., 2005a), and cup quality (Franca et al., 2005b) 
to distinguish them from non-defective coffee beans. 
However, these methods are not common to coffee farmers 
and screening for coffee defects is only done visually, relying 
primarily on morphological or sensory properties as basis 
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for  the classification of  coffee beans. Other parameters 
which are assessed to determine the quality of  Philippine 
coffee beans include size, moisture content, smell, and 
presence of  fungi among others (PNS/BAFPS 01:2012).

Efforts have been made to describe the incidence of  
ochratoxin A contamination in green coffee beans in Benguet 
(Culliao and Barcelo, 2015) and identification of  potential 
ochratoxigenic fungi in several coffee-producing provinces 
in the Cordillera Administrative Region (Alvindia and de 
Guzman, 2016) due to an increasing demand for Philippine 
coffee. The production of  coffee in the Philippines is 
managed by coffee organizations in several municipalities 
and  supervised by municipal  agricultural  officers due  to 
limitations in the availability of  coffee processing facilities 
and lack of  technical skills of  coffee farmers.

Coffee  beans which  are  classified  as  defective  due  to 
discoloration, mechanical damage or poor quality cannot 
enter the national and international market because 
the coffee beans affect the quality and aroma of  the 
coffee brews. Instead, defective coffee beans are roasted 
carefully  due  to  difficulty  in  producing  an  even  roast 
and susceptibility of  the coffee beans to charring. The 
roasting of  coffee beans is done manually based from 
the visual  chart  in  the Philippine National Standard  for 
the  specifications  of   green  coffee  beans  (PNS/BAFPS 
01:2012). Since defective coffee beans have low economic 
value, they are typically consumed as beverage and are not 
sold commercially.

In  other  countries,  defective  coffee  beans  have  been 
tapped as potential sources of  several phenolic compounds 
which exhibit antioxidant properties (Ramalakshmi et al., 
2009; Gornas  et  al.,  2016)  and  anti-tumour  activities 
(Ramalakshmi et al., 2008). However, ochratoxin A was also 
reported to contaminate defective coffee beans (Taniwaki 
et al., 2014). Hence, this study investigated the incidence of  
ochratoxigenic fungal contamination, ochratoxin A content 
and potential antioxidant properties of  defective Arabica 
coffee beans and the effects of  roasting to these parameters.

MATERIALS AND METHODS

Materials and reagents
Methanol (analytical grade), n-hexane, sodium bicarbonate, 
acetonitrile (high performance liquid chromatography, 
HPLC grade), methanol (HPLC grade), acetic acid (HPLC 
grade), Saboraoud dextrose agar (SDA) media, Czapek yeast 
agar media, Folin-Ciocalteau reagent, dimethylsulfoxide, 
ochratoxin A (OTA) standard (10 μg/mL in acetonitrile), 
gallic acid standard and L-ascorbic acid standard were 
purchased from Sigma Aldrich (Singapore). Immunoaffinity 

columns (OchraTest WB) were purchased from Milford, 
USA.

Coffee samples
Three kilos of  defective green coffee beans and one kilo 
of  non-defective green coffee beans were obtained from 
Caliking, Atok, Benguet, Philippines last January 2016. The 
samples were packed into low density polyethylene plastic 
bags and delivered immediately to Saint Louis University 
Natural Sciences Research Unit (SLU-NSRU), Baguio city, 
Philippines. The coffee samples were sorted by coffee 
farmers into immature and black coffee beans following 
the Philippine National Standards specified for green coffee 
beans. The sorted samples were packed in polyethylene 
bags and stored in an ultra low freezer at -20°C prior to 
preparation of  coffee extracts.

Preparation of coffee bean extracts
For the preparation of  green coffee bean extracts, 200 grams 
of  each green coffee bean samples were placed in separate 
500mL beakers and ground using a coffee grinder. Another 
200 grams of  each coffee bean samples were sent to a 
roasting facility in Baguio city market. The coffee samples 
were roasted at 200oC for 30 minutes until the coffee 
beans samples were classified as medium roast by roasters 
according  to  the  visual  guide  specified  in PNS/BAFPS 
01:2012. The roasted coffee samples were also ground using 
a commercial coffee grinder. In separated Erlenmeyer flasks, 
20 grams of  green and roasted coffee bean samples were 
extracted with 200 mL of  85% methanol solution for 48 
hours. Extraction was repeated for the roasted coffee sample 
until the extracting solution was colourless. The mixtures 
was decanted, filtered twice with Whatman 1 filter paper 
(0.45μm), and defatted successively with 50mL of  n-hexane 
per 100mL of  the crude extract in a separatory funnel. 
The defatted extracts were evaporated at 40oC, collected 
in separate amber-coloured vials and stored in an ultra-low 
freezer at -20oC prior to the antioxidant assays.

Ochratoxin A analysis
The method of  Oliveira et al. (2013) was utilized in the study 
with few modifications. Twenty grams of  coffee samples 
was placed  in a 500 mL Erlenmeyer flask and soaked  in 
200 mL of  3% methanol: Sodium bicarbonate (1:1, v/v) 
solution. The Erlenmeyer flask was sealed with paraffin film, 
and the system was sonicated for 20 minutes. The samples 
were filtered in Whatman grade no. 1 filter paper. A volume 
of  10 mL was mixed with 90 mL of  phosphate-buffered 
saline solution (pH 7.10 ± 0.10). The 100 mL extract was 
introduced to the immunoaffinity column (OchraTest WB) 
at a flow of  2 to 3 mL/minute using a glass syringe. The 
column was eluted with 2mL of  HPLC grade methanol. 
Back flushing was performed and the methanol remained 
in contact with the column resin for 3 min. The eluate was 
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collected in a 4 mL vial then evaporated in a water bath to 
remove the solvent. The remaining residue was redissolved in 
1mL of  the HPLC mobile phase, filtered in a 0.2 μm syringe 
filter and dispensed into HPLC vials. The vials were sent to 
Shimadzu Philippines Corporation, Taguig City, Philippines 
for the determination of  ochratoxin A concentration using 
high performance liquid chromatography with fluorescence 
detection.

The HPLC conditions were based from the methodology of  
Batista et al. (2009). Quantification was carried out by using 
Shimpack CLC ODS (C18) 4.6mm x 25mm x 5μm HPLC 
column  (Shimadzu) with  a mobile phase of   acetonitrile: 
methanol: water: acetic acid (35:35:29:1, v/v/v/v) and a flow 
rate of  1ml*min-1. Fluorescence detection was performed 
with an excitation filter in 332 nm and emission at 476 nm. 
The retention time of  the coffee samples were compared 
to the retention time of  ochratoxin A standard. Compound 
identity was determined using an ochratoxin A standard. 
Quantification of  ochratoxin A in samples was performed 
using a calibration curve of  the ochratoxin. A standard 
solutions using 0.05 ng*mL-1 to 1.0 ng*mL-1. The limit of  
quantification was calculated based on the signal-to-noise 
ratio of  0.05ng*mL-1 OTA using ASTM method. The OTA 
levels  of   the  sample were  expressed  as  μg*kg-1 sample. 
Analysis was performed in triplicate.

Fungal analysis
The method of  Noonim et al.  (2008) was utilized with 
modifications. A  20  g  coffee  sample was  disinfected  in 
a  sodium hypochlorite  solution  (0.4%)  for  2 minutes. 
Preliminary  identification was  done  using  Saboraoud 
dextrose agar (SDA) Media. A total of  11 coffee beans were 
placed aseptically on SDA media with 1% Glendamycin. 
The plates were incubated for 7 days at 25 °C then observed 
for hyphal growth and sporulation. The fungal growths 
were subcultured in Czapek yeast agar (CYA) Media with 
1% Glendamycin for further identification. Morphological 
characteristics and microscopic features were evaluated 
based from the study of  Samson et al. (2007).

Determination of total phenolic content
Total phenolic content was determined using the method 
described by Saeed et al. (2012). A 1000μg*mL-1 sample 
was mixed with 1mL of  Folin-Ciocalteau reagent. After 
5 minutes, 5mL of  7% Na2CO3 solution was added 
followed by 13 mL of  distilled water. The mixture was 
wrapped in aluminium foil 90 minutes. The absorbance of  
the mixture was determined at 750nm. A calibration curve 
using 62.5μg*mL-1 to 1000μg*mL-1 gallic acid was used to 
estimate the concentration of  total phenolic content in the 
coffee extracts. The total phenolic content was expressed 
as mg gallic acid equivalents per 100 gram of  dry weight 
of  extract (mg GAE*100g-1  dW).  The  procedure was 

performed in five replicates at the Saint Louis University 
Natural Sciences Research Unit.

DPPh radical scavenging activity
The method was adapted from Clarke et al., (2013). 
Twenty microliters  (20  μL)  of   the  extract was  diluted 
in Dimethylsulfoxide  (DMSO) with  180 μL of  DPPH 
in methanol (40μg/mL) in wells of  a 96-well plate. The 
plate was kept in the dark for 30 minutes after which the 
absorbance of  the solution was measured at 540 nm in 
a plate reader. DMSO served as a blank and L-ascorbic 
acid served as the standard. Gallic acid was used as a 
comparison group to the coffee extracts. The procedure 
was performed in six replicates. The radical scavenging 
activity was computed using the formula:

A control - A extract
% RSA =  x 100

A control

Metal chelating activity
The ability of  extracts to chelate ferrous ion (Fe2+) was 
adapted from Le et al. (2007). The  assay measures  the 
chelating activity of  the sample by its ability to remove 
Fe(II)  ion from complexation with ferrozine. Briefly, 50 
μL of  the sample or standard was mixed with 10 μL of  
FeCl2 and 10 μL ferrozine was introduced after 5 minutes. 
Absorbance was read at 562 nm after 10 minutes incubation 
at room temperature. Ethylene diamine tetraacetic acid 
(EDTA) served as the standard. Gallic acid was used as a 
comparison group to the coffee extracts. The procedure 
was performed in six replicates. The metal chelating activity 
was computed using the formula:

A control - A extract
% MCA=  x 100

A control

Statistical tests
Data on levels of  ochratoxin A, total phenolic content and 
antioxidant activities were presented using mean ± standard 
deviation. One Way Analysis  of   Variance  (ANOVA) 
with post hoc Tukey HSD test was utilized to determine 
significant  differences  of   the means.  Statistical  analysis 
was performed using SPSS 20.0 for Windows at α = 0.05.

RESULTS

Phenolic content of defective and non-defective coffee 
bean samples
In Table 1, the composition of  the coffee bean extracts 
reveals that the total phenolic content of  non-defective green 
coffee beans was higher compared to the total phenolic 
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content of  black and immature green coffee bean samples. 
Upon roasting, the total phenolic content of  all coffee 
samples decreased. Roasted immature coffee beans had the 
highest phenolic content among roasted coffee bean samples.

Fungal contaminants and ochratoxin A in coffee bean 
samples
Table 2 shows the level of  ochratoxin A and fungal 
species  in  the  coffee  bean  samples.  It  can be  observed 
that in all green coffee bean samples, the most common 
fungal contaminants were Aspergillus ochraceus and Fusarium 
oxysporum. Both black and immature green coffee beans 
were contaminated with ochratoxin A and ochratoxigenic 
fungal species. Both black and immature green coffee beans 
were contaminated with ochratoxin A and ochratoxigenic 
fungal species. Non-defective green coffee beans had no 
detectable ochratoxin A. After medium roasting, the OTA 
levels in defective green coffee beans decreased, although 
roasted  immature  coffee  beans  had  higher OTA  level 
than roasted black coffee beans. Fungal growth was not 
observed in all roasted coffee bean samples.

Radical scavenging activity
The DPPH radical scavenging activities of  defective and 
non-defective coffee extracts are presented in Fig. 1. The 

degree of  radical scavenging activity was based on the 
degree of  discoloration of  DPPH radical. It was observed 
that the radical scavenging activities of  both defective and 
non-defective coffee extracts exhibited concentration-
dependence.  In  all  coffee  bean  samples,  roasted  coffee 
beans (medium roast) exhibited higher scavenging activities 
compared to green coffee beans.

It was also observed that non-defective coffee bean samples 
had higher % scavenging activities than defective coffee 
bean samples. The lowest activity was noted in defective 
immature green coffee beans. However, all coffee extracts 
had statistically lower radical scavenging activities compared 
to L-ascorbic acid and gallic acid (p<0.05).

Metal chelating activity
Based from the results in Fig. 2, all coffee bean 
extracts exhibited moderate to high metal chelating 
activities  (>60% chelating  activity) which  also  exhibited 
concentration-dependence. Generally, roasted coffee beans 
had significantly higher metal chelating activities against 
Fe2+ ion compared to green coffee bean samples (p<0.05). 
Among the coffee bean extracts, the highest metal chelating 
activity was observed in roasted non-defective coffee beans 
while the lowest activity was observed in immature coffee 
beans. However, the metal chelating activity of  EDTA and 
gallic acid were statistically higher compared to the activities 
of  all coffee bean samples (p<0.05).

DISCUSSION

Coffee is one the major agricultural products of  Atok, 
Benguet, Philippines. This municipality is characterized by 
high altitude, making it suitable to grow the Arabica coffee 
variety. The coffee growers in the municipality do not use 
herbicides and pesticides, since the coffee organizations do 
not promote chemicals in farming. However, due to humid 
conditions and low temperature, the drying of  coffee beans 
becomes inefficient which makes coffee beans susceptible 
to fungal contamination. An insufficient drying  leads to 
fungal contamination and production of  defective coffee 
beans, thereby decreasing the quality of  coffee brews.

To ensure a high quality of  coffee brews, defective coffee 
beans do not reach the market since coffee beans are sorted 
manually by coffee farmers prior to packing and roasting. 
Some of  the defects in coffee beans include black beans, 
infested beans, broken beans, sour beans, and immature 
beans, although other coffee samples such as husk beans, or 
coffee samples with foreign matter or composed of  several 
varieties of  coffee are considered as defects (PNS/BAFPS 
01:2012). Defective coffee beans are typically consumed as 
beverage by the farmers and coffee growers. The common 

Table 1: Total phenolic content of coffee samples
Sample 
code

Description TPC 
(g GAE*100g‑1 
DW of coffee)

GCB1 Non-defective coffee beans 14.05a±0.08
GCB2 Black coffee beans 12.57b±0.07
GCB3 Immature coffee beans 11.83c±0.07
RCB1 Non-defective coffee beans, 

medium roast
6.54d±0.04

RCB2 Black coffee beans, medium roast 5.87e±0.04
RCB3 Immature coffee beans, medium 

roast
7.84f±0.05

Means with different letters are significantly different (ρ<0.05), n=5

Table 2: Fungal contaminants and ochratoxin A in coffee 
bean samples
Sample code OTA level (μg*kg‑1) Fungal species
GCB1 ND Fusarium oxysporum

Aspergillus ochraceus
GCB2 23.02a±2.32 Aspergillus niger

Aspergillus ochraceus
Fusarium oxysporum

GCB3 17.14b±1.57 Fusarium oxysporum
Aspergillus ochraceus
Rhizopus stolonifer

RCB1 ND None
RCB2 5.57c±0.07 None
RCB3 6.79d±0.67 None
Means with different letters are significantly different (ρ<0.05), n=3. 
GCB1: Green coffee bean (no defect), GCB2: Green coffee bean (black), 
GCB3: Green coffee bean (immature), RCB1: Roasted coffee bean (no 
defect), RCB2: Roasted coffee bean (black), GCB3: Roasted coffee 
bean (immature)
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types of  coffee defects investigated in this study were black 
and immature coffee beans. Coffee beans are classified as 
black if  half  or more than one half  of  the coffee bean 
is black while immature beans appear gray or greenish 
often with  a wrinkled  surface  (PNS/BAFPS  01:2012). 
Black coffee beans were less preferred by farmers due 
to  their poor flavour  and  susceptibility  to  easy  charring 
during roasting. Hence, it was a common practice to mix 
non-defective coffee beans with defective coffee beans to 
improve the taste of  the resulting coffee brew.

Due to an earlier report on the incidence of  ochratoxin A 
in defective coffee beans (Taniwaki et al., 2014), this study 
investigated the incidence of  ochratoxin A and presence of  
ochratoxigenic fungal species in defective coffee beans from 
a temperate area in the Cordillera Administrative Region, 
especially since the environmental conditions may promote 
fungal contamination during post-harvest processing of  
coffee. It has to be noted that other notable compounds 
which have been extensively published elsewhere regarding 
other contents of  coffee extracts such as phenolic 
compounds (Ramalakshmi et al., 2009; Górnaś et al., 2016), 

biogenic amines such as putrescine, cadaverine, spermidine, 
spermine and tryptamine (Vasconselos et al., 2007), proteins, 
carbohydrates,  fatty  acids  (Oliveira  et  al.,  2006),  several 
volatile compounds (Toci and Farah, 2008) and diterpenes 
such as cafestol and kahweol (Cavin et al., 1998). However, 
unwanted contaminants such as mycotoxins may also 
be  present  (Taniwaki  et  al.,  2014). Culliao  and Barcelo 
(2015) have initially reported the incidence of  ochratoxin 
A, sterigmatocystin and patulin in coffee samples from 
Benguet, Philippines although none has been reported on 
roasted coffee samples and defective coffee beans.

Among the different mycotoxins, the most commonly 
studied contaminant in coffee was ochratoxin A, a 
nephrotoxic, carcinogenic and immunosuppresive toxin 
produced by genera Aspergillus and Penicillium (JECFA, 
2001; Vanesa and Ana, 2013). Our results reveal that the 
levels of  OTA in black defective green coffee beans agrees 
with the OTA level reported in the study of  Taniwaki et al 
(2014) (25.7 μg*kg-1). However, the reported OTA level in 
immature defective coffee beans was much higher in our 
study. After medium roasting, it was also revealed that the 

Fig 1. Comparison of % radical scavenging activity of coffee bean extracts compared to L-ascorbic acid and gallic acid in a DPPH system. 
LAA = L-ascorbic acid, GA = Gallic acid, GCB1 = Green coffee bean (non-defective), GCB2 = Green coffee bean (black), GCB3 = Green coffee 
bean (immature), RCB1 = Roasted coffee bean (non-defective), RCB2 = Roasted coffee bean (black), GCB3 = Roasted coffee bean (immature). 
Means with different letters are significantly different (p<0.05), n=6.

Fig 2. Comparison of % metal chelating activity of coffee extracts, gallic acid and EDTA. LAA = L-Ascorbic Acid, GA = gallic acid, GCB1 = Green 
coffee bean (non-defective), GCB2 = Green coffee bean (black), GCB3 = Green coffee bean (immature), RCB1 = Roasted coffee bean (non-
defective), RCB2 = Roasted coffee bean (black), GCB3 = Roasted coffee bean (immature). Means with different letters are significantly different 
(p<0.05), n=6.
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OTA  level  in  both  defective  coffee  samples  decreased, 
but was still higher than 5 μg*kg-1, which is the maximum 
allowable  limit  for OTA  in  roasted  coffee  (European 
Commission, 2006). The presence of  this fungal toxin in 
immature and black defective coffee beans is a concern to 
needs to be addressed to consumers of  defective coffee 
beans. Furthermore, roasting may decrease the analytical 
ochratoxin A content of  defective green coffee beans, but 
not its genotoxic properties (Lerda et al., 2013).

This study has also found out that both types of  defective 
coffee were contaminated with ochratoxin A and 
ochratoxigenic fungal species such as Aspergillus ochraceus 
(section Circumdati)  and Aspergillus niger  (section Nigri). 
Aspergillus species which belong to section Circumdati 
and Nigri were also reported to be present in black and 
immature defective coffee beans (Taniwaki et al., 2014). All 
Aspergillus isolates in the study were ochratoxigenic. Our 
results agree with the report of  Alvindia and de Guzman 
(2016) that some of  the ochratoxigenic fungal species in 
Arabica coffee beans were Aspergillus niger and Aspercillus 
ochraceus. However, other species such as Aspergillus 
carbonarius, Aspergillus japonicus, Aspergillus westerdijkiae, and 
Penicillium verruculosum were not isolated from the coffee 
samples. The presence of  ochratoxin A and absence of  
fungal species in roasted coffee samples imply that defective 
coffee beans may contribute to the OTA contamination 
of  coffee brews, especially if  the green coffee beans were 
not sorted prior to roasting.

Despite the contamination of  the samples by ochratoxigenic 
fungi and ochratoxin A, both green and roasted defective 
coffee beans have exhibited notable antioxidant activities. 
Based from the results presented in Table 1, non-defective 
green coffee beans had the highest total phenolic compounds 
to defective green coffee beans and the roasted coffee 
samples. Troup et al. (2015) reported that  low molecular 
weight polyphenolic compounds contributed greatly to 
the antioxidant activity of  coffee brews. In addition,  the 
antioxidant property of  green coffee bean extracts is 
chlorogenic acid (Chachurin et al., 2002; Ramalakshmi et al., 
2007; Ramalakshmi et al., 2009; Jeszka-Skowron et al., 2016). 
Our results agree with an earlier report by Ramalakshmi 
et al (2007) that defective coffee beans had lower phenolic 
content than non-defective coffee beans, although this 
was not a similar observation in roasted coffee samples. 
Roasted immature coffee beans had higher phenolic content 
compared to roasted non-defective coffee samples. This may 
seem contradicting since immature coffee beans may not 
have an opportunity to accumulate phenolic compounds 
compared to mature coffee beans.

The radical scavenging activity exhibited by both non-
defective and defective coffee samples (green and roasted 

coffee  beans) were  significantly  lower  compared  to  the 
standards L-ascorbic acid and gallic acid in a DPPH system 
and  lower metal  chelating  activity  compared  to EDTA 
and gallic acid (p<0.05)  in  all  concentrations. However, 
the crude extracts may reflect a more accurate antioxidant 
activity of  the coffee beans when consumed. Among 
the coffee samples, roasted non-defective and defective 
coffee beans exhibited significantly higher DPPH radical 
scavenging activity (Fig.  1)  and metal  chelating  activity 
against Fe2+ ion (Fig. 2), despite having significantly lower 
total phenolic content compared to green coffee beans 
(p<0.05).

The metal chelating activity of  coffee bean extracts has 
been attributed to the contribution of  low-molecular 
weight phenolic compounds (Gornas et al., 2016), caffeic 
acid  (Generato-Mattos  et  al.,  2015)  and melanoidins 
(Vignoli  et  al.,  2011;  Troup  et  al.,  2015). While metal 
chelating activity shows an increasing trend relative to the 
total phenolic compounds in green coffee beans, this was 
not observed in roasted coffee samples. However, it was 
observed that roasted non-defective coffee beans exhibited 
significantly  higher  antioxidant  activities  compared  to 
roasted defective coffee beans. The results in this study 
agrees with the study of  Górnaś et al  (2016),  indicating 
a lower contribution of  phenolic compounds to metal 
chelating activities of  roasted coffee bean extracts.

The reduction of  total phenolic content in roasted coffee 
samples was generally attributed to roasting due to the 
thermal  instability  of   phenolic  compounds  (Górnaś 
et  al.,  2016). This  explains why  roasted  coffee  samples 
had lower total phenolic content compared to green 
coffee bean samples. However, roasting also promotes 
the formation of  several compounds such as melanoidins 
due to caramelization and Maillard reactions (Chachurin 
et  al.,  2002;  Franca  et  al.,  2005b;  Troup  et  al.,  2015), 
and melanoidin-like compounds which forms polymers 
with sugars, amino acids and other remaining phenolic 
compounds (Takenaka et al., 2005). Roasting coffee beans 
increase the formation of  other antioxidants compared to 
the loss of  phenolic compounds (Vignoli et al., 2011; Opitz 
et al., 2014) thereby compensating the loss of  antioxidant 
activities during roasting (Liang & Kitts, 2014). This may 
explain why the radical scavenging activity and metal 
chelating activity of  both non-defective and defective 
coffee beans increased even if  their total phenolic content 
decreased after roasting.

CONCLUSION

This study shows that defatted extracts of  defective green 
and roasted Arabica coffee beans from Benguet, Philippines 
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possess moderate to high antioxidant activities. Roasting 
the coffee beans decreased the total phenolic content of  
defective green coffee beans but increased their radical 
scavenging activity in a DPPH system and chelation of  Fe2+ 
ions. The activities, however, were considerably lower than 
the standard compounds such L-ascorbic acid, gallic acid 
and EDTA. The defective coffee bean samples in this study 
were contaminated with ochratoxigenic fungal species and 
ochratoxin A, although roasting decreased their analytical 
OTA content. This study suggests that isolating antioxidant 
compounds from defective coffee beans can further extend 
their  use  for  other  food or medical  applications. While 
the data in this study are limited to few coffee samples, 
the results imply that consuming defective coffee beans 
may have possible health impacts to consumers. Defective 
coffee beans should be further processed to isolate 
antioxidants and remove ochratoxin A.
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