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Abstract- Total phenolic content, antioxidant and antibacterial activities of the extracts from spent coffee ground (SCGE) 
(Coffeaarabica) were investigated. First, the extraction experiments were carried out by the conventional solid–liquid method, 
using methanol as solvent at a different concentration range from 0 to 100%, and the influence of these operational variables on 
the content of total phenolic compounds and antioxidant activity of the produced extracts were evaluated. Extraction of SCGE 
using 60% methanol exhibited the highest total phenolic content of 158.20 mg gallic acid equivalents/g SCGE 
(Folin–Ciocalteau colorimetry assay) and antioxidant activity of IC50 3.41 mg/ml (DPPH assay). For the antibacterial activities 
investigated by disc diffusion and broth dilution assays, SCGE showed the inhibitory effects against the growth of both 
Gram-positive and Gram-negative pathogenic bacteria. The minimum inhibitory concentration (MIC) of SCGE was 
demonstrated against Escherichia coli, Salmonella typhimurium and Bacillus cereus. The lowest MIC was exhibited for SCGE 
extracted with 60% methanolshowing25 mg/ml. Hence, including the advantage for the sustainable management of the 
industrial by-product, spent coffee ground can be recycled and used as a source of alternative natural functional food 
ingredients. 
 
Index Terms- Antibacterial activity, Antioxidant, Coffee ground, Methanol 
 
I. INTRODUCTION 
 
Spent coffee ground (SCG) is a by-product from 
coffee brewing industry with fine particle size, high 
organic load and humidity. Their chemical 
composition is based on cellulose,hemicelluloses, 
proteins, fat, polyphenols, minerals and different 
products formed by the Maillard reaction during the 
roasting process, such as melanoidins [1]. The 
presence of organic material makes SCG highly 
pollutant due to a great demand of oxygen to be 
degraded [2]. Even more, caffeine, polyphenols or 
tannins confer a toxic nature to these by-products, 
especially for the soil ecosystem,representing a 
pollution hazard when discharged into landfields[3]. 
On contrary, recent studies reported considerable 
evidence of health benefits for  
healthy adults as a result of moderate coffee 
consumption, partially attributed to the antioxidant 
activity of polyphenols [4]. SCG can be used for 
pellets production due to its high calorific power 
(around 5000 kcal/kg) [5]. Other valuable alternatives 
are biodiesel production, hydrogen and methanol [6], 
as well as the use of SCG as a substrate for 
fermentation technology [7].In addition to the 
phytochemicals present in the coffee brew, there is 
evidence that this beverage could also be a source of 
dietary fiber.Díaz-Rubio and Saura-Calixto, 2007 [8] 
found that the coffee brew contained higher amount of 
soluble dietary fiber (0.47-0.75 g/100 ml), with 
associated antioxidant phenolic compounds, than 
other beverages. These phenolic compounds were also 
revealed for their antibacterial activities. 
This study aimed to evaluate the effect of extraction 

solvent, methanol concentration on total phenolic 
content, antioxidant and antibacterial activities of 
spent coffee ground extract (SCGE). 
 
II. MATERIALS AND METHODS 
 
A. Chemicals and reagents 
Methanol and dimethyl sulfoxide (DMSO) were 
obtained from Labscan, Poland. Folin-Ciocalteu 
reagent was purchased from LobaChemie, India. 
Gallic acid and 2, 2-diphenyl-1-picrylhydrazyl 
(DPPH) and chloramphenicol were purchased from 
Sigma-Aldrich Chemicals, Germany. Tryptic Soy 
Broth (TSB) and Tryptic Soy Agar (TSA) were 
purchased from Himedia Laboratories, India.  
 
B. Bacterial strains and culture conditions 
The pathogenic bacterial strains used in this study 
were Bacillus cereus TISTR 687, Staphylococcus 
aureus TISTR 118, Escherichia coli TISTR 780, 
Salmonella typhimurium TISTR 292 from 
Microbiological Resources Center of Thailand 
Institute of Scientific and Technological Research. 
The cultures were grown on TSA and subcultured in 
TSB at 35 °C for 24 h under aerobic condition before 
used. Each of the bacterial cell concentration was then 
adjusted to obtain final concentration of 107 CFU/ml.  
 
C. Preparation of SCGE 
The SCG (Coffeaarabica), the residue of coffee 
drip-brewing was obtained from coffee shop in 
Phitsanulok province area. The SCG was dried in hot 
air oven at 60°C until the moisture content reached 
≤5% and stored at -20°C until used.  
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The SCG was extracted by soaking with methanol at 
the concentration of 0, 20, 40, 60, 80 and 100% in the 
ratio of 1:30 with shaking at 60°C for 90 mins. The 
samples were then filtered through Whatman No.4. 
filter paper (Whatman, Kent, UK). The filtrates were 
evaporated to dryness by rotary-vacuum evaporator at 
50°C (Buchi RTE-221, Flawil, Switzerland), 
freeze-dried and then weighed to determine the 
extraction yields of SCGE. 
 
D. Determination of total phenolic content (TPC) 
TPC of the SCGE were measured according to the 
Folin–Ciocalteu method of Singleton & Rossi, 
1965[9] with slight modification. Briefly, 100 µL of 
the extract made into 5 mg/ml with methanol was 
mixed with Folin–Ciocalteu reagent (1:9 of 
Folin–Ciocalteureagent :distilled water). The mixture 
was added with 1.0 ml of sodium carbonate solution 
15 % (w/v) and vigorously vortexed for 2 minutes. The 
final volume was made up to 5.0 ml with methanol and 
left in darkness at room temperature for 2 hours. Then 
the absorbance of the mixture was recorded at 750 nm 
using a spectrophotometer (Thermo Scientific, 
Genesys, USA). Gallic acid was used as the standard 
for the calibration curve. The amount of total phenolic 
was calculated as mg gallic acid equivalents (GAE) 
per gram of sample.  
 
E. Determination of DPPH radical scavenging 
activity 
Free radical scavenging activity of SCGE was 
determined by a DPPH radical scavenging assay, 
according to the modified method of Brand-Williams 
et al., 1995 [10]. Briefly, 100 µM of DPPH in 
methanol was prepared and 2 ml of this solution was 
added to 1 ml of 5 mg/ml of SCGE sample solution. 
The reaction mixture was shaken well and left in the 
darkness for 30 min at room temperature. The 
absorbance of the resulting solution was recorded at 
517 nm using a spectrophotometer. Each sample was 
measured in triplicate and averaged. The percentage 
radical scavenging activity (RSA) was calculated 
using the following formula: 

% RSA = [(A0 − A1)/A0] × 100 
where A0 is the absorbance of the control, and A1 is the 
absorbance of samples after reaction. The free radical 
scavenging activities of the extracts were expressed as 
Inhibition Concentration 50 value (IC50). The IC50 
value was defined as concentration in mg/ml of SCGE 
sample that inhibits 50% of the formation of DPPH 
radical. 
F. Assay for antibacterial activity  
Antibacterial activity of SCGE was determined using 
agar disc diffusion method [11]. A 100 µL of bacterial 
suspension was spread homogeneously onto the 
surface of TSA. Sterile filter paper discs (6 mm 
diameter) were placed on the agar surface and dropped 
with 6 µL of the 50 mg/mL of the SCGE in DMSO. 
DMSO and 1 mg/ml of chloramphenicol were used as 
negative and positive control, respectively. After 15 

min of diffusion time at room temperature, the plates 
were incubated at 35 °C for 24 h. The inhibition zone 
diameters were measured in millimeter. 
A broth micro-dilution method was performed to 
determine the minimum inhibitory concentration 
(MIC) of each SCGE according to the method of 
Jorgensen andTurnidge, 2007 [12]. The extract was 
added at two-fold dilution manner, ranging from 0.2 to 
100 mg/ml in 2 ml of each bacterial suspension. After 
incubation at 35 °C for 24 h, the lowest concentration 
of the extract required to inhibit visible growth of the 
tested microorganism was designated as the MIC.  
 
G. Statistical analysis 
All experiments were carried out in triplicate and 
average values with standard errors were reported. 
Mean values of various parameters were computed 
and compared by analysis of variance (ANOVA) 
using the SPSS software (version 13.0). Means and 
standard errors were calculated. Significance was 
defined at p < 0.05. 
 
III. RESULTS AND DISCUSSION 
 
H. %Yield, TPC and antioxidant activities 
The effects of methanol concentration on the %yield, 
TPC (mg GAE/g) and IC50 (mg/ml) of SCGE are 
shown in Table 1. For comparison, assay using only 
distilled water as extraction solvent was also 
performed. However, the use of methanol as solvent 
gave better extraction results than the use of only 
water. It is because the phenolic compounds are more 
soluble in organic solvent less polar than water.  
The highest TPC recovered by methanol extraction 
was correspondent to 60% methanolic extract 
(158.20±3.08 mgGAE/g. The same trend was 
expressed for IC50 showing the lowest for the 60% 
indicating the highest antioxidant capacity 
(3.41±0.11).  Their antioxidative properties could be 
the consequence of the presence of caffeine, 
trigonelline and chlorogenic acids [13]. Associated 
with dietary fiber and proteins, different health related 
chemicals such as phenolic compounds, have been 
reported to be present in SCG [14]. Caffeoylquinic 
acids, such as chlorogenic acids are the main 
components of the phenolic fraction whose 
consumption may result in remarkable health benefits, 
including reduced incidence of diabetes or 
atherosclerosis [15].  
 

Table 1. Effects of methanol concentration on the extraction 
yield (%) TPC (mg GAE/g) and IC50 (mg/ml) SCGE 

 
Means with different letters are significantly different (p < 0.05). 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                Vol-4, Iss-2, Spl. Issue-3 Jun.-2016 

Effect Of Methanol Concentration On Total Phenolic Content, Antioxidant Activity And Antibacterial Activity Of Spent Coffee Ground 
Extract 

 
134 

I. Antimicrobial activities 
The susceptibility of indicator pathogenic bacteria to 
SCGE was investigated. The lower concentration of 
methanol showed less inhibition. SCGE from 40 to 
100% showed inhibition effect against B. cereus, 
while 40, 60 and 100% showed against S. 
Typhimurium and E. coli. However, S. aureus could 
not be inhibited by any of SCGE. The lowest MIC was 
showed for 60% SCGE at 25 mg/ml against those 3 
susceptible strains.  
 
Table 2. Inhibition effects of SCGE extracted with methanol at 

different concentrations against pathogenic bacteria 

 
+, Inhibition : - No Inhibition  
 

Table 3. MIC of SCGE extracted with methanol at different 
concentrations against pathogenic bacteria. 

 
 

It has been observed that roasted coffee extract has an 
antibacterial activity against several microorganisms, 
such as Streptococcus mutans[16] and several strains 
of enterobacteria, probably due to the antibacterial 
activity of several coffee characteristic components, 
such as caffeic acid, trigonelline, caffeine, chlorogenic 
acid and protocatechuic acid [17], as well as of 
melanoidins generated during the roasting process 
[18]. Coffee melanoidins could exert some kind of 
antimicrobial activity at the concentration present in 
SCGE. Coffee melanoidins are known to behave as a 
bacteriostaticand bactericide compounds depending 
on their concentration. One of the main mechanisms 
for antimicrobial activity of melanoidins is related 
with their chelating activity. However the chelating 
activity of melanoidins was found to be higher when 
acting alone without the combination in SCGE.  
On the contrast to previous findings reported that the 
assay of SCGE extracted with hot water showed that 
the SCG was only active against B. cereus but not E. 
coli, SCGE extracted with methanol in this study 
showed inhibition against E. coli and S. Typhimurium, 
indicating the activity against both Gram positives (B. 

cereus) and gram negatives (E. coli and S. 
Typhimurium). Therefore, the SCGE in this study may 
provide higher permeability conquering the outer 
membrane barrier of the Gram negatives, which made 
them less susceptible to antimicrobial substances 
compared to the Gram positives [19]. 
 
CONCLUSIONS 
 
SCGE extracted with 60% methanol showed the 
highest value of TPC and antioxidant capacity. SCGE 
exhibited antibacterial activity against pathogenic 
bacteria with broader spectrum regardless their Gram 
staining properties. 
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