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Abstract 

    Development of an environmental friendly and cost-effective process for microbial 
degradation of caffeine to non-toxic compounds are promising to solve the problems 
of physiochemical extraction of caffeine in the treatment the caffeine containing agro-
industrial effluents. Thirteen bacterial strains, isolated from tea plantation soils in the 
north region of Iran, were screened to show their abilities in using caffeine as the sole 
source of carbon and nitrogen. The intrinsic tolerance of the isolated strains to the 
caffeine substrate was measured in a defined and complex medium by using the agar 
dilution method. Based on the tolerance efficiency, isolate TPS8 which showed 
maximum tolerance to caffeine was selected and identified as Pseudomonas 
pseudoalcaligenes strain TPS8 (GenBank accession number KF414528) according to 
the cultural and physiochemical characteristics and also 16S rDNA gene sequencing. 
Growing cells of P. pseudoalcaligenes TPS8 were used for the biodecaffeination 
experiments. The maximum removal of caffeine (80.2%) was reached after a 72 h 
incubation using 2.5 g/l of caffeine substrate without further optimization. Our results 
show that growing cells of P. pseudoalcaligenease TPS8 can thus be efficiently used 
as a simple and cheap process for preparative decaffeination from agro-industrial 
effluents. The present survey is the first report on biodecaffeination using 
Pseudomonas pseudoalcaligenes.  
 
Keywords: Caffeine; Microbial degradation; Tolerance profile; Pseudomonas pseudoalcaligenes 
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Introduction 

Caffeine (C8H10N4O2) is a purine alkaloid present 
in the beans, leaves and fruits of more than sixty plant 
species, such as tea (Camellia species), coffee (Coffea 
species), cocoa (Theobroma cacao) and the like [14]. 
Caffeine is widely used in pharmaceutical preparations 

and beverage products and can be associated with a 
variety of pharmacological effects. It is used as a 
cardiac, neurological and respiratory stimulant and also 
as a diuretic compound [7]. Caffeine effects on sleep, 
but these effects are different in all individuals. Caffeine 
rises alertness during awakeness cycle, However, 
consumption on Caffein might lead to  adisorder called 
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Insomnia. [28]. The higher level of caffeine leads to 
higher risk of health problems such as adrenal 
stimulation, irregular muscular activity, cardiac 
arrhythmias, osteoporosis and heart output enhancement 
[13]. Excess caffeine is reported to cause mutation, 
inhibition of DNA repairs and inhibition of 
adenosinemonophosphodiesterase [26, 30] and causes of 
miscarriage in pregnancy period [9]. Regardless of the 
health effects, decaffeination process is important from 
the view of environmental preservation [23]. Influx of 
coffee processing industrial effluents into lakes can give 
rise to drinking water to be unsuitable [3]. Caffeine in 
soil also restrains seed grain germination and its growth 
[1]. Several methods including organic solvents, water 
diffusion and super critical carbon dioxide extraction 
have been applied to the removal of caffeine [22]. 
Considering, these procedures are hazardous to health, 
expensive, time consuming, intensive works and non-
specific for the removal of caffeine, alternative routes 
for its removal including microbial biodecaffeination 
are being constantly explored. Caffeine is regarded as 
toxic for many microorganisms at a concentration of 1 
g/l. However, caffeine degradation has been reported for 
a variety of microbial species belonging to Penicillium 
spp. [2, 27], Thermomonospora sp. [29], Serratia sp. 
[18], Klesiella and Rhodococcus sp. [17], Alcaligenes 
spp. [19], Trichosporon sp. [15], Pseudomonas spp. [6, 
8, 10, 11, 25, 31, 34], Brevibacterium sp. [20], 
Aspergillus spp. [12,21], Chrysosporium keratinophilum 
[21]. We would like to link this study to isolate and 
characterize native bacterial strains to high-tolerance 
ability of Caffeine and a potential for efficient caffeine 
degradation under growing-cell conditions. We screened 
13 different bacteria strains for their abilities and hereby 
using caffeine as the sole source of carbon and nitrogen. 
Finally, a newly isolated strain of Pseudomonas 
pseudoalcaligenes, designated as TPS8, with high 
tolerance pattern as well as an efficient caffeine 
degradation was showed over our experiments. The 
present investigation gives the first evidence for the 
biodecaffeination by P. Pseudoalcaligenes. 

 
Materials and Methods 

Chemicals and Media 
Caffeine (> 99%) used for caffeine degradation 

experiments was from Sigma-Aldrich. The caffeine 
stock solution was prepared in distilled water and 
maintained at 4º C following sterilization through a 
0.22-μm microbiological filter. Nutrient agar (3 g/l beef 
extract, 5 g/l peptone and 20 g/l agar pH 7.4) was 
purchased from Kardanazma, Iran. All other chemicals 
are of analytical grade.  

 

Enrichment cultures and Isolation of caffeine-
degrading bacteria 

Samples were collected randomly from tea plantation 
soils obtained in different areas of Northern Iran and 
stored in the dark at 4º C until use. Enrichment culture 
was carried out by mixing one gram of collecting soil 
sample with 100 ml of autoclaved mineral M9 medium 
from Sambrook et al. [24] (7.5 g/l Na2HPO4.2H2O, 3 g/l 
KH2PO4, 0.5 g/l NaCl, 0.5 g/l MgSO4.7H2O and 0.015 
g/l CaCl2 pH 7± 0.1) supplemented with 1 g/l of 
caffeine as the sole source carbon and nitrogen sources 
in 250 ml Erlenmeyer flask and incubated at 28º C in a 
rotary shaker set at 150 rpm for 7 days. The initial pH of 
the media was adjusted to 7. After enrichment, single 
colonies were isolated on minimal M9-caffeine agar 
media by spread plate method and subjected to further 
purification by streak plate method on the same media. 
Morphological different colonies were selected as 
inocula for determining their caffeine tolerance profile 
using the agar dilution method of Washington and 
Sutter [33].  

  

Caffeine tolerance the isolated bacterial strains  
For the caffeine tolerance profiles, 30 ml of melted 

Nutrient agar and Modified M9 defined minimal salt 
(glucose 2g/l; NH4Cl 1g/l; MgSO4.7H2O 0.5 g/l; CaCl2 
0.015 g/l; FeSO4.7H2O 0.03 g/l; NaCl 0.5 g/l and 
Phosphate buffer 0.1 M pH 7.4) agar media 
supplemented with different concentrations of caffeine 
ranges from 2.5, 5, 7.5, 10, 12.5, 15, 17.5 and 20 g/l 
were prepared and poured into 10 cm plates. Each plate 
was subdivided into eight zones and 20 µl of 0.5 
McFarland standard of bacterial suspension (1.5 × 108 
cfu/ml), prepared from bacteria cultures grown 
overnight for 24 h, was transferred on each plate using a 
sampler followed by incubation at 28º C for up to 5 
days. The growth of bacteria strains was calculated 
visually. Each plate was run in triplicates. The colony 
with the highest caffeine tolerance ability was 
designated as TPS8 and selected for further 
investigation.  

 
Identification of the isolate TPS8 

The isolate TPS8 is characterized by physiological-
cultural and biochemical tests with 16S rDNA gene 
sequence analysis. Morphological and physiological 
characteristics were performed according to the “Cowan 
and Steel” Manual for the Identification of Medical 
Bacteria [5]. The tests included gram’s reaction, colony 
shape, color on nutrient agar, presence of oxidase and 
catalase, motility, hydrolysis of tween 80, utilization of 
citrate (Simmons method), tyrosine hydrolysis, urease 
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aeruginosa and P. alcaligenes ) strains have been 
reported for the caffeine degradatiobn, no reports is 
available on caffeine removal using P. 
pseudoalcaligenes. Comparing the results obtained at 
this study with earlier ones encourages us to conclude 
that the growing cells of P. Pseudoalcaligenes TPS8 
can be efficiently used as a cost- effective biocatalyst 
for the preparative treatment of the caffeine containing 
solutions. Further studies on this way to obtain higher 
yields of caffeine removal are in progress. 
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