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Coffee is the most commonly consumed product worldwide. The caffeine present
in coffee acts as a central nervous system stimulant. Apart from coffee, caffeine is also
found in tea, yerba mate and guarana berries. It is a legal psychoactive substance available
all over the world. Due to the harmful effects of caffeine on the body, the present studying
aims at studying the degradation of caffeine by microorganisms so that the ill effects of
the compound can be overcome. Caffaine was extracted from different types of coffee and
its degradation by Bacillus subtillus and Pseudomonas aeruginosa was studied. The
concentration to be used was detected by MIC and degradative activity was obtained by
HPLC.
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Caffeine (also spelled caffein)1 is a bitter,
white crystalline xanthine alkaloid that is a
psychoactive stimulant drug. Caffeine is found in
varying quantities in the beans, leaves, and fruit
of some plants, where it acts as a natural pesticide
that paralyzes and kills certain insects feeding on
the plants². It is most commonly consumed by
humans in infusions extracted from the bean of the
coffee plant and the leaves of the tea bush, as well
as from various foods and drinks containing
products derived from the kola nut. Other sources
include yerba mate, guarana berries, and the
Yaupon Holly.

In humans, caffeine acts as a central
nervous system (CNS) stimulant, temporarily
warding off drowsiness and restoring alertness.
Caffeine is the world’s most widely consumed
psychoactive substance³, but, unlike many other
psychoactive substances, is legal and unregulated
in nearly all jurisdictions. Beverages containing
caffeine, such as coffee, tea, soft drinks, and energy
drinks, enjoy great popularity. The U.S. Food and
Drug Administration (FDA) lists caffeine as a
“multiple purpose generally recognized as safe
food substance”4.

Caffeine from coffee or other beverages
is absorbed by the stomach and small intestine
within 45 minutes of ingestion and then distributed
throughout all tissues of the body5. It is eliminated
by first-order kinetics6. Caffeine can also be
ingested rectally, evidenced by the formulation of
suppositories of ergotamine tartrate and caffeine
(for the relief of migraine)7 and chlorobutanol and
caffeine (for the treatment of hyperemesis)8.

The biological half-life of caffeine — the
time required for the body to eliminate one-half of
the total amount of caffeine — varies widely among
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individuals according to such factors as age, liver
function, pregnancy, some concurrent
medications, and the level of enzymes in the liver
needed for caffeine metabolism. In healthy adults,
caffeine’s half-life is approximately 4.9 hours9. In
women taking oral contraceptives, this is increased
to 5–10 hours,10 and in pregnant women the half-
life is roughly 9–11 hours.11

Caffeine can accumulate in individuals
with severe liver disease, increasing its half-life up
to 96 hours.12 In infants and young children, the
half-life may be longer than in adults; half-life in a
newborn baby may be as long as 30 hours. Other
factors such as smoking can shorten caffeine’s
half-life.13 Fluvoxamine (Luvox) reduced the
clearance of caffeine by 91.3%, and prolonged its
elimination half-life by 11.4-fold; from 4.9 hours to
56 hours.9

Caffeine is metabolized in the liver by the
cytochrome P450 oxidase enzyme system (to be
specific, the 1A2 isozyme) into three metabolic
dimethylxanthines,14 each of which has its own
effects on the body:
• Paraxanthine (84%): Has the effect of

increasing lipolysis, leading to elevated
glycerol and free fatty acid levels in the
blood plasma.

• Theobromine (12%): Dilates blood vessels
and increases urine volume. Theobromine
is also the principal alkaloid in the cocoa
bean, and therefore chocolate.

• Theophylline (4%): Relaxes smooth muscles
of the bronchi, and is used to treat asthma.
The therapeutic dose of theophylline,
however, is many times greater than the
levels attained from caffeine metabolism.

Each of these metabolites is further
metabolized and then excreted in the urine.

MATERIALS AND METHODS

The caffeine was extracted from three
different coffee samples which included Nescafe,
Bru and a local brand. The test organisms used
were Bacillus subtilis (Gram positive cocci) and
Pseudomonas aeruginosa (Gram negative bacilli)
to study the degradation of the extracted caffeine.
Extraction of caffeine from coffee samples

1 gm of coffee sample was dissolved in
250 ml of distilled water by boiling for 5minutes.

This solution was then filtered through buchner
filter.25 ml of 10% lead acetate was added to the
filtrate and mixed by boiling for 5 minutes. This
solution was   mixed with 30 -50 ml of chloroform.
After mixing allow it to stand. Two layers are formed
in which lower layer being chloroform, is separated
out. Anhydrous sodium sulphate is added to the
remaining solution for the removal of water and
any dissolved salts. This is placed in water bath at
70-90oC for evaporation. This was then kept at 37oC
for 24 hours. White crude caffeine was obtained at
the bottom of the flask.
Minimum inhibitory concentration (MIC) of
caffeine

The MIC of caffeine was found using a
range of 1% to 20% of caffeine since 20% of crude
extract of caffeine was obtained from the samples
under study. MIC gives the minimum concentration
inhibitory to the organisms so as to use the tolerable
concentration for further studies. The culture
suspensions used had an optical density of 0.1 at
540nm. The stock was 20% caffeine and sterile
nutrient agar without sugar was used as diluents.
Growth curve of the test organisms in presence of
caffeine

The MIC results showed that 6% of
caffeine was tolerable to the test organisms. Hence
the growth curve was studied using 6% caffeine in
the growth medium. The growth curve was
essential to find the time required for reaching the
stationary phase. The initial optical density of the
cultures was 0.1 at 540nm 100 ml volume. The
readings were taken until the organisms reached
the stationary phase. 2ml of aliquots were taken
out after every hour to find the growth and the
same was used for estimating caffeine utilization.
Graph a,b and c.
Estimation of caffeine degradation

The aliquots obtained from the above
procedure, were estimated for the concentration
of the caffeine by using isocratic HPLC. The mobile
phase used was – Methanol: water : acetic acid in
the ratio of 40:60:1.6.

Chromatogram 1 to 12 shows the
degradative activity

RESULTS

Minimum inhibitory concentration of Caffaine
The MIC was found to be in the range of
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6%  to 7% for both the microorganisms. Hence a
concentration less than 6% was used for the
growth curve study and degradative analysis.
Growth curves

b) Growth curve of both organisms when grown in presence of caffeine from Bru.

Legends: P.A – Pseudomonas aeruginosa B.S – Bacillus subtilis
c) Growth curve of both organisms when grown in presence of caffeine from Loose coffee sample

a) Growth curve of both organisms when grown in presence of caffeine from Nescafe
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Estimation of  caffeine degradation by HPLC
Chromatogram 1: Sample - Bru , Organism - Bacillus
subtilus  (0 hour)

Chromatogram 2 : Sample - Bru , Organism - Bacillus
subtilus  (5 hours)

Chromatogram 3: Sample - Bru , Organism -
Pseudomonas aeruginosa  (0 hour)

Chromatogram 4 : Sample - Bru , Organism -
Pseudomonas aeruginosa  (5 hours)
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Chromatogram 5 : Sample - Nesscafe , Organism -
Bacillus subtilus  (0 hour)

Chromatogram 6 : Sample - Nesscafe , Organism -
Bacillus subtilus  (5 hours)

Chromatogram 7 : Sample - Nescafe , Organism -
Pseudomonas aeruginosa  (0 hour)

Chromatogram 8 : Sample - Nescafe, Organism -
Pseudomonas aeruginosa  (5 hours)
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Chromatogram 9 : Sample - Loose coffee , Organism -
Bacillus subtilus  (0 hour)

Chromatogram 10 : Sample - Loose coffee , Organism -
Bacillus subtilus  (5 hours)

Chromatogram 11 : Sample - Loose coffee , Organism -
Pseudomonas aeruginosa  (0 hour)

Chromatogram 12 :Sample - Loose coffee , Organism -
Pseudomonas aeruginosa  (5 hours)
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The test organisms achieved the
stationary phase after 4-5 hours when grown in a
medium containing the caffeine extracts. The
concentration of caffeine used for growth curve
study was based on the results of MIC which was
6% of caffeine. The growth curve is shown in Graph
a, b and c. Considering the growth curve obtained,
the degradation of the caffeine from different coffee
samples was studied and analysed by HPLC. The
HPLC results are shown in Chroatograms 1 to 12.

The maximum degradation of caffeine
obtained from Nescafe was shown by
Pseudomonas aeruginosa i.e  around 57% whereas
least degradation of caffeine from loose coffee
sample i.e 19%.

Bacillus subtillus showed almost similar
degradation of  caffaine from Nescafe as well as
loose coffee ie.36% and 35% respectively, but
reduced degradation of caffeine from Bru.

DISCUSSION

Coffee  is processed by the dry method
giving an expensive amount of husk, which in turn
is used as an organic fertiliser. The presence of
tannins and caffeine diminish the acceptability and
palatability of husks by animals. Coffee pulp, the
waste generated in large quantities during wet
method of coffee cherry processing contains
8.25% protein and 23-27% fermentable sugars on
dry weight basis. In spite of such high nutrient
content, the coffee pulp cannot be an animal feed,
mainly due to its toxic components such as caffeine,
tannins, phenols and other polyphenols.
Consequently most of the coffee pulp remains
unutilised and a need exists for its treatment by
appropriate biological waste treatment process to
overcome severe environmental pollution problem.

Being cost intensive in nature, the coffee
pulp forms t of the waste adversely affect the cost
of production of coffee and hence, it is generally
avoided by the coffee processors. The coffee pulp
forms a major source of the pollution of rivers,
lakes and environment in the vicinity of the coffee
processing sites. Elimination of the toxic and anti-
physiological factors in the coffee pulp can lead to
much cheaper and abundant alternative source of
nutrient for use as animal feed. Caffeine degrading
enzymes such as caffeine demethylase,
theobromine demethylase, heteroxanthidine

demethylase, caffeine oxidase and xanthine oxidase
that are produced by several caffeine degrading
bacterial speices can be used to degrade caffeine.
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