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Abstract: Caffeine, a methyl xanthine molecule which is the most widely consumed psychoactive substance in the world over, most
commonly from the beverages coffee, tea and soda. Caffeine is naturally present in different varieties of plants, tea leaves, cocoa beans
etc. It acts as stimulant to central nervous system and has various negative withdrawal effects on health. Caffeine can be treated
chemically as well as biologically. Biodegradation by bacteria is considered to be the most efficient technique in degrading caffeine
within environment. In the present study, four isolates capable of utilizing caffeine as a sole source of carbon were isolated from garden
soil. The bacteria were characterized by conventional morphological and biochemical test. To quantify the amount of biodegradation,
percent degradation assay was performed in which Isolate 1 and Isolate 4 shows maximum degradation of caffeine. Isolate-1 shows 98,
Isolate- 2 shows 88.63, Isolate-3 shows 95.45 and lIsolate-4 shows 95.45 after 48 hours of incubation. lodometric back titration was
performed to measure the remaining concentration of caffeine in broth.
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1. Introduction

Caffeine is a methyl xanthine molecule which is the most
widely consumed psychoactive substance in the world, most
commonly from the beverages coffee, tea and soda. The
English word caffeine comes from the French (Spanish and
Portuguese) word for coffee: café. Because of its stimulatory
nature, it was used as a cardiotonic till the end of 19"
century (wijhe, 2002).In the first half of the 20" century; it
was used as a stimulant of respiration and circulation in
Dutch medicine. The Islamic physician was the first to
exploit the medicinal use of coffee well before second
millennium A.D, the first documented use as a beverage was
by the Sufis of Yemen. With caffeine being increasingly
used as a stimulant, it was prohibited from being used as it
was thought that caffeine used was a cause for wices and is
seditious. Coffee was introduced to England around 1650’s
and in Holland a decade later. The Dutch introduced the
coffee plant to the island of Java in 1688.the Island’s
association with coffee production led to the use of “Java”
as a nickname for high quality coffee!*?.

Caffeine is found in about a hundred species of plants, but
the most highly cultivated sources are the coffee beans.
(Coffea arabicaor, Coffea canephora, variety robusta), the
leaves and leaf-buds of tea (Thea sinensis or Camellia
sinensis), cola nuts (Cola acuminata) and cacao beans
(Theobroma cacao) M2,

Coffee and tea plants are the major sources of natural
caffeine and related compounds such as theophylline and
theobromine are produced by a large number of plant
species belonging to numerous genera, families, andorders.
It is believed that methylxanthine producing plants
accumulate these substances as part of a chemical defense

system against pests and herbivores ™ 2],

A very large proportion of the non-alcoholic beverages used
in social settings contain caffeine. The most important
beverages and foods containing caffeine are coffee, tea,

guarana, mate, cola nuts, cola drinks, cocoa, chocolate.The
amount of caffeine found in these products varies, but is
generally high. Based on dry weight, the highest amounts
are found in guarana (4-7%).Tea leaves contain
approximately  3-5% caffeine, coffee beans 1.1-
2.2%(Saldana et.al 2000), cola nuts 1.5%, and cocoa beans
0.03% (Bogo and Mantle, 2000; Kretschmar and Baumann,
1999).Cocoa beans in addition contain about 1.8-2.5%
theobromine. Caffeine also occurs in certain soft drinks, and
so called “smart “drinks, as well as in medicinal drugs. In
these cases, however, purified or synthesized caffeine has
often been added to the products. Caffeine is responsible for
the stimulant action of coffee (Europaisches, 1978). It
stimulates the central nervous system, increases the
contraction power of the heart, widens the vessels of heart,
kidney and the skin and exhibits broncholytical and
diuretical action. (Europaisches, 1978) 1.

In mammals, ingested caffeine is rapidly absorbed,
metabolized, and excreted in the urine as methyl xanthine
derivative. Apart from being a stimulant to the central
nervous system, if consumed in excess it causes mutation; it
is teratogenic, causes inhibition of DNA repair, inhibition of
cyclic AMP phosphodiesterase activity and inhibits seed
germination (Friedman and Waller, 1983 a and b). It is the
major cause of cancer, heart diseases, and complications in
pregnant woman and aging (Green and Suls, 1996; Infante
et. al., 1993; Srisuphan and Bracken, 1986, Dlugosz et.al.,
1996; Fenster et.al., 1991) M1,

The stimulant effect of caffeine is thought to be due to an
increase in adrenaline release, which may stimulate the
sympathetic nervous system, but the mechanism is not
completely understood(Clarkson, 1993).Caffeine enhances
Acetylcholine release in the hippocampus in vivo by a
selective interaction with adenosine Al receptors. Carter, et
al, 1995).

It is known that caffeine is responsible for many effects on
the human body. Details of the mechanism of caffeine at
cellular and organ level can give an insight into how this
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molecule affects different functions in the body and the
reasons for adverse effects on the body.

Caffeine is 1, 3, 7-trimethylxanthine, meaning it is a
xanthine molecule with methyl groups replacing all of the
three hydrogen’s bound to nitrogen’s in the xanthine ring.
The molecular weight of caffeine is 194.2 and structurally it

is related to uric acid and contains Imidazole and a uracil
ringtt2

Theobromine and paraxanthine are dimethylxanthines
derived from the removal of methyl groups at 1 and 3 N
position of xanthine ring of caffeine. Caffeine, paraxanthine
and theobromine have stimulatory effects on humans, but
caffeine due to it is 3 methyl groups is associated with
highest stimulatory activity and other ill effects on health.
Dimethyl xanthines are known to possess anti asthmatic,
anti-cancer and anti-oxidant properties M2,

Recent studies show that excess consumption of caffeine has
many  health implications in  humans. Therefore
decaffeination technologies have been developed since
1920’s  through chemical routes; these chemical
decaffeination methods have several disadvantages.
Biodecaffeination as an alternative route in the budding
stage and knowledge about this area of coffee and tea
biotechnology is scarce. Biodecaffeination is the process of
removal of caffeine from coffee, tea and other caffeine
containing materials by the action of externally added
microbial cells or enzymes ',

Caffeine reacts with excess accurately known amount of
iodine in acidic environment, forming insoluble precipitate.
Then the insoluble precipitate is removed by filtration.

CeH1oN,O, + 2 I, +KI+H,50, —CgH1oN,O,. HI.I; +KHSO,
1,+2Na,S,03;— 2NAI + NA,S,O¢

Using titration by standard Sodium thiosulphate solution
with starch solution as indicator, the amount of remaining
iodine, and hence the amount of caffeine can be found !,

2. Materials and Methods

1) Percent degradation Experiment: !

Caffeine liquid medium broth containing 0.2gm% caffeine
was inoculated with respective isolates isolated from soil
samples M. After inoculation immediately take OD at
560nm..Flasks were incubated at 37°C.Sample was
withdrawn at different time intervals i.e. after 12, 24, 36, 48
hours. Sample were centrifuged and filtered before taking
the absorbance. Following formula was used to calculate
percent degradation-Uninoculated broth was kept as control.

Caffeine degradation (%) = (a-b)*100/a

Where,

a=Initial caffeine concentration (g/l)

b=Residual caffeine concentration (g/l)

2) Quantitative analysis of caffeine by lodometric
Titration:™

Caffeine liquid medium containing 0.2gm% caffeine was

inoculated with respective isolates 2. Flasks were

incubated at 37°C for 48 hours. Sulphuric acid added to
standard caffeine solution and extract solution separately.
lodine were added to solution, Brown-red precipitate
formed. After filtration, filtrates were titrating against
sodium thiosulphate solution by adding few drops of starch
solution as indicator. The brown-red precipitate solution
converts to colourless. Reading was taken, till get 2-3
consistent reading.

3. Result and Discussion

1) Percent degradation Assay
Caffeine degradation (%)= (a-b) * 100/a
Initial caffeine concentration (g/l) = a
Residual caffeine concentration (g/l) = b
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Figure 1: Isolates showed efficient degradation of caffeine.
Isolate-1 shows 98, Isolate- 2 shows 88.63, Isolate-3 shows
95.45, Isolate-4 shows 95.45.Uninoculated broth was kept as
control.

2) lodometric back titration

Table 1: Final titration readings for lodometric back

titration
Strain Reading(Caffeine)

Ml

Isolate 1 14
Isolate 2 16
Isolate 3 16
Isolate 4 17
Control (uninoculted) 14

Calculation for lodometric back titration for an isolate is
demonstrated.  Accordingly, remaining percentage of
caffeine in broth was calculated for all isolates.
Concentration of standard caffeine solution
0.421mg/cm?

Concentration of standard Na,S,0; solution: 0.00595 M
Concentration of standard iodine solution: 0.0028 M
Molecular weight of caffeine: 194.19

used:

Volume of standard caffeine solution used in each titration:
15.00 cm®

Number of mole of |, added = (25/1000)*0.0028 = 7*10~°
mol

Number of mole 0fNa,S,03; added = (14/1000)*0.00595 =
8.33 *10™° mol

By the following equation, I,+ Na,S,0; — 2Nal + Na,S,0¢
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Number of mole |, of reacted with Na,S,0; (remaining I,
= (8.33*10°)*/2

=4.165*10"° mol

Number of mole I, of reacted with caffeine
=7*10°-4.165*10"

=2.835*10° mole

= 2.835*10°*194.19

=5.5052*10" g

=5.5052 mg

By the following equation,

CgH1oN4O; + 21, + H,S0, —CgH1oN4O,. HI. I, + KHSO,
Number of mole of Caffeine = (2.835*10°) /2
=1.4175*10°
Mass of caffeine found in the 15.00cm? of standard solution
=1.4175*10°* 194.19
=2.7526*10g
=2.7526mg
Original mass of caffeine contained in 15.00 cm® standard
solution=5.5052mg
Accuracy of lodometric Back Titration =
(2.7526/5.5052)*100%= 50%

Table 2: Percentage of reaming caffeine in the broth by
lodometric back titration

Strain % caffeine
Isolate 1 28.42
Isolate 2 27.66
Isolate 3 25.36
Isolate 4 22.87
control (uninoculted) 49.99

Percent degradation assay was performed for quantifying for
the degradation of caffeine by all the isolates. Fig no.l
shows Isolate 1, Isolate 3 and Isolate4 degrades caffeine up
to 98%, 95.45% and 95.45% respectively after 48 hours of
incubation.

lodometric back titration was performed for determining the
remaining concentration of caffeine in percent. Table no.2
shows the percentage of remaining caffeine in the broth.
After the treatment by four isolates, 25.36% and 22.87% of
caffeine was found to be unutilized in the medium with
caffeine when treated by Isolate 3 and Isolate 4 respectively.
28.42% and 27.66% of caffeine was found to be unutilized
in the medium treated by Isolate 1 and Isolate 2 respectively.
This indicates Isolate 3 and Isolate 4 are efficient degraders
than Isolate 1 and Isolate 2.

To determine the amount of caffeine in aqueous solution, the
lodometric back titration is a simple and an accurate
method. It requires simple apparatus and common chemicals
only. The above results showed that it is an accurate method.

Different applications of caffeine can be studied such as
construction of biosensors using these isolates can be
constructed to measure the caffeine content in the products
such as coffee pulp or husk which contain large amount of
caffeine.

References

[1] Biodecaffeination by Renu sarath babu vegesna- A
biotechnology approach for decaffeination.

(2]

(3]
[4]

[]
6]

[7]

8]

[0]

[10]

[11]

[12]

Fang- Yuan Fan, Yan Xu, Yue-Rong Liang, xin-Qiang
zheng, Devajit Borthakur and Jian- Liang Lu Isolation
and characterization of high caffeine tolerant
bacterium strains from the soil of tea garden. African
journal of microbiology research vol.5(16), pp-2278-
2286

Googleweblight.com

Ho Chun Lok, Kwok man kit, Chan Kam Tung, Tse
sze Ho, chemical test for caffeine Hong Kong
chemistry Olympiad for secondary schools (2013-14)
http://books.google.co.in

Lakshmi V., Nilanjana Das, biodegradation of caffeine
by Trichosporon asahii isolated from caffeine
contaminated soil, International journal of engineering
science and Technology.

Paulo Mazzafera, Degradation of caffeine by
microorganism and potential use of decaffeinated
coffee husk and pulp in animal feeding.

Sharan Siddharth, Joseph Renuka Elizabeth A
Abhiroop Anuja, Nayak Rounaq S, Gambhir Vrinda,
Mishra Bishwambhar, Vuppu Suneetha A Preliminary
Study And First Report On Caffeine Degrading
Bacteria Isolated From The Soils Of Chittoor And
Vellore. International Research Journal Of Pharmacy
ISSSN 2230-8407

Sneha Nayak, M J Harshita, Maithili, Charanya
sampath, et al isolation and characteristion of caffeine
degradting bacteria from coffee pulp. Indian journal of
biotechnology vol 11 Jan 2012 pp-86-91

Syed Baker, S, sahana, D. Rakshith, H.U. kavitha,
K.S.kavitha and S.satish. biocaffeination by
endophytic Pseudomonas sp. lIsolated from coffee
Arabica L. Syed Baker et al./ Journal of pharmacy
research 2012, 5(7), 3654-3657.

Yasuhisa Asano, Toshihiro komeda and Hideaki
yamada (1903) Microbial production of Theobromine
from caffeine, bioscience, biotechnology, 57:8, 1286-
1289

Bhailume Meenal V. and Shinde Shubhangi R (2020)
Biodegradation of Caffeine, International Journal of
Science and Research, Vol 9, Issue 10.

Volume 9 Issue 12, December 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR201130085857

DOI: 10.21275/SR201130085857

290


http://books.google.co.in/



