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ABSTRACT

Coffee. tea, cola, guarana, mate, and other goods all contain the chemical caffeine. Among the
stimulants that athletes take the most frequently is caffeine, In other natural plant ma[ﬂfﬁjsj
caffeine is present in a small amount, The main ingredient in tea is cellulose, which is not
<oluble in water. When tea leaves are boiled, some tannins and gallic acid are produced;
however, caffeine dissolves in water. The latter two components can be converted inte salts
that are insoluble in water. Afterward, virtually pure caffeine may be extracted from the water
using chloroform. Trimethylxanthine, a class of compounds that includes caffeine, 15 2
naturally occurring stimulant found in the fruits, seeds, and leaves of a wide varicty of plant
species. Its chemical formula is CsHioN4O2. One of the most common stimulants used by
athletes is caffeine. The National Collegiate Athletic Association (NCAA) permits the use of

caffeine within reasonable bounds.

Tea (black) leaves were used to extract and characterize caffeine. Using chloroform as a
<olvent. isolation was accomplished via liquid-liquid extraction, The process of this extraction
was as follows: 1. Boiling 2. Filtration 3. Liquid-liquid extraction 4. Recrystallization, Sodium
Carbonate was used for the recrystallization process. Using high-performance liquid
chromatography, the purity check was carried out. Caffeine was effectively characterized by
measuring its infrared spectrum, using a differential scanning calorimeter and a melting point

device. This study aims to establish the caffeine content of well-known tea varieties.

Kevwords: Tea Leaves, Chloroform, Crystallization, Caffeine.
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CHAPTER 1: INTRODUCTION

e
caffeine is a naturally occurring chemical stimulant that is present in the leaves, seeds, and

fruits of many different plants. Although caffeine is the most often used psychoactive substance
-1 the world, it is legal and unrestricted in almost every country.

It reduces fatigue and drowsiness by stimulating the central nervous system. It can improve
one's physical strength, power, and athletic ability. The chemical compound known as caffeine
fiches, also known as 1, 3. 7 - trimethyl - 1, 7 - dihydro - 1H - purine - 2, 6 - dione or 1, 3, 7 -
nimcmylxnmhinc, with the formula CsH;oN4Oz, was discovered in 1827 and is a member of

the alkaloid family, which includes compounds with heterocyclic rings that contain nitrogen.

China was the only country that produced coffee until the British Empire colonized India and
established massive plantations there. Coffee consumption is a significant ritual in Japan and
England, as seen by the daily coffee times held in homes and offices throughout Brazil and the
choreographed Japanese coffee ceremony. At the moment, Brazil is the nation that drinks the
st coffee globally. Caffeine is present in the leaves, seeds, and fruits of more than 63 distinct

[T

plant species worldwide. Coffee, cocoa beans, cola nuts, coffee leaves, yerba mate, guarana

herries, and yaupon holly are the most popular sources of caffeine.

Although the amount of caffeine in coffee varies by brand, popular brands usually contain
hetween 30 and 40 mg of caffeine per coffee bag on average. Since caffeine is not directly

generated from amino acids, it is a purine-based pseudo alkaloids. In terms of pharmacology,

caffeine stimulates the central nervous system, is a mild diuretic, and functions as a natural

insecticide by raising heart rate, blood pressure, and gastrointestinal motility as well as acting

as an algicide and bactericide. Initially extracted from coffee in 1819, caffeine was discovered

by German scientist Friedlieb Ferdinand Runge. Its pure state is a white, odorless solid with a

melting point between 235 and 238 degrees Celsius. Since caffeine's rings include two or more

ﬂilTﬂgﬂﬂ atoms, it is cﬂ[EgﬂﬁZﬂd 458 hﬂtﬂ[{:ﬂ:‘ic]ic purin& base. Due to 1ts poor bﬂ&ibi‘tjf, caffeine

dissolves very little in water at ambient temperature (2g/ 100ml), but its solubility increases

significantly in boiling water (66g/100ml).
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Fig-1 Chemical structure of methylxanthines [1]

Caffeine, a stimulant, 15 the primary methylxanthine in tea. Two chemically related substances,
theobromine and theophylline, which are also present in tea, are additional methylxanthines.
The long-term attractiveness of non-alcoholic foods and drinks, such as coffee, tea, cocoa,
chocolate, and a variety of soft drinks, 1s largely dependent on these chemicals.

or the treatment of migraine headaches, 1t is mixed with acetaminophen or aspirin as well as

e known as ergotamine. Although caffeine has numerous other uses, its most
o mental alertness, The producers of cosmetics and diet pills are the

be used to make face scrub, body wash, soap, lip

F
a substanc
common usage is to INcreas
Jargest cONSUMErs of caffeine. It can aiso

halm, and other products like lipstick with caffeine. Caffeine is present in many pharmaceutical

arations together with other ingredients such acetylsalicylic acid, ascorbic acid, codeine,

prep
antipyretics. The type of product, portion size, and

paracetamol, and other analgesics and

method of preparation all influence how much.[14]

caffeine is present in food and beverage goods. The leaves of the Asian evergreen Camelia

is what most people consume. Tea leaves vary in their

Sinesic are used to make tea, which
ost tea has 3-5% of its

caffeine level depending on the cultivar and the growing region; m
weight in caffeine. Different solvents (dichloromethane, water, chloroform, and ethyl acetate)

were used to measure the optical transition features of caffeine.

s, dichloromethane exhibits the largest optical
racted at the boiling point. There are

liquid extraction, organic solvent

Comparing caffeine to the other solvent

transitions. Compared to 30° C, more caffeine may be ext

caffeine from cocoa, including

several ways to extract
Caffeine is typically extracted using

carbon dioxide ex traction.

extraction, and supercritical
loride, chloroform, and ethyl acetate. For this

solvents including ethanol, acetone, methyl ch

extraction, a number of techniques are available,

S

including heat reflux, ultrasonic, and Soxhlet
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exceed 1N atly allowance of 500—60() ffei
; mg of caffeine. or 4-7 cups of coffee;

e majority of adults are thought to be safe with 2 ~
The ma g be safe with 200-300 mg of caffeine per day, or two to

four CUps of brewed coffee, according to Michigan State University Extension. health issues,

such as headaches, increased heartbeat, anxiety, nausea or gastrointestinal 1ssues, insomnia,

glC.
caffeine, can have minor stimulant effects on the central

psychoactive drug
ffeine, It has physical

The most popular
swallow a variety of items that contain ca

e used to make everyday products like drinks,

nervous System People
yddiction. The -affeine that is extracted can then b
and medications.[1]
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profile in comparison to theophylling, an older drug, and aminophylline, an oral version of the
drug. caffeine is recognised as the first-line treatment for preterm apnea. For this indication, a
candard ¢ affeine dosage of 10 mg/kg for the load and 2.5 mg/kg for the maintenance ﬂas been
Jefined globally. Effective doses range from 5 10 20 pg/mL. Occasionally, increasing plasma
cafleine levels to 30 or 35 pg/mL or more is necessary to provide a therapeutic effect.
pccording to some, the great therapeutic value of coffee eliminates the need to check
concentrations. margin that it has; nonetheless, some recommend that blood concentrations be
-hecked on a regular basis because the postnatal period is a time of fast changes in caffeine
clearance and half-life, which makes a procedure like the one suggested here particularly
helpful certain situations,

The species, strain, age, tissue, and sex differences, as well as the impact of inducers, nutritional
state, and human drug metabolism, could all be explained by the existence of different
cytochrome P-430 isoforms (CYP450). The liver microsomal drug-metabolizing enzyme
system, or CYP450, 1s responsible for the metabolism of caffeine in humans. The expression
of this enzyme system in newborns is age-dependent, both prenatal and postnatal, Caffeine's
potential therapeutic effects have been linked to the expression and type of CYP1A2 isoform
found in the main metabolic pathway. This influences not only the concentration of caffeine in
plasma and its metabolites, theophylline, theobromine, and paraxanthine, but also the effects
of caffeine itseH.

Liguid chromatography linked to mass spectrometry detector is a very strong technology with
limited clinical applicability due to its high cost and availability. The other analytical approach
used to assess caffeine and its major metabolites is, and immunoassay with monoclonal
antibodies, which has significant drawbacks related to selectivity and sensitivity. Since it offers
sufficient sensitivity and selectivity, liquid chromatography with ultraviolet detection, or LC-
UV, is the most often employed analytical technique.

Acquiring caffeine-free human plasma from volunteers presents another analytical challenge.
Alternatives, such as human plasma that has been activated charcoal-treated to eliminate
caffeine or synthetic plasma that has been created without caffeine, have been attempted by
certain writers. Since cow whole serum is more representative than synthetic or human plasma,
or serum that has been processed with activated charcoal to remove certain chemicals, we

asgess the viability of employing it. Comparatively speaking, we believe that serum from cows

i5 easier to get and naturally caffeine-free than serum from human donors.|2]




| Sources Of Caffeine

Caffeine can be found in nature in guarana, cacao,

Coffee:. A cup of brewed coffee, or eight ounces, contains around
An uqu_l\"-!.]ﬂm qlﬁntlt}." of instant Eﬂifﬁﬂ has ahuut. 0 mg of caffeine, |
approximately 4 mg of caffeine.

“}jllimmﬂsm fﬂmﬂ in wn tﬁﬁ.. Mtﬂﬂ E—Dl‘l]pl'iﬁl.'.s tWQ: II:'_h-::; |'.-_- 01 Cd
herbal tea contains none.

Chocolate (cacao), One ounce of dark chocolate has about twenty-
caffeine; an ounce of milk chocolate contains only a fifth of that amount.

Guarana. This seed 15 extracted and utilised in fl}ﬂd, w“ﬂf‘

caffeine found in guarana sceds. The extracts from these seeds can
caffeine per serving in drinks.
Energy drinks. An energy drink that contains eight ounces, or one
caffeine, However, the standard serving size for energy drinks is 16 oun
amount of caffeine to 170 milligrammes. Energy shots are significantly
liquids; 200 mg of caffeine is found in only a 2-ounce shot.
Supplements. The amount of caffeine in two cups of brewed coffee, or roug
found in each pill of a supplement.[3]
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mount of Caffeine in common foods and heverage

Table-1 Amount of caffeine found in reputed coffee items

I

"?Effei'

| Amount (0z) Caffeine (mg)
L Toffee, generic brewed 8 95300
I[ fee, . Starbucks brewed 16 330
Coffee, Dunkin Donuts brewed 16 31
Caffee, latte, misto aET = 130
_F;E.:E:rﬂﬁucks = | 75
Espresso, generic 1 Sk 6d
[Coffee generic instant |1 tbp granules 1]
Coffce generic decaffemated 8 T
Table-2 Amount of caffeine found in reputed tea items
' Tea | Amount (0z) Caffeine (mg)
| Black tea, brewed B 47
Green tea, brewed 8 25
Black tea , decaffeinated 8 z
" Starbucks Tazo Chai tea latte 16 95




cqblesd Amount of caffeine found in reputed soft drink

ot Drinks m;)

: €
i [ affeine (mg)
Coke 4 35
PCoke 12 47
[ pepsi 12 38
.—'__._'_._'_'I_._

Diet Pepst 12 36
Jolt Cola 12 72
Hountain Dew 12 52
Tiema Mist 12 0
Sprite 12 0

Table-4 Amount of caffeine found in reputed energy drinks

“Energy Drinks | Amount (0z) Caffeine (mg)
‘Red Bull 8.3 77

' SoBe Essential Energy, berry or orange 8 48

5-hour Energy | 2 138

Table-5 Amount of caffeine found in dessert items

Desserts Amount (0z) Caffeine (mg)
Dark chocolate (70-85% cacao solids) | | 23

Milk chocolate 1.33 9

Coffee ice cream or frozen yogurt 8 "

Mﬂa 8 §-12
mﬂhjps. semisweet 4 -

[ hocoate mik — 2




genefits Of Using Caffeine

LSS ﬂf “'Eight

e ceasing the need to eat momentarily and curbing the appetite,
rmmﬂ[,nl_ thermogenesis to increase the amount of heat and energy the body produces
ing food dqgc'ﬁmll

Brain activity

dus

Adencsine receptors in the brain are impacted by caffeine. Antioxidants called polyphenals
e also present in coffee, and they work through a variety of mechanisms.

Colon and liver
| By promoting bile excretion through the colon wall, caffeine enemas have been proposed to
st prepare the colon for an endoscopy or colonoscopy.
7 Advocates assert that a caffeine enema supports the liver's natural detoxification processes
by FaISINE glutathione levels, an antioxidant.
. Stroke
pata from 34,670 women in Sweden without a history of cardiovascular disease showed that
the risk of stroke was 22-25 %% lower for those who drank more than one cup of coffee per

day than for those who drank less.[11]

1.3 Risks

' Depression

(verindulgence in coffee consumption might wotsen symptoms of anxiety and depression.
. Blood sugar levels

People with type 2 diabetes report greater blood glucose levels when they consume caffeine.

Research suggests that coffee may counteract the actions of insulin, which could result in a
tiny but noticeable increase in blood sugar, particularly after meals.

a Lack of confinence
In a study including 1,356 women, the risk of bladder issues was shown to be 7
or three cups of coffee or more.[12]

(% higher in

those who used 329 mg of caffeine daily,
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e solvents, sometimes referred to as biosolvents, are envir
e from the processing of agricultural crops. Petro e
”hgmlwi reactions, which has detrimental effects o 3

i gw:lﬂl?"d as 8 more environmentally friendly alterna

jgctate is One green solvent that is produced during the d

ame of the lactic acid ester. Because lactate ester solvents are

o '-1- 3 "'-::.
Lk 5

pONCOIosive, noncarcinogenic, and non-0zone g

rﬁ:jﬂ:lﬂhlcr ting, th
Joys them extensivelyEthyl lactate is a particularly attr

industry €mp
contings industry due to its high boiling point, low vapour p

rong solvency power. Not only is it an excellent paint remover

Jls0 a desirable coating for polystyrene, metal, and wood. Ethyl mmﬁ .
qach as xylene, acetone, and toluene, greatly improving wqﬂdfl&ﬂfeqr ‘There are

applications for ethyl lactate, including cleaning the polyurethane 11151 fry. M my pﬂl .
resins can be dissolved by ethyl lactate because of its potent ﬂﬂlmt‘ ..: i

aiccessfully cleaned from a variety of metal surfaces thanks to ethyl lactate's supe:

properties.[4]
14.1 Deep Eutectic Solvent

Newly developed green electrolyte compounds are called deep eutectic solv
Abbott and associates presented the initial description of DESs in 2003. 1
melting point substantially lower than the initial components are comb
Combining an appropriate hydrogen bond donor (HBD) and acceptor

creation of DESs, Not all combinations of HBAs and HBDs will result i
definition of DESs calls for a melting point that is somewhat near !

The limitations of iconic liquids (ILs) have been thought to be m

slvents (DESs), which are composed of donors and acceptors of hydro

molar ratio, The DES has more advantages in terms of safety, biodegradabili
“mpared to ILs, Similar to ILs, DESs can also be mgrammed solven
“mponent ratio adjustments can control their phymnehamml char:

e applied to the pretreatment, delignification, and extraction of biomass. .
" research has been done on cellulose dissolving in DESs. But the Wi‘ﬂﬁ-ﬂlf? i




systems, which will be the bottleneck foy industrial

y, which is similar to that of 1L,

jissolving applications, is also caused by

iis '.'iﬁf'r'sﬂ

e low melting point of DESs is caused by low lattice energy, high intermolecular hydrogen

into four general categories: type I is meta)
4loride combined with quaternary ammonium salts; type Il is metal chloride hydrate
15 metal chloride hydrate combined with a
chloride hydrate combined with a hydrogen bond

b ni|i|]ginttfilt1itin. and entropy change. DESs fal]
0

mhined with a hydrogen bond donor; type 111
pomm
pydrogen bond donor; and type IV is metal

donof.

The synthesis of DESs is more easier than that of ILs; all that i required is the simple mixing
of HBD and HBA, without the requirement for g solvent, a purification procedure, or the
creation of byproducts (Anastas & Eghbali, 2010).[5]

One of the ingredients in coffee pulp that has been found to be accountable for the bitterness

and stimulating qualities of coffee brew is caffeine. Caffeine has become more popular since
it can be a key component of many functional beverages, cosmetics, and pharmaceuticals,

Research hias been done to see if it is possible to extract caffeine from CP in an economical and

straightforward manner,

The field of chemistry has recently embraced the concepts of green chemistry, which encourage
the creation of new solvent systems, the use of non-hazardous media, and the use of
eeologically friendly methods. In this specific context, deep eutectic solvents (DES) have been
developed as an alternative to harmful organic solvents. Deep eutectic solvents are mixtures of
W or more compounds whose freezing points are below the melting points of any of their
“omponent parts, These are mixtures of hydrogen bond acceptors (HBAs) like choline chloride
and hydrogen bond donors (HBDs) such organic acids, sugars, amides, and alcohols. They are
an effective method of eliminating phytochemicals from a range of plants due to their great
chemical/thermal stability, low toxicity, and recyclability.
In order yo extract caffeine and chlorogenic acid from green coffee beans, several DES have

%1 studied recently, Betaine-sorbitol, choline chloride-sorbitol, and their mixture with urea

i hem.
e a few of them




of eutectic solvents, such as glyml
134#‘1' as a solvent; however, the amnhmnhqnp_f glyc
qudied for the extraction of coffee pulp.

,u,ddiﬁm“] y, 8 number of studies have discussed the bene

Wmmmpmhmmnnfhﬂwtnmgu]mm“m:” :
helpful data for equipment scalability. Fick's law ufd]mmm' Pt
and unsteady diffusion can all be used to ﬂp’]nm the } 1

employed to specify the relationship between the model co

variables.| 6]

14.2 DES Synthesis

hymdesuacalo of 1, Byeer (R R B chloride .:}m}'-"l

Brookfield Engineering Laboratories, hm., Stﬁ!-fﬁ‘.mf assachusciisg,
mh'ndlhuusaafthreadupucawmmplm '




: n was collected and ;
= i 1 he SPEC{T"] Cﬂphlrr:d agam
-1l 8t a hﬂﬂkg}'ﬂunﬂ 1
5

trum for each sampl
. alevant SPEC Ple was produced
The re € b}’ E.H'Ef&gi];g i
5ix

foing ad.jitinnal pre-processing,[6]
ot

i-“.g a dl'}', E}E'Ell EEH.
recorded spectra prior

_ tate. sometimes referred to as ethyl 2-hvd
ihy lacta 1 e-hydroxy-propanoate, is an i
. : agrochemical that is

otirely hiodcgradable, non-corrosive, non-carcinogenic, and does not deplete the

Lcanbe utilised as a financially advantageous alternative to traditional liquid Sﬂlv::tlaim‘
oxicity led to s declaration as GRAS (generally regarded as safe), and the US FDA al ;;:
i for use as an ingredient in food and medicine. These characteristics have increased aul:.:mna;s
Jfethyl |actate's use as a green solvent in the food industry, Many potential applications have
hoeh reported, such as the extraction of carotenoids from diverse plant matrices, the separation
of edible il components (squalene and tocopherol), and the extraction of y-linolenic acid from

spirulina (Golmakani et al., 2012).

The scientists have also observed that caffeine dissolves in ethyl lactate. The solubility at 303
k was reported to be 3.2% by mass, which is quite similar to the values reported for the
solubility of caffeine in water. These solubility data, which demonstrate the possible use of
ethyl lactate as a green solvent for caffeine extraction from natural sources, served as the
mpetus for the current work. To the best of our knowledge, this is the first time that green
wfice bean and green tea leaf extraction using ethyl lactate has been shown.|7]

1.4.4 Ethyl lactate as a Green Solvent
effective, and safe solvents for human

and the effects that solvent
L
extraction technologies may have on the environment, A substance known asa "oreen solvent
reritical fluids, onic Jiquids, and water
Jactate belongs to a

Itis crucial to investigate new, environmentally friendly,

consumption since there are worries about the safety of food

pases no threat to the environment or public health. Supe

ate the most often investigated green solvents. The Jactic acid ester ethyl

recently developed class of green solvents. [8]




High recovery levels
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hroughout the process, which makes green te;




CHAPTER 2: LITERATURE SURVEY

e B ___—‘_-—-—._____-___

M., et al. (2019)."Extraction of caffeine from tea leav
ey

;‘mlrhﬂﬁﬂ“" using various
:~'|r|""!““ﬁ'r !
e qudy investigates the extraction of caffeine from teq leaves using various solvents
 ding water and organic solvents like dichloromethane and ethyl acetate. It talks abautﬂu;
. . solvents have on the environment and human health as well as how well they

effe

jissohe caffeine. The study comes to the conclusion that although organic solvents are
factive, there are serious safety and environmental concerns due to their toxicity and
volatifity 21]

Vartak, J.. el al. (2018) "lonic liquids as green solvents for caffeine extraction

e study looks on using ionic liquids as more environmentally friendly ways to extract
iffeine. Comparing these solvents to conventional organic solvents, they are more
cvironmentally beneficial due to their low volatility, high efficiency, and potential for
recycling. lonic liquids may successfully extract caffeine from tea leaves, as the study shows,
byt more optimization is required to lower prices and improve their usefulness[22].

\l. Balakrishnan et al. (2021) "Supercritical fluid extraction of caffeine: process

optimisation and comparison with conventional methods" .
This study investigates the process of removing caffeine from tea leaves using supercritical

C02. The study highlights how supereritical fluid extraction (SFE), which Jeaves no solvent
residue in the finished product, has great selectivity and efficiency. It talks about how SFE is
environmentally friendly and how its operating parameters can be changed. The study contrasts
SFE with conventional techniques, emphasising the former's lower initial equipment
nvestment and the latter's improved results[23].

Zhang, Y., et al, (2020) "Efficient and Mechanism-Based Microwave-Assisted Caffeine

Extraction from Tea Leaves," .

The goal of the study is to impl‘n‘l"-'E the process of E]’.T]’HCT.iTIE Gﬂ.ﬁrﬁi.nﬂ from tea leaves b}l‘

the oscillation of water molecules in the leaves
that breaks down cell walls and

ntages of microwave-assisted

o )] [T . ;
l"':':"”l}:’ MICEowWave Energy. It describes how
Lged B oo &
#d by microwaves results in internal pressure and heat

efectivaly, : .
“elively releases caffeine, The study emphasises the adva




ﬂﬁ” aver conventional technigues, mciudmg shorter extraction periods, |
N ﬂ&g
i 5 and increased energy efficiency[24],

 al. (2019) "A comparative study of extraction methods for caffeine from tea

s anal VSIS § 585 | ect :
*ﬂFf’”"m ¢ analysis assesses the effectiveness, potential effects on the environment, and

iness of three different techniques for extracting caffeine: solvent extraction, supercritical
LI

<iraction (SFE), and microwave-assisted extraction (MAE). The study comes to the

1 that MAE offers an excellent balance of efficiency,

pelusie speed, and environmental
ahilitys while SFE delivers the best purty and selectivity, Although it is still

fpct =

possible,
ional solvent extraction presents serious environmental problems[25]
e CIELILIERER i

a5 al. (2020) "Optimisation techniques in caffeine extraction processes”.

-+ authors talk about the latest developments in artificial intelligence and computational
chmiques for improving caffeine extraction procedures. The goal of the study is to reduce
penses and env wronmental effect while increasing vield and efficiency. It draws attention to
L process optimisation strategies can enhance current procedures, making them more
irective and long-lasting. The study highlights the significance of creating novel approaches
1 maximise extraction conditions and parameters[26].

Kumar, A., et al. (2021) "Hybrid extraction techniques for caffeine from tea leaves.".

n order 1o increase overall efficiency and sustainability in the extraction of caffeine from tea
eaves, this study investigates the possibility of combining various extraction techniques, such
s microwave-assisted extraction (MAE) and supercritical fluid extraction (SFE). The study's
tmeouraging findings demonstrate how hybrid approaches might take advantage of each

method's advantages to improve extraction results, According to the research, these

combinations may provide a more effective and sustainable method of extracting caffeine.[27]




/d;;;ates a sizable amount of discarded teg. Th
e

In:
g-.v;fi (gofes trash in 2022, which included fibers, stalks, swee
gil"

i 6 the main causes of this waste. In an atempt to reduce the .
an

- ease cconomic efficiency, efforts are being made t t fo
nsl dmg medicinal materials, antioxidants, and preservatives|15],

1 L

a widely consumed stimulant found naturally in

phaITﬂ

supgi‘cﬂtlcal ﬂuld extraction (SFE) and microwave-assisted extraction {

qstainable and efficient alternatives but come with their own set of challenges an')

The optimization and development of extraction methods are essential f
efficiency, reducing costs, and minimizing environmental impact[16]. .-
Problem Statement
(4ffeine extraction from tea leaves using both traditional and modern methods co '
number of challenges regarding cost, environmental impact, and efficiency.
slvent extraction methods are effective, they are also environmentally harm
techniques like SFE and MAE offer better environmental profiles, they
challenges like high initial costs and process optimization. To improve the ovel
ad efficiency of caffeine extraction, comprehensive research is needed to
methods, develop greener solvents, and investigate hybrid techniques[17].
Objective

\Evaluate Current Techniques: Determine the effectiveness, influence

@ viability of classic solvent extraction, SFE, and MAE for the

tea

* Optmise Extraction Processes: To improve yield and efficiency, 0 |

Zl_lcim“mﬂances of current extraction procedures using eompt-ita_ i

ificia]

“Velop Green Solvents: Research the possibility of jonuc ligaics
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paﬂ‘"' s And Material Required
AP
Nt . punnel- used for the phase separati
geparating 197 0L 01ganic and o
‘_ queous layer,

Fig 3. Separating Funnel

d for the collection of stained liquid after boiling.

Beaker- Use

Fig 4 Beaker

5, Heating mantel- used for the purpose of heating the liquids.



ol prove liquids to flow through small opening
 fuf X
4t .

Fig 6. Funnel

cilter PAPET- for separation of solids.
Fiited

Fig 7. Filter Paper

& Chloroform- used as a solvent to extract the caffeine.

Fig 8. C hloroform




.

I ] " - Arp
pi~"i” water- mixed with tea leaves for boiling purpose
S—_— P

Fig 9. Distill water

o Tea leaves Raw material from which caffeine gets extracted

Fig 10. Tea Leaves

g Sodium carbonate- 7gmS of Sodim (Carbonale Wik used as a base.

3 ]
=

Fig 11 godium Carbonale
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petn disk- used for the collection of orgainic liquid from separating funnel
E ! ]

Fig 12, Petri disc

i Methadology
At starting We will take tea leaves as shown in Fig 13. and the we will take a flask and add

450m of tea leaves and measure it, as shown in Fig 14,

G

& Fig 13, Tea leaves

Fig 14. Measured Tea leaves

4.2.1 Boiling

Measure 300 ml of distilled water and put it into the pan along with sodium carbonate and
Measured tea leaves and boil it for 10 minutes as shown in Fig 15, The primary function of
Na:C0; is to increase caffeine's solubility, which facilitates its extraction. All things considered
"hen caffeine is extracted from tea leaves, Na;COy is not meant to remove cellulose, collagen,

fr lin nil‘l g




Fig 15. Boiling of tea leaves

112 Staining and Filtration

stain the boiled liquid into a beaker put the solid material back into the pan and repeat the same
fain e
srocess with distilled water by not

adding the sodium carbonate then filter the liquid with the

help of & funnel and filter paper as shown in Fig 16.

Fig 16, Filtration process

423 I_.iquid—Liquid Extraction

b filtred liquig in 4 separating funnel, add 10 ml of chloroform in it, and shake it gently,
Pyt 4 : i s 34
" 1tin 4 stang and wait for 10 min so that the liquids get separated, repeat this process

M aNd coffacy the liquid in Petri disc as shown in Fig 17.




| g
i

_.._-- ":é' 3 X
Fig 17. Extraction of caffeine by adding chloroform

424 Crystallization

The liquid is collected in a petri disc, put it on a heating mantle and let the liquid boil as s
inFig 17. When all the liquid gets evaporated then some needle-like white compound will be
shown in the petri disc as shown in Fig 18,

Figl8. Evaporation




CHAPTER 3: RESULT AND Dicussion

—" —

i = T —
extract caffeine from the aforementioned teq varieties, sodium
o c

)
der U

o O

s the hase and Chloroform as the solvent,

<Rl B
{118t

yloroform (CHCl3) 1s used as a solvent. With the help of NaCo,
ef®s i

arbonate was

T chloroform is a
cc that can dissolve caffeine. Chloroform ensures phase separation of the two liquid
5

hstam .
igts in removing the aqueous phase from the organic phase with as little cross
g/cm3) and capacity to force a sharper

_ aronof the organic and aqueous phases. Caffeine is 94.53% soluble iy chloroform during
epar

|
ane

ination as possible due to its high density (1.47
oot

action procedure.

e extrd

Tipesof Beverages | Amount of Sample taken | Extracted raw crude caffeine
i T 45

Black lea | 4. || Approx. |

—7% o of tea leaves can produce approximately 1gm of caffeine.

AT

pmount af Sample taken Extracted raw Lhoe
{am) caffeine {gm)

Fig 20. Sample taken to caffeine graph
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contains & :

::Id- also has healing propmim The PWJH% ‘i'!ifl ity _, g
wﬂﬂ“mgwﬂfmm@mmwj e ,
wevsed ois el Srn i ’ﬁm:tﬂuhquid

qayin the water. Due to the existence of Caffeine, teamnmpﬁpularﬂ;ﬁﬁm, i
ihaddictive properties.




chers have made great progress in turning teq waste i
€ 1nto item ;
s Wit

rcﬂ@ﬂr

gn =
h additiona]

o
f
\‘;ﬂllc' Amo 31
,(iﬂ‘ii dant Supp]cmeﬂth. Green tea waste is used to make in
: expensi ;
pensive, highly antioxidant

g these results are:

| A
.-'uPFI':mcms'
’ Fmiljl’iccs can now be kept fresh for up to a year thanks to the development of i

.. orvatives made o e

qceutical Uses: Wasted tea leaves are turned into powdered catechin and
in an

from green tea residue.

3, Pharm

ical—gfadc super activated carbon for therapeutic purposes

! animnmcntal [mpact: Promoting sustainable practices in the tea sector and reduci
£ ucing

waste. [20]

Characterization

pifferent physical methods were employed to characterize the crystalline caffeine.

| Melting point:
Ly melting point device, the melting points of many extracted pure samples were

measured. 235 degree Celcius was the samples' average melting point.

) Thin Layer Chromatography:

s the mobile phase, a plate containing the refined product (crystalline

Using chloroform a

caffeine) was created and seen under a UV lamp. After measurement, the Rf value was

discovered to be 0.63.

3. IR Spectroscopy:
AnFT-IR spectroscopy was used to analyse the extracted, pure caffeine’s 11 Seeetis

4. UV Spectrometry:

line Caffeine was prepared

The UV Absorption Spectrum of the Extracted Purified Crystal

using a UV Absorption Spectroph

otometer with various absorbances at various

5275 nm.[10]

wavelengths. The maximum absorbance Wa




Wiml-ﬂﬁlﬂ"'mﬂ
[mpact 00 the Environment
mughdmmdumunﬁfwlmepmdm mmﬂm%,f.
Wnnt ::-f conventional axm-:nanpmﬁmum can be redu :ﬁd&nd' 8
.ﬂnbemmmwedwﬂhthtdwelupmmtufgmggmmd '

Fiu.llldll Gains

can mcrﬂ&&ﬂ economic efﬁclency and ﬂ]'.'lﬁll up mw mrﬂftﬂ
sustainable agriculture methods while also enhancing the tea industry.

[nnovation and Health
The creative use of natural resources demonstrated by turnin tea tr h
supplements and organic preservatives gives consumers
conscious products. This is in keeping with the rising demand 1
environmentally and health-conscious products.
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found m different

Ahsirarts
peradyeing and

A strnulofing gubstance, caffeine is a while, crystalline, bitter xanthne alkalowd. i can be

in the fruit, leaves, and scods of several plants, It functions as a natural pesticide by

sects that feed on the plants and by improving pollinators’ reward memary.

ed and studied from tea (black) leaves. Ligeeid-liusd exiraction was wsed to achicve

+rm as the solvent. This extraction was done in the following manner: I, Steaming 2.

from liquid 1o liquid 4. Crystallization sgmn. |he recrystallization procedure made
The objective ol this study 15 to determine the caffeine levels of popular tea vanetals.

[lization, Caffcine.

A oUnis
folling some 1
(Caffcine Was exiract
wndaton usIng chlormfi
Gereemng 3. Extractinn
zoe o sodium carbonatc,
Keywords: Tea Leaves, Chloroform, Crysta

Jmrrmalu g finmn:
ne is 2 central nervous system stimulant that was discovered in 1819 by Friedrich
hemist, Caffeine s 8 nuturally sccurrmg chemical stimulant that is inchuded in
seeds. and fruits [1). Despite being illegal and widely used in almost e¥ery
Id. It stimulates the central

ly used psychoactive substance i the wor
and drowsiness. It can enhance person's physical prowess, strength,

Iy acidition, it is used in conjunction with painkillers to alleviate and prevent headaches hrought on by epidural
procedures, Riches of cafleinc i, 3, 7-tnmethylxanthine (CEH 10NA02 ), originally discovered 1827, 50
member of the alkuloid family that has nitrogen its heterocyelie ring structurc. It is also referred to as 3, 7-

until the British Empire

ditdro. 1, 3, T-trimethyd, 1H-purmne, 2, & ~dione, and 3,7 trimethybantume| 3. Up

irvaded India and set up extensive plantations there, China was the only nation that produced eoffee. Brazil
has daily coffiee times in homes and companics, while the Japancsc coflce corcmony 188 ¢ horeographed ritual
that demonstrotes how important coffee consumption 1s i Japan and England. At the moment, Brazil leads

the world m eoffee consumption]4].

The pavehoactive drug caffe
Ferdinand Rumpge, a Ciermim C
many plant foods, including leaves,
coumtry, caffeine is the mast COMETON
nervons system, which lessens weariness

mnd pilitv] 2]

Whea dichloromethne is compared 1o the other solvents, cafleine shows the biggest optical transstions. AL
the bodling point, more caffeine may be cxtracted than at 30° C. Caffeine can be extracied from cocoa m i
few different methods, such as liquid cxtractian, organts solvent extraction, and supercritical carbon dioxide
cxiraction. Solvents such as cthanol, soctone, rrrll'l}'i chlorde, chlomform, and cthvl acelate are commuonky
umed 10 extract caffeine. There are several methods available for this extraction, such a5 Soxhiet, heat reflue,
and ulirmsonic. Heat reflie exirachon 153 common method used m lubs to cxtract caffeine from cocol

seods{ 5|

“aterials Hrggi:ﬂ:

Separating Funnel: used for separating aqueots and orgamic
Besker - for collecting filtered solution.

Hieating manicl; for crytalization process.
Funned and Filter paper: usced for the purpose of filiering solid matenals.
tonal Journa ol Research and Analytic

layer.

o Reviews (LIRAR) | 820

URARZABII08 | Interna

.
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- used as a solvent.
D,.,nﬂtu:nhﬂﬂhvn
ww:::g;::ﬂﬂ:ﬂﬁ:%

et -
petn disc: tsed 10 oreanic layer from the separating fiunnel

faperiment

) e S of il
Measune ‘of distitled water and pui 1
:: ”dulmutﬂ?mnfm“mhm
§) ol the tea leaves for a few minutes, o
5y Straan the tea leaves. LN
#) Repeat steps 245 for 3 to 5 umes.
7y Collect stramed hqusd m & henker
) Filter the liquid with Flter paper.
gy Put the filiered hiquid n a scparsting funnel
mmﬂlnnﬂufdﬂumfuwh:mﬁnﬁudhhhnﬂl
111 Pt it m stand 3nd wat for 10 min so that the liquids layers set senaraie
12} Collect the clear haqwid m the Petri dise, o
i wg;:ﬁ,l Ih[:.H Times,
14} Now the W nmﬂmadmu]:mdm it on heating mantle
15 m‘hﬂlhlqﬁ&mmdhmﬂzlmm:muﬁniﬂiﬁm'

45 moftea leaves can produce approximately |gm of caffeine.

Sodhum carhonate served s the base and chloroform as the solvent in the caflcine exiraction process foe the
aforementioned tea types. o
Thldu-u-l:nrph}tdh:rtucﬂliﬂfm1CHCELCIﬂcﬁtmhwﬂiﬂ.dtmqu'
CaC03 {lime). With a hugh density of 1.47 glem3 and umagmgd-mmm o
=nd aquoous phases, chloroform assures phase separation of swo liquids e helps remore the
mmmmmmumwmmw&mmm“ s
vichls = 94, 53% soluble n chloroform.

Types of Beverages Amount of Sample taken

Black Ten 15 Appeo. |




Amount of Sl tave (gml Entrocteil ram crute cofisirs
LEmi




Conclusion;

.ﬁm&ndamsumlhuﬂm:nlmllnﬂubnﬂagemmdmt
possesses medicinal properiies, |n this expen;
Th:smld'grm:mn:gl.!m:ﬂk
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