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ABSTRACT

The kinetics o ;

: . Y extraction and antioxidan activity of four different brands of
eas i

- (Lipton teq, Hillway greey label tea, Toptea, gnd Hillway Gold,) were
investigated and measured using modern method, Several lypes of
commercially available teas, Jrom different manufacturers were tested for
antioxidant content using the Spectrometric method. Data gathered about
antioxidant content of these different teq samples can used to estimate quality
and type of tea. The result gotten using this method is also important when
rying fo account for the normal daily consumable antioxidant of healthy

people and also patients using clinical antioxidant therapy.
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CHAPTER ong
10 INTRODUCTIGN

Tea, a leaf extr
2 act of 3
Sk Camellia sinensis, is the second most consumed

beverage in the world w; :
With an estimateq 18-20 billion cups consumed daily and for

instance, an estimated ;
average consumption of 11, /person/ day in the United Kingdom

(Costal ef al., 2002). Originat; i
). Originating from China, tea has gained the World’s taste in the past

2000 years. Initi :
YESE Titally, o ms consumed only by Chinese Monks, but its use spread to

other regi s
glons, such as Great Britain, and other Western Countries. Nowadays,

consumption of tea is part of people’s daily routine, as an everyday drink and as a
therapeutic aid in many illnesses (Cabrera et al., 2003).

Depending on the manufacturing process, teas are classified into three major
types, namely, non-fermented green tea (produced by drying and steaming the fresh
leaves and fhus, no fermentation i.e. oxidation occurs); semi-fermented oolong tea
(produced when the fresh leaves are subjected to a partial fermentation stage before

drying); and fermented black and red (Pu-erh) teas which undergo a full fermentation

stage before drying and steaming, although the fermentation of black tea is oxidation

and that of pu-erh tea is attained using micro-organism (Zuo et al., 2002).

Worldwide, 80% of the tea consumed is black tea, which is also the most popular
orl 2

1ca. and North Affica (except Morocco), whereas green tea
drink in Europe, North America,

, in China and Taiwan (Wu and Wei,
... golong tea is popular in
is drunk throughout Asia: 0
e ; ps.s.llld
) 4 *‘“‘,'a’i‘gn"[:ﬂmc ‘
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components in foods ¢
ould expand the role of diet in disease prevention and treatment

(Mandel ez al., 2006).

There are already growing evidence that polyphenols reduce the risk of heart
disease and cancer in humans (Vanessa and Williamson, 2004). In some studies, tea has
been associated with anti-allergic action (Yamameto et al., 2004) and antimicrobial
properties (Paola ef al, 2005). Further studies have demonstrated that the co-
administration of drugs with catechins from tea increases the bioavailabilitv of some
drugs (Hang ef al., 2003).

Moreover some epidemiological studies have associated consumption of tea with

a lower rislg of several types of cancer including those of the stomach, oral cavity,

ffective chemo preventive agent
oesophagus and lungs. Therefore, tea appears to be an effective P g

jcals and carcinogens (Cabrera ef al., 2003; Hakim and Chow, 2004).

for toxic chem




11 AIMS AND ORJGCTIygg

The broad aim and ok
objective .
of this study is to develop optimal conditions for the

extraction of antioxid,
ant
S from selected ten samples from Ogun State by studying the

extraction kinetic and th i
e i :
activity of antioxidants. To achieve this, specific objectives of

the research are:

i. To investigate in the kinet;
; e kinetic of extraction of tea sample
ii.  To determine the antioxidant activity of the extract.
iii. Tod ineti
evelop the kinetics and thermedynamics of the extraction under different
process parameters such as temperature and contact time.

iv.  To develop a mathematical model for optimal extraction condition.

12 RESEARCH METHODOLOGY

The adopted procedure for achieving the stated research objectt

scheme of activity below as is depicted in Fig. 1.
Specific activities

i Sourcing, drying and preservation of tea samples.

Hot extraction of the tea samples at different temperatures and contact times.

the antioxidant activity of th

ii.
ination of e extract derived from (ii) above.

iii.  Determind
iv. Investigation of kinetics of the exir
such as temperature and contact ime-
wid
3 sRABAY L’i ifl‘:f !

& Y o
L pEBU- mo g

|'

ives are itemized in a

action under different process parameters

=3




DETERMINATION OF
ANTIOXIDANT

ACTIVITY

s

REPORT WRITING, RESULTS

| BEFECT OF

TEMPERATURE

EVALUATE
OF
KINETICS

Fig. 1.1: Schematic Represent

ation of Research Methodology

CONTACT TIME




2.0 LITERATURE REVIEW .

21 TEAPLANT Camelliq Sinensis
Even though the t
g . ;
©1ea plant is cultivated all over the world, it was originated from

somewhere. The eco- :
Physmlogy of the commercially grown tea plant is closely linked

with the climate to which ;
ch it a i i
dapts. Tea has been cultivated for centuries beginning in
India an i ia si i
d China. Now Camellia sinensis is cultivated worldwide (Cazr, 1972)
Tea is now distributed worldwide and not as the last centuries when it was
consumed only by Chinese Monks, it is estimated that average consumption of one liter

pet person in a day in the United Kingdom (Costal, 2002). Approximately, 76-78% of

the tea produced and consumed is black tea. 20-22 % is green tea, and 2% is volong tea
(Costal er al., 2002; Zuo et al., 2002).

The chemical composition of tea is complex polyphenols, alkaloids (caffeine,

theophylline and theoloromine), amino acids, carbohydrates, protein, chlorophyll

ride, minerals and trace elements, and other undefined

volatile compounds, fluo

g these, the polyphenols co!
antioxidant activity in vitro and vivo (Wu and Wei,

d i nstitute the most interesting group of tea
compounds. Am

leaf components and exhibit potent

2002).
idered a medicine and 2 healthful beverage since ancient times,
si

Tea has been ¢
1 of attention because tea polyphenols are strong

i ea.
but recently it has received 2 great d




antioxidants. Oxidat;
g alive streg
s h
2 been shown to be inyolved
ved in the pathogenesis of

eng et !
Mrasten al., 2001; Embola et al., 2002).

SOme epid 2
emiolopic ;
gical studies have associated the consumption of tea

with lower risk of s
everal ¢ . I
ancers ncluding stomach, oral cavity, oesophagu d 1
> 5 phagus, and lung

cancers (Xie er al., 1998.
> Amentana et al., 2002; Kondo ef al., 2002), Tea appears

therefore, to be an .
effective ¢ " ‘
hemo preventive agent for toxic chemicals and carcinogens

(Embola et al., 2002).

Numerous studi

i

es have also demonstrated that the aqueous extract of the major
tea polyphe: i i i

polyphenols possesses anti-mutagic, anti-diabetic, and anti-inflammatory qualities

(Feng et al., 2001, Xie et al.,, 1998; Amentana ef al., 2002, Kondo et al., 2002)

22 BIOLOGY AND ECOLOGY

An evergreen shrub, which can grow up to 17 m high in cultivation, it is usually

kept below 2 m high by pruning. Leaves of Camellia sinensis is bright green in colour
and the leaves are shiny, often the leaves are hairy underside. Another part of Camellia

owering part of it which is scented, oceurring singly or in clusters

sinensis plant is the fl

of two to four.
o divided into fruit part, and the fruit’s colours are

ellia sinensis is als
one to four spherical flatte

Cam
red seeds (Van, 2005). Tea plant

brownish-green, containing

iq si i inensis and Camellia sinensis var. asssaica,
i jeties: Ilig sinensis versine
is of two varieties: Came
inensis var: sinensis i hardier than Assam tea, and has relatively
o Si .

narro are used 10 produce
w leaves: Its leaves
6

The Camelli
green tea and china black tea.

small and




Van, 2000).

23  SCIENTIFIC CLASSIFICATION

< p C
e B
Th ant am llla Sinensis can be Scxelltlilcally

according to Integrat i
grated Taxonomic Information System (ITIS) standard on Taxonomy

Kingdom

Sub-kingdom :
Infra-kingdom :

Super-division:

Division
Subdivision
Class
Superorder
Order
Family
Genus

Species

Plantae
Viridi plantai
Streptophyta
Embryophyta
Tracheophyta
Spermatophyta
Magnoliopsida
Asteranaé
Ericales
Theaceae
Camellia

Camellia sine

nsis (L) Kuntze




2.4 IMPORT
ANCE Op Cameilig Sinensiy

2.4.1 Nutritiona}l Importan,
3

Tea is the most ;
0st import
ant &
Ron-aleoholic beverage in the world, and over three

million tonnes are
grown annual :
1y A major beverage which has given rise to a variety

01 SOCial CODVention i i ST
1 d]ff (&1} parts of th Japan, and
e world (SuCh as tea ceremonies in ap

the concept of a tea br i itai
eak in Britain); also tea is consumed worldwide even as part of

breakfast, for instan fiad 1
ce United kingdom, a litre per person in a day (Costal ef al., 2002).

242 Medicinal Importance
Cam“ellz'a sinensis has been considered a medicine and a healthful beverage since

ancient times. Tt has been recommended for headaches; body aches and pains, digestion,

depression, detoxification, and also act as: antioxidant activity, anti-mutagenic and anti-

carcinogenic potential, anti-hypertensive effect and cardiovascular disease risk, oral

health, solar ultraviolent protection and body weight control (Vision ef al., 1995).

2,43 Industrial Uses

sed in the last centuries as ornamental plants, and to

Camellias have been u
ide food from fermented youns leaves, cosmetics, culinary, and industrial oils, high
provide foo

fuel and tea. In Japan,

lling and dried is an integr

green tea made from leaves of Camellia

grade charcoal for
¢ been steamed: T

al component of the tea

sinensis_that hav

ceremony (Hill ef al., 1997)-




Besides, camellias has
3 have e

. 2

0 used ip Japan in textije ceramics, brewi li
fi ] , brewing, cooling,
tools, Printing, crafig farmin,
- s . , g,
cosmetics (Aguiree ¢f al., 2013)

household utensils,
fuel, medicine and food stuffs and

25  ANTIOXIDANT

Antioxi i

oxidant is a substance that inhibits oxidation, especially one used to contract
the deterioration of stored product. They are chemicals (both naturally occurting and
man-made) that can prevent or slow cell damage. Antioxidant is actually not a
substance, its behaviour. Any compound that can donate electrons and counteract frec

radicals has antioxidant properties.
An antioxidant is a molecule that inhibits the oxidation of other molecules since
oxidation is a chemicals reaction that can produce free radicals, leading to chain reaction

that may damage cells. Antioxidants such as thiols or ascotbic acid (Vitamin c)

terminate these chain reactions.

The term “antioxidant” is mainly used for two different groups of substances;

industrial chemicals which are added to products to prevent oxidation, and natural
dy tissue which are said to have beneficial health

chemicals found in foods and bo

effects.
- o d animals maintain complex systems to
dative state, plants an
To balance the 0X1
ants, such as “glutathione and enzymes (e.g catalase and superoxide
5

overlapping antioxid




of beta-carotene, Vitami
< amin A s ] v
and Vitamin singly or in different combinations found no

effect on m i
| ortality rate (Abner ¢ al., 2011) and cancer risk, or may even increase cancer
risk (Cortes-Jofre etral, 2012; Jiang et ai., 2010),

Industrial antioxidants have diverse uses, such as food and cosmetics
preservations and inhibitors of rubbet or gasoline deterioration (Dabeltein et al., 2007).
Although certain levels of antioxidant vitamins in the diet are required for good health,
there is considerable doubts as to whether antioxidant-rich foods or supplements have
anti-disease activity; and if they are actually beneficial, it is unknown which antioxidant

(s) are needed from the diet and in what amounts beyond typical dietary intake (Stanner

et al., 2004; Shenkin, 2006; Woodside, 2005).

Some authors dispute the hypothesis that antioxidant vitamins could prevent

(Stanner et al.; 2004), while others maintain such a possibility is

e beginning (Hail et al., 2008). Although dietary

chronic diseases,

unproved and misguided from th
i i tial effects on neurodegenerative diseases
ioxi stigated for poten
antioxidants have been V€
parkinson’s disease, and amyotrophic lateral scierosis,

e
such as Alzheimer s disease,

ito, 2003; Rao and Balachandren, 2002).
0sito, >

(Dimatteo and Esp
HAm ALEISMEE

GLYTE. HMIC
- ‘o P seu-cee. g

 WIRRARY




al., 2001).

Drring exercise, OXygen consumption can increase by a factor of more than 10
(Dekkers et al., 1996). However, no benefits for physical performance to athletes are
seen with Vitamin E supplementation and six (6) weeks of Vitamin E supplementation
had no effect on muscle damage in ultra-marathon runners (Mastaloudis et al., 2006).
Other studies indicated that antioxidant supplementation may attenuate the

cardiovascular benefits of exercise. Some research suggests that supplementation with

amounts as high as 1000 mg of Vitamin C inhibits recovery (Close ef al., 2006).

Relatively strong reducing acids can have anti-nutrient effects by binding to

dietary minerals such as iron and zinc in the gastro intestinal tract and preventing them

sorbed (Hurrell, 2003). Notable examples ate oxalic acid, tanning nd

from being ab!
plant based diet (Hunt, 2003). Calcium and iron

phytic acid, which are high in

on in diets in developing countries where less meat is eaten

deficiencies are not uncomu

tion of phytic acid from beans and unleavened whole grain
P

and there is high consum™

bread (Gibson ef @l-s 2006)-
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THREE
30  MATERIALS gnp METHOD

31 MATERIALS

3.1.1 Plant Materialg

The ,Study was ¢
ond :
tcted at ljebu-Igho Station market, Oke-Sopin , ljebu North

Local Government ar
ea .
of Ogun State, Nigeria ljebu-North Local Government is

situation at Lati ° 570
e 65, 57N » 0" Longitude 40, 0E. Four brands of tea samples were

selected :
and procured from the from supermarket in ijebu-Igbo, Ogun State, in the year

2016.

The tea samples were labelled appropriately and kept in a cool dry place priot to
the analysis. The samples were obiained from supermarket in the town of Jjebu-Igbo
Ogun State, in the year of 2016. The tea samples gotten are; Lipton vellow label tea (a
black tea), Hillway green label tea (a black tea), Toptea (a black tea) and Hillway gold

label tea (a green tea)

The samples had been manufactured in commercial factories using standard

g conditions. Black tea had been manufactured using physical withering up

fermentation at 24°C for 1-2 hours and a

manufacturin,

. hours,
to 50-65 % moisture contents for 18

4 drier at 120°C for 20-25 minutes. The green tea had been

final firing in 2 fluid be
g gtandard green tea
ed drier at 12°C for 20-25 minutes.

manufacturing procedures of steaming for lhour

manufactured usin

and then final firing in & fluid b




312 Apparatus

313 Chemicals

The chemicals and Teagents used in the experiments such as sodium nitrite
(NaNO,), sodium hydroxide (NaOH), aluminjum chloride (AICL) were of analytical
grades (AnalaR), obtained from Sigma Aldrich Chemical Co USA, and used without
further purification. Also, distilled water was in the experiment for the preparation of

reagents.

3.1.4 Equipment

All mass measurements were done using 4-figure analytical balance (Model MT

PB153-S) Also Ultraviolet-visible spectrophotometer  (Model - T60V

ometer) was used to determine the absorbance of the extract.

Spectrophot




32 METHODS

3.2.1 Preparation of Tea ey, o
act

A bag each of ¢,
€4 sampleg :
A, B, C, and D. 100 ¢y PRSP i o different 250 om? beakers labelled as
: § 3 £ ] o cm 0f h s
SRUERT s temperature was added into each beaker

the mixture was allow
ed to :
stay for 5 Tminutes, 10 minutes, 15 minutes, and 20 minutes

5 em® of the mixture
was
taken from each of the beakers for the antioxidant activity
using UV —wvisib]
© Spectrophotometer. The procedure was repeated using 55°C, 65°C,

and 75°C.

3.2.2 Preparation of Reagents
i. 5 %"/, sodium nitrate (NaNO;) was prepared by weighing accurately 5 g of

NaNOj; using analytical balance into a beaker and dissolved in 100 ml distilled water

in a 100 ml standard volumetric flask.

ii. 10 %"/, aluminium chloride (AICL;) was prepared by weighing accurately 10 g
AlCl; using analytical balance into a beaker and dissolved in 100 ml distilled water

in a 100 ml standard volumetric flask.

droxide (NaOH) was prepared b
aker and dissolved in 100 ml distilled water in a

y weighing accurately 4 g NaOH
iii. 1.0 M sodium hy

ytical palance inte 2 be

¢ flask.

using anal

100 ml standard volumetri

e e




32.3 Determinatiop of Tata] Flavopeig

assay developed by Ba, (2005). 5.9 em® of the eXtract was added 5 03 ol oF 5

%,
NENOs 8t 2ero time. Afler Sring, 0.6 g of 10

%"l AICL; was added and after 6mins,
2 a0l Of IM NaOH was added to the miggee followed by the addition of 20 ml of |

distilled water. Absorbance wag read at 510 nm against the reagent blank and flavonoid |

content was expressed as mg equivalent,
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Table 4.5: AntiOXida
nt activity
of

Temperature  Liptoy Tea
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4.2 DISCUSSION

The rate i foxi
of extraction of antioxidant present in four brands of tea samples

namely [ i
Y Lipton, Hillway green label, Topteg, Hillway gold label were investigated and

showed t o
he reasonable amount of antioxidant present in brands of teas at different

temperature ang different contact time.

The table 4.1 shows that the highest amount of antioxidant (0.701 mg/ml) was
obtained from Hillway gold labe] tea at 20 minutes whereby Hillway green label tea had
the lowest obtained antioxidant of (.236mg/ml at 5 minutes contact time; in which the

extraction temperature was maintained at 45°C.,

Table 4.2 indicates the activity of antioxidant obtained at 55°C. Here, Hillway

green label tea had a highest antioxidant of 0.881 mg/m] obtained at 20 minutes contact
time, whereas the Hillway gold label tea had the least extracted antioxidant of 0.329
mg/ml at 5 minutes. Both Toptea and Lipton had a reasonable amount of antioxidant at
different tirr;e interval.

Table 4.3 reveals the extraction obtained at 65°C and different time interval of §
minutes, 10 minutes, 15 minutes and 20 minutes. 1.081 mg/ml of antioxidant was

obtained from Hillway green label tea which seemed to be the highest obtained at 20

inutes contact time, whereas 0.520 mg/ml of antioxidant was got at 5 minutes for
minutes 2

Hillway gold label tea.




antioxidant obtai
ined of 0.920, 0,980, 0.982, and 1.004 mg/m] a1 Sminutes, 10 minutes,

15 minutes and 20 minutes respectively. Tough Hillway green label had 1,007 mg/ml at
20 minutes whereas Hillway gold label tea had 0.581 mg/ml of 5 minutes,

Table 4.5 reveals the activity of extraction obtained at 5 minutes and different
temperature-rtlsoc, 55°C, 65°C and 75°C. A temperature increases; there is steady
increase in the amount of oxidant obtained, The highest amount of oxidant was obtained
for all the tea brands at 75°C,

Table 4.6 indicates the amount of antioxidant obtained at 10 minutes contact
time. Lipton tea had 0,767 mg/ml and 0.980 mg/ml at 45°C and 75°C respectively.
Hillway green label tea had the antioxidant of content from 0,376 mg/ml to 0.989
whereas Toptea and Hillway Gold label tea showed variation in extraction at 55°C.

Table 4.7 shows that 1.013 mg/m! of highest antioxidant was obtained at 75°C
with 15 minutes contact time for Hillway Green label tea whereas 0.952, 0.869 and
0.850 mg/mrl were obtained for Lipton, Toptea and Hillway God respectively. Also,
there is close relationship between the amount of antioxidant obtained at 65°C and 75°C
as shown from the figure 4.7.

Table 4.8 reveals that highest amount of antioxidant was obtained for Hillway
when contact time is 20 minutes and lowest amount of antioxidant

Green Tea at 75°¢:

4 W i & si g 20 minutes as conta
obtai red for the same brand of tea at 45°C u:
0. 11 mg/ml as ntact

time.




Lipton tea, Toptea and Hillway Gold labe] tea had consistency increase in

amount of antioxidang extracted as function of contact time,




CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
3.1  CONCLUSION

5.0

The chemi iti i
chemical composition of tea is complex polyphenols, alkaloids (caffeine,

theophylline, and th : ; :

eoloromine), amino acids, carbohydrates, protein, chlorophyll
volatile compounds, fluoride, minerals and trace elements, and other undefined
compounds. Among these, the polyphenols constitute the most interesting group of tea
leaf components and exhibit potent antioxidant activity in vitro and vivo (Wu and Wei,

2002).

The study evaluated the kinetics of extraction and antioxidant activity of brands
of tea sold in Tjebu-Igbo, Ogun State. The antioxidant contacts and activity as a function
of polyphenols and flavonoids was investigated of different contact time.

The kinetic data obtained at contact time of 5 minute, 10 minutes, 15 minutes
and 20 minutes, were computed alongside with the temperature of mixture of 45°C,

559C, 65°C and 75°C.

The four brands of teas had a reasonzble quantity of antioxidant a* different

temperature and different contact time. Hillway green label teas (a black tea) revealed

gk comtacts of antioxidant whereas top tea (a black tea) had lowest amount of

antioxidant.
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52  RECOMMENDATION

The study revealed the presence of antioxidant in the four brands of tea samples

in ljebu-Igbo, Ogun State. The teas can be recommended as a diety supplement for i

antioxidant. Also, the extraction condition of temperature not less than 75°C and contact

time of 15 minutes were recommended for optimum extraction of antioxidant from the
four brands-of teas samples.

Lastly, further analysis is recommended in order to confirmed the efficiency and

potent of the antioxidant obtained from the teas sample against oxidative stress and

related diseases associated with oxidative stress.
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