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ABSTRAKT

Teoreticka ¢ast zahrnuje charakteristiku zelenych ¢ajii, vyrobu matcha Caje a stru¢ny popis
biologicky aktivnich latek s diirazem na polyfenolické latky. V experimentalni ¢asti A byly
za vyuziti metod spektrofotometrickych a chromatografickych stanoveny polyfenolicke
latky a hodnoty antioxidacnich aktivit vodnych vyluht z matcha caje, pfipravenych pii
60, 70 a 80 °C pfi dobé luhovani 3 a 5 minut. V experimentalni ¢asti B byla vyuzita
gravimetricko-enzymaticka metoda pro stanoveni hodnoty stravitelnosti technikou in vitro
a pripravu nestravitelného podilu matcha ¢aje. V nestraveném podilu ¢ajovych listl, stejné
jako v nativnim vzorku matcha, byly stanoveny polyfenolické latky a hodnoty
antioxida¢nich aktivit. Na zaklad¢ naméfenych dat byl vypocitan retenéni faktor, ktery udava
podil biologicky aktivni latky neuvolnéné po simulaci procesu traveni. Vysledky
experimentalni casti A ukazuji, ze pro jednotlivé stanovované polyfenolické latky je
vhodné;jsi jina teplota extrakce k jejich kvantitativnéj$imu vyluhovani. Dale nebyl prokazan
signifikantni vliv na zvySeni koncentrace polyfenolickych latek ve vyluhu pii del§i dobé
extrakce. VSechny vzorky obsahovaly vysoké koncentrace zejména kyseliny kavoveé,
EGCG, EGC, EC a ECG. Hodnoty stravitelnosti matcha ¢aji se pohybovaly od 69,6 do
79,3 %. Nejvyssich hodnot retence v nestraveném podilu dosahly kyseliny gallova (6—-28%),
ellagova (8-19%) a rutin (9-19%). Vysledky méfeni ukazaly, Ze i po procesu simulace
traveni v podminkéach in vitro, nestraveny podil ¢ajovych listd stale obsahuje nezanedbatelné
koncentrace polyfenoli a vykazuje zbytkové hodnoty antioxidaéni aktivity. Tyto
polyfenolické latky, pfevazné vazané na zbytkovou slozku vlakniny listt, se tak mohou
dostat az do tlustého stfeva a mohly by zde piisobit napt. jako antioxidanty ¢i latky

rrrrr

sloZzeni matcha €ajii a jeho moznych podplrnych zdravotnich benefitech.

Klicova slova: Camellia sinensis L., matcha, zeleny ¢aj, polyfenol, katechin, antioxida¢ni

aktivita, in vitro stravitelnost, HPLC



ABSTRACT

The theoretical part includes the characteristics of green teas, the manufacturing of matcha
tea, and a brief description of biologically active substances, emphasizing polyphenolic
substances. In experimental part A, polyphenolic substances, and the values of antioxidant
activities of aqueous extracts from matcha tea prepared at 60, 70, and 80°C at infusion times
of 3 and 5 minutes were determined using spectrophotometric and chromatographic
methods. In experimental part B, the enzymatic-gravimetric method was used to determine
the value of digestibility by in vitro technique and the preparation of the indigestible part
of matcha tea. Polyphenolic substances and the values of antioxidant activities were
determined in the undigested part of tea leaves, as well as in the native matcha sample. Based
on the measured data, a retention factor was calculated, which indicates the portion
of biologically active substance not released after the simulation of the digestion process.
The results of experimental part A show that for the individual polyphenolic substances
determined, a different extraction temperature is more suitable for their more quantitative
leaching. Furthermore, there was no significant effect on increasing the concentration
of polyphenolic substances in the extract during longer extraction times. All samples
contained high concentrations, especially caffeic acid, EGCG, EGC, EC, and ECG.
The digestibility values of matcha teas ranged from 69.6 to 79.3%. Gallic acid (6-28%),
ellagic acid (8-19%), and rutin (9-19%) reached the highest retention values in the
undigested part. The results of the measurements showed that even after the process
of simulation of digestion in vitro, the undigested part of tea leaves still contains significant
concentrations of polyphenols and shows residual values of antioxidant activity. These
polyphenolic substances, mainly bound to the residual component of the leaf fiber, can thus
reach the large intestine, and can act there, for example, as antioxidants or substances with
anti-inflammatory effects. This diploma thesis thus raises awareness of the polyphenolic

composition of matcha teas and its possible supportive health benefits.

Keywords: Camellia sinensis L., matcha, green tea, polyphenol, catechin, antioxidant

activity, in vitro digestibility, HPLC
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INTRODUCTION

Tea is one of the most consumed beverages all over the world. The history of tea began
approximately 4000 years ago in ancient China. According to the myth, tea was discovered
accidentally when the Chinese Emperor Shennon was boiling water and a few tea leaves fell
inside. After he tasted it, he was surprised by its delicious smell and flavor. From China, tea
started to spread to India and Japan first, then it reached the western world. Nowadays,
drinking tea is becoming more and more popular because of the well-known health benefits

that come with its consumption [1].

There are a lot of different kinds of tea. To be defined as tea, it has to be made of the plant
called Camellia sinensis L. These are black tea, white tea, green tea, oolong tea, and pu-erh
tea. Teas known as herbal teas, such as mint, chamomile, or fruit teas are not technically
teas, as they do not come from Camellia sinensis L. This work is going to focus on green
tea, especially matcha tea, as a special kind of green tea [2]. The difference between the
various types of teas appears due to different times of harvest, growing conditions,
production processes, and others. Green tea is high in polyphenols like catechins and
phenolic acids, as well as antioxidants, chlorophyll, vitamins, amino acids, minerals, and
other nutrients. Because of its richness of bioactive substances, it has many positive effects
on the human body. For instance, we can highlight the reduction of the level of blood
pressure, cholesterol, sugar, and fat in the blood, improving liver detoxification, as well as
helping oneself with maintaining body weight. It has antibiotic effects and works against
viruses and fungi, while it also protects the denture from dental flaws. Many medical studies
have proven that green tea shows also antitumor efficacies. It can stop the growth of tumor
cells and prevents the spread of metastases [3]. While green tea, in general, is usually bagged
or loose, matcha is in the form of soft powder. Therefore, when you drink matcha tea you
consume the whole tea leaves, not only leaves brewed in hot water. This is the reason why
matcha teas contain a higher number of biologically active substances than normal green tea

and might have a bigger impact on the human body.

Since matcha tea may be consumed directly in the form of all leaf parts, there is still little
information on the digestibility values and releasing ability of biologically active substances
during digestibility. Therefore, a two-step in vitro digestion process with pepsin
and pancreatin under 37°C was applied. It was aimed at measuring the antioxidant activity

and contents of individual phenolic acids, and flavonoids in native and undigested parts



TBU in Zlin, Faculty of Technology 11

of matcha teas using high-performance liquid chromatography and spectrophotometric

method.
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I. THEORY
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1 GREEN TEA PRODUCTION

Green tea is obtained from the plant Camellia sinensis L. This plant requires a humid
and warm climate, lots of rain, drained soil, and diffused light. The quality of tea depends
on the climate, altitude, type of soil, and the processing techniques. From the same tea
leaves, it is possible to produce variable types of teas, according to the different types
of processing. Fresh tea leaves are harvested either by mechanical or hand plucking.
Mechanical plucking is faster, easier, and more efficient. However, hand plucking has
a higher uniformity. Teas of the highest quality are mostly hand-plucked. After plucking,

the tea leaves are moved to tea factories, and the manufacturing process starts [4].

Figure 1 Camellia sinensis L. [5]
1.1 Green tea manufacturing

Various types of green tea are manufactured a little bit differently but the most important

steps are described below.

1.1.1 Plucking

As already mentioned above, plucking can be done by hand or mechanically. The picker
uses his thumb and forefinger and picks the shoots that usually include the terminal bud with
two or three adjacent leaves. Plucking by hand is the most expensive and the most difficult
way of picking. Therefore, the green teas of the highest quality are often hand-plucked.

Tea harvesting seasons can be either three or four. It depends on the altitude and latitude

(61171
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1.1.2 Fixing

To inhibit fermentation, prevent oxidation and maintain its green color, it is necessary
to deactivate the enzymes. The degradation of enzymes causes the typical green liquor.
This is done by applying high heat. The two main fixing methods for green tea are steaming
and pan-frying. Steaming, mainly used in Japan, results in higher polyphenolic content,
antioxidant bioactivity, and more color than pan-frying. This method was developed

in China where the leaves are directly exposed to a high heat source on a dry pan [6].

1.1.3 Rolling, shaping, and drying

The next step after fixing is rolling. This causes the release of leaf moisture, disruption of cell
walls, and shaping of the final product. Rolling can last from ten minutes to one hour.
It depends on the age of the leaves. Older leaves need a longer duration of rolling compared

to young leaves [6][7].

After rolling shaping follows. Tea leaves can be shaped into different forms. Those can be,
for example, either flat, compressed, round, ground powder, or flaky. The size of the leaf
pieces determines the grade of the tea. Young leaves and full buds have higher grades than

tea dust that is usually used to produce tea bags [6][7].

Leaves after shaping go through the process of drying. The main methods used are pan-
drying, baking, sun-drying, and basket drying. The time of drying depends on the method
applied. It can be from twenty minutes to overnight. Pan-dried tea products keep a better

aroma compared to the sun or air-dried teas [6].

1.1.4 Green tea quality

The major impacts on green tea quality are climate, soil, and altitude. Even though the yield
of tea decreases with the increasing altitude, the quality of tea gets better [8]. Green tea

requires adequate sunlight and proper shading [7].

Other important effects are cultural practices, processing technology, fertilization,
and plucking methods. The height of the tea plant, the number of leaves it produces, and the

duration of the harvest of each type of green tea differ depending on the weather [7].

1.2 Matcha tea manufacturing

Matcha tea is a special type of green tea. It also comes from the plant Camellia sinensis L.

but the growth, harvest, production, and substances contained are significantly different.
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Matcha tea has its origin in China but it became a part of Japanese culture around 800 years
ago. The Japanese improved matcha manufacturing hence matcha tea from Japan
IS becoming more and more popular in Europe and the United States [9]. In Japan, it is grown
and produced in two major regions named: Uji in Kyoto and Nishio in Aichi Prefecture [10].
Matcha tea is unfermented, steamed, and dried in the form of powder where the whole tea
leaves are ground. Therefore, it contains all of the nutrients, vitamins, and minerals while
it has a greater impact on the human organism since no important compounds are lost during
the process. The highest grade of matcha is said to be from three Japanese cultivators:
okumidori, yabukita, and samidori. These three cultivators have a history that spans back

many hundreds of years [11].

1.2.1 Matcha cultivation

The most important part of the production process is shading. Two to six weeks before
harvest the tea leaves are completely shaded by rice straws or bamboo mats. The harvest is
usually in May and only new tea leaves are picked. The reduction of sunlight causes
the reduction of photosynthesis and leads to a higher amount of chlorophyll and amino acids
in the final product. Chlorophyll is responsible for the typical bright green color of matcha,
and the number of amino acids leads to its umami flavor. The final product is mouth-watery

and sweet without any traces of bitterness [10][12].

1.2.2 Matcha manufacturing

After the harvest, tea leaves are steamed for around 20 seconds at a very high temperature.
This process stops the enzymatic reactions and prevents the loss of green color and nutrients.
When the steaming process is finished, tea leaves go to the blower, where they are blown
and dried. After drying, tea leaves are sorted by grade and cleaned from stems and veins.
The part that remains is called tencha [11][12][13].

1.2.3 Matcha grinding

The final step of matcha production is grinding. This used to be done manually in the past.
Today large granite wheels are used. The grinding process is quite slow as it usually takes
one hour to grind 30 to 40 g of tea leaves. The final particles are about 4 pum. The final
powder is vacuum packed and put in the freezer to prevent oxidation and flavor loss
[12][13][14].
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1.2.4 Matcha preparation

The water temperature is crucial to preparing matcha tea. The water should be between
70 to 80°C. In case the water is too hot, it will result in a bitter taste [15]. Another way
of preparing matcha is by cold brewing. This can be done by mixing matcha powder with
water between 20 — 40°C even ice can be added. Matcha as a cold drink prepared according
to this method may be consumed immediately or may be stored in a fridge for up to two

days. As an alternative, water can be replaced with coconut water [16].

Another important step is the mixing technique. In Japan, there is typically a bamboo whisk
used to mix matcha powder and water. In European countries, it is possible to see alternative

ways, for example, a shaker or mixer [15].

1.3 Other Japanese green teas

There are roughly twenty different types of green tea in Japan. The differences are based
on altitudes, regions, production processes, and how they are grown. These aspects lead
to the different tastes, caffeine levels, health benefits, etc. The most important Japanese

green teas are mentioned below [17].

Sencha is the most consumed and the most exported tea in Japan. The youngest tea leaves
are used for this kind of tea. Therefore, it contains a lot of nutrients. In contrast to matcha
tea, sencha tea is sun-grown. The leaves are like dried grass as they are thin and long. Their

smell is very refreshing. After brewing, it has a nice yellow color [18].

Tencha tea is grown in the shade and all the stems and veins are removed. This tea is used

for matcha production. It has the shape of little green flakes [19].

Gyokuro tea is also grown in shade approximately around three weeks before harvesting.
It is one of the priciest teas. It is a tea of high-quality and richer in caffeine. This tea can also

be used for matcha production [18].

Bancha tea is grown in sunlight. The leaves used are older. Therefore, it contains a less
amount of caffeine and the flavor is more robust. The harvest takes place later than the

sencha harvest [19].

Genmaichatea is blended with roasted brown rice. Sencha, gyokuro, bancha, and sometimes
also matcha can be used for genmaicha. The ratio of pure tea and brown rice is 1:1.
The addition of rice reduces the bitter flavor, and the final product is having a nutty and

sesame smell and flavor [19].
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Hojicha tea is a very specific one because it’s a roasted tea. It contains less amount

of caffeine compared to other teas. It is frequently used for iced tea preparation [19].
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2 BIOACTIVE SUBSTANCES IN GREEN TEA

Green tea contains various types of components. Around 15-20% of proteins are present.
Those are formed from amino acids such as valine, serine, arginine, glycine, leucine,
glutamic acid and aspartic acids, tryptophan, tyrosine, etc. Green tea is also rich in mineral
and trace elements. The most common ones are phosphorus, chromium, calcium, zinc,
copper, magnesium, manganese, iron, cobalt, fluorine, and selenium. Also, vitamins B2, Bs,
C, E, and K can be present. It is a source of lipids and sterols, besides linoleic and a-linoleic
acids as representatives of fatty acids. Green tea is also full of xanthine bases, such as

caffeine, theophylline, and pigments, especially chlorophyll and carotenoids [20][21].

Regarding strong antioxidants, a very important group present in green teas is the group
of polyphenols. This includes phenolic acids, flavanoids (such as flavonols and catechins),
tannins, and lignans. Phenolic acids include two main groups of hydroxybenzoic
and hydroxycinnamic derivates [22]. Flavanoids are the most common and diverse type
of polyphenols. Typical flavanoids measured in green teas are catechins. Those are catechin,
epicatechin (EC), epigallocatechin (EGC), epicatechin-3-gallate (ECG)
and epigallocatechin-3-gallate (EGCG) [21].

2.1 Profile of biologically active substances in green teas

The number of polyphenols and other substances present in matcha tea depends on the time
and temperature of the infusion. Studies have shown that the highest number of polyphenols
appeared when tea was brewed between 5-10 minutes at 80 — 90°C [23].

2.1.1 Flavanoids

2.1.1.1 Catechins (Flavanols)

As mentioned above catechins are flavanoids of green tea. The basic structure of catechin
is also called “flavan-3-ol” and consists of a dihydropyran heterocycle with a hydroxyl group
on the third carbon and two benzene rings. Epigallocatechin (EGC) is a flavan-3-ol
containing a benzopyran-3,5,7-triol linked to a 3,4,5-hydroxyphenyl moiety.
Epigallocatechin-3-gallate (EGCG) is an ester of epigallocatechin and gallic acid [24].
EGCG is the most studied catechin of all because it is the most common one. Out of all
catechins, EGCG accounts for 65% and one cup of green tea might contain up to 200 mg
of it [25].
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Catechins show significant antioxidant properties. Therefore, it can be very helpful
in protecting against diseases caused by free radicals, such as cardiovascular
and neurodegenerative diseases and cancer. In various studies, green tea showed protection
against ischemic damage, Parkinson’s and Alzheimer’s diseases, as well as anti-diabetic
effects. Catechins also dispose of anti-mutagenic, anti-angiogenic, and hypocholesterolemic
effects in addition to showing anti-inflammatory, anti-aging, and anti-bacterial activity [25].

Catechins also help to fix DNA damage that was caused by UV radiation [21].

Catechins can scavenge free radicals. The phenolic hydroxyl groups on the B-ring
of epicatechin and epigallocatechin, as well as the B- and D- rings of epicatechin-3-gallate
and epigallocatechin-3-gallate, induce this. Catechins are stronger antioxidants than
vitamins C and E. The strongest antioxidant is epicatechin-3-gallate, followed
by epigallocatechin-3-gallate, epigallocatechin, and epicatechin. Catechin shows the least

effects as a free radical scavenger [25].

(+)-Catechin (-)-Epicatechin

HO O
- OH
“0H
OH
OH OH

(-)-Epigallocatechin
HO O
HO 0. -
“uy 0
OH OH

OH OH o

OH e

(-)-Epicatechin galate (-)-Epigallocatechin galate

Figure 2 Catechins structure [26]

Another important feature of catechins is metal chelation. Catechins have the ability to bind
metal ions like copper and iron. This feature supports the antioxidant activity by inhibiting
free radical formation catalyzed by metal. Other mechanisms of antioxidant effects are

enzyme inhibition, enzyme induction, and inhibition of transcription factor activation [27].
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Compared to leaf or bagged green tea, matcha tea consumption increases EGCG and other
polyphenols intake [28]. This is probably caused by the powder form of matcha. Therefore,
the antioxidant activity of matcha may be higher compared to other teas.

2.1.1.2 Flavonols

Regarding green and black teas, we can find flavonols such as myricetin, quercetin,
and kaempferol. Quercetin is the most important flavonol, followed by kaempferol
and myricetin. Green tea has a higher level of flavonols than black tea. The amount
of flavonols is influenced by the production process as well. It was proven that the extraction
from ground tea leaves contains a significantly higher amount of flavonols compared to the
extraction of whole tea leaves [29]. Flavonols have shown high biological activity,

and antioxidant ability and have been reported as anti-HIV-1 compounds [30].

The concentration of quercetin in aqueous solutions was only a little bit higher in matcha tea

than in “normal” green tea [31].

2.1.1.3 Flavones

Rutin is a glycoside that combines quercetin and the disaccharide rutinose. It belongs to the
group of polyphenols. Except for green tea, rutin is found in buckwheat, asparagus,
and citrus leaves. Rutin provides antioxidant and anti-inflammatory qualities, as well as

immune system support [23].

Compared to other beverages, matcha tea is the richest source of rutin. Matcha contains
almost 50 times higher amounts of rutin than green tea. Usually, matcha contains between
1220 — 1970 mg/l of rutin, and green tea only 37.0 mg/l. Compared to buckwheat which
Is considered an important source of rutin it contains around 62 mg per 100 grams. Rutin
and vitamin C show a synergistic effect. This means that they both positively support the

circulatory system and show antioxidant properties [23].

2.1.2 Phenolic acids

Phenolic acids are compounds that contain one carboxylic acid group. They are found
in plant foods such as fruits, seeds, and vegetable leaves. They are usually divided into two
groups: hydroxybenzoic and hydroxycinnamic acids. Hydroxycinnamic acids are derived

from cinnamic acid. The most typical ones are caffeic, sinapic, ferulic, and p-coumaric acids.
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Hydroxybenzoic acids are derived from benzoic acid. The most common ones are syringic,

protocatechuic, p-hydroxybenzoic, gallic, and vanillic acids [32].

Phenolic acids have many positive effects on the human organism. These are
anticarcinogenic, antimicrobial, antimutagenic, and anti-inflammatory effects. They have

also shown significant antioxidant properties [22].

2.1.3 Lignans

Lignans are a big group that belongs to polyphenols. They are phytoestrogens that support
the regulation of estrogen production in the human body. In the intestine, lignans are
transformed into enterolignans, enterodiol, and enterolactone by the bacteria. Enterolactone
decreases the risk of prostate, colon, and breast cancers, as well as cardiovascular diseases.
Lignans help to promote healthy body weight and reduce the risk of diabetes in addition

to insulin resistance [30].

2.1.4 Xanthine alkaloids

There are three xanthine alkaloids present in green tea: caffeine, theobromine,
and theophylline. All of them are derived from methylxanthines. These compounds have
an influence on various parts of human organism such as respiratory, renal, cardiovascular,
gastrointestinal, and central nervous system. They are consumed on daily basis as they are
occurring in various foods, such as tea, coffee, or chocolate. Their concentrations are
dependent on the genotype of the plant, and it has an impact on the taste of food

and beverages [33].

The amount of caffeine (1,3,7-trimethylxanthine) depends on the production process
and part of the tea plant used. Teas containing more tea buds usually have a higher level
of caffeine than teas containing stems and mature leaves. The caffeine level of tea leaves
differs from 1.4 to 4.5% by weight. The amount of caffeine is also higher in matcha tea
compared to other green teas [34]. Caffeine is beneficial for human organisms. It stimulates
the digestive and cardiovascular systems. Also, it has a positive effect on the nervous system.
It may increase focus and improve mood as well as alertness. Another benefit of caffeine is
that it burns fat because it increases energy. Therefore, it is used in supplements for weight
loss. Caffeine has protective features against heart diseases and anti-inflammatory

properties. Of course, it should be consumed in moderation [30].
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Theobromine (3,7-dimethylxanthine) is a bitter compound occurring in cacao, chocolate,
and Camellia sinensis L. Theophylline (1,3-dimethylxanthine) is found in cocoa, mate (llex

paraguariensis), and tea leaves as well [33].

2.1.5 Protein content and amino acids

One of the most important free amino acids is L-theanine. Out of all free amino acids
contained in green tea, L-theanine is representing nearly 50%. The amount of L-theanine
depends on the cultivation and production process. Studies say that the highest amounts are

contained in black tea [30].

Matcha contains a higher number of proteins and amino acids. Amino acids occur in a bound
form, but the free ones are more important as they support the umami taste [35]. L-theanine
is the most abundant amino acid. Shade growing leads to L-theanine not being broken down.
L-theanine also decreases bitterness. Together with caffeine, they can improve vigilance
and focus [34].

Other amino acids available in green tea are arginine, glutamine, asparagine, serine, valine,

glycine, leucine, glutamic acid, aspartic acid, tryptophan, and tyrosine [30].

2.1.6 Vitamins

Green tea contains vitamins C, E, B2, and folic acid. Vitamins C and E show antioxidant
and radical scavenging effects. The content of vitamin C is twice as high in matcha
as in ordinary green tea [36]. Vitamin C also prevents the flu and has a hypoglycemic effect.
Vitamin B maintains healthy skin and mucus membranes, folic acid prevents arterial

sclerosis and fetal neurol tube defects [37].

2.1.7 Mineral and trace elements

Tea is full of macro-, micro- and trace elements. There are calcium, sodium, potassium,
manganese, magnesium, zinc, cobalt, copper, iron, chromium, and nickel. Green tea is not
as rich in trace elements as black tea. What is known is that the plant Camellia sinensis also

cumulates aluminum at a high level [30].

When consuming matcha tea the whole tea leaves are consumed. It is necessary to pay
attention to the release of mineral and trace elements from the digestible and indigestible
parts as well. The content of mineral and trace elements in matcha depends on the cultivation

process and the geographical origin [38].
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2.1.8 Tea polysaccharides

Tea polysaccharides are soluble and insoluble fibers with a high molecular weight. It consists
of more than ten monosaccharides that are connected by glycosidic linkages.
Polysaccharides present in tea decrease the blood sugar level and slow down the absorption

of glucose. Therefore, it might be useful for people with diabetes [30].

Matcha tea contains up to 30% fiber. There are present both fibers which are soluble
and insoluble. Insoluble fiber consists of lignins (which belong to the group of polyphenols),
cellulose, and insoluble parts of hemicelluloses. The fiber content has an impact

on digestibility. The digestibility is increasing with lower fiber content [36].

2.1.9 Saponins

Tea saponins are triterpene glycosides. They are found in seeds, flowers, leaves, roots,
and stems. They are natural surfactants. Saponins help improve the bioavailability
of pollutants in contaminated soils [39]. In the human body, they show anti-fungal, anti-

allergic, anti-inflammatory, and anti-obese activities [40].

2.1.10 Pigments

Chlorophyll is responsible for the unique green color of matcha tea. Due to growth in the

shade, matcha tea contains a higher level of chlorophyll compared to other teas [34].

While ordinary green tea contains around 1.2 mg/g of chlorophyll, in matcha tea only the
concentration of chlorophyll a is approximately 4 mg/g. Concerning chlorophyll b in matcha,

its concentration is lower. It can occur in an amount up to 1.4 mg/g [36].

2.2 Potential health effects of matcha green tea

As mentioned above, matcha green tea displays many possible positive effects on the human
organism. Its consumption might prevent cancer, or it can be consumed as a support during
cancer therapy. EGCG is the anticancer compound in matcha. Studies in vivo have shown
that EGCG can suppress carcinogenesis at all stages [41]. It is related to the inhibition
of cancer cells’ growth and causing their apoptosis. EGCG is a strong antioxidant
and interferes with the inflammatory processes. Vitamin C and phenolic acids are also

known for their anti-cancer features [34].
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Inflammation is related to the production of reactive oxygen species. The component that
is associated with anti-inflammatory effects is EGCG. It scavenges free radicals and helps

to regulate the inflammatory condition and response [34].

Rutin and EGCG also show cardioprotective effects. These compounds decrease oxidative

stress, strengthen the blood vessels, and inhibit the activation of kinase protein [34].

According to many studies performed on traditional green tea, it shows antiviral properties.
Not enough studies were done on matcha tea. However, matcha has the potential to prevent
and inhibit infectious diseases. Catechins and quercetin show possible mechanisms against
Covid-19 infection [34]. Flavonoids especially ECG and EGCG decrease the propagation
of HIV retrovirus due to the inhibition of reverse transcriptase, which is an enzyme that

allows the virus to establish itself in a host cell [42].

EGCG, phenolic acids, and quercetin support the metabolism of carbohydrates. This is done
by inhibition of starch digestion, inhibition of gluconeogenesis, improvement of insulin

sensitivity, regulation of insulin release, and inhibition of glucose absorption [34].

EGCG seems to have anti-obesity and anti-diabetic properties. The mechanisms of these
features are likely to be connected to the modulation of the balance of energy, metabolism

of lipids and carbohydrates, endocrine systems, or food intake [42].

EGCG and caffeine are beneficial for the central nervous system. EGCG improves cognitive
function and mental clarity, inhibits free radicals, and lowers amyloid-f production in the
brain. Caffeine prevents brain aging, inhibits neuroinflammation, and overturns oxidative
processes [34]. As one of the reasons for Alzheimer’s and Parkinson’s disease development
is oxidative stress, the regular intake of matcha tea might prevent the occurrence

of neurodegenerative diseases [43].
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II. ANALYSIS
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3 OBJECTIVES OF THE DIPLOMA THESIS

This diploma thesis is aimed at determining the polyphenolic profiles and the antioxidant
activity of five different samples of matcha tea (Camellia sinensis L.) under defined leaching

conditions and after simulation of in vitro digestion.

The subjects of the theoretical part were the description of tea manufacturing and the
differences between classical green tea and matcha tea. Furthermore, the most typical

polyphenols and other substances appearing in matcha tea were described.

In the experimental part of this work, the matcha tea samples, chemicals, and equipment are

described in detail. Concerning laboratory analysis, the objective was divided into two parts:

a) to measure TPC, antioxidant activity values, and phenolic profiles of matcha tea under

different leaching conditions,

b) to determine the digestibility value of matcha tea, to prepare the undigested part of matcha
tea samples by applying in vitro digestion process, as well as to measure TPC contents,
antioxidant activity values, and phenolic profiles in both the native and undigested part of tea

leaves.
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4 METHOD SECTION

4.1 Devices

Micropipettes with adjustable volume

Analytical balance Kern ABT 200 — 4NM

Ultrasonic bath PS 04000A (Notus, Slovakia)

Laboratory oven Venticell, BMT a.s., MMM-Group

Magnetic stirrer IKA (Verkon, Prague, Czech Republic)

UV/VIS spectrophotometer Lambda 25 (Perkin EImer, USA)

HPLC Dionex Ultimate 3000 (Thermo Fisher Scientific, Waltham, USA)
Syringe filters with nylon membrane NY 0,22 um (Chromservis s.r.o.)
High-speed micro-centrifuge (DLAB D 3024, HPST s.r.0., Czech Republic)
In vitro incubator Daisy (Ankom Technology, Macedon, USA)

Thermo shaker TS-100 (Biosan, Vilnius, Lithuania)

4.2 Chemicals and reagents

Redistilled water (Aqua osmotic, Tisnov, Czech Republic)
Methanol (Ing. Petr Svec — Penta s.r.0.)

Standard of trolox (Merck, Darmstadt, Germany)
Standard of gallic acid (Merck, Darmstadt, Germany)
ABTS (Merck, Darmstadt, Germany)

DPPH (Merck, Darmstadt, Germany)

Na2COs (Ing. Petr Lukes)

Folin-Ciocaulteu reagent (Merck, Darmstadt, Germany)
K2S20s (Ing. Petr Lukes)

CH3COONa (Ing. Petr Lukes)

CH3COOH (Ing. Petr Lukes)
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e 0,1M HCI (Ing. Petr Lukes)

e Pepsin (E.C. 3.4.23.1) with an activity of 0.7 FIG-U/mg (Merck, Darmstadt,

Germany)

e Pancreatin — enzyme mixture of pancreatin with activities of 350 FIG-U/g protease,
7500 FIG-U/g amylase, and 6000 FIG-U/g lipase (Merck, Darmstadt, Germany)

o KH2PO4 (Ing. Petr Lukes)

e NA2HPO4.12H20 (Ing. Petr Lukes)

4.3 Samples of matcha teas

Five different commercial matcha tea samples were purchased online from food stores
in the Czech Republic. All matcha samples had an expiration date of either the 2022 or 2023
years.

Samples were identified as follows:

Sample 1 — ORGANIS Matcha Tea Premium, 100% powder of tea leaves (Camellia
sinensis), country of origin China. The information on individual nutrients that was provided

on the product label is presented in Table 1.

Table 1 Nutrition information - Sample 1

Nutrition information (100 g):

Energy 1545kJ/369kcal

Fats 19
of which saturated 08¢

fatty acids

Saccharides: 63 ¢
of which sugars 1g

Proteins: 26 ¢

Salt: 0g
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Figure 3 ORGANIS Matcha Tea Premium
Sample 2 — ALLNATURE Matcha Tea Premium, 100% tea powder made of Camellia
sinensis, country of origin China. The nutrition information is displayed in Table 2.

Table 2 Nutrition information - Sample 2

Nutrition information (100 g):

Energy 1545kJ/369kcal

Fats 19
of which saturated 08¢

fatty acids

Saccharides: 63 ¢
of which sugars 1g

Proteins: 26 ¢

Salt: 0g

Figure 4 ALLNATURE Matcha Tea Premium
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Sample 3—IMBIO Matcha Tea, 100% powder prepared from tea leaves (Camellia sinensis),

country of origin China. No nutrition information was available for this sample.

<

Figure 5 IMBIO Matcha Tea

Sample 4 — ISWARI Bio Matcha Tea, 100% of BIO matcha tea powder, country of origin
Japan. The nutrition information is displayed in Table 3.

Table 3 Nutrition information - Sample 4

Nutrition information (100 g):
Energy 1357kJ/324kcal
Fats 31g
of which saturated 08¢
fatty acids
Saccharides: 379
of which sugars 099
Fiber 329
Proteins: 21¢g
Salt: 0.03¢g
Vitamin C 163 mg
Magnesium 198 mg
Caffeine 3.2¢0
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Figure 6 ISWARI Bio Matcha Tea
Sample 5 — NATU Matcha Tea Bio, 100% of BIO matcha tea powder, country of origin

Japan. The nutrition information is displayed in Table 4.

Table 4 Nutrition information - Sample 5

Nutrition information (100 g):

Energy 1155kJ/275kcal
Fats 35¢9
of which saturated 0.7¢
fatty acids
Saccharides: 339
of which sugars 189
Fiber 31.2¢g
Proteins: 27.3¢
Salt: 0.01g
Vitamin E 19 mg
Vitamin C 196 mg
Potassium 2150 mg
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Figure 7 NATU Matcha Tea
All of them were obtained as loose-leaf tea, which was in the original 70-250 g packs.
Samples were kept out of the sunlight in an air-conditioned laboratory (20—22°C) no longer

than four months prior to all analysis.

4.4 Sample preparation for leaching ability measurements

Five different matcha tea samples were used to prepare matcha infusions under three
different temperatures. Half a gram (0.5 g) of powder matcha teas were weighed
and transferred into 50 ml beakers marked with a line. Then, 50 ml of redistilled water
of a temperature about 60, 70, and 80°C were added and the mixture was allowed to infuse
for 3 and 5 minutes while being stirred in a blender. Finally, samples were filtered through
a paper filter (type KA4), and the obtained filtrate was used for TPC and antioxidant activity
analysis. In the case of phenolic profile measured using HPLC, the samples were filtered

through a NYY syringe filter (0.22 pm).

4.5 In vitro digestion process

Firstly, the dry matter and ash contents of powdered form of matcha samples were
determined according to 1ISOs 1573 [44] and 1575 [45], respectively.

For the determination of digestibility values, the in vitro method that simulates the process
of digestion was applied. The digestion method was provided according to two sequential
steps: gastric (when pepsin as an enzyme was used) and intestinal (similarly, a mixture
of pancreatin was applied). Measurement was carried out in a Daisy incubator. For the
determination, the bags of the F57 type were used. The bags were submerged in acetone and
left to dry before the beginning. In each bag, approximately 0.5 g of matcha tea was

weighted. All of the bags were carefully sealed. To simulate gastric digestion, there were
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also 1.7 | of 0.1M HCI added as well as 3 g of pepsin while the sample bags were incubated
at 37°C for 2 hours. For simulating intestinal digestion, both 32.49 g of NazHP04.12 H20
and 3.09 g of KH2PO4 were dissolved in 1.7 | of redistilled water. After, the samples were
incubated at 37°C for 24 hours in a phosphate buffer containing 3 g of pancreatic enzymes.
After incubation, samples were washed with redistilled water and then dried on filter paper
at 105°C for 24 hours. Finally, the samples were burnt in a muffle furnace at 550°C
for 5.5 hours, then cooled and weighed. The in vitro digestibility values (%) were calculated

according to the equations 1-7:

Digestibility (%) = 100 — (%) x 100 (1)
DMR = mz —m; X ¢; 2
AR = my, —my X ¢; 3)
DM == 4
oM = === (5)
€1 = z_i (6)
=t 7)

where:

DMR is the weight of the sample without the sack after digestion and drying (g), DM is the
dry weight of the sample (g), DW is dry weight of the sample (%), AR is ash weight of the
sample with the sack (g), OM is organic matter content in dry matter of the sample (g), A is
ash content in the sample (%), ms is the weight of the sample for dry matter determination
(9), c1is the correction of the sack weight after incubation (g), c2 is the correction of the sack
weight after combustion (g), mp is the weight of ash from the empty correction sack (g),
ma is the weight of the empty bag (g), m2 is the weight of sample (g), ms is the weight
of dried bag with sample after incubation (g), ma is the weight of both samples and sacks

after drying and combustion (g) [46].
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4.6 Sample preparation — extraction of the native and undigested form

of matcha teas

Because matcha is consumed in whole leaf parts the extraction conditions to simulate human

body temperature was the main focus.

In order to determine the TPC values, antioxidant activities, and phenolic profile in the native
form of matcha powder, 0.1 g of the native powdered form of matcha tea was weighted into
Eppendorf plastic tubes and mixed with 2 ml of redistilled water. Subsequently, the tubes
were placed into a thermo-shaker under 900 rpm for extracting those compounds at 37°C for
30 minutes. Then, samples were cooled to an ambient temperature and filtered (0.22 pm)

to obtain extracts for analyzing them.

Regarding the undigested powdered part of matcha samples, the process of digestibility
assessment (chapter 4.5) was terminated by drying samples (in this case at 40°C for
12 hours). The solid undigested part of the matcha sample was extracted the same way

as described in the previous paragraph.

4.7 Total polyphenolic content

The total polyphenolic contents were determined by Folin-Ciocalteu reaction. Briefly, 5 ml
of redistilled water, 50 pl of matcha extract, 0.5 ml of Folin-Ciocaulteu reagent, and 1.5 ml
of 20% Na2COs were mixed together in a 10-ml volumetric flask to react. Afterward, the
volumetric flask was filled up to the mark with redistilled water and kept away from sunlight
for 30 minutes. Consequently, the absorbance was measured at 765 nm with a UV/VIS

spectrophotometer Lambda 25. Instead of tea infusion water was added as a blank [47].

For the calibration, the same procedure was used, while instead of tea infusion the standard
solutions of gallic acid were added. Stock solution with a concentration of 4000 mg/l was
diluted as follows: 50, 100, 200, 400, 600 and 800 mg/I.

4.8 Individual phenolics determination using HPLC

The most typical phenolic compounds were determined by a HPLC system (type of Dionex
Ultimate 3000 RS) that consists of Thermo Scientific Dionex UltiMate 3000 Diode Array
Detector type DAD-3000RS, an UltiMate 3000 rapid separation autosampler, a binary pump
HPG-3x00RS, and a solve selector valve HPG-3400RS. Signals provided by the HPLC
system were processed on a PC running the LC Chromeleon TM 7.2 Chromatography data
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system. The profile of the polyphenols was measured according to Deng et al. (2012) with

a slight modification.

Kinetex column C18 (150 x 4.6 mm; 2.6 um) (Phenomenex, USA) was used to separate the
phenolic acids. The volume of a sample of 10 pl was brought to the column and eluted under
gradient conditions performed with redistilled water:acetic acid in a ratio of 99:1 (A)
and redistilled water:ACN:acetic acid in a ratio of 67:32:1 (B).

The solvent gradient was programmed as follows: 10% B at 0 min, increasing from 0—10
min to 20%, 10—16 min 20—40% B, 16—20 min 40—50% B, 2526 min 50—-70% B, 26—30
min 70% B, 30—40 min 70—10% B, 40—45 min 10% B. The solvent flow rate was 1 ml per
minute, the temperature of the column was set at 30°C and the chromatogram was evaluated
at a wavelength of 275 nm. DAD response was linear for all phenolic acids within the
calibration range of 0.05—150.0 pg/ml. The correlation coefficients were exceeding 0.9998.

The appropriate phenolics were identified using their retention time [48].
4.9 Antioxidant activity assay

49.1 Scavenging of DPPH radicals

Stock and working solutions

The stock solution was prepared by dissolving 24 mg of DPPH (2,2-diphenyl-1-
picrylhydrazyl) in 100 ml of methanol. From this stock, the working solution was prepared
by mixing 10 ml of stock solution with 45 ml of methanol. This was followed by measuring
the absorbance of the working solution at a wavelength of 515 nm against methanol

as a blank. The measured value was listed as Ao.

Sample measurements

For measuring, 8.55 ml of working solution of DPPH radicals and 30 pl of sample extracts
were pipetted into a test tube to mix together. This mixture was left in the dark
for 60 minutes. After this, the decreasing of absorbance was measured at a wavelength
of 515 nm to calculate the value of inactivation (%), which was calculated according
to equation 8. According to the linear regression curve the antioxidant values were calculated

and expressed as trolox equivalents (ug TE/g).
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Inactivation (%) = % x 100 (8)
0

where Ao is the absorbance of the working solution, and Az is the absorbance of the sample.

Calibration curve

Trolox as a reference was used. The standard stock solution was prepared by dissolving it
in methanol for the final concentration of 800 mg/l. By dilution, calibration sets of 40, 80,
120, 160, and 200 mg/l were prepared. Each concentration of volume of 450 pl was added
to 8.55 ml of the working solution. After one hour in the dark, the decrease in absorbance
was measured at 515 nm. From the measured data, the value of inactivation (%) was counted.
The calibration curve was compiled as the dependence of the inactivation on the trolox

concentration.
4.9.2 Scavenging of ABTS radicals

Preparation of ABTS radicals

Into a 10 ml volumetric flask, 0.018 g of ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)) was weighted and filled with redistilled water up to the mark. Next, 0.2 ml
of 0.06M K2S20s was added to this mixture to sit for 16 hours at laboratory temperature

in the dark. After this time the ABTS radicals were created and were ready for further use.

ABTS reaction mixture

An acetate buffer was prepared by mixing 63.5 ml of 0.2M CH3COONa and 136.5 ml
of 0.2M CH3COOH. The final pH was 4.3. The buffer volume of 97.5 ml was mixed with
2.5 ml of ABTS radical solution. This reaction mixture was measured at a wavelength
of 734 nm against the acetate buffer as a blank. By measuring the absorbance of the reaction
mixture, the value of absorbance (Ao) was obtained that was used for the calculation
of inactivation (%). The value of inactivation was calculated according to equation 8
as described in chapter 4.9.1.

Calibration curve

For the scavenging of ABTS radicals, trolox as a reference standard was used. By dissolving
40 mg of trolox in 100 ml of methanol the stock solution of 0.40 mg/ml was obtained.
From this solution the calibration series of 0.01, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30 and 0.40

mg/ml were prepared. The volume of 75 pul of calibration solutions was added to 6 ml of the
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ABTS reaction mixture. The samples were mixed and left for 30 minutes in the dark and after
this time the decreasing absorbances were measured at a wavelength of 734 nm.
The calibration curve was constructed from the measured values as the dependence of the

inactivation on the concentration of trolox.
Sample measurements

For measuring, 6 ml of the ABTS reaction mixture together with 10 pl of the matcha sample
were added into the test tube. The tubes were kept for 30 minutes out of the sunlight.
After, the decrease of the absorbance was measured at a wavelength of 734 nm. The total
antioxidant activity was counted from linear regression, expressed as the equivalent value

of trolox in micrograms per 1 gram of the sample (ug TE/g).

4.10 Statistical evaluation

Basic chemical, total, and individual phenolic contents, antioxidant activity, and digestibility
values were repeated 3—4 times (n = 3—4), and the results were reported as mean + standard
deviation (SD). The results were statistically evaluated using a parametrical test comparing
mean values of two independent assortments (Student t-test). The level of significance was
set at 5%.
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5 RESULTS AND DISCUSSION
Experimental part A

In this section, this diploma thesis determines and discusses the total polyphenolic contents
(TPC), the profile of individual phenolics, and the antioxidant activities (measured by
scavenging of ABTS and DPPH radicals) of five kinds of matcha teas under different
leaching conditions (at 60, 70 and 80°C for 3 and 5 minutes).

Experimental part B

In this section, the digestion process was applied to matcha samples to determine the
digestibility values of matcha teas and to prepare undigested parts of matcha tea. After,
native and undigested matcha tea samples were extracted to determine the release
of polyphenols from the tea matrix after digestion. Apart from phenolics, the antioxidant

activity values were measured too.
Experimental part A

5.1 Total polyphenolic content

For the determination of total polyphenolic content (TPC), the extracts were prepared
according to the process described in 4.4. The analysis itself was done as per the process
mentioned in 4.7. The TPC results are expressed in an equivalent amount of gallic acid

(GAE) in mg per 1 g of the sample (mg GAE/g sample). The results are shown in Table 5.

Table 5 Results of TPC measurements

Sample | T(min) TPC (mg GAE/g £ SD
80°C 70°C 60°C
1 3 1290+402A 146045004 130045024
5 1210+10%8 1430+40°A 1250+10°8
2 3 1280+3024 120044004 1310+40%A
5 124042028 1160+20°B 1360+20¢8
3 3 1570+3024 1530+30°A 1580+403A
5 1580+4034 1470+20°B 1500+20¢8
4 3 1900+4024 1870+30°A 1840+30%4
5 1730£3028 1780+4028 20604508
5 3 153043024 1670+40°A 20004504
5 1480+40%8 1620+10°B 1750+50¢8

All results are presented on a dry matter basis as means + SD, n=4 (the mean of four measurements). Means
within a line with at least one identical small superscript (in case of each matcha sample leaching at 80, 70,
and 60°C) do not differ significantly (p>0.05), means within a column with at least one identical capitalized
superscript (in case of each matcha sample leaching 3 and 5 minutes) do not differ significantly (p>0.05).
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From the measured results, the leaching temperature did not always have a significant effect
on the content of total polyphenols. For example, in Sample 1, the same polyphenol content
was measured at both 80 and 60°C at an infusion time of 3 minutes. The situation is similar
for sample 3. If we look at the infusion time of 5 minutes, there are always statistically
significant differences in the content of total polyphenols if they were infused at different
temperatures. Also, it is not possible to unequivocally say that a leaching time of 5 minutes

would always provide a higher amount of TPC compared to a leaching time of 3 minutes.

Because the extraction time is very short, the leaching of polyphenols will certainly be
influenced by the matcha tea matrix and its particle size. Also, the fact that some polyphenols
are present freely, while others bind to plant cell structures, cellulose, or hemicelluloses may

have an influence as well [49][50].

The highest TPC level was measured in sample 4 and the lowest in samples 1 and 2. During
cultivation, matcha is shaded which reduces the photosynthesis and causes a higher content
of bioactive compounds in the final product. According to Zaiter et al. [51], the grinding
process also leads to a higher content of polyphenols. Therefore, the quality of these two
samples might not be as good as of the other ones due to insufficient matcha shading

or grinding.

Kowalska et al. [52] demonstrated the influence of brewing parameters on the content
of polyphenolic compounds. In most of the samples, longer brewing time and higher
temperature lead to a higher number of compounds. This does not correspond to these results
since the brewing time and temperature did not have a significant impact on the content

of polyphenols.

Even though it is not usual to present the same results in two forms, a graphic illustration
IS more suitable to see the results. Total phenolic contents measured under different leaching
conditions are presented in Figure 8. We can see that a different extraction temperature
is individually suitable for each sample. Sample 1 contained the highest number
of polyphenols at 70°C while sample 3 at 80°C. The temperature of 60 °C led to a higher
content of polyphenols in samples 2 and 5 at both leaching times.
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Figure 8 TPC values in graphic illustration

To construct the calibration curve for the determination of TPC values, gallic acid

as a reference standard was used. The process is fully described in chapter 4.7. The equation

of linear regression was y = 0,013x — 0,0222. The absorbances obtained are displayed
in Table 6.

Table 6 Calibration data for TPC measurements

Gallic acid concentration

(mgl/l) Absorbance
0 0.000
50 0.029
100 0.081
200 0.206
400 0.518
600 0.781
800 0.948

Figure 9 shows a graphical visualization of the calibration curve.
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Figure 9 Calibration curve for TPC measurements

5.2 Phenolic compounds determination by using HPLC

The determination of 22 different polyphenolic compounds was performed by HPLC with
DAD detection (wavelength at 275 nm) in matcha tea extracts prepared by the same
procedure as described in chapter 4.4. The analysis was performed according to the process
mentioned in 4.8. The equations of linear regression that were used for qualification are

displayed in Table 7.
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Table 7 Equations of linear regression for individual phenolics

Compounds

Equations

Gallic acid

y = 0.5896x + 0.0007

Protocatechuic acid

y = 0.2359x — 0.0022

Neochlorogenic acid

y = 0.1559x + 0.0003

4-hydroxybenzoic acid

y =0.5114x + 0.0010

Epigallocatechin

y =0.0221x — 0.0001

Catechin y = 0.1449x + 0.0023
Vanillic acid y = 0.4383x + 0.0015
Chlorogenic acid y = 0.2125x + 0.0007
Caffeic acid y =0.7015x + 0.0011
Syringic acid y = 0.4632x + 0.0016
Epicatechin y = 0.1366x — 0.0003
EGCG y = 0.0875x — 0.0020
trans-p-Coumaric acid y =0.6377x — 0.0022
Ferulic acid y = 0.3616x + 0.0014
Sinapic acid y =0.1767x + 0.0001
ECG y = 0.2608x — 0.0008
Ellagic acid y = 0.2005x — 0.0004
Rutin y =0.1653x — 0.0012

trans-2-Hydroxycinnamic acid

y = 1.2589x + 0.0035

Protocatechuic acid ethyl ester

y = 0.2618x + 0.0007

Resveratrol y = 0.5899x + 0.0041
trans-Cinnamic acid y =1.4799x + 0.0051
Kaempferol y =0.2241x + 0.0010
Quercetin y = 0.2074x + 0.0007

EGCG - epigallocatechin-3-gallate, ECG — epicatechin-3-gallate

Concerning individual phenolics, some of the polyphenols measured were not detected and

identified in matcha samples. Those are vanillic, chlorogenic, syringic acids, and resveratrol.

Trans-Cinnamic acid, kaempferol, and quercetin were assessed when the brewing

temperature was 80 and 70°C. Conversely, when brewing at 60°C, they were not detected.

As can be seen from the results (Figure 10), the lowest amount of gallic acid (4.52 pg/g) was

measured in sample 2 when the brewing time was set to 3 minutes and the temperature

at 80°C. The higher values of gallic acid were found in matcha sample no. 3 when

its concentration reached 10.9 pg/g.
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Figure 10 Gallic acid - HPLC
To magnitude, the higher concentrations were obtained in the case of protocatechuic acid
determination (Figure 11). Their contents were measured in a wide range (7.22-57.2 ng/g).

It is discernable that the most convenient temperature for this compound is 60°C.
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Figure 11 Protocatechuic acid — HPLC
In the case of neochlorogenic acid (Figure 12) the highest concentration (33.0 pg/g) was
measured in sample 5 when a leaching temperature of 80°C for 5 minutes was applied.
Although the highest concentration was measured for sample no.5, for most of the samples,
the highest amount of this phenolic compound was measured at 60°C. The results
significantly vary across different samples and temperatures.



TBU in Zlin, Faculty of Technology 44

m 80°C

B 70°C

I I I I I I I .
iI iI =] | in I- "

3 min 5 min 3 min 5 min 3 min 5 min 3 min 5 min 3 min 5 min

35

Concentration [ug.g™']
= = N N w
[6,] o (6] o w o

o

1 2 3 4 5
Samples

Figure 12 Neochlorogenic acid — HPLC
The polyphenolic compound of 4-hydroxybenzoic acid appears to be one of the minor
polyphenols present in matcha tea (as we can see in Figure 13). The concentrations were less

than 8.00 pg per 1 gram of sample for all tested samples. The highest amount was present
in sample 1.
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Figure 13 4-hydroxybenzoic acid — HPLC
Green teas contain five major catechins: epigallocatechin, catechin, epicatechin, epicatechin-
3-gallate and epigallocatechin gallate [53]. As expected, matcha teas, as a representative
of green teas, are rich in epigallocatechin. It is visible in Figure 14 that the amount
of epigallocatechin in matcha tea is more than 1000 pg per 1 gram. Samples 4 and 5
contained the highest amounts of epigallocatechin while sample 2 had the lowest.
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Figure 14 Epigallocatechin — HPLC
Conversely, the catechin concentrations (Figure 15), as a representative of flavanoids, were
measured only in low amounts (approx. between 0.44 and 18.5 pg/g). Because green teas
are rich in flavanoids, especially from several catechins, the expected concentration would
be higher. It can be assumed that when the tea leaves are covered, catechin synthesis
in leaves is significantly reduced [28][54].
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Figure 15 Catechin — HPLC
As can be seen from the data (Figure 16), the highest concentrations of caffeic acid were
measured. Caffeic acid as a representative of polyphenolic acids is a major acid in this group
of polyphenols. Its concentration reached up to 988 pg/g, and higher concentration values
were measured mainly during the 60°C water extraction.
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Figure 16 Caffeic acid — HPLC
The concentrations of epicatechin (Figure 17) reached up to 500 pg/g. The highest content
of epicatechin was measured in samples 4 and 5, while the lowest was in sample 2. Higher

concentrations were mostly measured for 60°C extractions.
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Figure 17 Epicatechin — HPLC
The concentrations of EGCG significantly vary across samples. The range of values goes
from 0.00 pg/g (sample no.2 at 60°C, 5 min) to 3100 pg/g (sample no.4 at 80°C, 3 min).
From the graphic illustration (Figure 18) the most convenient temperature for this phenolic

compound is 80°C.
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Figure 18 EGCG — HPLC
It is clear from Figure 19 that trans-p-Coumaric acid is a minor compound of matcha tea.
The highest concentration was measured for sample no. 5 at 80°C (6.41 ug/g). The higher

amounts of this substance were measured mostly during 80°C water extractions.
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Figure 19 trans-p-Coumaric acid — HPLC
From Figure 20 it is visible that the lower the temperature applied, the higher the
concentrations of ferulic acid were measured. The richest sample for this phenolic acid was
sample no. 5 at the temperature of 60°C.
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Figure 20 Ferulic acid — HPLC
The concentrations of sinapic acid (Figure 21) are the highest at 80°C for all measured

samples. The highest amount appears to be in sample 4 at 80°C after 3 minutes of extraction
(34.83 pg/g).
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Figure 21 Sinapic acid — HPLC
For most of the samples measured, we can see that a higher concentration of ECG is
connected to a lower temperature (Figure 22). The highest amounts were measured
for sample no. 4 (up to 123 ug/g).
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Figure 22 ECG — HPLC
The concentrations of ellagic acid (Figure 23) were measured in the range of 51.6-127 ug/g.
The highest content of this phenolic acid was present in sample 4 at 80°C. There does not

seem to be a pattern in the influence of the temperature used.
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Figure 23 Ellagic acid — HPLC
Rutin, quercetin, and kaempferol as well as other flavonoids can also be found in green teas.
In Figure 24, there is a display of rutin concentration. We can see that rutin is a minor
compound appearing in green tea. The highest amount of rutin was present in sample 3,
which was brewed for three minutes at 80°C (11.2 pg/g).
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Figure 24 Rutin — HPLC
In Figure 25 there is a display of trans-2-Hydroxycinnamic acid. This polyphenolic
compound is also a minor part of the green tea matrix. The lowest concentrations are
in sample no. 5 at 60°C (0.16 pg/g), while the highest are in sample no. 2 at 70°C (2.19 ug/g).
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Figure 25 trans-2-Hydroxycinnamic acid — HPLC
The temperature influence on the release of protocatechuic ethyl ester differs for samples
(Figure 26). The highest concentrations for samples 1 and 2 were measured at 80°C. On the
other hand, the rest of the samples showed better extractions when lower temperatures were
applied. Especially the extraction of sample no. 4 contained less than 1 pg/g at 80°C.



TBU in Zlin, Faculty of Technology 51

m 80°C

m70°C

I I II II I o
I I i i - - | |

3 min 5 min 3 min 5 min 3 min 5 min 3 min 5 min 3 min 5 min

Concentration [ug.g™"]
[ = S ~ S
N EY (o)) (o] o N S [e)]

o

1 2 3 4 5
Samples

Figure 26 Protocatechuic ethyl ester - HPLC
The compound of trans-Cinnamic acid was not measured at 60°C at all (Figure 27). It is also
a minor compound of green tea as the highest concentration measured was 2.00 pg/g, which
was present in sample no. 4 brewed for 3 minutes at 80°C.
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Figure 27 trans-Cinnamic acid — HPLC
For four out of five samples, the temperature of 70°C had a positive influence on the
kaempferol release (Figure 28). While at 80°C extractions, very low concentrations were
observed. At 60°C, there were no contents measured. The highest amount was present
in sample no. 3 at 70°C brewed for 5 minutes (24.9 ug/g).
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Figure 28 Kaempferol - HPLC

The temperature influence on the concentration of quercetin varies from sample to sample.

For samples 2, 3, and 4, the temperature of 80°C was more convenient; for the rest of the

samples (1 and 5), it was a temperature of 70°C. At the temperature of 60°C,

no concentrations of quercetin were measured. The highest content was present in sample
no. 4 at 80°C (13.2 ug/g).
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Figure 29 Quercetin — HPLC

In Table 8 there are total sums of individual phenolics. From the analysis results, it is obvious

that there were always significant differences in the leaching at different temperatures within

each sample. The only exception is for sample no. 2 between temperatures 80 and 70°C.

The total sum of individual phenolics was often surprisingly lower when the sample was
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leached for five minutes rather than three minutes. This might be due to the bad stability
of catechins that significantly degrade in the sunlight and with time. This hypothesis needs

additional support from future research.

Table 8 Total sum of individual phenolics

Sample T (min) pg/g £ SD
80°C 70°C 60°C
1 3 394045024 3330404 38704504
5 3470+40%8 3250+40°B 37704508
5 3 194042034 3050+30°4 2970+30%A
5 2380+30%B 24104308 2540208
3 3 70006024 4830+60°A 54504604
5 587045028 4970+60°8 50704508
4 3 998046024 7630504 7160+60%A
5 88805028 7260608 83704508
5 3 8240+70%A 7660+70°A 8040+50%A
5 68706028 73004408 67404508

All results are presented on a dry matter basis as means + SD, n=4 (the mean of four measurements). Means
within a line with at least one identical small superscript (in case of each matcha sample leaching at 80, 70,
and 60°C) do not differ significantly (p>0.05), means within a column with at least one identical capitalized
superscript (in case of each matcha sample leaching 3 and 5 minutes) do not differ significantly (p>0.05).

The effect of temperature and leaching time was different for each sample and compound.
Therefore, it is hard to determine the most suitable brewing conditions. The major
polyphenols determined in the samples are EGC, EGCG, epicatechin, and caffeic acid.

Finding studies performed under the same extraction conditions is challenging.

Regarding the presence of flavanols, Sakakibara et al. [55] determined polyphenols in teas.
Of all the catechins measured, the highest concentrations were measured for EGC
(17900 umol/100 g leaf) and EGCG (14900 umol/100 g leaf) in sencha green tea, while the
least present was catechin (278 umol/100 g leaf). This corresponds with our results that the
highest catechins were EGC (up to 5213 pg/g), EGCG (up to 3150 pg/g) and the lowest one
was catechin (up to 18.5 pg/g).

On the other hand, in [56] and [57] it was determined that EGCG is the primary flavanol
present while EGC was the secondary. However, among all flavanols, the concentration

of catechin was always the lowest.

Another study showed [58] that the best extraction conditions for green tea catechins are

a temperature of 70°C and a leaching time of 5 minutes.

According to Bindes et al. [59] the most suitable temperature for polyphenols extraction

is 80°C. Balci et al. performed a study on Turkish green tea [60]. Their study concluded that
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the content of phenolics and flavonoids increased with higher temperatures and longer
extraction times. They also determined a decrease in catechins when the leaching

temperature was increased from 75 to 85°C.

Regarding the sensory evaluation of green tea, Lee et al. determined [61] that the most
appropriate conditions for green tea preparation are infusions brewed at 60°C for 3 minutes

and at 80°C brewed for 1 minute.

5.3 Results of antioxidant activity measurements

The determination of radical scavenging activity was performed on the extracts prepared
according to the procedure described in 4.4. The antioxidant activity was measured by two
different methods: using synthetic DPPH and ABTS radicals. Both methods mentioned

previously are fully described in chapters 4.9.1 and 4.9.2, respectively.

5.3.1 Results of antioxidant activity values measured using DPPH

The decrease in absorbance value was measured at 515 nm against methanol as a blank. The
results of antioxidant activities are expressed as a pg of trolox equivalent per 1 gram

(ug TE/g) of dry matter sample.

Table 9 shows the antioxidant activities obtained. The highest antioxidant activities were
showing samples 4 and 5 at 80°C, sample 1 at 70°C, and sample 3 at 60°C. On the other

hand, the lowest antioxidant activity was measured for sample 2 at all temperatures.

Table 9 Results of radical scavenging activity in matcha teas measured using DPPH

Sample | T (min) ug TE/g+SD
80°C 70°C 60°C
1 3 3074624 423+12A 327+£10%A
5 305+72A 405+12°B 367+8°E
5 3 306624 270454 3034224
5 292+828 257+90B 25688
3 3 3664824 3394304 380+7¢A
5 339+5%8 32368 344+728
4 3 5304824 36334 299+3°A
5 521+10%B 3514208 370+3¢8
5 3 498+10%A 32520 A 331+3¢A
5 435+10%B 35058 33644

All results are presented on a dry matter basis as means = SD, n=4 (the mean of four measurements). Means
within a line with at least one identical small superscript (in case of each matcha sample leaching at 80, 70,
and 60°C) do not differ significantly (p>0.05), means within a column with at least one identical capitalized
superscript (in case of each matcha sample leaching 3 and 5 minutes) do not differ significantly (p>0.05).
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From the obtained data, it is obvious that the measured values differ depending on leaching
temperatures and times. Samples 4 and 5 showed the highest antioxidant activities.
These samples were also rich in polyphenols; both in TPC and individual phenolics

by HPLC assays. From these observations, it is possible to conclude that the antioxidant

activity of green tea is dependent on the content of polyphenols.

Calibration data for antioxidant activity assay to construct the calibration curve are displayed

in Table 10.

Table 10 Calibration data for scavenging of DPPH radicals

In Figure 30, there is a graph of the calibration curve obtained. The equation of linear

Trolox concentration | Inactivation
(mg/l) (%)

0 0

40 22

80 42

120 55

160 72

200 92

regression was y = 0,4443x + 2,6548.
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Figure 30 Calibration curve for scavenging of DPPH radicals
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5.3.2 Results of antioxidant activity values measured using ABTS

The decrease in absorbance was assessed at 734 nm against acetate buffer as a blank. The
method is fully described in chapter 4.9.2. The results of antioxidant activities are expressed

as ug of trolox equivalent antioxidant capacity (g TE/g) per 1 gram of dry matter sample.

In Table 11 there are the values obtained by measuring the antioxidant activities.
The strongest antioxidants were samples no. 4 at 80 and 70°C, and sample no. 3 at 60°C.
The lowest values were measured from sample 1 (80°C), sample 2 (70°C), and sample 4
(60°C).

Table 11 Results of radical scavenging activity in matcha teas measured using ABTS

Sample | T (min) ug TE/g+SD
80°C 70°C 60°C
1 3 743+£30%A 870+210A 907+25¢A
5 846+25%B 906208 996+27¢B
5 3 7781034 593+100A 829+25%A
5 833+122B 79338 655+20%B
3 3 815+30%A 909+30°A 1100£20°A
5 89142028 1060+30°8 924+10%B
4 3 1020+402A 114044034 1040+302A
5 937+30%B 1010+30°B 650+£10%B
5 3 10004024 849+220A 10004024
5 916+30%B 1000+10°B 868+25%E

All results are presented on a dry matter basis as means = SD, n=4 (the mean of four measurements). Means
within a line with at least one identical small superscript (in case of each matcha sample leaching at 80, 70,
and 60°C) do not differ significantly (p>0.05), means within a column with at least one identical capitalized
superscript (in case of each matcha sample leaching 3 and 5 minutes) do not differ significantly (p>0.05).

From the results, it is obvious that different temperatures are appropriate for each sample.
For example, sample no. 1 showed the best antioxidant activity at 60°C, and sample no. 4
at 70°C.

When comparing both methods used for the determination of antioxidant activity, there are
some similarities. Even though the values in pg TE/g differ, samples no. 3 (at 60°C)
and no. 4 (at 80°C) showed the highest activity in both methods used. On the contrary,

sample no. 2 at 70°C was the poorest antioxidant.
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In Table 12, there is a display of percentage inactivation depending on trolox concentration

in mg/ml.

Table 12 Calibration data for scavenging of ABTS radicals

Trolox concentration | Inactivation

(mg/ml) (%)
0 0
0.01 1.5
0.05 9.5
0.10 15.6
0.15 28.8
0.20 39.9
0.25 52.3
0.30 62.5
0.40 79.3

In Figure 31 we can see the calibration curve of the inactivation which depends on the trolox

concentration in mg/ml. The equation of linear regression was y = 205,25x — 1,1453.

Inactivation (%)
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Figure 31 Calibration curve for scavenging of ABTS radicals
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Experimental part B

5.4 Results of in vitro digestibility assessment

In Table 13, there is a display of measured digestibility values, dry matter, and ash contents.

The samples were prepared according to chapter 4.5.

Table 13 Results of dry matter, ash contents, and digestibility values

Sample | DMD (%) +SD | OMD (%) +SD | Dry matter (%) £SD | Ash (%) £SD
1 66.7+2.0° 72.5+2.0° 96.1+1.02¢ 5.87+0.052
2 70.0£2.2° 74.9£2.0° 97.1+0.8°¢ 5.85+0.05%
3 75.6+1.5° 79.3+1.5¢ 97.340.8° 5.14+0.02°
4 66.1+2.0? 71.0+1.7¢ 97.1+0.95¢ 5.03+0.08°
5 64.5+1.7¢ 69.6+2.0° 96.7+1.0° 5.23+0.04¢

All results are presented as means + SD, n=3 (the mean of three measurements). Means within a column with
at least one identical small superscript do not differ significantly (p>0.05).
DMD - dry matter digestibility, OMD — organic matter digestibility

As can be seen in Table 13, the dry matter contents of matcha samples varied from 96.1 to
97.3%. According to Czech regulation No. 330 [62], the dry matter value for green tea should
not be less than 90%. 1SO 11287 (2011) [63] stated 4% as a minimum and 8% as the maximal
ash level for green teas. Our samples comply with this regulation. Dry matter digestibility
(DMD) and organic matter digestibility (OMD) values ranged from 64.5 to 75.6% and from
69.6 to 79.3%, respectively. Research data evaluating the digestibility of matcha teas
is limited. Nevertheless, the results can be compared at least with the study by Kolackova
et al. (2020) where the digestibility values of ground tea leaves reached 69.7% [36].

5.5 The effect of in vitro digestion on TPC values

The samples were prepared as described in chapter 4.6. The results of TPC values expressed

in mg GAE/qg are displayed in Table 14.

Table 14 Total polyphenolic contents determined in native and undigested parts of matcha

Samples Native matcha | Undigested matcha Remaining parts (RP)
TPC (mg GAE/g) +SD (%)
1 13.1+0.43A 2.63+0.10*B 7
2 11.5+£1.0°A 2.96+0.20°8B 8
3 14.1+0.4°A 5.78+0.20%B 10
4 16.5+0.59A 2.88+0.20°B 6
5 15.0+0.584 3.52+0.10%8 8

All results are presented on a dry matter basis as means = SD, n=4 (the mean of four measurements). Means
within a column with at least one identical small superscript (in case of each matcha sample) do not differ
significantly (p>0.05), means within a line with at least one identical capitalized superscript (in case of native
and undigested matcha samples) do not differ significantly (p>0.05).
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Matcha is consumed directly in the form of powder as a useful source of phenolics.
The release of individual substances from food matrices determines their absorption
behavior inthe gastrointestinal tract. Therefore, the consumption of foods high
in polyphenols does not always mean that more phenolic substances are absorbed after
digestion. Hence, quantifying the proportion of digestible or indigestible antioxidants
available for digestion is crucial. The quantity of digested substances released during
digestion and their availability for absorption by the intestinal brush border of the cells is
expressed as their bioaccessibility. It has a significant impact on the bioavailability and
biological activity of ingested substances. It refers to how many antioxidants have crossed
through the cell membrane and are now available for usage within the cell. It also monitors
the amounts of antioxidants released into the targeted cell to show their biological activity

and assesses the stability of antioxidants during the process [64].

The bioaccessibility index is the prerequisite for bioactive substances to express their
impacts on human health. Since animal or human trials are labor-intensive and unethical,
in vitro digestion models have been widely established and used for the investigation
of changes in the phytochemical profile during digestion processes and the prediction
of their bioaccessibility [65][66].

Even though matcha tea may be consumed directly (and entirely) in a powdered form of all
leaf parts, there is still little information on its digestibility values and ability to release
biologically active substances during digestion. Therefore, a two-step in vitro digestion

process with pepsin and pancreatin under 37°C was applied.

In our laboratory experiment, the remaining parts (RP) of all analytes measured in the

undigested parts were calculated using equation 9:

Concentration of analytes in undigested part of matcha x (100—digestibility value)
RP (%) = ©)

Concentration of analytes in native part of matcha

Except for sample no. 3, it is clear that most polyphenols were digested as for the remaining
parts, there were less than 10% of polyphenols present (Table 14). Concretely, the results
of the remaining parts show that there are still polyphenolic compounds present in the
undigested part (6-10%). Therefore, it might be possible that these polyphenols reach the
large intestine bound to fiber and are released during fiber digestion by bacteria in the colon.

This might lead to a further positive impact on the protection of the intestinal tissue,
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and other antioxidant and anti-inflammatory effects. Anyway, this is only a hypothesis.

These suggestions need to be confirmed by further research.

These results were also supported by measuring the remaining parts for individual phenolics
using HPLC. This is described in chapter 5.6.

5.6 The effect of in vitro digestion on releasing of individual phenolics

The highest concentration values in the native form of matcha samples were measured for
epigallocatechin, caffeic acid, EGCG, and epicatechin. The results from HPLC
measurements confirmed that polyphenolic substances were still present in the undigested

portion of tea leaves.

As can be seen from our results (Table 15), the remaining parts were the highest for rutin,
gallic, ellagic, and trans-2-Hydroxycinnamic acids. Across all the samples, the lowest
remaining parts (RP) were measured for epigallocatechin, EGCG, epicatechin, and
epicatechin-3-gallate. The lowest RP value was calculated concerning phenolic acids in the
case of neochlorogenic acid. This suggests that the group of catechins could be released very
well during the in vitro digestion process unless they degrade. This assumption has been
verified only by an ex vivo study from Dai et al. (2020), who claimed there is low stability
of EGCG in the small intestine and suggested it is delivered through nanoparticles [67].
Due to the lack of studies related to the bioaccessibility of individual phenolic compounds
analyzed in matcha tea (either in the native or undigested part), it is very difficult to compare
the results obtained in this study with other findings. For instance, focusing on cereals,
Seczyk et al. (2021) found the highest and lowest bioaccessibility values of p-coumaric
(up to 93%) and gallic acid (23.7%), respectively [68]. Drawbridge et al. (2022) suggested
that vanillic acid might be less susceptible to degradation during digestion [69].
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Table 15 Remaining parts ranges for individual phenolics

PPA Remaining parts range (%)
Gallic acid 628
Protocatechuic acid 1-2
Neochlorogenic acid 0-2
4-hydroxybenzoic acid 1-5
Epigallocatechin <1
Catechin 2-9
Caffeic acid 1-4
Epicatechin 0-1
EGCG 0-1
trans-p-Coumaric acid N.D.
Ferrulic acid 2-8
Sinapic acid 0-5
ECG 0-1
Ellagic acid 8-19
Rutin 9-19
trans-2-Hydroxycinnamic acid 0-4
Protocatechuic acid 1-13
trans-Cinnamic acid <1
Kaempferol 0-18
Quercetin 2-5

EGCG - epigallocatechin-3-gallate, ECG — epicatechin-3-gallate

5.7 The effect of in vitro digestion on antioxidant activity values

The effect of in vitro digestibility on the antioxidant activity values was provided using two
independent assays. Table 16 summarizes the results showing that native matcha tea leaves
have significant antioxidant potential. Moreover, the highest values were observed for both
the native and undigested parts of the tea leaves determined by the quenching of ABTS and
DPPH radicals. In the case of antioxidant activity, the range of remaining parts was 42—68%
for DPPH and 11-61% when the ABTS method was applied. Comparing both methods
(DPPH and ABTS) there are similar results for samples 1 and 5. The values vary for samples
2, 3, and 4. Sample no. 3 showed 68% of the remaining parts when using the DPPH method;
while for the ABTS method, the value was only 11%. Antioxidant properties are influenced
by many factors, such as leaching time and temperature, and water yield during the extraction

of tea compounds; and they cannot be described precisely by one method. Due to the lack
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of data providing information about the effects of in vitro gastrointestinal digestion
on phenolics, xanthine alkaloids, and antioxidant activity of matcha tea samples, it is

difficult to compare the obtained values with already published results.

Table 16 Antioxidant activity values determined in native and undigested part of matcha

Native matcha Undigested Remaining parts
Method | Samples matcha
ug TE/g£SD (%)
1 23.440.12 36.3+1.52 52
T 2 22.2+0.3° 31.1+1.5° 42
a 3 27.4+0.6° 75.941.4° 68
Q 4 25.5+1.14 41.7+1.6¢ 55
5 27.1+£1.0° 35.5+1.92 46
1 36.3+0.6° 66.0+1.52 61
n 2 31.1+1.0° 30.4+1.4° 29
0 3 75.94£0.7¢ 33.241.0° 11
< 4 41.7+0.2¢ 37.9+1.0¢ 31
5 35.540.1° 42.9+0.8° 43

All results are presented in a dry matter basis as means + SD, n=4 (the mean of four measurements). Means
within a column with at least one identical small superscript do not differ significantly (p>0.05).

The results indicate that even the undigested part of matcha tea that reaches all the way to the
colon may still show an antioxidant activity as there are still present phenolic compounds
in undigested leaves. Besides these particles, antioxidant activity is evinced by other
compounds such as chlorophyll, xanthine derivates (alkaloids), xanthophyll and carotenoid

pigments, and some of the residues of oligosaccharide chains from the fiber [70][71][72].

Another question is if these chains can act as a prebiotic, etc. which should be the subject
of further research. Comparing the results of both methods used is difficult as each of the
methods has its own mechanism and reaction conditions. Therefore, it is not possible

to expect the same results.
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CONCLUSION

This diploma thesis focuses on the determination of polyphenolic substances in matcha teas,

antioxidant activity, and their in vitro digestibility.

In the first part, there is a literature review where different ways of cultivation,
manufacturing, and preparation of green teas are described. There are also mentioned
phenolic compounds that appear in green teas and their beneficial effects on the human

organism.

The experimental part is divided into two parts. In part A, five different samples were
leached under three different temperatures (60, 70, and 80°C) for 3 and 5 minutes.
The results show that the leaching time did not always significantly impact the polyphenolic
content in the final extract nor the antioxidant activity. This might be caused by the instability
of some of the polyphenols especially catechins that are not stable in the sunlight and degrade
with time. Anyway, this should be supported by further research. The influence
of temperature was obvious for certain polyphenols measured. However, no temperature
could be used as universal for all the polyphenols. Major polyphenols determined in the

samples were EGC, EGCG, epicatechin, and caffeic acid.

In experimental part B, native and undigested parts of matcha tea samples were compared
after in vitro digestion process. The results indicate that most polyphenols from the catechin
family could be digested by the human body. The range of total polyphenols present in the
remaining part was 6-10%. On the other hand, the remaining parts of the antioxidant activity
were quite high, which suggests that the antioxidant potential of matcha tea is not fully used

during the digestion process and might still be used in the large intestine.

When comparing the samples investigated, samples 4 and 5 were showing the highest
contents of polyphenols and significant antioxidant activity values. Therefore, it can be
determined that the quality of these two matcha teas was very high. Sample no. 2 was
determined, most of the time, as the poorest for polyphenolic content and the antioxidant
activity. This might be due to its bigger particles; it was not ground properly. This probably
leads to the conclusion that the quality of this tea is not that high. Samples 3 and 1 showed

average values.
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APPENDIX P I1: ADDITIONAL TABLE

Table 17 Individual phenolic concentrations in native and undigested parts of matcha
measured using HPLC

PPA Samples Native matcha Undigested matcha | Remaining
parts (RP)
Mg/g + SD (%0)
= 1 604+20° 217+10° 12
'S 2 362+10° 153+8° 12
0 3 1280+30° 339+10° 6
3 4 379+10¢ 281+10¢ 25
5 365+6" 293+8° 29
- 1 496+102 11.9+1.0° 1
% = 2 190+10P 12.0+1.0° 2
S ® 3 685+12° 49.5+2.0P 2
55 4 413+13¢ 18.8+0.5° 2
o 5 631+12¢ 28.9+1.2¢ 2
> 1 318+10° 3.81+0.202 <1
S 2 473£10° 3.42+0.30° <1
=5 3 137+8¢ 5.91+0.30° 1
25 4 58.9+2.8¢ 2.30+0.10¢ 1
< 5 34.2+1.4¢° 2.21+0.10° 2
c 1 73.5+4.0° 2.00+0.202 1
2°Z 2 30.0+1.3 1.53+0.04° 2
+ 35S 3 43.4+0.4° 4.80+0.05° 3
RS 4 14.120.2¢ 2.21+0.10¢ 5
< 5 48.0+2.0° 2.92+0.10° 2
1 5650022002 310+82 <1
O 2 61800+200° 54.8+1.2 <1
o 3 73400+100° 69.0+1.5 <1
4 12600+200¢ 73.9+1.5¢ <1
5 109000+300° 13445¢ <1
1 300+30? 21.6+0.22 2
S 2 141+10° 17.60.3 4
8 3 191+10° 30.8+0.2¢ 4
S 4 140+10P 25.60.3¢ 6
5 126+3¢ 32.1+0.4¢ 9
= 1 16130+402 699+15° 1
2 2 10260+50° 664+10° 2
2 3 15090+50° 1650+30° 3
= 4 14980+30¢ 1000+50¢ 2
© 5 17240+30° 1780+40¢ 4
1 3790+30? 144+10° 1
2 4610+30° 119+6° 1
Q 3 7410450° 199:+2¢ 1
4 1270+100¢ 155+3¢ <1
5 12300+20¢ 246+2¢ 1




1 19400+2002 281422 1
0] 2 10000+200P 311+8P 1
3 3 58400+300° 857+3° <1
iy 4 569003001 672+7¢ <1

5 62000+300° 730+15° <1
= 1 101462 12.7+0.5 4
S 2 13645 18.8+0.5P 4
2 3 117+4¢ 39.7+0.4¢ 8
= 4 392+7¢ 25.2+0.3¢ 2
L 5 235+6¢ 38.7+0.5¢ 6
= 1 16.5+1.0 2.51+0.06° 5
3 2 47.5+3.0P 5.80+0.04P 4
= 3 368+10° 6.11+0.05° <1
= 4 43.4+1.0¢ 4.53+0.07¢ 4
2 5 55.9+2.2¢ 8.00+0.03¢ 5
1 19504307 28.5+0.42 1
o 2 2550+50P 112+3° 1
o 3 6160+20° 126 +3¢ 1
4 6990+30¢ 114+3° 1
5 5720+30° 135+8¢ 1
= 1 36.6+0.6° 10.6+0.4 10
3 2 55.0+1.9° 14.0+0.3 8
2 3 68.9+1.4° 23.1+0.6° 8
RS 4 45.4+1 51 13.60.3¢ 10
L 5 50.4+0.6° 27.7+1.0° 20
1 9.90+0.20? 2.62+0.05 9
- 2 11.5+0.1° 3.81+0.05P 10
= 3 10.7+0.5¢ 7.80+0.04¢ 18
o 4 14.9+0.5¢ 7.61+0.05¢ 17
5 16.5+0.1° 8.95+0.08¢ 19
c 1 11.3+0.22 6.92+0.04° 20

& 88 2 39.9+1.3 13.60.5° 10

2 S .o 3 23.120.6¢ 10.0£0.10° 11

£3§ 4 14.5+0.49 5.30+0.08¢ 13
I = 5 5.90+0.04¢ 3.42+0.10¢ 21

= 1 226+82 19.0+0.262 3
% = 2 304+10° 11.3+0.3 1
S @ 3 19.2+0.4° 10.6+0.4° 13
IS 4 26.6+0.8¢ 3.22+0.05¢ 4
o 5 21.9+0.4¢ 4.21+0.05¢ 7
. 1 0.50+0.012 0.42+0.022 27

5 E o 2 1.60+0.02° 0.20+0.01P 5

S 29 3 1.30£0.10° 0.43+0.02? 8

55 4 1.11+0.10¢ 0.10+0.01° 3

5 1.11+0.109 0.22+0.019 7
e = 1 68.3+2.6° 15.4+0.42 8
RS 2 346+10P 49.3+1.0P 4
X5 3 725+6°¢ 122+7¢ 4




4 214+8¢ 35.2+0.8¢ 6
5 23.1+0.7° 2.20+0.03¢ 3
- 1 13.6+0.12 1.60+0.022 4
= 2 47.7+£1.7° 3.62+0.06° 2
s 3 77.2+0.6° 16.6+0.3° 5
o 4 343+12¢ 24.0+0.4¢ 2
5 292+8° 35.5+0.5° 4

All results are presented on a dry matter basis as means = SD, n=4 (the mean of four measurements). Means
within a column with at least one identical small superscript (in case of each phenoalic) do not differ significantly
(p=0.05)
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