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INTRODUCTION
Tea is one of the most frequently consumed nonalcoholic 

beverages worldwide [36]. Due to its unique taste and aroma, 
as well as health-promoting properties tea is currently gaining 
more interest and popularity [13,32]. According to the report 
of Food and Agriculture Organization of the United Nations 
(FAO) world tea consumption increased annually by 4.5 
percent over the decade to 2016 and the consumption of black 
tea is supposed to grow at 2.5 percent annually to 2027 [25]. 
The global consumption of different tea types vary depending 
on the region, as black tea is predominantly consumed in 
Western countries [7], green tea is favoured in Asian countries 
[18] and oolong tea is typically consumed in China [29]. 

Tea is prepared from the processed leaves of Camellia 
sinensis and based on the complex production processes, flavor 
and aroma six different tea types may be distinguished – green, 
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Tea is one of the most consumed non-alcoholic beverages in 
the world, not only because of its unique taste and aroma, but 
also health-promoting properties resulting from the presence 
of bioactive compounds. The main ingredients of tea which are 
attributed to have beneficial health effects are polyphenols. 
The content of bioactive compounds in tea depends on the 
particular type of tea, way of leaves processing, as well as 
method and time of infusion preparation. The aim of the 
article is to characterize the health-promoting properties of 
bioactive compounds found in tea, as well as to determine the 
influence of the method and time of infusion preparation on 
their content in tea infusion.
Key words: tea, bioactive compounds, antioxidant activities.

Herbata jest jednym z najczęściej spożywanych napojów 
bezalkoholowych na świecie, nie tylko ze względu na swój 
unikatowy smak i zapach, lecz także właściwości prozdrowotne 
wynikające z obecności związków bioaktywnych. Głównymi 
składnikami herbaty, którym przypisuje się korzystne działanie 
zdrowotne są polifenole. Zawartość związków bioaktywnych 
w herbacie jest zależna od konkretnego rodzaju herbaty, 
sposobu jej produkcji oraz metody i czasu parzenia. Celem 
artykułu jest scharakteryzowanie właściwości prozdrowotnych 
związków bioaktywnych występujących w herbacie, jak 
również określenie wpływu sposobu i czasu parzenia na ich 
zawartość w naparze herbaty. 
Słowa kluczowe: herbata, związki bioaktywne, działanie 
antyoksydacyjne.

white, yellow, oolong, black and dark [63]. According to the 
different degrees of fermentation, teas may be categorized as 
non-fermented (green and white teas) [59], slightly fermented 
(yellow and oolong teas) [77] and fermented (black and dark 
teas) [31]. Among these types of tea, dark tea is unique, as it 
undergoes a microbial fermentation [79]. The manufacturing 
process of green tea aims to prevent the polyphenols 
oxidization by polyphenol oxidase, which naturally occurs 
in tea leaves. Therefore, polyphenol oxidase is inactivated 
during firing or steaming [47]. As a result, green tea retains 
the highest level of polyphenols due to its minimal oxidation, 
comparing to teas in which partial or full oxidation take 
place [42]. Although yellow tea is similar to green tea, it is 
characterized by higher total soluble sugar content, as a result 
of an additional fermentation step, which removes grassy 
smell being typical for green tea [35,70]. In black tea, during 
the chemical process of fermentation polyphenols are oxidized 
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to water-soluble oxidation products, such as theaflavins and 
thearubigins, which provides the aroma, taste and black color 
of this type of tea [45]. Green tea and black tea are the two 
most consumed types of tea worldwide [25]. 

The aim of the article is to characterize the health-
promoting properties of bioactive compounds found in 
tea, as well as to determine the influence of the method 
and time of infusion preparation on their content in tea 
infusion.

BIOACTIVE COMPOUNDS IN TEA
Tea contains approximately 30% of soluble ingredients 

which may vary, depending on different factors, such as 
harvesting time and harvesting conditions, climate, cultivation 
practices and technological processes during tea production 
[24,67,68,74]. Tea contains nearly 4 000 bioactive compounds, 
including polyphenols, alkaloids, polysaccharides, pigments, 
saponins and free amino acids [4,63], however, the share of 
specific bioactive compounds may differ between various 
types of tea [63]. 

The main components of tea are polyphenols which 
constitutes up to 20–35% of tea’s dry weight [75]. Polyphenols 
are plant metabolites which are categorized into following 
subclasses – flavonoids, flavanols, flavonols, flavones, 
isoflavones, flavanones and anthocyanidins [20], however their 
content may be dependent on the particular type of tea. Green 
tea is reported to contain higher level of phenolic compounds, 
comparing to black tea [5] and is also best studied in terms 
of its beneficial health effects [33]. The major flavonoids 
which are present in green tea are epicatechin, epicatechin 
gallate, epigallocatechin and epigallocatechin gallate [51]. In 
black tea, these flavonoids are present in lower amounts, as 
they are partially converted during fermentation process to 
condensation products, such as theaflavins and theaflagallins 
[62]. A number of studies indicate that polyphenols are mainly 
responsible for the vast range of its beneficial health effects, 
including antioxidative [2, 76], anti-inflammatory [14, 56], 
anticancer [26, 44], antibacterial [46] and hepatoprotective 
[60] actions. Some studies indicate that green tea catechins 
modulate epigenetic processes, as they reverse DNA 
methylation of tumor suppressor genes [74]. Flavonoids, such 
as catechin, epicatechin and epigallocatechin-3-gallate are 
found to be effective in cardiovascular diseases prevention 
due to lowering cholesterol level, improving endothelial 
function and alleviating oxidative stress [30, 78]. The 
antioxidant effects of tea infusions are attributed mainly to the 
polyphenols. It was shown that tea polyphenols are effective 
scavengers of reactive oxygen species which are generated due 
to oxidative stress [12]. It was also indicated that tea extract 
prevents damage of cellular DNA in vitro which was caused 
by arsenic-mediated oxidative stress [1]. However, it must be 
emphasized that due to the differences in bioavailability of 
polyphenols, in vivo antioxidant activities cannot be simply 
extrapolated from their in vitro antioxidant properties [27]. 

Tea contains substantial amounts of alkaloids, mainly 
purine alkaloids, such as caffeine, theobromine and 
theophylline which are responsible for tea’s stimulating effect 
on the body and nervous system [16, 43]. A cup of tea may 
contain up to 100 mg of caffeine, however, on average, green 

tea contains 35 mg of caffeine and black tea – 70 mg [10]. 
Caffeine, called theine due to its origin and its metabolites 
increase the secretion of neurotransmitters which reduce 
fatigue and drowsiness and improve concentration. As  
a result, tea consumption increases the ability to perform 
mental and physical work, while reducing the feeling of 
mental and physical exhaustion [43].

Polysaccharides are another bioactive component found in 
tea which are a nonstarch protein-bound acidic polysaccharides 
[15]. There is evidence that tea polysaccharides may prevent 
obesity development [68, 71]. In the study of Wu et al. [69] 
oolong tea polysaccharides combined with polyphenols were 
administrated to rats fed with high-fat diet. It was indicated 
that tea polysaccharides combined with polyphenols showed 
the highest anti-obesity effect in terms of body weight gain. 
Therefore, these two bioactive compounds may be beneficial 
regarding obesity prevention. Moreover, tea polysaccharides 
attenuate oxidative stress through scavenging of free radicals 
and enhancing antioxidase enzymes activities [23]. Another 
health benefit which may be attributed to tea polysaccharides 
is antidiabetic activity, as in the study of Ren et al. [55] it 
was revealed that tea polysaccharides ameliorated insulin 
resistance and hepatic oxidative injury in mice. 

Pigments, such as theaflavins, thearubigins, and 
theabrownins, which are the products of catechins oxidation 
during fermentation process, are typical for black, oolong 
and dark teas [63, 64]. Tea pigments have been recognized 
as one of the bioactive compounds which are responsible for 
health-promoting properties of tea, such as anticancer [49], 
hepatoprotective [66] and anti-inflammatory, however, the 
antioxidant activity of pigments may be lower than catechins 
[53]. 

THE INFLUENCE OF BREWING 
TEMPERATURE ON THE CONTENT  
OF BIOACTIVE COMPOUNDS IN TEA 
Despite differences in tea processing, the method of tea 

drinking is similar and it implies steeping tea leaves for a few 
minutes in hot water, at a temperature 70–100°C, depending 
on tea type [3, 38]. Typically, green tea is prepared by steeping 
tea leaves in hot water at 80–90°C for about 3-4 minutes, 
while white tea is usually brewed at 60°C for 5 minutes 
[50]. However, the way of drinking tea may vary by specific 
countries. In Japan green tea is usually steeped in hot water for 
about 2 minutes and the infusion is used two to three times, 
while in China tea is typically steeped in hot water and the 
same tea leaves are reused up to seven times [40, 65]. In the 
United Kingdom, Canada and Ireland black tea is prepared 
using boiling water and it is often consumed with milk and 
sugar [65]. Despite typical methods of infusion preparation, 
in recent times, alternative methods, such as steeping tea with 
cold water (4°C or room temperature) or steeping tea leaves 
using hot water followed by addition of ice are also attracting 
interest [19, 38].

It is emphasized that the method of infusion preparation, 
including temperature of water, infusion time and number 
of extractions influence polyphenol content and antioxidant 
capacity of the tea infusion [34, 52, 61], as well as it may 
affect sensory properties [39]. In the study of Komes et al. 
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[34] it was stated that maximum extraction efficiency of 
phenolic compounds was obtained while brewing green tea 
at 80°C. The study of Saklar et al. [58] analyzed the influence 
of different steeping conditions (temperature ranging from 75 
to 95°C and time ranging from 1 minute to 45 minutes) on 
catechins content in green tea. It was found that brewing tea at 
85°C for 3 minutes was optimal in terms of epigallocatechin 
gallate content in green tea infusion (50.69 mg/100 ml), which 
is in accordance with commonly recommended steeping 
conditions of this type of tea. Safdar et al. [57] studied 10 
different methods of preparing green tea, including brewing 
infusion at 25, 52, 75 and 80°C. The method of preparing 
tea affected the chemical composition of infusions. Infusions 
brewed using water at room temperature contained less 
tannins and more saponins, comparing to those obtained by 
traditional brewing. In infusions which were brewed over 20 
minutes, the presence of proteins was detected, which were 
not present in infusions obtained as a result of brewing for up 
to 3 minutes [57]. In order to maximize optimal extraction of 
bioactive compounds from green tea it is advised to brew it 
at moderate temperatures, as at high temperatures exceeding 
90°C polyphenols are destroyed [6, 58].

Steeping tea leaves using cold water may maximize health 
effects and sensory appeal of tea infusion [11, 19, 28, 41, 
54, 72]. Castiglioni et al. [11] studied the effect of steeping 
conditions on antioxidant activities of green and white teas. It 
was indicated that the maximum extraction efficiency of the 
phenolic compounds from tea samples was obtained while 
teas were brewed with cold water for 120 minutes and with 
hot water for 90 minutes, however, the extraction was higher 
in cold than in hot infusions only in the case of teas from large 
leaves. In the study of Damiani et al. [19] it was shown that 
white teas brewed at room temperature for 120 minutes were 
characterized up to 70% more phenols, flavonoids and catechins 
content and antioxidant capacity, comparing to those which 
were brewed at 70°C for 7 minutes. Overall, this beneficial 
effect of brewing tea with cold water may be dependent on 
the certain type of tea, as in the study of Hajiaghaalipour et 
al. [28] it was indicated that the highest antioxidant activity 
for white tea was observed in prolonged hot and in some 
assays prolonged hot and cold extracts, while for green tea the 
highest activity was in prolonged cold brewing. Tea infusions 
prepared with cold water are also stated to contain lower 
amounts of caffeine and reduced bitterness than tea infusions 
made using hot water [72]. Additionally, in the study of Lin et 
al. [41] it was stated that cold brewing provides lighter color 
of tea infusion and higher sensory-rated infusions.

Although brewing tea using cold water seems to be 
a promising method in order to maintain high content of 
bioactive compounds in tea infusions, it requires longer 
infusion time, comparing to brewing tea using hot water [38]. 
Therefore, a novel modification has been proposed in order to 
overcome it. Lantano et al. [38] introduced an additional step 
after steeping tea with hot water, including ice addition, which 
enables to avoid slow cooling process causing changes in the 
bioactive compound content. Even if the antioxidant activity 
of hot-iced tea was lower than in the cold one, the amount of 
catechins was higher in hot-iced tea. 

THE INFLUENCE OF BREWING TIME 
ON THE CONTENT OF BIOACTIVE 

COMPOUNDS IN TEA 
It is well known that not only the temperature, but also 

the time of tea infusion influence the extraction of bioactive 
compounds, as well as antioxidant capacity [11, 37, 48, 50,  
52, 54]. Therefore, monitoring these parameters should be a 
matter of great importance in order to obtain all health benefits 
of tea [52]. Most of the available studies show that longer 
brewing time has a beneficial effect on the polyphenol content 
and antioxidant capacity of tea infusions [8, 17, 21, 22, 52]. 
Research of Pérez-Burillo [52] revealed that antioxidant 
capacity of white tea gradually increased in the linear manner 
with infusion time and temperature. In the study of Dmowski 
et al. [22] it was stated that the average polyphenols content in 
the tea samples ranged from 67,70 mg gallic acid equivalent 
(GAE)/100 ml (3-minute infusions) to 239,57 mg GAE/100 ml 
(15-minute infusions), so the infusion time was relevant factor 
polyphenol content. Similar results were obtained by Błaszak 
et al. [8], as the higher amount of polyphenolic compounds 
was contained in infusion of black tea leaves brewed at 80°C 
for 5 minutes, comparing to infusion of black tea which was 
brewed at 80°C for 3 minutes (24,6 mg GAE/100 ml; 23,5 
mg GAE/100 ml, respectively). The research of Dmowski 
et al. [21] determined the total polyphenol content in black 
teas, taking into consideration the brewing time and origin of 
tea [5]. It was indicated that the highest phenolic content was 
stated in the black tea from Sri Lanka. Interestingly, the longer 
time of tea brewing was, the higher the polyphenol content 
was recorded. Braud et al. [9] demonstrated that a 5 minute 
infusion time is sufficient to reach maximal bioavailability 
of phenolic compounds and caffeine in tea. Further increase 
of the brewing duration (15 or 30 min) cause no change, or 
even a decrease, of their concentrations. These results are at 
variance with those obtained by Cleverdon et al. [17], as in 
case of green tea, 10-minute infusion was characterized by 
significantly higher total polyphenol content than 5-minute 
infusion. 

THE INFLUENCE OF NUMBER  
OF EXTRACTIONS ON THE CONTENT 
OF BIOACTIVE COMPOUNDS IN TEA 
Tea brewing may be performed by reusing the same tea 

leaves, as a number of bioactive compounds is retained, which 
have not been exhausted [34, 61]. In the study of Komes et al. 
[34] it was revealed that during a second and third brewing 
of green tea, which were performed at the temperature of 
80°C for 3 min, the antioxidant activity increased by 25%, 
comparing to the first infusion. The research of Yang & Liu 
[73] investigated the influence of numbers of extractions on 
phenolic and flavonoid contents in different types of teas. It 
was observed that in general green tea contained the highest 
level of phenolics and flavonoids, comparing to oolong and 
black teas. Moreover, the first brewing was characterized by 
the highest content of bioactive compounds and the fourth 
brewing by the lowest content. Another study performed by 
Sharpe et al. [61] aimed at assessing the effect of six successive 
green tea infusions at 60°C for a period of 5 minutes on 
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antioxidant capacity. It was observed that certain types of 
teas did not release significant levels of bioactive compounds 
apart from the first infusion. However, some teas continued 
to release catechins within six brews or more. Therefore, it 
seems that another factors, such as harvest season or form of 
tea (bagged vs. loose-leaf) may play role in the ability of tea 
to be reused. 

CONCLUSION
Tea is currently gaining great interest, not only because of 

its sensory properties, but also its health-promoting properties. 
The beneficial health effects of tea are related to the presence 
of many bioactive substances, including polyphenols, 
alkaloids, polysaccharides, pigments and saponins. These 
compounds have antioxidant, anti-inflammatory, anti-cancer, 
antibacterial and hepatoprotective properties, and can also be 
used in the prevention of obesity and cardiovascular diseases. 
Caffeine found in tea stimulates the nervous system, reducing 
fatigue and increasing concentration. The content of the 
bioactive compounds in tea depends on the temperature and 
time of tea brewing, as well as the number of extractions of 
the tea leaves. Most of the available studies show that longer 
brewing time has a beneficial effect on the polyphenol content 
and antioxidant capacity of tea infusions. It is indicated that 
the temperature of 85°C is optimal to obtain the maximum 
amount of polyphenolic compounds in the infusion of green 
tea, however, there are indications that using of cold water 
in the tea preparation may also have a positive effect on the 
content of bioactive compounds in the infusion. Preparing 
tea several times using the same leaves may result in further 
extraction of bioactive compounds, however, research results 
in this field are inconclusive and it is assumed that other factors 
such as the harvest season and the form of the tea (bagged or 
loose-leaf) may determine the possibility of further extracting 
bioactive compounds from the infusion.

PODSUMOWANIE 
Herbata cieszy się obecnie dużym zainteresowaniem, nie 

tylko ze względu na jej właściwości sensoryczne, lecz rów-
nież właściwości prozdrowotne. Korzystne działanie zdro-
wotne herbaty związane jest z obecnością wielu substancji 
bioaktywnych, w tym polifenoli, alkaloidów, polisacharydów, 
pigmentów i saponin. Związki te wykazują działanie antyok-
sydacyjne, przeciwzapalne, przeciwnowotworowe, antybakte-
ryjne, hepatoprotekcyjne, jak również mogą być wykorzysty-
wane w prewencji otyłości i chorób sercowo-naczyniowych. 
Kofeina znajdująca się w herbacie działa stymulująco na 
układ nerwowy, redukując uczucie zmęczenia i zwiększając 
koncentrację. Zawartość związków bioaktywnych w herbacie 
jest zależna od temperatury i czasu przygotowania naparu, jak 
również liczby ekstrakcji liści herbaty. Większość dostępnych 
badań wskazuje, że dłuższy czas parzenia wpływa korzystnie 
na zawartość polifenoli i zdolności antyoksydacyjne naparów 
herbaty. Wskazuje się, że temperatura wynosząca 85°C jest 
optymalna do uzyskania maksymalnej ilości związków polife-
nolowych w naparze zielonej herbaty, jednakże istnieją prze-
słanki, że używanie zimnej wody do przygotowywania herba-
ty może również korzystnie wpływać na zawartość związków 
bioaktywnych w naparze. Kilkukrotne przygotowywanie her-
baty przy użyciu tych samych liści może powodować dalszą 
ekstrakcję związków bioaktywnych, jednakże wyniki badań 
z tego zakresu są niejednoznaczne i przypuszcza się, że inne 
czynniki, takie jak pora zbioru liści herbaty oraz forma herba-
ty (w torebkach lub liściasta) mogą determinować możliwość 
dalszej ekstrakcji związków bioaktywnych z naparu. 

REFERENCES
[1]	 AKTER M., N.N. ISLAM, A.F. SUMIT, N. AH-

SAN, S. HOSSAIN, M. AHMED, A.A. AKHAND. 
2015. „Tea extract prevents arsenic-mediated DNA 
damage and death of murine thymocytes in vitro.” 
Dhaka University Journal of Pharmaceutical Sciences 
14:79–85.

[2]	 ALMAJANO M.P., R. CARBÓ, J.A.L. JIMÉNEZ, 
M.H. GORDON. 2008. „Antioxidant and antimi-
crobial activities of tea infusions.” Food chemistry 
108:55–63.

[3]	 AN R., L. SUN, L. XIANG, W. ZHANG, Q. LI, 
X. LAI ET AL. 2019. „Effect of yellowing time on 
bioactive compounds in yellow tea and their antipro-
liferative capacity in HepG2 cells.” Food science & 
nutrition 7:1838–1847.

[4]	 ANAND J., B. UPADHYAYA, P. RAWAT, N. RAI. 
2015. „Biochemical characterization and pharmacog-
nostic evaluation of purified catechins in green tea 
(Camellia sinensis) cultivars of India.” 3 Biotech. 5:  
285–294.

REFERENCES
[1]	 AKTER M., N.N. ISLAM, A.F. SUMIT, N. AH-

SAN, S. HOSSAIN, M. AHMED, A.A. AKHAND. 
2015. „Tea extract prevents arsenic-mediated DNA 
damage and death of murine thymocytes in vitro.” 
Dhaka University Journal of Pharmaceutical Sciences 
14:79–85.

[2]	 ALMAJANO M.P., R. CARBO, J.A.L. JIMENEZ, 
M.H. GORDON. 2008. „Antioxidant and antimic-
robial activities of tea infusions.” Food chemistry 
108:55–63.

[3]	 AN R., L. SUN, L. XIANG, W. ZHANG, Q. LI, 
X. LAI ET AL. 2019. „Effect of yellowing time on 
bioactive compounds in yellow tea and their antipro-
liferative capacity in HepG2 cells.” Food science & 
nutrition 7:1838–1847.

[4]	 ANAND J., B. UPADHYAYA, P. RAWAT, N. RAI. 
2015. „Biochemical characterization and pharma-
cognostic evaluation of purified catechins in green tea 
(Camellia sinensis) cultivars of India.” 3 Biotech. 5:  
285–294.



135

[5]	 ANESINI C., G.E. FERRARO, R. FILIP 2008. 
„Total polyphenol content and antioxidant capacity of 
commercially available tea (Camellia sinensis) in Ar-
gentina.” Journal of agricultural and food chemistry 
56:9225–9229.

[6]	 BANERJEE S., J. CHATTERJEE. 2015. „Efficient 
extraction strategies of tea (Camellia sinensis) bio-
molecules.” Journal of food science and technology 
52:3158–3168.

[7]	 BERESNIAK A., G. DURU, G. BERGER, 
D. BREMOND-GIGNAC. 2012. „Relationships be-
tween black tea consumption and key health indica-
tors in the world: an ecological study.” BMJ open 2.

[8]	 BŁASZAK B,. J. FELDHEIM, J. HODYL, 
J. SZULC. 2018. „Wpływ sposobu przygotowania 
naparów czarnej herbaty na zawartość wybranych 
składników aktywnych.” Inżynieria Przetwórstwa 
Spożywczego 1:5–9.

[9]	 BRAUD L., L. PEYRE, G. DE SOUSA, M. AR-
MAND, R. RAHMANI, J.M. MAIXENT. 2015. 
„Effect of brewing duration on the antioxidant and 
hepatoprotective abilities of tea phenolic and alkaloid 
compounds in a t-BHP oxidative stress-induced rat 
hepatocyte model.” Molecules 20:14985–15002.

[10]	 CAPPELLETTI S., P. DARIA, G. SANI, M. ARO-
MATARIO. 2015. „Caffeine: cognitive and physical 
performance enhancer or psychoactive drug?.” Cur-
rent neuropharmacology 13:71–88.

[11]	 CASTIGLIONI S., E. DAMIANI, P. ASTOLFI, 
P. CARLONI. 2015. „Influence of steeping condi-
tions (time, temperature, and particle size) on antioxi-
dant properties and sensory attributes of some white 
and green teas.” International journal of food sciences 
and nutrition 66:491–497.

[12]	 CHAN E.W., E.Y. SOH, P.P TIE, Y.P. LAW. 2011. 
„Antioxidant and antibacterial properties of green, 
black, and herbal teas of Camellia sinensis.” Pharma-
cognosy research 3:266.

[13]	 CHANDRASEKARA A., F. SHAHIDI. 2018. 
„Herbal beverages: Bioactive compounds and their 
role in disease risk reduction – A review.” Journal of 
traditional and complementary medicine 8:451–458.

[14]	 CHATTERJEE P., S. CHANDRA, P. DEY, 
S. BHATTACHARYA. 2012. „Evaluation of anti–
inflammatory effects of green tea and black tea:  
A comparative in vitro study.” Journal of advanced 
pharmaceutical technology & research 3:136.

[15]	 CHEN H., M. ZHANG, Z. QU, B. XIE. 2007. 
„Compositional analysis and preliminary toxicologi-
cal evaluation of a tea polysaccharide conjugate.” 
Journal of agricultural and food chemistry 55: 2256–
2260. 

[16]	 CICHOŃ Z., M. MIŚNIAKIEWICZ. 2005. „Ana-
liza jakości czarnych herbat liściastych.” Zeszy-
ty Naukowe Akademii Ekonomicznej w Krakowie 
678:103–127.

[5]	 ANESINI C., G.E. FERRARO, R. FILIP 2008. 
„Total polyphenol content and antioxidant capacity of 
commercially available tea (Camellia sinensis) in Ar-
gentina.” Journal of agricultural and food chemistry 
56:9225–9229.

[6]	 BANERJEE S., J. CHATTERJEE. 2015. „Efficient 
extraction strategies of tea (Camellia sinensis) bio-
molecules.” Journal of food science and technology 
52:3158–3168.

[7]	 BERESNIAK A., G. DURU, G. BERGER, 
D. BREMOND-GIGNAC. 2012. „Relationships be-
tween black tea consumption and key health indica-
tors in the world: an ecological study.” BMJ open 2.

[8]	 BLASZAK B,. J. FELDHEIM, J. HODYL, 
J. SZULC. 2018. „Wplyw sposobu przygotowania 
naparow czarnej herbaty na zawartosc wybranych 
skladnikow aktywnych.” Inzynieria Przetworstwa 
Spozywczego 1:5–9.

[9]	 BRAUD L., L. PEYRE, G. DE SOUSA, M. AR-
MAND, R. RAHMANI, J.M. MAIXENT. 2015. 
„Effect of brewing duration on the antioxidant and 
hepatoprotective abilities of tea phenolic and alkalo-
id compounds in a t-BHP oxidative stress-induced rat 
hepatocyte model.” Molecules 20:14985–15002.

[10]	 CAPPELLETTI S., P. DARIA, G. SANI, M. ARO-
MATARIO. 2015. „Caffeine: cognitive and physical 
performance enhancer or psychoactive drug?.” Cur-
rent neuropharmacology 13:71–88.

[11]	 CASTIGLIONI S., E. DAMIANI, P. ASTOLFI, 
P. CARLONI. 2015. „Influence of steeping con-
ditions (time, temperature, and particle size) on antio-
xidant properties and sensory attributes of some white 
and green teas.” International journal of food sciences 
and nutrition 66:491–497.

[12]	 CHAN E.W., E.Y. SOH, P.P TIE, Y.P. LAW. 2011. 
„Antioxidant and antibacterial properties of green, 
black, and herbal teas of Camellia sinensis.” Pharma-
cognosy research 3:266.

[13]	 CHANDRASEKARA A., F. SHAHIDI. 2018. „Her-
bal beverages: Bioactive compounds and their role in 
disease risk reduction – A review.” Journal of traditio-
nal and complementary medicine 8:451–458.

[14]	 CHATTERJEE P., S. CHANDRA, P. DEY, 
S. BHATTACHARYA. 2012. „Evaluation of anti–
inflammatory effects of green tea and black tea:  
A comparative in vitro study.” Journal of advanced 
pharmaceutical technology & research 3:136.

[15]	 CHEN H., M. ZHANG, Z. QU, B. XIE. 2007. 
„Compositional analysis and preliminary toxicolo-
gical evaluation of a tea polysaccharide conjugate.” 
Journal of agricultural and food chemistry 55: 2256–
2260. 

[16]	 CICHON Z., M. MISNIAKIEWICZ. 2005. „Ana-
liza jakosci czarnych herbat lisciastych.” Zeszy-
ty Naukowe Akademii Ekonomicznej w Krakowie 
678:103–127.

ANALITICAL  REVIEW  ARTICLES / ARTYKUŁY  ANALITYCZNO-PRZEGLĄDOWE



136 POSTĘPY TECHNIKI przetwórstwa spożywczego / TECHNOLOGICAL PROGRESS in food processing   2/2020

[17]	 CLEVERDON R., Y. ELHALABY, M.D. MCAL-
PINE, W. GITTINGS, W.E. WARD. 2018. „Total 
polyphenol content and antioxidant capacity of tea 
bags: comparison of black, green, red rooibos, cham-
omile and peppermint over different steep times.” 
Beverages 4:15.

[18]	 CRESPY V., G. WILLIAMSON. 2004. „A review 
of the health effects of green tea catechins in in vivo 
animal models.” The Journal of nutrition 134:3431–
3440.

[19]	 DAMIANI E., P. CARLONI, G. ROCCHETTI, B. 
SENIZZA, L. TIANO, E. JOUBERT ET AL. 2019. 
„Impact of cold versus hot brewing on the phenolic 
profile and antioxidant capacity of rooibos (Aspala-
thus linearis) herbal tea.” Antioxidants 8:499.

[20]	 DEL RIO D., A. RODRIGUEZ-MATEOS, 
J.P. SPENCER, M. TOGNOLINI, G. BORGES,  
A. CROZIER. 2013. „Dietary (poly) phenolics in 
human health: structures, bioavailability, and evi-
dence of protective effects against chronic diseases.” 
Antioxidants & redox signaling 18:1818–1892.

[21]	 DMOWSKI P. M. ŚMIECHOWSKA, A. TE-
SMAR. 2013. „Właściwości przeciwutleniające her-
baty jako czynnik kształtujący jej wartość zdrowotną.” 
Problemy Higieny Epidemiologicznej 94:309–312.

[22]	 DMOWSKI P., M. ŚMIECHOWSKA, E. SAGAN. 
2014. „Wpływ czasu parzenia i stopnia rozdrobnienia 
herbaty czarnej na barwę naparu i jego właściwości 
przeciwutleniające.” Żywność. Nauka. Technologia. 
Jakość 21:5.

[23]	 DU L.L., Q.Y. FU, L.P. XIANG, X.Q. ZHENG, 
J.L. LU, J.H. YE ET AL. 2016. „Tea polysacchari-
des and their bioactivities.” Molecules 21:1449.

[24]	 FERNÁNDEZ P.L., F. PABLOS, M.J. MARTIN, 
A.G. GONZÁLEZ. 2002. „Study of catechin and 
xanthine tea profiles as geographical tracers.” Journal 
of agricultural and food chemistry 50:1833–1839.

[25]	 FOOD AND AGRICULTURE ORGANIZATION 
OF THE UNITED NATIONS. 2018. Current mar-
ket situation and medium term outlook to 2027 for 
tea. Rome: Food and Agriculture Organization of the 
United Nations.

[26]	 FUJIKI H. 2005. „Green tea: Health benefits as can-
cer preventive for humans.” The Chemical Record 
5:119–132.

[27]	 GHISELLI A., M. SERAFINI, F. NATELLA, 
C. SCIACCINI. 2000. „Total antioxidant capacity 
as a tool to assess redox status: critical view and ex-
perimental data.” Free Radical Biology and Medicine 
29:1106–1114.

[28]	 HAJIAGHAALIPOUR F., J. SANUSI, M.S. KAN-
THIMATHI. 2016. „Temperature and time of steep-
ing affect the antioxidant properties of white, green, 
and black tea infusions.” Journal of Food Science 
81:246–254.

[17]	 CLEVERDON R., Y. ELHALABY, M.D. MCAL-
PINE, W. GITTINGS, W.E. WARD. 2018. „Total 
polyphenol content and antioxidant capacity of tea 
bags: comparison of black, green, red rooibos, cha-
momile and peppermint over different steep times.” 
Beverages 4:15.

[18]	 CRESPY V., G. WILLIAMSON. 2004. „A review 
of the health effects of green tea catechins in in vivo 
animal models.” The Journal of nutrition 134:3431–
3440.

[19]	 DAMIANI E., P. CARLONI, G. ROCCHETTI, B. 
SENIZZA, L. TIANO, E. JOUBERT ET AL. 2019. 
„Impact of cold versus hot brewing on the phenolic 
profile and antioxidant capacity of rooibos (Aspalat-
hus linearis) herbal tea.” Antioxidants 8:499.

[20]	 DEL RIO D., A. RODRIGUEZ-MATEOS, 
J.P. SPENCER, M. TOGNOLINI, G. BORGES,  
A. CROZIER. 2013. „Dietary (poly) phenolics in 
human health: structures, bioavailability, and eviden-
ce of protective effects against chronic diseases.” An-
tioxidants & redox signaling 18:1818–1892.

[21]	 DMOWSKI P. M. SMIECHOWSKA, A. TE-
SMAR. 2013. „Wlasciwosci przeciwutleniajace her-
baty jako czynnik ksztaltujacy jej wartosc zdrowotna.” 
Problemy Higieny Epidemiologicznej 94:309–312.

[22]	 DMOWSKI P., M. SMIECHOWSKA, E. SAGAN. 
2014. „Wplyw czasu parzenia i stopnia rozdrobnienia 
herbaty czarnej na barwe naparu i jego wlasciwosci 
przeciwutleniajace.” Zywnosc. Nauka. Technologia. 
Jakosc 21:5.

[23]	 DU L.L., Q.Y. FU, L.P. XIANG, X.Q. ZHENG, 
J.L. LU, J.H. YE ET AL. 2016. „Tea polysacchari-
des and their bioactivities.” Molecules 21:1449.

[24]	 FERNANDEZ P.L., F. PABLOS, M.J. MARTIN, 
A.G. GONZALEZ. 2002. „Study of catechin and 
xanthine tea profiles as geographical tracers.” Journal 
of agricultural and food chemistry 50:1833–1839.

[25]	 FOOD AND AGRICULTURE ORGANIZATION 
OF THE UNITED NATIONS. 2018. Current mar-
ket situation and medium term outlook to 2027 for 
tea. Rome: Food and Agriculture Organization of the 
United Nations.

[26]	 FUJIKI H. 2005. „Green tea: Health benefits as can-
cer preventive for humans.” The Chemical Record 
5:119–132.

[27]	 GHISELLI A., M. SERAFINI, F. NATELLA, 
C. SCIACCINI. 2000. „Total antioxidant capacity 
as a tool to assess redox status: critical view and ex-
perimental data.” Free Radical Biology and Medicine 
29:1106–1114.

[28]	 HAJIAGHAALIPOUR F., J. SANUSI, M.S. 
KANTHIMATHI. 2016. „Temperature and time 
of steeping affect the antioxidant properties of whi-
te, green, and black tea infusions.” Journal of Food 
Science 81:246–254.



137

[29]	 HE R.R., L. CHEN, B.H. LIN, Y. MATSUI, X.S. 
YAO, H. KURIHARA. 2009. „Beneficial effects of 
oolong tea consumption on diet-induced overweight 
and obese subjects.” Chinese journal of integrative 
medicine 15:34–41.

[30]	 HODGSON J.M., K.D. CROFT. 2010. „Tea flavo-
noids and cardiovascular health.” Molecular aspects 
of medicine 31:495–502.

[31]	 HORIE M., K. NARA, S. SUGINO, A. UMENO, 
Y. YOSHIDA. 2017. „Comparison of antioxidant ac-
tivities among four kinds of Japanese traditional fer-
mented tea.” Food Science & Nutrition 5:639–645.

[32]	 JIN Y., J. ZHAO, E.M KIM, K.H. KIM, S. KANG, 
H. LEE, J. LEE. 2019. „Comprehensive investi-
gation of the effects of brewing conditions in sam-
ple preparation of green tea infusions.” Molecules 
24:1735.

[33]	 KHAN N., H. MUKHTAR. 2013. „Tea and health: 
studies in humans.” Current pharmaceutical design 
19:6141–6147.

[34]	 KOMES D., D. HORŽIĆ, A. BELŠČAK, K.K. 
GANIĆ, I. VULIĆ. 2010. „Green tea preparation and 
its influence on the content of bioactive compounds.” 
Food research international 43:167–176.

[35]	 KUJAWSKA M., M. EWERTOWSKA, T. AD-
AMSKA, E. IGNATOWICZ, A. GRAMZA–
MICHAŁOWSKA, J. JODYNIS-LIEBERT. 2016. 
„Protective effect of yellow tea extract on N-nitroso-
diethylamine-induced liver carcinogenesis.” Pharma-
ceutical Biology 54:1891–1900.

[36]	 LANDAIS E., A. MOSKAL, A. MULLEE, G. 
NICOLAS, M.J. GUNTER, I. HUYBRECHTS ET 
AL. 2018. „Coffee and tea consumption and the con-
tribution of their added ingredients to total energy and 
nutrient intakes in 10 European countries: Benchmark 
data from the late 1990s.” Nutrients 10:725.

[37]	 LANGLEY-EVANS S.C. 2000. „Antioxidant poten-
tial of green and black tea determined using the ferric 
reducing power (FRAP) assay.” International journal 
of food sciences and nutrition 51:181–188.

[38]	 LANTANO C., M. RINALDI, A. CAVAZZA, 
D. BARBANTI, C. CORRADINI. 2015. „Effects of 
alternative steeping methods on composition, antioxi-
dant property and colour of green, black and oolong 
tea infusions.” Journal of food science and technol-
ogy 52:8276–8283.

[39]	 LEE J., D.H. CHAMBERS. 2009. „Sensory de-
scriptive evaluation: brewing methods affect flavour 
of green tea.” Asian Journal of Food and Agro-Indus-
try 2:427–439.

[40]	 LIAO W.C., W.H. WU, S.T. LAI, W.J. LIN, 
H.C. LIOU, C.F. CHAN. 2012. „Kinetics investi-
gation of antioxidant capacity and total phenols of 
low-temperature steeping Bi Luo Chun green tea.” 
International journal of food science & technology 
47:2009–2014.

[29]	 HE R.R., L. CHEN, B.H. LIN, Y. MATSUI, X.S. 
YAO, H. KURIHARA. 2009. „Beneficial effects of 
oolong tea consumption on diet-induced overweight 
and obese subjects.” Chinese journal of integrative 
medicine 15:34–41.

[30]	 HODGSON J.M., K.D. CROFT. 2010. „Tea flavo-
noids and cardiovascular health.” Molecular aspects 
of medicine 31:495–502.

[31]	 HORIE M., K. NARA, S. SUGINO, A. UMENO, 
Y. YOSHIDA. 2017. „Comparison of antioxidant 
activities among four kinds of Japanese traditional 
fermented tea.” Food Science & Nutrition 5:639–645.

[32]	 JIN Y., J. ZHAO, E.M KIM, K.H. KIM, S. KANG, 
H. LEE, J. LEE. 2019. „Comprehensive investi-
gation of the effects of brewing conditions in sam-
ple preparation of green tea infusions.” Molecules 
24:1735.

[33]	 KHAN N., H. MUKHTAR. 2013. „Tea and health: 
studies in humans.” Current pharmaceutical design 
19:6141–6147.

[34]	 KOMES D., D. HORZIC, A. BELSCAK, K.K. 
GANIC, I. VULIC. 2010. „Green tea preparation 
and its influence on the content of bioactive compo-
unds.” Food research international 43:167–176.

[35]	 KUJAWSKA M., M. EWERTOWSKA, T. ADAM-
SKA, E. IGNATOWICZ, A. GRAMZA–MI-
CHALOWSKA, J. JODYNIS-LIEBERT. 2016. 
„Protective effect of yellow tea extract on N-nitroso-
diethylamine-induced liver carcinogenesis.” Pharma-
ceutical Biology 54:1891–1900.

[36]	 LANDAIS E., A. MOSKAL, A. MULLEE, G. NI-
COLAS, M.J. GUNTER, I. HUYBRECHTS ET 
AL. 2018. „Coffee and tea consumption and the con-
tribution of their added ingredients to total energy and 
nutrient intakes in 10 European countries: Benchmark 
data from the late 1990s.” Nutrients 10:725.

[37]	 LANGLEY-EVANS S.C. 2000. „Antioxidant poten-
tial of green and black tea determined using the ferric 
reducing power (FRAP) assay.” International journal 
of food sciences and nutrition 51:181–188.

[38]	 LANTANO C., M. RINALDI, A. CAVAZZA, 
D. BARBANTI, C. CORRADINI. 2015. „Effects of 
alternative steeping methods on composition, antioxi-
dant property and colour of green, black and oolong 
tea infusions.” Journal of food science and technolo-
gy 52:8276–8283.

[39]	 LEE J., D.H. CHAMBERS. 2009. „Sensory des-
criptive evaluation: brewing methods affect flavour of 
green tea.” Asian Journal of Food and Agro-Industry 
2:427–439.

[40]	 LIAO W.C., W.H. WU, S.T. LAI, W.J. LIN, 
H.C. LIOU, C.F. CHAN. 2012. „Kinetics investi-
gation of antioxidant capacity and total phenols of 
low-temperature steeping Bi Luo Chun green tea.” 
International journal of food science & technology 
47:2009–2014.

ANALITICAL  REVIEW  ARTICLES / ARTYKUŁY  ANALITYCZNO-PRZEGLĄDOWE



138 POSTĘPY TECHNIKI przetwórstwa spożywczego / TECHNOLOGICAL PROGRESS in food processing   2/2020

[41]	 LIN S.D., J.H. YANG, Y.J. HSIEH, E.H. LIU, 
J.L. MAU. 2014. „Effect of different brewing meth-
ods on quality of green tea.” Journal of Food Process-
ing and Preservation 38:1234–1243.

[42]	 MAO J.T., N.X. NIE, I.X. TSU, Y.S. JIN, 
J.Y. RAO, Q.Y. LU ET AL. 2010. „White tea extract 
induces apoptosis in non-small cell lung cancer cells: 
the role of peroxisome proliferator-activated receptor-
{gamma} and 15-lipoxygenases.” Cancer Prevention 
Research 3:1132–1140.

[43]	 MICHALAK-MAJEWSKA M. 2011. „Właściwo-
ści herbaty. Część 1. Znaczenie żywieniowe.” Nauka 
Przyroda Technologie 5:114.

[44]	 MIYATA Y., Y. SHIDA, T. HAKARIYA, H. SA-
KAI. 2019. „Anti-cancer effects of green tea poly-
phenols against prostate cancer.” Molecules 24:193.

[45]	 MUTHUMANI T., R.S. KUMAR. 2007. „Influence 
of fermentation time on the development of com-
pounds responsible for quality in black tea.” Food 
Chemistry 101:98–102.

[46]	 NIBIR Y.M., A.F. SUMIT, A.A. AKHAND, 
N. AHSAN, M. HOSSAIN. 2017. „Comparative as-
sessment of total polyphenols, antioxidant and anti-
microbial activity of different tea varieties of Bangla-
desh.” Asian Pacific Journal of Tropical Biomedicine  
7:352–357.

[47]	 NICOLAS J., C. BILLAUD, J. PHILIPPON, M.A. 
ROUET-MAYER. 2003. „Enzymatic-biochemical 
aspects.” in Encyclopedia of Food Sciences and Nu-
trition (Second Edition).

[48]	 NIKNIAZ Z., R. MAHDAVI, S.J. GHAEM-
MAGHAMI, N.L. YAGIN, L. NIKNIAZ. 2016. 
„Effect of different brewing times on antioxidant ac-
tivity and polyphenol content of loosely packed and 
bagged black teas (Camellia sinensis L.).” Avicenna 
journal of phytomedicine 6:313.

[49]	 PAN H., F. WANG, G.O. RANKIN, Y. ROJANA-
SAKUL, Y. TU, Y.C. CHEN. 2017. „Inhibitory ef-
fect of black tea pigments, theaflavin‑3/3’-gallate 
against cisplatin–resistant ovarian cancer cells by 
inducing apoptosis and G1 cell cycle arrest.” Interna-
tional journal of oncology 51:1508–1520.

[50]	 PASTORIZA S., S. PÉREZ-BURILLO, J.A. RU-
FIÁN-HENARES. 2017. „How brewing parameters 
affect the healthy profile of tea.” Current Opinion in 
Food Science 14:7–12.

[51]	 PELUSO I., M. SERAFINI. 2017. „Antioxidants 
from black and green tea: From dietary modulation 
of oxidative stress to pharmacological mechanisms.” 
British journal of pharmacology 174:1195–1208.

[52]	 PÉREZ-BURILLO S., R. GIMÉNEZ, J.A. RU-
FIÁN-HENARES, S. PASTORIZA. 2018. „Effect 
of brewing time and temperature on antioxidant ca-
pacity and phenols of white tea: Relationship with 
sensory properties.” Food Chemistry 248:111–118.

[41]	 LIN S.D., J.H. YANG, Y.J. HSIEH, E.H. LIU, 
J.L. MAU. 2014. „Effect of different brewing 
methods on quality of green tea.” Journal of Food 
Processing and Preservation 38:1234–1243.

[42]	 MAO J.T., N.X. NIE, I.X. TSU, Y.S. JIN, 
J.Y. RAO, Q.Y. LU ET AL. 2010. „White tea extract 
induces apoptosis in non-small cell lung cancer cells: 
the role of peroxisome proliferator-activated receptor
-{gamma} and 15-lipoxygenases.” Cancer Prevention 
Research 3:1132–1140.

[43]	 MICHALAK-MAJEWSKA M. 2011. „Wlasciwo-
sci herbaty. Czesc 1. Znaczenie zywieniowe.” Nauka 
Przyroda Technologie 5:114.

[44]	 MIYATA Y., Y. SHIDA, T. HAKARIYA, H. SA-
KAI. 2019. „Anti-cancer effects of green tea polyp-
henols against prostate cancer.” Molecules 24:193.

[45]	 MUTHUMANI T., R.S. KUMAR. 2007. „Influence 
of fermentation time on the development of compo-
unds responsible for quality in black tea.” Food Che-
mistry 101:98–102.

[46]	 NIBIR Y.M., A.F. SUMIT, A.A. AKHAND, 
N. AHSAN, M. HOSSAIN. 2017. „Comparative as-
sessment of total polyphenols, antioxidant and anti-
microbial activity of different tea varieties of Bangla-
desh.” Asian Pacific Journal of Tropical Biomedicine  
7:352–357.

[47]	 NICOLAS J., C. BILLAUD, J. PHILIPPON, M.A. 
ROUET-MAYER. 2003. „Enzymatic-biochemical 
aspects.” in Encyclopedia of Food Sciences and Nu-
trition (Second Edition).

[48]	 NIKNIAZ Z., R. MAHDAVI, S.J. GHAEM-
MAGHAMI, N.L. YAGIN, L. NIKNIAZ. 2016. 
„Effect of different brewing times on antioxidant acti-
vity and polyphenol content of loosely packed and 
bagged black teas (Camellia sinensis L.).” Avicenna 
journal of phytomedicine 6:313.

[49]	 PAN H., F. WANG, G.O. RANKIN, Y. ROJA-
NASAKUL, Y. TU, Y.C. CHEN. 2017. „Inhibitory 
effect of black tea pigments, theaflavin 3/3’-gallate 
against cisplatin–resistant ovarian cancer cells by  
inducing apoptosis and G1 cell cycle arrest.” Interna-
tional journal of oncology 51:1508–1520.

[50]	 PASTORIZA S., S. PEREZ-BURILLO, J.A. RU-
FIAN-HENARES. 2017. „How brewing parameters 
affect the healthy profile of tea.” Current Opinion in 
Food Science 14:7–12.

[51]	 PELUSO I., M. SERAFINI. 2017. „Antioxidants 
from black and green tea: From dietary modulation 
of oxidative stress to pharmacological mechanisms.” 
British journal of pharmacology 174:1195–1208.

[52]	 PEREZ-BURILLO S., R. GIMENEZ, J.A. RU-
FIAN-HENARES, S. PASTORIZA. 2018. „Effect 
of brewing time and temperature on antioxidant capa-
city and phenols of white tea: Relationship with sen-
sory properties.” Food Chemistry 248:111–118.



139

[53]	 RAMADAN G., N.M. EL–BEIH, R.M. TALAAT, 
E.A. ABD EL–GHFFAR. 2017. „Anti-inflammatory 
activity of green versus black tea aqueous extract in 
a rat model of human rheumatoid arthritis.” Interna-
tional journal of rheumatic diseases 20:203–213.

[54]	 RAMALHO S.A., N. NIGAM, G.B. OLIVEIRA, 
P.A. DE OLIVEIRA, T.O.M. SILVA, A.G.P. DOS 
SANTOS, N. NARAIN. 2013. „Effect of infusion 
time on phenolic compounds and caffeine content in 
black tea.” Food Research International 51:155–161.

[55]	 REN D., Y. HU, Y. LUO, X. YANG. 2015. „Sele-
nium-containing polysaccharides from Ziyang green 
tea ameliorate high-fructose diet induced insulin re-
sistance and hepatic oxidative stress in mice.” Food 
& function 6:3342–3350.

[56]	 REYGAERT W.C. 2017. „An update on the health 
benefits of green tea.” Beverages 3:6.

[57]	 SAFDAR N., A. SARFARAZ, Z. KAZMI, A. YAS-
MIN. 2016. „Ten different brewing methods of green 
tea: comparative antioxidant study.” Journal of Ap-
plied Biology & Biotechnology 4:033–040.

[58]	 SAKLAR S., E. ERTAS, I.S. OZDEMIR, B. 
KARADENIZ. 2015. „Effects of different brewing 
conditions on catechin content and sensory accep-
tance in Turkish green tea infusions.” Journal of food 
science and technology 52:6639–6646.

[59]	 SANLIER N., I. ATIK, A. ATIK. 2018. „A minire-
view of effects of white tea consumption on diseas-
es.” Trends in Food Science & Technology 82:82–88.

[60]	 SANTAMARINA A.B., M. CARVALHO-SILVA, 
L.M. GOMES, M.H. OKUDA, A.A. SANTANA, 
E.L. STRECK ET AL. 2015. „Decaffeinated green 
tea extract rich in epigallocatechin-3-gallate prevents 
fatty liver disease by increased activities of mito-
chondrial respiratory chain complexes in diet-induced 
obesity mice.” The Journal of nutritional biochemis-
try 26:1348–1356.

[61]	 SHARPE E., F. HUA, S. SCHUCKERS, S. AN-
DREESCU, R. BRADLEY. 2016. „Effects of brew-
ing conditions on the antioxidant capacity of twenty–
four commercial green tea varieties.” Food chemistry 
192:380–387.

[62]	 TAKEMOTO M., H. TAKEMOTO. 2018. „Syn-
thesis of theaflavins and their functions.” Molecules 
23:918.

[63]	 TANG G.Y., X. MENG, R.Y. GAN, C.N. ZHAO, 
Q. LIU, Y.B. FENG ET AL. 2019. „Health func-
tions and related molecular mechanisms of tea com-
ponents: An update review.” International Journal of 
Molecular Sciences 20:6196.

[64]	 TANG P., D.Y. SHEN, Y.Q. XU, X.C. ZHANG, 
J. SHI, J.F. YIN. 2018. „Effect of fermentation con-
ditions and plucking standards of tea leaves on the 
chemical components and sensory quality of ferment-
ed juice.” Journal of Chemistry.

[53]	 RAMADAN G., N.M. EL–BEIH, R.M. TALAAT, 
E.A. ABD EL–GHFFAR. 2017. „Anti-inflammatory 
activity of green versus black tea aqueous extract in a 
rat model of human rheumatoid arthritis.” Internatio-
nal journal of rheumatic diseases 20:203–213.

[54]	 RAMALHO S.A., N. NIGAM, G.B. OLIVEIRA, 
P.A. DE OLIVEIRA, T.O.M. SILVA, A.G.P. DOS 
SANTOS, N. NARAIN. 2013. „Effect of infusion 
time on phenolic compounds and caffeine content in 
black tea.” Food Research International 51:155–161.

[55]	 REN D., Y. HU, Y. LUO, X. YANG. 2015. „Sele-
nium-containing polysaccharides from Ziyang green 
tea ameliorate high-fructose diet induced insulin resi-
stance and hepatic oxidative stress in mice.” Food & 
function 6:3342–3350.

[56]	 REYGAERT W.C. 2017. „An update on the health 
benefits of green tea.” Beverages 3:6.

[57]	 SAFDAR N., A. SARFARAZ, Z. KAZMI, A. YAS-
MIN. 2016. „Ten different brewing methods of green 
tea: comparative antioxidant study.” Journal of Ap-
plied Biology & Biotechnology 4:033–040.

[58]	 SAKLAR S., E. ERTAS, I.S. OZDEMIR, B. KA-
RADENIZ. 2015. „Effects of different brewing con-
ditions on catechin content and sensory acceptance in 
Turkish green tea infusions.” Journal of food science 
and technology 52:6639–6646.

[59]	 SANLIER N., I. ATIK, A. ATIK. 2018. „A minire-
view of effects of white tea consumption on diseases.” 
Trends in Food Science & Technology 82:82–88.

[60]	 SANTAMARINA A.B., M. CARVALHO-SILVA, 
L.M. GOMES, M.H. OKUDA, A.A. SANTANA, 
E.L. STRECK ET AL. 2015. „Decaffeinated green 
tea extract rich in epigallocatechin-3-gallate prevents 
fatty liver disease by increased activities of mito-
chondrial respiratory chain complexes in diet-induced 
obesity mice.” The Journal of nutritional biochemi-
stry 26:1348–1356.

[61]	 SHARPE E., F. HUA, S. SCHUCKERS, S. AN-
DREESCU, R. BRADLEY. 2016. „Effects of 
brewing conditions on the antioxidant capacity of 
twenty–four commercial green tea varieties.” Food 
chemistry 192:380–387.

[62]	 TAKEMOTO M., H. TAKEMOTO. 2018. „Synthe-
sis of theaflavins and their functions.” Molecules 
23:918.

[63]	 TANG G.Y., X. MENG, R.Y. GAN, C.N. ZHAO, 
Q. LIU, Y.B. FENG ET AL. 2019. „Health functions 
and related molecular mechanisms of tea compo-
nents: An update review.” International Journal of 
Molecular Sciences 20:6196.

[64]	 TANG P., D.Y. SHEN, Y.Q. XU, X.C. ZHANG, 
J. SHI, J.F. YIN. 2018. „Effect of fermentation con-
ditions and plucking standards of tea leaves on the 
chemical components and sensory quality of fermen-
ted juice.” Journal of Chemistry.

ANALITICAL  REVIEW  ARTICLES / ARTYKUŁY  ANALITYCZNO-PRZEGLĄDOWE



140 POSTĘPY TECHNIKI przetwórstwa spożywczego / TECHNOLOGICAL PROGRESS in food processing   2/2020

[65]	 VENDITTI E., T. BACCHETTI, L. TIANO, 
P.CARLONI, L. GRECI, E. DAMIANI. 2010. 
„Hot vs. cold water steeping of different teas: do they 
affect antioxidant activity?.” Food Chemistry 119: 
1597–1604.

[66]	 WEERAWATANAKORN M., Y.L. LEE, C.Y. TSAI, 
C.S. LAI, X. WAN, C.T. HO ET AL. 2015. „Pro-
tective effect of theaflavin-enriched black tea extracts 
against dimethylnitrosamine-induced liver fibrosis in 
rats.” Food & function 6:1832–1840.

[67]	 WEI K., L. WANG, J. ZHOU, W. HE, J. ZENG, 
Y. YIANG ET AL. 2011. „Catechin contents in tea 
(Camellia sinensis) as affected by cultivar and envi-
ronment and their relation to chlorophyll contents.” 
Food chemistry 125:44–48.

[68]	 WU C., H. XU, J. HÉRITIER, W. ANDLAUER. 
2012. „Determination of catechins and flavonol gly-
cosides in Chinese tea varieties.” Food Chemistry 
132:144–149.

[69]	 WU T., J. XU, Y. CHEN, R. LIU, M. ZHANG. 
2018. „Oolong tea polysaccharide and polyphenols 
prevent obesity development in Sprague-Dawley 
rats.” Food & nutrition research 62.

[70]	 XU J., M. WANG, J. ZHAO, Y.H. WANG, 
Q. TANG, I.A. KHAN. 2018. „Yellow tea (Camel-
lia sinensis L.), a promising Chinese tea: Processing, 
chemical constituents and health benefits.” Food Re-
search International 107:567–577.

[71]	 XU Y., M ZHANG, T. WU, S. DAI, J. XU, 
Z. ZHOU. 2015. „The anti-obesity effect of green tea 
polysaccharides, polyphenols and caffeine in rats fed 
with a high-fat diet.” Food & Function 6:296–303.

[72]	 YANG D.J., L.S. HWANG, J.T. LIN. 2007. „Effects 
of different steeping methods and storage on caffeine, 
catechins and gallic acid in bag tea infusions.” Journal 
of Chromatography A 1156:312–320.

[73]	 YANG J., R.H. LIU. 2013. „The phenolic profiles 
and antioxidant activity in different types of tea.” In-
ternational Journal of Food Science & Technology 
48:163–171.

[74]	 YIANNAKOPOULOU E.C. 2015. Targeting DNA 
methylation with green tea catechins.” Pharmacology 
95:111–116.

[75]	 ZHANG X., C. DAI, Y. YOU, L. HE, T. CHEN. 
2018. „Tea regimen, a comprehensive assessment 
of antioxidant and antitumor activities of tea extract 
produced by Tie Guanyin hybridization.” RSC ad-
vances 8:11305–11315.

[76]	 ZHAO C., C. LI, S. LIU, L. YANG. 2014. „The 
galloyl catechins contributing to main antioxidant  
capacity of tea made from Camellia sinensis in Chi-
na.” The Scientific World Journal. 

[77]	 ZHAO C.N., G.Y. TANG, S.Y. CAO, X.Y. XU, 
R.Y. GAN, Q. LIU ET AL. 2019. „Phenolic profiles 
and antioxidant activities of 30 tea infusions from 
green, black, oolong, white, yellow and dark teas.” 
Antioxidants 8:215.

[65]	 VENDITTI E., T. BACCHETTI, L. TIANO, 
P.CARLONI, L. GRECI, E. DAMIANI. 2010. 
„Hot vs. cold water steeping of different teas: do they 
affect antioxidant activity?.” Food Chemistry 119: 
1597–1604.

[66]	 WEERAWATANAKORN M., Y.L. LEE, C.Y. TSAI, 
C.S. LAI, X. WAN, C.T. HO ET AL. 2015. „Pro-
tective effect of theaflavin-enriched black tea extracts 
against dimethylnitrosamine-induced liver fibrosis in 
rats.” Food & function 6:1832–1840.

[67]	 WEI K., L. WANG, J. ZHOU, W. HE, J. ZENG, 
Y. YIANG ET AL. 2011. „Catechin contents in tea 
(Camellia sinensis) as affected by cultivar and envi-
ronment and their relation to chlorophyll contents.” 
Food chemistry 125:44–48.

[68]	 WU C., H. XU, J. HERITIER, W. ANDLAUER. 
2012. „Determination of catechins and flavonol 
glycosides in Chinese tea varieties.” Food Chemistry 
132:144–149.

[69]	 WU T., J. XU, Y. CHEN, R. LIU, M. ZHANG. 
2018. „Oolong tea polysaccharide and polyphenols 
prevent obesity development in Sprague-Dawley 
rats.” Food & nutrition research 62.

[70]	 XU J., M. WANG, J. ZHAO, Y.H. WANG, 
Q. TANG, I.A. KHAN. 2018. „Yellow tea (Camel-
lia sinensis L.), a promising Chinese tea: Processing, 
chemical constituents and health benefits.” Food Re-
search International 107:567–577.

[71]	 XU Y., M ZHANG, T. WU, S. DAI, J. XU, 
Z. ZHOU. 2015. „The anti-obesity effect of green tea 
polysaccharides, polyphenols and caffeine in rats fed 
with a high-fat diet.” Food & Function 6:296–303.

[72]	 YANG D.J., L.S. HWANG, J.T. LIN. 2007. „Effects 
of different steeping methods and storage on caffeine, 
catechins and gallic acid in bag tea infusions.” Journal 
of Chromatography A 1156:312–320.

[73]	 YANG J., R.H. LIU. 2013. „The phenolic profiles 
and antioxidant activity in different types of tea.” In-
ternational Journal of Food Science & Technology 
48:163–171.

[74]	 YIANNAKOPOULOU E.C. 2015. Targeting DNA 
methylation with green tea catechins.” Pharmacology 
95:111–116.

[75]	 ZHANG X., C. DAI, Y. YOU, L. HE, T. CHEN. 
2018. „Tea regimen, a comprehensive assessment 
of antioxidant and antitumor activities of tea extract 
produced by Tie Guanyin hybridization.” RSC advan-
ces 8:11305–11315.

[76]	 ZHAO C., C. LI, S. LIU, L. YANG. 2014. „The 
galloyl catechins contributing to main antioxidant  
capacity of tea made from Camellia sinensis in Chi-
na.” The Scientific World Journal. 

[77]	 ZHAO C.N., G.Y. TANG, S.Y. CAO, X.Y. XU, 
R.Y. GAN, Q. LIU ET AL. 2019. „Phenolic profi-
les and antioxidant activities of 30 tea infusions from 
green, black, oolong, white, yellow and dark teas.” 
Antioxidants 8:215.



141

[78]	 ZHAO Y., S. ASIMI, K. WU, J. ZHENG, D. LI. 
2015. „Black tea consumption and serum cholesterol 
concentration: Systematic review and meta-analysis 
of randomized controlled trials.” Clinical Nutrition  
34:612–619.

[79]	 ZHENG W.J., X.C. WAN, G.H. BAO. 2015. „Brick 
dark tea: a review of the manufacture, chemical con-
stituents and bioconversion of the major chemical 
components during fermentation.” Phytochemistry 
Reviews 14:499–523.

[78]	 ZHAO Y., S. ASIMI, K. WU, J. ZHENG, D. LI. 
2015. „Black tea consumption and serum cholesterol 
concentration: Systematic review and meta-analysis 
of randomized controlled trials.” Clinical Nutrition  
34:612–619.

[79]	 ZHENG W.J., X.C. WAN, G.H. BAO. 2015. „Brick 
dark tea: a review of the manufacture, chemical con-
stituents and bioconversion of the major chemical 
components during fermentation.” Phytochemistry 
Reviews 14:499–523.

ANALITICAL  REVIEW  ARTICLES / ARTYKUŁY  ANALITYCZNO-PRZEGLĄDOWE


