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Table 1 - Total phenolic contents of tea samples after 10 and 30 min of brewing

Total phenolic contents of tea
samples after 10 min of brewing
(mg /| of gallic acid)

Total phenolic contents of tea samples after 30
min of brewing
(mg /| of gallic acid)

Black tea (BT1) 248.26° 279.26°
Black tea (BT2) 195.46° 261.58"
C.T.C black tea (CBT2) 354.29° 372.26°
C.T.Cblack tea (CBT1) 337.06% 365.68%
Iranian Green tea 357.64% 366.35%

Chinese Green tea 335.74% 2 379.87
Matcha tea 360.10* 362.852%
White tea 229.64" 362.93°
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Different letters indicate a significant difference (p<0.05) in the total phenolic contents between treatments at a specific

brewing time (p<0.05).
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Table 2- Antioxidant activity of tea samples after 10 and 30 min of brewing

The antioxidant activity in 10 min of tea

brewing (UM Fesoy)

The antioxidant activity in 30 min of tea
brewing (UM Feso,)

Black tea (BT1) 396.05" 464.55"
Black tea (BT2) 417559 644.30¢
CT(ES'T&‘S')‘ tea 886.36° 1189.66°
C.T.C black tea 1345.24° 1559.05 ¢
(CBTY)

Iranian Green tea 1402.24° 1742552
Chinese Green tea 1255.86¢ 1638.67°¢
Matcha tea 1681.362 1726.74°
White tea 458.67F 784.36

Different letters indicate a significant difference (p<0.05) in the amount of antioxidant activity between treatments at a

specific brewing time.
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Correlation of total phenolic conten and antioxidant activity
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Fig. 1- Correlation chart of total phenolic contents and antioxidant activity of tea samples after 10 min of brewing
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Fig. 2- Correlation chart of total phenolic contents and antioxidant activity of tea samples after 30 min of brewing
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Table 3- The I1C50 of tea samples after 10 and 30 min of brewing

1C50 of tea samples after 10 and 30 min of tea IC50 of tea samples after 30 min of
brewing (g/1) brewing (g/1)

Black tea (BT1) 3.98° 2.70°
Black tea (BT2) 3.98° 2.78°
C.T.C black tea (CBT2) 1.96° 0.94°
C.T.C black tea (CBT1) 1.97°¢ 0.92"
Iranian Green tea 1.77°¢ 0.74"
Chinese Green tea 1.819 0.77¢
Matcha tea 1.72° 1.64°
White tea 3.84° 2.20°
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Different letters indicate a significant difference (P<0.05) in the IC50 value between treatments at a specific brewing time.
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Fig. 3- Correlation chart of total phenolic content and ICS50 of tea samples after10 min of brewing
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Correlation of IC50 and total phenolic content

(] L IRRPPTILL
‘0
y =-45.137x+415.45
R2=0.7306
3 25 2 1.5
1C50(g/1)

450
400
350
300
250
200
150
100
50

Totalphenol content (mg/I gallic
acid)

1 0.5 0

Fig. 4- Correlation chart of total phenolic content and IC50 of tea samples after 30 min of brewing
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Table 4- The caffeine content of tea samples after 10 and 30 min of brewing

The caffeine content of tea samples after 10
min of brewing
(ppm of pure caffeine)

The caffeine content of tea samples after
30 min of brewing
(ppm of pure caffeine)

Black tea (BT1) 14.54° 17.65°
Black tea (BT2) 11.82° 15.939
C.T.C black tea (CBT2) 25.05° 27.01°
C.T.C black tea (CBT1) 23.87°¢ 24.38°
Green tea (Iranian) 13.49 " 17.477
Green tea (Chinese) 8.06" 10.28"
Matcha tea 25.59° 25.64°
White tea 16.61°7 20.18%

Different lowercase letters indicate a significant difference (P<0.05) in the amount of caffeine between treatments at a

specific brewing time.

.ml{&d)gi P> s (o) S )0 jlowd oy (128l Hlade 40 (P</+0) Hy iz oldy (Sl calisre S 98 3g >

Zhang et al., ) wib o bgls > 39550 slacpasls
Gl LS5 i p )y ol sle sl po ooy 58
2 lyokw sl g b Glagh cul 2 838 (wyp S
gl PO ABBY YomYO-Y—10-) =V/O-Y/D slale;
My LS 0 igh cpl slaodly oo g a4y o 5 00 S
lisee slaojlas don j3 J§ Joid Gl (game oS
G Gxe yeb a4 w@ddy Ve U oo ags olus sl
Clls o) g oS IS S g liee
b mess Al by (Ramalho et al., 2012)
o0l oS W poiilS wile (sla  Jaid LSy 5l elacl
s3> B g W oo Jotsd bapSog)5 g b (pgYlS & 4
d9bse 4l agly opl GlasT 5l el i )
5 okl Cands @l 4 as L (Wang et al., 2022)
Ol oot Spgl 2 oloj 93 2 5 5 pols imgky
preS g e slo sl & Blaite ST (ol el
.Jy&owdhdlggcggboi
Jo g lgn 5 Ol 4B 5 @00 (slaging b Gillas
U G SlaS 5 Glise 3 2l 65U Gl olS )
Tseng) >)b laws] 5l cdld e ams 3 g ls
Cuold 55 VoYY Jlo  pismen (and Lai., 2022
o ) B3y ols g s slagsly SlagusT 3l
o (sl 4 wzbly 3 ol o 4 =l g bunys
2yl ol (slo a4y s gyt ST (3] Cools

g ok b alde (dmoh 50 VeV Jlo
Sl 93 1y 05 g S5 plie o €O 5 0y
Sglite 3yl ) ol sla g (plite Ky dw ) juus
LS 5 o oS LBl 5 103)S dwglis ,SSL I
S Lol sl ol gl 1 il o sl > IS (Jgid
SlS 5 ol oyt )b (Mo ol b aunlis
e S 5 e sl Sl 3 5 IS Jg
clogls 3 S Ut o a5 wizbl s Ll g e
Sl dols odly duolie 5 Cowl jusio jlaw calises
] ufw,o aliseo dlﬁ’dl% K9y ¢ iz Oldlleo
IS sk o 5l ool g5 &5 5 pS o ol sl
S b cwl i IS Jeb Sl 5 e Sl
.(Magnusdottir and Khokhar, 2002) sl
Qo) onl ) ook 58 VOV Jlo 5 oiores
P58 LS 5 olire 9 s (5T ol g 45 plos
RIS L g e s g i ol Sl gy aw S
25 U5 i & o ol 5 (S @l b dlis
2 ool izeed 3 duds g obs sl | i o Sy
On &5 2Bl (b g Sl il (glasyy dunlis
Pereira etal., ) il 925 )b gxe ©olis 35 Ll i1
Olie 3 o bl cuby ogos 5 o (2014
Job LS5 ales 51l 53 devge dilize @luS s
(Tseng and Lai., 2022) x)b ol w56 s>
Jolgs ontare 3 opsl po ooy 45 sl S5 Ll
der J J5b Sy gl e IS,



oo 5 o s colos (51 £l S G5 5 T 5T il 1 Jgih a3 51 803 0o T i

¥ slalge 4 drgi b 485 O g0 slagw)p Gibo
9 OS5yl (le (Stmsed (fie (392 05 F
Sl 3 0529 s & Wl e (oIl cleb 5 S
S 5 s o Sl b olen o L3l 5%
olgs & W)l (ali b gly STl el
sy oSl sl 5l glie gie & jus e Jlo
5 oIS oy ) o5 Ll by 350 4
loJs 355 dnassiinls (sl Lol sl (SJE sl
9 Shj g 5K ipg)S dile (Jdne dlge S jgSsl pu
LS 5 ool & Wb 5 ol plerdgnd OLS
223 Gl ) gl ol o (51 Jpily A3lg5 o
g sl Ghuslal cdld Gl gl W
Gy (Jgb (b LSy i b laspe b ) (o)
b hgwed Jie lgie 4 (Cabrera et al., 2013)
BYYAY chb gl g4 g coilwonlel baylyis a0 dns bl
L irad adlipe C sl 5 2 o5 o YYIA
e b sl ol bl Gl cuiS ops 4 g
Sl Caols &S Wil ey LB ) 2SS,
kochman et al., ) cwl by oYL Slus]
(2021
2 35290 B8 (e )3 IS 550 g (gulS Jelse Sl
4 s 5o sl gl Gl po 5l Jol sla o)lae
ol p3 slod g Gloj (M g5 Wl gyl po Ll
(Sl o A g5 @ g Jelge 03 519 3,5 o)L
Musilova and) sse ojlil b Sy ojlul
ol iy a5,k (Kubickova., 2018
oIl coge 4By Yo a4 Ve ) gpgles loj l3E)
ol syl p3 5l ol (slaojlas > 2B 5
0w & dag b (IS oasl S Bk b oy 0)5e
Sypo o Al dle 3 cuiS 8 lolo sly i
108 )55 5 Jlie 3 Lol 5l el Goygn Jgbo 2 &
ol &S WS e My ey bagls 5 dgd o cladlre
sl g9 onl » 088 Wy JlBl cege CulS 0
jakubczyk et al., ) 555 0 s> glyl o> & Cans
(2020
Olej 58U (Y4 VY) o, Ken o S.dobrinas yiocen
bsgs o 5 ol slacsly 53 5B lie 2 1y 0l 2
Fogl YWY zge Jsb 0 ()9 @ b ol

ST 51 Cusld &S Ly o i Sldlbs Sy
pie 3 (B 428 Cwl G ol e ol e
sl 9> ol gle ) ey BB Ools $9Somn 392y
2 oddaie Jolge a8 wislyy j bl wiS e )8
udS oged hdy bulyd &S gy aile b (i
SIS 536 ¢S5l le sy Wy il slags sl
Thennakoon et) sows (adlie olidss cpl s 4
Sl sl caols o YeYY Jl p (al, 2022
Sy by SVl g b s G sl g9 sl
S g ol 31 Sl 58l gk @l 008 dnylie
Cools Gl gyblas b & SVl g ol b
N s g G S & S (508 (Sl ]
loesls Jl i g sl o 2y 5 (p<e/-0)
b @Vl ST T caol ) oS stus
sl (oy9lpd balyis (He et al., 2022) x5l olje
SISl ol e p 55 Gagles ey il
Pastoriza et) Lib o J135,50 sl 5l Jols o,lac
oloj Gl ol iagn )3 aSyyske (al., 2016
cdld Ll Cage @By Yo 4 Vel gle
3590 sl 5l osal Cunds slao)lac ) Sl ]
gl il glagloj 36 ¥ Jlo )3 sd ()
Sy sl g5 90 St B Cools i o) 2y
W33l 518 B 3)90 I (SluaS ol (sla 5 ol sla
olej @y 2 S ol lagly Giegh ol »
Sglite Gloj gy ) g ohw slasly Spog clite
silen 35 hegl o @l A LE oyl p3 cos
Caols Gl o oy ol ) S ol egh
dsS ol Slagly 5 b sl SlaSy Shs] ]
Nikniaz et al., ) sl Ko bl syl £ oloj 4 o
sl 1y gl 3 oy 4l 38 YOT Jlo > (2016
o sl S| 8l s (5, pols Simohy
olos A3 1y ol sl (sladiges aidly )8 Jialejl 5)50
| gl et 55T canls 5 13,5 (6)gl po cglite
Soge o 39 ek ol @l ok )8 hoxi 350
Yo U sls codS po Sluws 8l conld &S by
G sl les 5o Lol cun ialsl 4 g, (oyol pd 4idd
Saha et) slo o 8L cob Ly ,ds Sl 5l conls

(al., 2013

T 'ON / 22 10/ / G20z A491UIAA / uonuin 79 ABojouyos] pood

\\i

359 30(F 6 mrrie | Comm©@ (03 [ B 6 <60 [ enCa




T 'ON / 22 "IOA / SZ0Z 481UIAA / uonLinp 7 ABojouyds poo

VO

359 3| 6 prrip) Comm@ (o3 [ e[ Fe 606 [ emnfa |

Ol Sen g (ALS SSue

Visible Spectrophotometer. Indian Journal
of Science and Technology, 14(37), 2860-
2864.
https://doi.org/10.17485/1JST/v14i37.2241
He, Y., Lin, Y., Li, Q. & Gu, Y. (2020).
The contribution ratio of various
characteristic tea compounds in antioxidant
capacity by DPPH assay. Journal of food
biochemistry, 44(7), p.e13270.
https://doi.org/10.1111/jfbc.13270
Jakubczyk, K., Kochman, J.,
Kwiatkowska, A., Katdunska, J., Dec, K.,
Kawczuga, D. & Janda, K. (2020).
Antioxidant properties and nutritional
composition of matcha green tea. Foods,
9(4), 483.
https://doi.org/10.3390/foods9040483
Khokhar, S. & Magnusdottir, S.G.M.
(2002). Total phenol, catechin, and
caffeine contents of teas commonly
consumed in the United Kingdom. Journal
of agricultural and food chemistry, 50(3),
565-570. https://doi.org/10.1021/jf010153I
Li, S., Lo, C.Y., Pan, M.H., Lai, C.S. &
Ho, C.T. (2013). Black tea: chemical
analysis and stability. Food & function,
4(1), 10-18.
https://doi.org/10.1039/C2FO30093A
Mukhopadhyay, M., Mondal, T.K. &
Chand, P.K. (2016). Biotechnological
advances in tea (Camellia sinensis [L.] O.
Kuntze): a review. Plant cell reports, 35,
255-287.  https://doi.org/10.1007/s00299-
015-1884-8
Musilova, A. & Kubickova, A. (2018).
Effect of brewing conditions on caffeine
content in tea infusions simulating home-
made cup of tea. Monatshefte fir Chemie-
Chemical Monthly, 149, pp.1561-1566.
https://doi.org/10.1007/s00706-018-2204-0
Musial, C., Kuban-Jankowska, A. &
Gorska-Ponikowska, M. (2020). Beneficial
properties of green tea catechins.
International journal of molecular sciences,
21(5), 1744,
https://doi.org/10.3390/ijms21051744
Nasirirad, R., Haddadkhodaparast, M.,
Elhamirad, A. & Roofigarihaghighat, Sh.
(2013). Investigating the effect of harvest
season and brewing conditions on total

93 lp oS wB)S w35 Ll 08 (g pSejlul
o9l P> oloy GBI L aB VL /D gl gy
bse Gl sy 4 (581 3

&5 2ot
Vo il gl o3 ploy iol33l codel Cawds gl 4 ang L
e (St T cdld olibl el aids Yo 4
Coody s ojlac 3 (B (ie 9 J§ Jgid CluS 5
S8 5 oo iy S oy 3050 Slosly ol
loojlac 4 slito GlunS| 1l el 5 U5 Jgi
09 39 g slagl gl po iy Yol Jobs
CT.C alﬁ.w LS"" 5)91':.) ‘msa Y. )1 J.o‘.> o)l..a_c

29 L1, o8l 01)‘,‘_,, Ot

&bo
Chang, M.Y., Lin, Y.Y., Chang, Y.C,,
Huang, W.Y., Lin, W.S., Chen, C.Y.,
Huang, S.L. & Lin, Y.S., (2020). Effects of
infusion and storage on antioxidant activity
and total phenolic content of black tea.
Applied Sciences, 10(8), 2685.
https://doi.org/10.3390/app10082685
Chu, C., Deng, J., Man, Y. & Qu, Y.

(2017). Green tea extracts
epigallocatechin-3-gallate  for different
treatments. BioMed Research
International, 5615647.

https://doi.org/10.1155/2017/5615647

Cory, H., Passarelli, S., Szeto, J.,
Tamez, M. & Mattei, J. (2018). The Role
of Polyphenols in human health and food
systems: A mini-review. Frontiers in
Nutrition, 5, 87.
https://doi.org/10.3389/fnut.2018.00087

Dobrinas, S., Soceanu, A., Popescu, V.,
Stanciu, G. & Smalberger, S. (2013).
Optimization of a UV-VIS spectrometric
method for caffeine analysis in tea, coffee
and other beverages. Scientific Study &
Research.  Chemistry &  Chemical
Engineering, Biotechnology. Food
Industry, 14(2), 71.

Garg, A.K., (2021). Quantitative
Analysis of Caffeine in the Green Tea,
Black Tea and Soft Drink Using UV-


https://doi.org/10.3390/app10082685
https://doi.org/10.1155/2017/5615647
https://doi.org/10.3389/fnut.2018.00087
https://doi.org/10.17485/IJST/v14i37.2241
https://doi.org/10.1111/jfbc.13270
https://doi.org/10.3390/foods9040483
https://doi.org/10.1021/jf010153l
https://doi.org/10.1039/C2FO30093A
https://doi.org/10.1007/s00299-015-1884-8
https://doi.org/10.1007/s00299-015-1884-8
https://doi.org/10.1007/s00706-018-2204-0
https://doi.org/10.3390/ijms21051744

oo 5 o s colos (51 £l S G5 5 T 5T il 1 Jgih a3 51 803 0o T i

phenolic compounds of Iranian green tea.
Iranian Food Science and Technology
Research Journal, 8 (4), 349.352 [In

Persian]
Nikniaz, Z., Mahdavi, R.,
Ghaemmaghami, S.J., Yagin, N.L. &

Nikniaz, L. (2016). Effect of different
brewing times on antioxidant activity and
polyphenol content of loosely packed and
bagged black teas (Camellia sinensis L.).
Avicenna Journal of Phytomedicine, 6(3),
313.

Pereira, V.P., Knor, F.J., Vellosa, J.C.R.
& Beltrame, F.L. (2014). Determination of
phenolic compounds and antioxidant
activity of green, black and white teas of
Camellia sinensis (L.) Kuntze, Theaceae.
Revista Brasileira de Plantas Medicinais,
16, 490-498. https://doi.org/10.1590/1983-
084X/13 061

Pastoriza, S., Perez-Burillo, S. &
Rufian-Henares, J.A. (2017). How brewing
parameters affect the healthy profile of tea.
Current Opinion in Food Science, 14, 7-12.
https://doi.org/10.1016/j.cofs.2016.12.001

Ramalho, S.A., Nigam, N., Oliveira,
G.B., de Oliveira, P.A., Silva, T.0.M,, dos
Santos, A.G.P. & Narain, N. (2013). Effect
of infusion time on phenolic compounds
and caffeine content in black tea. Food
research international, 51(1), 155-161.
https://doi.org/10.1016/j.foodres.2012.11.0
31

Reygaert, W.C. (2017). An update on
the health benefits of green tea. Beverages,
3(1), 6.
https://doi.org/10.3390/beverages3010006

Saha, C., Pal, S., Ghosh, D. & Dey,
S.K. (2013). Effect of infusion time and
consecutive brewing on antioxidant status
of black tea infusion. International Journal
of Tea Science, 9(02 and 03), 65-68.
https://doi.org/10.20425/ijts.v9i2and3.4541

Sielicka-Rézynska, M., Isik, E. &
Szulc, J. (2020). Comparison of phenolic
content and antioxidant activity of matcha,
green leaf and white leaf tea infusions.
Bulgarian Journal of Agricultural Science,
26(6).

Shannon, E., Jaiswal, A.K. & Abu-
Ghannam, N. (2018). Polyphenolic content
and antioxidant capacity of white, green,
black, and herbal teas: A Kkinetic study.
Food Research, 2, 1-11.
https://doi.org/10.26656/fr.2017.2(1).117

Thennakoon, T.M.E.S., Abeysinghe,
P.D., Ranasinghe, P., Pathirana, R.N.,
White, A., Fernando, W.G.D., Abeysinghe,
S. & Premakumara, S. (2022). Total
phenolic content, total flavonoid content
and in vitro antioxidant activities measured
by the FRAP, ABTS, DPPH and ORAC
assays of Sri Lankan black and green tea
(Camellia sinensis) infusions.

Wang, C., Han, J.,, Pu, Y. & Wang, X.
(2022). Tea (Camellia sinensis): a review
of nutritional composition, potential
applications, and Omics Research. Applied
Sciences, 12(12), 5874.

https://doi.org/10.3390/app12125874

Winiarska-Mieczan, A., & Baranowska-
Wojcik, E. (2024). The Effect of Brewing
Time on the Antioxidant Activity of Tea
Infusions. Applied Sciences, 14(5), 2014.

https://doi.org/10.3390/app14052014

Yan, Z., Zhong, Y., Duan, Y., Chen, Q.
& Li, F. (2020). Antioxidant mechanism of
tea polyphenols and its impact on health
benefits. Animal Nutrition, 6, 115-123.
https://doi.org/10.1016/j.aninu.2020.01.00
1

Zhang, H., Li, Y., Lv, Y., Jiang, Y.,
Pan, J., Duan, Y., Zhu, Y. & Zhang, S.
(2017). Influence of brewing conditions on
taste components in Fuding white tea
infusions. Journal of the Science of Food
and  Agriculture, 97(9), 2826-2833.
https://doi.org/10.1002/jsfa.8111

Zhang, L., Ho, C.T., Zhou, J., Santos,
J.S., Armstrong, L. & Granato, D. (2019).
Chemistry and biological activities of
processed Camellia sinensis teas: A
comprehensive review. Comprehensive
Reviews in Food Science and Food Safety,
18(5), 1474-1495,
https://doi.org/10.1111/1541-4337.12479

T 'ON / 22 1A / G202 J8IUIAA / uonLinN 7 ABojouyss L poo-

Vg

359 30(F 6 mrrie | Comm©@ (03 [ B 6 <60 [ enCa



https://doi.org/10.1590/1983-084X/13_061
https://doi.org/10.1590/1983-084X/13_061
https://doi.org/10.1016/j.cofs.2016.12.001
https://doi.org/10.1016/j.foodres.2012.11.031
https://doi.org/10.1016/j.foodres.2012.11.031
https://doi.org/10.3390/beverages3010006
https://doi.org/10.20425/ijts.v9i2and3.4541
https://doi.org/10.26656/fr.2017.2(1).117
https://doi.org/10.3390/app12125874
https://doi.org/10.3390/app14052014
https://doi.org/10.1016/j.aninu.2020.01.001
https://doi.org/10.1016/j.aninu.2020.01.001
https://doi.org/10.1002/jsfa.8111
https://doi.org/10.1111/1541-4337.12479

Abstract of Persian Articles

Effect of Brewing Time on Caffeine Content, Phenolic
Compounds and Antioxidant Activity of Tea Types (Black,
White, Green and Matcha)

M. Giahi 2 M. Gharachorloo **, P. Ghasemiafshar °

4 MSc Graduated of the Department of Food Science and Technology, Scienece and Research Branch, Islamic
Azad University, Tehran, Iran.

® Professor of the Department of Food Science and Technology, Science and Research Branch, Islamic Azad
University, Tehran, Iran.

¢ Assistant Professor of the Department of Food Science and Technology, Karaj Branch, Islamic Azad
University, Alborz, Iran.

T 'ON /22 I0A / G202 431Ul / uontanN 7 ABojouyos) pood

Received: 12 October 2024 Accepted: 7 February 2025

Abstract

Introduction: The production process of teas and their brewing conditions play a significant
role in the properties and compounds found in various types of tea. In this research, the effect
of tea brewing time on the amount of total phenolic compounds, antioxidant activity and
caffeine content of extracts from four types of tea was investigated.

Materials and Methods: Black, white, green and matcha teas were brewed at a constant
temperature of 90°C for 10 and 30 minutes, then the total phenolic compounds were
determined by the Folin-Ciocalteu method and antioxidant activity was measured by the
DPPH and FRAP methods. Caffeine content was also measured by spectrophotometry.
Results: Increasing the brewing time from 10 to 30 minutes increased the antioxidant activity,
total phenolic compounds, and caffeine content in the tea extracts. In 10 minutes of brewing
the examined teas, the highest amounts of total phenolic compounds (360.10 g/L of gallic
acid), antioxidant properties obtained from the Frap test (1681.36 um FeSO4) and caffeine
content (25.59 mmol/L) belonged to matcha tea while the highest IC50 value obtained from
the DPPH test (3.98 mmol/L) belonged to black teas. In 30 minutes of tea brewing, the
highest amounts of total phenolic compounds (379.87 mg/L of gallic acid) and antioxidant
activities obtained from the FRAP test (1742.55 um FeSO4) belonged to chinese green tea
and Iranian green tea, respectively. The highest amounts of IC50 (2.78 g/L) and caffeine
(27.01 mg/L) belonged to black teas.

Conclusion: The results showed that the type of tea and its brewing conditions have a significant
effect on the amount of bioactive compounds present in the consumed tea extract.

Keywords: Antioxidant Activity, Brewing, Caffeine, Total Phenolic Compounds, Tea.
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