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Abstract

This study aimed to investigate the effect of brewing temperature (70, 80, 90 and 100 °C), time (1, 3, 5, 10 and 15
minutes) and method of tea infusion (bagged tea, potted tea and filtered tea) on the amount of phenolics, tannins,
flavonoids and antioxidant activity in Ventilago denticulata Willd. herbal tea. The results revealed that total phenolics,
tannins, flavonoids and % antioxidant towards DPPH radical scavenging activity increased significantly with
increasing brewing temperature and time, with the maximum value at 100 °C within 10 minutes. After this brewing
time, the chemical contents were not significantly different (p>0.05). Furthermore, the content of phytochemicals in
bagged tea were greater than those of potted and filtered tea (p<0.05). Values of Pearson’s correlation coefficient
suggested that total phenolics, tannins, flavonoids and antioxidant activity were significantly correlated to brewing
time and temperature (r > 0.8). In conclusion, the results of this study gave the best brewing conditions for Ventilago

denticulata Willd. herbal tea thereby optimizing the extraction of phenolics, tannins, flavonoids and antioxidant
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activity. Consequently, the color and sensory acceptance by consumers under these conditions will be an interesting

future study.

Keywords: Herbal Tea, Ventilago denticulata Willd., Tea Infusion, Phenolics, Antioxidant Activity
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Figure 1 Ventilago denticulata Willd.: (a) living tree,

(b) young leaves, (c) tea samples for potted tea and
filtered tea, (d) blended tea samples for bagged tea
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Figure 2 Brewing method: (a) bagged tea,
(b) potted tea, (c) filtered tea
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Table 1 Total phenolics, total tannins, total flavonoids and %DPPH radical scavenging activity of Ventilago
denticulata Willd. herbal tea in different infusion method, time and temperature (n=3)
Infusion Temperature Brewing time (min)
Compounds o
method (°c) 3 5 10 15
70 1.26+0.04*" 3.12+0.04°° 5.75+0.07%° 8.24+0.03** 9.37+0.01%°
80 1.910.02"" 3.60+0.01°* 5.89+0.04°° 9.02+£0.03™  9.77+0.04**
Total phenolics (mg GAE/g)
90 2.84+0.02%" 7.57+0.03%° 6.10+0.04"° 14.47+0.38%  15.62+0.22°°
100 4.94+0.06"" 8.35+0.03% 14.21+0.11%°  17.56+0.45%  18.45+0.21%°
70 1.28+0.04*" 3.1620.04°° 6.65+0.09*° 8.61+0.01** 9.48+0.01%°
80 1.94+0.03"" 3.10+0.04%* 6.61+0.11*° 9.13+0.03"* 9.89+0.04"*
Total tannins (mg TE/g)
90 2.87+0.02%" 6.46+0.27"* 9.97+0.05*°  14.90+0.07°*  15.82+0.22°°
Bagged 100 4.97+0.01""  8.46:0.03°*  14.39:0.11%°  18.16x0.29"*  18.96+0.12"*
tea 70 0.68+0.20*" 1.42+0.05*2 1.86+0.03*2 5.97+0.41°°  11.18+0.09™*
80 2.05+0.15"" 4.36+0.39"2 4.97+0.25"2 7.61£0.27°°  17.95+0.54*
Total flavonoids (mg RE/g)
90 1.82+0.26"" 4.17+.22°2 10.27+0.32°°  13.58+0.24%*  14.74+0.35°°
100 4.21+0.08%" 8.11+0.40°° 6.03+0.10%°  13.45+0.38°*  19.28+0.14°°
70 11.05+¢2.56>"  12.1120.83*"  18.22+0.41**  38.19+0.68*°  39.08+1.05*°
b,1 a2 b3 b4 b,5
% DPPH radical scavenging 80 14.81+0.26 12.99+0.83 26.55+0.33 40.26+2.06 45.31+0.86
activity 90 24.18+0.23°"  22.56+0.73°?  34.63+0.30°°  46.83+1.83°*  60.41+1.07%°

100 34.04+0.20%"

32.63+0.64°°  43.13+0.26°°  53.74+1.59**  67.62+0.31°°

101



102 Rawinipa Srimoon and Sirikamol Niyomwan J Sci Technol MSU

Table 1 Total phenolics, total tannins, total flavonoids and %DPPH radical scavenging activity of Ventilago

denticulata Willd. herbal tea in different infusion method, time and temperature (n=3) (cont.)

Brewing time (min)

Infusion Temperature
Compounds o
method (°C) 1 3 5 10 15
70 1.32+0.06*" 2.81+0.08%* 4.92+0.01*° 6.49+0.14** 7.64+0.08°°
80 3.38+0.08"" 4.12+0.03"" 6.55+0.17"* 7.09+0.04"* 9.00+0.18"°
Total phenolics (mg GAE/g)
90 6.53+0.03%" 9.93+0.04°>  10.20+0.07°%  11.2240.02°°  11.62+0.20°°
100 7.69+0.15%" 11.92+¢0.06%%  12.85+0.04">  13.84+0.33"*  15.01+0.02%°
70 1.42+0.04%" 2.40+0.03%* 5.59+0.01%° 7.06+0.15%* 8.31+0.09°°
80 3.68+0.08"" 3.96+0.08"" 7.21+0.02°* 8.41+0.21°* 9.79+0.20°*
Total tannins (mg TE/g)
90 7.100.03°%" 8.20+0.21°° 11.10£0.08"°  12.43+0.23°*  13.69+0.39°°
Potted 100 6.1820.27°"" 11.55+0.09%*  14.07+0.19"°  1527+0.04"*  16.32+0.24%°
tea 70 0.4620.11>" 1.13+0.02** 1.63+0.12%* 4.93+0.02*°  10.00+0.42%*
80 1.37+0.19"" 3.39+0.36"* 4.07+0.04"* 6.30+0.31>°  12.18+0.56"*
Total flavonoids (mg RE/g)
90 1.43+0.17"" 3.07+0.12°2 6.70+0.02°° 10.68+0.59°*  12.51+0.10°°
100 2.98+0.02%" 4.96+0.02°° 5.10+0.08%* 9.97+0.15°°  13.55+0.26°*
70 9.89+0.83" 9.48+0.86°" 17.00+0.19**  31.83+0.69*°  37.22+#1.11**
% DPPH radical scavenging 80 14.52+¢0.89°"  15.38+0.88""  31.30+1.13°%  33.36+0.37*°  43.89+2.20"*
activity 90 23.07+0.80°"  26.15+2.95°°  41.60+1.96°°  52.15+4.23°*  61.39+1.92°°
100 24.16+1.21°"  25.9140.23%"  47.76+0.35"°  58.31+0.16°°  64.90+0.77**
70 0.85+0.03%" 1.02+0.02*" 3.45+0.01%? 4.25+.05%° 4.42+0.02*°
80 0.92+0.03*" 1.03+0.02*" 3.86+0.03"* 4.65+0.05>° 5.01+0.02°°
Total phenolics (mg GAE/g)
90 1.11+0.07*" 1.47+.02"" 4.84+0.05 5.05+0.03°° 6.09+0.13%°
100 1.24+0.03*" 3.86+.07°° 5.1120.01%° 8.59+0.29 8.99+0.38%
70 0.86+0.03*" 1.03+0.02*" 3.50+0.02%* 4.30+0.05** 4.48+0.02*°
80 0.93+0.03*" 1.04+0.02*" 3.91+0.03"* 4.71£0.05>° 5.07+0.02°°
Total tannins (mg TE/g)
90 1.13+0.07*" 1.49+0.02*" 4.94+0.04% 5.34+0.09°° 6.68+0.16°°
Filtered 100 1.85:0.08™"  3.61x0.10"°  5.1840.01°°  8.59:0.40"°  9.33+0.02°°
tea 70 0.29+0.02*" 0.88+0.07%? 1.34+0.20™ 3.81+0.21%° 7.62+0.45%*
80 0.92+0.07"" 2.75+0.21°? 3.24+0.25"* 5.11+0.36"° 9.26+0.49"*
Total flavonoids (mg RE/g)
90 1.29+0.10"" 2.54+0.20"* 5.31+0.41°° 9.37+0.23%*  10.43+0.26°°
100 2.48+0.19% 4.09+0.32° 4.22+0.33% 8.54+0.48"°  11.77+0.31%*
70 6.37+2.69°" 10.38+1.87**  13.92+0.43*°  35.17+0.23**  36.10+0.44**
% DPPH radical scavenging 80 12.2240.44°"  16.69£0.77°"  20.8421.09°°  41.33:0.21°"  42.17:0.39™
activity 90 21.08£0.39°"  22.28+0.25°"  28.83+0.98°  37.51+0.36°>  47.55+0.36°°
100 21.87+40.39%"  23.06+0.25°"  33.84+0.52%°  42.51+0.33°°  51.64+1.12*"

Different letters indicate statistically significant differences (p<0.05) within the same column and the compound
Different superscript numbers indicate statistically significant differences (p<0.05) within the same line
% DPPH radical scavenging activity of standard Trolox = 76.811:0.84%
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Figure 3 Total phenolics, total tannins, total flavonoids and %DPPH radical scavenging activity in tea in different brewing

time and temperature; (a)-(d)=bagged tea, (e)-(h)=potted tea, (i)-(I)=filtered tea
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Figure 4 (a) % DPPH radical scavenging activity, (b) total phenolics, (c) total tannins, and

(d) total flavonoids, in tea at 100 °C with different brewing time
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brewing time and temperature
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Pearson correlation coefficient of Ventilago denticulata Willd. herbal tea with difference infusion method,

Infusion method Total phenolics

Total tannins

Total flavonoids %DPPH radical scavenging

Relationship among brewing time

Bagged tea 0.8881 0.8744 0.9127 0.9110
Potted tea 0.8041 0.8442 0.9599 0.9126
filtered tea 0.8086 0.8290 0.9629 0.9450
Relationship among brewing temperature

Bagged tea 0.9350 0.8856 0.8327 0.6375
Potted tea 0.9296 0.9018 0.9126 0.5584
filtered tea 0.9323 0.8937 0.8727 0.5979

105



106  Rawinipa Srimoon and Sirikamol Niyomwan

qmwgﬁuaznmﬁ‘l"&‘lumsm@ia pH WoIRNIN

210 Table 3 wuin LﬂaLﬁuqquﬁLLazLaaﬂu
M3 M1 pH Va9 T us iuanas lanfidnaglu
419 5.74-6.23 lagsinfivinansaanian pH Fodulady
6.81+0.02 LﬁaLﬁuqmﬁqﬁ oH 2asihmfildaaasatng
INud1A7Y (p<0.05) LLaz‘ﬁqm%Qﬁ 100 B9FLTALTHE
@1 pH ﬁmﬁqﬁq@ §OAAREINU Akyuz & Yarat (2010)
Fawu maagu‘lwwmwﬁ@ V% TIEeTEuAY Ty
Woasiud sunuiuaniafindsay wazaanslalus J61 pH
Fawady 7.17 Wamadwluwin 5 uaz 10 Wil @1 pH
NARILARD 6.68 LA 6.67 MURIAU W6 Labbé et al. (2006)
WU @1 pH maaﬁm@mamomn 5.69 ﬁam%nﬁ 50
parnumadoa 1 5.41 7 80 aseLTaLTna (p<0.001) Lm
1 pH Vl,mmnmanuum qunmﬂlwa (p>0.334) M7
fn pH vasinTaaasLiasan ﬂammuaa f17Usznay
Waﬂmaﬂﬂﬂwumﬂlumuaumm\qluvl,ws % ALNTY

Table 3

temperature

J Sci Technol MSU

aaod ldde luluanazesastznauWalhuandiing
laasanda (-OH) waadunis Wasanadazyild pH
P41 T18AR (Friedman & Jiirgens, 2000)

mnmimaaaﬁawuiw PNTINNTITIAA pH
AM8IANEA (p<0.05) mumwmarmmmawmm pH
a@amawa@ @1 pH Aianasitianusoandesiulsunm
maﬂ‘rnauWuaan wnuiin uszWanluesdluinmiies
LANGNITU 3 WUY Ao ﬂmwmmimuauuaamvﬂau
@99 ’Lummﬂmmﬂmawmmaﬂ 509890788 TR
lunm LLammmmnqaﬂiaom MUAIGL BT UBBYS
aaimmﬂmjw‘?iwumﬂlulumLLmﬁauﬁaLﬂum@ LT
naluslnanngdn nsanfiadn nsalauuln nsawazdin
NIALNAAN (De Lourdes Reis Giada, 2013) Lfiaa’lim&i’l
ﬁgﬂaﬁ@aaﬂm"lﬁmﬂ%u soluuduanunsavasinm
¥nlwen pH 289118089

pH value of Ventilago denticulata Willd. herbal tea with different infusion method, brewing time and

Infusion method

Temperature (°C)

Bagged tea Potted tea Filtered tea
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Different letters indicate statistically significant differences (p<0.05) within the same column

Different superscript numbers indicate statistically significant differences (p<0.05) within the same line
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