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Table 1. Main four derivatives of chatechins in black Tea leaves and their general structure
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Fig 1. Optimizing of extraction time in Soxhlet extraction from the black tea leave powder sample

18

17
16
15
14
13
12
11
10

Total Extraction Yield% w/w

5 10 15

20 25 30 35

Solvent to Solid raion (ml/g)
5 (PxYY) A Min olo; 10 sl sl S j05 aiges 5l (Glaie OT) PS> b Jlgie gzl jo (MIG) asl> 4 Pl s (g 5lmargs (V) S
08°C sles

Fig 2. Optimizing of solvent to solid ratio (ml/g) in MSSE (with distilled water) from the black tea leave powder sample at time of (3 x33)
99 min and temperature of 55°C
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Fig 3. Optimizing of extraction temperature (°C) in MSSE (with distilled water) from the black tea leave powder sample at time of (3 x33)
99 min and solvent to solid ratio of 25 ml/g
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Fig 4. Optimizing of extraction time (min) in MSSE (with distilled water) from the black tea leave powder sample at solvent to solid ratio of
25 ml/g and temperature of 65°C
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Fig 5. Optimizing of leaching time of the black tea leave powder sample in distilled water for 1 min microwaves irradiation
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Fig 6. Optimizing of extraction time (min) in MSSE (with distilled water) from the black tea leave powder samples (pre-treated by
microwave and ultrasound) at temperature of 30°C and solvent to solid ratio of 10ml/g
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Fig 7. Optimizing of solvent to solid ratio (ml/g) in MSSE (with distilled water) at time of 3x30(90) min and temperature of 30°C for the

pre-treated black tea leave powder samples by microwave and at time of 3x36(108) min and temperature of 30°C for the pre-treated black
tea leave powder samples by ultrasound
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Fig 8. Optimizing of extraction temperature (°C) in MSSE (with distilled water) at time of (3x30) 90 min and solvent to solid ratio of 20

ml/g for the pre-treated black tea leave powder samples by microwave and at time of 3x36(108) min and solvent to solid ratio of 18 ml/g for
the pre-treated black tea leave powder samples by ultrasound

gl (il ey pyuie Deold gl gl (g g opte SLuS S gl s cnlnly
YN A min ley oy (AFVEVEYAWW)  jhaie O b glal> e aw gzl sl b 5l D b Jlgte
el Caws VA MG sl a4 Pl s 9 OO°C slod (1 yiis c9999,500 Zlgel b oo 913 i sla diged
L Jlge gl 5l Job> b b bt ool amslio b @ae j0 (Y51 /0F Wiw) 2l sl 2ojb as)o
4 Sgdce At ol Al i sl dges 5l Pl del> a4 Pl cand 5 £2°C les XY (A0 min) l;

Soyd bl jo eal cwyp anlE Gy by 50 2 Load anTd iy diged 9y5e 40 g el Cews 4y Y- mil/g



el aabls 5 tlals ol

Yvy 0 owwwﬁwcuébjfjcfﬁﬂuw}:dwl

Soged yo 4 ehailan [YVYY] 05l o solail Sl
Q] SHlade )‘ FwS gl 8 C‘?‘A‘ L oo A...'])S O Lged
ol s 4 5295,S00 lgal L oads a1 8 L diges sl
SlaS y S Jlade Jdo 4 cpl vy oo Sl 4y a5 cll
29wl G Gy onl 0o sl wged lead gl

Sl 009 Pl el lake 4 LS ass
JS )‘J:Lc Cowl 00l oa)ﬁi (Y) J5A> L as )914.:[.0.@
el sl ojlas o gadgs g Jeb SlS S
Le O)L»a.c ) L)T )L\.D.A )‘ J.».QS M}w k}“"j) l.: C‘).’?o.w‘
J...:]).S U d5g05 )l Jy&' L 6J|9.~o C‘)?!.AM‘ PR J.,.:TJS
S Jodo 4 l 45 09 DglB g 5099500 lgel Lo
alaSgu g, a4 Sad bahy, (ul o (2ole S o5 Ol
Sl S g By 3 Sy o0 Sl 4 (ke 4 o]
a5 mole)S Sae (Ysb anld dds 4 Sy )l

Dgl oo

5 ol sl S disad ) 050 DLaS gl il aoil
Foe P b Jlge glisctal oy, 50 lalyd (50,8 Jolate
OBl 50 559,50 glsal b anlp iy s, wilesy
b Jlote gzl jo Ll (50,5 Jolaite 5 (203L (e
585 gl sbes g by 9y50 50 ogas Pl
P il s cnl o 05 Jes Dgal B g,
oleS (nl &S Sl 9299 e lgel 5l oslinul b (aale S
Jobo 3l jlad (l38 o b Jsl (550 Ol o5 b
@S 4 azg b aS 2500 ()l o)lnd (ol ol oo 5l 4
el (surd glael SIS cnl addllae cal o Jol>
CnSd 50 Dgol B zloel b (a3l o gmmlingls anl )3
13485 Cend S5 LB sl 00,5 Lae 5550 ko o)lpe0
g blasl gloel je Dgol 3 gloal b (ao il By,
il sl cow mle Sy U5 5l Sgol b ol
S 0 dacle cul GasS 5 By wede mle ol o
2 698 Sl wisls 3l mbe ol jo 092 a0 wel> &l )3
Sy sl Fl ol Sl aS aghiee o)ly Sl T e
Al A iy Cgge 5 S Caz Jske o)l

Lulys o Ghie ) P L Jlsie glisinl Lags onal Cowss 4y ol sl Sy 0)las ;5 aueidlh 5 Job SloS 5 S jlade (V) Jgu

Al g g,y daagi odal Cawd @y o)lac 5 gl B g g195,500 zlael b oo an] 8 i (sladiges 5 ooitd ol 8 iy diged 5l aia
Table 2. Total phenolic and flavonoid compounds extracted by MSSE (with distilled water) from the un-pretreated, microwave and
ultrasound pre-treated black tea leave powder samples at the optimum conditions and the extract obtained by soxhlet extraction
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Flavonoid Compounds

b s

(mg GA/g DW)
Phenolic Compounds
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Soxhlet extraction from the black tea leave powder sample
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MSSE from the un-pretreated black tea leave powder sample
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MSSE from the microwave- pretreated black tea leave powder sample

7.14+0.22 9.33+0.43
932 +0.47 11.77+0.24
9.24 +0.38 11.81+0.50
9.35 +0.47 11.86+0.49
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Abstract

In this paper, microwave and ultrasound irradiation were compared for pre-treating the black tea (Camelia
Sinensis) leaves powder to increase the extraction yield (Y%ow/w) of effectives compounds in multi stage solvent
extraction (MSSE) via three stage extraction with distilled water. Maximum extraction yield by MSSE from the
un-pretreated tea sample at optimum condition (135 min extraction time, 65°C extraction temperature and 25
ml/g solvent to solid ratio) was obtained 24.53+£0.28 % w/w. For microwave pre-treating, the tea samples were
leached in distilled water at room temperature for 80 min and then exposed to microwaves at 600 W for 1 min.
Maximum extraction yield from the microwave pre-treated sample by MSSE at optimum condition (90 min
extraction time, 40°C extraction temperature and 20 ml/g solvent to solid ratio) was obtained 37.06£0.34 %
w/w. For ultrasound pre-treating, the tea samples were irradiated by ultrasonic waves at a mild condition
including of 10 min irradiation time at amplitude of 70% and pulse of 0.7 s. Maximum extraction yield from the
ultrasound pre-treated sample by MSSE at optimum condition (108 min extraction time, 55°C extraction
temperature and 18 ml/g solvent to solid ratio) was obtained 31.47+0.38 %w/w. So both of the pre-treating
methods had significant effect on improving the extraction yield and softening the extraction condition in MSSE
and the microwave pre-treating was the better one. The extraction yield (37.15+0.19 %w/w) obtained by SOX
at optimum operating condition (5h extraction time at boiling point of water) was close to those obtained by
MSSE from the pre-treated samples, but amounts of the total phenolic and flavonoid compounds in the SOX
extract were less than those obtained by other extraction methods considered in this study that was due to
prolong heating process in the soxhlet extraction.

Key Words: Black Tea leave, Multi-stage solvent extraction, Microwave pre-treatment, Ultrasound pre-
treatment, Phenolic Compounds, Flavonoid compounds
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