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Abstract : Various studies were conducted to improve antibacterial properties of compounded papers using wasted
green tealeaves prepared by a paper-making technique. The research included the elucidation of a cause of low
antibacterial activity. Different binders and different degrees of grinding wasted tealeaves were tested with no effect on
antibacterial properties of compounded papers using wasted green tealeaves. However, when a suspension of pulp and
wasted tealeaves was air-dried and used to prepare a compounded paper, the compounded paper was found to have
excellent antibacterial properties. The result indicated a cause for the low antibacterial activity of compounded papers
using wasted green tealeaves prepared by the paper-making technique. That is, catechins abundant in wasted green
tealeaves dissolved in water when ground and ran off with waste water during the paper-making process without settling
in compounded papers. To confirm that, liquid from a mass-colloider used for wet-grinding wasted tealeaves was
sampled and filtered. The filtrate was dropped onto a 100 wt% pulp paper. No viable bacterial cell was found in the pulp
paper to which more than 1.0 ml/g of the filtrate was applied ; the result showed that the liquid possessed good
antibacterial properties. In other words, the liquid was confirmed to possess a high antibacterial activity. In paper
making by the paper-making technique, aluminum sulfate was added to a suspension of pulp and ground, wasted
tealeaves in order to readily settle catechins contained in liquid resulting from grinding wasted tealeaves in compounded
papers using wasted tealeaves. The result revealed that a 2.70 wt% addition of aluminum sulfate to compounded papers
using wasted green tealeaves improved antibacterial properties of the papers.
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Fig. 1 The schematic representation of the paper
machine.
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Table 1 The antibacterial properties of papers containing wasted green tealeaves for
Staphylococcus aureus for different binders and clearance in the mass-colloider.

Antibacterial properties
Wasted Kinds* Clearance Incubation ' o propert
Sample tealeaves of of time Viable
content . the grinder . Bacteriostatic ~ Bactericidal
(Wt%) Binder (nm) (Hr.) bacteria LogC activit; activit
(CFU/ml) ¥ Y
Initial — — — 0 1.0x10° 5 — —
60 Latex 40 18 6,88><107 7.84 0.59 -2.84
Polyacryl 8 )
60 amid 40 18 1.03x10 8.01 0.42 3.01
Papers _ 7
containing 60 40 18 5.28%x10 7.72 0.71 -2.72
wasted green 7
tealeaves 60 - 40 18 5.28x10 7.72 0.71 -2.72
60 — 100 18 1,()1><108 8.00 0.43 -3.00
60 — 150 18 2.68x107  7.43 1.00 -2.43
Ref.) o 8 _ _
Pulp paper 0 Latex 18 2.68x10 8.43
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Table 2 The antibacterial properties of papers containing wasted green tealeaves for
Staphylococcus aureus for different aperture in the wire mesh.

Wasted Clearance

Antibacterial properties

tealeaves inds of Aperture of  Incubation
S I . the wi ti Viable . . .
ample contoent the binder the grinder :];Z:e (;—IIIS bacteria Log C Bacter‘lo‘statlc Bactelrlf:ldal
(Wt%) (um) (CFU/ml) activity activity
Initial — — — - 0 1.0x10° 5 — -
o 0.177 7
60 40 (No. 80) 18 5.28x10 7.72 0.71 -2.72
o 0.149 7
60 40 (No. 100) 18 4.44x10 7.65 0.78 -2.65
Papers 60 _ 40 0.125 18 7785 0.58 -2.85
containing (No. 120) 7.00x10
wasted green . *1)
tealeaves 20 - 40 Filter 18 1.29x10°  9.11 -0.68 -4.11
paper
20 — 40 Without™ 18 ND*Y — — —
60 - 40 Without 18 ND — — —
Ref) - 0.177 8 _ _
Pulp paper 0 Latex (No. 80) 18 2.68x10°  8.43
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ZFIT, ZOZELEEIDOBLL, UTIRTAKE
EELATDLRVHETORBREGROERZ KA. £
F, 2T 5V A40um DI AT F—BE Lk D
Kk VT EREL, KEMAZTI FH—T 10 HH#H
LCH—RGHRAT) —%FE L ZoBEBHEZ Y
MIBL, HREBRICL > TKG 2 BRESETHRREE
WA L7z ZOB, JRRELA 2% 20wt%, 60wt% iZ
AL IERORAELEZHFEL. ZOFERIZBWT
b, "L vy =& RMETIT) LB, RAK
OFEIFINFTLFH L L 100gm? [ZFEE L7z,

NS OBE % HARTEH: U TR L 72 58 i A K1
FLTD, FEOPERBEEIT 72 K2 ICHHEEOE
filifs R %2R, ZORRE, FRLBREOFREA K

FARPELHERINT, Eh-EEz R L 72,

AIRACE D 20wt % DG ETH o THO AR T RS
Ny, FHRCEHCHREZET L2 bR o/z. 4N
OFFHI IV T L RBOE W Z AR SET VD72
O, KICHEMH L7270 7 % VS & TRBBLE ISR
5. TORER, KA DOIGRICE DD 20wt% Td > T
DENTHREZ R L2bDEERZOND.

DEOKERD S, il Ol MO /E RI5E T ik
KOIRGBNIRAF L T2 7 F D EPH LR KL
RTKISHEML, WRITETORKE ORI THKE 3

*1) Collected particle diameter: 6 1 m
*2) Natural drying
*3) Not detected (<440)
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Fig. 2 Absorbance of milling liquids of wasted green
tealeaves versus wavelength for different
dilution times.
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HG 5 IET L7s.

F3L, FMROBPEZHET L2V 7o
FHMOARERZ R, ZORE, 0.5ml/g LT OEBOMFER
EWT L2200 7 TlE, T LTV WL 7 100wt%
M FMBEOARBFHERIN. 2F ), &Mtk
BRONTORW, LAL, ZROMEHOW T &R
1.0 ml/g #8A 5 EREARPRON VWL STk,
BNIPRESRBT 5 X9 Xk o7,

INLDOZ L LY, XZOBBIETHEAELHBHE
Wi, BNMEEEELTYWD 2L 2o 7.
2F), KROMHIBRTH T F v EL EOH MBS
KICHERL, oD WRFOKIK S DOBICHEK & 112
Bk L7 nzxd. ZOME FKREAEKIITESET
2, BN REDORERAMOPINEIME L Blbh
bOLEZOLNS.

3.4 FHETIVI =) LOFMRNE

WA ORI I, 30~42wt% D A T F UM
LB T ED omtBBEEEINTVWE I LS
NTwa[12]. T/ ATFFVHIZTF N2 HERHEL
THEKRZERTZZ MO TWA13], EDZ
BREAROMEEOM o223, K IEICZBWT
KICHER L 727 7 F Y H R EOF MK G % Fik Bl A #KIC

Table 3 The antibacterial properties of pulp papers with dripped milling liquids of
wasted green tealeaves for Staphylococcus aureus.

The despensed . Antibacterial properties
tity of Incubation
Sample quantity o time Viable . . -,
milling liquids bacteri Log C Bacteriostatic Bactericidal
(ml/g) (Hr) actenia 08 activity activit
(CFU/ml) Yy
Initial — 0 1.00x10° 5 -
0.01 18 2.24x10° 8.35 0.06 3.35
0.10 18 3.12x10° 8.49 -0.08 -3.49
0.50 18 7.04x10° 8.85 -0.44 -3.85
Pulp papers with
dripped milling 0.80 18 7.32x10° 6.86 1.55 -1.86
liquids .
1.0 18 ND” — — —
5.0 18 ND — — —
10.0 18 ND — — —
Ref)) 8
Pulp paper — 18 2.60x10 8.41 — —

*) Not detected (<440)
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Table 4 The antibacterial properties of papers containing wasted green tealeaves for
Staphylococcus aureus for different Aluminium sulfate content.

Aluminium

Antibacterial properties

sulfate Reaction  Incubation
Sample time time Viable . . ..
T o mm b Lege MR B
wtvo (CFU/ml) Y Y
Initial — - 0 1.0x 105
0 — 18 1.20x10’ 7.08 0.97 -2.08
0.81 — 18 3.40x10° 6.53 1.41 -1.53
Papers 5
containing 2.70 — 18 1.24x10 5.09 1.68 -0.09
wasted green 0 1.0 18 2.40%10° 7.38 0.67 -2.38
tealeaves
0.81 1.0 18 1.28x10° 6.11 1.83 -1.11
2.70 1.0 18 3.20x10* 451 2.26 0.49
0 — 18 L12x10° 8.05 — —
Ref.
ool paper 0.81 — 18 se7x10” 794 — -
2.70 — 18 5.92x10° 6.77 — —

Table 5 Mechanical properties of papers containing wasted tealeaves and Aluminium sulfate.

Aluminium  Reaction ~ Acidity of  Density of Mechanical properties
. 5 .
Supleslecoment e e PP g T i
? i (pH) glem (N-m/g) (kPa/g/m?)
0 — 6.4 0.460 21.9 2.33
0.81 — 5.6 0.451 22.1 2.30
Papers containing 2.70 — 4.5 0.457 18.8 2.09
wasted green
tealeaves 0 1.0 6.4 0.462 22.0 2.32
0.81 1.0 5.5 0.449 219 2.30
2.70 1.0 4.5 0.463 18.6 2.04
0 — 6.8 0.577 53.3 5.20
Ref.)
Pulp paper 0.81 — 6.1 0.574 54.4 5.25
2.70 — 5.7 0.570 53.3 5.24

L EBESELLEDNDH L. HTF VHEEZILBRITE S ¢
THRREAMICEESELHELLT, vy 44X
(AR ER) DEFICH LN TV RIRET VI =7 A4
WHEB L72[14,15]. CORBRT VI =7 A3 KICESIC
WIRL, BTV AIVEOT VI =T AL F v EEBED
WA+ VICEET A, Zok, #5FUHEEEAL
ENT2y BB LKA L TR L 16], FoREA
MICEE L AL A DEEZ T, 22T, LR
eV T OB, ERT VI = A3, B
LCHHKL 7. OB, Wik L v 7 o BB R
B7VIZw A2 MATEDICHRLALEAEE, Bl
THH TRERE LTRSS T 5% L >THDH
W L7ZHED, 280 OFETHRERAREERL 7.
BONLRBREARKIIH LT, MERBE2ITo772. %4
WOl R 2R, TORE, BT VI=Y
L% 0.81wt% IR L 72k 2 D7k 60wt % R A 4K CTld, B
B7VIZTAZRML TRV D DOIZHRTHEAIZIE
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*) Cold water extract

ARBOBRTIRDONDG., —TF, BT VI L%
270wt% VR L7z DT, 18 BREIR D ER K 10~
10° CFU/mI # % F T 7 Ny ERFE QMW 2 Wil 35 2
EWbrol, ZOZEE, WET7T VI AORMS
Lo THHKED H 7 F VEIFFRECAKICES LR T
ToltlcblEZOLN5L. ZO0720I2, MIROKRRRLE
WMOMBEELM ELZbDEELONRS. HL, BT
HEIHBT VI =T AR HBINT 5 LI X o THR
BAHMD pH ZIETFTLTWaD, UL TIIBWT, Ho
BRI S Nzt H 5. WEHET VI =7 205
IMCHREAKOPLREANN 1 L2 BHIZOWT, 4%
EHRMHFLTVELW, 2B, BR®RkE SV TOE
W T VI =7 22 MATEBIIWKLEE L
HIMUT2 0 1 BEERE LTRSS T O L 228
BERIET 5L, 1 RERHBGE L RS S 72 S PuB A
D OELBbNAEHNB R ONS.

REE LT, XREREETIHET VI =T 20k
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2.70wt% AN L7270V THEICH LT, PR Z 4T - 72,
10°CFUmI BEDERFFRD LNz, 2F D,

Z DGR,
BTV I =T 20FMC L o THHEOMEMPHITZED
NBHOD, BT NVIZ LB RMTHAIEIZES
TRIFOFRZEAKOPVEES LIV I LT 52 L0b
no .

Db X9z, FaicGoPim itz m L s 51213,

M IFRETHREBT VI LA ZRMTAIENERTH
5Tl brol. L, ZRBREEMOIEHN &M
FEZDLE, MBT VI AZRMTAIEICXENH
FHHEOBRTIBRESRE, 22T, HE7T VI =

AWML =R AERO AN E 2 7z TR
R FRMAMOLGIRE S, MBERMS LD, mERT
VI LAOFRMEDBET OICH > TERT T IR
bNh7z2(FRS). —H, 1 IEBEE L THh oM L 7= 28 Al
AL ERITH L 7o R B & Mo AW EE 0 21T,

FEEIEPTHLI L bh ol TOXHITHET vV
IZTAERNT S E, FREGKONFENTEE KT
THZ e bhrol LA2L, BT VI LE
2.70wt% & LB < MA TH, BB ARO s S
13 18.6 N-m/g, MHAEZIH S 13 2.04 kPa/gm® TH Y, FEH
BN RE 2R E AR L CWnwb T L b bh o

4. #&

E

WA ORBEAKOPIRMEN L4 BHig L, Fmul oK
FIZATF VE2RAESEEL T L2 0WE %
fio7z.

(1) BAETHERITZIUNT I FRBEKRED VS
T ANA = HOCTRBREER R /2.
ZORRE, 185N RBREAROPIEMEE, N1 v 57—
OHFIIZER RN, Y F =R ML TV ARVwL D
LRBRETH -7, 2FD, N4 V¥ —DFRMIE, &
I AMOPRMEIC T & REE RIZTL T iah oz,

Q) AL F—Dr )T 5 ARELSET, Kk
OBBESEELS . T2, WKEICHEHET S
TAXY—RAv a0 HMEEELSEZD, T4V —
Ay YaDEDLYICEKEHCTHWKET-72. 20
WE, HBoMAREAROMEEICEERIAON
Ghole, TOZEXD, WRIRIZBITIZHHS N
oD IR DT HE L DBETIE R W L b o
7z.

(3) NNV TERBOBE A HREIRE L CEOPWE%
M L7722 25, RiRBEAEN 20Wt% TH > CTHER

(75)

(4

1.

BELBN Lo T, Ko~ AaaAf ¥ —iH
WERFIC AT 2 Bl 2 $RILL, €O % 7OV 7T #K
WKIHT L7, TR, WTES 1.0mig ZBZ550
T, ARV ELBOLN L7, I &h
5, REDFBRMEARKOMWELILLHHE LT, &
MIZEEINTVDE AT F VESKICHERL, WETRE
OKIRE DB TR ICE TN THRNED, FRiE
IR LD o 7272 b2 S,

) RIS DIGREC AR OBUR I L& B, HiEET v
SSULERMLUTHE L, ZORE BT V3
=T LADORMEH 2.70wt% 12 7% % & 18 B th O &
WEAT 10° CFU/mI FREE & 2 0, ZRF LA MO BUTR T 1
BH & Az bk L7z
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