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Abstract : An attempt to develop a paper making method for a functional paper containing green tealeaves wastes
disposed in industrial use was made. The authors successfully produced papers containing wasted green tealeaves ,not
exceeding 60wt%, grounded by a mass-colloider. Antibacterial properties of these papers were investigated. Regarding
the papers in a dry condition, the tensile index and bursting index were not significantly different depending on the
kinds of tealeaves. The strength was decreased as increasing in the content of tealeaves. The tensile index of the papers
were markedly lower in a wet condition when compared in a dry state. By addition of latex binder at a content of 0.3
wt%, the tensile index of the papers was 8.5-15.8 N·m/g in a wet condition for all kinds of the papers, which was similar
to that for a paper made from 100 wt% pulp. Antibacterial test for Staphylococcus aureus was performed with various
kinds of papers containing wasted tealeaves. Growth inhibition effects on the bacterium were noted in the papers
containing wasted tealeaves, but not recognized in papers made from 100 wt% pulp. In particular, the antibacterial
effects for a paper containing wasted black tealeaves were fairly high. It was demonstrated that the antibacterial effects
were not reduced even by mixing a latex binder at 0.3 wt%. Further, the fiber assembled structure of the papers was
observed by optical and scanning electron microscopes to be a multi-layered structure by stacking with a thin layer of
pulps including the grounded tealeaves. These findings suggest that the tealeaves-containing papers with the unique
layered structure can be a functional material for environmental friendly and sanitary usage.
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Preparation of Compounded Papers Using Wasted Tea Leaves

Tetsuya Takahashi�1, Tetsuo Kondo�2, Wakako Kasai�2, Hiroshi Yokota�3, and Tetsunori Kunitake�3

256 SEN’I GAKKAISHI（報文）Vol.63, No.11(2007) （42）



Hoji-chaGreen tea

Oolong tea

Black tea

Pu-Erh tea

2�� �

2.1 ��
2.1.1 ����	

��������	
������ Camellia sinensis�

����������������������� !
"#�$%&'(��)�*+��,-'�.-�/0
(������1�23�4�5'(�6�789:�
�;<�='(>?�@�ABC�����D��1�2
�E�����7F�1���D�:G����HI�
��(JK'�JL�M'����1�N12O27	�PQ
RS�����.-*+$>�()TU�V*�WX�
���Y��Z[$V*WX����1�2\��]^Q
_��`a
���(V*WX�bV*�5cK���
��1�N13O2d�>e:���V*	�#V*Uf�
:G�g:�h5'(����D���PQRS��Y
���E��]^Q_�� 5F�����ij$k�'
��l 1�2�mn���� 1$op>e:qF�rs��
�����2:�����t�u�PQRS��)vu�
Y��wSxyz{|S}u��E��t�y)vu�
]^~_��)vu�������2
2.1.2 ����
�_]�>��������BWX��0�z�S
����S���SBR��|���z	wS�Q��-
�

�1�^w}^w�S RAX117�^w}��������
����2d�	wS�Q�����$�%��1L�
789$���H�#��� $k�W�(����
�1�2
2.2 	���	������
¡QRQ�¢$£¤��=�¥�¦��£¤§U$:

�\���'�b�£¤��qF���%¨( 30�©ª
�23�b��«��¬�:z�S�z���®¯�Q
_���(����'�2� 1$op°±$(�qF�
��>����²�'(h5'(���2
2.3 	���������
²�'�����{^|Sz� 40µm$³¤'�´zµ
Rw�Q�¶·��¸¹����(º��¸'�b�»�
¼½'�|¾¿�_]5Àf'�23�Á����ÂÃ
Ä�_] 0, 20, 40, 60wt%$:�>e$��_]5�Åf
��ÆÇ'�2\��|���z	wS�Q���_]
5���È�$Â'([(�h5� 0.3wt%�Åf'�2
BÉ�Êf�Åf'(Àf'�b�=�¥�%¨(Ë7
$:�>e$Ì
ÍQ� 10�©Î�'��Ïz|{Q�
Ð�2Ñ� 100g/m2$:�>e$ÆÇ'����Ïz|
{Q��z�Qu��ÒÓ®Q¿´®S�Ó� PU-401�)
$Ô¦'�2>?Î�'( 10�©ÕÖb�×Ø'�Ùw
ÚQ�®¯B$���¸
5�_]�Àf
�ÛÜW
X�25×25cm�Ý�$(Þ�'��l 2�23�b�3.5kgf/m2

Fig. 1 Different kinds of tea leaves.

Table 1 Sampling conditions of wasted tea leaves.
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Fig. 2 Schematic representation of the handsheet
former.

Fig. 3 The petri dish (100mm diameter) used in this
study.
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Fig. 4 Optical microscope images of wasted Green tea
leaves (Wasted tea leaves are ground by the
mass-colloider) : (a) Parts of mesophyll ; (b)
Parts of vascular bundle ; The area with broken
line shows spiral vessel.

Fig. 5 Scanning electron micrographs of wasted Green
tea leaves (Wasted tea leaves are ground by the
mass-colloider). Acceleration Voltage : 20kV
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Fig. 6 Scanning electron micrographs of papers containing 60wt% of wasted tea
leaves. Acceleration Voltage : 20kV

Fig. 8 Tensile index of papers containing wasted tea
leaves. Straight line and dotted line show dry-
condition and wet-condition respectively.
(Temperature : 23´, Relative humidity :
50%)

Fig. 7 Scanning electron micrographs of papers
containing 60wt% of wasted Green tea leaves.
Acceleration Voltage : 20kV
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Table 2 Papers containing wasted tea leaves for differrent kinds of tea.

(Size of samples : 4×5cm)

Fig. 9 Bursting index of papers containing wasted tea
leaves. (Temperature : 23�, Relative humidity
: 50%)

Fig. 10 The antibacterial properties of Papers
containing wasted tea leaves for
Staphylococcus aureus.
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Table 3 The antibacterial properties of Papers containing wasted tea leaves for
Staphylococcus aureus.
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