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�&�R�Q�F�O�X�V�L�R�Q�V������������������������������������������������������������������������������������������������������������������������������������������ ��
�&�R�Q�F�O�X�V�L�R�Q�V���J�p�Q�p�U�D�O�H�V�������������������������������������������������������������������������������������������������������������� ��

�$�Q�D�O�\�V�H�V���G�H�V���W�D�Q�L�Q�V�����F�R�Q�G�H�Q�V�p�V�����K�\�G�U�R�O�\�V�D�E�O�H�V���H�W��
�V�\�Q�W�K�p�W�L�T�X�H�V���������������������������������������������������������������������������������������������������������������������������������� ��
�0�R�X�V�V�H�V���D�X�[���W�D�Q�L�Q�V�����V�D�Q�V���X�W�L�O�L�V�D�W�L�R�Q���G�H���I�R�U�P�D�O�G�p�K�\�G�H�������������������� ��
�0�R�X�V�V�H�V���D�X�[���W�D�Q�L�Q�V�����V�D�Q�V���V�R�O�Y�D�Q�W�V������������������������������������������������������������������������ ��
�0�R�X�V�V�H�V���D�X�[���W�D�Q�L�Q�V�����U�L�J�L�G�H�V���R�X���p�O�D�V�W�L�T�X�H�V���������������������������������������������������� ��
�0�R�X�V�V�H�V���D�X�[���W�D�Q�L�Q�V���S�R�O�\�P�p�U�L�V�D�E�O�H�V���D�Y�H�F���X�Q���F�D�W�D�O�\�V�H�X�U���D�F�L�G�H��
�R�X���D�O�F�D�O�L�Q�������������������������������������������������������������������������������������������������������������������������������������������� ��

�5�H�F�R�P�P�D�Q�G�D�W�L�R�Q�V������������������������������������������������������������������������������������������������������������������������ ��
�3�H�U�V�S�H�F�W�L�Y�H�V������������������������������������������������������������������������������������������������������������������������������������ ��

�5�p�I�p�U�H�Q�F�H�V������������������������������������������������������������������������������������������������������������������������������������������������ ��
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Introduction   
 
��
��
�'�D�Q�V�� �X�Q�� �P�R�Q�G�H�� �R�•�� �O�H�V���U�H�V�V�R�X�U�F�H�V�� �S�p�W�U�R�O�L�q�U�H�V�� �V�H�� �U�D�U�p�I�L�H�Q�W�� �H�W�� �G�D�Q�V�� �O�H�T�X�H�O�� �O�H�V��

�P�D�W�p�U�L�D�X�[���S�R�O�\�P�q�U�H�V���W�L�H�Q�Q�H�Q�W���X�Q�H���W�U�q�V���J�U�D�Q�G�H���S�O�D�F�H�����O�¶�R�E�W�H�Q�W�L�R�Q���G�H���S�R�O�\�P�q�U�H�V���j��

�S�D�U�W�L�U���G�H���S�U�R�G�X�L�W�V���Q�D�W�X�U�H�O�V���V�¶�D�Y�q�U�H���G�H�V���S�O�X�V���L�Q�W�p�U�H�V�V�D�Q�W�H�V����

�/�H�� �E�R�L�V�� �H�V�W�� �X�Q�H�� �U�H�V�V�R�X�U�F�H�� �W�U�q�V�� �U�L�F�K�H�� �G�H���F�H�� �S�R�L�Q�W�� �G�H�� �Y�X�H���S�D�U�F�H�� �T�X�¶�L�O�� �H�V�W�� �F�R�P�S�R�V�p��

�G�H���P�D�F�U�R�P�R�O�p�F�X�O�H�V�����W�H�O�O�H�V���T�X�H���O�D���F�H�O�O�X�O�R�V�H�����O�H�V���K�p�P�L�F�H�O�O�X�O�R�V�H�V���H�W���O�D���O�L�J�Q�L�Q�H���H�W���T�X�H��

�O�H�V�� �W�D�Q�L�Q�V�� �T�X�¶�L�O�� �U�H�Q�I�H�U�P�H�� �V�R�Q�W�� �G�H�V�� �F�R�P�S�R�V�p�V���S�R�O�\�P�p�U�L�V�D�E�O�H�V���� �3�D�U�� �D�L�O�O�H�X�U�V���� �L�O�� �H�V�W��

�S�R�V�V�L�E�O�H�� �G�¶�R�E�W�H�Q�L�U�� �j�� �S�D�U�W�L�U�� �G�H�� �G�L�Y�H�U�V�H�V�� �E�L�R�P�D�V�V�H�V�� �G�¶�D�X�W�U�H�V�� �V�X�E�V�W�D�Q�F�H�V��

�S�R�O�\�P�p�U�L�V�D�E�O�H�V���F�R�P�P�H���O�H���I�X�U�I�X�U�R�O���R�X���D�O�F�R�R�O���I�X�U�I�X�U�\�O�L�T�X�H�����&�H�V���P�R�O�p�F�X�O�H�V���Q�D�W�X�U�H�O�O�H�V��

�V�R�Q�W���H�Q���W�U�D�L�Q���G�H���G�H�Y�H�Q�L�U���W�U�q�V���L�P�S�R�U�W�D�Q�W�H�V���G�D�Q�V���O�¶�L�Q�G�X�V�W�U�L�H���G�H�V���S�R�O�\�P�q�U�H�V����
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Les  tanins  
 
�/�H���W�H�U�P�H���©���W�D�Q�L�Q�V���ª���H�Q�J�O�R�E�H���G�H���P�D�Q�L�q�U�H���O�D�U�J�H���O�¶�H�Q�V�H�P�E�O�H���G�H�V���F�R�P�S�R�V�p�V���W�D�Q�Q�D�Q�W�V��

�T�X�¶�L�O�V���V�R�L�H�Q�W���V�\�Q�W�K�p�W�L�T�X�H�V���R�X���Y�p�J�p�W�D�X�[�����F�R�Q�G�H�Q�V�p�V���R�X���K�\�G�U�R�O�\�V�D�E�O�H�V�����'�X���S�R�L�Q�W���G�H��

�Y�X�H���F�K�L�P�L�T�X�H�����L�O�V���R�Q�W���W�R�X�V���H�Q���F�R�P�P�X�Q���O�H���I�D�L�W���T�X�¶�L�O�V���S�U�p�V�H�Q�W�H�Q�W���G�H�V���J�U�R�X�S�H�P�H�Q�W�V���±

�2�+���S�K�p�Q�R�O�L�T�X�H�V�� �H�W���T�X�¶�L�O�V�� �V�R�Q�W�� �U�p�D�F�W�L�I�V���Y�L�V���j���Y�L�V�� �G�H�V���S�U�R�W�p�L�Q�H�V���j�� �S�+�� �D�F�L�G�H�� �H�W���V�H��

�F�R�O�R�U�H�Q�W���H�Q���E�O�H�X���Q�R�L�U���D�Y�H�F���O�H�V���V�H�O�V���G�H���I�H�U����

��

Les tanins synthétiques  
��

��

��

�/�H�V���W�D�Q�L�Q�V���V�\�Q�W�K�p�W�L�T�X�H�V���V�R�Q�W���X�W�L�O�L�V�p�V���V�X�U�W�R�X�W���S�R�X�U���O�H���W�D�Q�Q�D�J�H���G�H�V���F�X�L�U�V�����,�O�V���R�Q�W���p�W�p��

�V�\�Q�W�K�p�W�L�V�p�V���S�R�X�U���O�D���S�U�H�P�L�q�U�H���I�R�L�V���L�O���\���D���H�Q�Y�L�U�R�Q���X�Q���V�L�q�F�O�H�����F�R�P�P�H���D�O�W�H�U�Q�D�W�L�Y�H���D�X�[��

�W�D�Q�L�Q�V���Y�p�J�p�W�D�X�[����

�&�H���V�R�Q�W�� �G�H�V���S�R�O�\�P�q�U�H�V���T�X�L�� �U�p�V�X�O�W�H�Q�W�� �G�H�� �O�D�� �U�p�D�F�W�L�R�Q���G�X�� �S�K�p�Q�R�O���� �G�X�� �Q�D�S�K�W�D�O�q�Q�H���H�W��

�G�H���O�D���G�L�R�[�\�G�L�S�K�p�Q�\�O�V�X�O�I�R�Q�H���V�X�U���O�H���I�R�U�P�D�O�G�p�K�\�G�H���H�W���R�X���O�¶�X�U�p�H����

�&�O�D�V�V�L�T�X�H�P�H�Q�W�����G�X���S�K�p�Q�R�O���H�V�W���P�L�V���j���U�p�D�J�L�U���D�Y�H�F���G�H���O�¶�D�F�L�G�H���V�X�O�I�X�U�L�T�X�H�����S�R�X�U���G�R�Q�Q�H�U��

�G�X�� �S�K�p�Q�R�O�� �V�X�O�I�R�Q�p�� �H�W���R�X�� �G�H�� �O�D�� �G�L�R�[�\�G�L�S�K�p�Q�\�O�V�X�O�I�R�Q�H�� �V�H�O�R�Q���O�H�V�� �F�R�Q�G�L�W�L�R�Q�V���G�H��

�W�H�P�S�p�U�D�W�X�U�H�����G�H���S�U�H�V�V�L�R�Q���H�W���O�H�V���S�U�R�S�R�U�W�L�R�Q�V���G�H�V���U�p�D�F�W�L�I�V���P�L�V���H�Q���M�H�X�����/�H�V���S�U�R�G�X�L�W�V��

�V�X�O�I�R�Q�p�V�� �V�R�Q�W�� �H�Q�V�X�L�W�H�� �F�R�Q�G�H�Q�V�p�V���D�Y�H�F���O�H���I�R�U�P�D�O�G�p�K�\�G�H�� �H�Q�� �S�U�p�V�H�Q�F�H�� �R�X�� �Q�R�Q��

�G�¶�X�U�p�H�����/�H�V���U�p�D�F�W�L�R�Q�V���F�K�L�P�L�T�X�H�V���J�p�Q�p�U�D�O�H�V���V�R�Q�W���G�p�F�U�L�W�H�V���F�L���G�H�V�V�R�X�V����
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�6�X�O�I�R�Q�D�W�L�R�Q���G�X���S�K�p�Q�R�O����

OH

H2SO4

OH

S OO

OH

+ + H2O

��

��

�3�U�R�G�X�F�W�L�R�Q���G�H���O�D���G�L�R�[�\�G�L�S�K�p�Q�\�O�V�X�O�I�R�Q�H���S�D�U���U�p�D�F�W�L�R�Q���V�X�U���O�H���S�K�p�Q�R�O�����S�X�L�V���V�p�S�D�U�D�W�L�R�Q��

�G�X���S�K�p�Q�R�O���H�Q���H�[�F�q�V���H�W���G�H���O�¶�H�D�X���I�R�U�P�p�H���S�D�U���G�L�V�W�L�O�O�D�W�L�R�Q����

OH

OH
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OH
OH

S OO

OH
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OH
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��

��

�&�R�Q�G�H�Q�V�D�W�L�R�Q���G�H���O�D���G�L�R�[�\�G�L�S�K�p�Q�\�O�V�X�O�I�R�Q�H���D�Y�H�F���O�H���I�R�U�P�D�O�G�p�K�\�G�H����
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��

�&�R�Q�G�H�Q�V�D�W�L�R�Q���G�H���O�¶�D�F�L�G�H���S�K�p�Q�R�O�V�X�O�I�R�Q�L�T�X�H���D�Y�H�F���O�H���I�R�U�P�D�O�G�p�K�\�G�H���H�W���O�¶�X�U�p�H����
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Les t anins  végétaux : condensé s et hydrolysables  

 

�6�X�U�� �O�D�� �E�D�V�H�� �G�H�V�� �V�W�U�X�F�W�X�U�H�V�� �P�R�O�p�F�X�O�D�L�U�H�V�� �G�H�V�� �W�D�Q�L�Q�V�� �Y�p�J�p�W�D�X�[�� �D�F�W�X�H�O�O�H�P�H�Q�W��

�F�R�Q�Q�X�V�����H�W���O�H�X�U���R�U�L�J�L�Q�H���H�W���O�H�X�U���U�{�O�H���G�D�Q�V���O�D���Y�L�H���G�H�V���S�O�D�Q�W�H�V�����O�D���G�p�I�L�Q�L�W�L�R�Q���V�X�L�Y�D�Q�W�H��

�G�H�V���W�D�Q�L�Q�V���S�H�X�W���r�W�U�H���H�P�S�O�R�\�p�H����

�/�H�V�� �W�D�Q�L�Q�V�� �V�R�Q�W���G�H�V�� �P�p�W�D�E�R�O�L�W�H�V�� �V�H�F�R�Q�G�D�L�U�H�V�� �S�R�O�\�S�K�p�Q�R�O�L�T�X�H�V�� �G�H�V�� �S�O�D�Q�W�H�V��

�V�X�S�p�U�L�H�X�U�H�V�����H�W�� �V�R�Q�W���V�R�L�W���G�H�V�� �H�V�W�H�U�V���J�D�O�O�R�\�O�H�V���H�W�� �O�H�X�U�V�� �G�p�U�L�Y�p�V�����G�D�Q�V�� �O�H�V�T�X�H�O�V���G�H�V��

�I�U�D�J�P�H�Q�W�V�� �J�D�O�O�R�\�O�H�V�� �R�X�� �O�H�X�U�V�� �G�p�U�L�Y�p�V�� �V�R�Q�W�� �D�W�W�D�F�K�p�V�� �j���X�Q�H�� �V�p�U�L�H�� �G�H���S�R�O�\�R�O�����G�H��

�Q�R�\�D�X�[�� �F�D�W�p�F�K�L�Q�H�� �H�W�� �W�U�L�W�H�U�S�p�Q�R�w�G�H�V�� ���J�D�O�O�R�W�D�Q�L�Q�V�����H�O�O�D�J�L�W�D�Q�L�Q�V�� �H�W�� �G�H�V�� �W�D�Q�L�Q�V��

�F�R�P�S�O�H�[�H�V������ �V�R�L�W�� �G�H�V�� �R�O�L�J�R�P�q�U�H�V�� �H�W�� �S�R�O�\�P�q�U�H�V�� �S�U�R�D�Q�W�K�R�F�\�D�Q�L�G�L�Q�H�V�� �S�R�X�Y�D�Q�W��

�S�R�V�V�p�G�H�U�� �G�L�I�I�p�U�H�Q�W�V���F�R�X�S�O�D�J�H�V���L�Q�W�H�U�I�O�D�Y�D�Q�\�O�� �H�W�� �U�p�V�H�D�X�[�� �G�H�� �V�X�E�V�W�L�W�X�W�L�R�Q�� ���W�D�Q�L�Q�V��

�F�R�Q�G�H�Q�V�p�V�����>�.�D�U�D�P�D�O�L���.�K�D�Q�E�D�E�D�H�H���H�W���7�H�X�Q�L�V���Y�D�Q���5�H�H���±�����������@������

��

��

��
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Rôle naturel et propriétés   
 
�/�H�V�� �W�D�Q�L�Q�V���V�R�Q�W�� �G�H�V�� �F�R�P�S�R�V�p�V���S�R�O�\�S�K�p�Q�R�O�L�T�X�H�V���X�W�L�O�L�V�p�V���S�D�U�� �O�H�V�� �S�O�D�Q�W�H�V�� �S�R�X�U�� �V�H��

�G�p�I�H�Q�G�U�H���G�H�V���L�Q�V�H�F�W�H�V���H�W���G�H�V���F�K�D�P�S�L�J�Q�R�Q�V�����/�D���I�R�U�W�H���F�D�U�D�F�W�p�U�L�V�W�L�T�X�H���G�¶�D�V�W�U�L�Q�J�H�Q�F�H��

�G�H�V�� �W�D�Q�L�Q�V���U�H�Q�G�� �O�D�� �S�O�D�Q�W�H���S�O�X�V�� �G�L�I�I�L�F�L�O�H�P�H�Q�W�� �D�V�V�L�P�L�O�D�E�O�H�� �S�D�U�� �O�H�V�� �D�Q�L�P�D�X�[���� �$�X�V�V�L���L�O��

�H�V�W�� �S�R�V�V�L�E�O�H�� �G�H���G�p�F�U�L�U�H�� �O�H�V�� �W�D�Q�L�Q�V�� �F�R�P�P�H���G�H�� �Y�U�D�L�V�� �³���E�R�X�F�O�L�H�U�V���´�����>�5�R�E�E�L�Q�V�� �H�W�� �D�O����

���������@��

�&�H�V���S�U�R�G�X�L�W�V�� �V�H�� �W�U�R�X�Y�H�Q�W�� �G�D�Q�V�� �W�R�X�W�H�V�� �O�H�V�� �S�O�D�Q�W�H�V���H�Q���G�L�I�I�p�U�H�Q�W�H�V�� �S�U�R�S�R�U�W�L�R�Q�V���� �/�H�V��

�p�F�R�U�F�H�V�� �G�H�V�� �D�U�E�U�H�V�� �H�Q�� �J�p�Q�p�U�D�O�� �F�R�Q�W�L�H�Q�Q�H�Q�W�� �O�H���S�R�X�U�F�H�Q�W�D�J�H�� �O�H���S�O�X�V�� �V�L�J�Q�L�I�L�F�D�W�L�I����

�P�D�L�V�� �O�H�V�� �W�D�Q�L�Q�V���S�H�X�Y�H�Q�W�� �V�H�� �W�U�R�X�Y�H�U�� �G�D�Q�V�� �O�H�� �F�\�W�R�S�O�D�V�P�H�� �G�H���W�R�X�W�H�V���O�H�V�� �F�H�O�O�X�O�H�V��

�Y�p�J�p�W�D�O�H�V���>�+�D�V�O�D�P�������������@����

�/�H�V���G�L�I�I�p�U�H�Q�W�V���E�R�L�V���V�W�R�F�N�H�Q�W���O�H�V���W�D�Q�L�Q�V���G�D�Q�V���G�L�I�I�p�U�H�Q�W�H�V���]�R�Q�H�V���G�H���O�D���S�O�D�Q�W�H������

�/�H���S�L�Q�����3�L�Q�X�V���U�D�G�L�D�W�D�������O�H���F�K�r�Q�H�����4�X�H�U�F�X�V���U�R�E�X�U�����H�W���O�H���P�L�P�R�V�D�����$�F�D�F�L�D���P�H�D�U�Q�V�L�L���R��

�P�R�O�O�L�V�V�L�P�D���� �F�R�Q�W�L�H�Q�Q�H�Q�W���S�U�L�Q�F�L�S�D�O�H�P�H�Q�W���G�H�V�� �W�D�Q�L�Q�V�� �G�D�Q�V�� �O�¶�p�F�R�U�F�H������ �O�H�� �J�D�P�E�L�H�U��

���8�Q�F�D�U�L�D�� �*�D�P�E�L�U���� �G�D�Q�V�� �O�H�V�� �I�H�X�L�O�O�H�V���� �O�H�� �S�H�F�D�Q�� ���&�D�U�\�D�� �L�O�O�L�Q�R�H�Q�V�L�V���� �G�D�Q�V�� �O�H�V�� �Q�R�L�[�� �G�H��

�P�R�H�O�O�H�� �W�D�Q�G�L�V���T�X�H���O�H�� �F�K�k�W�D�L�J�Q�L�H�U�� ���&�D�V�W�D�Q�H�D�� �V�D�W�L�Y�D���� �H�W�� �O�H�� �T�X�H�E�U�D�F�K�R�� ���6�F�K�L�Q�R�S�V�L�V��

�E�D�O�D�Q�V�D�H�����V�W�R�F�N�H�Q�W���O�H�X�U�V���W�D�Q�L�Q�V���G�D�Q�V���W�R�X�W�H���O�D���V�W�U�X�F�W�X�U�H������

�/�H�V�� �W�D�Q�L�Q�V�� �Y�p�J�p�W�D�X�[���P�D�O�J�U�p�� �O�H�V�� �G�L�I�I�p�U�H�Q�F�H�V�� �G�H�� �O�H�X�U�V�� �F�R�Q�V�W�L�W�X�W�L�R�Q�V�� �S�R�V�V�q�G�H�Q�W�� �X�Q��

�H�Q�V�H�P�E�O�H�� �G�H�� �F�D�U�D�F�W�q�U�H�V�� �F�R�P�P�X�Q�V�� �H�W�� �S�H�X�Y�H�Q�W�� �V�H�� �F�R�P�E�L�Q�H�U�� �D�X�[�� �S�U�R�W�p�L�Q�H�V�� �S�R�X�U��

�G�R�Q�Q�H�U���G�H�V���F�R�P�S�O�H�[�H�V���V�R�O�X�E�O�H�V���R�X���L�Q�V�R�O�X�E�O�H�V����

��

�x �,�O�V���S�U�p�F�L�S�L�W�H�Q�W���O�H�V���S�U�R�W�p�L�Q�H�V���G�H���O�H�X�U���V�R�O�X�W�L�R�Q�����H�Q���S�D�U�W�L�F�X�O�L�H�U���O�D���J�p�O�D�W�L�Q�H����

�x �,�O�V���G�R�Q�Q�H�Q�W���D�Y�H�F���O�H�V���V�H�O�V���G�H�V���P�p�W�D�X�[�� �O�R�X�U�G�V���G�H�V���O�D�T�X�H�V���G�H���F�R�X�O�H�X�U�V���Y�D�U�L�p�H�V������

�H�Q���S�D�U�W�L�F�X�O�L�H�U���D�Y�H�F���O�H�V���V�H�O�V���G�H���I�H�U�����L�O�V���G�R�Q�Q�H�Q�W���G�H�V���O�D�T�X�H�V���G�H���F�R�X�O�H�X�U���E�O�H�X���Q�R�L�U����

�x �,�O�V���S�U�p�F�L�S�L�W�H�Q�W���D�Y�H�F���O�H�V���P�D�W�L�q�U�H�V���F�R�O�R�U�D�Q�W�H�V���F�D�W�L�R�Q�L�T�X�H�V����

�x �,�O�V�� �V�R�Q�W�� �S�O�X�V�� �R�X�� �P�R�L�Q�V�� �V�R�O�X�E�O�H�V�� �G�D�Q�V�� �O�¶�H�D�X���� �O�H�X�U�V�� �V�R�O�X�W�L�R�Q�V�� �V�R�Q�W�� �W�R�X�M�R�X�U�V��

�D�F�L�G�H�V���� �(�Q�� �U�D�L�V�R�Q�� �G�H�� �O�D�� �J�U�R�V�V�H�X�U�� �G�H�� �O�H�X�U�V�� �P�R�O�p�F�X�O�H�V�� �H�W�� �G�H�� �O�H�X�U�� �W�H�Q�G�D�Q�F�H�� �j��

�S�R�O�\�P�p�U�L�V�H�U�� �S�D�U�� �R�[�\�G�D�W�L�R�Q���� �O�H�V�� �V�R�O�X�W�L�R�Q�V�� �D�T�X�H�X�V�H�V�� �G�H�� �W�D�Q�L�Q�V���V�H�� �F�R�P�S�R�U�W�H�Q�W��

�F�R�P�P�H���G�H�V���G�L�V�S�H�U�V�L�R�Q�V���F�R�O�O�R�w�G�D�O�H�V����

�x �,�O�V���V�R�Q�W���D�P�R�U�S�K�H�V���H�W���V�D�Q�V���S�R�L�Q�W���G�H���I�X�V�L�R�Q���S�U�p�F�L�V����

�x �,�O�V���V�R�Q�W���F�D�S�D�E�O�H�V���G�H���V�H���I�L�[�H�U���V�X�U���O�D���V�X�E�V�W�D�Q�F�H���G�H�U�P�L�T�X�H���G�H���O�D���S�H�D�X���H�Q���W�U�L�S�H���H�W��

�G�H���O�D���W�U�D�Q�V�I�R�U�P�H�U���H�Q���F�X�L�U�� 
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Processus d’extraction  
��

�/�¶�H�[�W�U�D�L�W���W�D�Q�Q�D�Q�W���H�V�W���O�H���U�p�V�X�O�W�D�W���G�H���O�D���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���S�D�U���p�Y�D�S�R�U�D�W�L�R�Q���G�H���O�¶�H�D�X���G�H���O�D��

�V�R�O�X�W�L�R�Q���R�E�W�H�Q�X�H���S�D�U���O�H�V�V�L�Y�D�J�H���P�p�W�K�R�G�L�T�X�H���G�H���O�D���P�D�W�L�q�U�H���W�D�Q�Q�D�Q�W�H���Q�D�W�X�U�H�O�O�H����

�/�¶�H�[�W�U�D�L�W�� �R�E�W�H�Q�X�� �S�H�X�W�� �r�W�U�H�� �O�L�T�X�L�G�H���� �F�¶�H�V�W�� �D�O�R�U�V�� �X�Q�H�� �V�R�O�X�W�L�R�Q�� �F�R�Q�F�H�Q�W�U�p�H�� �F�R�Q�W�H�Q�D�Q�W��

�����������G�H���P�D�W�L�q�U�H�V���V�q�F�K�H�V�����,�O���H�V�W���D�X�M�R�X�U�G�¶�K�X�L���O�H���S�O�X�V���V�R�X�Y�H�Q�W���V�R�O�L�G�H�����H�Q���S�R�X�G�U�H�����H�W��

�U�H�Q�I�H�U�P�H�� ������ �j�� ������ ���� �G�H�� �P�D�W�L�q�U�H�V�� �V�q�F�K�H�V���� �/�H�V�� �R�S�p�U�D�W�L�R�Q�V�� �Q�p�F�H�V�V�D�L�U�H�V�� �S�R�X�U��

�S�U�p�S�D�U�H�U�� �X�Q�� �H�[�W�U�D�L�W�� �W�D�Q�Q�D�Q�W�� �V�R�Q�W�� �V�H�Q�V�L�E�O�H�P�H�Q�W�� �O�H�V�� �P�r�P�H�V�� �T�X�H�O�O�H�� �T�X�H�� �V�R�L�W�� �O�D��

�P�D�W�L�q�U�H�� �W�D�Q�Q�D�Q�W�H�� �F�R�Q�F�H�U�Q�p�H���� �3�R�X�U�� �G�p�F�U�L�U�H�� �F�H�V�� �R�S�p�U�D�W�L�R�Q�V���� �R�Q�� �S�U�H�Q�G�U�D�� �F�R�P�P�H��

�H�[�H�P�S�O�H���O�D���I�D�E�U�L�F�D�W�L�R�Q���G�X���W�D�Q�L�Q���G�H���F�K�k�W�D�L�J�Q�L�H�U�����G�H���T�X�H�E�U�D�F�K�R���H�W���G�H���P�L�P�R�V�D����

��
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Fabrication du tanin de C hâtaignier  : 

��

��

�/�H�� �W�D�Q�L�Q�� �G�H�� �F�K�k�W�D�L�J�Q�L�H�U�� �S�U�R�Y�L�H�Q�W�� �G�X�� �E�R�L�V�� �G�H�� �F�K�k�W�D�L�J�Q�L�H�U�� ���&�D�V�W�D�Q�H�D�� �V�D�W�L�Y�D���� �T�X�L��

�S�R�X�V�V�H�� �Q�D�W�X�U�H�O�O�H�P�H�Q�W�� �S�D�U�� �H�[�H�P�S�O�H���D�X�� �S�L�H�G�� �G�H�V�� �P�R�Q�W�D�J�Q�H�V�� �G�X�� �F�H�Q�W�U�H���Q�R�U�G�� �G�H��

�O�¶�,�W�D�O�L�H�����G�D�Q�V���O�D���6�O�R�Y�p�Q�L�H���H�W���G�D�Q�V���O�H���F�H�Q�W�U�H���G�H���O�D���)�U�D�Q�F�H����

�2�Q�� �X�W�L�O�L�V�H�� �V�X�U�W�R�X�W�� �G�H�V�� �D�U�E�U�H�V�� �G�H�� ������������ �D�Q�V�� �T�X�L�� �G�R�L�Y�H�Q�W���r�W�U�H�� �D�E�D�W�W�X�V�� �j�� �F�D�X�V�H�� �G�H��

�S�U�R�E�O�q�P�H�V���G�¶�L�Q�V�W�D�E�L�O�L�W�p���V�W�U�X�F�W�X�U�H�O�O�H�����/�D���U�p�L�P�S�O�D�Q�W�D�W�L�R�Q���Q�¶�H�V�W���S�D�V���Q�p�F�H�V�V�D�L�U�H���J�U�k�F�H��

�j�� �O�D�� �W�H�Q�G�D�Q�F�H���Q�D�W�X�U�H�O�O�H���G�X�� �F�K�k�W�D�L�J�Q�L�H�U���j�� �J�p�Q�p�U�H�U���G�H�V���G�U�D�J�H�R�Q�V���j�� �S�D�U�W�L�U���G�H�V��

�U�D�F�L�Q�H�V���G�H�V���D�U�E�U�H�V���D�E�D�W�W�X�V������

�/�H�V�� �W�U�R�Q�F�V�� �V�R�Q�W�� �W�U�D�Q�V�S�R�U�W�p�V���M�X�V�T�X�¶�j���G�H�V�� �L�Q�V�W�D�O�O�D�W�L�R�Q�V�� �G�
�H�[�W�U�D�F�W�L�R�Q�� �H�W�� �U�H�V�W�H�Q�W��

�V�W�R�F�N�p�V���H�Q���S�O�H�L�Q���D�L�U�� �H�Q�Y�L�U�R�Q�� �������� �P�R�L�V���D�Y�D�Q�W�� �G�
�r�W�U�H���X�W�L�O�L�V�p�V���� �/�H�� �E�R�L�V�����D�S�U�q�V�� �D�Y�R�L�U��

�p�W�p�� �G�p�S�R�X�L�O�O�p�� �G�H�� �O�¶�p�F�R�U�F�H�����H�V�W���F�R�X�S�p�� �H�Q�� �S�H�W�L�W�V�� �P�R�U�F�H�D�X�[�� �G�H�� �������� �F�P���T�X�L�� �V�R�Q�W��

�F�K�D�U�J�p�V���G�D�Q�V���X�Q�H���E�D�W�W�H�U�L�H���G�
�H�[�W�U�D�F�W�H�X�U�V���U�H�P�S�O�L�V���D�Y�H�F���G�H���O�
�H�D�X���j���������� �ƒ�&���H�Q�Y�L�U�R�Q����

�/�H�� �W�D�X�[�� �G�H�� �P�D�W�L�q�U�H�� �V�q�F�K�H�� �G�H�� ������ �G�D�Q�V�� �O�¶�H�[�W�U�D�L�W�� �H�V�W�� �p�O�H�Y�p�� �j�� ���������S�D�U��

�S�U�p�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �G�D�Q�V���X�Q���F�R�Q�F�H�Q�W�U�D�W�H�X�U���� �j���H�I�I�H�W���P�X�O�W�L�S�O�H�����S�X�L�V���� �D�S�U�q�V�� �X�Q�H�� �S�K�D�V�H��

�G�H�� �V�p�G�L�P�H�Q�W�D�W�L�R�Q���� �O�H�V�� �K�p�P�L�F�H�O�O�X�O�R�V�H�V�� �H�W�� �O�H�V�� �J�R�P�P�H�V�� �Y�p�J�p�W�D�O�H�V�� �V�R�Q�W�� �V�X�S�S�U�L�P�p�H�V����

�)�L�Q�D�O�H�P�H�Q�W�� �O�
�H�[�W�U�D�L�W���H�V�W�� �F�R�Q�F�H�Q�W�U�p�� �M�X�V�T�X�
�j���X�Q�� �W�D�X�[�� �G�¶�H�Q�Y�L�U�R�Q�� �������� �G�H�� �P�D�W�L�q�U�H��

�V�q�F�K�H���� �&�H�W�W�H�� �G�H�U�Q�L�q�U�H���V�R�O�X�W�L�R�Q�� �D�T�X�H�X�V�H�� �F�R�Q�F�H�Q�W�U�p�H���H�V�W�� �H�Q�Y�R�\�p�H���G�D�Q�V�� �X�Q��

�D�W�R�P�L�V�H�X�U���T�X�L���S�H�U�P�H�W���G�H���U�p�F�X�S�p�U�H�U���O�
�H�[�W�U�D�L�W���H�Q���S�R�X�G�U�H����

��
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�/�D���I�D�E�U�L�F�D�W�L�R�Q���F�R�P�S�U�H�Q�G���G�R�Q�F���F�L�Q�T���R�S�p�U�D�W�L�R�Q�V���S�U�L�Q�F�L�S�D�O�H�V������

�x �'�p�F�R�X�S�D�J�H���G�X���E�R�L�V��

�x �(�[�W�U�D�F�W�L�R�Q���G�X���W�D�Q�L�Q��

�x �3�U�p�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���H�W���G�p�F�D�Q�W�D�W�L�R�Q���G�H�V���E�R�X�L�O�O�R�Q�V����

�x �&�R�Q�F�H�Q�W�U�D�W�L�R�Q���G�H�V���E�R�X�L�O�O�R�Q�V��

�x �2�E�W�H�Q�W�L�R�Q���G�H���O�¶�H�[�W�U�D�L�W���V�R�O�L�G�H��

��

�5�D�S�S�H�O�R�Q�V���T�X�H���O�¶�R�Q���H�[�S�O�R�L�W�H���V�H�X�O�H�P�H�Q�W���O�H���E�R�L�V���G�X���W�U�R�Q�F���H�W���G�H�V���J�U�R�V�V�H�V���E�U�D�Q�F�K�H�V����

�&�H�V�� �S�D�U�W�L�H�V�� �G�H�� �O�¶�D�U�E�U�H�� �V�R�Q�W�� �U�H�I�H�Q�G�X�H�V�� �H�W�� �G�p�F�R�X�S�p�H�V�� �H�Q�� �E�L�O�O�H�V�� �G�H�� �������� �j�� ���� �F�P�� �G�H��

�O�R�Q�J�X�H�X�U���� �V�X�U�� �O�H�V�� �O�L�H�X�[�� �G�H�� �O�¶�H�[�S�O�R�L�W�D�W�L�R�Q���� �&�¶�H�V�W�� �G�R�Q�F�� �V�R�X�V�� �F�H�W�W�H�� �I�R�U�P�H�� �T�X�H�� �V�H��

�S�U�p�V�H�Q�W�H���O�D���P�D�W�L�q�U�H���S�U�H�P�L�q�U�H���S�R�X�U���O�D���S�U�p�S�D�U�D�W�L�R�Q���G�H���O�¶�H�[�W�U�D�L�W����

��

Coupage du bois : 

 

�/�H�� �E�R�L�V�� �H�V�W���G�p�F�R�X�S�p�� �H�Q�� �F�R�S�H�D�X�[�� �W�D�L�O�O�p�V�� �S�H�U�S�H�Q�G�L�F�X�O�D�L�U�H�P�H�Q�W�� �j�� �O�¶�D�[�H�� �O�R�Q�J�L�W�X�G�L�Q�D�O��

�G�H�� �O�D�� �E�€�F�K�H���� �/�¶�p�S�D�L�V�V�H�X�U�� �G�H�V�� �F�R�S�H�D�X�[�� �D�� �X�Q�H�� �J�U�D�Q�G�H�� �L�Q�I�O�X�H�Q�F�H�� �V�X�U�� �O�D�� �Y�L�W�H�V�V�H�� �G�H��

�G�L�I�I�X�V�L�R�Q�� �G�H�� �O�¶�H�D�X�� �H�W�� �S�D�U�� �F�R�Q�V�p�T�X�H�Q�W�� �V�X�U�� �O�D�� �Y�L�W�H�V�V�H�� �G�¶�H�[�W�U�D�F�W�L�R�Q�� �G�H�V�� �S�U�R�G�X�L�W�V��

�V�R�O�X�E�O�H�V���F�R�P�P�H���O�H���P�R�Q�W�U�H���O�H���W�D�E�O�H�D�X���V�X�L�Y�D�Q�W������

 

Epaisseur des copeaux en mm 18 15 10 5 

Tanin extrait en 4 heures  

(en % de la teneur totale en tanin) 

47 50 60 62 

��

Tableau  1:  Extrait de tanin en fonction de la taille des copeaux.  

��

�(�Q���J�p�Q�p�U�D�O�����O�¶�p�S�D�L�V�V�H�X�U���G�H�V���F�R�S�H�D�X�[���H�V�W���F�R�P�S�U�L�V�H���H�Q�W�U�H�������H�W���������P�P������

�2�Q���X�W�L�O�L�V�H���S�R�X�U���F�H�W�W�H���R�S�p�U�D�W�L�R�Q���X�Q�H���G�p�F�R�X�S�H�X�V�H���j���W�D�P�E�R�X�U���S�U�p�V�H�Q�W�p�H���H�Q���I�L�J�X�U�H��������

�(�O�O�H�� �F�R�P�S�U�H�Q�G�� �X�Q�� �W�D�P�E�R�X�U�� ���$���� �F�R�Q�V�W�L�W�X�p�� �S�D�U�� �G�H�X�[�� �W�U�R�Q�F�V�� �G�H�� �F�{�Q�H�� �H�Q�� �D�F�L�H�U��

�D�V�V�H�P�E�O�p�V�� �S�D�U�� �O�H�X�U�� �S�H�W�L�W�H�� �E�D�V�H���� �,�O�� �S�R�U�W�H�� �G�H�V�� �O�D�P�H�V�� ���%���� �H�Q�� �D�F�L�H�U���� �L�Q�F�O�L�Q�p�H�V�� �S�D�U��

�U�D�S�S�R�U�W���D�X���U�D�\�R�Q���G�X���W�D�P�E�R�X�U���H�W���G�p�S�D�V�V�D�Q�W���F�H�O�X�L���F�L���G�H���O�¶�p�S�D�L�V�V�H�X�U���G�p�V�L�U�p�H���S�R�X�U���O�H�V��

�F�R�S�H�D�X�[����

��
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Figure 1:  Dé coupage du bois pour l’extraction du tanin  

��

�'�H�Y�D�Q�W���O�H���W�D�P�E�R�X�U�����R�Q���W�U�R�X�Y�H���X�Q���F�R�X�O�R�L�U�����'�����G�D�Q�V���O�H�T�X�H�O���V�R�Q�W���S�O�D�F�p�H�V���O�H�V���E�€�F�K�H�V��

�j���G�p�F�R�X�S�H�U�����&�������&�H�V���E�€�F�K�H�V���V�R�Q�W���S�R�X�V�V�p�H�V���F�R�Q�W�U�H���O�H���W�D�P�E�R�X�U���M�X�V�T�X�¶�j���G�p�F�R�X�S�D�J�H��

�F�R�P�S�O�H�W���S�D�U���O�H���S�R�X�V�V�R�L�U�����(�������/�H�V���F�R�S�H�D�X�[���W�R�P�E�H�Q�W���G�D�Q�V���X�Q�H���I�R�V�V�H�����)�����G�H���O�D�T�X�H�O�O�H��

�L�O�V���V�R�Q�W���W�U�D�Q�V�S�R�U�W�p�V���D�X���G�H�V�V�X�V���G�H���O�D���E�D�W�W�H�U�L�H���G�¶�H�[�W�U�D�F�W�L�R�Q���S�D�U���X�Q���p�O�p�Y�D�W�H�X�U�����*������

��

Extraction : 

��

�/�¶�H�[�W�U�D�F�W�L�R�Q���H�V�W���F�R�Q�G�X�L�W�H���P�p�W�K�R�G�L�T�X�H�P�H�Q�W���V�H�O�R�Q���O�H���S�U�L�Q�F�L�S�H���G�X���F�R�Q�W�U�H���F�R�X�U�D�Q�W���G�H��

�I�D�o�R�Q�� �j�� �H�[�W�U�D�L�U�H�� �O�H�� �P�D�[�L�P�X�P�� �G�H�� �W�D�Q�L�Q�� �H�W�� �j�� �R�E�W�H�Q�L�U�� �G�H�V�� �V�R�O�X�W�L�R�Q�V�� �O�H�V�� �S�O�X�V��

�F�R�Q�F�H�Q�W�U�p�H�V���S�R�V�V�L�E�O�H�V���� �3�R�X�U���F�H�O�D���� �O�H�V���F�R�Q�G�L�W�L�R�Q�V���G�H�� �O�¶�H�[�W�U�D�F�W�L�R�Q���V�R�Q�W���W�H�O�O�H�V���T�X�H�� �O�H��

�E�R�L�V���O�H���S�O�X�V���p�S�X�L�V�p���V�R�L�W���H�Q���F�R�Q�W�D�F�W���D�Y�H�F���O�D���V�R�O�X�W�L�R�Q���O�D���P�R�L�Q�V���F�R�Q�F�H�Q�W�U�p�H���H�W���T�X�H���O�H��

�E�R�L�V���O�H���S�O�X�V���U�L�F�K�H���V�R�L�W���H�Q���F�R�Q�W�D�F�W���D�Y�H�F���O�D���V�R�O�X�W�L�R�Q���O�D���S�O�X�V���F�R�Q�F�H�Q�W�U�p�H����

�/�¶�R�S�p�U�D�W�L�R�Q�� �H�V�W�� �U�p�D�O�L�V�p�H�� �G�D�Q�V�� �X�Q�H�� �V�p�U�L�H���G�¶�D�X�W�R�F�O�D�Y�H�V�� �U�H�O�L�p�V�� �S�D�U�� �G�H�V�� �W�X�\�D�X�W�H�U�L�H�V��

�S�H�U�P�H�W�W�D�Q�W�� �G�H�� �I�D�L�U�H�� �F�L�U�F�X�O�H�U�� �O�H�V�� �V�R�O�X�W�L�R�Q�V�� �G�H�� �O�¶�X�Q�� �G�D�Q�V�� �O�¶�D�X�W�U�H�����/�¶�H�Q�V�H�P�E�O�H��

�F�R�Q�V�W�L�W�X�H���O�D���E�D�W�W�H�U�L�H���G�¶�H�[�W�U�D�F�W�L�R�Q����

��



10 
 

 
Figure 2:  Schéma d’une s érie d’extracteurs en contre -cour ant  

��
�/�D�� �W�H�P�S�p�U�D�W�X�U�H�� �Y�D�U�L�H�� �D�X�� �F�R�X�U�V�� �G�H�� �O�¶�R�S�p�U�D�W�L�R�Q�� �G�H�� �������� �j�� ������ �ƒ�&���� �&�R�Q�V�L�G�p�U�R�Q�V�� �X�Q�H��

�E�D�W�W�H�U�L�H���G�H�������D�X�W�R�F�O�D�Y�H�V���U�H�S�U�p�V�H�Q�W�p�H���V�F�K�p�P�D�W�L�T�X�H�P�H�Q�W���S�D�U���O�D���I�L�J�X�U�H��������

�(�Q���R�U�G�U�H���G�H���P�D�U�F�K�H�����O�¶�D�X�W�R�F�O�D�Y�H���Q�ƒ�������U�H�Q�I�H�U�P�H���O�H���E�R�L�V���O�H���S�O�X�V���U�L�F�K�H���H�W���O�D���V�R�O�X�W�L�R�Q��

�O�D���S�O�X�V���F�R�Q�F�H�Q�W�U�p�H�����(�Q���������������V�H���W�U�R�X�Y�H���G�X���E�R�L�V���G�H���S�O�X�V���H�Q���S�O�X�V���p�S�X�L�V�p���D�X���F�R�Q�W�D�F�W��

�G�H���V�R�O�X�W�L�R�Q�V���G�H���S�O�X�V���H�Q���S�O�X�V���G�L�O�X�p�H�V�����(�Q�������V�H���W�U�R�X�Y�H���O�H���E�R�L�V���O�H���S�O�X�V���p�S�X�L�V�p���D�Y�H�F���O�D��

�V�R�O�X�W�L�R�Q���O�D���S�O�X�V���G�L�O�X�p�H����

�/�D���F�L�U�F�X�O�D�W�L�R�Q���G�H�V���V�R�O�X�W�L�R�Q�V�����O�H���G�p�F�K�D�U�J�H�P�H�Q�W���H�W���O�H���F�K�D�U�J�H�P�H�Q�W���G�X���E�R�L�V���V�H���I�R�Q�W���H�Q��

�G�H�X�[���S�K�D�V�H�V������

��

�6�X�L�Y�D�Q�W�� �O�H�V�� �I�O�q�F�K�H�V�� ���� �G�X�� �V�F�K�p�P�D���� �R�Q�� �p�Y�D�F�X�H�� �O�D�� �V�R�O�X�W�L�R�Q�� ���� �Y�H�U�V�� �O�¶�R�S�p�U�D�W�L�R�Q��

�V�X�L�Y�D�Q�W�H�����j���V�D�Y�R�L�U���S�U�p�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���H�W���R�Q���I�D�L�W���F�L�U�F�X�O�H�U���O�H�V���V�R�O�X�W�L�R�Q�V����

�����G�D�Q�V������

�����G�D�Q�V������

�����G�D�Q�V������

�����G�D�Q�V������

�R�Q���p�Y�D�F�X�H���O�H���E�R�L�V���p�S�X�L�V�p���G�H��������

��

�6�X�L�Y�D�Q�W���O�H�V���I�O�q�F�K�H�V�������G�X���V�F�K�p�P�D�����R�Q���F�K�D�U�J�H�������D�Y�H�F���G�X���E�R�L�V���Q�H�X�I�����2�Q���I�D�L�W���F�L�U�F�X�O�H�U��

�O�H�V���V�R�O�X�W�L�R�Q�V���G�H��

�����G�D�Q�V������

�����G�D�Q�V������
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�����G�D�Q�V������

�����G�D�Q�V������

�2�Q�� �H�Q�Y�R�L�H�� �G�H�� �O�¶�H�D�X�� �F�K�D�X�G�H�� �G�D�Q�V�� ������ �2�Q�� �U�p�F�K�D�X�I�I�H�� �F�K�D�T�X�H�� �D�X�W�R�F�O�D�Y�H���j�� �X�Q�H��

�W�H�P�S�p�U�D�W�X�U�H���F�R�Q�Y�H�Q�D�E�O�H�������������j�������ƒ�&�����S�D�U���L�Q�M�H�F�W�L�R�Q���G�H���Y�D�S�H�X�U����

��

�$�L�Q�V�L�����S�R�X�U���V�H���U�D�S�S�R�U�W�H�U���D�X�[���S�R�V�L�W�L�R�Q�V���G�H���G�p�S�D�U�W������

�����H�V�W���G�H�Y�H�Q�X�����¶�����E�R�L�V���O�H���S�O�X�V���U�L�F�K�H���D�X���F�R�Q�W�D�F�W���G�H���O�D���V�R�O�X�W�L�R�Q���O�D���S�O�X�V���F�R�Q�F�H�Q�W�U�p�H����

�����H�V�W���G�H�Y�H�Q�X�����¶��

�����H�V�W���G�H�Y�H�Q�X�����¶��

�����H�V�W���G�H�Y�H�Q�X�����¶��

�����H�V�W���G�H�Y�H�Q�X�����¶�����E�R�L�V���O�H���S�O�X�V���p�S�X�L�V�p���D�X���F�R�Q�W�D�F�W���G�H���O�D���V�R�O�X�W�L�R�Q���O�D���P�R�L�Q�V��

�F�R�Q�F�H�Q�W�U�p�H����

��

�$�S�U�q�V�� ���� �j�� ���� �K�H�X�U�H�V�� �G�H�� �F�R�Q�W�D�F�W���� �R�Q�� �U�H�F�R�P�P�H�Q�F�H�� �O�H�V�� �P�r�P�H�V�� �P�R�X�Y�H�P�H�Q�W�V�� �G�H�V��

�V�R�O�X�W�L�R�Q�V���� �G�p�F�K�D�U�J�H�P�H�Q�W�� �H�W�� �F�K�D�U�J�H�P�H�Q�W�� �G�X�� �E�R�L�V���� �(�Q�� ������ �K�H�X�U�H�V���� ������ �P�R�X�Y�H�P�H�Q�W�V��

�S�H�X�Y�H�Q�W���r�W�U�H���H�I�I�H�F�W�X�p�V������

��

Préconcentration et décantation : 

��

�$���O�D���V�R�U�W�L�H���G�H���O�D���E�D�W�W�H�U�L�H���G�¶�H�[�W�U�D�F�W�L�R�Q�����O�D���V�R�O�X�W�L�R�Q���U�p�F�R�O�W�p�H���D�S�S�H�O�p�H���E�R�X�L�O�O�R�Q���D���X�Q�H��

�G�H�Q�V�L�W�p�� �G�H�� ���ƒ�� �%�D�X�P�p�� ���%�p���� �H�Q�Y�L�U�R�Q�� �F�H�� �T�X�L�� �F�R�U�U�H�V�S�R�Q�G�� �V�H�Q�V�L�E�O�H�P�H�Q�W�� �j�� �X�Q�H��

�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���G�H�������j�����������G�H���P�D�W�L�q�U�H�V���V�q�F�K�H�V�����/�D���W�H�P�S�p�U�D�W�X�U�H���G�X���E�R�X�L�O�O�R�Q���H�V�W���G�H��

�����ƒ�&�����&�H�W�W�H���V�R�O�X�W�L�R�Q���H�V�W���j���S�H�X���S�U�q�V���O�L�P�S�L�G�H�����3�D�U���U�H�I�U�R�L�G�L�V�V�H�P�H�Q�W�����F�H�W�W�H���V�R�O�X�W�L�R�Q���V�H��

�W�U�R�X�E�O�H���H�W���O�D�L�V�V�H���G�p�S�R�V�H�U���G�H�V���L�Q�V�R�O�X�E�O�H�V������

�6�L�� �R�Q�� �S�R�X�U�V�X�L�W�� �O�H�V�� �R�S�p�U�D�W�L�R�Q�V���� �F�¶�H�V�W�� �j�� �G�L�U�H�� �O�D�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q���� �R�Q�� �R�E�W�L�H�Q�G�U�D�� �X�Q��

�H�[�W�U�D�L�W�� �T�X�L���� �P�L�V�� �H�Q�� �V�R�O�X�W�L�R�Q�� �S�D�U�� �O�H�� �W�D�Q�Q�H�X�U�����G�R�Q�Q�H�U�D�� �G�H�V�� �V�R�O�X�W�L�R�Q�V�� �U�L�F�K�H�V�� �H�Q��

�L�Q�V�R�O�X�E�O�H�V���F�H���T�X�L���R�F�F�D�V�L�R�Q�Q�H�U�D���T�X�H�O�T�X�H�V���G�L�I�I�L�F�X�O�W�p�V���D�X���P�R�P�H�Q�W���G�X���W�D�Q�Q�D�J�H�����,�O���H�V�W��

�G�R�Q�F���Q�p�F�H�V�V�D�L�U�H���G�¶�p�O�L�P�L�Q�H�U���F�H�V���L�Q�V�R�O�X�E�O�H�V����

�/�¶�H�[�S�p�U�L�H�Q�F�H�� �D�� �P�R�Q�W�U�p�� �T�X�H�� �O�D�� �T�X�D�Q�W�L�W�p�� �G�¶�L�Q�V�R�O�X�E�O�H�V�� �G�p�F�D�Q�W�D�E�O�H�V�� �Y�D�U�L�D�L�W�� �D�Y�H�F�� �O�D��

�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �H�W�� �O�D�� �W�H�P�S�p�U�D�W�X�U�H�� �H�Q�� �S�D�V�V�D�Q�W�� �S�D�U�� �X�Q�� �P�D�[�L�P�X�P�� �S�R�X�U�� �X�Q�H��

�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���F�R�P�S�U�L�V�H���H�Q�W�U�H���������H�W�������������H�W���X�Q�H���W�H�P�S�p�U�D�W�X�U�H���H�Q�W�U�H���������H�W�������ƒ�&����

�$�L�Q�V�L�����S�R�X�U���R�E�W�H�Q�L�U���O�¶�p�O�L�P�L�Q�D�W�L�R�Q���F�R�Q�Y�H�Q�D�E�O�H���G�H�V���L�Q�V�R�O�X�E�O�H�V���L�O���I�D�X�W������

�x �$�P�H�Q�H�U���O�D���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���G�H�V���E�R�X�L�O�O�R�Q�V���G�H���������������j�������� �������� ��

�x �5�H�I�U�R�L�G�L�U���O�H�V���E�R�X�L�O�O�R�Q�V���D�L�Q�V�L���S�U�p�F�R�Q�F�H�Q�W�U�p�V���j�������������ƒ�&��

�x �'�p�F�D�Q�W�H�U���H�W���p�O�L�P�L�Q�H�U���O�H�V���L�Q�V�R�O�X�E�O�H�V���I�R�U�P�p�V��
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�/�D���S�U�p�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���V�H���I�D�L�W���D�X���P�R�\�H�Q���G�¶�D�S�S�D�U�H�L�O�V���V�H�P�E�O�D�E�O�H�V���j���F�H�X�[���X�W�L�O�L�V�p�V���S�R�X�U��

�O�D�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �G�p�F�U�L�W�H�� �G�D�Q�V�� �O�H�� �S�D�U�D�J�U�D�S�K�H�� �V�X�L�Y�D�Q�W���� �/�D�� �V�R�O�X�W�L�R�Q�� �V�R�U�W�D�Q�W�� �G�H�� �O�D��

�S�U�p�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �D�� �X�Q�H�� �W�H�Q�H�X�U�� �G�H�� ������������ ���� �G�H�� �P�D�W�L�q�U�H�V�� �V�q�F�K�H�V�� �H�W�� �X�Q�H��

�W�H�P�S�p�U�D�W�X�U�H���G�H�������������ƒ�&�����$���S�D�U�W�L�U���G�H���O�j�����H�O�O�H���Y�D���S�D�U�F�R�X�U�L�U���O�H���F�L�U�F�X�L�W���U�H�S�U�p�V�H�Q�W�p���H�Q��

�I�L�J�X�U�H�� ������ �,�O�� �V�¶�D�J�L�W���G�H�� �U�H�I�U�R�L�G�L�U�� �F�H�W�W�H�� �V�R�O�X�W�L�R�Q�� �H�W�� �G�H�� �O�D�� �I�D�L�U�H�� �G�p�F�D�Q�W�H�U���� �(�Q�� �P�r�P�H��

�W�H�P�S�V���� �O�D�� �V�R�O�X�W�L�R�Q�� �G�p�F�D�Q�W�p�H�� �H�W�� �O�L�P�S�L�G�H�� �H�V�W�� �U�p�F�K�D�X�I�I�p�H�� �S�R�X�U�� �r�W�U�H�� �H�Q�Y�R�\�p�H�� �j�� �O�D��

�F�R�Q�F�H�Q�W�U�D�W�L�R�Q����

��

��
Figure 3: Sch éma de dé cantation de la solution préconcentr ée.  

��

�/�D�� �V�R�O�X�W�L�R�Q�� �S�U�p�F�R�Q�F�H�Q�W�U�p�H�� �W�U�D�Y�H�U�V�H�� �X�Q�� �p�F�K�D�Q�J�H�X�U�� �G�D�Q�V�� �O�H�T�X�H�O�� �H�O�O�H�� �H�V�W�� �U�H�I�U�R�L�G�L�H��

�S�D�U�� �O�D�� �V�R�O�X�W�L�R�Q�� �G�p�F�D�Q�W�p�H�� �F�L�U�F�X�O�D�Q�W�� �H�Q�� �V�H�Q�V�� �L�Q�Y�H�U�V�H���� �$�L�Q�V�L���� �O�D�� �V�R�O�X�W�L�R�Q��

�S�U�p�F�R�Q�F�H�Q�W�U�p�H�� �V�H�� �U�H�I�U�R�L�G�L�W�� �G�H�� ������ �j�� �����ƒ�&���� �L�Q�Y�H�U�V�H�P�H�Q�W�� �O�D�� �V�R�O�X�W�L�R�Q�� �G�p�F�D�Q�W�p�H�� �V�H��

�U�p�F�K�D�X�I�I�H���G�H���������j�������ƒ�&��
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�/�D���V�R�O�X�W�L�R�Q���G�p�F�D�Q�W�p�H���S�D�V�V�H���H�Q�V�X�L�W�H���G�D�Q�V���X�Q���U�p�F�K�D�X�I�I�H�X�U���G�¶�R�•���H�O�O�H���V�R�U�W���j�������������ƒ�&��

�S�R�X�U���r�W�U�H���H�Q�Y�R�\�p�H���j���O�D���F�R�Q�F�H�Q�W�U�D�W�L�R�Q����

�/�D�� �V�R�O�X�W�L�R�Q�� �S�U�p�F�R�Q�F�H�Q�W�U�p�H�� �W�U�D�Y�H�U�V�H�� �H�Q�V�X�L�W�H���X�Q�� �U�p�I�U�L�J�p�U�D�Q�W�� �G�¶�R�•�� �H�O�O�H�� �V�R�U�W�� �Y�H�U�V�� ������

�����ƒ�&���� �(�O�O�H�� �H�V�W�� �D�O�R�U�V�� �H�Q�Y�R�\�p�H�� �G�D�Q�V�� �G�H�V�� �F�X�Y�H�V�� �R�•�� �H�O�O�H�� �U�H�V�W�H�� �D�X�� �U�H�S�R�V�� ������ �K�H�X�U�H�V����

�/�H�V���L�Q�V�R�O�X�E�O�H�V���W�R�P�E�H�Q�W���D�X���I�R�Q�G���V�R�X�V���I�R�U�P�H���G�H���E�R�X�H���� �/�R�U�V�T�X�H���O�D���V�R�O�X�W�L�R�Q�� �O�L�P�S�L�G�H��

�D�X�U�D���p�W�p���U�H�Q�Y�R�\�p�H���G�D�Q�V���O�H���F�L�U�F�X�L�W���� �O�D���E�R�X�H���H�V�W���S�R�P�S�p�H���S�R�X�U���r�W�U�H���L�Q�W�U�R�G�X�L�W�H���G�D�Q�V��

�O�D���E�D�W�W�H�U�L�H���G�¶�H�[�W�U�D�F�W�L�R�Q���D�X���Q�L�Y�H�D�X���G�H���O�¶�D�X�W�R�F�O�D�Y�H���U�H�Q�I�H�U�P�D�Q�W���O�H���E�R�L�V���O�H���S�O�X�V���p�S�X�L�V�p����

�$�L�Q�V�L�� �O�H�V�� �L�Q�V�R�O�X�E�O�H�V�� �V�R�Q�W�� �U�H�W�H�Q�X�V�� �S�D�U�� �O�H�V�� �F�R�S�H�D�X�[���� �O�H�V�� �S�U�R�G�X�L�W�V�� �V�R�O�X�E�O�H�V�� �S�D�V�V�H�Q�W��

�G�D�Q�V���O�H�V���E�R�X�L�O�O�R�Q�V���G�H���O�D���E�D�W�W�H�U�L�H���G�¶�H�[�W�U�D�F�W�L�R�Q����

 

Concentration : 

 

�/�D���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���G�H�V���V�R�O�X�W�L�R�Q�V���F�R�Q�V�L�V�W�H���j���I�D�L�U�H���p�Y�D�S�R�U�H�U���O�¶�H�D�X���S�R�X�U���D�X�J�P�H�Q�W�H�U���O�D��

�W�H�Q�H�X�U���H�Q���P�D�W�L�q�U�H�V���V�q�F�K�H�V���G�H���O�D���V�R�O�X�W�L�R�Q������

�'�D�Q�V�� �X�Q�H�� �S�U�H�P�L�q�U�H�� �S�K�D�V�H���� �R�Q�� �D�W�W�H�L�Q�W�� �X�Q�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �G�H�� �O�¶�R�U�G�U�H�� �G�H�� ������ ���� �G�H��

�P�D�W�L�q�U�H�V�� �V�q�F�K�H�V�� �������ƒ�� �%�p������ �2�Q�� �R�E�W�L�H�Q�W�� �X�Q�� �H�[�W�U�D�L�W�� �O�L�T�X�L�G�H���� �3�H�Q�G�D�Q�W�� �O�R�Q�J�W�H�P�S�V���� �O�H�V��

�H�[�W�U�D�L�W�V���I�X�U�H�Q�W���O�L�Y�U�p�V���V�R�X�V���F�H�W�W�H���I�R�U�P�H���j���O�D���W�D�Q�Q�H�U�L�H����

�'�D�Q�V�� �X�Q�H�� �G�H�X�[�L�q�P�H�� �S�K�D�V�H���� �R�Q�� �S�D�V�V�H�� �G�H�� �O�¶�H�[�W�U�D�L�W�� �O�L�T�X�L�G�H�� �j�� �O�¶�H�[�W�U�D�L�W�� �V�H�F����

�J�p�Q�p�U�D�O�H�P�H�Q�W���H�Q���S�R�X�G�U�H�����U�H�Q�I�H�U�P�D�Q�W���P�R�L�Q�V���G�H�������������G�¶�H�D�X����

��

�/�¶�p�Y�D�S�R�U�D�W�L�R�Q�� �G�H�� �O�¶�H�D�X�� �H�V�W�� �F�R�Q�G�X�L�W�H�� �V�R�X�V�� �S�U�H�V�V�L�R�Q�� �U�p�G�X�L�W�H�� �H�W�� �S�D�U�� �F�R�Q�V�p�T�X�H�Q�W�� �j��

�X�Q�H���W�H�P�S�p�U�D�W�X�U�H���U�H�O�D�W�L�Y�H�P�H�Q�W���E�D�V�V�H�����L�Q�I�p�U�L�H�X�U�H���j���������ƒ�&�����D�I�L�Q���G�¶�p�Y�L�W�H�U���O�¶�K�\�G�U�R�O�\�V�H��

�H�W�� �O�¶�R�[�\�G�D�W�L�R�Q�� �G�X�� �W�D�Q�L�Q���� �'�H�X�[�� �W�\�S�H�V�� �G�¶�D�S�S�D�U�H�L�O�V�� �S�H�X�Y�H�Q�W�� �r�W�U�H�� �X�W�L�O�L�V�p�V�� �S�R�X�U�� �F�H�W�W�H��

�R�S�p�U�D�W�L�R�Q�������O�H�V���p�Y�D�S�R�U�D�W�H�X�U�V���j���F�D�L�V�V�H���Y�H�U�W�L�F�D�O�H���H�W���O�H�V���p�Y�D�S�R�U�D�W�H�X�U�V���.�H�V�W�Q�H�U����

�/�¶�p�Y�D�S�R�U�D�W�H�X�U�� �j�� �F�D�L�V�V�H�� �Y�H�U�W�L�F�D�O�H�� �H�V�W�� �F�R�P�S�R�V�p�� �H�V�V�H�Q�W�L�H�O�O�H�P�H�Q�W�� �G�¶�X�Q�H�� �F�X�Y�H��

�F�\�O�L�Q�G�U�L�T�X�H���V�X�U�P�R�Q�W�p���G�¶�X�Q���G�{�P�H���p�J�D�O�H�P�H�Q�W���F�\�O�L�Q�G�U�L�T�X�H�����'�D�Q�V���O�D���P�R�L�W�L�p���L�Q�I�p�U�L�H�X�U�H��

�G�H���O�D���F�X�Y�H���V�H���W�U�R�X�Y�H���X�Q���I�D�L�V�F�H�D�X���W�X�E�X�O�D�L�U�H���G�D�Q�V���O�H�T�X�H�O���H�V�W���H�Q�Y�R�\�p�H���G�H���O�D���Y�D�S�H�X�U��

�S�R�X�U���F�K�D�X�I�I�H�U���O�H���O�L�T�X�L�G�H���F�R�Q�W�H�Q�X���G�D�Q�V���O�¶�D�S�S�D�U�H�L�O�����'�D�Q�V���O�H���G�{�P�H���V�R�Q�W���G�L�V�S�R�V�p�V���G�H�V��

�F�K�L�F�D�Q�H�V�� ���E�U�L�V�H�� �P�R�X�V�V�H���� �S�R�X�U�� �H�P�S�r�F�K�H�U�� �O�H�V�� �P�R�X�V�V�H�V�� �I�R�U�P�p�H�V�� �S�D�U�� �O�¶�p�E�X�O�O�L�W�L�R�Q�� �G�X��

�O�L�T�X�L�G�H���G�¶�r�W�U�H���H�Q�W�U�D�v�Q�p�H�V���G�D�Q�V���O�H���F�L�U�F�X�L�W���Y�D�S�H�X�U����

�/�H�V���D�S�S�D�U�H�L�O�V���V�R�Q�W���J�U�R�X�S�p�V���H�Q���V�p�U�L�H���G�H�������R�X���������/�¶�H�Q�V�H�P�E�O�H���S�U�H�Q�G���O�H���Q�R�P���G�H���W�U�L�S�O�H��

�H�I�I�H�W�� �R�X�� �T�X�D�G�U�X�S�O�H�� �H�I�I�H�W���� �3�R�X�U�� �G�p�F�U�L�U�H�� �O�H�� �S�U�L�Q�F�L�S�H�� �G�H�� �I�R�Q�F�W�L�R�Q�Q�H�P�H�Q�W�� �G�H�� �F�H�V��

�D�S�S�D�U�H�L�O�V�����R�Q���p�W�X�G�L�H�U�D���O�H���F�D�V���W�U�L�S�O�H���H�I�I�H�W���U�H�S�U�p�V�H�Q�W�p���V�X�U���O�D���I�L�J�X�U�H��������
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Figure 4:  Schéma d’ un évaporateur à caisse verticale  

��

�(�Q�� �R�U�G�U�H�� �G�H�� �P�D�U�F�K�H���� �O�H�V�� �F�D�L�V�V�H�V�� �U�H�Q�I�H�U�P�H�Q�W�� �G�H�V�� �V�R�O�X�W�L�R�Q�V�� �G�H�� �S�O�X�V�� �H�Q�� �S�O�X�V��

�F�R�Q�F�H�Q�W�U�p�H�V�� �G�H�� �&���� �j�� �&������ �'�D�Q�V�� �F�H�W�W�H�� �G�H�U�Q�L�q�U�H�����R�Q�� �R�E�W�L�H�Q�G�U�D�� �O�¶�H�[�W�U�D�L�W�� �O�L�T�X�L�G�H�� �j��

�H�Q�Y�L�U�R�Q�������������G�H���P�D�W�L�q�U�H�V���V�q�F�K�H�V�����V�R�L�W���H�Q�Y�L�U�R�Q�������ƒ���%�p����

�/�H�� �I�D�L�V�F�H�D�X�� �W�X�E�X�O�D�L�U�H�� �G�H�� �&���� �H�V�W�� �D�O�L�P�H�Q�W�p�� �S�D�U�� �G�H�� �O�D�� �Y�D�S�H�X�U�� �E�D�V�V�H�� �S�U�H�V�V�L�R�Q��

�S�U�R�Y�H�Q�D�Q�W�� �G�H�� �O�D�� �V�R�X�U�F�H�� �G�H�� �Y�D�S�H�X�U�� �G�H�� �O�¶�X�V�L�Q�H���� �(�Q�� �F�K�D�X�I�I�D�Q�W�� �O�D�� �V�R�O�X�W�L�R�Q�� �F�R�Q�W�H�Q�X�H��

�G�D�Q�V�� �&������ �O�D�� �Y�D�S�H�X�U�� �V�H�� �F�R�Q�G�H�Q�V�H�� �H�W�� �O�¶�H�D�X�� �F�R�Q�G�H�Q�V�p�H�� �H�V�W�� �p�Y�D�F�X�p�H�� �H�Q�� �3�� �G�D�Q�V�� �O�H��

�F�L�U�F�X�L�W���J�p�Q�p�U�D�O�� �G�H���S�X�U�J�H���� �/�D���V�R�O�X�W�L�R�Q���H�Q�W�U�H�� �H�Q���p�E�X�O�O�L�W�L�R�Q���� �O�D���Y�D�S�H�X�U���I�R�U�P�p�H���S�D�V�V�H��

�G�D�Q�V�� �O�H�� �I�D�L�V�F�H�D�X�� �W�X�E�X�O�D�L�U�H�� �G�H�� �&������ �(�Q�� �F�K�D�X�I�I�D�Q�W�� �O�D�� �V�R�O�X�W�L�R�Q�� �F�R�Q�W�H�Q�X�H�� �G�D�Q�V�� �&������ �O�D��

�Y�D�S�H�X�U���V�H���F�R�Q�G�H�Q�V�H���S�U�R�Y�R�T�X�D�Q�W���X�Q�H���G�p�S�U�H�V�V�L�R�Q���H�Q���&�������/�¶�H�D�X���F�R�Q�G�H�Q�V�p�H���G�D�Q�V���O�H��

�I�D�L�V�F�H�D�X���W�X�E�X�O�D�L�U�H���G�H���&�����H�V�W���H�[�W�U�D�L�W�H���S�D�U���O�D���S�R�P�S�H���3�������/�D���V�R�O�X�W�L�R�Q���F�R�Q�W�H�Q�X�H���G�D�Q�V��

�&���� �H�Q�W�U�H�� �H�Q�� �p�E�X�O�O�L�W�L�R�Q���� �O�D�� �Y�D�S�H�X�U�� �I�R�U�P�p�H�� �S�D�V�V�H�� �G�D�Q�V�� �O�H�� �I�D�L�V�F�H�D�X�� �W�X�E�X�O�D�L�U�H�� �G�H��

�&�����(�Q���F�K�D�X�I�I�D�Q�W���O�D���V�R�O�X�W�L�R�Q���F�R�Q�W�H�Q�X�H���G�D�Q�V���&�������O�D���Y�D�S�H�X�U���V�H���F�R�Q�G�H�Q�V�H���S�U�R�Y�R�T�X�D�Q�W��

�X�Q�H�� �G�p�S�U�H�V�V�L�R�Q�� �H�Q�� �&������ �/�¶�H�D�X�� �F�R�Q�G�H�Q�V�p�H�� �G�D�Q�V�� �O�H�� �I�D�L�V�F�H�D�X�� �W�X�E�X�O�D�L�U�H�� �G�H�� �&���� �H�V�W��

�H�[�W�U�D�L�W�H�� �S�D�U�� �O�D�� �S�R�P�S�H�� �3������ �/�D�� �V�R�O�X�W�L�R�Q�� �F�R�Q�W�H�Q�X�H���G�D�Q�V�� �&���� �H�Q�W�U�H�� �H�Q�� �p�E�X�O�O�L�W�L�R�Q���� �O�D��

�Y�D�S�H�X�U�� �I�R�U�P�p�H�� �D�U�U�L�Y�H�� �G�D�Q�V�� �O�H�� �F�R�Q�G�H�Q�V�H�X�U�� �E�D�U�R�P�p�W�U�L�T�X�H�� �R�•�� �H�O�O�H�� �V�H�� �F�R�Q�G�H�Q�V�H��

�S�U�R�Y�R�T�X�D�Q�W���D�L�Q�V�L���X�Q�H���G�p�S�U�H�V�V�L�R�Q���H�Q���&������ �/�D���S�R�P�S�H���3���� �H�V�W���X�Q�H�� �S�R�P�S�H���j�� �Y�L�G�H���T�X�L��

�P�D�L�Q�W�L�H�Q�W���O�D���G�p�S�U�H�V�V�L�R�Q���H�Q���p�O�L�P�L�Q�D�Q�W���O�H�V���L�Q�F�R�Q�G�H�Q�V�D�E�O�H�V����

�$�L�Q�V�L�� �V�¶�p�W�D�E�O�L�W�� �X�Q�� �p�T�X�L�O�L�E�U�H�� �G�H�V�� �F�R�Q�G�L�W�L�R�Q�V�� �G�¶�p�E�X�O�O�L�W�L�R�Q�� �G�D�Q�V�� �F�K�D�T�X�H�� �D�S�S�D�U�H�L�O�� �T�X�L��

�V�R�Q�W���D�S�S�U�R�[�L�P�D�W�L�Y�H�P�H�Q�W���O�H�V���V�X�L�Y�D�Q�W�H�V������
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�3�R�X�U���&�������� �W�H�P�S�p�U�D�W�X�U�H���G�¶�p�E�X�O�O�L�W�L�R�Q�������ƒ�&���� �S�U�H�V�V�L�R�Q������������ �E�D�U�����G�p�S�U�H�V�V�L�R�Q���������� �P�P��

�G�H���P�H�U�F�X�U�H����

�3�R�X�U���&�������� �W�H�P�S�p�U�D�W�X�U�H���G�¶�p�E�X�O�O�L�W�L�R�Q�������ƒ�&���� �S�U�H�V�V�L�R�Q������������ �E�D�U�����G�p�S�U�H�V�V�L�R�Q���������� �P�P��

�G�H���P�H�U�F�X�U�H����

�3�R�X�U���&�������� �W�H�P�S�p�U�D�W�X�U�H���G�¶�p�E�X�O�O�L�W�L�R�Q�������ƒ�&���� �S�U�H�V�V�L�R�Q������������ �E�D�U�����G�p�S�U�H�V�V�L�R�Q���������� �P�P��

�G�H���P�H�U�F�X�U�H����

��

�/�D�� �V�R�O�X�W�L�R�Q�� �j�� �F�R�Q�F�H�Q�W�U�H�U�� �D�U�U�L�Y�H�� �G�D�Q�V�� �&���� �S�D�U�� �O�D�� �Y�D�Q�Q�H�� �,���� �(�O�O�H�� �S�D�V�V�H�� �H�Q�� �&���� �S�D�U�� �O�D��

�Y�D�Q�Q�H���,�,�����H�Q���&�����S�D�U���O�D���Y�D�Q�Q�H���,�,�,���H�W���H�Q���,�9���R�Q���H�[�W�U�D�L�W���O�D���V�R�O�X�W�L�R�Q���F�R�Q�F�H�Q�W�U�p�H�����H�[�W�U�D�L�W��

�O�L�T�X�L�G�H���j�������������G�H���P�D�W�L�q�U�H�V���V�q�F�K�H�V�����D�X���P�R�\�H�Q���G�¶�X�Q�H���S�R�P�S�H���3�������F�D�U���L�O���I�D�X�W���Y�D�L�Q�F�U�H��

�O�D���G�p�S�U�H�V�V�L�R�Q���T�X�L���U�q�J�Q�H���H�Q���&������

�&�H�W�W�H���F�L�U�F�X�O�D�W�L�R�Q���V�H���I�D�L�W���H�Q���F�R�Q�W�L�Q�X�����S�R�X�U���F�H�O�D�����R�Q���U�q�J�O�H���O�¶�R�X�Y�H�U�W�X�U�H���G�H�V���Y�D�Q�Q�H�V���,����

�,�,���� �,�,�,�� �H�W�� �,�9�� �D�I�L�Q�� �G�H�� �P�D�L�Q�W�H�Q�L�U�� �O�H�� �Q�L�Y�H�D�X�� �G�H�� �O�L�T�X�L�G�H�� �j�� �S�H�X�� �S�U�q�V�� �F�R�Q�V�W�D�Q�W�� �G�D�Q�V�� �O�H�V��

�W�U�R�L�V���D�S�S�D�U�H�L�O�V����

��

�/�¶�p�Y�D�S�R�U�D�W�H�X�U�� �.�H�V�W�Q�H�U�� �H�V�W�� �W�U�q�V�� �G�L�I�I�p�U�H�Q�W�� �G�H�� �O�D�� �F�D�L�V�V�H�� �Y�H�U�W�L�F�D�O�H�� �H�W�� �V�R�Q��

�I�R�Q�F�W�L�R�Q�Q�H�P�H�Q�W���H�V�W���E�D�V�p���V�X�U���O�H���S�K�p�Q�R�P�q�Q�H���G�¶���D�V�F�H�Q�V�L�R�Q���´���G�H�V���O�L�T�X�L�G�H�V����

�3�U�H�Q�R�Q�V�� �X�Q�� �W�X�E�H�� �I�H�U�P�p�� �j�� �O�D�� �S�D�U�W�L�H�� �L�Q�I�p�U�L�H�X�U�H���� �G�H���I�D�L�E�O�H�� �G�L�D�P�q�W�U�H�� �H�W�� �W�U�q�V�� �O�R�Q�J����

�H�Q�I�H�U�P�p�� �G�D�Q�V�� �X�Q�H�� �M�D�T�X�H�W�W�H�� �F�K�D�X�I�I�D�Q�W�H���� �2�Q�� �U�H�P�S�O�L�W�� �F�H�� �W�X�E�H�� �M�X�V�T�X�¶�D�X�� �W�L�H�U�V�� �G�H�� �V�D��

�K�D�X�W�H�X�U�� �H�Q�Y�L�U�R�Q�� �D�Y�H�F�� �O�D�� �V�R�O�X�W�L�R�Q�� �j�� �F�R�Q�F�H�Q�W�U�H�U���� �(�Q�� �F�K�D�X�I�I�D�Q�W���� �O�H�� �O�L�T�X�L�G�H�� �H�Q�W�U�H�� �H�Q��

�p�E�X�O�O�L�W�L�R�Q���� �O�D�� �Y�D�S�H�X�U�� �G�¶�H�D�X�� �I�R�U�P�p�H�� �V�¶�p�O�q�Y�H�� �j�� �W�U�q�V�� �J�U�D�Q�G�H�� �Y�L�W�H�V�V�H�����H�O�O�H�� �H�Q�W�U�D�v�Q�H�� �O�H��

�O�L�T�X�L�G�H���G�D�Q�V���X�Q���P�R�X�Y�H�P�H�Q�W���D�V�F�H�Q�G�D�Q�W�����O�H���S�O�D�T�X�D�Q�W���H�Q���X�Q�H���P�L�Q�F�H���S�H�O�O�L�F�X�O�H���F�R�Q�W�U�H��

�O�D���S�D�U�R�L���G�X���W�X�E�H�����$�X���I�X�U���H�W���j���P�H�V�X�U�H���G�H���O�¶�D�V�F�H�Q�V�L�R�Q���F�R�Q�W�U�H���O�D���S�D�U�R�L���F�K�D�X�G�H�����O�¶�H�D�X��

�V�¶�p�Y�D�S�R�U�H�� �H�W�� �O�D�� �V�R�O�X�W�L�R�Q�� �T�X�L�� �D�U�U�L�Y�H�� �D�X�� �V�R�P�P�H�W�� �G�X�� �W�X�E�H�� �H�V�W�� �E�H�D�X�F�R�X�S�� �S�O�X�V��

�F�R�Q�F�H�Q�W�U�p�H�� �T�X�H�� �O�D�� �V�R�O�X�W�L�R�Q�� �G�H�� �G�p�S�D�U�W���� �7�R�X�W�H�� �F�H�W�W�H�� �D�F�W�L�R�Q�� �V�H�� �S�D�V�V�H�� �j�� �J�U�D�Q�G�H��

�Y�L�W�H�V�V�H���H�W���O�H���U�H�Q�G�H�P�H�Q�W���G�H���O�¶�p�Y�D�S�R�U�D�W�L�R�Q���H�V�W���W�U�q�V���p�O�H�Y�p����

�8�Q�� �p�Y�D�S�R�U�D�W�H�X�U�� �.�H�V�W�Q�H�U�� �H�V�W�� �F�R�Q�V�W�L�W�X�p�� �G�¶�X�Q�� �I�D�L�V�F�H�D�X�� �W�X�E�X�O�D�L�U�H�� �G�H�� ���� �P�q�W�U�H�V�� �G�H��

�K�D�X�W�H�X�U�� �H�Q�I�H�U�P�p�� �G�D�Q�V�� �X�Q�H�� �H�Q�F�H�L�Q�W�H�� �F�K�D�X�I�I�p�H���� �/�D�� �V�R�O�X�W�L�R�Q�� �j�� �F�R�Q�F�H�Q�W�U�H�U�� �H�V�W��

�L�Q�W�U�R�G�X�L�W�H�� �j�� �O�D�� �E�D�V�H�� �G�X�� �I�D�L�V�F�H�D�X���� �$�� �O�D�� �S�D�U�W�L�H�� �V�X�S�p�U�L�H�X�U�H�� �G�X�� �I�D�L�V�F�H�D�X�� �D�U�U�L�Y�H�� �j��

�J�U�D�Q�G�H�� �Y�L�W�H�V�V�H�� �O�D�� �Y�D�S�H�X�U�� �H�Q�W�U�D�v�Q�D�Q�W�� �O�D�� �V�R�O�X�W�L�R�Q�� �F�R�Q�F�H�Q�W�U�p�H���� �3�R�X�U�� �V�p�S�D�U�H�U�� �O�L�T�X�L�G�H��

�H�W�� �Y�D�S�H�X�U���� �O�H�� �P�p�O�D�Q�J�H�� �S�D�V�V�H�� �G�D�Q�V�� �X�Q�� �V�p�S�D�U�D�W�H�X�U�� �W�D�Q�J�H�Q�W�L�H�O�� �S�R�X�U�Y�X�� �j�� �O�¶�L�Q�W�p�U�L�H�X�U��

�G�¶�X�Q�H�� �F�K�L�F�D�Q�H�� �F�H�Q�W�U�L�I�X�J�H���� �/�H�� �O�L�T�X�L�G�H�� �H�V�W�� �S�U�R�M�H�W�p�� �V�X�U�� �O�D�� �S�D�U�R�L�� �H�W�� �V�H�� �U�D�V�V�H�P�E�O�H�� �D�X��

�I�R�Q�G�� �G�X�� �V�p�S�D�U�D�W�H�X�U���� �O�D�� �Y�D�S�H�X�U�� �V�¶�p�F�K�D�S�S�H�� �D�X�� �F�H�Q�W�U�H�� �S�D�U�� �O�D�� �S�D�U�W�L�H�� �V�X�S�p�U�L�H�X�U�H���� �&�H�V��

�D�S�S�D�U�H�L�O�V�� �S�H�X�Y�H�Q�W�� �r�W�U�H�� �J�U�R�X�S�p�V�� �H�Q�� �P�X�O�W�L�S�O�H�V�� �H�I�I�H�W�V�� ���Y�R�L�U�� �I�L�J�X�U�H�� �������� �/�¶�H�Q�V�H�P�E�O�H��



16 
 

�I�R�Q�F�W�L�R�Q�Q�H�� �D�O�R�U�V�� �G�D�Q�V�� �O�H�V�� �P�r�P�H�V�� �F�R�Q�G�L�W�L�R�Q�V�� �G�H�� �W�H�P�S�p�U�D�W�X�U�H�� �H�W�� �G�H�� �S�U�H�V�V�L�R�Q�� �T�X�H��

�O�H�V���P�X�O�W�L�S�O�H�V���H�I�I�H�W�V���j���F�D�L�V�V�H�V���Y�H�U�W�L�F�D�O�H�V���G�p�F�U�L�W�V���S�U�p�F�p�G�H�P�P�H�Q�W����

 

��
��
Figure 5 : Evaporateur de type Kestner  

��

Obtention de l’extrait solide (poudre) : 

 

�/�H�V�� �H�[�W�U�D�L�W�V�� �W�D�Q�Q�D�Q�W�V�� �Q�H�� �V�R�Q�W�� �T�X�H�� �U�D�U�H�P�H�Q�W�� �O�L�Y�U�p�V�� �j�� �O�¶�p�W�D�W�� �O�L�T�X�L�G�H�� �P�D�L�V�� �O�H�� �S�O�X�V��

�J�p�Q�p�U�D�O�H�P�H�Q�W�� �j�� �O�¶�p�W�D�W�� �G�¶�H�[�W�U�D�L�W�V�� �V�R�O�L�G�H�V�� �H�Q�� �S�R�X�G�U�H���� �,�O�� �V�¶�D�J�L�W�� �G�R�Q�F�� �G�H�� �G�p�V�K�\�G�U�D�W�H�U��

�O�¶�H�[�W�U�D�L�W���O�L�T�X�L�G�H���R�E�W�H�Q�X���S�U�p�F�p�G�H�P�P�H�Q�W����

�/�H�� �P�R�\�H�Q�� �O�H�� �S�O�X�V�� �U�p�S�D�Q�G�X�� �D�X�M�R�X�U�G�¶�K�X�L�� �H�V�W�� �O�¶�D�W�R�P�L�V�H�X�U���� �/�¶�R�S�p�U�D�W�L�R�Q�� �F�R�Q�V�L�V�W�H�� �j��

�S�X�O�Y�p�U�L�V�H�U�� �O�¶�H�[�W�U�D�L�W�� �O�L�T�X�L�G�H�� �V�R�X�V�� �I�R�U�P�H�� �G�H�� �W�U�q�V�� �I�L�Q�H�V�� �J�R�X�W�W�H�O�H�W�W�H�V�� ���G�¶�X�Q�� �E�U�R�X�L�O�O�D�U�G����

�G�D�Q�V���X�Q�H���H�Q�F�H�L�Q�W�H���W�U�D�Y�H�U�V�p�H���S�D�U���X�Q���F�R�X�U�D�Q�W���G�¶�D�L�U���F�K�D�X�G�����/�¶�H�D�X���V�¶�p�Y�D�S�R�U�H���S�U�H�V�T�X�H��

�L�Q�V�W�D�Q�W�D�Q�p�P�H�Q�W���H�W���O�H�V���J�R�X�W�W�H�O�H�W�W�H�V���V�H���W�U�D�Q�V�I�R�U�P�H�Q�W���H�Q���S�R�X�V�V�L�q�U�H�����,�O���V�X�I�I�L�W���H�Q�V�X�L�W�H��

�G�H���V�p�S�D�U�H�U���F�H�V���S�D�U�W�L�F�X�O�H�V���V�R�O�L�G�H�V���G�H���O�¶�D�L�U���H�W���G�H���O�D���Y�D�S�H�X�U���G�¶�H�D�X������

��

��

��

��

��

��
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��
��

 
��
Figure 6 : Atomiseur  

��

�6�F�K�p�P�D�W�L�T�X�H�P�H�Q�W�� �I�L�J�X�U�H�� ������ �O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���F�R�P�S�U�H�Q�G������ �X�Q�H�� �F�K�D�P�E�U�H��

�F�\�O�L�Q�G�U�R�F�R�Q�L�T�X�H�� ���D�W�R�P�L�V�H�X�U������ �V�X�L�Y�L�H�� �G�H�� �G�H�X�[�� �R�X�� �W�U�R�L�V�� �V�p�S�D�U�D�W�H�X�U�V�� �W�D�Q�J�H�Q�W�L�H�O�V��

���F�\�F�O�R�Q�H�V�������/�¶�H�Q�V�H�P�E�O�H���H�V�W���W�U�D�Y�H�U�V�p���S�D�U���X�Q���F�R�X�U�D�Q�W���G�¶�D�L�U���F�K�D�X�G���j���������ƒ�&����

�/�D�� �V�R�O�X�W�L�R�Q�� �S�U�p�D�O�D�E�O�H�P�H�Q�W�� �U�p�F�K�D�X�I�I�p�H�� �H�V�W�� �S�X�O�Y�p�U�L�V�p�H�� �G�D�Q�V�� �O�¶�D�W�R�P�L�V�H�X�U����

�J�p�Q�p�U�D�O�H�P�H�Q�W�� �S�D�U�� �X�Q�� �G�L�V�S�R�V�L�W�L�I�� �P�p�F�D�Q�L�T�X�H���� �/�H�V�� �J�R�X�W�W�H�O�H�W�W�H�V�� �V�H�� �W�U�D�Q�V�I�R�U�P�H�Q�W�� �H�Q��

�S�D�U�W�L�F�X�O�H�V���V�R�O�L�G�H�V�����X�Q�H���S�H�W�L�W�H���S�D�U�W�L�H���V�H���U�D�V�V�H�P�E�O�H���D�X���I�R�Q�G���G�H���O�¶�D�W�R�P�L�V�H�X�U���� �O�D���S�O�X�V��

�J�U�D�Q�G�H�� �S�D�U�W�L�H�� �H�V�W�� �H�Q�W�U�D�v�Q�p�H�� �S�D�U�� �O�¶�D�L�U�� �H�W�� �O�D�� �Y�D�S�H�X�U�� �G�¶�H�D�X���� �&�H�� �P�p�O�D�Q�J�H�� �S�D�V�V�H�� �G�D�Q�V��

�O�H�V�� �V�p�S�D�U�D�W�H�X�U�V�� �W�D�Q�J�H�Q�W�L�H�O�V���� �O�H�V�� �S�D�U�W�L�F�X�O�H�V�� �V�R�O�L�G�H�V�� �S�U�R�M�H�W�p�H�V�� �F�R�Q�W�U�H�� �O�D�� �S�D�U�R�L��

�W�R�P�E�H�Q�W���D�X���I�R�Q�G���G�H�V���D�S�S�D�U�H�L�O�V���� �O�¶�D�L�U���H�W���O�D���Y�D�S�H�X�U���G�¶�H�D�X���V�¶�p�F�K�D�S�S�H�Q�W���S�D�U���O�D���S�D�U�W�L�H��

�F�H�Q�W�U�D�O�H���Y�H�U�V�� �O�H���V�p�S�D�U�D�W�H�X�U���V�X�L�Y�D�Q�W���� �S�X�L�V���G�D�Q�V���O�¶�D�W�P�R�V�S�K�q�U�H���� �/�D�� �S�R�X�G�U�H���H�V�W���D�O�R�U�V��

�p�Y�D�F�X�p�H���Y�H�U�V���O�¶�H�Q�V�D�F�K�D�J�H����

��



18 
 

Fabrication du tanin de  Q uebracho  : 

��

��

�/�H�� �W�D�Q�L�Q�� �G�H�� �T�X�H�E�U�D�F�K�R�� �H�V�W�� �H�[�W�U�D�L�W�� �G�X�� �E�R�L�V�� �G�
�X�Q�� �D�U�E�U�H�� ���6�F�K�L�Q�R�S�V�L�� �/�R�U�H�Q�]�L�L�� �R�X��

�6�F�K�L�Q�R�S�V�L���E�D�O�D�Q�V�D�H�����T�X�L���S�R�X�V�V�H���Q�D�W�X�U�H�O�O�H�P�H�Q�W���G�D�Q�V���O�D���U�p�J�L�R�Q���D�J�U�L�F�R�O�H���V�L�W�X�p�H���H�Q�W�U�H��

�O�H���Q�R�U�G���G�H���O�¶�$�U�J�H�Q�W�L�Q�H���H�W���O�H���V�X�G���G�X���3�D�U�D�J�X�D�\����

�/�H�V�� �D�U�E�U�H�V�� �T�X�L�� �V�R�Q�W���X�W�L�O�L�V�p�V�� �G�R�L�Y�H�Q�W�� �r�W�U�H�� �k�J�p�V�� �G�¶�H�Q�Y�L�U�R�Q�� ������ �D�Q�V�� �S�R�X�U�� �D�Y�R�L�U�� �X�Q��

�G�L�D�P�q�W�U�H�� �V�X�I�I�L�V�D�Q�W�� �S�R�X�U�� �X�Q�� �X�V�D�J�H�� �L�Q�G�X�V�W�U�L�H�O�����/�H�V�� �D�U�E�U�H�V�� �Q�H�� �V�R�Q�W�� �S�D�V�� �U�H�S�O�D�Q�W�p�V�� �j��

�F�D�X�V�H�� �G�H�� �O�H�X�U���O�R�Q�J�� �F�\�F�O�H�� �G�H�� �Y�L�H���L�Q�F�R�P�S�D�W�L�E�O�H���G�D�Q�V�� �O�D�� �J�H�V�W�L�R�Q�� �G�¶�X�Q�H�� �H�Q�W�U�H�S�U�L�V�H�� �H�W��

�R�Q�� �X�W�L�O�L�V�H�� �V�H�X�O�H�P�H�Q�W�� �O�H�V�� �S�O�D�Q�W�H�V�� �T�X�L�� �S�R�X�V�V�H�Q�W�� �Q�D�W�X�U�H�O�O�H�P�H�Q�W�� �G�D�Q�V�� �O�H�V�� �U�p�J�L�R�Q�V��

�L�Q�G�L�T�X�p�H�V����

�/�H�V�� �W�U�R�Q�F�V�� �G�X�� �T�X�H�E�U�D�F�K�R�� �V�R�Q�W�� �D�E�D�W�W�X�V�� �H�W�� �p�F�R�U�F�p�V�� �G�D�Q�V�� �O�H�V�� �E�R�L�V�� �G�L�U�H�F�W�H�P�H�Q�W���� �2�Q��

�p�O�L�P�L�Q�H�� �p�J�D�O�H�P�H�Q�W�� �O�
�D�X�E�L�H�U���� �S�D�X�Y�U�H�� �H�Q�� �W�D�Q�L�Q�� �P�D�L�V�� �W�U�q�V�� �D�W�W�D�F�K�p�� �j�� �O�¶�p�F�R�U�F�H���� �/�H�V��

�W�U�R�Q�F�V�� �V�R�Q�W�� �H�P�S�L�O�p�V�� �H�W�� �V�W�R�F�N�p�V�� �H�Q�� �S�O�H�L�Q�� �D�L�U�� �T�X�H�O�T�X�H�V�� �P�R�L�V�� �D�Y�D�Q�W�� �G�
�r�W�U�H�� �H�[�W�U�D�L�W�V����

�$�Y�D�Q�W�� �O�¶�H�[�W�U�D�F�W�L�R�Q�����O�H�� �E�R�L�V�� �H�V�W�� �F�R�X�S�p�� �H�Q�� �F�K�L�S�V�� �G�
�H�Q�Y�L�U�R�Q�� ���� �F�P�� �H�W�� �H�Q�V�X�L�W�H�� �H�V�W��

�F�K�D�U�J�p�� �G�D�Q�V�� �O�
�D�X�W�R�F�O�D�Y�H���G�D�Q�V���O�H�T�X�H�O���O�
�H�[�W�U�D�F�W�L�R�Q�� �D�� �O�L�H�X�� �D�Y�H�F�� �G�H�� �O�
�H�D�X�� �j�� �H�Q�Y�L�U�R�Q��

�������� ���������ƒ�&�����&�H���W�D�Q�L�Q���H�V�W���H�[�W�U�D�L�W���j���X�Q�H���W�H�P�S�p�U�D�W�X�U�H���V�H�Q�V�L�E�O�H�P�H�Q�W���S�O�X�V���p�O�H�Y�p�H���T�X�H��

�O�H�V���S�U�p�F�p�G�H�Q�W�H�V�� �G�X�� �P�R�P�H�Q�W�� �T�X�H�� �O�H�� �E�R�L�V�� �H�V�W�� �E�H�D�X�F�R�X�S�� �S�O�X�V�� �G�X�U�� �H�W�� �D�� �X�Q�H�� �G�H�Q�V�L�W�p��

�S�O�X�V�� �p�O�H�Y�p�H���� �/�
�H�[�W�U�D�L�W�� �H�V�W�� �F�R�Q�F�H�Q�W�U�p�� �M�X�V�T�X�
�j�� �H�Q�Y�L�U�R�Q�� �������� �G�H�� �P�D�W�L�q�U�H�� �V�q�F�K�H���� �,�O��

�S�H�X�W���r�W�U�H���V�X�O�I�L�W�p���G�D�Q�V���O�H���U�p�D�F�W�H�X�U���G�H���V�X�O�I�L�W�D�W�L�R�Q�����H�Q���D�M�R�X�W�D�Q�W���G�X���V�X�O�I�L�W�H���G�H���V�R�G�L�X�P����

�/�
�H�[�W�U�D�L�W�� �Q�R�Q�� �V�X�O�I�L�W�p�� �D�� �O�D�� �S�D�U�W�L�F�X�O�D�U�L�W�p�� �G�H�� �Q�H�� �S�D�V�� �r�W�U�H�� �F�R�P�S�O�q�W�H�P�H�Q�W�� �V�R�O�X�E�O�H�� �G�D�Q�V��

�O�
�H�D�X�� �I�U�R�L�G�H���� �H�Q�� �S�D�U�W�L�F�X�O�L�H�U�� �j�� �G�H�� �I�D�L�E�O�H�V�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���� �H�Q�� �U�D�L�V�R�Q�� �G�H�� �O�D���I�R�U�W�H��

�S�U�p�V�H�Q�F�H���G�H�V���S�K�O�R�E�D�S�K�q�Q�H�V����

�/�
�H�[�W�U�D�L�W���F�R�Q�F�H�Q�W�U�p�����H�W���p�Y�H�Q�W�X�H�O�O�H�P�H�Q�W���V�X�O�I�L�W�p�����H�V�W���H�Q�V�X�L�W�H���H�Q�Y�R�\�p���j���X�Q���D�W�R�P�L�V�H�X�U��

�S�R�X�U���R�E�W�H�Q�L�U���O�
�H�[�W�U�D�L�W���H�Q���S�R�X�G�U�H����

�/�D�� �W�H�F�K�Q�L�T�X�H�� �G�H�� �V�p�S�D�U�D�W�L�R�Q�� �G�H�� �O�¶�H�[�W�U�D�L�W�� �H�V�W�� �V�H�Q�V�L�E�O�H�P�H�Q�W�� �O�D�� �P�r�P�H�� �T�X�H�� �F�H�O�O�H��

�G�p�F�U�L�W�H���S�R�X�U���O�¶�H�[�W�U�D�L�W���G�H���F�K�k�W�D�L�J�Q�L�H�U�����&�H�S�H�Q�G�D�Q�W�����S�R�X�U���O�H���T�X�H�E�U�D�F�K�R�����L�O���Q�¶�\���D���S�D�V���O�D��

�S�K�D�V�H���G�H���G�p�F�D�Q�W�D�W�L�R�Q����

�/�¶�H�[�W�U�D�L�W�� �R�E�W�H�Q�X�� �D�S�U�q�V�� �p�Y�D�S�R�U�D�W�L�R�Q�� �j�� �V�H�F�� �S�U�p�V�H�Q�W�H�� �X�Q�H�� �S�U�R�S�U�L�p�W�p�� �S�D�U�W�L�F�X�O�L�q�U�H������ �L�O��

�Q�¶�H�V�W�� �S�D�V�� �V�R�O�X�E�O�H�� �G�D�Q�V�� �O�¶�H�D�X�� �I�U�R�L�G�H�� ���W�H�P�S�p�U�D�W�X�U�H�� �D�P�E�L�D�Q�W�H������ �,�O�� �V�H�� �G�L�V�V�R�X�W�� �G�D�Q�V��

�O�¶�H�D�X�� �F�K�D�X�G�H�� �j�� �������������ƒ �&�� �H�W�� �S�D�U�� �U�H�I�U�R�L�G�L�V�V�H�P�H�Q�W�� �O�D�� �V�R�O�X�W�L�R�Q�� �V�H�� �W�U�R�X�E�O�H�� �H�W�� �D�S�U�q�V��

�I�L�O�W�U�D�W�L�R�Q�� �R�Q�� �S�H�X�W�� �F�R�Q�V�W�D�W�H�U�� �T�X�H�� �O�H�� �I�L�O�W�U�D�W�� �Q�H�� �U�H�Q�I�H�U�P�H�� �T�X�¶�X�Q�H�� �I�D�L�E�O�H�� �T�X�D�Q�W�L�W�p�� �G�H��

�W�D�Q�L�Q�����&�H�W���H�[�W�U�D�L�W���V�¶�D�S�S�H�O�O�H���H�[�W�U�D�L�W���G�H���T�X�H�E�U�D�F�K�R���E�U�X�W���V�R�O�X�E�O�H���j���F�K�D�X�G�����6�R�X�V���F�H�W�W�H��

�I�R�U�P�H���� �F�H�� �S�U�R�G�X�L�W�� �H�V�W�� �G�L�I�I�L�F�L�O�H�P�H�Q�W�� �X�W�L�O�L�V�D�E�O�H�� �G�D�Q�V�� �O�H�V�� �P�p�W�K�R�G�H�V�� �G�H�� �W�D�Q�Q�D�J�H��

�F�O�D�V�V�L�T�X�H�V���R�•���O�¶�R�Q���R�S�q�U�H���j���W�H�P�S�p�U�D�W�X�U�H���D�P�E�L�D�Q�W�H���R�X���D�X���P�D�[�L�P�X�P���j�������ƒ�&������
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�,�O�� �H�V�W�� �G�R�Q�F�� �Q�p�F�H�V�V�D�L�U�H�� �G�H�� �V�R�O�X�E�L�O�L�V�H�U�� �O�¶�H�[�W�U�D�L�W�� �E�U�X�W���� �&�¶�H�V�W�� �H�Q�� ���������� �T�X�H�� �/�H�S�H�W�L�W����

�'�R�O�I�X�V�� �H�W�� �*�D�Q�V�V�H�U�� �R�Q�W�� �E�U�H�Y�H�W�p�� �X�Q�� �S�U�R�F�p�G�p�� �G�L�W�� �G�H�� �V�X�O�I�L�W�D�W�L�R�Q�� �S�H�U�P�H�W�W�D�Q�W��

�G�¶�D�W�W�H�L�Q�G�U�H���F�H���E�X�W�����2�Q���W�U�D�L�W�H���X�Q�H���V�R�O�X�W�L�R�Q���F�R�Q�F�H�Q�W�U�p�H���������������G�H���P�D�W�L�q�U�H�V���V�q�F�K�H�V����

�G�¶�H�[�W�U�D�L�W�� �G�H�� �T�X�H�E�U�D�F�K�R�� �E�U�X�W�� �S�D�U�� �G�H�� �O�¶�K�\�G�U�R�J�p�Q�R�V�X�O�I�L�W�H�� �G�H�� �V�R�G�L�X�P�� ���E�L�V�X�O�I�L�W�H�� �G�H��

�V�R�G�L�X�P�� �1�D�+�6�2�� ���� �j�� �F�K�D�X�G�� �V�R�X�V�� �S�U�H�V�V�L�R�Q�� �H�Q�� �D�X�W�R�F�O�D�Y�H���� �$�S�U�q�V�� �F�H�� �W�U�D�L�W�H�P�H�Q�W�����R�Q��

�R�E�W�L�H�Q�W�� �X�Q�� �S�U�R�G�X�L�W�� �S�D�U�I�D�L�W�H�P�H�Q�W�� �V�R�O�X�E�O�H�� �G�D�Q�V�� �O�¶�H�D�X�� �I�U�R�L�G�H���� �$�S�U�q�V�� �p�Y�D�S�R�U�D�W�L�R�Q�� �j��

�V�H�F�����R�Q���V�H���W�U�R�X�Y�H���H�Q���S�U�p�V�H�Q�F�H���G�H���O�¶�H�[�W�U�D�L�W���G�H���T�X�H�E�U�D�F�K�R���V�X�O�I�L�W�p���V�R�O�X�E�O�H���j���I�U�R�L�G����

�/�¶�H�[�W�U�D�L�W�� �G�H�� �T�X�H�E�U�D�F�K�R�� �V�X�O�I�L�W�p�� �H�V�W�� �X�Q�� �W�D�Q�L�Q�� �G�R�X�[���� �,�O�� �S�p�Q�q�W�U�H�� �U�D�S�L�G�H�P�H�Q�W�� �G�D�Q�V�� �O�D��

�S�H�D�X���H�Q���W�U�L�S�H�����O�H���F�X�L�U���R�E�W�H�Q�X���Q�¶�D���S�D�V���X�Q���L�Q�G�L�F�H���G�H���W�D�Q�Q�D�J�H���p�O�H�Y�p�����L�O���H�V�W���V�R�X�S�O�H�����G�H��

�F�R�X�O�H�X�U�� �F�O�D�L�U�H���� �(�Q�� �P�R�G�p�U�D�Q�W�� �O�H�� �W�U�D�L�W�H�P�H�Q�W�� �G�H�� �V�X�O�I�L�W�D�W�L�R�Q���� �J�p�Q�p�U�D�O�H�P�H�Q�W�� �H�Q��

�G�L�P�L�Q�X�D�Q�W�� �O�D�� �S�U�R�S�R�U�W�L�R�Q�� �G�¶�K�\�G�U�R�J�p�Q�R�V�X�O�I�L�W�H�� �G�H�� �V�R�G�L�X�P���� �R�Q�� �Q�¶�R�E�W�L�H�Q�W�� �T�X�¶�X�Q�H��

�V�R�O�X�E�L�O�L�V�D�W�L�R�Q�� �S�D�U�W�L�H�O�O�H���� �2�Q�� �S�U�p�S�D�U�H�� �D�L�Q�V�L�� �O�¶�H�[�W�U�D�L�W�� �G�H�� �T�X�H�E�U�D�F�K�R�� �P�L���V�R�O�X�E�O�H�� �G�R�Q�W��

�O�H�V�� �V�R�O�X�W�L�R�Q�V���� �W�U�R�X�E�O�H�V�� �j�� �I�U�R�L�G���� �U�H�Q�I�H�U�P�H�Q�W�� �X�Q�� �I�R�U�W�� �S�R�X�U�F�H�Q�W�D�J�H�� �G�H�� �W�D�Q�L�Q�� �V�R�O�X�E�O�H����

�&�H���J�H�Q�U�H���G�H���S�U�R�G�X�L�W�� �H�V�W���X�W�L�O�L�V�p���H�Q���S�D�U�W�L�F�X�O�L�H�U���S�R�X�U���O�H���U�H�W�D�Q�Q�D�J�H�� �G�H���F�H�U�W�D�L�Q�V���F�X�L�U�V��

�D�X���F�K�U�R�P�H���S�R�X�U���O�H�V�T�X�H�O�V���R�Q���U�H�F�K�H�U�F�K�H���X�Q���H�I�I�H�W���G�H���U�H�P�S�O�L�V�V�D�J�H���L�P�S�R�U�W�D�Q�W����
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Fabrication du tanin de Mimosa  : 
 
 

 

�/�H���W�D�Q�L�Q���G�H���P�L�P�R�V�D���H�V�W���H�[�W�U�D�L�W���G�H���O�
�p�F�R�U�F�H���G�H���O�
�$�F�D�F�L�D���P�H�D�U�Q�V�L�L�����p�J�D�O�H�P�H�Q�W���D�S�S�H�O�p��

�D�F�D�F�L�D���Q�R�L�U���R�X���P�L�P�R�V�D�������T�X�L���H�V�W���F�X�O�W�L�Y�p���S�U�L�Q�F�L�S�D�O�H�P�H�Q�W���D�X���%�U�p�V�L�O���H�W���H�Q���$�I�U�L�T�X�H���G�X��

�6�X�G���S�R�X�U���O�D���S�U�R�G�X�F�W�L�R�Q���G�H���E�R�L�V���H�W���S�R�X�U���O�
�H�[�W�U�D�F�W�L�R�Q���G�H�V���W�D�Q�L�Q�V����

�'�D�Q�V�� �F�H�V�� �U�p�J�L�R�Q�V���� �L�O�� �\�� �D�� �G�H�V�� �S�O�D�Q�W�D�W�L�R�Q�V�� �G�H�� �F�H�Q�W�D�L�Q�H�V�� �G�H�� �P�L�O�O�L�H�U�V�� �G�
�K�H�F�W�D�U�H�V����

�J�p�U�p�H�V���D�Y�H�F���O�H���V�H�X�O���E�X�W���G�H���S�U�R�G�X�L�U�H���G�X���E�R�L�V���H�W���G�H�V���W�D�Q�L�Q�V����

�/�
�p�F�R�U�F�H���H�V�W�� �V�p�S�D�U�p�H�� �G�X�� �W�U�R�Q�F�� �G�H�V�� �D�U�E�U�H�V�� �G�
�H�Q�Y�L�U�R�Q�� ���� �D�Q�V�� �L�P�P�p�G�L�D�W�H�P�H�Q�W�� �D�Y�D�Q�W��

�G�H���F�R�X�S�H�U���O�H�V���S�O�D�Q�W�H�V�����(�Q���������K�H�X�U�H�V�����O�¶�p�F�R�U�F�H���H�V�W���U�p�G�X�L�W�H���H�Q���P�R�U�F�H�D�X�[���H�W���H�[�W�U�D�L�W�H����

�/�¶�H�[�W�U�D�F�W�L�R�Q���D�� �O�L�H�X�� �G�D�Q�V�� �G�H�V�� �D�X�W�R�F�O�D�Y�H�V�� �H�Q�� �V�p�U�L�H�� �j�� �W�U�D�Y�H�U�V�� �O�H�V�T�X�H�O�V���R�Q�� �I�D�L�W���X�Q��

�O�D�Y�D�J�H�� �j�� �F�R�Q�W�U�H���F�R�X�U�D�Q�W���D�Y�H�F�� �G�H���O�
�H�D�X���R�X���G�H�� �O�
�H�D�X�� �D�Y�H�F�� �X�Q�� �S�H�W�L�W�� �S�R�X�U�F�H�Q�W�D�J�H�� �G�H��

�V�X�O�I�L�W�H�� �G�H�� �V�R�G�L�X�P���� �V�H�O�R�Q�� �V�L���R�Q�� �Y�H�X�W�� �S�U�R�G�X�L�U�H�� �X�Q�� �H�[�W�U�D�L�W�� �Q�D�W�X�U�H�O�� �R�X�� �X�Q�� �H�[�W�U�D�L�W��

�V�X�O�I�L�W�p�����/�
�H�[�W�U�D�L�W���Q�R�Q���V�X�O�I�L�W�p���D���O�D���S�D�U�W�L�F�X�O�D�U�L�W�p���G�H���Q�H���S�D�V���r�W�U�H���F�R�P�S�O�q�W�H�P�H�Q�W���V�R�O�X�E�O�H��

�G�D�Q�V�� �O�
�H�D�X�� �I�U�R�L�G�H���� �H�Q�� �S�D�U�W�L�F�X�O�L�H�U�� �j�� �G�H�� �I�D�L�E�O�H�V�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���� �H�Q�� �U�D�L�V�R�Q�� �G�H�� �O�D��

�S�U�p�V�H�Q�F�H���G�H�V���S�K�O�R�E�D�S�K�q�Q�H�V����

�/�
�H�[�W�U�D�L�W���D�T�X�H�X�[���H�V�W���F�R�Q�F�H�Q�W�U�p���M�X�V�T�X�
�j���H�Q�Y�L�U�R�Q�����������G�H���P�D�W�L�q�U�H���V�q�F�K�H���H�W���H�Q�Y�R�\�p��

�j���X�Q���D�W�R�P�L�V�H�X�U���T�X�L���G�R�Q�Q�H���O�
�H�[�W�U�D�L�W���H�Q���S�R�X�G�U�H����

��
��
��
��
��
��
��
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�/�¶�H�[�W�U�D�L�W�� �G�H�� �P�L�P�R�V�D�� �H�V�W�� �S�U�p�S�D�U�p�� �j�� �S�D�U�W�L�U�� �G�H�� �O�¶�p�F�R�U�F�H�� �G�H�� �O�¶�D�U�E�U�H���� �/�D�� �W�H�F�K�Q�L�T�X�H�� �H�V�W��

�V�H�P�E�O�D�E�O�H���j���F�H�O�O�H���G�p�F�U�L�W�H���S�R�X�U���O�D���S�U�p�S�D�U�D�W�L�R�Q���G�H���O�¶�H�[�W�U�D�L�W���G�H���E�R�L�V���G�H���F�K�k�W�D�L�J�Q�L�H�U�����,�O��

�Q�¶�\�� �D�� �S�D�V�� �G�H�� �S�K�D�V�H�� �G�H�� �G�p�F�D�Q�W�D�W�L�R�Q�� �S�U�R�S�U�H�P�H�Q�W�� �G�L�W�H���� �O�H�� �W�D�Q�L�Q�� �p�W�D�Q�W�� �V�R�O�X�E�O�H�� �j��

�W�R�X�W�H�V�� �O�H�V�� �W�H�P�S�p�U�D�W�X�U�H�V���� �&�R�P�P�H�� �O�H�V�� �D�X�W�U�H�V�� �H�[�W�U�D�L�W�V�� �W�D�Q�Q�D�Q�W�V���� �O�H�V�� �S�U�R�G�X�L�W�V��

�F�R�P�P�H�U�F�L�D�X�[���V�R�Q�W���J�p�Q�p�U�D�O�H�P�H�Q�W���S�U�p�V�H�Q�W�p�V���V�R�X�V���I�R�U�P�H���G�¶�H�[�W�U�D�L�W���S�R�X�G�U�H���D�W�R�P�L�V�p����

�&�¶�H�V�W�� �X�Q�� �W�D�Q�L�Q�� �G�R�X�[�� �T�X�L�� �S�p�Q�q�W�U�H�� �U�D�S�L�G�H�P�H�Q�W�� �G�D�Q�V�� �O�D�� �S�H�D�X�� �H�Q�� �W�U�L�S�H�� �H�W�� �V�¶�\�� �I�L�[�H�� �H�Q��

�T�X�D�Q�W�L�W�p�� �S�O�X�V�� �L�P�S�R�U�W�D�Q�W�H�� �T�X�H�� �Q�H�� �O�H�� �I�D�L�W�� �O�H�� �T�X�H�E�U�D�F�K�R���� �/�H�� �F�X�L�U�� �R�E�W�H�Q�X�� �H�V�W�� �G�H��

�F�R�X�O�H�X�U�� �F�O�D�L�U�H���� �P�R�L�Q�V�� �U�R�V�H�� �T�X�H�� �F�H�O�X�L�� �R�E�W�H�Q�X�� �D�Y�H�F�� �O�H�� �T�X�H�E�U�D�F�K�R���� �O�¶�L�Q�G�L�F�H�� �G�H��

�W�D�Q�Q�D�J�H���H�V�W���U�H�O�D�W�L�Y�H�P�H�Q�W���p�O�H�Y�p����
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Classification générale des tanins : 

��

�'�X���S�R�L�Q�W���G�H���Y�X�H���G�H���O�D���F�R�P�S�R�V�L�W�L�R�Q���F�K�L�P�L�T�X�H�����R�Q���G�L�V�W�L�Q�J�X�H���G�H�X�[���J�U�D�Q�G�H�V���I�D�P�L�O�O�H�V��

�G�H���W�D�Q�L�Q�V�����O�H�V���W�D�Q�L�Q�V���K�\�G�U�R�O�\�V�D�E�O�H�V���H�W���O�H�V���W�D�Q�L�Q�V���F�R�Q�G�H�Q�V�p�V���R�X���I�O�D�Y�R�Q�R�w�G�H�V����

��

Ta nins hydrolysables: 

��

�/�H�V���W�D�Q�L�Q�V���K�\�G�U�R�O�\�V�D�E�O�H�V���V�R�Q�W���F�R�Q�V�W�L�W�X�p�V���G�H���S�U�R�G�X�L�W�V���S�K�p�Q�R�O�L�T�X�H�V���V�L�P�S�O�H�V�����F�H���V�R�Q�W��

�G�H�V���H�V�W�H�U�V���G�¶�D�F�L�G�H���J�D�O�O�L�T�X�H���H�W���G�H���V�H�V���G�L�P�q�U�H�V�����D�F�L�G�H���G�L�J�D�O�O�L�T�X�H�����D�F�L�G�H���H�O�O�D�J�L�T�X�H�����H�W��

�G�H�� �P�R�Q�R�V�D�F�F�K�D�U�L�G�H�V�� ���V�X�U�W�R�X�W�� �O�H�� �J�O�X�F�R�V�H������ �/�H�V�� �W�D�Q�L�Q�V�� �K�\�G�U�R�O�\�V�D�E�O�H�V�� �V�R�Q�W�� �V�R�X�Y�H�Q�W��

�G�L�Y�L�V�p�V�� �H�Q�� �J�D�O�O�R�W�D�Q�L�Q�V���� �F�R�Q�G�X�L�V�D�Q�W�� �j�� �G�H�� �O�¶�D�F�L�G�H�� �J�D�O�O�L�T�X�H�� �D�S�U�q�V�� �K�\�G�U�R�O�\�V�H�� �R�X�� �H�Q��

�H�O�O�D�J�L�W�D�Q�L�Q�V���O�L�E�p�U�D�Q�W���G�H���O�¶�D�F�L�G�H���H�O�O�D�J�L�T�X�H���D�S�U�q�V���K�\�G�U�R�O�\�V�H���>�-�X�U�G�������������@����

��
��

��
�$�F�L�G�H���J�D�O�O�L�T�X�H�� �� �� �����$�F�L�G�H���G�L�J�D�O�O�L�T�X�H�� �� �� �$�F�L�G�H���H�O�O�D�J�L�T�X�H��
 

Figure 7: Différent s types de tanins hydroly sables  

��

��

�,�O�V�� �R�Q�W���G�p�M�j�� �p�W�p�� �X�W�L�O�L�V�p�V�� �F�R�P�P�H�� �V�X�E�V�W�L�W�X�W�V�� �S�D�U�W�L�H�O�V�� �G�X�� �S�K�p�Q�R�O�� �G�D�Q�V�� �O�D�� �I�D�E�U�L�F�D�W�L�R�Q��

�G�H���U�p�V�L�Q�H�V���S�K�p�Q�R�O���I�R�U�P�D�O�G�p�K�\�G�H���>Kulvik, 1976  ; 1977 �@�����Q�p�D�Q�P�R�L�Q�V���O�H�X�U���X�W�L�O�L�V�D�W�L�R�Q��

�U�H�V�W�H���G�H�V���S�O�X�V���O�L�P�L�W�p�H�V���G�D�Q�V���O�H���G�R�P�D�L�Q�H���G�H�V���F�R�O�O�H�V���G�X���I�D�L�W���G�H���O�H�X�U���E�D�V�V�H���U�p�D�F�W�L�Y�L�W�p��

�D�Y�H�F�� �O�H�� �I�R�U�P�D�O�G�p�K�\�G�H���� �$�X���F�R�Q�W�U�D�L�U�H���� �O�¶�X�W�L�O�L�V�D�W�L�R�Q�� �G�H�V�� �W�D�Q�L�Q�V�� �G�H�� �F�K�k�W�D�L�J�Q�L�H�U�� �H�W�� �G�H��

�7�D�U�D���H�V�W���L�P�S�R�U�W�D�Q�W�H���G�D�Q�V���O�¶�L�Q�G�X�V�W�U�L�H���G�X���W�D�Q�Q�D�J�H����
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Tan ins condensés : 

 

�/�H�V�� �W�D�Q�L�Q�V�� �F�R�Q�G�H�Q�V�p�V�� �V�R�Q�W�� �F�R�Q�V�W�L�W�X�p�V�� �G�¶�X�Q�L�W�p�V�� �I�O�D�Y�R�Q�R�w�G�H�V���� �3�U�p�V�H�Q�W�D�Q�W�� �G�L�I�I�p�U�H�Q�W�V��

�G�H�J�U�p�V�� �G�H�� �S�R�O�\�P�p�U�L�V�D�W�L�R�Q���� �L�O�V�� �V�R�Q�W�� �D�V�V�R�F�L�p�V�� �j�� �O�H�X�U�V�� �S�U�p�F�X�U�V�H�X�U�V������ �F�D�W�p�F�K�L�Q�H�V��

���I�O�D�Y�D�Q�H�V�������R�O�V������ �O�H�X�F�R�D�Q�W�K�R�F�\�D�Q�H�V�����I�O�D�Y�D�Q�H�V���������� �G�L�R�O�V�����>Drewes et Roux, 1963 ; 

Roux et Paulus, 1961�@�� �H�W�� �j�� �G�H�V�� �F�D�U�E�R�K�\�G�U�D�W�H�V�� �G�R�Q�W�� �O�D�� �S�O�X�V�� �R�X�� �P�R�L�Q�V�� �J�U�D�Q�G�H��

�S�U�R�S�R�U�W�L�R�Q���L�Q�I�O�X�H�Q�F�H���O�D���Y�L�V�F�R�V�L�W�p���H�W���O�D���U�p�D�F�W�L�Y�L�W�p���G�X���W�D�Q�L�Q������

��

��

Figure 8: Sch éma d’un flavonoïde et sa num érotation  

��

�&�R�P�P�H�� �O�H�� �P�R�Q�W�U�H�� �O�H�� �V�F�K�p�P�D�� �S�U�p�F�p�G�H�Q�W�� ���I�L�J���������� �L�O�� �H�V�W�� �S�R�V�V�L�E�O�H�� �G�¶�R�E�W�H�Q�L�U�� �G�H�X�[��

�W�\�S�H�V���G�¶�D�Q�Q�H�D�X���$���H�W���G�H�X�[���W�\�S�H�V���G�¶�D�Q�Q�H�D�X���%������

�x �$�Q�Q�H�D�X���$���D�Y�H�F���X�Q���V�H�X�O���J�U�R�X�S�H���K�\�G�U�R�[�\�O�H���H�Q���&���������D�Q�Q�H�D�X���U�p�V�R�U�F�L�Q�R�O��

�x �$�Q�Q�H�D�X���$���D�Y�H�F���G�H�X�[���J�U�R�X�S�H�V���K�\�G�U�R�[�\�O�H�V���H�Q���&�����H�W���&���������D�Q�Q�H�D�X���S�K�O�R�U�R�J�O�X�F�L�Q�R�O��

�x �$�Q�Q�H�D�X���%���D�Y�H�F���G�H�X�[���J�U�R�X�S�H�V���K�\�G�U�R�[�\�O�H�V���H�Q���&���¶���H�W���&���¶�������D�Q�Q�H�D�X���F�D�W�p�F�K�R�O��

�x �$�Q�Q�H�D�X���%���D�Y�H�F���W�U�R�L�V���J�U�R�X�S�H�V���K�\�G�U�R�[�\�O�H�V���H�Q���&���¶�����&���¶���H�W���&���¶�������D�Q�Q�H�D�X���S�\�U�R�J�D�O�O�R�O��

��

�$�� �S�D�U�W�L�U�� �G�H�� �F�H�V�� �G�L�I�I�p�U�H�Q�W�V�� �W�\�S�H�V�� �G�¶�D�Q�Q�H�D�X�[���� �L�O�� �D�� �p�W�p�� �G�p�I�L�Q�L�� �X�Q�H�� �Q�R�P�H�Q�F�O�D�W�X�U�H�� �G�H�V��

�S�R�O�\�I�O�D�Y�R�Q�R�w�G�H�V��[Porter, 1988�@������

�$�Q�Q�H�D�X�� �$�� �W�\�S�H�� �S�K�O�R�U�R�J�O�X�F�L�Q�R�O�� �H�W�� �D�Q�Q�H�D�X�� �%�� �W�\�S�H�� �S�\�U�R�J�D�O�O�R�O������ �S�U�R�G�H�O�S�K�L�Q�L�G�L�Q�H��

���O�¶�p�O�p�P�H�Q�W���G�H���E�D�V�H���H�V�W���O�D���J�D�O�O�R�F�D�W�p�F�K�L�Q�H����

�$�Q�Q�H�D�X���$���W�\�S�H���S�K�O�R�U�R�J�O�X�F�L�Q�R�O���H�W���D�Q�Q�H�D�X���%���W�\�S�H���F�D�W�p�F�K�R�O�������S�U�R�F�\�D�Q�L�G�L�Q�H�����O�¶�p�O�p�P�H�Q�W��

�G�H���E�D�V�H���H�V�W���O�D���F�D�W�p�F�K�L�Q�H����

�$�Q�Q�H�D�X�� �$�� �W�\�S�H�� �U�p�V�R�U�F�L�Q�R�O�� �H�W�� �D�Q�Q�H�D�X�� �%�� �W�\�S�H�� �S�\�U�R�J�D�O�O�R�O������ �S�U�R�U�R�E�L�Q�H�W�L�Q�L�G�L�Q�H��

���O�¶�p�O�p�P�H�Q�W���G�H���E�D�V�H���H�V�W���O�H���U�R�E�L�Q�H�W�L�Q�L�G�R�O����

�$�Q�Q�H�D�X�� �$�� �W�\�S�H�� �U�p�V�R�U�F�L�Q�R�O�� �H�W�� �D�Q�Q�H�D�X�� �%�� �W�\�S�H�� �F�D�W�p�F�K�R�O������ �S�U�R�I�L�V�H�W�L�Q�L�G�L�Q�H�� ���O�¶�p�O�p�P�H�Q�W��

�G�H���E�D�V�H���H�V�W���O�H���I�L�V�H�W�L�Q�L�G�R�O����
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�/�H�V�� �W�D�Q�L�Q�V�� �F�R�Q�G�H�Q�V�p�V�� �V�R�Q�W�� �W�R�X�M�R�X�U�V�� �F�R�Q�V�W�L�W�X�p�V�� �G�¶�X�Q�� �P�p�O�D�Q�J�H�� �D�X�[�� �S�U�R�S�R�U�W�L�R�Q�V��

�G�L�Y�H�U�V�H�V���G�H�V���T�X�D�W�U�H���W�\�S�H�V���G�H���S�R�O�\�I�O�D�Y�R�Q�R�w�G�H�V���G�p�I�L�Q�L�V���F�L���G�H�V�V�X�V�����$�L�Q�V�L���S�R�X�U���O�H���W�\�S�H��

�G�¶�D�Q�Q�H�D�X�� �$���� �O�D�� �I�U�p�T�X�H�Q�F�H�� �G�¶�D�Q�Q�H�D�X�� �G�H�� �W�\�S�H�� �S�K�O�R�U�R�J�O�X�F�L�Q�R�O�� �Y�L�V�� �j�� �Y�L�V�� �G�X�� �W�\�S�H��

�U�p�V�R�U�F�L�Q�R�O���S�H�U�P�H�W���G�H���G�p�W�H�U�P�L�Q�H�U���O�D���U�p�D�F�W�L�Y�L�W�p���G�X���W�D�Q�L�Q���Y�L�V���j���Y�L�V���G�¶�X�Q���D�O�G�p�K�\�G�H���H�W��

�G�H�� �S�U�p�V�D�J�H�U�� �G�H�� �O�D�� �T�X�D�O�L�W�p�� �G�X�� �U�p�V�H�D�X�� �G�¶�H�Q�F�K�H�Y�r�W�U�H�P�H�Q�W���� �3�R�X�U�� �O�¶�D�Q�Q�H�D�X�� �%���� �O�D��

�I�U�p�T�X�H�Q�F�H�� �G�H�V�� �D�Q�Q�H�D�X�[�� �G�H�� �W�\�S�H�� �S�\�U�R�J�D�O�O�R�O�� �Y�L�V�� �j�� �Y�L�V�� �G�H�� �F�H�X�[�� �G�H�� �W�\�S�H�� �F�D�W�p�F�K�R�O��

�L�Q�I�O�X�H�� �V�X�U�� �O�¶�R�X�Y�H�U�W�X�U�H�� �G�H�� �O�¶�K�p�W�p�U�R�F�\�F�O�H�� �S�\�U�D�Q�L�T�X�H�� �H�W�� �G�p�W�H�U�P�L�Q�H�� �O�H�� �W�\�S�H�� �G�H��

�U�p�D�U�U�D�Q�J�H�P�H�Q�W�� �j�� �H�Q�Y�L�V�D�J�H�U�� �S�R�X�U�� �O�D�� �V�W�U�X�F�W�X�U�H�� �V�R�X�V�� �F�R�Q�G�L�W�L�R�Q�V�� �D�O�F�D�O�L�Q�H�V�� �R�X��

�E�D�V�L�T�X�H�V���>Pizzi et Stephanou, 1994 (1), (2) �@����

�8�Q�H�� �W�H�F�K�Q�L�T�X�H�� �G�¶�D�Q�D�O�\�V�H�� �&���� ���5�0�1�� �G�H�V�� �W�D�Q�L�Q�V�� �F�R�Q�G�H�Q�V�p�V�� �D�� �S�H�U�P�L�V�� �G�H�� �P�H�W�W�U�H�� �H�Q��

�p�Y�L�G�H�Q�F�H�� �O�H�V�� �W�\�S�H�V�� �G�H�� �S�R�O�\�I�O�D�Y�R�Q�R�w�G�H�V�� �U�H�Q�F�R�Q�W�U�p�V�� �S�R�X�U�� �X�Q�� �W�D�Q�L�Q�� �G�p�W�H�U�P�L�Q�p����

�1�p�D�Q�P�R�L�Q�V���F�H�W�W�H���P�p�W�K�R�G�H���Q�H���S�H�U�P�H�W���S�D�V���G�H���G�L�I�I�p�U�H�Q�F�L�H�U���O�H�V���S�U�R�G�H�O�S�K�L�Q�L�G�L�Q�H�V���G�H�V��

�S�U�R�F�\�D�Q�L�G�L�Q�H�V���� �Q�L�� �O�H�V�� �S�U�R�U�R�E�L�Q�H�W�L�Q�L�G�L�Q�H�V�� �G�H�V�� �S�U�R�I�L�V�H�W�L�Q�L�G�L�Q�H�V�� �>Thompson et Pizzi, 

1995 �@���� �&�¶�H�V�W�� �O�D�� �U�D�L�V�R�Q�� �S�R�X�U�� �O�D�T�X�H�O�O�H�� �R�Q�� �F�R�P�S�D�U�H�� ���S�U�R�G�H�O�S�K�L�Q�L�G�L�Q�H�V�� ����

�S�U�R�F�\�D�Q�L�G�L�Q�H�V�����j�����S�U�R�U�R�E�L�Q�H�W�L�Q�L�G�L�Q�H�V�������S�U�R�I�L�V�H�W�L�Q�L�G�L�Q�H�V������

�'�¶�D�S�U�q�V��Roux et al. �H�Q 1975 �����V�H�X�O�V���O�H�V���I�O�D�Y�R�Q�R�w�G�H�V���G�H���W�\�S�H���I�O�D�Y�D�Q�������R�O���H�W���I�O�D�Y�D�Q��

�������� �G�L�R�O�� �S�D�U�W�L�F�L�S�H�Q�W�� �j�� �O�D�� �I�R�U�P�D�W�L�R�Q�� �G�H�V�� �W�D�Q�L�Q�V�� �F�R�Q�G�H�Q�V�p�V���� �(�Q�� �H�I�I�H�W���� �O�H�� �J�U�R�X�S�H��

�F�D�U�E�R�[�\�O�H�� �H�Q�� �S�R�V�L�W�L�R�Q�� ���� �G�H�V�� �D�X�W�U�H�V�� �W�\�S�H�V�� �G�H�� �I�O�D�Y�R�Q�R�w�G�H�V���U�p�G�X�L�W�� �O�H�� �F�D�U�D�F�W�q�U�H��

�Q�X�F�O�p�R�S�K�L�O�H���H�W���R�F�F�X�S�H���X�Q�H���G�H�V���S�R�V�L�W�L�R�Q�V���G�H���F�R�Q�G�H�Q�V�D�W�L�R�Q�����/�D���V�X�E�V�W�L�W�X�W�L�R�Q���P�p�W�D���G�H��

�O�¶�D�Q�Q�H�D�X���$�� �G�H���W�\�S�H���U�p�V�R�U�F�L�Q�R�O���G�H�V���I�O�D�Y�D�Q�������� ���G�L�R�O�V���S�D�U�� �O�H�V���J�U�R�X�S�H�V���K�\�G�U�R�[�\�O�H�V���H�W��

�O�¶�R�[�\�J�q�Q�H�� �G�H�� �O�¶�K�p�W�p�U�R�F�\�F�O�H�� �F�U�p�H�� �X�Q�H�� �W�U�q�V�� �I�R�U�W�H���Q�X�F�O�p�R�S�K�L�O�L�H�� �S�R�X�U�� �O�H�V�� �S�R�V�L�W�L�R�Q�V�� �&����

�H�W�� �&������ �$�L�Q�V�L���� �O�H�V�� �X�Q�L�W�p�V�� �G�H�V�� �W�D�Q�L�Q�V�� �F�R�Q�G�H�Q�V�p�V�� �V�R�Q�W�� �S�U�L�Q�F�L�S�D�O�H�P�H�Q�W�� �O�L�p�H�V�� �S�D�U�� �G�H�V��

�O�L�D�L�V�R�Q�V�� �������� �H�W�� ���������� �/�D�� �S�U�H�P�L�q�U�H�� �p�W�D�S�H�� �G�H�� �U�p�D�F�W�L�R�Q�� �G�H�� �F�R�Q�G�H�Q�V�D�W�L�R�Q�� �H�V�W�� �O�D��

�I�R�U�P�D�W�L�R�Q���G�H���S�U�R�D�Q�W�K�R�F�\�D�Q�L�G�L�Q�H�V���G�L�P�q�U�H�V���D�S�S�H�O�p�V���D�X�V�V�L���E�L�I�O�D�Y�R�Q�R�w�G�H�V����

�2�Q���S�D�U�O�H���U�p�H�O�O�H�P�H�Q�W�� �G�H���W�D�Q�L�Q�V���F�R�Q�G�H�Q�V�p�V���S�R�X�U���X�Q�H���U�p�S�p�W�L�W�L�R�Q���G�H������ �j�� ���� �X�Q�L�W�p�V���G�H��

�I�O�D�Y�R�Q�R�w�G�H�V���� �'�H�� �Q�R�P�E�U�H�X�V�H�V�� �p�W�X�G�H�V�� �R�Q�W�� �p�W�p�� �U�p�D�O�L�V�p�H�V�� �V�X�U�� �O�¶�X�W�L�O�L�V�D�W�L�R�Q�� �G�H�� �F�H�V��

�W�D�Q�L�Q�V���F�R�Q�G�H�Q�V�p�V���>�5�R�X�[�������������������5�R�X�[���H�W���D�O���������������H�W�����������������3�L�]�]�L�������������@����
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Figure 9:  Exemple de réticulation de trois flavonoï des  

��

�,�O�� �D�� �p�W�p�� �P�R�Q�W�U�p�� �T�X�¶�L�O�� �H�[�L�V�W�D�L�W�� �G�H�V�� �U�p�D�F�W�L�R�Q�V�� �U�D�G�L�F�D�O�D�L�U�H�V�� �G�¶�D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q�� �G�H�V��

�W�D�Q�L�Q�V���S�R�O�\�I�O�D�Y�R�Q�R�w�G�H�V���F�R�Q�G�X�L�V�D�Q�W���j���O�D���I�R�U�P�D�W�L�R�Q���H�W���D�X���G�X�U�F�L�V�V�H�P�H�Q�W���G�¶�X�Q���U�p�V�H�D�X��

�G�¶�H�Q�F�K�H�Y�r�W�U�H�P�H�Q�W�� �V�D�Q�V�� �D�G�G�L�W�L�R�Q�� �G�¶�D�O�G�p�K�\�G�H�� �P�D�L�V�� �H�Q�� �S�U�p�V�H�Q�F�H�� �G�H�� �E�D�V�H�V�� �R�X��

�G�¶�D�F�L�G�H�V���I�D�L�E�O�H�V���G�H���/�H�Z�L�V���>Meikleham et al., 1994 ; Pizzi et al., 1995  (1); Pizzi et 

Meikleham, 1995 ; Merlin et Pizzi, 1996  ; Masson et al., 1996 (1), (2)  ; Masson 

et al., 1997 (3) �@���� �8�Q�H�� �U�p�V�L�Q�H�� �H�V�W�� �D�L�Q�V�L�� �I�R�U�P�p�H���� �T�X�L�� �Q�H���G�p�J�D�J�H�� �S�D�V�� �G�H��

�I�R�U�P�D�O�G�p�K�\�G�H�� �O�L�E�U�H�� �P�D�L�V�� �T�X�L�� �H�V�W�� �Q�p�D�Q�P�R�L�Q�V�� �X�W�L�O�L�V�D�E�O�H�� �X�Q�L�T�X�H�P�H�Q�W�� �H�Q�� �L�Q�W�p�U�L�H�X�U��

�>Pizzi et al., 1995 (2)  ; Pizzi, 1994 �@�����/�¶�D�Q�D�O�\�V�H���W�K�H�U�P�R�P�p�F�D�Q�L�T�X�H���H�Q���I�O�H�[�L�R�Q���W�U�R�L�V��

�S�R�L�Q�W�V�� �D�� �S�H�U�P�L�V�� �G�H�� �T�X�D�Q�W�L�I�L�H�U�� �O�¶�H�Q�F�K�H�Y�r�W�U�H�P�H�Q�W�� �G�X�� �U�p�V�H�D�X�� �S�D�U�� �G�p�W�H�U�P�L�Q�D�W�L�R�Q�� �G�X��

�Q�R�P�E�U�H�� �P�R�\�H�Q�� �G�H�� �G�H�J�U�p�� �G�H�� �O�L�E�H�U�W�p�� �G�H�V�� �V�H�J�P�H�Q�W�V�� �G�H�� �S�R�O�\�P�q�U�H�V�� �D�X�� �F�R�X�U�V�� �G�H��

�O�¶�D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q�� �G�H�V�� �W�D�Q�L�Q�V�� �>Garcia et Pizzi, 1998, (1) �@���� �'�D�Q�V�� �O�¶�D�Q�D�O�\�V�H�� �G�H�V��

�W�K�H�U�P�R�J�U�D�P�P�H�V�� �R�E�W�H�Q�X�V���� �O�¶�D�X�J�P�H�Q�W�D�W�L�R�Q�� �G�X�� �P�R�G�X�O�H�� �G�¶�<�R�X�Q�J�� �H�V�W�� �O�L�p�H�� �j�� �G�H�X�[��

�S�K�p�Q�R�P�q�Q�H�V������ �O�D�� �S�U�R�J�U�H�V�V�L�R�Q�� �G�H�� �O�D�� �U�p�D�F�W�L�R�Q�� �G�¶�D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q�� �G�X�� �W�D�Q�L�Q�� �S�D�U��

�S�D�O�L�H�U�V�� �V�X�F�F�H�V�V�L�I�V�� �F�R�U�U�H�V�S�R�Q�G�D�Q�W�� �D�X�[�� �G�L�I�I�p�U�H�Q�F�H�V�� �G�H�� �U�p�D�F�W�L�Y�L�W�p�V�� �G�H�V�� �V�L�W�H�V��

�G�L�V�S�R�Q�L�E�O�H�V�� �V�X�U�� �O�¶�D�Q�Q�H�D�X�� �$�� �H�W�� �O�¶�D�Q�Q�H�D�X�� �%�� �P�D�L�V�� �D�X�V�V�L�� �O�¶�D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q�� �j�� �E�D�V�V�H��

�W�H�P�S�p�U�D�W�X�U�H�� �L�Q�L�W�L�D�O�H�� �T�X�L�� �F�R�Q�G�X�L�W�� �j�� �O�D�� �I�R�U�P�D�W�L�R�Q�� �G�H�� �S�R�O�\�P�q�U�H�V�� �O�L�Q�p�D�L�U�H�V�� �G�R�Q�W�� �O�D��

�O�R�Q�J�X�H�X�U���D�X�J�P�H�Q�W�H���M�X�V�T�X�¶�j���X�Q�H���Y�D�O�H�X�U���O�L�P�L�W�H���T�X�L���G�p�S�H�Q�G���G�H���O�D���W�H�P�S�p�U�D�W�X�U�H���H�W���G�H��

�O�D�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q���� �O�R�Q�J�X�H�X�U�� �F�U�L�W�L�T�X�H�� �j�� �S�D�U�W�L�U�� �G�H�� �O�D�T�X�H�O�O�H�� �V�H�� �I�R�U�P�H�� �X�Q�� �U�p�V�H�D�X��

�G�¶�H�Q�F�K�H�Y�r�W�U�H�P�H�Q�W���G�H���F�H�V���S�R�O�\�P�q�U�H�V���O�L�Q�p�D�L�U�H�V���T�X�L���F�R�U�U�H�V�S�R�Q�G���j���X�Q���D�X�W�U�H���S�D�O�L�H�U���V�X�U��

�O�D�� �F�R�X�U�E�H�� �G�X�� �0�R�G�X�O�H�� �G�¶�<�R�X�Q�J�� �>Garcia et Pizzi, 1998, (2) �@���� �'�D�Q�V�� �O�H�� �F�D�G�U�H�� �G�H��
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�U�p�V�L�Q�H�V�� �G�H�� �W�\�S�H�� �S�K�p�Q�R�O�������I�R�U�P�D�O�G�p�K�\�G�H���� �O�¶�D�Q�D�O�\�V�H�� �7�0�$�� �D�� �S�H�U�P�L�V�� �G�H�� �P�H�W�W�U�H�� �H�Q��

�p�Y�L�G�H�Q�F�H�� �O�H�� �S�R�L�Q�W�� �G�H�� �J�H�O���� �F�R�U�U�H�V�S�R�Q�G�D�Q�W�� �D�X�� �G�p�E�X�W�� �G�H�� �O�¶�D�X�J�P�H�Q�W�D�W�L�R�Q�� �G�X���P�R�G�X�O�H��

�G�¶�<�R�X�Q�J�� �H�W�� �O�H�� �G�p�E�X�W�� �G�H�� �O�D�� �Y�L�W�U�L�I�L�F�D�W�L�R�Q�� �G�H�� �O�D�� �U�p�V�L�Q�H�� �F�R�U�U�H�V�S�R�Q�G�D�Q�W�� �D�X�� �S�R�L�Q�W��

�G�¶�L�Q�I�O�H�[�L�R�Q�� �G�H�� �O�D�� �F�R�X�U�E�H�� �G�X�� �P�R�G�X�O�H�� �>Yin et al, 1995  ; ��Riesen et Sommeraurer, 

1983  ; Hofmann et Glasser, 1990 �@���� �'�D�Q�V�� �O�H�� �F�D�V�� �G�H�V���W�D�Q�L�Q�V�� �F�R�Q�G�H�Q�V�p�V�� �T�X�L�� �V�R�Q�W��

�G�H�V�� �F�R�P�S�R�V�p�V�� �S�K�p�Q�R�O�L�T�X�H�V�� �F�R�P�S�O�H�[�H�V���� �L�O�� �Q�¶�H�V�W�� �S�D�V�� �S�R�V�V�L�E�O�H�� �G�H�� �G�p�I�L�Q�L�U�� �F�H�V�� �G�H�X�[��

�F�R�Q�F�H�S�W�V�� �S�X�L�V�T�X�H�� �O�D�� �F�R�X�U�E�H�� �G�X���P�R�G�X�O�H�� �G�¶�<�R�X�Q�J�� �F�R�P�S�R�U�W�H�� �S�O�X�V�L�H�X�U�V�� �S�L�F�V�� �H�W��

�S�O�X�V�L�H�X�U�V�� �S�D�O�L�H�U�V���� �$�L�Q�V�L���� �R�Q�� �L�G�H�Q�W�L�I�L�H�U�D�� �O�H�V�� �G�L�I�I�p�U�H�Q�W�V�� �S�R�L�Q�W�V�� �G�¶�L�Q�I�O�H�[�L�R�Q�� �R�E�W�H�Q�X�V���� �j��

�V�D�Y�R�L�U���O�H�V���S�L�F�V���G�H���O�D���G�p�U�L�Y�p�H���S�U�H�P�L�q�U�H���G�X���P�R�G�X�O�H�����V�X�L�Y�D�Q�W���O�H�X�U���R�U�G�U�H���G�¶�D�S�S�D�U�L�W�L�R�Q����

�O�H���S�U�H�P�L�H�U���S�R�L�Q�W���G�¶�L�Q�I�O�H�[�L�R�Q���H�V�W���L�G�H�Q�W�L�I�L�p���F�R�P�P�H���O�H���G�p�E�X�W���G�H���O�¶�H�Q�F�K�H�Y�r�W�U�H�P�H�Q�W���G�H�V��

�S�R�O�\�P�q�U�H�V�� �O�L�Q�p�D�L�U�H�V���� �V�R�U�W�H�� �G�H�� �S�V�H�X�G�R�Y�L�W�U�L�I�L�F�D�W�L�R�Q�� ���� �V�X�L�Y�L�� �S�D�U�� �O�H�� �Y�U�D�L�� �G�p�E�X�W�� �G�H�� �O�D��

�Y�L�W�U�L�I�L�F�D�W�L�R�Q�� �G�X�H�� �j�� �O�D�� �I�R�U�P�D�W�L�R�Q�� �G�X�� �U�p�V�H�D�X�� �G�¶�H�Q�F�K�H�Y�r�W�U�H�P�H�Q�W�� �W�U�L�G�L�P�H�Q�V�L�R�Q�Q�H�O��

�L�Q�G�X�L�W���S�D�U���O�D���U�p�D�F�W�L�Y�L�W�p���G�H�V���V�L�W�H�V���G�H���O�¶�D�Q�Q�H�D�X���$���H�W���H�Q�I�L�Q���O�H���U�H�Q�I�R�U�F�H�P�H�Q�W���G�X���U�p�V�H�D�X��

�S�U�p�F�p�G�H�P�P�H�Q�W�� �I�R�U�P�p�� �S�D�U�� �U�p�D�F�W�L�R�Q�V�� �V�X�U�� �O�H�V�� �V�L�W�H�V�� �G�H�� �O�¶�D�Q�Q�H�D�X�� �%�� �>Garcia et Pizzi, 

1998, (2) �@����

��

�(�Q�� �F�R�Q�V�L�G�p�U�D�Q�W�� �O�H�V�� �P�p�F�D�Q�L�V�P�H�V�� �U�p�D�F�W�L�R�Q�Q�H�O�V�� �U�D�G�L�F�D�O�D�L�U�H�V���� �R�Q�� �F�R�Q�Q�D�v�W�� �O�D�� �F�D�S�D�F�L�W�p��

�G�H�V���S�K�p�Q�R�O�V���j���S�U�R�G�X�L�U�H���G�H�V���U�D�G�L�F�D�X�[���S�K�p�Q�R�[�\�O�H�V�����G�H���W�\�S�H���-�±�2�x�����S�O�X�W�{�W���V�W�D�E�O�H�V���T�X�L��

�V�R�Q�W�� �F�D�S�D�E�O�H�V�� �G�H�� �U�H�W�D�U�G�H�U�� �R�X�� �G�¶�L�Q�K�L�E�H�U�� �O�D�� �S�U�R�J�U�H�V�V�L�R�Q�� �G�H�� �O�D�� �S�R�O�\�P�p�U�L�V�D�W�L�R�Q��

�U�D�G�L�F�D�O�D�L�U�H�� �G�H�V�� �W�D�Q�L�Q�V�� �>Allcock et Lampe, 1990  ; Seymour et Carraher, 1992 �@���� �,�O��

�H�V�W�� �G�R�Q�F�� �L�Q�W�p�U�H�V�V�D�Q�W���� �H�Q�� �V�H�� �E�D�V�D�Q�W�� �V�X�U�� �O�H�V�� �F�R�Q�Q�D�L�V�V�D�Q�F�H�V�� �L�V�V�X�H�V�� �G�H�� �O�¶�p�W�X�G�H�� �G�H�V��

�I�L�Q�L�W�L�R�Q�V���S�R�X�U���O�D���S�U�R�W�H�F�W�L�R�Q���G�X���E�R�L�V�����G�H���F�R�Q�V�L�G�p�U�H�U���O�H�V���F�D�S�D�F�L�W�p�V���D�Q�W�L�R�[�\�G�D�Q�W�H�V���G�H�V��

�W�D�Q�L�Q�V���� �S�U�R�S�U�L�p�W�p�� �p�Y�D�O�X�p�H�� �S�D�U�� �O�¶�D�S�W�L�W�X�G�H�� �j�� �I�R�U�P�H�U�� �U�D�S�L�G�H�P�H�Q�W�� �R�X�� �Q�R�Q�� �G�H�V��

�U�D�G�L�F�D�X�[�����V�R�L�W���S�D�U���W�U�D�Q�V�I�H�U�W���G�H���U�D�G�L�F�D�X�[���S�U�p�H�[�L�V�W�D�Q�W�V���F�K�H�]���O�H�V���W�D�Q�L�Q�V���F�R�P�P�H���Q�R�X�V��

�Y�H�Q�R�Q�V�� �G�H�� �O�H�� �Y�R�L�U�� �Y�H�U�V�� �X�Q�� �U�D�G�L�F�D�O�� �S�K�p�Q�R�[�\�O�H�� �S�O�X�V�� �V�W�D�E�O�H���� �V�R�L�W�� �S�D�U�� �D�F�W�L�R�Q�� �G�H��

�O�¶�L�U�U�D�G�L�D�W�L�R�Q�� �O�X�P�L�Q�H�X�V�H�� �V�X�U�� �O�H�� �W�D�Q�L�Q�� �P�D�L�V�� �S�U�R�S�U�L�p�W�p�� �p�J�D�O�H�P�H�Q�W�� �p�Y�D�O�X�p�H�� �S�D�U�� �O�D��

�Y�L�W�H�V�V�H���G�H���G�L�V�S�D�U�L�W�L�R�Q���G�H�V���U�D�G�L�F�D�X�[���S�K�p�Q�R�[�\�O�H�V���I�R�U�P�p�V�����&�H�W�W�H���p�W�X�G�H���D���p�W�p���P�H�Q�p�H��

�S�D�U�� �6�S�H�F�W�U�R�V�F�R�S�L�H�� �G�H�� �5�p�V�R�Q�D�Q�F�H�� �3�D�U�D�P�D�J�Q�p�W�L�T�X�H�� �(�O�H�F�W�U�R�Q�L�T�X�H�� �H�W�� �D�� �S�H�U�P�L�V�� �G�H��

�G�p�W�H�U�P�L�Q�H�U�� �G�D�Q�V�� �O�H�� �F�D�V�� �G�H�� �O�¶�p�W�X�G�H�� �G�H�V�� �W�D�Q�L�Q�V���� �T�X�D�W�U�H�� �S�D�U�D�P�q�W�U�H�V�� �F�O�D�V�V�p�V�� �S�D�U��

�R�U�G�U�H�� �G�p�F�U�R�L�V�V�D�Q�W�� �G�¶�L�P�S�R�U�W�D�Q�F�H�� �T�X�L�� �L�Q�I�O�X�H�Q�W�� �V�X�U�� �O�H�V���F�D�S�D�F�L�W�p�V�� �D�Q�W�L�R�[�\�G�D�Q�W�H�V�� �G�H�V��

�W�D�Q�L�Q�V�����j���V�D�Y�R�L�U��������

�x �/�¶�p�W�D�W�� �F�R�O�O�R�w�G�D�O���G�H�� �O�D�� �V�R�O�X�W�L�R�Q���G�H�� �W�D�Q�L�Q���� �O�L�p�� �j�� �O�D�� �S�U�p�V�H�Q�F�H�� �G�H�� �F�D�U�E�R�K�\�G�U�D�W�H�V��

�>Masson et al., 1996 (1)  ; (2)�@��

�x �/�D�� �V�W�p�U�p�R�F�K�L�P�L�H�� �G�H�V�� �W�D�Q�L�Q�V�� �p�W�X�G�L�p�V�� �O�L�p�H�� �j�� �O�D�� �I�D�F�L�O�L�W�p�� �G�H�� �I�R�U�P�D�W�L�R�Q�� �G�H�V�� �O�L�D�L�V�R�Q�V��

�L�Q�W�H�U�I�O�D�Y�R�Q�R�w�G�H�V���>Zalacain et al., 2002 �@��
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�x �/�D���I�D�F�L�O�L�W�p���G�¶�R�X�Y�H�U�W�X�U�H���G�H���O�¶�K�p�W�p�U�R�F�\�F�O�H���S�\�U�D�Q�L�T�X�H��

�x �/�H�� �Q�R�P�E�U�H�� �G�H�� �J�U�R�X�S�H�V�� �K�\�G�U�R�[�\�O�H�V�� �S�U�p�V�H�Q�W�V�� �V�X�U���O�¶�D�Q�Q�H�D�X�� �$�� �H�W�� �O�¶�D�Q�Q�H�D�X�� �%�� �G�X��

�W�D�Q�L�Q��

��

�$�L�Q�V�L���� �R�Q�� �S�H�X�W�� �H�Q�� �G�p�G�X�L�U�H�� �T�X�H�� �O�H�V�� �W�D�Q�L�Q�V�� �F�R�Q�G�H�Q�V�p�V�� �S�R�V�V�q�G�H�Q�W�� �G�H�V�� �S�U�R�S�U�L�p�W�p�V��

�D�Q�W�L�R�[�\�G�D�Q�W�H�V�� �L�Q�F�R�Q�W�H�V�W�D�E�O�H�P�H�Q�W�� �V�X�S�p�U�L�H�X�U�H�V�� �D�X�[�� �W�D�Q�L�Q�V�� �K�\�G�U�R�O�\�V�D�E�O�H�V�� �H�W�� �T�X�H�� �O�H��

�W�D�Q�L�Q���G�H���T�X�H�E�U�D�F�K�R���H�V�W���X�Q���P�H�L�O�O�H�X�U���D�Q�W�L�R�[�\�G�D�Q�W���T�X�H���O�H���W�D�Q�L�Q���G�H���P�L�P�R�V�D���>Noferi et 

al., 1997 �@����

��

�'�L�Y�H�U�V�H�V�� �W�H�F�K�Q�L�T�X�H�V�� �G�¶�D�Q�D�O�\�V�H�� �R�Q�W�� �p�J�D�O�H�P�H�Q�W�� �S�H�U�P�L�V�� �G�¶�L�V�R�O�H�U�� �H�W�� �G�¶�L�G�H�Q�W�L�I�L�H�U�� �O�H�V��

�P�R�O�p�F�X�O�H�V�� �F�R�Q�V�W�L�W�X�D�Q�W�� �O�H�V�� �W�D�Q�L�Q�V�� �D�L�Q�V�L�� �T�X�H�� �O�H�X�U�� �G�H�J�U�p�� �G�H�� �S�R�O�\�P�p�U�L�V�D�W�L�R�Q�� �S�D�U��

�F�K�U�R�P�D�W�R�J�U�D�S�K�L�H�� �O�L�T�X�L�G�H�� �K�D�X�W�H�� �S�H�U�I�R�U�P�D�Q�F�H�� �>Cheynier et al., 1999 �@���� �S�D�U��

�F�K�U�R�P�D�W�R�J�U�D�S�K�L�H�� �j�� �S�H�U�P�p�D�W�L�R�Q�� �G�H�� �J�H�O�� �>Cadahía et al., 1996 �@���� �/�D�� �V�S�H�F�W�U�R�V�F�R�S�L�H��

�G�¶�D�E�V�R�U�S�W�L�R�Q�� �G�H�� �O�¶�X�O�W�U�D�Y�L�R�O�H�W�� �>Kirby et al, 1953  ; Muralidharan, 1997 �@�� �S�H�U�P�H�W��

�G�¶�L�G�H�Q�W�L�I�L�H�U���J�O�R�E�D�O�H�P�H�Q�W���O�D���I�D�P�L�O�O�H���G�¶�X�Q���W�D�Q�L�Q���D�O�R�U�V���T�X�H���O�D���V�S�H�F�W�U�R�V�F�R�S�L�H���L�Q�I�U�D�U�R�X�J�H��

�j���W�U�D�Q�V�I�R�U�P�p�H���G�H���)�R�X�U�L�H�U���S�H�U�P�H�W���G�H���G�p�I�L�Q�L�U���X�Q���W�D�Q�L�Q���G�R�Q�Q�p���>Nakagawa et Sugita, 

1999 �@���� �/�D�� �V�S�H�F�W�U�R�V�F�R�S�L�H�� �G�X�� �S�U�R�F�K�H�� �L�Q�I�U�D�U�R�X�J�H�� �D�� �p�J�D�O�H�P�H�Q�W�� �D�L�G�p�� �j�� �D�Q�D�O�\�V�H�U�� �X�Q��

�H�[�W�U�D�L�W���G�H���W�D�Q�L�Q�����H�Q���G�p�W�H�U�P�L�Q�D�Q�W���O�D���S�D�U�W���G�¶�H�[�W�U�D�F�W�L�E�O�H�V�����G�H���W�D�Q�L�Q�V���H�W���G�H���Q�R�Q���W�D�Q�L�Q�V��

�S�R�X�U���X�Q�H���H�V�S�q�F�H���G�H���W�D�Q�L�Q���G�R�Q�Q�p�H���>Donkin et Pearce, 1995 �@����

�&�H�V�� �G�H�U�Q�L�q�U�H�V�� �D�Q�Q�p�H�V�����X�Q�H�� �W�H�F�K�Q�L�T�X�H�� �L�Q�Q�R�Y�D�Q�W�H�� �V�¶�H�V�W�� �G�p�Y�H�O�R�S�S�p�H�����,�O�� �V�¶�D�J�L�W�� �G�H�� �O�D��

�V�S�H�F�W�U�R�P�p�W�U�L�H�� �G�H�� �P�D�V�V�H�� �F�R�X�S�O�D�Q�W�� �X�Q�H�� �V�R�X�U�F�H�� �G�
�L�R�Q�L�V�D�W�L�R�Q�� �O�D�V�H�U�� �D�V�V�L�V�W�p�H�� �S�D�U�� �X�Q�H��

�P�D�W�U�L�F�H���H�W�� �X�Q�� �D�Q�D�O�\�V�H�X�U�� �j�� �W�H�P�S�V�� �G�H�� �Y�R�O���R�X�� �0�$�/�'�,���7�R�)�� �T�X�L�� �S�H�U�P�H�W�� �G�¶�p�Y�D�O�X�H�U�� �O�H��

�S�R�L�G�V�� �P�R�O�p�F�X�O�D�L�U�H�� �G�H�V�� �I�U�D�J�P�H�Q�W�V�� �G�H�� �S�R�O�\�P�q�U�H���� �/�¶�L�Q�W�U�R�G�X�F�W�L�R�Q�� �G�H�� �F�H�W�W�H�� �W�H�F�K�Q�L�T�X�H��

�G�D�Q�V�� �O�¶�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �G�H�V�� �W�D�Q�L�Q�V���>�3�D�V�F�K�� �H�W�� �D�O������ ���������@�� �D�� �S�H�U�P�L�V�� �X�Q�H�� �F�R�Q�Q�D�L�V�V�D�Q�F�H��

�H�Q�F�R�U�H�� �V�X�S�p�U�L�H�X�U�H�� �V�X�U�� �O�H�V�� �H�Q�F�K�D�v�Q�H�P�H�Q�W�V�� �G�H�V�� �I�O�D�Y�R�Q�R�w�G�H�V�� �G�D�Q�V�� �O�H�� �S�R�O�\�P�q�U�H��

�W�D�Q�Q�L�T�X�H����

��

�/�H�V�� �W�D�Q�L�Q�V���F�R�Q�G�H�Q�V�p�V�� �V�R�Q�W�� �E�H�D�X�F�R�X�S�� �S�O�X�V���L�Q�W�p�U�H�V�V�D�Q�W�V�� �G�D�Q�V�� �O�D�� �F�K�L�P�L�H�� �G�H�V��

�D�G�K�p�V�L�I�V���F�D�U���L�O�V���U�p�D�J�L�V�V�H�Q�W���G�H���O�D���P�r�P�H���I�D�o�R�Q���T�X�H���O�H�V�����S�K�p�Q�R�O�V���V�X�U���G�H�V���G�X�U�F�L�V�V�H�X�U�V��

�F�R�P�P�H���O�H�V���D�O�G�p�K�\�G�H�V���H�Q���P�L�O�L�H�X���D�F�L�G�H���R�X���E�D�V�L�T�X�H����

�/�H�V�� �U�p�D�F�W�L�R�Q�V�� �G�H�� �S�R�O�\�F�R�Q�G�H�Q�V�D�W�L�R�Q�� �G�H�V�� �W�D�Q�L�Q�V�� �V�R�Q�W�� �F�R�Q�Q�X�H�V�� �V�H�X�O�H�P�H�Q�W���G�H�S�X�L�V��

1952 ���J�U�k�F�H���j�� McLean et Gardner�� �S�R�X�U�� �G�H�V�� �X�W�L�O�L�V�D�W�L�R�Q�V�� �G�D�Q�V�� �O�H�V�� �D�G�K�p�V�L�I�V�� �S�R�X�U��

�E�R�L�V�����3�O�X�V�� �U�p�F�H�P�P�H�Q�W���� �O�¶�X�W�L�O�L�V�D�W�L�R�Q�� �G�H�V�� �W�D�Q�L�Q�V�� �V�¶�H�V�W�� �G�p�Y�H�O�R�S�S�p�H�� �H�W�� �D�� �W�U�R�X�Y�p�� �G�H�V��

�D�S�S�O�L�F�D�W�L�R�Q�V�� �G�D�Q�V�� �O�H�� �F�R�O�O�D�J�H�� �G�X�� �E�R�L�V���� �G�H�� �F�D�U�W�R�Q�� �R�Q�G�X�O�p�� �H�W�� �G�H�� �G�L�I�I�p�U�H�Q�W�V�� �W�\�S�H�V�� �G�H��
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�S�D�Q�Q�H�D�X�[�� �G�H���S�D�U�W�L�F�X�O�H�V���� �2�6�%���H�W���F�R�Q�W�U�H�S�O�D�T�X�p���D�X���S�R�L�Q�W���T�X�H���O�H�V���I�R�U�P�X�O�D�W�L�R�Q�V���V�R�Q�W��

�G�p�M�j���G�H�Y�H�Q�X�H�V���F�R�P�P�H�U�F�L�D�O�H�V����

��

�(�Q���U�p�V�X�P�p���� �L�O���H�V�W���S�R�V�V�L�E�O�H���G�H���F�O�D�V�V�H�U���O�H�V���S�U�L�Q�F�L�S�D�X�[���H�[�W�U�D�L�W�V���G�H���W�D�Q�L�Q�V���F�R�Q�G�H�Q�V�p�V��

�H�Q�� �S�U�p�F�L�V�D�Q�W�� �O�H���S�R�O�\�I�O�D�Y�R�Q�R�w�G�H���G�R�P�L�Q�D�Q�W�����O�H�� �W�\�S�H�� �G�¶�H�Q�F�K�D�v�Q�H�P�H�Q�W�� �H�W���O�H�� �G�H�J�U�p�� �G�H��

�S�R�O�\�P�p�U�L�V�D�W�L�R�Q���T�X�L���U�H�I�O�q�W�H���O�H���Q�R�P�E�U�H���P�R�\�H�Q���G�H�V���X�Q�L�W�p�V���G�D�Q�V���O�¶�R�O�L�J�R�P�q�U�H����

��

Extrait Type de flavonoides Enchainement Degré de 

polymérisation 

Aspect 

Mimosa (Acacia 

Mearnsii or 

mollissima) 

 

prorobinetinidine 4-6 Elevé 

 

Quebracho 

(Schinopsis 

Balansae) 

 

profisetinidine 4-6 Elevé 

 

Pine (Pinus 

Radiata) 

 

procyanidine 4-8 Très Elevé 

 

Pecan (Carya 

Illinoensis) 

 

 

procyanidine 4-8 Très Elevé 

 

Gambier 

(Uncaria 

Gambir) 

 

 

procyanidine 4-8 Bas 

 

��

Tableau  2 : Classification des diff érents types de tanins condensé s. 

��
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Ré activité des tanins condensés :  

��

�/�D�� �U�H�O�D�W�L�Y�H�� �D�F�F�H�V�V�L�E�L�O�L�W�p�� �H�W���R�X�� �U�p�D�F�W�L�Y�L�W�p�� �G�H�V�� �I�O�D�Y�R�Q�R�w�G�H�V�� �D�� �p�W�p�� �p�W�X�G�L�p�H�� �J�U�k�F�H�� �j�� �O�D��

�E�U�R�P�D�W�L�R�Q���V�p�O�H�F�W�L�Y�H���G�D�Q�V���O�D���S�\�U�L�G�L�Q�H���G�H���P�R�G�q�O�H�V���G�H�V���I�D�P�L�O�O�H�V���G�X���S�K�O�R�U�R�J�O�X�F�L�Q�R�O���H�W��

�G�X���U�p�V�R�U�F�L�Q�R�O�����2�Q���S�H�X�W���D�O�R�U�V���R�E�V�H�U�Y�H�U���O�D���E�U�R�P�D�W�L�R�Q���S�U�p�I�p�U�H�Q�W�L�H�O�O�H���G�H���O�D�����������W�p�W�U�D��

�2���P�p�W�K�\�O�F�D�W�p�F�K�L�Q�H���H�Q���&���� �>Roux et al,1975 �@���� �H�W���F�¶�H�V�W���X�Q�L�T�X�H�P�H�Q�W���O�R�U�V�T�X�H���F�H���V�L�W�H��

�H�V�W�� �R�F�F�X�S�p�� �T�X�H�� �O�D�� �V�X�E�V�W�L�W�X�W�L�R�Q�� �F�R�P�P�H�Q�F�H�� �H�Q�� �&������ �/�H�� �Q�R�\�D�X�� �%�� �Q�¶�H�V�W�� �S�D�V�� �U�p�D�F�W�L�I�� �j��

�P�R�L�Q�V���T�X�¶�L�O���Q�¶�\�� �D�L�W���X�Q���H�[�F�q�V���G�H���U�p�D�F�W�L�I�� �G�H���E�U�R�P�D�W�L�R�Q������ �R�Q���R�E�V�H�U�Y�H���D�O�R�U�V���X�Q���I�D�L�E�O�H��

�G�H�J�U�p�� �G�H�� �V�X�E�V�W�L�W�X�W�L�R�Q�� �H�Q�� �&���¶���� �/�D�� �V�p�T�X�H�Q�F�H�� �G�H�� �E�U�R�P�D�W�L�R�Q�� �G�H�� �O�D�� ���������W�p�W�U�D���2��

�P�p�W�K�\�O�F�D�W�p�F�K�L�Q�H�������!���!�!���¶�����H�V�W���S�U�p�V�H�Q�W�p�H�����V�X�U���O�D���I�L�J�X�U�H�����������$������

�&�H�S�H�Q�G�D�Q�W���� �S�R�X�U�� �O�H�� �U�p�V�R�U�F�L�Q�R�O�� �p�T�X�L�Y�D�O�H�Q�W���� �O�D��(-)- tri -O- méthylfustine ���� �O�D�� �V�p�T�X�H�Q�F�H��

�G�H���V�X�E�V�W�L�W�X�W�L�R�Q���G�H�Y�L�H�Q�W�����!���!�!���¶�����������%������

��

������������

Figure 10:  Représentation des sites réactifs des flavonoïdes par bromation ��

��

�/�D�� �V�X�E�V�W�L�W�X�W�L�R�Q�� �S�U�p�I�p�U�H�Q�W�L�H�O�O�H�� �G�H�V�� �I�O�D�Y�R�Q�R�w�G�H�V�� �G�H���W�\�S�H�� �S�K�O�R�U�R�J�O�X�F�L�Q�R�O�� �H�Q�� �&���� �H�W�� �G�H��

�W�\�S�H�� �U�p�V�R�U�F�L�Q�R�O�� �H�Q�� �&���� �G�R�L�W�� �Y�U�D�L�V�H�P�E�O�D�E�O�H�P�H�Q�W�� �r�W�U�H�� �O�L�p�H�� �j�� �O�D�� �S�O�X�V�� �J�U�D�Q�G�H��

�D�F�F�H�V�V�L�E�L�O�L�W�p�� �G�H�� �F�H�V�� �V�L�W�H�V���� �(�Q�� �X�W�L�O�L�V�D�Q�W�� �O�H�� �U�p�V�R�U�F�L�Q�R�O�� �F�R�P�P�H�� �P�R�G�q�O�H�� �V�L�P�S�O�L�I�L�p���� �L�O��

�D�S�S�D�U�D�v�W���T�X�H���O�H�V���G�L�����W�U�L�����H�W���W�p�W�U�D�P�q�U�H�V���I�R�U�P�p�V���O�R�U�V���G�H���O�D���U�p�D�F�W�L�R�Q�����H�Q���P�L�O�L�H�X���D�F�L�G�H��

�R�X�� �D�O�F�D�O�L�Q���� �G�H�� �F�H�O�X�L���F�L�� �D�Y�H�F�� �O�H�� �I�R�U�P�D�O�G�p�K�\�G�H���� �Q�H�� �S�U�L�Y�L�O�p�J�L�H�Q�W�� �S�D�V�� �O�D�� �S�R�V�L�W�L�R�Q�� �H�Q��

ortho �� �G�H�V�� �G�H�X�[�� �J�U�R�X�S�H�P�H�Q�W�V�� �K�\�G�U�R�[�\�O�H�V���� �&�H�W�W�H�� �V�X�E�V�W�L�W�X�W�L�R�Q�� �S�U�p�I�p�U�H�Q�W�L�H�O�O�H�� �T�X�L��

�V�H�P�E�O�H�� �r�W�U�H�� �U�H�V�S�H�F�W�p�H�� �G�D�Q�V�� �O�D�� �V�W�U�X�F�W�X�U�H�� �G�H�V�� �E�L�I�O�D�Y�R�Q�R�w�G�H�V���� �H�W�� �F�R�Q�I�L�U�P�p�H�� �S�D�U�� �O�H�V��

�U�p�D�F�W�L�R�Q�V���G�H���P�R�G�q�O�H�V���S�K�p�Q�R�O�L�T�X�H�V�����Q�¶�H�V�W���F�H�S�H�Q�G�D�Q�W���S�D�V���U�H�V�S�H�F�W�p�H���j���X�Q���G�H�J�U�p���G�H��

�U�p�W�L�F�X�O�D�W�L�R�Q���V�X�S�p�U�L�H�X�U����

��
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Réaction avec les aldéhydes 

��

�/�H�V���W�D�Q�L�Q�V���p�W�D�Q�W���G�H���Q�D�W�X�U�H���S�K�p�Q�R�O�L�T�X�H�����L�O�V���U�p�D�J�L�V�V�H�Q�W���G�H���O�D���P�r�P�H���P�D�Q�L�q�U�H���T�X�H���O�H�V��

�S�K�p�Q�R�O�V���� �D�X�V�V�L�� �E�L�H�Q�� �H�Q�� �P�L�O�L�H�X�� �D�F�L�G�H�� �T�X�¶�H�Q�� �P�L�O�L�H�X�� �D�O�F�D�O�L�Q���� �/�¶�D�X�J�P�H�Q�W�D�W�L�R�Q�� �G�H��

�O�¶�D�O�F�D�O�L�Q�L�W�p���G�X���P�L�O�L�H�X�� �D�X�J�P�H�Q�W�H���O�D���Q�X�F�O�p�R�S�K�L�O�L�H���G�X���S�K�p�Q�R�O���� �W�R�X�W�� �V�S�p�F�L�D�O�H�P�H�Q�W���Y�H�U�V��

�S�+� ���� �R�•�� �G�H�V�� �L�R�Q�V�� �S�K�p�Q�D�W�H�V�� �V�R�Q�W�� �I�R�U�P�p�V���� �/�H�V�� �V�L�W�H�V�� �Q�X�F�O�p�R�S�K�L�O�H�V�� �S�U�p�V�H�Q�W�V�� �V�X�U�� �O�H��

�Q�R�\�D�X�� �$�� �G�H�� �Q�¶�L�P�S�R�U�W�H�� �T�X�H�O�� �I�O�D�Y�R�Q�R�w�G�H�� �W�H�Q�G�H�Q�W�� �j�� �r�W�U�H�� �S�O�X�V�� �U�p�D�F�W�L�I�V���T�X�H�� �F�H�X�[�� �G�X��

�Q�R�\�D�X�� �%���� �&�H�F�L�� �H�V�W�� �G�€�� �D�X�[�� �J�U�R�X�S�H�P�H�Q�W�V�� �Y�L�F�L�Q�D�X�[�� �K�\�G�U�R�[�\�O�H�V�� �T�X�L�� �S�U�R�Y�R�T�X�H�Q�W�� �X�Q�H��

�D�F�W�L�Y�D�W�L�R�Q���G�H���O�D���J�O�R�E�D�O�L�W�p���G�X���Q�R�\�D�X���%���V�D�Q�V���O�R�F�D�O�L�V�D�W�L�R�Q���G�H���O�D���U�p�D�F�W�L�Y�L�W�p���F�R�P�P�H���F�H�O�D��

�V�H���S�U�R�G�X�L�W���V�X�U���O�H���Q�R�\�D�X���$����

�/�H�� �I�R�U�P�D�O�G�p�K�\�G�H�� �U�p�D�J�L�W�� �D�Y�H�F�� �O�H�V�� �W�D�Q�L�Q�V�� �O�R�U�V�� �G�¶�X�Q�H�� �S�R�O�\�P�p�U�L�V�D�W�L�R�Q�� �I�D�L�V�D�Q�W��

�L�Q�W�H�U�Y�H�Q�L�U�� �G�H�V�� �S�R�Q�W�V�� �G�H�� �W�\�S�H�� �P�p�W�K�\�O�q�Q�H�� �H�Q�W�U�H�� �O�H�V�� �V�L�W�H�V�� �U�p�D�F�W�L�I�V�� �G�H�V�� �I�O�D�Y�R�Q�R�w�G�H�V����

�S�U�L�Q�F�L�S�D�O�H�P�H�Q�W���F�H�X�[���G�H�V���Q�R�\�D�X�[���$����

�'�D�Q�V���O�H�V���P�R�O�p�F�X�O�H�V���G�H���W�D�Q�L�Q�V���F�R�Q�G�H�Q�V�p�V�����V�H�X�O���V�X�E�V�L�V�W�H���X�Q���V�L�W�H���K�D�X�W�H�P�H�Q�W���U�p�D�F�W�L�I����

�O�¶�D�X�W�U�H���p�W�D�Q�W���H�Q�J�D�J�p���G�D�Q�V���X�Q�H���O�L�D�L�V�R�Q���L�Q�W�H�U�I�O�D�Y�R�Q�R�w�G�H�����/�H�V���I�O�D�Y�R�Q�R�w�G�H�V���j���Q�R�\�D�X�[���$��

�G�H�� �W�\�S�H�� �U�p�V�R�U�F�L�Q�R�O�� ���W�D�Q�L�Q�V�� �G�H�� �0�L�P�R�V�D���� �P�R�Q�W�U�H�Q�W�� �X�Q�H�� �U�p�D�F�W�L�Y�L�W�p�� �Y�L�V���j���Y�L�V�� �G�X��

�I�R�U�P�D�O�G�p�K�\�G�H�� �F�R�P�S�D�U�D�E�O�H���� �R�X�� �O�p�J�q�U�H�P�H�Q�W�� �L�Q�I�p�U�L�H�X�U�H���� �j�� �F�H�O�O�H�� �G�H�� �O�D�� �U�p�V�R�U�F�L�Q�H��

�>Rossouw et al,1980  ����Pizzi, 1978 �@�����/�H�V���Q�R�\�D�X�[���%���G�H���W�\�S�H���S�\�U�R�J�D�O�O�R�O���R�X���F�D�W�p�F�K�R�O��

�Q�H�� �V�R�Q�W�� �G�R�Q�F�� �S�D�V�� �U�p�D�F�W�L�I�V���� �V�D�X�I�� �O�R�U�V�T�X�¶�L�O�� �\�� �D�� �I�R�U�P�D�W�L�R�Q�� �G�¶�D�Q�L�R�Q�V�� �j�� �G�H�V�� �S�+��

�U�H�O�D�W�L�Y�H�P�H�Q�W�� �p�O�H�Y�p�V�� ���|�� �������� �>Roux et al,1975�@���� �3�D�U�I�R�L�V���� �O�H�V�� �Q�R�\�D�X�[�� �%�� �G�H�� �W�\�S�H��

�F�D�W�p�F�K�R�O�� �V�R�Q�W�� �U�p�D�F�W�L�I�V�� �j�� �W�H�P�S�p�U�D�W�X�U�H�� �S�O�X�V�� �p�O�H�Y�p�H�� �>Osman and Pizzi, 2002 �@����

�0�D�O�K�H�X�U�H�X�V�H�P�H�Q�W���O�D���U�p�D�F�W�L�Y�L�W�p���G�H�V���Q�R�\�D�X�[�� �$���Y�L�V���j���Y�L�V���G�X���I�R�U�P�D�O�G�p�K�\�G�H���H�V�W���D�O�R�U�V��

�W�H�O�O�H�P�H�Q�W���p�O�H�Y�p�H���T�X�H�� �O�D�� �W�U�R�S�� �I�D�L�E�O�H�� �G�X�U�p�H�� �G�H�� �F�R�Q�V�H�U�Y�D�W�L�R�Q�� �G�H�V�� �U�H�V�R�O�V�� �W�D�Q�L�Q�V����

�I�R�U�P�D�O�G�p�K�\�G�H���O�H�V���U�H�Q�G���L�Q�G�X�V�W�U�L�H�O�O�H�P�H�Q�W���L�Q�X�W�L�O�L�V�D�E�O�H�V���>Pizzi, 1978 �@����

�(�Q�� �S�U�D�W�L�T�X�H���� �V�H�X�O�V�� �O�H�V�� �Q�R�\�D�X�[�� �$�� �L�Q�W�H�U�Y�L�H�Q�Q�H�Q�W�� �G�D�Q�V�� �O�D�� �I�R�U�P�D�W�L�R�Q�� �G�X�� �U�p�V�H�D�X��

�W�U�L�G�L�P�H�Q�V�L�R�Q�Q�H�O���� �&�H�S�H�Q�G�D�Q�W���� �L�O�� �V�X�I�I�L�W�� �G�¶�X�Q�� �I�D�L�E�O�H�� �G�H�J�U�p�� �G�H�� �F�R�Q�G�H�Q�V�D�W�L�R�Q�� �D�Y�H�F�� �O�H��

�I�R�U�P�D�O�G�p�K�\�G�H�� �S�R�X�U�� �T�X�H�� �O�D�� �W�D�L�O�O�H�� �H�W�� �O�D�� �F�R�Q�I�L�J�X�U�D�W�L�R�Q�� �G�H�V�� �P�R�O�p�F�X�O�H�V�� �G�H�� �W�D�Q�L�Q�V�� �O�H�X�U��

�L�P�S�R�V�H�Q�W�� �O�¶�L�P�P�R�E�L�O�L�W�p���� �F�H�F�L�� �j�� �X�Q�� �S�R�L�Q�W�� �W�H�O�� �T�X�H�� �O�H�V�� �V�L�W�H�V�� �U�p�D�F�W�L�I�V�� �V�R�Q�W�� �D�O�R�U�V�� �W�U�R�S��

�p�O�R�L�J�Q�p�V���S�R�X�U���T�X�H���S�X�L�V�V�H���V�¶�p�W�D�E�O�L�U���X�Q���S�R�Q�W���G�H���W�\�S�H���P�p�W�K�\�O�q�Q�H���>Roux et al,1975�@����

�/�H�� �U�p�V�X�O�W�D�W�� �H�Q�� �H�V�W�� �X�Q�H���S�R�O�\�P�p�U�L�V�D�W�L�R�Q�� �L�Q�F�R�P�S�O�q�W�H���� �G�¶�R�•�� �O�H�V���I�D�L�E�O�H�V�V�H�V�� �H�W���O�H�V��

�I�U�D�J�L�O�L�V�D�W�L�R�Q�V�� �V�R�X�Y�H�Q�W�� �F�D�U�D�F�W�p�U�L�V�W�L�T�X�H�V�� �G�H�V�� �D�G�K�p�V�L�I�V�� �W�D�Q�L�Q�V���I�R�U�P�D�O�G�p�K�\�G�H����

�&�H�S�H�Q�G�D�Q�W���� �F�H�U�W�D�L�Q�H�V�� �L�Q�G�L�F�D�W�L�R�Q�V�� �V�X�J�J�q�U�H�Q�W�� �T�X�H�� �G�D�Q�V�� �G�H�V�� �P�L�O�L�H�X�[�� �O�p�J�q�U�H�P�H�Q�W��

�D�F�L�G�H�V���R�X���E�D�V�L�T�X�H�V���D�Y�H�F���X�Q���H�[�F�q�V���G�H���U�p�V�R�U�F�L�Q�R�O���� �O�H�V���Q�R�\�D�X�[���%���G�H���W�\�S�H���S�\�U�R�J�D�O�O�R�O��

�V�R�Q�W���F�D�S�D�E�O�H�V���G�H���U�p�D�J�L�U���D�Y�H�F���O�H���I�R�U�P�D�O�G�p�K�\�G�H���>Pizzi, 1977 �@�����$�L�Q�V�L�����O�R�U�V���G�H���O�¶�p�W�X�G�H��
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�G�H�� �P�R�O�p�F�X�O�H�V�� �P�R�G�q�O�H�V�� �j�� �W�H�P�S�p�U�D�W�X�U�H�� �D�P�E�L�D�Q�W�H���� �3�L�]�]�L�� �D�� �R�E�V�H�U�Y�p�� �O�D�� �I�R�U�P�D�W�L�R�Q�� �G�H��

�G�L�P�q�U�H�V���S�\�U�R�J�D�O�O�R�O���I�R�U�P�D�O�G�p�K�\�G�H�����D�L�Q�V�L���T�X�H���G�H���G�L�P�q�U�H�V���H�W���G�H���W�U�L�P�q�U�H�V���U�p�V�R�U�F�L�Q�R�O��

�I�R�U�P�D�O�G�p�K�\�G�H���� �&�H�F�L�� �L�Q�G�L�T�X�H�� �T�X�¶�H�Q�� �G�p�S�L�W�� �G�¶�X�Q�H�� �S�D�U�W�L�F�L�S�D�W�L�R�Q�� �O�L�P�L�W�p�H�� �G�H�V�� �Q�R�\�D�X�[�� �%��

�G�D�Q�V���O�D���I�R�U�P�D�W�L�R�Q���G�¶�X�Q���U�p�V�H�D�X���W�U�L�G�L�P�H�Q�V�L�R�Q�Q�H�O���W�D�Q�L�Q���I�R�U�P�D�O�G�p�K�\�G�H�����X�Q���W�H�O���U�p�V�H�D�X��

�U�H�V�W�H���W�R�X�M�R�X�U�V���I�D�L�E�O�H����

�$�I�L�Q�� �G�H�� �U�p�V�R�X�G�U�H�� �F�H�� �S�U�R�E�O�q�P�H���� �G�H�V�� �D�J�H�Q�W�V�� �G�H�� �U�p�W�L�F�X�O�D�W�L�R�Q�� �F�R�P�P�H�� �G�H�V�� �U�p�V�L�Q�H�V��

�S�K�p�Q�R�O�L�T�X�H�V�� �R�X�� �D�P�L�Q�R�S�O�D�V�W�L�T�X�H�V�� �j�� �I�R�U�W�� �W�D�X�[�� �G�H�� �S�R�O�\�P�p�U�L�V�D�W�L�R�Q�� �R�Q�W�� �p�W�p�� �X�W�L�O�L�V�p�H�V����

�H�O�O�H�V���S�H�U�P�H�W�W�H�Q�W���O�¶�p�W�D�E�O�L�V�V�H�P�H�Q�W���G�H���O�L�D�L�V�R�Q�V���H�Q�W�U�H���G�H�V���V�L�W�H�V���W�U�R�S���G�L�V�W�D�Q�W�V���S�R�X�U���r�W�U�H��

�U�H�O�L�p�V�� �S�D�U�� �X�Q�� �S�R�Q�W�� �G�H�� �W�\�S�H�� �P�p�W�K�\�O�q�Q�H�� �>Pizzi et Scharfetter, 1978; Pizzi et Roux, 

1978 �@����

�%�L�H�Q���T�X�H�� �O�H���F�D�W�p�F�K�R�O���H�W���O�H�V���Q�R�\�D�X�[�� �%���G�H���W�\�S�H���F�D�W�p�F�K�R�O���Q�H���U�p�D�J�L�V�V�H�Q�W���S�D�V���D�Y�H�F���O�H��

�I�R�U�P�D�O�G�p�K�\�G�H�� �j�� �G�H�V�� �S�+�� �L�Q�I�p�U�L�H�X�U�V�� �j�� �������� �O�¶�D�G�G�L�W�L�R�Q�� �G�¶�D�F�p�W�D�W�H�� �G�H�� �]�L�Q�F�� �S�H�U�P�H�W�� �D�X�[��

�Q�R�\�D�X�[�� �%�� �G�H�� �W�\�S�H�� �F�D�W�p�F�K�R�O�� �G�H�� �U�p�D�J�L�U�� �D�Y�H�F�� �O�H�� �I�R�U�P�D�O�G�p�K�\�G�H�� �j�� �F�H�V�� �S�+���� �O�D�� �J�D�P�P�H��

�R�S�W�L�P�D�O�H�� �G�H�� �S�+�� �p�W�D�Q�W�������������� ������ �F�R�P�P�H�� �O�H�� �P�R�Q�W�U�H�� �O�D�� �S�O�X�V�� �J�U�D�Q�G�H�� �T�X�D�Q�W�L�W�p�� �G�H��

�I�R�U�P�D�O�G�p�K�\�G�H���F�R�Q�V�R�P�P�p�H���>Hillis et Urbach, 1959�@�����/�¶�D�F�p�W�D�W�H���G�H���]�L�Q�F���S�H�U�P�H�W���G�R�Q�F��

�X�Q�H�� �U�p�W�L�F�X�O�D�W�L�R�Q�� �G�X�� �V�\�V�W�q�P�H�� �V�D�Q�V�� �H�P�S�O�R�\�H�U�� �G�H�� �U�p�V�L�Q�H�V�� �V�\�Q�W�K�p�W�L�T�X�H�V�� �S�K�p�Q�R�O�L�T�X�H�V��

�R�X���D�P�L�Q�R�S�O�D�V�W�L�T�X�H�V�����$�L�Q�V�L���O�¶�X�W�L�O�L�V�D�W�L�R�Q���G�¶�X�Q�H���S�H�W�L�W�H���T�X�D�Q�W�L�W�p���G�¶�D�F�p�W�D�W�H���G�H���]�L�Q�F���������j��

�������� �S�D�U�� �U�D�S�S�R�U�W�� �j�� �O�D�� �U�p�V�L�Q�H�� �V�R�O�L�G�H���� �S�H�U�P�H�W���G�¶�R�E�W�H�Q�L�U���X�Q�� �G�H�J�U�p�� �G�H�� �U�p�W�L�F�X�O�D�W�L�R�Q��

�p�O�H�Y�p���Q�H�� �F�R�Q�I�p�U�D�Q�W�� �F�H�S�H�Q�G�D�Q�W�� �S�D�V�� �D�X�� �U�p�V�H�D�X�� �X�Q�H�� �I�R�U�F�H�� �F�R�P�S�D�U�D�E�O�H�� �j�� �F�H�O�O�H��

�R�E�W�H�Q�X�H���J�U�k�F�H���j���O�¶�D�G�G�L�W�L�R�Q���G�H���U�p�V�L�Q�H�V���V�\�Q�W�K�p�W�L�T�X�H�V���>Osman and Pizzi, 2002 �@����

�6�L�� �O�¶�R�Q�� �F�R�Q�V�L�G�q�U�H�� �O�D�� �G�p�S�H�Q�G�D�Q�F�H�� �G�H�� �O�D�� �U�p�D�F�W�L�R�Q�� �W�D�Q�L�Q�V���I�R�U�P�D�O�G�p�K�\�G�H�� �Y�L�V���j���Y�L�V�� �G�X��

�S�+���� �L�O�� �H�V�W�� �J�p�Q�p�U�D�O�H�P�H�Q�W�� �U�H�F�R�Q�Q�X�� �T�X�H�� �O�D�� �U�p�D�F�W�L�R�Q�� �G�H�V�� �W�D�Q�L�Q�V�� �G�H�� �0�L�P�R�V�D�� �D�Y�H�F�� �O�H��

�I�R�U�P�D�O�G�p�K�\�G�H���H�V�W���S�O�X�V���O�H�Q�W�H���H�Q�W�U�H�����������H�W�����������H�W�����S�R�X�U���O�H�V���W�D�Q�L�Q�V���G�H���3�L�Q�����H�Q�W�U�H����������

�H�W�� ���������� �/�D�� �T�X�D�Q�W�L�W�p�� �G�H�� �I�R�U�P�D�O�G�p�K�\�G�H�� �U�p�D�J�L�V�V�D�Q�W�� �D�Y�H�F�� �F�H�V�� �W�D�Q�L�Q�V���� �G�D�Q�V�� �F�H�V��

�G�R�P�D�L�Q�H�V���G�H���S�+�����H�V�W���W�R�X�W���Q�D�W�X�U�H�O�O�H�P�H�Q�W���O�D���S�O�X�V���I�D�L�E�O�H���>Plomley, 1966 �@����

�$�� �S�+�� �Q�H�X�W�U�H���� �O�H�� �I�R�U�P�D�O�G�p�K�\�G�H�� �U�p�D�J�L�W�� �U�D�S�L�G�H�P�H�Q�W�� �D�Y�H�F�� �O�H�V�� �X�Q�L�W�p�V�� �P�R�Q�R�P�q�U�H�V�� �H�Q��

�&���� �H�W�� �&������ �P�D�L�V�� �p�J�D�O�H�P�H�Q�W�� �H�Q�� �&���¶�� �H�W�� �&���¶�� �G�H�V�� �Q�R�\�D�X�[�� �%�� �G�H�� �W�\�S�H�� �F�D�W�p�F�K�R�O�� �R�X��

�S�\�U�R�J�D�O�O�R�O�� �E�L�H�Q�� �T�X�H�� �S�O�X�V�� �O�H�Q�W�H�P�H�Q�W���� �/�D�� �I�L�J�X�U�H�� ���� �G�D�Q�V�� �>Pizzi,1980 �@�� ���� �P�R�Q�W�U�H�� �O�D��

�G�p�S�H�Q�G�D�Q�F�H�� �G�X�� �W�H�P�S�V�� �G�H�� �J�H�O�� �G�X�� �W�D�Q�L�Q�� �G�H�� �0�L�P�R�V�D�� �D�Y�H�F�� �O�H�� �I�R�U�P�D�O�G�p�K�\�G�H�� �H�Q��

�I�R�Q�F�W�L�R�Q���G�X���S�+���j���������ƒ�&����

�/�H���I�R�U�P�D�O�G�p�K�\�G�H���H�V�W���O�¶�D�O�G�p�K�\�G�H���J�p�Q�p�U�D�O�H�P�H�Q�W���X�W�L�O�L�V�p���O�R�U�V���G�H���O�D���S�U�p�S�D�U�D�W�L�R�Q���H�W���G�X��

�G�X�U�F�L�V�V�H�P�H�Q�W�� �G�¶�D�G�K�p�V�L�I�V�� �j�� �E�D�V�H�� �G�H�� �W�D�Q�L�Q�V���� �,�O�� �H�V�W�� �Q�R�U�P�D�O�H�P�H�Q�W�� �D�G�G�L�W�L�R�Q�Q�p�� �D�X�[��

�W�D�Q�L�Q�V�� �H�Q�� �V�R�O�X�W�L�R�Q���� �D�X�� �S�+�� �G�p�V�L�U�p���� �V�R�X�V�� �O�D�� �I�R�U�P�H�� �G�H�� �I�R�U�P�D�O�L�Q�H�� �O�L�T�X�L�G�H�� �R�X�� �V�R�X�V�� �O�D��

�I�R�U�P�H�� �G�X�� �S�D�U�D�I�R�U�P�D�O�G�p�K�\�G�H�� �S�R�O�\�P�q�U�H���� �F�D�S�D�E�O�H�� �G�H�� �V�H�� �G�p�S�R�O�\�P�p�U�L�V�H�U�� �U�D�S�L�G�H�P�H�Q�W��

�H�Q���P�L�O�L�H�X���D�O�F�D�O�L�Q����
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�/�¶�K�H�[�D�P�p�W�K�\�O�q�Q�H�W�p�W�U�D�P�L�Q�H�� ���K�H�[�D�P�L�Q�H���� �S�H�X�W�� �p�J�D�O�H�P�H�Q�W�� �r�W�U�H�� �X�W�L�O�L�V�p�H���� �H�O�O�H�� �V�H��

�G�p�F�R�P�S�R�V�H�� �H�Q�� �H�I�I�H�W���� �G�q�V�� �����ƒ�&���� �H�Q�� �I�R�U�P�D�O�G�p�K�\�G�H���� �/�¶�K�H�[�D�P�L�Q�H�� �L�Q�V�W�D�E�O�H�� �H�Q�� �P�L�O�L�H�X��

�P�R�\�H�Q�Q�H�P�H�Q�W���D�F�L�G�H���G�H�Y�L�H�Q�W���S�O�X�V���V�W�D�E�O�H���O�R�U�V�T�X�H���O�H���S�+���D�X�J�P�H�Q�W�H�����&�H�S�H�Q�G�D�Q�W�����H�Q��

�P�L�O�L�H�X�� �D�O�F�D�O�L�Q���� �O�D�� �O�L�E�p�U�D�W�L�R�Q�� �G�H�� �I�R�U�P�D�O�G�p�K�\�G�H�� �S�H�X�W�� �Q�H�� �S�D�V�� �r�W�U�H�� �D�X�V�V�L�� �U�D�S�L�G�H�� �H�W��

�H�I�I�L�F�D�F�H���T�X�H���G�p�F�U�L�W�H���S�D�U���>Saayman, 1971�@������

�(�Q�� �P�L�O�L�H�X�� �D�F�L�G�H���� �O�¶�K�H�[�D�P�L�Q�H�� ���V�R�O�X�E�O�H�� �G�D�Q�V�� �O�¶�H�D�X�� �M�X�V�T�X�¶�j�� �������� �H�Q�� �P�D�V�V�H���� �V�H��

�G�p�F�R�P�S�R�V�H�� �H�Q�� ���� �P�R�O�p�F�X�O�H�V�� �G�H�� �I�R�U�P�D�O�G�p�K�\�G�H�� �H�W�� ���� �P�R�O�p�F�X�O�H�V�� �G�¶�D�P�P�R�Q�L�D�T�X�H���� �(�Q��

�P�L�O�L�H�X���D�O�F�D�O�L�Q���� �V�H�X�O�H�V������ �P�R�O�p�F�X�O�H�V���G�H���I�R�U�P�D�O�G�p�K�\�G�H���V�R�Q�W�� �O�L�E�p�U�p�H�V���� �D�F�F�R�P�S�D�J�Q�p�H�V��

�S�D�U�� �O�D�� �I�R�U�P�D�W�L�R�Q�� �G�H�� �W�U�L�P�p�W�K�\�O�D�P�L�Q�H���� �$�L�Q�V�L���� �H�Q�� �P�L�O�L�H�X���D�O�F�D�O�L�Q���� �O�¶�K�H�[�D�P�L�Q�H�� �Q�H��

�O�L�E�p�U�D�Q�W�� �G�X�� �I�R�U�P�D�O�G�p�K�\�G�H�� �T�X�¶�j�� �S�D�U�W�L�U�� �G�H�� �����ƒ�&���� �O�H�V�� �V�R�O�X�W�L�R�Q�V�� �G�¶�K�H�[�D�P�L�Q�H�� �H�W�� �G�H��

�W�D�Q�L�Q�V�� �G�H�� �0�L�P�R�V�D�� �R�Q�W�� �X�Q�H�� �G�X�U�p�H�� �G�H�� �Y�L�H�� �H�Q�� �S�R�W�� �W�U�q�V�� �L�P�S�R�U�W�D�Q�W�H�� �j�� �W�H�P�S�p�U�D�W�X�U�H��

�D�P�E�L�D�Q�W�H���>Pizzi, 1977 �@�����,�O���D���F�H�S�H�Q�G�D�Q�W���G�p�M�j���p�W�p���U�D�S�S�R�U�W�p���T�X�H���O�H�V���U�p�V�H�D�X�[���I�R�U�P�p�V��

�O�R�U�V�� �G�H�� �O�¶�X�W�L�O�L�V�D�W�L�R�Q�� �G�H�� �O�¶�K�H�[�D�P�L�Q�H�� �F�R�P�P�H�� �G�X�U�F�L�V�V�H�X�U�� �Q�H�� �U�p�V�L�V�W�H�Q�W�� �S�D�V�� �j�� �O�¶�H�D�X��

�E�R�X�L�O�O�D�Q�W�H���>Saayman, 1971�@�����F�R�Q�W�U�D�L�U�H�P�H�Q�W���j���F�H�X�[���I�R�U�P�p�V���O�R�U�V���G�H���O�¶�X�W�L�O�L�V�D�W�L�R�Q���G�H��

�O�D�� �I�R�U�P�D�O�L�Q�H�� �R�X�� �G�X�� �S�D�U�D�I�R�U�P�D�O�G�p�K�\�G�H���� �/�¶�D�P�P�R�Q�L�D�T�X�H�� �O�L�E�p�U�p�H�� �V�H�U�D�L�W�� �U�H�V�S�R�Q�V�D�E�O�H��

�G�H���F�H�W�W�H���I�D�L�E�O�H�V�V�H�����4�X�H�O�T�X�H�V���D�X�W�H�X�U�V���>Pizzi, 1977; McLean et Gardner, 1952 �@���R�Q�W��

�P�R�Q�W�U�p�� �T�X�H�� �O�D�� �S�U�p�V�H�Q�F�H�� �G�¶�K�H�[�D�P�L�Q�H�� �S�H�U�P�H�W�W�D�L�W�� �O�¶�H�[�L�V�W�H�Q�F�H�� �G�H�� �O�L�D�L�V�R�Q�V�� �D�X�V�V�L��

�V�R�O�L�G�H�V���� �V�L�� �F�H�� �Q�¶�H�V�W�� �S�O�X�V���� �T�X�H���F�H�O�O�H�V�� �R�E�W�H�Q�X�H�V�� �H�Q�� �S�U�p�V�H�Q�F�H�� �G�H���S�D�U�D�I�R�U�P�D�O�G�p�K�\�G�H����

�P�D�L�V�� �V�H�X�O�H�P�H�Q�W�� �H�Q�� �P�L�O�L�H�X�� �D�O�F�D�O�L�Q���� �F�H�F�L�� �S�H�X�W�� �r�W�U�H�� �D�W�W�U�L�E�X�p�� �j�� �O�D�� �I�R�U�P�D�W�L�R�Q�� �G�H��

�W�U�L�P�p�W�K�\�O�D�P�L�Q�H�� �H�W�� �Q�R�Q�� �G�¶�D�P�P�R�Q�L�D�T�X�H�� �D�Y�H�F�� �P�R�L�Q�V�� �G�H�� �G�R�P�P�D�J�H�V�� �D�X�� �U�p�V�H�D�X��

�I�R�U�P�p����

�/�D�� �U�p�D�F�W�L�R�Q�� �G�X�� �I�R�U�P�D�O�G�p�K�\�G�H�� �D�Y�H�F�� �O�H�V�� �W�D�Q�L�Q�V�� �S�H�X�W�� �r�W�U�H�� �F�R�Q�W�U�{�O�p�H�� �S�D�U�� �D�G�G�L�W�L�R�Q��

�G�¶�D�O�F�R�R�O���� �X�Q�H�� �S�D�U�W�L�H�� �G�X�� �I�R�U�P�D�O�G�p�K�\�G�H�� �H�V�W�� �D�O�R�U�V�� �V�W�D�E�L�O�L�V�p�H�� �S�D�U�� �I�R�U�P�D�W�L�R�Q��

�G�¶�K�p�P�L�D�F�p�W�D�O�V���� �S�D�U�� �H�[�H�P�S�O�H�� �&�+�� ���2�+�����2�&�+�� ������ �V�L�� �O�¶�R�Q�� �X�W�L�O�L�V�H�� �O�H�� �P�p�W�K�D�Q�R�O��

�>Scharfetter et al, 1977 �@���� �/�R�U�V�T�X�H�� �O�¶�D�G�K�p�V�L�I�� �H�V�W�� �G�X�U�F�L�� ���H�Q�� �D�X�J�P�H�Q�W�D�Q�W�� �O�D��

�W�H�P�S�p�U�D�W�X�U�H������ �O�¶�D�O�F�R�R�O�� �H�V�W�� �O�L�E�p�U�p�� �j�� �� �Y�L�W�H�V�V�H�� �F�R�Q�V�W�D�Q�W�H�� �H�W�� �O�H�� �I�R�U�P�D�O�G�p�K�\�G�H����

�S�U�R�J�U�H�V�V�L�Y�H�P�H�Q�W�� �U�H�I�R�U�P�p�� �j�� �S�D�U�W�L�U�� �G�H�V�� �K�p�P�L�D�F�p�W�D�O�V���� �V�¶�p�Y�D�S�R�U�H�� �P�R�L�Q�V�� �T�X�¶�H�Q��

�D�E�V�H�Q�F�H���G�¶�D�O�F�R�R�O�����/�D���S�U�p�V�H�Q�F�H���G�H���F�H�O�X�L���F�L���S�H�U�P�H�W���G�R�Q�F���G�H���U�H�Q�G�U�H���O�H���I�R�U�P�D�O�G�p�K�\�G�H��

�Q�R�Q�� �U�p�D�F�W�L�I���� �F�H�� �T�X�L�� �D�� �S�R�X�U�� �F�R�Q�V�p�T�X�H�Q�F�H�� �G�¶�D�X�J�P�H�Q�W�H�U�� �O�D�� �G�X�U�p�H�� �G�H�� �Y�L�H�� �H�Q�� �S�R�W�� �G�H��

�W�H�O�V���D�G�K�p�V�L�I�V����

�6�L�� �O�¶�R�Q���Q�H���S�H�U�G���S�D�V���G�H���Y�X�H���O�H���I�D�L�W���T�X�H���O�H�V���V�L�W�H�V���U�p�D�F�W�L�I�V���V�R�Q�W���S�D�U�I�R�L�V���W�U�R�S���p�O�R�L�J�Q�p�V��

�O�H�V���X�Q�V���G�H�V���D�X�W�U�H�V���S�R�X�U���S�H�U�P�H�W�W�U�H���O�¶�p�W�D�E�O�L�V�V�H�P�H�Q�W���G�H���S�R�Q�W�V���G�H���W�\�S�H���P�p�W�K�\�O�q�Q�H�����H�W��

�D�L�Q�V�L�� �O�D�� �F�U�p�D�W�L�R�Q�� �G�¶�X�Q�� �U�p�V�H�D�X�� �R�S�W�L�P�X�P���� �G�¶�D�X�W�U�H�V�� �D�O�G�p�K�\�G�H�V���� �P�D�L�V�� �F�H�W�W�H�� �I�R�L�V���F�L�� �j��

�F�D�U�D�F�W�q�U�H���E�L�I�R�Q�F�W�L�R�Q�Q�H�O�����S�H�X�Y�H�Q�W���r�W�U�H���X�W�L�O�L�V�p�V���F�R�P�P�H���V�X�E�V�W�L�W�X�W�V���G�X���I�R�U�P�D�O�G�p�K�\�G�H����

�3�D�U�P�L�� �H�X�[���� �O�¶�X�Q�� �G�H�V�� �S�O�X�V�� �I�U�p�T�X�H�P�P�H�Q�W�� �H�P�S�O�R�\�p�V�� �H�V�W�� �O�H�� �I�X�U�D�O�G�p�K�\�G�H���� �%�L�H�Q�� �T�X�¶�L�O��
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�U�p�D�J�L�V�V�H�� �O�H�Q�W�H�P�H�Q�W�� �D�Y�H�F�� �O�H�V�� �S�K�p�Q�R�O�V�� �>Plomley, 1966�@���� �O�H�� �I�X�U�D�O�G�p�K�\�G�H�� �V�H�� �U�p�Y�q�O�H��

�r�W�U�H���� �O�R�U�V�T�X�¶�L�O�� �H�V�W�� �X�W�L�O�L�V�p�� �F�R�Q�M�R�L�Q�W�H�P�H�Q�W�� �D�Y�H�F�� �O�H�� �I�R�U�P�D�O�G�p�K�\�G�H���� �X�Q�� �D�J�H�Q�W�� �G�H��

�U�p�W�L�F�X�O�D�W�L�R�Q���H�I�I�L�F�D�F�H���H�W���X�Q���H�[�F�H�O�O�H�Q�W���S�O�D�V�W�L�I�L�D�Q�W���S�R�X�U���O�H�V���D�G�K�p�V�L�I�V���j���E�D�V�H���G�H���W�D�Q�L�Q�V��

�>Pizzi, 1978 �@����

��

�/�H���J�O�X�W�D�U�D�O�G�p�K�\�G�H���U�p�D�J�L�W���T�X�D�Q�W���j���O�X�L���D�Y�H�F���O�H�V���W�D�Q�L�Q�V���H�Q���I�R�U�P�D�Q�W���X�Q���S�U�p�F�L�S�L�W�p���P�D�L�V��

�E�H�D�X�F�R�X�S�� �S�O�X�V�� �O�H�Q�W�H�P�H�Q�W�� �T�X�H�� �O�H�� �I�R�U�P�D�O�G�p�K�\�G�H���� �/�H�V�� �F�L�Q�p�W�L�T�X�H�V�� �G�H�� �U�p�D�F�W�L�R�Q�� �G�X��

�I�R�U�P�D�O�G�p�K�\�G�H���� �G�H�� �O�¶�D�F�p�W�D�O�G�p�K�\�G�H���� �G�X�� �S�U�R�S�L�R�Q�D�O�G�p�K�\�G�H���� �G�H�� �O�¶�L�V�R���E�X�W�\�U�D�O�G�p�K�\�G�H�� �H�W��

�G�X���I�X�U�D�O�G�p�K�\�G�H���D�Y�H�F���O�H�V���W�D�Q�L�Q�V���F�R�Q�G�H�Q�V�p�V���G�H���W�\�S�H���U�p�V�R�U�F�L�Q�R�O���H�W���S�K�O�R�U�R�J�O�X�F�L�Q�R�O���R�Q�W��

�p�W�p�� �p�W�X�G�L�p�H�V�� �>Rossouw,1979�@���� �/�H�V�� �P�r�P�H�V�� �p�W�X�G�H�V�� �R�Q�W�� �p�W�p�� �P�H�Q�p�H�V�� �V�X�U�� �G�H�V��

�P�R�G�q�O�H�V�� �V�L�P�S�O�H�V���� �j�� �V�D�Y�R�L�U������ �O�H�� �U�p�V�R�U�F�L�Q�R�O���� �O�H�� �S�K�O�R�U�R�J�O�X�F�L�Q�R�O�� �H�W�� �O�H�� �F�D�W�p�F�K�R�O���� �/�H�V��

�W�D�Q�L�Q�V���V�R�Q�W���p�J�D�O�H�P�H�Q�W���F�D�S�D�E�O�H�V���G�H���U�p�D�J�L�U���D�Y�H�F���O�H���E�H�Q�]�D�O�G�p�K�\�G�H���H�W���O�H���J�O�\�R�[�D�O����
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Figure 11 . Sites d’attaque du formaldéhyde  sur des flavonoïdes de type 

résorcinol (A) et de type phloroglucinol (B)  
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Figure 12  :. Représentation schématique de la consommation d’aldéhydes en 

présence de tanin de Mimosa.  

 

 

Figure 13  : Temps de gel tanin/paraformaldéhyde en fonction du pH [ Pizzi, 

1994].  
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�j�����������G�X���I�R�U�P�D�O�G�p�K�\�G�H���S�H�X�Y�H�Q�W���r�W�U�H���U�H�P�S�O�D�F�p�V���S�D�U���G�X���Q���E�X�W�\�U�D�O�G�p�K�\�G�H�����T�X�L���H�V�W��

�K�\�G�U�R�S�K�R�E�H���J�U�k�F�H���j���V�D���F�K�D�v�Q�H���F�D�U�E�R�Q�p�H���L�Q�V�D�W�X�U�p�H�����F�H���T�X�L���D�X�J�P�H�Q�W�H���O�D���U�p�V�L�V�W�D�Q�F�H��

�G�H�V�� �D�G�K�p�V�L�I�V�� �W�D�Q�L�Q���I�R�U�P�D�O�G�p�K�\�G�H�� �Y�L�V���j���Y�L�V�� �G�H�� �O�¶�H�D�X�� �H�Q�� �P�R�G�L�I�L�D�Q�W�� �O�D�� �V�W�U�X�F�W�X�U�H�� �G�X��

�U�p�V�H�D�X���I�R�U�P�p���W�R�X�W���H�Q���p�Y�L�W�D�Q�W���O�¶�X�W�L�O�L�V�D�W�L�R�Q���G�¶�D�J�H�Q�W�V���W�H�O�V���T�X�H���G�H�V���F�L�U�H�V���F�R�V�P�p�W�L�T�X�H�V��

�>Rossouw,1979�@�����/�H�V���D�G�K�p�V�L�I�V���j���E�D�V�H���G�H���W�D�Q�L�Q�V���S�U�p�S�D�U�p�V���D�Y�H�F���G�¶�D�X�W�U�H�V���D�O�G�p�K�\�G�H�V��

�T�X�H���O�H���I�R�U�P�D�O�G�p�K�\�G�H�����R�X���S�U�p�S�D�U�p�V���D�Y�H�F���G�X���I�R�U�P�D�O�G�p�K�\�G�H���H�W���X�Q�H���I�R�U�W�H���S�U�R�S�R�U�W�L�R�Q��

�G�¶�D�X�W�U�H�V�� �D�O�G�p�K�\�G�H�V���� �G�R�Q�Q�H�Q�W�� �X�Q�� �U�p�V�H�D�X�� �S�O�X�V�� �I�R�U�W�� �T�X�H�� �F�H�O�X�L�� �R�E�W�H�Q�X�� �D�Y�H�F�� �O�H��

�I�R�U�P�D�O�G�p�K�\�G�H���V�H�X�O���R�X���P�p�O�D�Q�J�p���D�X���I�X�U�D�O�G�p�K�\�G�H���>Pizzi, 1977 �@����

�/�H�V���Y�D�O�H�X�U�V���G�H���N�� ���S�R�X�U���X�Q���U�D�S�S�R�U�W���I�O�D�Y�R�Q�R�w�G�H�V���G�H���0�L�P�R�V�D�������I�R�U�P�D�O�G�p�K�\�G�H���G�H����������

�j�� �X�Q���S�+���G�H������ �V�R�Q�W���V�X�S�p�U�L�H�X�U�H�V���j�� �F�H�O�O�H�V���R�E�W�H�Q�X�H�V���j�� �X�Q���S�+���G�H������������ �F�H���T�X�L�� �L�Q�G�L�T�X�H��

�T�X�H�� �O�D�� �U�p�D�F�W�L�R�Q�� �H�V�W�� �S�O�X�V�� �U�D�S�L�G�H�� �j�� �S�+�� �p�O�H�Y�p���� �(�Q�� �F�R�Q�V�p�T�X�H�Q�F�H���� �L�O�� �H�V�W�� �S�R�V�V�L�E�O�H�� �G�H��

�F�R�U�U�p�O�H�U���O�D���Y�L�W�H�V�V�H���G�H���U�p�D�F�W�L�R�Q�����R�X���S�O�X�W�{�W���O�H�V���F�R�Q�V�W�D�Q�W�H�V���F�L�Q�p�W�L�T�X�H�V�����H�W���O�H���W�H�P�S�V���G�H��

�J�H�O���� �/�¶�L�Q�I�O�X�H�Q�F�H�� �G�H�V�� �G�L�I�I�p�U�H�Q�W�V�� �W�H�U�P�H�V�� �F�R�P�S�R�V�D�Q�W�� �O�¶�p�T�X�D�W�L�R�Q�� �G�H�� �O�D�� �Y�L�W�H�V�V�H�� �G�H��

�U�p�D�F�W�L�R�Q�� �S�H�X�W�� �I�D�F�L�O�H�P�H�Q�W�� �r�W�U�H�� �G�p�G�X�L�W�H�� �G�H�� �O�¶�D�O�O�X�U�H�� �G�H�� �O�D�� �I�L�J�X�U�H�� ������ �V�F�K�p�P�D�W�L�V�D�Q�W�� �O�H��

�W�H�P�S�V���G�H���J�H�O�����S�U�R�S�R�U�W�L�R�Q�Q�H�O���j���O�D���Y�L�W�H�V�V�H���J�O�R�E�D�O�H���G�H���O�D���U�p�D�F�W�L�R�Q�����H�Q���I�R�Q�F�W�L�R�Q���G�X���S�+����

�8�Q�H���F�R�X�U�E�H���U�H�S�U�p�V�H�Q�W�H���O�D���U�p�D�F�W�L�Y�L�W�p���Y�L�V���j���Y�L�V���G�H�V���S�K�p�Q�R�O�V���G�H�V���G�L�I�I�p�U�H�Q�W�H�V���H�V�S�q�F�H�V��
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�F�K�L�P�L�T�X�H�V�� �I�R�U�P�p�H�V�� �j�� �S�D�U�W�L�U�� �G�X�� �I�R�U�P�D�O�G�p�K�\�G�H�� ���I�L�J�X�U�H�� ���������� �/�¶�D�X�W�U�H�� �F�R�X�U�E�H��

�U�H�S�U�p�V�H�Q�W�H�� �O�D�� �U�p�D�F�W�L�Y�L�W�p�� �G�H�V�� �G�L�I�I�p�U�H�Q�W�H�V�� �H�V�S�q�F�H�V�� �S�K�p�Q�R�O�L�T�X�H�V�� �Y�L�V�� �j�� �Y�L�V�� �G�X��

�I�R�U�P�D�O�G�p�K�\�G�H���� �/�D�� �W�U�R�L�V�L�q�P�H���F�R�X�U�E�H���H�V�W���O�D���U�p�V�X�O�W�D�Q�W�H���G�H�V���G�H�X�[�� �S�U�H�P�L�q�U�H�V���H�W���S�H�X�W��

�r�W�U�H���F�R�P�S�D�U�p�H���j���O�D���F�R�X�U�E�H���G�H�V���W�H�P�S�V���G�H���J�H�O���H�[�S�p�U�L�P�H�Q�W�D�X�[�����I�L�J�X�U�H�������������/�D���I�L�J�X�U�H��

�������H�V�W���X�Q�L�T�X�H�P�H�Q�W���T�X�D�O�L�W�D�W�L�Y�H����

 
��
Figure 14 : Représentation qualitative de la réactivité de phénols vis à vis du 

formaldéhyde et des espèces générées à partir du formaldéhyde vis à vis des 

phénols [Plomley, 1966].  

��

�3�R�X�U�� �F�R�Q�F�O�X�U�H���� �O�D�� �Y�L�W�H�V�V�H�� �G�H�� �U�p�D�F�W�L�R�Q�� �� �G�p�S�H�Q�G�� �p�J�D�O�H�P�H�Q�W�� �G�H�� �O�D�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �H�Q��

�F�D�W�D�O�\�V�H�X�U�����J�p�Q�p�U�D�O�H�P�H�Q�W���1�D�2�+�����H�W���D�L�Q�V�L���G�X���S�+�����3�R�X�U���F�H�W�W�H���U�D�L�V�R�Q�����O�H�V���F�R�H�I�I�L�F�L�H�Q�W�V��

�N���V�H���G�R�L�Y�H�Q�W���G�¶�r�W�U�H���G�R�Q�Q�p�V���j���G�H�V���S�+���G�p�I�L�Q�L�V�����'�D�Q�V���O�H���F�D�V���G�H���U�p�D�F�W�L�R�Q�V���R�•���X�Q���H�I�I�H�W��

�G�H�� �F�D�W�D�O�\�V�H�� �D�F�L�G�H���E�D�V�H�� �L�Q�W�H�U�Y�L�H�Q�W���� �F�R�P�P�H�� �G�D�Q�V�� �O�D�� �U�p�D�F�W�L�R�Q�� �H�Q�W�U�H�� �O�H�V�� �I�O�D�Y�R�Q�R�w�G�H�V��

�H�W���O�H���I�R�U�P�D�O�G�p�K�\�G�H�����X�Q�H���F�R�Q�V�W�D�Q�W�H���F�L�Q�p�W�L�T�X�H���S�H�X�W���r�W�U�H���D�L�Q�V�L���G�p�I�L�Q�L�H����

��

�N��� ���N�� �������N�+�����>�+�� �@�������N�2�+���>�2�+���@������������������������������������������������������������������������������������������������������������������������������������������������ 
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Réactivité  avec le glyox al  

 

�'�H�V�� �p�W�X�G�H�V���U�p�F�H�Q�W�H�V�� �R�Q�W�� �P�R�Q�W�U�p���T�X�H�� �O�H�V�� �W�D�Q�L�Q�V�� �S�R�X�Y�D�L�H�Q�W�� �U�p�D�J�L�U�� �D�Y�H�F���O�H�� �J�O�\�R�[�D�O��

�G�H���S�U�p�I�p�U�H�Q�F�H���T�X�D�Q�G���O�H���S�+���H�V�W���H�O�H�Y�p����

�/�H���W�D�Q�L�Q���G�H���S�L�Q���D���p�W�p���X�W�L�O�L�V�p���S�R�X�U���p�Y�D�O�X�H�U���O�H���W�H�P�S�V���G�H���J�H�O���H�Q���S�U�p�V�H�Q�F�H���G�H���J�O�\�R�[�D�O��

�H�W���O�H���F�R�P�S�D�U�H�U���j���F�H�O�X�L���R�E�W�H�Q�X���D�Y�H�F���O�H���I�R�U�P�D�O�G�p�K�\�G�H���>Ballerini et al, 2005 �@����

�&�H�V���U�p�V�X�O�W�D�W�V���H�Q�F�R�X�U�D�J�H�D�Q�W�V�����U�H�S�R�U�W�p�V���H�Q���)�L�J�X�U�H�����������R�Q�W���S�H�U�P�L�V���O�D���I�D�E�U�L�F�D�W�L�R�Q���G�H��

�S�D�Q�Q�H�D�X�[�� �G�H���S�D�U�W�L�F�X�O�H�V���S�U�p�V�H�Q�W�D�Q�W���G�H�V���S�U�R�S�U�L�p�W�p�V���V�D�W�L�V�I�D�L�V�D�Q�W�H�V���G�X���S�R�L�Q�W���G�H���Y�X�H��

�F�R�O�O�D�J�H���� �/�¶�X�W�L�O�L�V�D�W�L�R�Q���G�H�� �F�H�� �G�X�U�F�L�V�V�H�X�U�� �S�H�X�W���� �H�Q�� �W�R�X�W�� �F�D�V�����r�W�U�H�� �H�Q�Y�L�V�D�J�p���G�D�Q�V���G�H�V��

�D�S�S�O�L�F�D�W�L�R�Q�V���S�R�X�U�� �O�H�V�T�X�H�O�O�H�V�� �O�H���I�R�U�P�D�O�G�p�K�\�G�H�� �H�V�W�� �L�Q�W�H�U�G�L�W���H�W�� �S�H�U�P�H�W�� �G�¶�R�E�W�H�Q�L�U�� �X�Q��

�S�U�R�G�X�L�W���L�Q�Q�R�Y�D�Q�W����

��

��
Figure 15:  Com portement du glyoxal par rapport à celui du  formaldéhyde à  

diff érents pH dans  le processus  de durcissement du tanin de Pin. 
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Auto condensation acide  

 

�$���F�K�D�X�G�����H�W���H�Q���S�U�p�V�H�Q�F�H���G�¶�D�F�L�G�H�V���P�L�Q�p�U�D�X�[���I�R�U�W�V���� �O�H�V���W�D�Q�L�Q�V���V�R�Q�W���V�X�V�F�H�S�W�L�E�O�H�V���G�H��

�U�p�D�J�L�U���G�H���G�H�X�[���P�D�Q�L�q�U�H�V���G�L�I�I�p�U�H�Q�W�H�V�����8�Q�H���G�H�V���U�p�D�F�W�L�R�Q�V���G�p�J�U�D�G�H���O�H�V���S�R�O�\�P�q�U�H�V���H�W��

�P�q�Q�H�� �j�� �O�D�� �I�R�U�P�D�W�L�R�Q�� �G�H�� �F�D�W�p�F�K�L�Q�H�� �H�W�� �G�¶�D�Q�W�K�R�F�\�D�Q�L�G�L�Q�H�V�� �F�R�P�P�H�� �O�¶�L�O�O�X�V�W�U�H�� �O�H��

�E�L�I�O�D�Y�D�Q�R�w�G�H�� �W�\�S�L�T�X�H�� ���I�L�J�X�U�H�� ���������� �/�D�� �G�H�X�[�L�q�P�H�� �U�p�D�F�W�L�R�Q�� �H�V�W�� �X�Q�H�� �F�R�Q�G�H�Q�V�D�W�L�R�Q��

�U�p�V�X�O�W�D�Q�W�� �G�H�� �O�¶�K�\�G�U�R�O�\�V�H�� �G�H�V�� �K�p�W�p�U�R�F�\�F�O�H�V�� ���O�L�D�L�V�R�Q�V�� �S���K�\�G�U�R�[�\�E�H�Q�]�\�O�p�W�K�H�U���� �>Roux 

et al, 1975 �@�����/�H�V���L�R�Q�V���S���K�\�G�U�R�[�\�E�H�Q�]�\�O�F�D�U�E�R�Q�L�X�P�����I�L�J�X�U�H�����������F�U�p�p�V���V�H���F�R�Q�G�H�Q�V�H�Q�W��

�D�O�R�U�V�� �D�Y�H�F�� �O�H�V�� �V�L�W�H�V�� �Q�X�F�O�p�R�S�K�L�O�H�V�� �G�¶�D�X�W�U�H�V�� �X�Q�L�W�p�V�� �G�H�� �W�D�Q�L�Q�� �S�R�X�U�� �I�R�U�P�H�U�� �O�H�V��

phlobaphènes ���R�X��tanins rouges ����
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Figure 16:  Dégradation des tanins à catéchine et anthocyanidine.  
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Figure 17:  Autocondensation acide par hydrolyse des hétérocycles����
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Autocondensation alcaline  

 

�(�Q���P�L�O�L�H�X�� �D�O�F�D�O�L�Q���� �O�H�V�� �W�D�Q�L�Q�V�� �V�R�Q�W�� �p�J�D�O�H�P�H�Q�W�� �V�X�V�F�H�S�W�L�E�O�H�V�� �G�H�� �U�p�D�J�L�U�� �G�H�� �G�H�X�[��

�P�D�Q�L�q�U�H�V���G�L�I�I�p�U�H�Q�W�H�V�����/�D���S�U�H�P�L�q�U�H���U�p�D�F�W�L�R�Q�����I�L�J�X�U�H�����������H�V�W���O�D���U�X�S�W�X�U�H���G�H���O�D���O�L�D�L�V�R�Q��

�L�Q�W�H�U�I�O�D�Y�D�Q�R�w�G�H�������������&�H�W�W�H���U�p�D�F�W�L�R�Q���L�Q�W�H�U�Y�L�H�Q�W���G�D�Q�V���O�H�V���W�D�Q�L�Q�V���G�H���3�L�Q���H�W���G�H���Q�R�L�[���G�H��

�3�p�F�D�Q���� �P�D�L�V�� �S�D�V�� ���R�X�� �W�U�q�V�� �S�H�X���� �G�D�Q�V�� �O�H�� �W�D�Q�L�Q�� �G�H�� �0�L�P�R�V�D�� �>Pizzi et Stephanou, 

1993 �@�����/�H���F�D�U�E�R�F�D�W�L�R�Q���I�R�U�P�p���S�H�X�W���P�H�Q�H�U���j���X�Q�H���D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q�����I�L�J�X�U�H������������

��

��

.
O

OH

OH

OH

HO

HO

OH

O

.

.

O

OH

OH

OH

HO

HO

OH

OH

OH

O

OH

OH

OH

+

+

+

+

OH

OHOH

O

OH

HO

HO

OH

OH

OH

O

OH

O

OH

OH

OH

HO

.

OH
O

OH

OH

OH

HO

OH

..

.

.

��
��
��
Figure 18  : Autocondensation alcaline: rupture de la liaison interflavanoïde et 

autocondensation finale.  

��

��

��



44 
 

��

�/�D�� �V�H�F�R�Q�G�H�� �U�p�D�F�W�L�R�Q���H�V�W�� �X�Q�H�� �D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q�� �S�D�U�W�L�H�O�O�H�� �G�X�H�� �j�� �O�¶�D�X�J�P�H�Q�W�D�W�L�R�Q�� �G�H��

�U�p�D�F�W�L�Y�L�W�p���S�U�R�Y�R�T�X�p�H���S�D�U���O�¶�R�X�Y�H�U�W�X�U�H���G�H���O�¶�K�p�W�p�U�R�F�\�F�O�H�����5�p�F�H�P�P�H�Q�W�����L�O���D���p�W�p���P�R�Q�W�U�p��

�T�X�H�� �O�H�V�� �W�D�Q�L�Q�V�� �G�H�� �Q�R�L�[�� �G�H�� �3�p�F�D�Q���� �P�D�M�R�U�L�W�D�L�U�H�P�H�Q�W�� �S�U�R�G�H�O�S�K�L�Q�L�G�L�T�X�H����

�V�¶�D�X�W�R�F�R�Q�G�H�Q�V�H�Q�W�� �U�D�S�L�G�H�P�H�Q�W���� �V�D�Q�V�� �S�R�X�U�� �D�X�W�D�Q�W�� �I�R�U�P�H�U�� �X�Q�� �U�p�V�H�D�X��

�W�U�L�G�L�P�H�Q�V�L�R�Q�Q�H�O�� �F�R�P�P�H�� �X�Q�H�� �U�p�V�L�Q�H�� �G�X�U�F�L�H�� �>Pizzi et Stephanou, 1993�@���� �&�H�F�L�� �H�V�W��

�F�O�D�L�U�H�P�H�Q�W�� �Y�L�V�L�E�O�H�� �O�R�U�V�T�X�¶�H�Q�� �P�L�O�L�H�X�� �D�O�F�D�O�L�Q�� �O�D�� �F�D�W�p�F�K�L�Q�H���� �P�R�Q�R�P�q�U�H���� �H�Q�� �V�R�O�X�W�L�R�Q��

�V�¶�D�X�W�R�F�R�Q�G�H�Q�V�H�� �O�R�U�V�� �G�X�� �U�p�D�U�U�D�Q�J�H�P�H�Q�W�� �F�D�W�p�F�K�L�Q�L�T�X�H�� �E�L�H�Q�� �F�R�Q�Q�X�� �>Ohara e t 

Hemingway, 1991�@�����F�R�P�P�H���L�Q�G�L�T�X�p���V�X�U���O�D���I�L�J�X�U�H����������
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Autocondensation alcaline catalysé e par la silice . 

��

�(�Q���P�L�O�L�H�X���D�O�F�D�O�L�Q�����O�H�V���W�D�Q�L�Q�V���F�R�Q�G�H�Q�V�p�V���V�R�Q�W���G�R�Q�F���V�X�V�F�H�S�W�L�E�O�H�V���G�H���V�¶�D�X�W�R�F�R�Q�G�H�Q�V�H�U��

�S�R�X�U���G�R�Q�Q�H�U���G�H�V���S�R�O�\�P�q�U�H�V���W�K�H�U�P�R�G�X�U�F�L�V�V�D�E�O�H�V�����&�H�W�W�H���U�p�D�F�W�L�R�Q���H�V�W���F�D�W�D�O�\�V�p�H���S�D�U��

�O�D���V�L�O�L�F�H���6�L�2�� �� �V�H�O�R�Q���O�H�� �P�p�F�D�Q�L�V�P�H�� �V�X�S�S�R�V�p���V�X�L�Y�D�Q�W�� �>Meikleham, Pizzi et 

Stephanou�������������@������

 

Figure 20: Mécanisme  de réaction d’autocondensation proposé pour expliquer le 

durcissement des tanins condensé s à  pH basique en pré sence de petites 

quantité s de SiO 2.��

��

��

�'�H�V�� �F�L�Q�p�W�L�T�X�H�V�� �F�R�P�S�D�U�D�W�L�Y�H�V�� �G�H�� �O�
�D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q�� �U�D�G�L�F�D�O�D�L�U�H�� �L�Q�G�X�L�W�H�� �S�D�U�� �6�L�2�� ��

�G�
�X�Q�� �W�D�Q�L�Q�� �S�R�O�\�I�O�D�Y�R�Q�R�w�G�H�� �R�Q�W�� �p�W�p�� �H�I�I�H�F�W�X�p�H�V�� �S�D�U�� �U�p�V�R�Q�D�Q�F�H���S�D�U�D�P�D�J�Q�p�W�L�T�X�H��

�p�O�H�F�W�U�R�Q�L�T�X�H�����5�3�(���������/�H���W�D�Q�L�Q���G�H���T�X�H�E�U�D�F�K�R���T�X�L���H�V�W���S�U�L�Q�F�L�S�D�O�H�P�H�Q�W���S�U�R�I�L�V�p�W�L�Q�L�G�L�Q�H��

���S�U�R�U�R�E�L�Q�p�W�L�Q�L�G�L�Q�H���D���p�W�p���p�W�X�G�L�p���j���O�¶�p�W�D�W�����Q�D�W�X�U�H�O�����V�X�O�I�L�W�p�����G�H���J�O�X�F�L�G�H���O�L�E�U�H���H�W���G�D�Q�V���V�D��

�I�R�U�P�H�� �L�Q�W�H�U�P�p�G�L�D�L�U�H�� �D�G�K�p�V�L�I���� �/�H�V�� �U�p�V�X�O�W�D�W�V�� �R�E�W�H�Q�X�V���R�Q�W���Q�R�Q�� �V�H�X�O�H�P�H�Q�W�� �F�R�Q�I�L�U�P�p��

�O�
�H�[�L�V�W�H�Q�F�H�� �G�H�� �P�p�F�D�Q�L�V�P�H�V�� �U�D�G�L�F�D�O�D�L�U�H�V�� �I�R�U�W�V���G�¶�D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q�� �H�Q�� �S�U�p�V�H�Q�F�H�� �G�H��

�6�L�2�� ���G�L�V�V�R�X�W�H���� �P�D�L�V���R�Q�W���p�J�D�O�H�P�H�Q�W�� �V�R�X�O�L�J�Q�p���G�H���Q�R�X�Y�H�D�X�[�� �H�I�I�H�W�V�� �G�
�L�Q�W�p�U�r�W�� �G�D�Q�V��

�X�Q�H���W�H�O�O�H���U�p�D�F�W�L�R�Q�����/�D���U�p�D�F�W�L�R�Q���G�¶�D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q���S�U�R�F�q�G�H���S�O�X�V���U�D�S�L�G�H�P�H�Q�W���H�W���O�D��
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�V�R�O�X�W�L�R�Q���G�H���W�D�Q�L�Q�V���G�H�Y�L�H�Q�W�� �S�O�X�V���F�R�O�O�R�w�G�D�O�H���� �/�
�p�W�D�W�� �F�R�O�O�R�w�G�D�O�� �G�H�� �O�D�� �V�R�O�X�W�L�R�Q�� �V�H�P�E�O�H��

�G�p�S�H�Q�G�U�H�� �S�U�L�Q�F�L�S�D�O�H�P�H�Q�W���� �P�D�L�V�� �S�D�V�� �H�[�F�O�X�V�L�Y�H�P�H�Q�W�����G�H���O�D�� �S�U�p�V�H�Q�F�H���G�H���S�R�O�\�P�q�U�H�V��

�J�O�X�F�L�G�L�T�X�H�V���G�D�Q�V���O�
�H�[�W�U�D�L�W���>�0�D�V�V�R�Q�����0�H�U�O�L�Q���H�W���3�L�]�]�L�������������@����

�/�H�V�� �L�Q�W�H�Q�V�L�W�p�V�� �U�H�O�D�W�L�Y�H�V�� �G�H�V�� �V�L�J�Q�D�X�[���H�Q�� �5�3�(�� �G�
�D�Q�L�R�Q�V�� �U�D�G�L�F�D�X�[�� �H�W���G�H�� �U�D�G�L�F�D�X�[��

�S�K�p�Q�R�[�\�O�H�V���� �L�Q�G�L�T�X�H�Q�W�� �T�X�H���O�¶�R�X�Y�H�U�W�X�U�H�� �G�H�V�� �F�\�F�O�H�V���S�\�U�D�Q�L�T�X�H�V�� �G�H�V�� �W�D�Q�L�Q�V�� �H�W��

�O�¶�D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q���V�R�Q�W�� �U�D�S�L�G�H�V���G�D�Q�V�� �G�H�V�� �F�R�Q�G�L�W�L�R�Q�V�� �D�O�F�D�O�L�Q�H�V�� �>Merlin et Pizzi �� �±��

���������@����

�/�D�� �S�U�p�V�H�Q�F�H�� �R�X���O�
�D�E�V�H�Q�F�H�� �G�
�L�Q�W�H�U�I�p�U�H�Q�F�H�V�� �V�X�U�� �O�D�� �U�p�D�F�W�L�R�Q�� �G�
�D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q��

�U�D�G�L�F�D�O�D�L�U�H�� �G�H�V�� �W�D�Q�L�Q�V�� �S�R�O�\�I�O�D�Y�R�Q�R�w�G�L�T�X�H�V�� �S�D�U�� �G�H�V�� �P�p�F�D�Q�L�V�P�H�V�� �G�H�� �G�X�U�F�L�V�V�H�P�H�Q�W��

�L�R�Q�L�T�X�H���Y�L�D���G�H�V���F�R���U�p�D�F�W�L�I�V���L�R�Q�L�T�X�H�V���R�Q�W���p�W�p���p�W�X�G�L�p�H�V���S�D�U���5�3�(�����' �D�Q�V���F�H�U�W�D�L�Q�V���F�D�V����

�O�H�� �G�X�U�F�L�V�V�H�P�H�Q�W�� �S�D�U�� �F�R���U�p�D�F�W�L�I�V�� �L�R�Q�L�T�X�H�V�� �S�H�X�W�� �r�W�U�H�� �F�R�X�S�O�p�� �D�Y�H�F�� �O�H�� �G�X�U�F�L�V�V�H�P�H�Q�W��

�V�L�P�X�O�W�D�Q�p�� �G�X�� �W�D�Q�L�Q�� �S�D�U�� �D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q���U�D�G�L�F�D�O�D�L�U�H���>Garcia, Pizzi et Merlin�� �±��

���������@����

��

�/�D���U�p�D�F�W�L�R�Q���D���O�L�H�X���H�Q���G�H�X�[���p�W�D�S�H�V�����O�D���S�U�H�P�L�q�U�H���� �O�D���I�R�U�P�D�W�L�R�Q���G�H���U�D�G�L�F�D�X�[���D�Q�L�R�Q�V����

�O�D�� �G�H�X�[�L�q�P�H���� �O�D�� �F�R�Q�G�H�Q�V�D�W�L�R�Q�� �j�� �S�U�R�S�U�H�P�H�Q�W�� �S�D�U�O�H�U���D�Y�H�F�� �O�H�V�� �D�X�W�U�H�V�� �X�Q�L�W�p�V��

�I�O�D�Y�R�Q�R�w�G�H�V���G�H�V���V�L�W�H�V���U�p�D�F�W�L�I�V���I�R�U�P�p�V�����/�¶�p�W�D�S�H���F�L�Q�p�W�L�T�X�H���G�p�W�H�U�P�L�Q�D�Q�W�H���G�p�S�H�Q�G���j���O�D��

�I�R�L�V���G�H�� �O�D�� �V�W�U�X�F�W�X�U�H�� �S�U�L�Q�F�L�S�D�O�H���G�H�� �O�¶�X�Q�L�W�p���I�O�D�Y�R�Q�R�w�G�H�� �G�H�� �F�K�D�T�X�H�� �W�D�Q�L�Q�� �H�W�� �H�Q��

�S�D�U�W�L�F�X�O�L�H�U���G�X���Q�L�Y�H�D�X���G�H���O�
�p�W�D�W���F�R�O�O�R�w�G�D�O���G�H���O�D���V�R�O�X�W�L�R�Q���G�H���W�D�Q�L�Q���H�W���G�X���G�H�J�U�p���P�R�\�H�Q��

�G�H���S�R�O�\�P�p�U�L�V�D�W�L�R�Q���H�Q���Q�R�P�E�U�H�����'�S�Q�������,�O���D���p�W�p���P�R�Q�W�U�p���T�X�H���O�H�V���W�D�Q�L�Q�V���K�\�G�U�R�O�\�V�D�E�O�H�V��

�Q�H�� �V�X�E�L�V�V�H�Q�W�� �Q�L�� �U�p�D�F�W�L�R�Q���G�H�� �I�R�U�P�D�W�L�R�Q�� �G�H�� �U�D�G�L�F�D�X�[�� �F�D�W�D�O�\�V�p�H���S�D�U�� �O�D���V�L�O�L�F�H���� �Q�L��

�D�X�W�R�F�R�Q�G�H�Q�V�D�W�L�R�Q�� �F�R�P�P�H�� �R�Q�� �S�R�X�U�U�D�L�W�� �V�¶�\�� �D�W�W�H�Q�G�U�H�� �j�� �S�D�U�W�L�U���G�H�� �O�H�X�U�V�� �V�W�U�X�F�W�X�U�H�V��

�>Masson, Pizzi et Merlin���±�� ���������@����

��

��

��
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L’Alcool Furfur ylique 
��

��

��

Caract éristiques Physico - chimiques  

�/�¶�D�O�F�R�R�O���I�X�U�I�X�U�\�O�L�T�X�H�� �H�V�W���X�Q�� �S�U�R�G�X�L�W�� �O�L�T�X�L�G�H�� �j���W�H�P�S�p�U�D�W�X�U�H�� �D�P�E�L�D�Q�W�H���� �W�U�D�Q�V�S�D�U�H�Q�W��

�H�W�� �L�Q�F�R�O�R�U�H���R�X�� �M�D�X�Q�H�� �F�O�D�L�U�� �V�H�O�R�Q�� �O�¶�p�W�D�W�� �G�H�� �F�R�Q�V�H�U�Y�D�W�L�R�Q�� �G�X�� �S�U�R�G�X�L�W���� �&�H�� �S�U�R�G�X�L�W��

�G�¶�R�U�L�J�L�Q�H�� �Q�D�W�X�U�H�O�O�H���H�V�W�� �F�O�D�V�V�p���F�R�P�P�H���L�U�U�L�W�D�Q�W�� �S�R�X�U�� �O�H�� �V�\�V�W�q�P�H���U�H�V�S�L�U�D�W�R�L�U�H���� �Q�R�F�L�I��

�H�Q���F�D�V���G�
�L�Q�J�H�V�W�L�R�Q���H�W���S�D�U���F�R�Q�W�D�F�W���D�Y�H�F���O�D���S�H�D�X�����W�R�[�L�T�X�H���S�D�U���L�Q�K�D�O�D�W�L�R�Q�����V�R�X�S�o�R�Q�Q�p��

�G�H���S�U�R�Y�R�T�X�H�U���O�H���F�D�Q�F�H�U�����0�D�O�J�U�p���F�H�V���L�Q�F�R�Q�Y�p�Q�L�H�Q�W�V���Q�R�W�R�L�U�H�V�����L�O���H�V�W���W�U�q�V���L�Q�W�p�U�H�V�V�D�Q�W��

�F�D�U���L�O���S�U�p�V�H�Q�W�H���X�Q�H���W�U�q�V���E�R�Q�Q�H���U�p�D�F�W�L�Y�L�W�p����

�&�H���F�R�P�S�R�V�p���R�U�J�D�Q�L�T�X�H���S�U�p�V�H�Q�W�H���G�H�V���F�D�U�D�F�W�p�U�L�V�W�L�T�X�H�V���D�U�R�P�D�W�L�T�X�H�V���H�W���D�O�F�R�R�O�L�T�X�H�V����

��

��

�/�H�V�� �F�D�U�D�F�W�p�U�L�V�W�L�T�X�H�V�� �S�K�\�V�L�F�R���F�K�L�P�L�T�X�H�V�� �O�H�V���S�O�X�V�� �L�P�S�R�U�W�D�Q�W�H�V�� �G�H�� �O�¶�D�O�F�R�R�O��

�I�X�U�I�X�U�\�O�L�T�X�H�� �V�R�Q�W�� �V�D�� �I�R�U�W�H�� �V�R�O�X�E�L�O�L�W�p�� �G�D�Q�V�� �O�¶�H�D�X���H�W���G�D�Q�V�� �O�H�V�� �D�O�F�R�R�O�V�� �G�H���E�D�V�� �S�R�L�G�V��

�P�R�O�p�F�X�O�D�L�U�H�� �H�W�� �V�D�� �K�D�X�W�H�� �V�H�Q�V�L�E�L�O�L�W�p�� �F�K�L�P�L�T�X�H�� �D�X�[�� �R�[�\�G�D�W�L�R�Q�V�� �H�W���D�X�[��

�S�R�O�\�P�p�U�L�V�D�W�L�R�Q�V�����&�H���S�U�R�G�X�L�W���H�V�W���X�W�L�O�L�V�p���S�U�L�Q�F�L�S�D�O�H�P�H�Q�W���G�D�Q�V���O�D���F�K�L�P�L�H���G�H�V���U�p�V�L�Q�H�V����

�G�H�V�� �S�H�L�Q�W�X�U�H�V���� �G�H�V�� �P�D�W�p�U�L�D�X�[�� �V�\�Q�W�K�p�W�L�T�X�H�V�� �H�W�� �V�X�U�W�R�X�W�� �G�D�Q�V�� �O�¶�L�Q�G�X�V�W�U�L�H�� �G�H�V��

�I�R�Q�G�H�U�L�H�V����

��

��

O
OH
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Production de l’Alcool Furfur y lique  

��

�/�¶�D�O�F�R�R�O���I�X�U�I�X�U�\�O�L�T�X�H���H�V�W���X�Q���F�R�P�S�R�V�p���I�R�Q�G�D�P�H�Q�W�D�O���S�R�X�U���O�D���F�K�L�P�L�H���G�H�V���P�R�X�V�V�H�V���G�H��

�W�D�Q�L�Q���S�D�U�F�H���T�X�¶�L�O���U�H�S�U�p�V�H�Q�W�H���H�Q�Y�L�U�R�Q�����������G�X���S�R�L�G�V���G�H�V���P�R�X�V�V�H�V���X�Q�H���I�R�L�V���T�X�¶�H�O�O�H�V��

�V�R�Q�W���S�U�R�G�X�L�W�H�V����

�&�H���F�R�P�S�R�V�p���F�K�L�P�L�T�X�H�� �H�V�W�� �J�p�Q�p�U�D�O�H�P�H�Q�W�� �R�E�W�H�Q�X���j�� �S�D�U�W�L�U�� �G�H�V�� �K�p�P�L�F�H�O�O�X�O�R�V�H�V�� �G�H��

�G�L�I�I�p�U�H�Q�W�V�� �W�\�S�H�V�� �G�H�� �S�U�R�G�X�L�W�V���D�J�U�L�F�R�O�H�V�� �F�R�P�P�H�� �O�H�� �E�O�p�� �R�X�� �O�H�� �P�D�w�V�� �R�X�� �G�H�� �G�p�F�K�H�W�V��

�F�R�P�P�H���O�D���V�F�L�X�U�H�����H�W���L�O���H�V�W���G�H���F�H���I�D�L�W���F�R�Q�V�L�G�p�U�p���F�R�P�P�H���X�Q���S�U�R�G�X�L�W���Q�D�W�X�U�H�O�����)�L�J�X�U�H��
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Figure 21: Exe mples de produits naturels pour la production du furfural : maï s, 

avoine et blé. 
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�/�¶�D�O�F�R�R�O���I�X�U�I�X�U�\�O�L�T�X�H���H�V�W���R�E�W�H�Q�X���Y�L�D���G�H�X�[���U�p�D�F�W�L�R�Q�V���S�U�L�Q�F�L�S�D�O�H�V���T�X�L���V�R�Q�W����

�������/�¶�K�\�G�U�R�O�\�V�H���G�H�V���S�H�Q�W�R�V�D�Q�H�V���G�H�V���K�p�P�L�F�H�O�O�X�O�R�V�H�V���H�Q���I�X�U�I�X�U�D�O����
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�3�O�X�V�L�H�X�U�V���S�U�R�F�p�G�p�V���H�W���V�X�E�V�W�U�D�W�V���V�R�Q�W���G�p�F�U�L�W�V���G�D�Q�V���O�D���O�L�W�W�p�U�D�W�X�U�H���S�R�X�U���O�D���S�U�R�G�X�F�W�L�R�Q��

�G�X���I�X�U�I�X�U�D�O���>Sproull et al,1986; Pessoa et al,1997 �@����

�������/�¶�K�\�G�U�R�J�p�Q�D�W�L�R�Q���F�D�W�D�O�\�W�L�T�X�H���j���K�D�X�W�H���S�U�H�V�V�L�R�Q���G�X���I�X�U�I�X�U�D�O����

��

�/�H�V�� �F�D�W�D�O�\�V�H�X�U�V�� �V�R�Q�W�� �F�R�Q�V�W�L�W�X�p�V�� �J�p�Q�p�U�D�O�H�P�H�Q�W�� �S�D�U�� �G�H�V�� �P�p�W�D�X�[�����'�H�V�� �p�W�X�G�H�V��

�U�p�F�H�Q�W�H�V���R�Q�W���P�R�Q�W�U�p���O�¶�H�I�I�L�F�D�F�L�W�p���G�H�V���P�p�O�D�Q�J�H�V���&�R���0�R���H�W���%���>Chen et al., 2002�@���H�W��

�&�X���0�J�2���>Nagaraja et al.,2002 �@����
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Réactivité  de l’alcool Furfur y lique.  

��

�/�¶�D�O�F�R�R�O�� �I�X�U�I�X�U�\�O�L�T�X�H�� �S�H�X�W���r�W�U�H�� �W�U�D�Q�V�I�R�U�P�p���H�Q�������� ���E�L�V���K�\�G�U�R�[�\�P�p�W�K�\�O���I�X�U�D�Q�H�� �S�D�U��

�I�R�U�P�\�O�D�W�L�R�Q�����>Gandini et Belgacem, 1997 �@����

��

�&�H�W�W�H�� �U�p�D�F�W�L�R�Q�� �D�Y�H�F�� �O�H���I�R�U�P�D�O�G�p�K�\�G�H���S�H�U�P�H�W�� �G�¶�D�F�W�L�Y�H�U�� �X�O�W�p�U�L�H�X�U�H�P�H�Q�W�� �O�¶�D�O�F�R�R�O��

�I�X�U�I�X�U�\�O�L�T�X�H�� �H�W�� �S�H�X�W�� �r�W�U�H�� �X�Q�� �L�Q�W�H�U�P�p�G�L�D�L�U�H�� �W�U�q�V�� �F�R�P�P�X�Q�� �G�D�Q�V�� �O�D�� �S�R�O�\�P�p�U�L�V�D�W�L�R�Q��

�P�L�[�W�H���D�Y�H�F���O�H�V���W�D�Q�L�Q�V���F�R�Q�G�H�Q�V�p�V����

��

�/�¶�D�O�F�R�R�O���I�X�U�I�X�U�\�O�L�T�X�H���H�V�W���S�D�U���D�L�O�O�H�X�U�V���F�R�Q�Q�X���S�R�X�U���V�X�E�L�U���X�Q�H���K�R�P�R�F�R�Q�G�H�Q�V�D�W�L�R�Q���W�U�q�V��

�H�[�R�W�K�H�U�P�L�T�X�H���H�Q���P�L�O�L�H�X���D�F�L�G�H���V�H�O�R�Q���O�H���P�p�F�D�Q�L�V�P�H���V�X�L�Y�D�Q�W����

��

��

�8�Q�H�� �I�R�L�V�� �T�X�H�� �O�¶�p�Q�H�U�J�L�H�� �G�¶�D�F�W�L�Y�D�W�L�R�Q�� �G�H�� �F�H�W�W�H�� �U�p�D�F�W�L�R�Q�� �H�V�W���D�W�W�H�L�Q�W�H���� �O�H�� �S�U�R�F�H�V�V�X�V��

�V�¶�D�X�W�R�� �D�O�L�P�H�Q�W�H���H�W�� �W�R�X�W�� �O�¶�D�O�F�R�R�O�� �I�X�U�I�X�U�\�O�L�T�X�H���V�H�� �W�U�D�Q�V�I�R�U�P�H���U�D�S�L�G�H�P�H�Q�W���H�Q���S�R�O�\��

�D�O�F�R�R�O���I�X�U�I�X�U�\�O�L�T�X�H������

�3�R�X�U�� �F�R�P�S�U�H�Q�G�U�H�� �O�H�� �P�p�F�D�Q�L�V�P�H�� �G�H�� �S�R�O�\�P�p�U�L�V�D�W�L�R�Q�� �G�H�� �O�¶�D�O�F�R�R�O�� �I�X�U�I�X�U�\�O�L�T�X�H�����G�H�V��

�D�Q�D�O�\�V�H�V���S�D�U���V�S�H�F�W�U�R�V�F�R�S�L�H�V���8�9�����)�7�,�5���H�W���5�0�1���R�Q�W���p�W�p���U�p�D�O�L�V�p�H�V���V�X�U���G�H�V���S�R�O�\�P�q�U�H�V��

�I�X�U�D�Q�L�T�X�H�V���H�Q���S�K�D�V�H���V�R�O�Y�D�Q�W���H�W���V�R�X�V���D�W�P�R�V�S�K�q�U�H���G�¶�D�]�R�W�H���>�&�K�R�X�U�D���H�W���D�O�������������@����

��

�/�D�� �U�p�D�F�W�L�R�Q�� �G�H�� �S�R�O�\�F�R�Q�G�H�Q�V�D�W�L�R�Q�� �S�H�X�W�� �F�R�Q�G�X�L�U�H�� �j���G�H�V�� �S�R�O�\�P�q�U�H�V�� �U�D�P�L�I�L�p�V���H�W�� �O�D��

�S�U�p�V�H�Q�F�H���G�H���V�W�U�X�F�W�X�U�H�V���W�U�L�G�L�P�H�Q�V�L�R�Q�Q�H�O�O�H�V���Q�¶�H�V�W���S�D�V���U�D�U�H����

�%�H�D�X�F�R�X�S�� �G�¶�p�W�X�G�H�V���R�Q�W�� �p�W�p�� �P�H�Q�p�H�V�� �V�X�U�� �F�H�V�� �S�R�O�\�P�q�U�H�V�� �F�D�U�� �L�O�V�� �S�R�V�V�q�G�H�Q�W�� �H�Q�W�U�H��

�D�X�W�U�H�V���S�U�R�S�U�L�p�W�p�V���X�Q�H���W�U�q�V���J�U�D�Q�G�H���U�p�V�L�V�W�D�Q�F�H���j���O�D���F�K�D�O�H�X�U���H�W���j���O�D���F�R�U�U�R�V�L�R�Q���H�W���X�Q�H��

�I�D�L�E�O�H�� �L�Q�I�O�D�P�P�D�E�L�O�L�W�p�����&�¶�H�V�W�� �S�R�X�U�T�X�R�L�� �F�H�� �S�U�R�G�X�L�W�� �H�V�W�� �X�W�L�O�L�V�p�� �G�D�Q�V�� �O�¶�L�Q�G�X�V�W�U�L�H�� �G�H�V��

�I�R�Q�G�H�U�L�H�V���H�W���O�D���I�R�U�P�X�O�D�W�L�R�Q���G�H���Y�H�U�Q�L�V���D�Q�W�L���F�R�U�U�R�V�L�I�V����
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Ré activité  de l’alcool furfurylique avec les tanins  

��

�'�H�V�� �p�W�X�G�H�V���G�H�� �E�D�V�H�� �R�Q�W���p�W�p���F�R�Q�G�X�L�W�H�V���V�X�U�� �O�D�� �U�p�D�F�W�L�Y�L�W�p�� �G�H�� �O�¶�D�O�F�R�R�O�� �I�X�U�I�X�U�\�L�O�L�T�X�H��

�D�Y�H�F���O�H�V���W�D�Q�L�Q�V���>Foo and Hemingway, 1985 �@����

�3�R�X�U�� �F�H�V�� �U�H�F�K�H�U�F�K�H�V���� �O�D�� �F�D�W�p�F�K�L�Q�H�� �D�� �p�W�p�� �F�K�R�L�V�L�H�� �S�R�X�U�� �U�p�D�J�L�U�� �V�X�U�� �O�¶�D�O�F�R�R�O��

�I�X�U�I�X�U�\�O�L�T�X�H���H�Q���P�L�O�L�H�X���D�F�L�G�H���H�Q���S�U�H�Q�D�Q�W���H�Q���F�R�P�S�W�H���O�D���U�p�D�F�W�L�Y�L�W�p���p�O�H�Y�p�H���G�H���O�¶�D�O�F�R�R�O��

�V�X�U���O�X�L���P�r�P�H���T�X�D�Q�G���O�H���S�+���H�V�W���W�U�q�V���E�D�V�����$�X�V�V�L�����O�D���U�p�D�F�W�L�R�Q���D���p�W�p���U�p�D�O�L�V�p�H���G�D�Q�V���X�Q�H��

�V�R�O�X�W�L�R�Q�� �G�¶�D�F�L�G�H�� �D�F�p�W�L�T�X�H�� �j�� �X�Q�H�� �W�H�P�S�p�U�D�W�X�U�H�� �G�H�� �������ƒ�&���� �'�H�X�[�� �S�U�R�G�X�L�W�V�� �G�L�V�W�L�Q�F�W�V��

�R�Q�W�� �p�W�p�� �R�E�W�H�Q�X�V�� �S�D�U�� �F�H�W�W�H�� �U�p�D�F�W�L�R�Q���D�S�U�q�V�� �V�p�S�D�U�D�W�L�R�Q�� �H�W�� �S�X�U�L�I�L�F�D�W�L�R�Q���S�D�U���+�3�/�&���H�Q��

�S�K�D�V�H���L�Q�Y�H�U�V�H�������X�Q���I�O�D�Y�R�Q�R�w�G�H���V�X�E�V�W�L�W�X�p���S�D�U���X�Q���J�U�R�X�S�H�P�H�Q�W���I�X�U�D�Q�\�O�H���H�Q���S�R�V�L�W�L�R�Q��������

���I�L�J�X�U�H������ �$�����H�W���X�Q���D�X�W�U�H���H�Q���S�R�V�L�W�L�R�Q���������I�L�J�X�U�H������ �%�����D�Y�H�F���X�Q���U�H�Q�G�H�P�H�Q�W���G�H���������H�W��

�����������U�H�V�S�H�F�W�L�Y�H�P�H�Q�W����

Figu re 2 2:  Produits obtenus après réaction de l’alcool furfurylique sur la 

catéchine : A-   4% et B -   1,5% rendement. 

��

�/�D���S�O�X�V���J�U�D�Q�G�H���U�p�D�F�W�L�Y�L�W�p���G�H���O�D���S�R�V�L�W�L�R�Q���������S�D�U���U�D�S�S�R�U�W���j���O�D���S�R�V�L�W�L�R�Q���������D���G�p�M�j���p�W�p��

�P�R�Q�W�U�p�H���V�X�U�W�R�X�W���S�R�X�U���G�H�V���V�X�E�V�W�L�W�X�D�Q�W�V���G�H���I�R�U�W���H�Q�F�R�P�E�U�H�P�H�Q�W���V�W�p�U�L�T�X�H����

�' �¶�D�X�W�U�H�V�� �p�W�X�G�H�V�� �R�Q�W�� �p�W�p�� �P�H�Q�p�H�V�� �V�X�U�� �O�D�� �U�p�D�F�W�L�Y�L�W�p�� �G�H�� �O�¶�D�O�F�R�R�O�� �I�X�U�I�X�U�\�O�L�T�X�H�� �D�Y�H�F�� �O�H��

�W�D�Q�L�Q���G�H���P�L�P�R�V�D����

��

�/�D���)�L�J�X�U�H���������P�R�Q�W�U�H���O�H�V���G�L�I�I�p�U�H�Q�W�V���W�H�P�S�V���G�H���J�H�O���H�Q���I�R�Q�F�W�L�R�Q���G�X���W�\�S�H���G�H���G�X�U�F�L�V�V�H�X�U��

�X�W�L�O�L�V�p���H�W���G�X���S�+����
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Figure 2 3: Evolution du temps de gel  selon le pH pour un mé lange tanin-

formaldehyde  (vert); un m élange tanin- alcool furfury lique  (rose); un mé lange 

tanin- formaldehyde -alcool furfuryique (bleu).  

��

�&�H�V�� �U�p�V�X�O�W�D�W�V�� �P�R�Q�W�U�H�Q�W�� �T�X�H�� �O�H���I�R�U�P�D�O�G�p�K�\�G�H�� �M�R�X�H�� �X�Q�� �U�{�O�H�� �G�H�� �O�D�� �S�U�H�P�L�q�U�H��

�L�P�S�R�U�W�D�Q�F�H���G�D�Q�V���O�D���I�R�U�P�D�W�L�R�Q���G�X���U�p�V�H�D�X���S�R�O�\�P�q�U�H���S�R�X�U���O�D���S�U�R�G�X�F�W�L�R�Q���G�H���P�R�X�V�V�H�V��

�G�H���W�D�Q�L�Q����
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Les Mousses  

��

�/�H�V�� �P�R�X�V�V�H�V�� �V�R�Q�W�� �G�H�V�� �P�D�W�p�U�L�D�X�[�� �F�R�P�S�O�H�[�H�V���T�X�L�� �U�p�V�X�O�W�H�Q�W�� �G�H�� �O�D�� �G�L�V�S�H�U�V�L�R�Q�� �G�¶�X�Q��

�J�D�]�� �G�D�Q�V�� �X�Q�� �P�L�O�L�H�X�� �F�R�Q�G�H�Q�V�p���� �6�H�O�R�Q�� �O�H�� �W�\�S�H�� �G�H�� �P�L�O�L�H�X�� �F�R�Q�G�H�Q�V�p�����O�H�V�� �P�R�X�V�V�H�V��

�S�H�X�Y�H�Q�W���r�W�U�H���O�L�T�X�L�G�H�V���R�X���V�R�O�L�G�H�V����

�/�D�� �I�R�U�P�D�W�L�R�Q�� �G�H�V�� �P�R�X�V�V�H�V�� �H�V�W�� �X�Q�� �S�U�R�F�H�V�V�X�V�� �T�X�L�� �V�H���S�D�V�V�H�� �U�p�J�X�O�L�q�U�H�P�H�Q�W���G�D�Q�V�� �O�D��

�Q�D�W�X�U�H���T�X�D�Q�G���G�H�V���J�D�]���V�R�Q�W���P�p�O�D�Q�J�p�V���S�D�U���D�F�W�L�R�Q�����P�p�F�D�Q�L�T�X�H���G�D�Q�V���X�Q���O�L�T�X�L�G�H������

�8�Q�� �H�[�H�P�S�O�H�� �E�D�Q�D�O�� �H�V�W�� �O�D�� �I�R�U�P�D�W�L�R�Q�� �G�H���O�¶�p�F�X�P�H���G�H�V�� �Y�D�J�X�H�V�� �G�D�Q�V�� �O�D�T�X�H�O�O�H�� �G�H���O�¶�D�L�U��

�U�H�V�W�H���S�L�p�J�p���S�R�X�U���T�X�H�O�T�X�H�V���V�H�F�R�Q�G�H�V���G�D�Q�V���O�¶�H�D�X������

�/�H�V�� �P�R�X�V�V�H�V�� �O�L�T�X�L�G�H�V���V�R�Q�W���G�H�V���P�D�W�p�U�L�D�X�[���T�X�L�� �I�R�Q�W�� �S�D�U�W�L�H�� �G�H�� �Q�R�W�U�H�� �T�X�R�W�L�G�L�H�Q���� �O�H�V��

�P�R�X�V�V�H�V���G�H���W�H�Q�V�L�R�D�F�W�L�I�V�����O�D���P�R�X�V�V�H���j���U�D�V�H�U�����O�D���P�R�X�V�V�H���G�X���O�D�L�W�����G�X���F�D�S�S�X�F�F�L�Q�R���R�X��

�G�H���O�D���E�L�q�U�H���H�Q���V�R�Q�W���G�H�V���H�[�H�P�S�O�H�V���S�D�U�O�D�Q�W�V����

�/�H�V�� �P�R�X�V�V�H�V�� �V�R�O�L�G�H�V���V�R�Q�W�� �S�O�X�V�� �G�L�I�I�L�F�L�O�H�V�� �j���W�U�R�X�Y�H�U���G�D�Q�V�� �O�D���Q�D�W�X�U�H�����'�H�� �P�D�Q�L�q�U�H��

�J�p�Q�p�U�D�O�H�����H�O�O�H�V���V�R�Q�W���S�U�R�G�X�L�W�H�V���S�D�U���O�H���G�p�J�D�J�H�P�H�Q�W���G�¶�X�Q���J�D�]���G�D�Q�V���X�Q���P�L�O�L�H�X���O�L�T�X�L�G�H��

�W�U�q�V���Y�L�V�T�X�H�X�[���T�X�L���G�X�U�F�L�W���S�H�Q�G�D�Q�W���T�X�H���O�H���J�D�]���V�H���O�L�E�q�U�H�����7�R�X�W�H�V���O�H�V���P�R�X�V�V�H�V���V�R�O�L�G�H�V��

�V�R�Q�W���S�U�R�G�X�L�W�H�V���D�L�Q�V�L������

�,�O���H�[�L�V�W�H���E�H�D�X�F�R�X�S���G�¶�H�[�H�P�S�O�H�V���G�H���F�H�V���P�R�X�V�V�H�V���G�D�Q�V���O�D���Y�L�H���T�X�R�W�L�G�L�H�Q�Q�H�������O�H���S�D�L�Q����

�O�D�� �P�D�M�R�U�L�W�p�� �G�H�V�� �J�k�W�H�D�X�[�����O�D�� �P�R�X�V�V�H�� �D�X�� �F�K�R�F�R�O�D�W�«�� �0�D�L�V�� �O�H�V�� �P�R�X�V�V�H�V�� �V�R�O�L�G�H�V��

�S�H�X�Y�H�Q�W���r�W�U�H���D�X�V�V�L���S�U�R�G�X�L�W�H�V���S�D�U���O�H���G�X�U�F�L�V�V�H�P�H�Q�W���G�¶�X�Q���S�R�O�\�P�q�U�H�����/�H�V���P�D�W�H�O�D�V���H�Q��

�O�D�W�H�[���� �O�H�V���F�D�Q�D�S�p�V���H�W���O�H�V���V�R�I�D�V���H�Q���P�R�X�V�V�H���S�R�O�\�X�U�p�W�K�D�Q�H�����O�H�V���P�R�X�V�V�H�V���(�9�$���R�X���3�8��

�S�R�X�U�� �O�H�V�� �V�H�P�H�O�O�H�V�� �G�H�V�� �F�K�D�X�V�V�X�U�H�V���G�H���V�S�R�U�W�� �V�R�Q�W�� �G�H�V�� �H�[�H�P�S�O�H�V���T�X�L���P�R�Q�W�U�H�Q�W��

�F�R�P�E�L�H�Q���O�D���W�H�F�K�Q�R�O�R�J�L�H���G�H�V���P�R�X�V�V�H�V���H�V�W���D�G�D�S�W�p�H���j���O�D���Y�L�H���G�H���O�¶�K�R�P�P�H����

��

�$�X���;�,�;���V�L�q�F�O�H�����O�H���P�D�W�K�p�P�D�W�L�F�L�H�Q���E�H�O�J�H���-�R�V�H�S�K���3�O�D�W�H�D�X���V�¶�H�V�W���L�Q�W�p�U�H�V�V�p���j���F�H���W�\�S�H���G�H��

�P�D�W�p�U�L�D�X�[���H�W���D���I�D�L�W���G�H���Q�R�P�E�U�H�X�V�H�V���p�W�X�G�H�V���V�X�U���O�H�V���P�R�X�V�V�H�V���O�L�T�X�L�G�H�V�����&�¶�H�V�W���J�U�k�F�H���j��

�O�X�L���T�X�H���O�H�V���S�U�L�Q�F�L�S�H�V���I�R�Q�G�D�P�H�Q�W�D�X�[���R�Q�W���p�W�p���F�R�P�S�U�L�V������

�4�X�D�W�U�H���S�R�L�Q�W�V���I�R�Q�G�D�P�H�Q�W�D�X�[���R�Q�W���p�W�p���G�p�G�X�L�W�V���S�D�U���3�O�D�W�H�D�X����

���� ���/�H�V���V�X�U�I�D�F�H�V���G�H�V���P�R�X�V�V�H�V���V�R�Q�W���F�R�P�S�O�q�W�H�P�H�Q�W���O�L�V�V�H�V����

���� ���O�D���F�R�X�U�E�X�U�H���P�R�\�H�Q�Q�H���G�H���F�K�D�T�X�H���S�R�U�W�L�R�Q���G�H���S�D�U�R�L���H�V�W���F�R�Q�V�W�D�Q�W�H����

���� ���O�H�V�� �I�L�O�P�V�� �G�H�� �P�R�X�V�V�H�� �V�H���U�H�Q�F�R�Q�W�U�H�Q�W�� �W�R�X�M�R�X�U�V�� �j���W�U�R�L�V�� �H�W�� �I�R�U�P�H�Q�W�� �X�Q�� �D�Q�J�O�H�� �G�H��

�������ƒ������

���� �'�D�Q�V���O�¶�H�V�S�D�F�H�� �����T�X�D�W�U�H�� �S�D�U�R�L�V�� �G�H�� �P�R�X�V�V�H���V�H�� �F�R�X�S�H�Q�W�� �W�R�X�M�R�X�U�V�� �V�R�X�V�� �X�Q�� �D�Q�J�O�H��

�G�H���������ƒ�����¶����
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�/�H�V���P�R�X�V�V�H�V���T�X�L���Q�¶�R�Q�W���S�D�V���F�H�W�W�H���V�W�U�X�F�W�X�U�H���Q�H���V�R�Q�W���S�D�V���V�W�D�E�O�H�V���H�W���V�H���U�p�R�U�J�D�Q�L�V�H�Q�W��

�U�D�S�L�G�H�P�H�Q�W����

��

�'�H�V���p�W�X�G�H�V�� �V�X�U�� �O�D�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �H�W�� �O�D�� �I�R�U�P�H�� �G�H�V�� �G�L�I�I�p�U�H�Q�W�H�V�� �F�H�O�O�X�O�H�V�� �G�D�Q�V�� �X�Q�H��

�V�W�U�X�F�W�X�U�H���G�H���P�R�X�V�V�H���V�W�D�W�L�T�X�H�� �R�Q�W�� �p�W�p���P�H�Q�p�H�V���G�D�Q�V�� �O�H�V�� �D�Q�Q�p�H�V�������� �>Weaire et 

Phelan, 1996 �@�����(�O�O�H�V���R�Q�W�� �S�H�U�P�L�V�� �G�H�� �F�R�P�S�U�H�Q�G�U�H�� �T�X�H���S�R�X�U�� �X�Q�� �Y�R�O�X�P�H�� �G�R�Q�Q�p���� �O�H�V��

�F�H�O�O�X�O�H�V�� �D�G�R�S�W�H�Q�W�� �G�H�X�[�� �W�\�S�H�V�� �G�H�� �J�p�R�P�p�W�U�L�H�V���S�R�O�\�K�p�G�U�L�T�X�H�V���S�R�X�U�� �U�p�G�X�L�U�H�� �O�H�X�U��

�V�X�U�I�D�F�H�����&�I�����)�L�J�X�U�H������ ���� 

��

��

Figure 2 4: Dispositi on sch ématique d’ une mousse: Id éale (constituée  

uniquement de té trakai décaèdre s)  R éel le (comportant 25% de dodé caèdres ). 

 

��

��

Figure 25:. Structure tridimensionelle d’ une cellule de mousse: dod écahè dre et 

tét rakaidé cahè dre. 

��

�/�H�� �Y�R�O�X�P�H�� �G�¶�X�Q�H�� �P�R�X�V�V�H�� �H�V�W�� �G�R�Q�F�� �F�R�Q�V�W�L�W�X�p���S�D�U�� �������� �G�H�� �W�p�W�U�D�N�D�L�G�p�F�D�q�G�U�H�V��

���S�R�O�\�q�G�U�H�V���I�R�U�P�p�V�� �S�D�U�� ������ �S�H�Q�W�D�J�R�Q�H�V�� �H�W�� ���� �K�H�[�D�J�R�Q�H�V�����H�W�� �S�D�U�� ���������G�H��

�G�R�G�p�F�D�q�G�U�H�V�����I�R�U�P�p�V���G�H���������S�H�Q�W�D�J�R�Q�H�V������



56 
 

��

Les mousses solides  

��

�/�H�V���P�R�X�V�V�H�V���V�R�O�L�G�H�V���V�R�Q�W���X�Q�H���F�O�D�V�V�H���G�H���P�D�W�p�U�L�D�X�[���F�D�U�D�F�W�p�U�L�V�p�V���J�p�Q�p�U�D�O�H�P�H�Q�W���S�D�U��

�X�Q�H�� �J�U�D�Q�G�H�� �O�p�J�q�U�H�W�p�� �H�W���X�Q�H�� �V�W�U�X�F�W�X�U�H���j�� �F�H�O�O�X�O�H�V�� �T�X�L���O�H�X�U���J�D�U�D�Q�W�L�V�V�H�Q�W�� �G�H�V��

�D�S�S�O�L�F�D�W�L�R�Q�V���L�Q�W�p�U�H�V�V�D�Q�W�H�V���H�Q���L�Q�J�p�Q�L�H�U�L�H����

�,�O�V�� �S�H�X�Y�H�Q�W���r�W�U�H�� �F�O�D�V�V�L�I�L�p�V�� �V�H�O�R�Q�� �O�H�� �W�\�S�H�� �G�H�� �F�H�O�O�X�O�H�V���� �/�H�V�� �P�R�X�V�V�H�V�� �j�� �F�H�O�O�X�O�H�V��

�R�X�Y�H�U�W�H�V���R�Q�W���G�H�V���S�R�U�H�V���T�X�L���F�R�Q�Q�H�F�W�H�Q�W���O�H�V���F�H�O�O�X�O�H�V�����/�H�V���V�W�U�X�F�W�X�U�H�V���G�H���F�H���W�\�S�H���V�R�Q�W��

�U�H�O�D�W�L�Y�H�P�H�Q�W���S�O�X�V���O�p�J�q�U�H�V����

�/�H�V�� �P�R�X�V�V�H�V���j�� �F�H�O�O�X�O�H�V�� �I�H�U�P�p�H�V���R�Q�W�� �X�Q�H���V�W�U�X�F�W�X�U�H�� �E�H�D�X�F�R�X�S�� �S�O�X�V�� �U�L�J�L�G�H�� �F�D�U�� �O�H�V��

�S�D�U�R�L�V���Q�H���V�R�Q�W���S�D�V���W�U�R�X�p�H�V���H�W���S�H�X�Y�H�Q�W���V�X�S�S�R�U�W�H�U���G�H�V���H�I�I�R�U�W�V���G�H���F�R�P�S�U�H�V�V�L�R�Q���S�O�X�V��

�L�P�S�R�U�W�D�Q�W�V���� �*�p�Q�p�U�D�O�H�P�H�Q�W���� �F�H�V�� �P�R�X�V�V�H�V�� �V�R�Q�W�� �S�O�X�V�� �G�H�Q�V�H�V���H�W�� �G�R�Q�F�� �V�R�Q�W�� �S�O�X�V��

�F�R�€�W�H�X�V�H�V���V�L���R�Q���F�R�Q�V�L�G�q�U�H���O�H���S�U�L�[���S�D�U���P�� ����

��

�/�H�V�� �P�R�X�V�V�H�V���V�R�O�L�G�H�V���S�H�X�Y�H�Q�W�� �D�X�V�V�L�� �r�W�U�H�� �F�O�D�V�V�p�H�V�� �V�H�O�R�Q�� �O�H�X�U�V���S�U�R�S�U�L�p�W�p�V��

�S�K�\�V�L�T�X�H�V����

- �/�H�V���P�R�X�V�V�H�V���p�O�D�V�W�L�T�X�H�V���R�Q�W���O�D���S�U�R�S�U�L�p�W�p���G�¶�r�W�U�H���G�p�I�R�U�P�D�E�O�H�V���W�R�X�W���H�Q���U�H�S�U�H�Q�D�Q�W��

�O�H�X�U�� �I�R�U�P�H�� �R�U�L�J�L�Q�D�O�H�� �O�R�U�V�T�X�H�� �O�D�� �F�R�Q�W�U�D�L�Q�W�H�� �T�X�
�R�Q�� �O�H�X�U�� �D�S�S�O�L�T�X�H�� �G�L�V�S�D�U�D�v�W���� �/�H��

�P�D�U�F�K�p���G�H�� �F�H�V���P�R�X�V�V�H�V���H�V�W�� �G�R�P�L�Q�p�� �S�D�U�� �O�H�V�� �P�R�X�V�V�H�V���S�R�O�\�X�U�p�W�K�D�Q�H�V�� �P�D�L�V�� �O�H�V��

�O�D�W�H�[���H�W�� �O�H�V�� �P�R�X�V�V�H�V�� �(�9�$�� �V�R�Q�W�� �D�X�V�V�L�� �W�U�q�V�� �X�W�L�O�L�V�p�H�V���G�D�Q�V�� �G�H�V���V�H�F�W�H�X�U�V��

�V�S�p�F�L�I�L�T�X�H�V���F�R�P�P�H���O�H�V���P�D�W�H�O�D�V���H�W���O�H�V���D�F�F�H�V�V�R�L�U�H�V���G�H���V�S�R�U�W������

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26:�� �$�S�S�O�L�F�D�W�L�R�Q�V���F�R�P�P�H�U�F�L�D�O�H�V���S�R�X�U���G�H�V���P�R�X�V�V�H�V���p�O�D�V�W�L�T�X�H�V����
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��

�����/�H�V�� �P�R�X�V�V�H�V�� �U�L�J�L�G�H�V�� �D�X�� �F�R�Q�W�U�D�L�U�H�� �V�R�Q�W�� �G�H�V�� �P�D�W�p�U�L�D�X�[�� �T�X�L���Q�H�� �V�H�� �G�p�I�R�U�P�H�Q�W�� �S�D�V��

�H�W�� �T�X�L���W�U�R�X�Y�H�Q�W�� �F�R�P�P�H�� �S�U�L�Q�F�L�S�D�O�H�V�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �O�¶�L�V�R�O�D�W�L�R�Q�� �W�K�H�U�P�L�T�X�H�� �H�W��

�D�F�R�X�V�W�L�T�X�H���G�H�V���E�k�W�L�P�H�Q�W�V����

�/�H�V���P�R�X�V�V�H�V���U�L�J�L�G�H�V���O�H�V���S�O�X�V���Y�H�Q�G�X�H�V���V�R�Q�W���O�H�V���S�R�O�\�X�U�p�W�K�D�Q�H�V���H�W���O�H�V���S�K�p�Q�R�O�L�T�X�H�V����
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Figure 27: Applications commer ciales  pour des mousses rigides.  

��
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Les mousses naturelles  

��

�/�H�V�� �P�R�X�V�V�H�V�� �V�\�Q�W�K�p�W�L�T�X�H�V�� �V�R�Q�W���G�H�V���P�D�W�p�U�L�D�X�[�� �D�V�V�H�]���F�R�X�U�D�Q�W�V���� �(�Q�� �U�H�Y�D�Q�F�K�H���� �O�H�V��

�P�R�X�V�V�H�V���Q�D�W�X�U�H�O�O�H�V���V�R�Q�W���S�O�X�W�{�W���U�D�U�H�V����

�)�D�F�H�� �D�X�[�� �S�R�O�\�X�U�p�W�K�D�Q�H�V�� �P�D�M�R�U�L�W�D�L�U�H�V�� �V�X�U�� �O�H�� �P�D�U�F�K�p�� �G�H�V�� �P�R�X�V�V�H�V�� �p�O�D�V�W�L�T�X�H�V���� �O�H�V��

�D�O�W�H�U�Q�D�W�L�Y�H�V���Q�D�W�X�U�H�O�O�H�V���W�H�O�O�H�V���T�X�H���O�H�V���O�D�W�H�[���V�R�Q�W���H�Q���W�U�D�L�Q���G�H���V�H���G�p�Y�H�O�R�S�S�H�U�����3�R�X�U���F�H��

�T�X�L�� �H�V�W�� �G�H�V�� �P�R�X�V�V�H�V�� �U�L�J�L�G�H�V���� �H�Q�� �U�H�Y�D�Q�F�K�H���� �W�U�q�V�� �S�H�X�� �G�H�� �S�U�R�G�X�L�W�V�� �Q�D�W�X�U�H�O�V�� �V�R�Q�W��

�H�Q�Y�L�V�D�J�H�D�E�O�H�V����

�'�H���Q�R�P�E�U�H�X�V�H�V���p�W�X�G�H�V���R�Q�W���p�W�p���U�p�D�O�L�V�p�H�V���S�R�X�U���X�W�L�O�L�V�H�U���G�H�V���S�U�R�G�X�L�W�V�� �Q�D�W�X�U�H�O�V���S�R�X�U��

�O�¶�L�V�R�O�D�W�L�R�Q�� �G�H�V���K�D�E�L�W�D�W�L�R�Q�V�� �>Dweib et al, 2004 �@���P�D�L�V�� �M�D�P�D�L�V�� �V�R�X�V�� �I�R�U�P�H�� �G�H��

�P�R�X�V�V�H�V���U�L�J�L�G�H�V����

��

�$�X�V�V�L�� �O�¶�D�S�S�O�L�F�D�W�L�R�Q�� �G�H���P�R�X�V�V�H�V�� �U�L�J�L�G�H�V���G�H�� �W�D�Q�L�Q�V���U�H�S�U�p�V�H�Q�W�H�� �X�Q�H�� �L�Q�Q�R�Y�D�W�L�R�Q��

�W�H�F�K�Q�R�O�R�J�L�T�X�H���L�Q�G�p�Q�L�D�E�O�H���G�D�Q�V���F�H���V�H�F�W�H�X�U����
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��

Figure 28 : Mousse r �L�J�L�G�H���j���E�D�V�H���G�H���W�D�Q�L�Q���H�W���L�P�D�J�H���F�R�P�S�O�p�P�H�Q�W�D�L�U�H���D�J�U�D�Q�G�L�H����
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��

��
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Résultats et discussions   
��

�'�D�Q�V�� �F�H�� �W�U�D�Y�D�L�O�� �G�H�� �W�K�q�V�H�����O�D���F�R�P�S�R�V�L�W�L�R�Q�� �F�K�L�P�L�T�X�H�� �G�H�� �W�D�Q�L�Q�V���V�\�Q�W�K�p�W�L�T�X�H�V�� �H�W��

�Y�p�J�p�W�D�X�[���D���p�W�p���p�W�X�G�L�p�H�����3�X�L�V���F�H�V���G�L�I�I�p�U�H�Q�W�V���W�\�S�H�V���G�H�V���W�D�Q�L�Q�V���R�Q�W���p�W�p���X�W�L�O�L�V�p�V���S�R�X�U��

�I�D�L�U�H�� �G�H�V�� �P�D�W�p�U�L�D�X�[���H�[�S�D�Q�V�p�V���� �W�D�Q�W�� �U�L�J�L�G�H�V�� �T�X�¶�p�O�D�V�W�L�T�X�H�V���� �j���F�H�O�O�X�O�H�V�� �R�X�Y�H�U�W�H�V�� �R�X��
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Caractérisation des tanins.  
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Structure moléculaire des tanins synthétiques  par la 
spectrométrie de masse MALDI - TOF.  
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ABSTRACT: The structure, polymeric nature, and
oligomers distribution of six types of commercial synthetic
tannins (syntans) were determined by MALDI-TOF mass
spectrometry. The syntans examined were: (i) polyconden-
sation oligomers of sulfonated phenol and 4,4 0-dioxydiphe-
nylsulfone with formaldehyde and sodium bisulÞte; (ii)
sodium salts of polycondensation oligomers of phenol and
sulfonated phenol with formaldehyde and urea; (iii) sodium
salts of polycondensation oligomers of sulfonated phenol
with formaldehyde and urea; (iv) sodium and ammonium

salts of polycondensation oligomers of sulfonated naphta-
lene with formaldehyde; and (v) a sulfonated phenolic
novolak resin. The oligomers distribution indicated that the
relative abundance of oligomers from trimer to higher
degrees of polymerization varied from 70% to more than
90% according to the different syntans tested. VVC 2009 Wiley
Periodicals, Inc. J Appl Polym Sci 114: 1339Ð1347, 2009

Key words: syntans; MALDI; resins; tannins; polyconden-
sation; structure

INTRODUCTION

Vegetable tannins have been used to tan leather
either alone or accompanying other tanning agents
for several thousand years. Forestry derived vegeta-
ble tannins have however a considerable disadvant-
age, namely, they present marked darkening
problems when exposed to light and even worse
they give leather that does shrink already at rela-
tively lower temperatures than chrome tanning. 1,2

Conversely, synthetic tanning agents (syntans) give
either lighter colored leathers and high resistance to
degradation induced by light.

Synthetic tanning agents (syntans), namely,
sulfonated phenol-formaldehyde resins, sulfonated
melamine-formaldehyde resin, 1,2 and sulfonated
naphtalene-formaldehyde resins are today prepared
and used industrially in great amounts for tanning
hides into leather presenting special properties or
having a particularly light color or improved light
stability. 1,2 Although their general structure is
known from the materials and the preparation pro-
cedures used, their exact oligomeric structures and
in particular their structure distribution have not
been investigated before. This article deals with the
investigation of commercial syntans oligomer struc-

tures and structure distribution by MALDI-TOF
mass spectrometry.

Since its introduction by Karas and Hillenkamp in
1987,3 matrix-assisted laser desorption/ionization
(MALDI) mass spectrometry has greatly expanded
the use of mass spectrometry toward large molecules
and has revealed itself to be a powerful method for
the characterization of both synthetic and natural pol-
ymers.4Ð16 Fragmentation of analyte molecules on
laser irradiation can be substantially reduced by
embedding them in a light absorbing matrix. As a
result, intact analyte molecules are desorbed and ion-
ized along with the matrix and can be analyzed in a
mass spectrometer. This soft ionization technique is
mostly combined with time-of-ßight (TOF) mass ana-
lyzers. This is so as TOF-MS present the advantage of
being capable to provide a complete mass spectrum
per event, for its virtually unlimited mass range, for
the small amount of analyte necessary and the rela-
tively low cost of the equipment.

EXPERIMENTAL

Tannin types

Six types of commercial synthetic tannins (syntans)
were used for MALDI-TOF analysis, all supplied
from Silva Chimica, S.Michele MondoviÕ, Italy,
namely (i) Blancotan BC, polycondensation oligomers
of sulfonated phenol and 4,40-dioxydiphenylsulfone
with formaldehyde and sodiumbisulÞte; (ii) sodium
Blancotan HLF, sodium salts of polycondensation
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oligomers of sulfonated phenol and phenol with
formaldehyde and urea; (iii) sodium Blancotan HLF/
PC, sodium salts of polycondensation oligomers of
sulfonated phenol with formaldehyde and urea; (iv)
sodium Blancotan SN, sodium salts of
polycondensation oligomers of sulfonated naphtalene
with formaldehyde; (v) ammonium Blancotan SN,
ammonium salts of polycondensation oligomers of
sulfonated naphtalene with formaldehyde; and (vi)
Blancotan PRV, sulfonated phenolic novolak resin.

MALDI-TOF-MS

The spectra were recorded on a KRATOS Kompact
MALDI AXIMA TOF 2 instrument. The irradiation
source was a pulsed nitrogen laser with a wavelength
of 337 nm. The length of one laser pulse was 3 ns.
The measurements were carried out using the follow-
ing conditions: polarity-positive, ßight path-linear,
mass-high (20 kV acceleration voltage), 100Ð150
pulses per spectrum. The delayed extraction tech-
nique was used applying delay times of 200Ð800 ns.

Figure 1 Positive ion mode MALDI-TOF mass spectrum of polycondensation oligomers of the reaction of sulfonated phenol
and 4,40-dioxydiphenylsulfone with formaldehyde and sodium bisulÞte. (a) 400Ð2600 Da. (b) Details of the 600Ð1150 Da.
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MALDI-TOF sample preparation

Positive mode

The polymer samples were dissolved in acetone (4
mg/mL, 50/50% vol). The sample solutions were
mixed with a acetone solution (10 mg/mL in ace-
tone) of the matrix. 2,5-dihydroxy benzoic acid was
used as the matrix. For the enhancement of ion for-
mation, NaCl was added to the matrix (10 mg/mL
in water). The solutions of the sample and the ma-
trix were mixed in the proportions 3 parts matrix so-
lution þ 3 parts polymer solution þ 1 part NaCl
solution and 0.5 to 1 l L of the resulting solution mix
were placed on the MALDI target. After evaporation
of the solvent, the MALDI target was introduced
into the spectrometer. The dry droplet sample prep-
aration method was used.

Negative mode

The polymer samples were dissolved in acetone/
water (4 mg/mL, 50/50% vol). The sample solu-
tions were mixed with a tetrahydrofuran (THF) so-
lution (10 mg/mL in acetone) of the matrix.
Harmin was used as the matrix . The solutions of
the sample and the matrix were mixed in equal
proportions, and the resulting solution mixes were
placed on the MALDI target. After evaporation of
the solvent, the MALDI target was introduced into
the spectrometer. The dry droplet sample prepara-
tion method was used.

RESULTS AND DISCUSSION

The oligomer types and oligomers distribution for
the Blancotan BC syntan are derived from the posi-
tive ions MALDI-TOF spectra in Figure 1(a,b) and
the negative ions spectra in Figure 2(a,b). In the pos-
itive ions spectra the main series of peaks is the 536
Da, 798 Da, and 1062 Da corresponding after sub-
tracting 23 Da for the Na þ matrix additive to the
oligomers of molecular weight 512, 774, and 1037.
These are respectively the dimer, trimer, and

tetramer of the polycondensation reaction of 4,40-
dioxydiphenylsulfone with formaldehyde. Thus, the
structure of the 1037 Da tetramer is

Also visible is a small peak at 606 Da (a cluster at
601, 606, and 610 Da) that is instead the most abun-
dant peak in the negative ions mode in Figure
2(a,b). In Figure 2(a,b) instead, the negative ions
mode in which the peaks indicate directly the molec-
ular mass of the oligomer without need to subtract
23 Da for the Naþ , it is noticeable the series of peaks
at 344 Da, 512 Da, 606 (601Ð610) Da, 700 Da, 794 Da,
869 Da, 963 Da, 1057 Da, 1131 Da, 1225 Da, and 1319
Da. These are a series of 4,40-dioxydiphenylsulfone
polycondensates with formaldehyde some present-
ing on their structure one, two, or three methylene
sulfonic acid groups linked to the structure of the
oligomer. The only oligomer that does not present a
methylene sulfonic acid group is the one at 512 Da,
the structure of which is identical to that of the
dimer observed in Figure 1(a) at 536 Da. Thus, the
series above corresponds to respectively methylene-
sulfonated monomer, dimer, monomethylenesulfo-
nated dimer, dimethylenesulfonated dimer,
trimethylenesulfonated dimer, monomethylenesulfo-
nated trimer, diomethylenesulfonated trimer, trime-
thylenesulfonated trimer, monomethylenesulfonated
tetrameter, dimethylenesulfonated tetrameter, and
trimethylenesulfonated tetrameter. An example of
the formulas of the three trimers being:
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Even more interesting are the results of the poly-
condensates of sodium Blancotan HLF PC, a syntan
formed by the cocondensation of sulfonated phenol,
urea, and formaldehyde. These are cocondensation
products with formaldehyde of sulfonated phenol
and urea. In the positive ions mode in Figure 3, the
main peak at 601 Da corresponds to a cocondensa-
tion pentamer of three ureas and two sulfonated
phenols having structure

The peak at 483Ð485 Da corresponds to
PhA CH2A UA CH2A PhA CH2OH. The rest of the peaks

Figure 2 Negative ion mode MALDI-TOF mass spectrum of polycondensation oligomers of the reaction of sulfonated phe-
nol and 4,40-dioxydiphenylsulfone with formaldehyde and sodium bisulÞte. (a) 400Ð2600 Da. (b) Details of the 600Ð1150 Da.
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Figure 3 Positive ion mode MALDI-TOF mass spectrum of sodium salts of polycondensation oligomers from the reaction
of phenol and sulfonated phenol with formaldehyde and urea.

TABLE I
Sodium Blancotan HLF and HLF/PC Oligomers

Peak
Da

Method
positive or
negative

ions

Relative
proportion

(%) Oligomer type

246 Neg. 11 HO3SAPhACH2A NHCONH 2

330 Neg. 7 (HO3S)2A PhACH2A NHCONH 2

(352 Neg. HLF) HO3SAPhACH2A NHCONH A CH2A Ph
(403 Pos. HLF) � O3SAPhACH2A NHCONH A CH2A PhACH2OH
408 Neg. 9 (HO3S)2A PhACH2A NHCONH A SO3H
422 Neg. 22 (HO3S)2A PhACH2A NHCON( A CH2

þ )A SO3H or HO 3SAPhACH2A [NHCONH A CH2]2A Ph
432 Neg. 18 HO3SAPhACH2A NHCONH A CH2A PhASO3H
(458 Neg HLF) HO3SAPhACH2A NHCONH A [CH 2A Ph]2
(475 Pos. HLF) � O3SAPhACH2A NHCONH A CH2A PhACH2A NHCONH A CH2OH
483 Pos. HO3SAPhACH2A NHCONH A CH2A Ph(A SO3H)A CH2OH
504 Neg. 14 HO3SAPhACH2A NHCONH A CH2A Ph(A SO3H)A CH2A NHCONH 2, or

Neg. HO3SAPhACH2A NHCONH A CH2A NHCONH A CH2A PhASO3H
(508 Pos. HLF) � O3SAPhACH2A NHCONH A [CH 2A Ph]2
(530 Neg. HLF) HO3SAPhACH2A NHCONH A CH2A PhACH2A NHCONH A CH2A Ph
(581 Pos. HLF) � O3SAPhA[CH 2A NHCONH] 2A [CH 2A Ph]2A CH2OH
601 Pos. HO3SAPhACH2A NHCONH A CH2A Ph(A SO3H)A [A CH2A NHCONH A ]2A H
(636 Neg. HLF) HO3SAPhA[CH 2A NHCONH] 2A [CH 2A Ph]3
(687 Pos. HLF) � O3SAPhA[CH 2A NHCONH] 2A [CH 2A Ph]3A CH2OH
690 Neg. 8 HO3SAPhACH2A NHCONH A CH2A Ph(A SO3H)A CH2A NHCONH A CH2A PhASO3H,

Neg. or all type HA NHCONH A CH2A NHCONH A CH2A [A Ph(A SO3H)] 3

(759 Pos. HLF) � O3SAPhA[CH 2A NHCONH] 3A [CH 2A Ph]3A CH2OH
(742 Neg. HLF) HO3SAPhA[CH 2A NHCONH] 2A [CH 2A Ph]4
763 Neg. 8 HO3SAPhACH2A NHCONH A CH2A Ph(A SO3H)A CH2A [NHCONH A CH2A ]2A PhASO3H

Neg. or all combinations type H[A NHCONH A CH2A ]2A NHCONH A CH2A [A Ph(A SO3H)] 3

(814 Neg. HLF) HO3SAPhA[CH 2A NHCONH] 3A [CH 2A Ph]4
(865 Pos. HLF) � O3SAPhA[CH 2A NHCONH] 3A [CH 2A Ph]4A CH2OH
942 Neg. 1.8 all combinations type HA [A NHCONH A CH2A ]3A NHCONH A CH2A PhACH2A [A Ph(A SO3H)] 3

(971 Pos. HLF) � O3SAPhA[CH 2A NHCONH] 3A [CH 2A Ph]5A CH2OH
1023 Neg. 1.2 all combinations type HA [A NHCONH A CH2A ]3A NHCONH A CH2A [A Ph(A SO3H)] 4

(1077 Pos. HLF) � O3SAPhA[CH 2A NHCONH] 3A [CH 2A Ph]6A CH2OH
(1183 Pos. HLF) � O3SAPhA[CH 2A NHCONH] 3A [CH 2A Ph]7A CH2OH

The oligomers belonging only to HLF and not to HLF/PC are indicated between parenthesis. U: urea residue; Ph: phe-
nol residue.
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are shown in Table I for both Blancotan HLF and Blan-
cotan HLF PC. The series of phenol-urea-formaldehyde
oligomers and of sulfonated phenol-urea-formalde-
hyde oligomers for these two syntans are shown in
Table I. In general, a single sulfonic group per chain is
present on these oligomers with the exception of the
series of peaks at 690 Da (3� A SO3H), 763 Da (3 �
A SO3H), 942 Da (3 � A SO3H), and 1023 Da (4 �

A SO3H). As regards the oligomers dimension, oligom-
ers up to seven phenolic rings and three urea residues
linked together by methylene bridges are observed as
well as oligomers up to four ureas with four phenols
(1023 Da). The relative proportion of these oligomers as
indicated in Table I shows that about 70% is constituted
of trimers and higher oligomers of higher molecular
mass, these being predominant in this tannin extract.

Figure 4 Negative ion mode MALDI-TOF mass spectrum of sodium/ammonium salts of polycondensation oligomers
from the the reaction of sulfonated naphtalene with formaldehyde.

Figure 5 Positive ion mode MALDI-TOF mass spectrum of sodium/ammonium salts of polycondensation oligomers
from the the reaction of sulfonated naphtalene with formaldehyde.
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As regards, the syntans (sodium and ammonium
Blancotan SN) these were prepared by the sulfonated
product of the reaction of condensation of naphtalene
with formaldehyde, the MALDI-TOF spectrum of
which is shown in Figures 4 (negative ion mode) and
5 (positive ion mode). The series of peaks of the two
compound are very similar and are both reported in
Table II. The repeating motive in the spectra is of
220 Da. This is a monosulfonated naphtalene to which
is linked a methylene bridge. The type of oligomers
formed are shown in Table II. The main series of
oligomers noted correspond to a succession of linear
oligomers of up to 11 naphtalene units linked to each

other by methylene bridges, all repeating units being
sulfonated, with the exception of the Þrst one. The
main series of oligomers can then be represented as
having the following general structure

Where n is an integer number between 1 and 10
and where the sulfonic group is found both as

TABLE II
Sodium and Ammonium Blancotan SN Oligomers

Peak Da
Method: positive
or negative ions

Relative
proportion

(%)

Oligomer typeNa NH 4

428 Neg. 11.7 10.9 NaphA [CH 2A Naph(A SO3H)A ]
496 Pos. Ð HOCH2A NaphA CH2A NaphA CHþ

2
648 Neg. 30.9 26.0 NaphA [CH 2A Naph(A SO3H)A ]2

689 Pos. Ð NaphA [CH 2A Naph] 2A CHþ
2

717 Pos. Ð HOCH 2A NaphA [CH 2A Naph] 2A CHþ
2

868 Neg. 27.2 23.4 NaphA [CH 2A Naph(A SO3H)A ]3

1089 Neg. 16.1 13.5 NaphA [CH 2A Naph(A SO3H)A ]4

1310 Neg. 7.7 10.4 NaphA [CH 2A Naph(A SO3H)A ]5

1530 Neg. 3.7 6.8 NaphA [CH 2A Naph(A SO3H)A ]6

1751 Neg. 2.1 3.9 NaphA [CH 2A Naph(A SO3H)A ]7

1971 Neg. 0.6 2.6 NaphA [CH 2A Naph(A SO3H)A ]8

2190 Neg. Ð 1.5 NaphA [CH 2A Naph(A SO3H)A ]9

2411 Neg. Ð 1.0 NaphA [CH 2A Naph(A SO3H)A ]10

Figure 6 Negative ion mode MALDI-TOF mass spectrum of a sulfonated phenolic novolak resin syntan.
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A SO3H and as A SO�
3 . In both cases in Table II, the

relative proportion of oligomers from trimers
upward is of just under 90% of the total.

The last syntan, a sulfonated phenol-formaldehyde
novolak, (MALDI-TOF Spectrum in Fig. 6) present
the oligomers shown in Table III. This is composed
of two main parallel main series. The Þrst of these
presents general structure:

HOCH 2�� PhðCHþ
2 Þ�� CH2�� Phð�� SO3HÞ�� CH2

� �½Ph�� CH2� �� n��

In which n ¼ the sequence of integer numbers
between 1 and 10, thus oligomers of up to 13 pheno-
lic moieties. In this series of oligomers only one sul-
fonic group for each oligomer is present.

Parallel to this, there is the series of oligomers that
are heavily sulfonated. Their general structure is

HOCH 2�� PhðCHþ
2 Þ�� CH2 � �½Phð�� SO3HÞ�� CH2�m

� �½Ph�� CH2� �� n��

Where m is an integer number between 0 and 2,
and n is an integer number between 1 and 9. Thus,
for this series, oligomers of up to 12 phenolic rings
are linked to each other by the methylene bridges

formed by reaction with formaldehyde. In Table III,
the relative proportion of oligomers from trimers
upward is of 96% of the total.

CONCLUSIONS

The structure of the six different syntans analyzed
by MALDI-TOF indicated that the products obtained
by commercial synthesis were composed of resin
oligomers up to degrees of polymerization higher
than what thought previously for these materials.
The oligomers distribution indicated that the relative
abundance of oligomers from trimer to higher
degrees of polymerization varied from 70% to more
than 90% according to the different syntans tested.
Furthermore, these syntans are often composed of
mixtures in which parallel series of sulfonated and
nonsulfonated oligomers both occur.
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Structure moléculaire  des tanins hydrolys ables commerciaux 
par la spectrométrie de masse MALDI - TOF.  
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ABSTRACT: The structures of six commercial hydrolyz-
able tannins, chestnut, oak, tara, sumach, chinese gall,
and turkey gall tannins have been examined by matrix-
assisted laser desorption/ionization-time-of-”ight
(MALDI-TOF) mass spectrometry. Their oligomeric struc-
tures and structure distributions have been de“ned. Deg-
radation products of rather different structure than what
previously reported were present. Different galloyl glu-
cose monomers were observed for chestnut and oak tan-
nin extracts and in chinese gall gallotannin extract.
Combination of positive- and negative-mode MALDI-
TOF showed that most galloyl residues of the galloyl glu-
cose chains were stripped from a skeletal glucose chain.
Oligomers, in some cases up to 16 or 17 glucose units
long, almost totally stripped of galloyl residues were
observed. This indicated that a wide distribution up to
very long gaIloylglucose chains exist in most commercial

hydrolyzable tannin extracts. This indicated that these
commercial tannin extracts are mainly composed of long
galloyl glucose chains of mixed di-, tri-, and pentagalloyl
glucose repeating units being present in the same chain.
The presence of long glucose chains where most of the
galloyl residues have been stripped indicates that their
linkage may be sugar residue to sugar residue. Commer-
cial tara and turkey gall tannins have been shown to be
mainly polygallic oligomers of up to eight gallic acid resi-
dues linked to each other in a chain. Commercial sumach
extract revealed itself a more complex mixture of glucose
oligomers up to 13 repeating units. VVC 2009 Wiley Periodi-
cals, Inc. J Appl Polym Sci 113: 3847…3859, 2009

Key words: structure; hydrolyzable tannins; MALDI;
oligomers distribution; chestnut; oak; tara; chinese gall;
turkey gall; sumach

INTRODUCTION

Vegetable tannins have been used to tan leather ei-
ther alone or accompanying other tanning agents for
several thousand years. They are natural products
obtained from plants and are very diffuse in the
whole plant kingdom. The term natural vegetable
tannins is used loosely to de“ne two broad classes
of chemical compounds of mainly phenolic nature,
namely, condensed or poly”avonoid tannins and
hydrolyzable tannins. To the recognized oligomeric
nature of condensed tannins1…4 corresponds the
mixed nature of hydrolyzable tannins in which pre-
dominantly nonpolymeric but also polymeric struc-
tures are present.2…5Hydrolyzable tannins, including
chestnut, tara, sumach, chinese gall, turkey gall, oak,

and some other commercial tannin extracts are of
two types: (1) mixtures of sugars with oligomers of
simple phenols such as gallic and digallic acids, and
(2) ellagitannins mainly formed of esters of a sugar,
mainly glucose, with gallic and digallic acids, and
with more complex structures containing ellagic
acid. Many studies on the structure of these tannins
have been carried out and in general their structure
is known. 2…9However, the structure of commercial,
industrially extracted tannins appears to differ from
what shown in the literature, the process of indus-
trial extraction quite clearly changing the composi-
tion of the extract. Except for a very few articles on
the structure of one major commercial hydrolyzable
tannin extract, namely, chestnut wood tannin
extract,2,5 the structure of the other commercial tan-
nins has not been reported, especially the type of
oligomers present and their distribution. Thus, stud-
ies on chestnut tannin extract,1,2 an ellagitannin,
identi“ed that its main constituents are castalagin ( I)
and vescalagin, positional isomers of identical 935
mass, composing, respectively, 14.2% and 16.2% by
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mass of chestnut tannin and the structure of which
is as follows.

The rest of the tannin is composed of 6.6% castalin
and vescalin (positional isomers of structure (II)), 1,2

6% gallic acid, and 3% pentagalloyl glucose
monomer.

However, between 25 and 50%,1,5 is formed by a
fraction that has been found to be a series of much
higher molecular mass pentagalloyl glucose oligom-
ers. The trimer of this was already identi“ed. 5 Previ-
ous work sustained that structures of type ( I ) and
(II ) were only degradation products of the original
structure of the tannin. 5

As different ga llic and ellagic tannins exist and are
sold commercially, this article concentrates on the
structure of four of the most common commercial gal-
lic tannins, namely, (1) tara, chinese gall, turkey gall,
and sumach, and of two mixed commercial galloella-
gic tannins, namely, (2) chestnut and oak bark tannins.

Since its introduction by Karas and coworkers in
1987,10 matrix-assisted laser desorption/ionization
(MALDI) mass spectrometry (MS) has greatly
expanded the use of mass spectrometry toward large
molecules and has revealed itself to be a powerful
method for the characterization of both synthetic
and natural polymers. 11…17

Fragmentation of analyte molecules on laser irra-
diation can be substantially reduced by embedding
them in a light absorbing matrix. As a result, intact
analyte molecules are desorbed and ionized along
with the matrix and can be analyzed in a mass spec-
trometer. This soft ionization technique is mostly
combined with time-of-”ight (TOF) mass analyzers.
This is so because TOF-MS presents the advantage

of being capable of providing a complete mass spec-
trum per event, for its virtually unlimited mass
range, for the small amount of analyte necessary
and the relatively low cost of the equipment.

MATERIALS AND METHODS

Tannin types

Six types of commercial hydrolyzable tannin extracts
were used for MALDI-TOF analysis, namely, (1)
Sumach (Rhus coraria) leaves commercial natural tan-
nin extract, a gallotannin; (2) tara (Caesalpina spinosa)
tannin, solvent-extracted with ethylacetate/acetone/
water to eliminate the sugar fraction, a commercial
natural tannin extract, a gallotannin; (3) chinese gall,
the abnormal growth (gall) produced by parasitic
aphids of Melaphis chinensis; a commercial natural tan-
nin extract, a gallotannin, it is obtained from the galls
solvent-extracted with ethylacetate/acetone/water to
eliminate the sugar fraction; (4) turkey gall, the
growth (gall) on the stems and branches of certain
oaks (Quercus spp.) produced by a wasp (Cynips tincto-
ria); a commercial natural tannin extract, a gallotannin,
it is solvent-extracted with ethylacetate/acetone/water
from the galls to eliminate the sugar fraction; (5) com-
mercial chestnut (Castanea sativa) wood tannin, water-
extracted, and cold-sul“ted with 3.5% ammonium sul-
“te, a galloellagitannin; (6) commercial Oak ( Quercus
spp.) extract both water and solvent extracted. All
these tannins were commercial tannins supplied by
Silva Chimica (S.Michele Mondovi•, Italy).

MALDI-TOF-MS

The spectra were recorded on a KRATOS Kompact
MALDI AXIMA TOF 2 instrument (Kratos Analyti-
cal, Shimadzu Europe Ltd., Manchester, UK). The
irradiation source was a pulsed nitrogen laser with a
wavelength of 337 nm. The length of one laser pulse
was 3 ns. The measurements were carried out by
using the following conditions: polarity-positive,
”ight path-linear, mass-high (20 kV acceleration volt-
age), 100…150 pulses per spectrum. The delayed
extraction technique was used applying delay times
of 200…800 ns.

MALDI-TOF sample preparation

Positive mode

The polymer samples were dissolved in acetone
(4 mg/mL, 50/50% volume). The sample solutions
were mixed with an acetone solution (10 mg/mL in
acetone) of the matrix. As matrix, 2,5-dihydroxy ben-
zoic acid was used. For the enhancement of ion for-
mation, NaCl was added to the matrix (10 mg/mL
in water). The solutions of the sample and the ma-
trix were mixed in the proportions of 3 parts matrix
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solution þ 3 parts polymer solution þ 1 part NaCl
solution and 0.5 to 1 l L of the resulting solution mix
were placed on the MALDI target. After evaporation
of the solvent, the MALDI target was introduced
into the spectrometer by dry droplet sample prepa-
ration method. To each peak value in the resulting
positive mode spectrum must be subtracted 23 Da of
the Naþ of the matrix to obtain the molecular weight
of the chemical species of the peak.

Negative mode

The polymer samples were dissolved in acetone/
water (4 mg/mL, 50/50% volume). The sample solu-
tions were mixed with an tetrahydrofuran solution
(10 mg/mL in acetone) of the matrix. As the matrix,
Harmin was used. The solutions of the sample and
the matrix were mixed in equal proportions and the
resulting solution mix was placed on the MALDI
target. After evaporation of the solvent, the MALDI

target was introduced into the spectrometer by dry
droplet sample preparation method. The peak value
in the resulting negative mode spectrum is the mo-
lecular weight of the chemical species of the peak, as
the matrix used does not interfere.

RESULTS AND DISCUSSION

Different types of hydrolyzable tannins, namely,
ellagitannins and gallotannins, exist. Gallotannins in
their polygallic form are often simpler oligomeric
structures derived by the polymerization of gallic
and digallic acids. To the gallotannins belong sum-
ach, tara, chinese gall, and turkey gall tannins.
Chestnut and oak tannnins instead are mixed gallic
and ellagitannins.

A rather different structure and structure distribu-
tion became evident for commercial hydrolyzable
tannins as shown by the chestnut tannin and oak
tannin MALDI-TOF spectra in Figures 1…3. The

Figure 1 MALDI-TOF positive ion mode spectrum of water extracted chestnut tannin extract in the 400…2600 Da mass
range.

Figure 2 MALDI-TOF positive ion mode spectrum of water extracted oak tannin extract in the 400…2600 Da mass range.
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structure of natural water-extracted chestnut tannin
obtained by MALDI-TOF has already been
reported.5 It was found to be composed of rear-
ranged molecules such castalagine and vescaline and
predominantly of oligomers, up to trimers, of penta-
galloyl glucose.5 With the exception of the previ-
ously unknown pentagalloyl glucose oligomers
presence all that was found by MALDI-TOF corre-
sponds to what was obtained by other methods of
analysis.2 However, a second commercial product is
extensively used, namely, water-extracted chestnut
tannin treated with 3.5% ammonium sul“te after
extraction to improve solubility and hide penetration
in leather making. It is this chestnut extract type the
MALDI analysis of which is reported in this article.
This material should show the same type of spec-
trum as reported previously. 5 However, its MALDI
spectrum in Figure 1 is rather different from that of
natural chestnut tannin reported previously and
presents a repeating motive of 132 Da. There is no
possible gallic acid, digallic acid, galloyl, or ellagic
acid residue that can correspond to such a repeating
unit. It was “nally realized that 132 Da is a mono-
saccharide glucose at 180 Da from which three
hydroxy groups have been eliminated (16 � 3 ¼ 48;
180� 48 ¼ 132 Da). Only 16 Da need to be subtracted
because as theA OH is lost an A H is introduced on
the same site of the molecule. This is then a gluco-
pyranose ring residue from which any galloyl esters
have been stripped. The alternative explanation that
the 132-Da unit is formed by the loss of a HCHO
molecule (30 Da) plus one molecule of water (18 Da)
is possible but unlikely starting from the close pyra-
nose ring con“guration of glucose present in penta-
galloyl glucose. Thus, the series of peaks present in
Figure 1 corresponds to a series of glucoses oligom-
ers up to 16 glucose residues long. To each of these
oligomers is linked a single galloyl residue, one per

oligomer chain only. The only oligomers con“rming
that this was the original con“guration of this tannin
are the peaks at 508 Da (digalloylglucose) and at 656
Da (trigalloys glucose) who are small but present in
the spectrum. The sequence of peaks corresponding
to these long carbohydrate chains observed in Figure
1 starts with the 438-Da peak (1 galloyl residue þ 2
glucose residues stripped of A OHs, the 132 Da
repeating unit). Every peak that follows adds a fur-
ther galloyl-residues-stripped glucose repeating unit.
Thus, starting from the 438-Da peak one can observe
a series of peaks as listed in Table I.

These are not hemicelluloses or cellulose frag-
ments; if this was the case, the repeating unit would
be of 178…180 Da, and this is not the case.

This result is unexpected and merits discussion in
depth. In MALDI-TOF, one can obtain positive
ions and negative ions spectra. The one shown in
Figure 1 is the positive ions spectrum. The negative
ions spectrum is shown in Figure 4. The only two
peaks of any note that are observed in Figure 4 are
those of ellagic acid at 302 Da (negative ion peaks
are not subtracted of the 23 Da for Naþ , as a differ-
ent matrix is used) or of a digallic acid residue, and
the peak at 483.5 Da, an ellagic or digallic acid resi-
due linked to a glucose. There are traces of a couple
of other compounds. These are at 631.5 Da, a mono-
mer composed of a glucose to which are linked an
ellagic acid residue and a gallic acid residue, and
traces of pentagalloyl glucose at 933 Da. The 1086-
Da peak indicates the presence of traces of a penta-
galloyl glucose, to one of the galloyl residues of
which is linked a sixth galloyl residue stripped from
another pentagalloyl glucose. In fact, only the 300- to
302-Da peaks corresponding to ellagic or digallic
acid residues appear in the negative mode spectrum
after the galloellagic esters have been detached from
pentagalloyl glucose.

Figure 3 MALDI-TOF positive ion mode spectrum of solvent extracted oak tannin extract in the 400…2600 Da mass
range.

3850 PIZZI ET AL.

Journal of Applied Polymer ScienceDOI 10.1002/app



In previous work natural chestnut tannin extrac-
tion appeared to cause tannin rearrangement to
products such as castalagine/vescalagine and casta-
line/vescaline. 5 The presence of pentagalloylglucose
trimers constituted up to 60% of the extract. This
indicated that extraction may cause the cleavage of
longer pentagalloylglucose chains. This implied the
rather novel concept that such a tannin is present,
in situ in the wood, as a pervasive and extended ran-
dom tridimensional macromolecular network of pen-
tagalloylglucose chains, capable of being extracted
exclusively by its degradation. 5 The MALDI-TOF
spectra in Figures 1 and 4 appear to support such a
hypothesis. The cleavage and elimination of the gal-
loyl ester residues from the spectrum then shows
the full length of the skeletal glucose chain on which

these were originally linked. This occurs because the
glucose chains, once stripped of their galloyl resi-
dues, are within the range of masses observable by
the MALDI-TOF technique. It indicates that penta-
galloylglucose oligomers of up to 16 repeating units
are present in this commercial tannin extract. This
supports the hypothesis that such a tannin may be
present in the wood as an extended macromolecular
chain.5 The only oligomers in Figure 1 con“rming
that this is the correct interpretation, and the original
con“guration of this tannin, are the peaks at 508 Da
(digalloylglucose ¼ 23 (Naþ ) þ 152 � 2 þ 180 ¼ 507
Da), at 656 Da (trigalloylglucose, 657 Da) who are
small but nonetheless present, and the dominant
960-Da peak of pentagalloyl glucose itself (23 (Naþ )
þ 152 � 5 þ (180 � 3) ¼ 960 Da). The series of

TABLE I
Percentage Distribution of the Different Oligomers Present in Commercial Chestnut Extract

(from MALDI-TOF Positive Ion Mode Spectra)

Da Peak intensity Relative abundance (%)

438 32 5.3 1 Galloyl residueþ 2 stripped glucose residues ¼ dimer
508 48 7.9 Digalloyl glucose, monomer
570 44 7.3 1 Galloyl residueþ 3 stripped glucose residues ¼ trimer
657 30 5.0 Trigalloyl glucose, monomer
835 58 9.6 1 Galloyl residueþ 5 stripped glucose residues ¼ pentamer
959 100 16.5 Pentagalloyl glucose, monomer
967 30 5.0 1 Galloyl residueþ 6 stripped glucose residues ¼ hexamer

1099 34 5.6 1 Galloyl residueþ 7 stripped glucose residues ¼ heptamer
1232 38 6.3 1 Galloyl residueþ 8 stripped glucose residues ¼ octamer
1364 34 5.6 1 Galloyl residueþ 9 stripped glucose residues ¼ nonamer
1496 23 3.8 1 Galloyl residueþ 10 stripped glucose residues ¼ decamer
1629 35 5.8 1 Galloyl residueþ 11 stripped glucose residues ¼ undecamer
1761 22 3.6 1 Galloyl residueþ 12 stripped glucose residues ¼ dodecamer
1893 22 3.6 1 Galloyl residueþ 13 stripped glucose residues ¼ tridecamer
2025 14 2.3 1 Galloyl residueþ 14 stripped glucose residues ¼ tetradecamer
2157 14 2.3 1 Galloyl residueþ 15 stripped glucose residues ¼ pentadecamer
2289 13 2.2 1 Galloyl residueþ 16 stripped glucose residues ¼ hexadecamer
2312 14 2.3 2 Galloyl residuesþ 15 stripped glucose residues ¼ pentadecamer

Figure 4 MALDI-TOF negative ion mode spectrum of water extracted chestnut tannin extract in the 400…2600 Da mass range.
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oligomers present in this tannin derived from the
MALDI-TOF spectrum in Figure 1 are shown in
Table I.

The same characteristics are noted in Figures 2
and 3 showing the MALDI-TOF spectrum for water-
extracted and solvent extracted oak tannin. The pat-
tern in Figure 3 of the solvent-extracted oak tannin
is the clearer one. The predominant repeating unit is
again 132 Da; hence, glucose stripped of its …OH
groups and of its “ve galloellagic residues. The sin-
gle pentagalloylglucose peak at 960 Da is again pres-
ent and is the second most intense one. To this is
associated the 1091-Da peak formed by one stripped
glucose residue linked to the pentagalloyl glucose.
In this spectrum (Fig. 3), however, the dominant
peaks are the 577-Da and its associated 607-Da peak.
These are, respectively, a glucose trimer in which
the A OH at the C6 has been stripped but the A CHþ

2
still remains attached (577 Da) and the same glucose
trimer where another complete C6 group ( A CH2OH)
is still attached. The series of peaks is then 703 Da
(three glucoses linked to a single galloyl residue),
and a series of oligomers at 836, 968, 1100, 1232
(dominant of this series), 1364, 1496, 1628, 1761,
1893, 2025, 2157, and 2289 Da. Thus, one galloyl
residue linked to a chain of 15 glucoses. In the
water-extracted oak tannin in Figure 2 even a small
2421-Da peak is present. This corresponds to a 16-
glucoses oligomer. The negative ion mode MALDI-
TOF spectrum of the water-extracted oak tannin is
shown in Figure 5. The trend is the same as in Fig-
ure 4: only monomeric species stripped from the
main sugar chain shown in the positive ion mode in
Figure 2 are present. The series of oligomers present
in this tannin derived from the MALDI-TOF spec-
trum in Figure 3 are shown in Table II.

Thus, the structures that can be proposed for the
main constituents of these two galloellagic hydrolyz-
able tannins is that of mixtures of oligomers up to 15

to 16 repeating units. The original repeating unit of
these is pentagalloyl glucose (I). However, industrial
extraction has also subtracted or hydrolyzed some gal-
loyl residues from the main chain. Its appearance then
is that of a mix of digalloyl, trigalloyl, and pentagal-
loyl glucoses linked together in oligomers 15 to 16
repeating units long, structure ( III ), where n varies
between 1 and 16. These galloyl residues are still pres-
ent in the extract, they are part of it.

The implication of this is that the repeating units
in galloyl glucose chains may be linked differently
to each other and then according to the accepted
model of structure (III ).5,18,19 This is clear as in the
positive mode spectrum the long glucose chains are
linked to each other also when galloyl residues have
been stripped away. Carbohydrates polymerization
has been shown not to occur in MALDI-TOF; thus a
different system of linkage than what was envisaged
in structure ( III ) must be present.

In Figures 6…9 are shown the positive ion mode
MALDI-TOF spectra of the four gallotannins ana-
lyzed. Sumach tannin (Fig. 6) extract is a polygallic
tannin and its MALDI-TOF spectrum shows some
major series of peaks exhibiting a mass increment of
152 Da (Fig. 6). This corresponds to what is known

Figure 5 MALDI-TOF negative ion mode spectrum of water-extracted oak tannin extract in the 400…2600 Da mass range.
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as regards the structure of this tannin. The repeat
unit is structure ( IV )

However, some differences from this are evident
in Figure 6. The “rst interpretable peak for this tan-
nin is at 508 Da. This corresponds to a glucose to
which are linked two gallic acid residues (23(Na þ )
þ 180 þ 152 þ 152 ¼ 507 Da). Three different series
of oligomer peaks are present.

The series of oligomers in the highest proportion
starts with the 924-Da peak (Fig. 6). This oligomer
corresponding to this peak is exclusively composed
of a chain of “ve glucoses (23(Naþ ) þ 180 � 5 ¼ 923
Da). The series continues with the peaks at 1076,
1229, 1381, 1532, 1684, 1836, and 1988 Da, thus add-
ing one by one gallic acid 152 Da repeating units. It
is not possible to assume that the peaks of the series
represent linear chains of 1, 2, 3, 4, 5, 6, and 7 gallic
acid residues attached to one of the glucoses only. It
is more likely that the gallic acid residues are linked
as single gallic residues or dimers or trimers to each
of the “ve glucoses of the oligomer chain.

The closest interpretation of the 540-Da peak is
based on two glucoses and a gallic acid residue (23
(Naþ ) þ 180 þ 180 þ 152 ¼ 535 Da). It is not possible
to determine how these are linked with each other.

TABLE II
Percentage Distribution of the Different Oligomers Present in Commercial Oak Tannin Extract

(from MALDI-TOF Positive Ion Mode Spectra)

Da Peak intensity Relative abundance (%)

570 17 3.1 1 Galloyl residueþ 3 stripped glucose residues ¼ trimer
576 100 18.2 Unknown
703 22 4.0 1Galloyl residueþ 4 stripped glucose residues ¼ tetramer
835 38 6.9 1 Galloyl residueþ 5 stripped glucose residues ¼ pentamer
959 67 12.2 Pentagalloyl glucose, monomer
967 45 8.2 1 Galloyl residueþ 6 stripped glucose residues ¼ hexamer

1092 55 10.0 1 Galloyl residueþ 7 stripped glucose residues ¼ heptamer
1232 52 9.4 1 Galloyl residueþ 8 stripped glucose residues ¼ octamer
1364 40 7.3 1 Galloyl residueþ 9 stripped glucose residues ¼ nonamer
1496 31 5.6 1 Galloyl residueþ 10 stripped glucose residues ¼ decamer
1628 27 4.9 1 Galloyl residueþ 11 stripped glucose residues ¼ undecamer
1761 17 3.1 1 Galloyl residueþ 12 stripped glucose residues ¼ dodecamer
1893 14 2.5 1 Galloyl residueþ 13 stripped glucose residues ¼ tridecamer
2025 12 2.1 1 Galloyl residueþ 14 stripped glucose residues ¼ tetradecamer
2157 8 1.5 1 Galloyl residueþ 15 stripped glucose residues ¼ pentadecamer
2289 6 1.1 1 Galloyl residueþ 16 stripped glucose residues ¼ hexadecamer

Figure 6 MALDI-TOF positive ion mode spectrum of water extracted sumach tannin extract in the 400…2600 Da mass
range.
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The second series in the second highest proportion
is the 508-, 965-, 1117-, 1269-, 1421-, 1573-, 1725-,
1877-, and 2030-Da series. The peaks correspond to a
single glucose linked respectively to two gallic acid
residues (508 Da), six gallic acid residues (965 Da),
and so on up to a single glucose linked to 13 gallic
acid residues (2030 Da). This clearly identi“es them
as polygallic acid chains of type ( IV ) because only
one glucose is present in each of these oligomers. A
chain of nine polygallic acid residues linked to a sin-
gle glucose is the predominant oligomer in this se-
ries (at 1421 Da). It is interesting to note that in this
series one passes from the gallic acid dimer linked
to a glucose directly to the hexamer and higher
oligomers, without any trimers, tretramers, or pen-
tamers being present.

The third pattern, the least abundant, also presents
a repeating unit of 152 Da. This is the series of peaks
at 2358, 2512, 2664, 2817, 2970, 3120, 3273, and 3426
Da. These are higher oligomers, but notwithstanding
the regular 152-Da increment are dif“cult to inter-
pret. This series does not derive from any of the
other two already described. Thus, the peak at 2358
does not derive from any peak of the other two se-
ries. The only correspondence is that it is formed by
a glucose (or other sugar residue) oligomer of 13
repeating units (23 (Naþ ) þ 180 � 13 ¼ 2363 Da). To
these are attached seven gallic acid residues either
as gallic acid oligomers or as monomers or dimers.
The gallic acid residues are most likely linked as sin-
gle gallic residues to each of the glucoses of the glu-
cose oligomer chain, as for the “rst series.

Figure 7 MALDI-TOF positive ion mode spectrum of solvent extracted tara tannin extract in the 400…2600 Da mass
range.

Figure 8 MALDI-TOF positive ion mode spectrum of solvent extracted turkey gall tannin extract in the 400…2600 Da
mass range.
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Thus, according to the positive ions mode
MALDI-TOF analysis, commercial sumach tannin
extract is then composed of three types of oligomers.
These are as follows:

1. The pattern of peaks in highest relative propor-
tion corresponding to structure ( V) composed
of “ve sugar residues and up to seven galloyl
residues.

2. The pattern of peaks in the second highest rela-
tive proportion responding to structure (VI ),
with n ¼ 2…13.

3. The third and minor series of peaks corre-
sponding to structures of type ( VII ), where m ¼
6…13,x ¼ 13 � m, n ¼ x þ m.

The relative abundance of the oligomers corre-
sponding to these three patterns is shown in
Table III.

The spectra of the solvent extracted tara and tur-
key gall tannins are shown in Figures 7 and 8. Sol-
vent extraction has eliminated the carbohydrates in
the extract; thus, the polymeric nature of these two
tannins can be clearly observed. The repeating unit
observed is 152 Da, as for sumach, and corresponds
to the same basic structure (IV ) indicated for sum-
ach extract. In the case of tara tannin this is known
to contain small amounts of ellagic acid and a much
greater proportion of gallic acid. 6 The MALDI-TOF
in Figure 7 con“rms this “nding. Thus, the second
dominant peak at 520 Da (23 (Naþ ) þ (302 � 1H) þ
152 þ 44 ¼ 520 Da) indicates an oligomer formed by
one ellagic acid linked to one gallic acid, although
the presence of an additional A COO� cannot be eas-
ily explained. The peaks at 672, 824, 977, 1129, 1281
Da indicate then a series of oligomers each formed
by adding a gallic acid residue to the basic structure
of the 520-Da peak. Thus, the number of gallic acid
total residues indicates a series of polygallic trimers,
tetramers, pentamers, hexamers, heptamers, and

Figure 9 MALDI-TOF positive ion mode spectrum of solvent extracted Chinese gall tannin extract in the 400…2600 Da
mass range.
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octamers starting from the 520-Da peak. Their rela-
tive abundance is 26, 29, 23, 14.5, 6, and 1.5%,
respectively. Oligomers smaller than trimers do not
appear to occur.

A similar repeating unit pattern (152 Da) is
observed for the positive ions mode MALDI-TOF of
turkey gall tannin (Fig. 8). In this tannin the “rst in-
terpretable peak is at 508 Da. This corresponds to a
glucose to which are linked two gallic acid residues
(23(Naþ ) þ 180 þ 152 þ 152 ¼ 507 Da). It is not pos-
sible to know if the two gallic acid residues are sep-
arately linked to the glucose or if this is a digallic
acid residue linked to the glucose. This latter
appears to be the most probable con“guration. It
means that the 508-Da peak is a gallic acid dimer
and the series of peaks at 661, 813, 965, 1117, 1269,
and 1422 Da represent a series of gallic acid trimers,
tetramers, pentamers, hexamers, heptamers, and
octatamers, all attached to one glucose. The peak at
642 Da is the 661 peak minus anA OH, thus also a

glucose þ a gallic acid trimer. The same is valid for
the peak at 795 Da, which is the 813-Da peak minus
an A OH group, thus a glucose þ a gallic acid tet-
ramer. Due to their relative abundance, these two
peaks (642 and 795 Da) must also be taken into
account in calculating the relative proportion of the
oligomers present in turkey gall tannin. Thus, from
the spectra in Figure 8 the respective abundance is
of 8% (digalloyl glucose, dimers), 26% (monoglucose
galloyl trimers), 32% (monoglucose galloyl tet-
ramers), 18% (monoglucose galloyl pentamers), 11%
(monoglucose galloyl hexamers), 3.5% (monoglucose
galloyl heptamers), and 1.3% (monoglucose galloyl
octamers).

It must also be kept in mind that while the repeat-
ing unit molecular weight is 152 Da, residues of
quinic acid linked in the chain can also be present.
Quinic acid is known to be present and included in
some manner in the gallic acid chains of tara tan-
nin.6…8It appears to be linked in the chain in the

TABLE III
Percentage Distribution of the Different Oligomers Present

in Commercial Sumach Extract

Da
Peak

intensity
Relative

abundance (%)

540 67 9.45 Dimer

Pattern 1 (all glucose pentamers)
924 60 8.45 Glucose pentamer

1076 100 14.1 Monogalloyl glucose pentamer
1229 92 12.9 Digalloyl glucose pentamer
1381 58 8.2 Trigalloyl glucose pentamer
1532 28 3.9 Tetragalloyl glucose pentamer
1684 10 1.4 Pentagalloyl glucose pentamer
1836 4 0.6 Hexagalloyl glucose pentamer
1988 1 0.15 Heptagalloyl glucose pentamer

Total pattern 1 50.55

Pattern 2
508 66 9.2 Digalloyl glucose
965 8 1.1 Hexagalloyl glucose (hexamer)

1117 20 2.8 Heptagalloyl glucose (heptamer)
1269 40 5.6 Octagalloyl glucose (octamer)
1421 48 6.8 Nonagalloyl glucose (nonamer)
1573 40 5.6 Decagalloyl glucose (decamer)
1725 23 3.2 Undecagalloyl glucose (undecamer)
1877 10 1.4 Dodecagalloyl glucose (dodecamer)
2030 4 0.6 Tridecagalloyl glucose (tridecamer)

Total pattern 2 35.4

Pattern 3
2358 2 0.3 Glucose tridecamer
2512 4 0.6 Monogalloyl glucose tridecamer
2664 5 0.7 Digalloyl glucose tridecamer
2817 7 1.0 Trigalloyl glucose tridecamer
2970 6 0.8 Tetragalloyl glucose tridecamer
3120 4 0.6 Pentagalloyl glucose tridecamer
3273 3 0.4 Hexagalloyl glucose tridecamer
3426 1 0.15 Heptagalloyl glucose tridecamer

Total pattern 3 4.6
Total 100
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same manner as gallic acid (III ), hence slightly dif-
ferently than what was proposed in previous
work. 7,8

The same could apply to turkey gall tannin,
although presence of quinic acid in the chain of this
tannin has not been reported. Thus, this tannin must
be still considered as a purely polygallic tannin
linked to some glucose. This type of con“guration is
rather different from that proposed for residual
quinic acid gallotannins (mainly tara) by previous
authors.7,8

The repeating unit pattern is different, however,
for the chinese gall tannin (Fig. 9). Here the repeat-
ing unit is 162 Da. Thus, the series of peaks that can
be seen responding to this pattern is the series 510,
623, 834, 996, 1159, 1321, and 1483 Da. Such an un-
usual repeating unit can have two explanations. In
one case this can correspond to a quinic acid that is
linked to other different quinic acid chains through
its hydroxy groups as reported in much earlier work
for tara tannin, 7 and in a manner different to that
reported for structure ( VIII ). Thus, quinic acid,
where the A OR1,2 are hydroxygroups, has a molecu-
lar weight of 168 Da; if one hydrogen is substituted
with a gallic acid residue such as R1, then the total
weight is of 168 Da � 1H þ 152 þ 1H Da ¼ 320 Da.
This is close enough to 162 Da � 2 ¼ 324 Da, the
real repeating unit of the MALDI-TOF spectrum in
Figure 9. Such an approach, however, cannot explain
the multirepeating 162-Da pattern. This indicates
that such an explanation is incorrect. Furthermore,
the presence of quinic acid has never been reported
in chinese gall tannins.

The second, more acceptable explanation is closer
to what is already known on chinese gall tannin,
namely, its composition of esters of gallic and digal-
lic acid with glucose. Thus, two gallic acid residues
attached to a glucose yield a repeating unit of [(180
� 1H Da) þ 152 Da þ (152 þ 1 Da)] ¼ 484 Da (simi-
lar to 162 Da � 3 ¼ 486 Da). It cannot be determined
if this is a digallic acid linked to glucose or two gal-
lic acid residues each linked independently to glu-
cose. This appears then to be the real repeating unit
of the oligomers. The oligomeric structure of com-
mercial chinese gall tannin is then rather different to
what is observed for turkey gall tannin. The repeat-
ing unit appears to be either structure ( IX) or most
likely structure ( X)

where the parentheses indicate the manner in
which the two (only) gallic acid residues can be
attached to the glucose residue. Thus, the repeat-
ing units are formed by digalloyl glucose if the
structure is interpreted on the basis of the MALDI-
TOF-positive ion mode spectrum in Figure 9. It has
been reported in the literature 7 that all the
hydroxyl groups of chinese gall tannin are substi-
tuted by galloyl residues and thus that the repeat-
ing unit should be pentagalloyl glucose. The
positive ion mode MALDI-TOF analysis of the
commercial chinese gall extract does not support
this structure as only two galloyl residues are
clearly attached to the sugar residues, as in struc-
ture (IX ). Whatever the mode of linkage to each
other of the repeating units then, the peak at 510 Da
is close enough to be the same as in turkey gall tan-
nin, namely, a glucose to which are linked two gallic
acid residues (23(Naþ ) þ 180 þ 152 þ 152 ¼ 507
Da). The series that starts with the 510 Da (digalloyl
glucose) continues with the 996 Da (digalloyl glu-
cose dimer) and 1483 Da (digalloyl glucose trimer)
oligomers. The other 162-Da repeating peaks belong
to similar molecules in which alternatively a galloyl
or two galloyl residues have been lost together with
some part of the sugar residue. However, a better
interpretation of this spectrum can be the same
given for the two galloellagic tannins (chestnut and
oak tannins).
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Thus, in Figure 9, the 162-Da repeating unit can
be interpreted as a glucose in which a single A OH
has been lost. This indicates that in commercial chi-
nese gall tannin a single monogalloyl, or digalloyl
or trigalloyl residue, may be linked to each glucose
of the main sugar skeletal chain, as already
reported by earlier authors. 9 Thus, starting from the
510-Da peak (digalloyl glucose), the series that fol-
lows is formed by the 672-, 834-, 996-, 1159-Da
peaks. This is, hence, a series of oligomers of up to
glucose hexamers on which two galloyl residues
are still linked onto a single sugar residue of the
chain. To this series is superimposed the 510-Da
(digalloylglucose), 996-Da (digalloyl glucose dimer),
and 1483-Da (digalloyl glucose trimer) series. The
965-Da peak is likely to be a pentagalloyl glucose,
although this is not at all dominant in this spec-
trum. This implies that monogalloyl, digalloyl, and
trigalloyl groups were initially linked to this tannin.
This is supported by the earliest previous work 9 on
this tannin. Previous authors have shown that in
chinese gall tannin and in sumach tannin the prod-
ucts isolated were essentially octa- and nonagalloy-
lated glucose.7 They estimated that the gallotannin
contained a pentagalloylglucose nucleus to which
some three or four additional galloyl groups were
attached. The MALDI-TOF analysis presented here
shows this not to be the case, or at least not the
only case, and brings to the fore the skeletal poly-
meric nature of the carbohydrates of the galloyl
glucose chains.

CONCLUSION

The structure of six commercial hydrolyzable tan-
nins has been examined by MALDI-TOF MS. Their
oligomeric structures and structure distribution
have been de“ned and have in some cases been
found to be similar to results reported by other
authors for tannin extracted for analysis. However,
in the commercially extracted tannins some marked
differences from what already reported were noted.
Degradation products of rather different structure
than what was reported were present. Relevant
pentagalloyl, trigalloyl, and digalloyl glucose mono-
mers were observed in MALDI-TOF spectra of the
galloellagic chestnut and oak tannin extracts and in
one gallotannin, chinese gall tannin extract. In the
positive ion mode spectra the most remarkable
“ndings were that most of the galloyl residues of
the galloyl glucose chains were stripped from the
skeletal glucose chain carrying them. This allowed
the observation of oligomers, in some cases up to
16 or 17 glucose units long, totally or almost totally
stripped of galloyl residues, as their molecular
weight came within the range of molecular masses

more easily observed with MALDI MS. The
stripped galloyl residues were found in the nega-
tive ion mode spectra, these residues being still
present in the commercial extract. This indicated
that a wide distribution up to very long gaIloylglu-
cose chains exist in most commercial hydrolyzable
tannin extracts. It also indicated that all these com-
mercial tannin extracts are mainly composed of
long pentagalloyl glucose chains in which some gal-
loyl residues have been detached, giving the
appearance of mixed di-, tri-, and pentagalloyl glu-
cose repeating units being present in the same
chain. This supported also the concept advanced
previously by other evidence that such tannins may
be present in the wood as an extended macromolec-
ular chains network.

The pentagalloyl glucose units in tannin chains
are considered to be linked through a galloyl resi-
due of a unit to a galloyl residue of the unit that
follows it and of the unit that precedes. However,
the presence of long glucose chains in the positive
ion mode MALDI-TOF spectra in the cases in which
most or all of the galloyl residues have been
stripped indicates that the manner in which the
pentagalloyl glucose repeating unit is linked may
be sugar residue to sugar residue. This is rather dif-
ferent from the normally accepted form of linkage
of these tannins.

Commercial tara and turkey gall tannins have
been shown to be mainly polygallic oligomers of up
to eight gallic acid residues linked to each other in a
chain. Commercial sumach extract revealed itself a
more complex mixture of glucose oligomers up to 13
repeating units where to several but not all of the
sugar repeating units is linked a galloyl or digalloyl
residue.

References

1. Fengel, D.; Wegener, G. Wood, Chemistry, Ultrastructure,
Reactions; Walther DeGruyter: Berlin, 1984.

2. Tang, H. R.; Hancock, R. A.; Covington, A. D. In Proceedings
of the XXI IULTCS (International Union of Leather Trade
Technologists and Chemists): Barcelona, Spain, 1991; p 1503.

3. Haslam, E. The Chemistry of Vegetable Tannins; Academic
Press: London, 1966.

4. Roux, D. G. In Plant Polyphenols 1; Hemingway, R. W.; Laks,
P. E., Eds.; Plenum: New York, 1992; pp 7…39.

5. Pasch, H.; Pizzi, A. J Appl Polym Sci 2002, 85, 429.
6. Garro-Galvez, J. M.; Riedl, B.; Conner, A. H. Holzforschung

1997, 51, 235.
7. Armitage, R.; Bayliss, G. S.; Gramshaw, J. W.; Haslam, E.;

Haworth, R. D.; Jones, K.; Rogers, H. J.; Searle, T. J Chem Soc
1961, 1842.

8. Horler, H.; Nursten, H. E. J Chem Soc 1961, 3786.
9. Buziashvili, Sh.; Komissarenko, N. F.; Kovalev, I. P.; Gor-

dienko, V. G.; Kolesnikov, D. G. Khimiya Prirodnykh Soedine-
nii 1973, 6, 789.

Journal of Applied Polymer ScienceDOI 10.1002/app

3858 PIZZI ET AL.



10. Karas, M.; Bachmann, D.; Bahr, U.; Hillenkamp, F. Int J Mass
Spectrom Ion Phys 1987, 78, 53.

11. Bahr, U.; Deppe, A.; Karas, M.; Hillenkamp, F.; Giessmann, U.
Anal Chem 1992, 64, 2866.

12. Danis, P. O.; Karr, D. E.; Mayer, F.; Holle, A.; Watson, C. H.
Org Mass Spectrom 1992, 27, 843.

13. Danis, P. O.; Karr, D. E. Org Mass Spectrom 1993, 28, 923.
14. Ehring, H.; Karas, M.; Hillenkamp, F. Org Mass Spectrom

1992, 27, 472.

15. Pasch, H.; Resch, M. Polym Anal MALDI-MS GIT Fachz Lab
1996, 40, 90.

16. Pasch, H.; Gores, F. Polymer 1995, 36, 1999.
17. Pasch, H.; Pizzi, A.; Rode, K. Polymer 2001, 42, 7531.
18. Yoshida, T.; Hatano, T.; Ito, H.; Okuda, T. In Plant Polyphe-

nols; Gross, G. G.; Hemingway, R. W.; Yoshida, T., Eds.; Ple-
num: New York, 1999; Vol. 2, pp 127…144.

19. Amakura, Y.; Yoshida, T. Chem Pharm Bull 1996, 44,
1293.

Journal of Applied Polymer ScienceDOI 10.1002/app

POLYMER STRUCTURE OF COMMERCIAL HYDROLYZABLE TANNINS 3859



85 
 

MALDI - TOF - CID pour l’élucidation de la microstructure  des 
tanins hydrolysables polymères . 
��

��

�$�X�W�H�X�U�V�����1���5�$�'�(�%�(�����.���5�2�'�(�����$���3�,�=�=�,�����6���*�,�2�9�$�1�'�2�����+���3�$�6�&�+��

�-�����$�S�S�O�����3�R�O�\�P�����6�F�L�������������������±�������������������������'�2�,���������������������$�3�3������������ ��

��

�'�D�Q�V���F�H�W�W�H���p�W�X�G�H�����Q�R�X�V���D�Y�R�Q�V���p�Y�D�O�X�p���G�H���O�D���P�D�Q�L�q�U�H���O�D���S�O�X�V���D�S�S�U�R�I�R�Q�G�L�H���S�R�V�V�L�E�O�H����

�O�D�� �V�W�U�X�F�W�X�U�H�� �P�R�O�p�F�X�O�D�L�U�H�� �G�H�� �W�D�Q�L�Q�V�� �K�\�G�U�R�O�\�V�D�E�O�H�V���J�U�k�F�H�� �j���O�D�� �Q�R�X�Y�H�O�O�H�� �W�H�F�K�Q�L�T�X�H��

�D�Q�D�O�\�W�L�T�X�H���G�X���0�$�/�'�,���7�2�)���&�,�'����

�/�H�V���W�D�Q�L�Q�V���Y�p�J�p�W�D�X�[���G�H���K�D�X�W���S�R�L�G�V���P�R�O�p�F�X�O�D�L�U�H���V�R�Q�W���G�H�V���P�p�O�D�Q�J�H�V���F�R�P�S�O�H�[�H�V���G�H��

�F�R�P�S�R�V�p�V�� �G�R�Q�W�� �O�D�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �H�Q�� �P�D�V�V�H�� �P�R�O�p�F�X�O�D�L�U�H�� �H�W�� �H�Q�� �F�R�P�S�R�V�L�W�L�R�Q�� �F�K�L�P�L�T�X�H��

�H�V�W���O�D�U�J�H�����/�H�V���W�D�Q�L�Q�V���K�\�G�U�R�O�\�V�D�E�O�H�V���G�H���W�D�U�D�����G�H���J�D�O�O�H���W�X�U�T�X�H���H�W���G�H���F�K�k�W�D�L�J�Q�L�H�U���R�Q�W��

�G�p�M�j���p�W�p�� �D�Q�D�O�\�V�p�V�� �H�W���F�R�P�S�D�U�p�V�� �H�Q�� �X�W�L�O�L�V�D�Q�W���O�D�� �V�S�H�F�W�U�R�P�p�W�U�L�H�� �G�H���P�D�V�V�H���0�$�/�'�, ��

�7�2�)�����%�L�H�Q���T�X�H�� �O�D���0�$�/�'�, ���7�2�)���0�6���U�p�Y�q�O�H�� �O�D�� �V�W�U�X�F�W�X�U�H���G�H�V�� �R�O�L�J�R�P�q�U�H�V���G�H�V�� �W�D�Q�L�Q�V����

�F�H�W�W�H�� �P�p�W�K�R�G�H���Q�H�� �S�H�U�P�H�W�� �S�D�V�� �G�H�� �G�L�I�I�p�U�H�Q�F�L�H�U�� �G�H�V�� �L�V�R�P�q�U�H�V�� �D�Y�H�F�� �G�H�V�� �P�D�V�V�H�V��

�L�V�R�E�D�U�H�V���H�W���� �S�D�U�� �F�R�Q�V�p�T�X�H�Q�W���� �G�H�V���L�Q�W�H�U�S�U�p�W�D�W�L�R�Q�V���V�W�U�X�F�W�X�U�H�O�O�H�V���D�P�E�L�J�•�H�V���S�H�X�Y�H�Q�W��

�p�W�p���I�D�L�W�H�V���G�D�Q�V���X�Q���F�H�U�W�D�L�Q���Q�R�P�E�U�H���G�H���F�D�V�����$�I�L�Q���G�H���G�p�W�H�U�P�L�Q�H�U���O�H�V���P�L�F�U�R�V�W�U�X�F�W�X�U�H�V��

�U�p�H�O�O�H�V�����G�H�V���D�Q�D�O�\�V�H�V�� �R�Q�W�� �p�W�p���P�H�Q�p�H�V�� �S�D�U���0�$�/�'�, ���7�2�)���&�,�'�� ���G�L�V�V�R�F�L�D�W�L�R�Q�� �L�Q�G�X�L�W�H��

�S�D�U�� �F�R�O�O�L�V�L�R�Q�������/�D���0�$�/�'�, ���7�2�)���&�,�'�� �S�H�U�P�H�W���O�D�� �G�p�W�H�U�P�L�Q�D�W�L�R�Q�� �G�H�V�� �V�p�T�X�H�Q�F�H�V�� �G�H��

�P�R�Q�R�P�q�U�H�V���H�W���O�D���U�p�S�D�U�W�L�W�L�R�Q���G�H�V���V�W�U�X�F�W�X�U�H�V���L�V�R�E�D�U�H�V���S�H�X�W���r�W�U�H���I�D�L�W�H����

�/�D�� �V�S�H�F�W�U�R�P�p�W�U�L�H���0�$�/�'�,�� �7�2�)���&�,�'�� �V�¶�H�V�W�� �D�L�Q�V�L���D�Y�p�U�p�H�� �W�U�q�V�� �X�W�L�O�H�� �S�R�X�U�� �O�D��

�G�p�W�H�U�P�L�Q�D�W�L�R�Q�� �G�H�� �O�D�� �V�p�T�X�H�Q�F�H�� �G�H�V���P�R�Q�R�P�q�U�H�V���H�W�� �G�H�V���V�W�U�X�F�W�X�U�H�V�� �G�
�R�O�L�J�R�P�q�U�H�V��

�G�D�Q�V�� �O�H�V�� �P�p�O�D�Q�J�H�V�� �G�H�� �W�D�Q�L�Q�V�� �K�\�G�U�R�O�\�V�D�E�O�H�V�� �H�W�� �O�D���P�L�F�U�R�V�W�U�X�F�W�X�U�H���U�p�H�O�O�H���D�� �S�X���r�W�U�H��

�F�O�D�L�U�H�P�H�Q�W���L�G�H�Q�W�L�I�L�p�H���S�D�U���F�H�W�W�H���W�H�F�K�Q�L�T�X�H����

�3�R�X�U�� �O�H�V�� �W�U�R�L�V�� �W�D�Q�L�Q�V�� �K�\�G�U�R�O�\�V�D�E�O�H�V�� �U�H�S�U�p�V�H�Q�W�D�W�L�I�V�� �p�W�X�G�L�p�V�� ���W�D�U�D���� �F�K�k�W�D�L�J�Q�L�H�U���H�W��

�J�D�O�O�H�� �W�X�U�T�X�H������ �L�O�� �D�� �p�W�p���P�R�Q�W�U�p���T�X�H���F�H�X�[���G�H���O�D���J�D�O�O�H���W�X�U�T�X�H�� �H�W�� �G�H���W�D�U�D���S�U�p�V�H�Q�W�H�Q�W��

�X�Q���F�H�U�W�D�L�Q���Q�R�P�E�U�H���G�H���V�L�P�L�O�L�W�X�G�H�V���G�D�Q�V���O�H�X�U�V���V�S�H�F�W�U�H�V���0�$�/�'�, ���7�2�)�����/�D���0�$�/�'�, ���7�2�)��

�&�,�'���� �F�H�S�H�Q�G�D�Q�W�����L�Q�G�L�T�X�H�� �T�X�H�� �O�H�V���W�D�Q�L�Q�V���G�H���W�D�U�D���F�R�Q�W�L�H�Q�Q�H�Q�W�� �G�H�� �O�
�D�F�L�G�H���H�O�O�D�J�L�T�X�H��

�W�D�Q�G�L�V�� �T�X�H���F�H�X�[�� �G�H���J�D�O�O�H���W�X�U�T�X�H���S�U�p�V�H�Q�W�H�Q�W���G�H�V�� �D�U�U�D�Q�J�H�P�H�Q�W�V���G�
�X�Q�L�W�p�V���G�
�D�F�L�G�H��

�J�D�O�O�L�T�X�H���D�X�W�R�X�U�� �G�
�X�Q�� �Q�R�\�D�X���G�H���J�O�X�F�R�V�H�����/�H�� �W�D�Q�L�Q���G�H�� �F�K�k�W�D�L�J�Q�L�H�U���T�X�D�Q�W�� �j�� �O�X�L�� �H�V�W��

�F�R�P�S�R�V�p���S�U�L�Q�F�L�S�D�O�H�P�H�Q�W�� �G�H�� �J�O�X�F�R�V�H���G�L�J�D�O�O�R�\�O�H�����G�H�� �J�O�X�F�R�V�H�� �H�W�� �G�¶�X�Q�L�W�p�V�� �G�
�D�F�L�G�H��

�J�D�O�O�L�T�X�H����

��

 



86 
 

�1���5�$�'�(�%�(���� �.���5�2�'�(���� �$���3�,�=�=�,���� �6���*�,�2�9�$�1�'�2���� �+���3�$�6�&�+���� �0�$�/�'�,���7�2�)���&�,�'�� �I�R�U�� �W�K�H��
�0�L�F�U�R�V�W�U�X�F�W�X�U�H�� �(�O�X�F�L�G�D�W�L�R�Q�� �R�I�� �3�R�O�\�P�H�U�L�F�� �+�\�G�U�R�O�\�V�D�E�O�H���7�D�Q�L�Q�V����J.Appl.Polym .Sci ���� ��������������
�'�2�,���������������������$�3�3��������������

 

 

 



MALDI-TOF-CID for the Microstructure Elucidation of Polymeric
Hydrolysable Tannins

Nonhlanhla Radebe, 1 Karsten Rode, 2 Antonio Pizzi, 3 Samuele Giovando, 4 Harald Pasch 1

1Department of Chemistry and Polymer Science, University of Stellenbosch, Stellenbosch 7602, South Africa
2Deutsches Kunststoff-Institut, Schlossgartenstr. 6, 64289 Darmstadt, Germany
3ENSTIB-LERMAB, University of Lorraine, 27 Rue Philippe Seguin, 88051 Epinal Cedex, France
4Centro Ricerche per la Chimica Fine Srl, Silva Chimica, Via Torre, S.Michele Mondovi’, Italy

Correspondence to: H. Pasch (E-mail: hpasch@sun.ac.za)

ABSTRACT: High molar mass wood tannin extracts are complex mixtures that are distributed in both molar mass and chemical compo-
sition. Hydrolysable tannins from tara, Turkey gall, and chestnut woods were analyzed and compared using matrix-assisted laser desorp-
tion/ionization time-of-flight (MALDI-TOF) mass spectrometry. Although MALDI-TOF MS reveals the oligomer structure of the tan-
nins, this method cannot distinguish between isomers with isobaric masses and, therefore, ambiguous structural assignments were made
in a number of cases. To determine the actual microstructures present, MALDI-TOF-CID (collision induced dissociation) experiments
were conducted. MALDI-TOF-CID enables monomer sequence determination and positive assignments of isobaric structures can be
made.VC 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 128: 97–107, 2013
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INTRODUCTION

Tannins are divided into two major groups, namely, condensed
and hydrolysable tannins. Condensed tannins (also known as
polyflavonoids or proanthocyanidins) are based on flavonoid
units that undergo condensation and polymerization reactions
to form oligomers with varying degrees of polymerization.1

Hydrolysable tannins differ from condensed tannins as they are
derivatives of gallic acid and are usually esterified to a carbohy-
drate core, mainly glucose.1–4 However, these tannins often
occur as complex mixtures of simple phenols (e.g., pyrogallol),
gallic and digallic acids as well as esters of sugars and other
structures (e.g., three-dimensional networks) formed as a result
of oxidative coupling and further esterification of the galloyl
groups. The simplest of the hydrolysable tannins are gallotan-
nins that are made up of polygalloyl esters of glucose such as
pentagalloyl glucose (PGG).4,5

These tannins are found in various plants and trees such as
chestnut, tara, Chinese gall, turkey gall, sumac, and oak tannin.
Monomers that form gallotannins are pentagalloylglucopyranose
and the precursor for ellagitannins is trigalloyl-HHDP-glucopyr-
anose.5–9 The different types of hydrolysable tannins structures
are shown in Figure 1. In nature, however, there exist different
oxidation products and polymerized forms of the molecules

described. In the analysis of tannin extracts, other higher oxida-
tion structures were isolated, such as castalin/vescalin and vesca-
lagin/castalagin, and the structures are shown in Figure 2.6

In the analysis of both condensed and hydrolysable tannins, ma-
trix-assisted laser desorption/ionization time-of-flight (MALDI-
TOF) was used very successfully to determine the chemical
composition of complex plant extracts.10–15The analysis of tan-
nins using MALDI-TOF is a relatively new technique and pro-
vides additional information on the structure and molar mass
distributions in a single experiment. Pasch and coworkers13

applied MALDI-TOF to analyze polymeric tannins. In the anal-
ysis of a chestnut extract which is a hydrolysable tannin, the
presence of vescalin/castalin and vescalagin/castalagin was con-
clusively determined.12,15 MALDI-TOF has been successfully
applied offline to analyze fractions obtained from a chromato-
graphic separation, information obtained from this technique is
very valuable as it can reach very high molar masses.15–18 elec-
trospray ionization (ESI)-MS as an alternative method tends to
form multiply charged molecules while MALDI-TOF provides
mostly singly charged molecules thus making the spectra easier
to interpret. One major problem of MALDI-TOF in particular
for higher oligomers is that a given mass peak only provides the
elemental composition. The sequence of these units in the mac-
romolecule, however, cannot be obtained by MALDI-TOF.

VC 2012 Wiley Periodicals, Inc.
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A new promising technique for the analysis of tannin monomer
sequences is post source decay (PSD) fragmentation whereby a
specific ion is selected from a MALDI-TOF spectrum and is
subjected to higher laser intensities that result in fragmentation
of the ‘‘mother’’ ion and the detection of the resulting frag-
ments.16,19When the ions fragment in the field free region, the
process is termed PSD.16,20Behrens et al.16 was the first to show
the applicability of this method to tannins and condensed tan-
nins from lime and spruce. Another method that performs a
similar type of analysis is collision induced dissociation (CID)
whereby the precursor ion is selected from the first TOF ana-
lyzer and introduced into a collision cell whereby it collides
with inert gas molecules. The fragments formed are then
reflected and analyzed in the second TOF analyzer.20,21

Although this technique has not been used for the analysis of
tannins it has been shown to be applicable to biopolymers as
well as synthetic polymers and thus shows great promise for
analysis of tannins.20,21 Recently, ion trap mass spectrometry
has been used for the analysis of tannins. Corke and
coworkers22,23 identified phenolic antioxidants in Chinese roses

and galls while Zhang and Lin analyzed condensed tannins in
Pacific oak leaves.10

In a first publication, we reported on the analysis of condensed
tannins by MALDI-CID.24 The aim of this study is to elucidate
the microstructure of hydrolysable tannins that were obtained
from various wood extracts. It is known that hydrolysable tan-
nins from different origins have different chemical composi-
tions. Chestnut tannins are known to contain digalloylglucose
while tara tannins contain ellagic acid. To elucidate their com-
plex composition in detail, three samples were selected for this
study, namely a chestnut tannin, a tara tannin, and a Turkey
gall tannin. It shall be demonstrated that MALDI-TOF-CID is a
unique method to determine the topology of the oligomers and
the arrangement of gallic acid moieties around the sugar core.

EXPERIMENTAL

Materials
The description of the samples and the types of tannins
involved are provided in Table I.

Figure 1.Typical structures of hydrolysable tannins: gallotannin (1), ellagitannin (2), gallic acid (3), hexahydroxydiphenic acid (HHDP) (4).

Figure 2.Structures of (I) castalagin/vescalagin and (II) castalin/vescalin positional isomers extracted from chestnut tannin [3].

ARTICLE

98 J. APPL. POLYM. SCI. 2013 , DOI: 10.1002/APP.38156 WILEYONLINELIBRARY.COM/APP



Sample Preparation
Chestnut Tannin. The chestnut tannin is an extract of the
wood of chestnut tree (Castanea sativa) that grows naturally in
central Europe. The wood, after being separated from the bark, is
chipped into small pieces of 1–4 cm and is charged in an extractor
battery where it is extracted with water at 105–115� C. This first
raw extract, that contains around 5% of dry material, is concen-
trated to 10% of dry material with a multiple effect concentrator.
At this concentration, the hemicelluloses and gums are flocked
and eliminated. After this purification step, the extract is concen-
trated to 50% of dry material and spray-dried to powder.

Turkey Gall Tannin. The Turkey gall tannin is an extract of
Turkey galls that are produced by larvae of Gallic bee insects
(Cynips gallae-tinctoriae) who are parasitized in young branches
of the Fagaceae Gallic tree (Quercus infectoria) growing in the
oriental Mediterranean coasts. The galls are manually collected,
air dried, and stored. Then the galls are milled and extracted
several times with organic solvents like acetone, ethanol, ethyl
acetate and their mixtures with water to regulate the yield and
the purity. In a concentrator, the solvents are stripped with vac-
uum and with several additions of water. The obtained water-
dissolved extract is filtered and purified. In this step sugars,
hemicelluloses, gums, natural resins, and chlorophylls are elimi-
nated. The purified tannin solution is concentrated to 50% of
dry material and spray-dried to powder.

Tara Tannin. The Tara tannin is an extract of the pods of Peru-
vian Tara (Caesalpinia spinosa). The pods are manually collected
from the trees of Tara twice a year, air dried, separated from the
seeds, milled, and stored followed by multiple extraction with
organic solvents like acetone/water or ethanol/water mixtures.
In a concentrator, the solvents are stripped with vacuum and
with several additions of water. The obtained water-dissolved
extract is filtered and purified. In this step sugars, salts and
polysaccharides are eliminated. The purified tannins solution is
concentrated to 50% of dry material and spray-dried to powder.

MALDI-TOF and MALDI-TOF-CID Analysis
MALDI-TOF-CID experiments were performed on an Axima-
TOF2 spectrometer (Shimadzu Biotech, Manchester, UK),
equipped with a nitrogen laser (337 nm), an ion gate for the
selection of precursor ions and a collision cell. The windows for
separation of precursor ions were approximately 4 Da. Argon
has been used as the collision gas. The pressure within the colli-
sion cell was 8� 10� 6 mbar. The pulsed extraction ion source
accelerated the ions to a kinetic energy of 20 keV. All data have
been obtained in positive ion linear mode applying the accumu-
lation of 441 scans per spectrum. The calibration of the linear
mode as well as the reflectron mode for CID analysis was done
using PEG in mass range up to 2000 Da. The accuracy of the

product ion calibration is~0.5 Da. The mass calibration was con-
ducted based on the average masses. Compared to the monoiso-
topic masses and depending on the accuracy of the calibration,
mass differences of 1–2 Da may be observed. This inaccuracy,
however, does not disturb the peak assignment. Higher resolu-
tion can be obtained by using the reflectron mode.

The samples were dissolved in acetone/water 50/50 (% v/v) at a
concentration of 4 mg/mL. The sample solutions were mixed
with a 10 mg/mL solution of the matrix in the same solvent.
2,5-dihydroxy benzoic acid was used as the matrix. NaCl was
added as the salt to enhance ion formation. The sample and
matrix were then combined at a ratio of 1 : 1. 5 microL of the
resulting solution was spotted on a 384 well MALDI-TOF plate,
followed by evaporation of the solvent at ambient temperature
without any assistance. The MALDI-TOF target was then ana-
lyzed to give the resulting spectra. In all cases, for the MALDI
as well as for the MALDI-CID experiments, a very good repro-
ducibility of the spectra was obtained both regarding the ion
peaks and their positions.

RESULTS AND DISCUSSION

The hydrolysable tannins were analyzed by MALDI-TOF MS
and as illustrated before this technique is successful in deter-
mining both the molar mass and the chemical composition.
MALDI-CID was subsequently used to elucidate the molecular
topology and the arrangement of the different gallic acid units
in the oligomers. The tara and turkey gall tannins are both gal-
lotannins in the polygallic form, see Figure 3.6

MALDI-TOF of Tara and Turkey Gall Tannins
Figure 4(a, b) show the MALDI-TOF spectra of the hydrolysable
tannins from tara and turkey gall, respectively. As expected, simi-
lar repeat units of 152 Da are observed for both tannins confirm-
ing the general structure as shown in Figure 3. The structural
assignments were done based on the work of Pizzi et al.6

The peaks at m/z of 521, 673, 825, 978, 1130, 1282, and 1435 in
the tara tannin represent the major series with the mass incre-
ments of 152 Da belonging to gallic acid units. As has been
shown previously, tara tannin is based on an ellagic unit that is
decorated with different numbers of gallic acid units. In addi-
tion, the ellagic acid contains an ester group (ACOOA ) which
contributes an additional mass of 44 Da to the oligomer mass.
The ester group stems from hydrolysis reactions that take place

Table I. Sample List with Description and Tannin Type

Sample Description Type of tannin

1 Tara, solvent-extracted Hydrolysable tannin

2 Turkey Gall, solvent-extracted Hydrolysable tannin

3 Chestnut, water-extracted Hydrolysable tannin

Figure 3. Proposed structure of gallotannins extracted from tara and tur-
key gall.
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during the extraction process. Thus, the following equation was
used to construct Table II: Mþ Naþ ¼ 23 (Naþ ) þ 304 � 1H
(ellagic unit) þ 152 (gallic unit) þ 44 (COO). According to
Figure 4, oligomers are detected up to heptamers. The first
oligomer peak is detected at 521 Da. This peak corresponds to
the sodium adduct of an ellagic acid with one gallic acid unit
attached. All subsequent peaks are formed due to the addition
of further gallic acid units.

A series of peaks with lower intensity appears adjacent to the
major series also having repeat units of 152 Da. However, this
minor series is shifted by 16 Da from the major series and thus
is made up of different but related structures. These peaks cor-
respond to the major oligomer series plus an OH-group.

A look at the turkey gall tannin also shows a simple polygallic
structure. The basic structure of the turkey gall is quite similar
to that of the tara tannin but does not include any ellagic acid
groups in its basic structure. The first member of the main se-
ries of peaks is observed at m/z 661 representing the sodium
adduct of three gallic acid units attached to glucose, see Figure
4(b). It is calculated using the following equation: Mþ Naþ ¼
23 (Naþ ) þ 180 (glucose)þ 3 � 152 (gallic unit). The domi-
nant oligomer peak at 965.9 Da is believed to represent PGG
followed by oligomers that contain even more gallic acid units.
A tentative peak assignment is presented in Table III.

MALDI-TOF-CID of Tara and Turkey Gall Tannins
As has been demonstrated, MALDI-TOF reveals the oligomer
composition and the presence of different chemical moieties
and building blocks. However, the arrangement of the different
molecular fragments in a given molecule cannot be provided.
As has been shown previously, only CID experiments can pro-
vide detailed information on the topology of the different
oligomers. In the present case, the interesting question is how
the gallic acid units are arranged around the core fragment
which is a ellagic acid for tara and a glucose for Turkey gall.

For further investigation of the oligomer structures presented in
the tara tannin, the precursor ions with m/z 824.5 and 839.8
were selected for fragmentation experiments. The first to be
considered will be the trimer with m/z 824.5. The MALDI-CID

Figure 4. MALDI-TOF spectra of solvent-extracted tara (a) and turkey
gall (b) tannins with repeat units of 152 Da as indicated. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Table II. Dominant Oligomer MALDI-TOF Peaks and Description of
Structures Present in the Solvent-Extracted Tara Tannin

Calculated
M þ Naþ

Experimental
M þ Naþ Description M þ Naþ

522 521 Ellagic acid þ COO þ 1 gallic acid

674 673 Ellagic acid þ COO þ 2 gallic acid

826 825 Ellagic acid þ COO þ 3 gallic acid

978 978 Ellagic acid þ COO þ 4 gallic acid

1130 1130 Ellagic acid þ COO þ 5 gallic acid

1282 1282 Ellagic acid þ COO þ 6 gallic acid

1434 1435 Ellagic acid þ COO þ 7 gallic acid

Table III. Dominant Oligomer MALDI-TOF Peaks and Description of
Structures Present in the Solvent-Extracted Turkey Gall Tannin

Calculated
M þ Naþ

Experimental
M þ Naþ Description M þ Naþ

659 661 Glucose þ 3 gallic acid

811 813 Glucose þ 4 gallic acid

963 966 Glucose þ 5 gallic acid

1115 1118 Glucose þ 6 gallic acid

1267 1270 Glucose þ 7 gallic acid

1419 1422 Glucose þ 8 gallic acid

1571 1575 Glucose þ 9 gallic acid

Figure 5. MALDI-TOF-CID spectrum of the trimer ion at m/z 824.5
from tara tannin, the fragmentation pattern is illustrated by indicating the
mass loss incurred from the precursor ion. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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spectrum for this oligomer is presented in Figure 5; the mass
loss incurred by the precursor ion and the product ions are also
indicated. The fragmentation pattern of the oligomer is rela-
tively simple and the dominant ions appear at m/z 673, 502,
328, and 154. These peaks belong to different oligomer series,
for example, m/z 824-673-520, 655-502-350, and so forth show-
ing losses of 152 Da (gallic acid) or 170 Da (gallic acidþ
A OA ). The peak at 328 Da is obtained from the oligomer at
m/z 502 by the loss of one gallic acid unit and an oxygen. The
loss of units of 152 Da occurs three times, representing the loss
of 3 gallic acid units that form the oligomer structure. Once
formed, the fragment ions may loseA OA or C¼¼O groups,
shown by mass losses of 16 and 28 Da, respectively. These types
of fragments show that the galloyl ester bond is the most labile,
and thus the fragmentation may occur before or after the car-
bonyl group of the ester bond. However, as observed in the
spectrum, there are no fragment ions resulting from the simul-
taneous loss of theA OA and C¼¼O groups.

The loss of the 3 gallic acid units results in the formation of the
fragment ion at m/z 350 which can be assigned to a proton
adduct of ellagic acid that still contains the ester group. The
fragment at m/z 301 can then be assigned to the proton adduct
of a single ellagic acid unit. The proposed structure with an
ellagic acid unit at the terminal end of the molecule is sup-
ported by the present fragmentation pattern.

The precursor ion (m/z 824) additionally loses a mass of 44 Da
arising from the ester group to form the ion m/z 779 which then
undergoes further fragmentation by loosing gallic acid units. This
confirms the presence of the postulated 44 Da mass, and the
presence of the m/z 350 ion indicates that this group is attached

to ellagic acid unit as there are no fragments observed that indi-
cate its attachment to the gallic acid units. As the exact position
at the ellagic acid cannot be determined, an arbitrary position
was selected for the location of the ester group (Figure 6).

A summary of some typical fragmentation products is given in
Table IV.

Further investigations were conducted on the parent ion at m/z
839.8 which appears in the MALDI-TOF spectrum only as
minor peak. This oligomer is related to the preciously deter-
mined m/z 824 structure by an additional mass of 16 Da. This
ion peak was tentatively assigned to the sodium adduct of a tri-
galloyl diglucose trimer, see Figure 7. This form of structure
may be present due to the polygallic form of the oligomers
present in the tara tannin extract. As can be seen, the MALDI-
CID spectra of the two ions show some similarities in the
higher mass region but distinct differences in the lower mass
region indicating that the two ions have different molecular
structures of the core, compare Figures 5 and 8.

The MALDI-CID spectrum of the ion at m/z 839 in Figure 8
shows mass losses of 152 and 170 Da which indicate losses of
gallic acid units in a rather simple fragmentation pattern. The
loss of two gallic acid units can be observed although it was
postulated that the ion contains three gallic acid units as is
shown in Figure 7. A possible interpretation is that gallic acid
units do not form a trimer that is attached to one glucose side
but rather a dimer and a monomer that are attached to differ-
ent glucose sites. Assuming that all ester bonds of the gallic acid
units have the same stability, this interpretation would fit the
observed fragmentation pattern.

Figure 6.Proposed structures and fragmentation patterns for the parent ion at m/z 824.5 observed in the MALDI-TOF spectrum of the tara tannin, (a)
observed fragment masses, (b) structures that form the observed mass increments (repeat units). [Color figure can be viewed in the online issue, which
is available at wileyonlinelibrary.com.]
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A more complex fragmentation pattern is obtained in the mass
range< 300 Da. The observed fragment peaks are assumed to
be a result of the fragmentation of the core molecule in the
present case the diglucose. Fragmentation may occur via inter-

nal fragmentations of the glycosidic linkage, the presence of
these internal fragments may be indicated by a mass loss of 134
Da. These types of fragmentations are commonly observed dur-
ing MALDI-CID of carbohydrates.25 The internal fragments

Table IV. Structures of Selected Fragment Ions Observed in the MALDI-CID Spectrum of the Parent Ion at m/z 824 from Tara Tannin

m/z (observed) m/z (calc.) Fragment ion

154 153

301 302

502 499

673 672

779 778
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result from cleavage of the glucose ring at bonds adjacent to the
cyclic ether group. The gallic acid units may be located at any
of the OH groups present in the glucose structure; however, due
to the presence of the internal fragments from the glucose mol-
ecules, exact locations of these groups may be determined. In
the present case, one of the gallic acid units must be located at
the terminus of the glucose unit; this is shown by the presence
of a mass loss of 288 Da observed in the spectrum. This mass
can only be formed by the loss of a gallic acid unit attached to
a 134 Da fragment from the glucose monomer. This assumption
is further confirmed by the loss of a fragment of 272 Da, see
Figures 8 and 9.

In the case of the Turkey gall tannin, it was assumed that the
gallic acid units are attached to a glucose core. To investigate
the structure of the Turkey gall tannin in detail, the parent ion
at m/z 811.6 which is assumed to be a tetramer of four gallic
acid units attached to glucose was analyzed by CID. The frag-
mentation spectrum is shown in Figure 10. As can be seen
there, the fragmentation pattern is relatively simple and resem-
bles closely the type of fragmentation observed for the m/z
824.5 ion from the tara tannin. In the fragment spectrum of the
ion at m/z 811.6 there are no fragments resulting from the glu-
cose monomer. This is due to the fact that only a single glucose
monomer is present and thus higher energies would be required
to form the 134 Da mass fragment previously shown for glucose
oligomers. In addition, the glucose molecule is more stable
against fragmentation than the galloyl esters and, therefore,
fragmentation preferentially occurs at these positions.

The fragmentation of the oligomer at m/z 811.6 takes place as a
sequential loss of two gallic acid units to form the fragment at
m/z 469.1 which is obviously the glucose monomer with two
gallic acid units attached. The structure forming the m/z 811.6
ion can thus be assigned as a branched structure with two gallic
acid dimers linked to different positions at the glucose mono-
mer, see Figure 10.

As a second parent molecule, the ion at m/z 964.2 was investi-
gated by MALDI-TOF-CID, see Figure 11. This molecular ion
was tentatively assigned to PGG. The CID spectrum shows se-
quential losses of fragments of 152/170 Da corresponding to
gallic acid units. Comparing Figure 5 with Figure 11 it is
obvious that the arrangement of the gallic acid units must be
different. While in Figure 5 the consecutive loss of at least three
units can clearly be seen, in Figure 11 the loss of only two gallic
acid units can be identified. This is similar to the behavior of
the parent ion at m/z 811.6. Therefore, it is assumed that the
gallic acid units are not arranged as a trimers or tetramers
attached to one position of the core molecule but rather as
monomers or dimers attached to different positions of the core
molecule. The fragment peak at m/z 642 would most likely

Figure 7.Proposed structure for the trimer at m/z 839 as postulated from the bulk sample MALDI-TOF analysis.

Figure 8. MALDI-TOF-CID spectrum of the parent ion at m/z 839.8 of
the tara tannin. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Figure 9. Fragments observed in the MALDI-TOF-CID spectrum of the
tara tannin trimer m/z 839.8. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

ARTICLE

WWW.MATERIALSVIEWS.COM WILEYONLINELIBRARY.COM/APP J. APPL. POLYM. SCI. 2013 , DOI: 10.1002/APP.38156 103



correspond to a trigalloylglucose, see Figure 11 for the topology
of the parent ion.

Further investigations were performed on a pentamer related to
the previous oligomer. As shown for the tara tannin, a small
difference in masses between related oligomers can display very
different structures. This point is further illustrated by analysis
of the parent ion at m/z 947.2, the MALDI-CID spectrum of
which is shown in Figure 12. In this case, consecutive losses of
four gallic acid units is observed. This is a clear indication that
these units must have been arranged in the parent molecule as a
tetramer. The topology given in Figure 12 is proposed for this
oligomer.

MALDI-TOF of Chestnut Tannin
The structures of natural water-extracted chestnut tannin and
the chestnut tannin treated with 3.5% ammonium sulfite for
use in leather tanning obtained by MALDI-TOF have been
reported before.6,11 The analysis of both extracts proved the oli-
gomeric nature of the extractin situ in the wood, the tannin
was shown to be composed of PGG oligomers with up to 16
units.6,11 In the water-extracted chestnut tannin, the PGG
oligomers were detected up to trimers whereas in the sulfited
sample, glucose oligomers stripped of its galloyl units were
detected.6 The linear mode spectrum of a water-extracted chest-
nut tannin is shown in Figure 13 being markedly different from
the previously reported spectra for this tannin. The peak assign-
ments were made based on Pizzi et al.6,11 The mode of extrac-
tion clearly affects the composition of this tannin. The repeat
unit in this case is 162 Da which cannot be explained by the
theories previously presented for the structures present in this

extract, thus this warrants an in-depth discussion. The repeat
unit of 162 Da is similar to the one observed for Chinese gall
tannin. The explanation for this distribution was given as
oligomers formed by esters of gallic and digallic units attached
to glucose.6 However, it cannot be determined whether two gal-
lic acid units are attached to each other or independently on

Figure 10. MALDI-TOF-CID spectrum of the parent ion at m/z 811.6
from solvent-extracted Turkey gall tannin and proposed structure of the
parent ion. [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]

Figure 11.MALDI-TOF-CID spectrum of parent ion at m/z 964.2 from
solvent-extracted Turkey gall tannin and proposed structure of the parent
ion. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 12. MALDI-TOF CID spectrum of the parent ion at m/z 947.2
representing a pentamerfrom solvent-extracted turkey gall tannin and pro-
posed parent ion structure. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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the pyranose ring of the glucose. In addition, ellagic acid units
may be present. The proposed structure of the oligomer is
shown in Figure 14.

The most abundant oligomer distribution is observed with the
series of peaks beginning at 508 Da. This peak is known to be a
digalloylglucose monomer (digalloylglucose¼ 23 (Naþ ) þ 152
� 2 þ 180 ¼ 507 Da), the series with 162 Da is completed at
1972 Da. The 162 Da increment represents an additional glu-
cose unit being added to the oligomer structure. A list of peaks
and assignments is shown in Table V. As can seen there are a
number of units that are indicated as ‘‘stripped glucose.’’ These

units are glucose units that lost some of the original OH groups
together with a loss of gallic acid units. Such reactions may take
place during the extraction process as has been discussed previ-
ously. The mass of these units is 132 Da.

In the present sample, a dominant series is composed of glucose
units that are attached to two galloyl units. These may also be
present as an ellagic acid unit. The MALDI experiment alone
cannot give a conclusive answer here. The distributions that are
seen in the spectrum indicate that the main composition here is
long chains of glucose units (up to 9 units) with the terminal
group being a digalloyl glucose unit. The peak observed at 438
Da can be assigned to a single galloyl unit attached to two
stripped glucose units. This forms another distribution of peaks
at m/z 438, 727, 879, and 1036, which have a mass increment
of 152 Da indicating galloyl units. The difference of 388 Da
observed between the peaks at m/z 1972 and 2310 indicates the
presence of an ellagic acid unit attached to a OCO group added
to the oligomer chain, (2310 Da¼ 23 (Naþ ) þ 2 � 152þ 180
þ 162 � 9 þ 302 þ 44). This assignment may also be made
according to Pizzi et al.6 as 2 additional galloyl units being
added to the stripped glucose skeleton structure. The former is
less likely, however, it is possible that these structures may be
present as the chestnut tannin is a known ellagitannin.6

MALDI-TOF-CID of Chestnut Tannin
The chestnut tannin is composed of glucose units, gallic acids,
and possible ellagic acids. The main constituents in this tannin
are galloyl unit oligomers stripped from their glucose core. The
applicability of the MALDI-CID has shown to be able to distin-
guish between the various oligomer structures and thus it will
be applied here to note the sequence distribution of the oligom-
ers in this extract. The fragmentation spectrum for the oligomer
peak at 672.3 Da is shown in Figure 15.

There are only two fragments formed from the oligomer at m/z
672. The fragmentation patterns have been discussed and ana-
lyzed for the tara and Turkey gall tannins. However, the present
fragment spectrum for the chestnut tannin does not resemble
any of the previously discussed spectra. The fragment mass that
is lost by the precursor ion is not consistent with gallic acid

Figure 13.MALDI-TOF spectrum of water-extracted chestnut tannin (lin-
ear mode). Mass range: (a) 400–2600 Da (b) 650–1200 Da. The peak
assignments are indicated and the details shown in Table V. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 14.Representation of the possible oligomer structure present in chestnut tannin. With the values of x, m, and y differing according to chemical
structure, n represents the total chain length.
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units linked via a galloyl ester bond. The most likely structure
represented by the fragment at m/z 312 is a diglucose that is
completely stripped from gallic or ellagic acid. A proposed frag-
mentation is shown in Figure 15 being consistent with the

expected structure in Table V and the fragment mass of 312 Da
which would be the protonated stripped diglucose. The mass
loss of 360 Da corresponds to the mass of the ellagic acid resi-
due plus the sodium cation.

CONCLUSION

MALDI-TOF-CID experiments have been demonstrated to be
uniquely powerful for the monomer sequence determination
and positive assignments of oligomer structures in wood-based
hydrolysable tannin mixtures. Although standard MALDI-TOF
MS measurements reveal the oligomer structure of these tan-
nins, this method cannot distinguish between isomers and,
therefore, ambiguous structural assignments are obtained in a
number of cases. In most cases, the actual microstructures pres-
ent can unambiguously be identified by MALDI-TOF-CID. In
other cases, most likely structures can be proposed.

Three representative hydrolysable tannins were investigated,
namely tannins from tara, chestnut, and Turkey gall wood
extracts. It has been shown that the tara and Turkey gall tannins
show a number of similarities in their MALDI-TOF spectra.
MALDI-TOF-CID, however, proofed that the tara tannins con-
tain ellagic acid while the Turkey gall tannins exhibit arrange-
ments of gallic acid units around a glucose core. The chestnut
tannin has been found to be composed mainly of digalloyl glu-
cose, glucose, and gallic acid units.
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Structure et distribution des oligomères dans le tanin 
hydrolysable de Tara (Caesalpinia spinosa).  
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Rezumat: 

Taninul extras cu solvent din specia 
lemnoas�  tara (sortiment comercial) a fost examinat 
printr-o tehnic�  de spectroscopie de mas�  asistat�  
de desorp�ie/ionizare cu laser (MALDI-TOF) �i 
cromatografie de lichide la presiune ridicat�  (HPLC). 
A rezultat c�  extractul de tara este compus dintr-o 
serie de oligomeri ai acidului poligalic lega�i printr-o 
leg� tur�  esteric�  de acidul quinic. Ace�tia constituie 
oligomerii în propor�ie ridicat�  în compozi�ia 
taninului. Sunt prezente de asemenea �i alte lan �uri 
de acid poligalic legate de una sau dou�  unita�i 
repetate, reprezentate de acidul cafeic � i acizii quinic 
metilat, galic metilat, cafeic metilat. Modul ion 
negativ MALDI-TOF a ar� tat c�  unele reziduuri de 
carbohidra�i ar fi înc�  prezente, legate de materialul 
polifenolic al extractului, dar propor�ia acestora este 
foarte sc� zut� , cum era de a� teptat la taninul extras 
cu solvent. 
 
Cuvinte cheie: extract de tara; tanin; taninuri 
hidrolizabile; structur� ; lemn; MALDI; HPLC; 
oligomeri poligalici; acid quinic; Caesalpina spinosa. 
 
INTRODUCERE  

Înc�  de la introducerea sa de c� tre Karas �i 
Hillenkamp în 1987, tehnica de ionizare utilizat�  în 
spectroscopia de mas�  (MALDI) a extins 
considerabil utilizarea spectroscopiei de mas�  c� tre 
studiul moleculelor mari �i s-a dovedit a fi o metod �  
avansat�  pentru caracterizarea atât a polimerilor 
sintetici, cât � i a celor naturali  (Bahr � .a. 1992, 
Ehring �.a. 1992, Danis �.a.  1992, Danis � i Karr 
1993, Pasch �i Resch 1996, Pasch �i Gores 1995). 

Abstract: 
Solvent extracted commercial Tara tannin 

extract have been examined by Matrix Assisted Laser 
Desorption/Ionisation Time-of-Flight (MALDI-TOF) 
mass spectrometry and by High Pressure Liquid 
Chromatography (HPLC). The Tara extract has been 
found to be composed of a series of oligomers of 
polygallic acid attached by an ester link to one quinic 
acid. They constitute the oligomers in higher 
proportion in the extract. Other polygallic chains linked 
to one only or two repeating units such as caffeic acid 
and methylated quinic, methylated gallic and 
methylated caffeic acids are also present. Negative 
ion mode MALDI-TOF showed that some 
carbohydrate residues appear to still be present, 
linked to the polyphenolic material of the extract but 
their proportion is very low as would be expected of a 
solvent extracted tannin. 
 
Key words: Tara extract; tannin; hydrolysable 
tannins; structure; wood; MALDI; HPLC; polygallic 
oligomers; quinic acid; Caesalpina spinosa. 
 
INTRODUCTION 

Since its introduction by Karas and Hillenkamp 
in 1987, Matrix-Assisted Laser Desorption/Ionization 
(MALDI) mass spectrometry has greatly expanded the 
use of mass spectrometry towards large molecules 
and has revealed itself to be a powerful method for 
the characterization of both synthetic and natural 
polymers (Bahr et al. 1992, Ehring et al. 1992, Danis 
et al. 1992, Danis and Karr 1993, Pasch and Resch 
1996, Pasch and Gores 1995). Fragmentation of 
analyte molecules upon laser irradiation can be 
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Fragmentarea moleculelor de analit prin iradierea 
laser poate fi redus�  în mod substan�ial, prin 
înglobarea lor într-o matrice ce absoarbe lumina. Ca 
urmare, molecule intacte de analit se desorb � i 
ionizeaz�  împreun�  cu matricea � i pot fi analizate cu 
un spectrometru de mas� . Aceast�  tehnic�  de 
ionizare blând�  este combinat�  cu prec� dere cu 
analizoare de mas�  TOF (viteza ionilor – timpul de 
zbor depinde de masa particulelor). De aceea, 
spectroscopia TOF-MS prezint�  o serie de avantaje, 
cum ar fi: capacitatea de a furniza un spectru de 
mas�  complet per prob� , un domeniu nelimitat de 
mas� , cantitatea mic�  de analit necesar�  �i costul 
relativ sc� zut al echipamentului. Recent aceast�  
tehnic�  s-a dovedit util�  pentru elucidarea structurii 
taninurilor naturale complexe, precum taninurile 
flavonoide condensate (Pasch � .a. 2001, Yeoh Beng 
Hoong �.a.  2010, Navarrete �.a.  2010, Oo � .a. 2009) 
� i taninurile hidrolizabile (Pasch �i Pizzi 2002, Pizzi 
� .a. 2009). 

Taninul de tara este un agent tanant pentru 
piel� rie, apreciat în mod particular prin culoarea lui 
foarte deschis� , culoare pe care o imprim�  �i pielii 
tratate cu acesta. Acesta este un produs comercial 
ob�inut prin extrac�ia cu solven�i din p� st� ile 
arborelui  Caesalpina spinosa, aceast�  industrie fiind 
dezvoltat�  în Peru. Taninul de Tara este un 
exponent important al familiei taninurilor hidrolizabile 
derivate din lemn, coaj�  sau alte materii vegetale 
(Haslam 1966). Cu toate c�  structura aproximativ�  a 
acestui tanin este � tiut� , exist�  doar câteva publica�ii 
referitoare la structura sa (Garro Galves �.a.  1997, 
Armitage �.a.  1961). Dat�  fiind valoarea lui ridicat�  
nu s-a încercat niciodat�  o investigare detaliat�  �i o 
distribu�ie a oligomerilor în acest extract hidrolizabil. 

Aceast�  lucrare examineaz�  în detaliu 
aceste aspecte prin HPLC �i metoda spectroscopiei 
de mas�  MALDI-TOF. 

 
STUDIUL EXPERIMENTAL 

Spectroscopia de mas�  MALDI-TOF a fost 
realizat�  pe probe în condi�ii prezentate mai jos. 

 
Metoda MALDI-TOF-MS  

Spectrul a fost înregistat pe un instrument tip 
Shimadzu Biotech AXIMA TOF 2. Sursa de iradiere 
a fost un laser pulsatoriu cu azot cu lungimea de 
und�  de 337nm. Lungimea unui puls de laser a fost 
de 3ns. M� sur� torile au fost fost realizate utilizând 
urm� toarele condi�ii: polaritate pozitiv� , deplasare 
liniar� , puterea (voltaj 20kV), 100-150 pulsuri per 
spectru. Tehnica de extrac�ie întârziat�  a fost folosit�  
aplicând timpi de întârziere de 200-800ns. 
 
Preg� tirea probelor pentru metoda MALDI-TOF  

Proba a fost dizolvat�  în aceton�  (4mg/mL, 
aceton�  50% vol. solu�ie apoas� ). Solu�ia cu proba a 
fost amestecat�  cu o solu�ie de aceton�  (10mg/mL 
în aceton� ) a matricei. Ca matrice s-a folosit acid 2,5 
- dihidroxi benzoic. Pentru intensificarea form� rii 

substantially reduced by embedding them in a light 
absorbing matrix. As a result intact analyte molecules 
are desorbed and ionized along with the matrix and 
can be analysed in a mass spectrometer. This soft 
ionization technique is mostly combined with time-of-
flight (TOF) mass analysers. This is so as TOF-MS 
present the advantage of being capable to provide a 
complete mass spectrum per event, for its virtually 
unlimited mass range, for the small amount of analyte 
necessary and the relatively low cost of the 
equipment. Recently this technique has proved 
particularly useful for the elucidation of the structure of 
complex natural tannins such as condensed flavonoid 
tannins (Pasch et al. 2001, Yeoh Beng Hoong et al. 
2010, Navarrete et al. 2010, Oo et al. 2009) and of 
hydrolysable tannins (Pasch and Pizzi 2002, Pizzi et 
al. 2009). 

Tara tannin is a valuable tanning agent for 
leather particularly appreciated for its very light colour 
and the very light colour it imparts to leather prepared 
with it. It is commercially derived by solvent extraction 
of the pods of Caesalpina spinosa, this industry being 
particularly developed in Peru. It is an important 
exponent of the family of hydrolysable tannins derived 
from wood, bark and other vegetable matter (Haslam 
1966). While the approximate structure of this tannin 
has been known there are only very few publications 
relating to its structure (Garro Galves et al. 1997, 
Armitage et al. 1961). Considering its high value a 
detailed investigation and distribution of the oligomers 
in this hydrolysable extract has never been 
undertaken. 

This paper examines in detail these aspects 
by HPLC and by Matrix Assisted Laser 
Desorption/Ionisation Time of Flight (MALDI-TOF) 
mass spectrometry. 
 
EXPERIMENTAL 

The Matrix Assisted Laser Desorption 
Ionisation Time of Flight (MALDI-TOF) mass 
spectrometry was carried out on this sample 
according to the following conditions. 
 
MALDI-TOF-MS 

The spectrum was recorded on a Shimadzu 
Biotech AXIMA TOF 2 instrument. The irradiation 
source was a pulsed nitrogen laser with a wavelength 
of 337nm. The length of one laser pulse was 3ns. The 
measurements were carried out using the following 
conditions: polarity-positive, flight path-linear, mass-
high (20kV acceleration voltage), 100-150 pulses per 
spectrum. The delayed extraction technique was used 
applying delay times of 200-800ns. 
 
MALDI-TOF Sample Preparation  

The sample was dissolved in acetone 
(4mg/mL, acetone 50% vol. water solution). The 
sample solution was mixed with an acetone solution 
(10mg/mL in acetone) of the matrix. As the matrix 2,5 
- dihydroxy benzoic acid was used. For the 
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ionilor s-a ad� ugat în matrice NaCl (10mg/ml în 
ap� ). Solu�iile cu prob�  �i matricea au fost 
amestecate în propor�ie de 3 p� r�i solu�ie de matrice 
+ 3 p� r�i solu�ie de polimer + 1 parte solu�ie de NaCl 
� i probe de 0,5 la 1µL din solu�ia rezultat�  prin 
amestecare au fost plasate în �inta MALDI. Dup�  
evaporarea solventului MALDI a fost introdus în 
spectrometru. S-a utilizat metoda de preg� tire a 
probei cu pic� tura uscat� . 

Pentru a ob�ine masa molecular�  a 
componentelor chimice corespunz� toare maximelor 
din spectrul de mas�  înregistrat în modul pozitiv, din 
valoarea acestor maxime trebuie s�  fie extras�  
valoarea 23Da (1Da = 1,660 538 86 (28)×10-27 kg) 
corespunz� toare ionilor Na+ din matrice  

Spectrul ob�inut � i interpretarea rezultatelor 
sunt prezentate în Fig. 1-3, 6 � i Tabelul 1. 

În� l�imea maximelor de absorb�ie din spectrul  
MALDI-TOF este propor�ional�  cu num� rul de 
molecule care formeaz�  acel vârf, de aceea, pentru 
a caracteriza substan�a din punct de vedere 
cantitativ, cantitatea este multiplicat�  cu masa 
molecular�  a structurii corespunz� toare. 
 
Cromatografia de lichide la presiune ridicat�  
(HPLC) 

HPLC din extractul de tara s-a realizat în 
urm� toarele condi�ii: 
- s-a folosit ap�  ultra-pur�  (tratat�  cu un sistem 

Millipore Milli-Q sau similar); 
- sistem HLPC Waters Alliance; 
- Coloana: Merck – LiChroCART 125-4 – 

Lichrospher 100 RP-18 (5� m); 
- Detector: Waters 2996 PDA; 
- Faza mobil� : 

A: Solu�ii apoase (NH4)2HPO4 / H3PO4. 
S-au cînt� rit la o balan��  analitic�  5.765g de 

H3PO4 �i 6.603g de (NH 4)2HPO4 într-un pahar de 
m� sur�  de 100 ml � i s-a umplut cu ap� . Solu�ia a 
fost ulterior diluat�  1:100 cu ap�  (10ml de solu�ie 
concentrat�  la 1000ml într-un balon cotat). 

B: Acetonitril – grad de puritate HPLC 
C: Acetonitril / Ap�  1:1 

500 ml de ap�  la 1000 ml solu�ie acetonitril, 
preparat�  în balon cotat 
- eliberare solvent: Waters 2695. 
- Elu�ie (procedeu chimic de eliberare a unei 
substan�e de pe absorbantul s� u prin sp� lare): vezi 
Tabelul 1. 

enhancement of ion formation NaCl was added to the 
matrix (10mg/ml in water). The solutions of the 
sample and the matrix were mixed in the proportions 
3 parts matrix solution + 3 parts polymer solution + 1 
part NaCl solution and 0.5 to 1µL of the resulting 
solution mix were placed on the MALDI target. After 
evaporation of the solvent the MALDI target was 
introduced into the spectrometer. Dry droplet sample 
preparation method was used. 

To each peak value in the resulting positive 
mode spectrum must be subtracted of 23Da of the 
Na+ of the matrix to obtain the molecular weight of the 
chemical species of the peak. 

The Spectrum obtained and the interpretation 
of the peaks are shown in Figs. 1-3, 6 and in Table 1. 

The height of a MALDI-TOF peak is 
proportional to the numbers of molecules giving that 
peak, therefore, in order to characterize the substance 
quantitatively, the amount is multiplied by the 
molecular weight of the corresponding structure. 
 
High Pressure Liquid Chromatography (HPLC)  

HPLC of tara extract was done under the 
following conditions: 
- ultrapure water was used(treated with Millipore Milli-
Q system or similar); 
- HPLC system Waters Alliance; 
- Column: Merck – LiChroCART 125-4 – Lichrospher 
100 RP-18 (5� m); 
- Detector: Waters 2996 PDA; 
- Mobile phase: 

A: Aqueous solution (NH4)2HPO4 / H3PO4. 
 Using an analytical balance weight exactly 

5.765 g of H3PO4 and 6.603g of (NH4)2HPO4 in a 100 
ml glass measuring flask and fill with water. Solution 
is further diluted 1:100 with water (10 ml of 
concentrated solution to 1000 ml in volumetric flask). 

B: Acetonitrile HPLC grade 
C: Acetonitrile / Water 1:1 

 500 ml of water to 1000 ml acetonitrile solution 
in volumetric flask 
- Solvent delivery: Waters 2695. 
- Elution: see Table 1. 

Tabelul 1/ Table 1 
 TIMP/TIME(1) DEBIT/FLOW (2) % A % B % C % D CURV 
1  1,00 95 5 0 0  
2 25 1,00 35 65 0 0 7 

(1) minutes -  (2) mL/min 
- Gestionare date : Waters – Empower 2. 
 
REZULTATE � I DISCU� II  

În� l�imea vârfului spectrului MALDI-TOF este 
propor�ional�  cu num� rul de molecule care 
determin�  acel vârf, prin urmare, pentru a cuantifica 

- Data handling: Waters – Empower 2. 
 
RESULTS AND DISCUSSION 

The height of a MALDI-TOF peak is 
proportional to the numbers of molecules giving that 
peak, therefore, in order to quantify the polymeric 
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frac�ia polimeric�  prin mas� , intensitatea relativ�  a 
vârfului trebuie s�  fie multiplicat�  de masa 
molecular�  a structurii corespunz� toare. Se cunosc 
un num� r de monomeri diferi�i care fac parte din 
structura extractului de tara. Ace� tia sunt:  

fraction by weight, the peak relative intensity has to be 
multiplied by the molecular weight of the 
corresponding structure. A number of different 
monomers are known to take part in the structure of 
Tara extract. These are: 

 
Q =  G = 

Acid quinic/Quinic acid Acid galic / Gallic acid 
MQ =  MG =  

Acid quinic metilat / Methylated Quinic acid Acid galic metilat / Methylated Gallic acid 
C =  DC =  

Acid cafeic / Caffeic Acid Acid cafeic di-metilat / Dimethylated Caffeic acid 
 
Moleculele de acid quinic �i galic sau 

structurile metilate sunt legate între ele printr-o  
grupare esteric�  format�  între gruparea acid�  a 
acidului galic � i gruparea alcoolic�  a acidului quinic. 
Acela� i tip de leg� tur�  se formeaz�  între gruparea 
acid�  a acidului cafeic � i gruparea alcool a acidului 
quinic (ca �i la acidul clorogenic) sau structurile 
metilate corespunz� toare. 

În secven�a moleculelor de acid galic 
(structuri de acid poligalic), o molecul�  este legat�  
de alt�  molecul�  prin gruparea ester dintre gruparea 
acid�  a unuia �i gruparea alcool a altui acid galic. 

În Fig. 1-3 sunt prezentate spectrele în mod 
pozitiv MALDI-TOF ale extractului de tara. Se poate 
observa c�  în acest tanin hidrolizabil sunt prezente 
molecule repetate de 152Da de acid galic. 

 Tabelul 2 indic�  interpretarea spectrelor 
MALDI-TOF din extract de tara ce rezult�  din Fig. 1-
3. 
 

 
Quinic acid and gallic acid units, or the 

corresponding methylated structures, are linked 
together by an ester group between the acid group of 
the gallic acid and an alcoholic group of the quinic 
acid. The same type of linkage is formed between the 
acid group of caffeic acid with an alcohol group of the 
quinic acid (as in chlorogenic acid) or their 
correspondent methylated structures. 

In the sequences of gallic acid units (polygallic 
acid structures), one unit is linked with another by an 
ester group between the acid group of one and the 
alcoholic group of another gallic acid. 

In Fig. 1 to 3 are reported the positive MALDI-
TOF spectra of  Tara extract.  It can be observed that 
in this hydrolysable tannin repeating units of 152Da 
(gallic acid unit) are present. 

Table 2 shows the interpretation of the MALDI-
TOF spectra of Tara extract derived from Figs. 1 to 3. 
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Fig. 1. 
Spectrul de mas �  MALDI-TOF a taninului comercial de tara extras cu solvent (mod pozitiv cu NaCl); 

domeniul de mas � : 300-1850Da / MALDI-TOF (positive mode with NaCl) of solvent-extracted 
commercial Tara tannin extract; mass range: 300-1850Da. 
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Fig. 2. 
Spectrul de mas �  MALDI-TOF a taninului comercial de tara extras cu solvent  (mod pozitiv cu NaCl); 

detaliu pentru domeniul de mas � : 390-900Da / MALDI-TOF (positive mode with NaCl) of solvent-
extracted commercial Tara tannin extract; zoomed range: 350-900Da.  
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Fig. 3.  
Spectrul de mas �  MALDI-TOF a taninului comercial de tara extras cu solvent  (mod pozitiv cu NaCl); 

detaliu pentru domeniul de mas � : 785-1175Da / MALDI-TOF (positive mode with NaCl) of solvent-
extracted commercial Tara tannin extract; zoomed range: 785-1175Da. 
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Tabelul 2 / Table 2 
Interpretarea maximelor spectrale ale extractului de tara cu solvent ob � inute prin metoda MALDI-TOF / 

MALDI-TOF peaks interpretation for Tara solvent extract 
M+Na+ 
(exp)  

 Structura molecular �  / 
Molecular structure  

Num� r de molecule 
monomerice/Number 
of monomeric units  

Propor �ii 
relative Date 

primare/Relative  
Proportions 

Raw data  

Propor �ii 
relative % de 

mas� /Relative  
Proportions 
% by weight 

351.2  G-Q (negative ion mode) 2 2 0.1% 
368.7  G-Q (negative ion mode) 2 2 0.1% 
375,0  C-Q (Chlorogenic acid) 2 4 0,3% 
519,1  Q-G-G 3 9 0,8% 
541,1  Q-Q-G 3 15,5 1,5% 
572,1  DC-Q-MG 3 6,5 0,7% 
671,1  Q-G-G-G 4 40,5 4,8% 
685,2  MQ-G-G-G 4 4,5 0,5% 
693,1  Q-Q-G-G 4 23 2,8% 
723,6  DC-Q-G-MG 4 10,5 1,4% 
823,1  Q-G-G-G-G 5 124 18,2% 
837,2  MQ-G-G-G-G 5 7 1,0% 
845,1  Q-Q-G-G-G 5 24 3,6% 
875,2  DC-Q-G-G-MG 5 7 1,1% 
975,1  Q-G-G-G-G-G 6 160,5 28,1% 
989,2  MQ-G-G-G-G-G 6 7 1,2% 
997,1  Q-Q-G-G-G-G 6 14 2,5% 
1127,1  Q-G-G-G-G-G-G 7 107 21,7% 
1141,2  MQ-G-G-G-G-G-G 7 4 0,8% 
1149,1  Q-Q-G-G-G-G-G 7 6,5 1,3% 
1279,1  Q-G-G-G-G-G-G-G 8 27 6,2% 
1431,2  Q-G-G-G-G-G-G-G-G 9 5 1,3% 
    TOTAL 100%  

 
Vârfurile de 519, 671, 823, 975, 1127, 1279 

� i 1431Da (Tabelul 2) din extractul de tara reprezint�  
principala serie de structuri care sunt esterii acidului 
quinic cu incremente de mas�  de 152Da. 

Vârfurile de 541, 693, 845, 997 �i 1149Da 
(Tabelul 2) reprezint�  a doua serie de esteri 
constând din dou�  molecule de acid quinic �i o 
secven��  de molecule de acid galic având 
incremente de mas�  de 152Da. 

Vârfurile de 375, 572, 723 �i 875Da (Tabelul 
2) apar�in unei alte serii minore în care acidul 
clorogenic (acid quinic+acid cafeic) este legat de o 
secven��  de molecule de acid galic. Unele molecule 
sunt par�ial metilate. 

Vârfurile de 685, 838, 990, 1142 (culoare roz 
in Tabelul 2) apar�in unei alte serii minore în care o 
secven��  de molecule de acid galic este legat�  de   
acid quinic metilat.   

Din toate cele de mai sus �i incremental  
evident repetat de 152Da al masei moleculare în 
seria principal�  de oligomeri se pare c�  taninul 
comercial de tara extras cu solvent con�ine în 
principal taninuri hidrolizabile compuse din 
galotaninuri, în care structura acidului poligalic este 
esterificat�  în acid quinic (Fig. 4).  

 
The peaks at m/z of  519, 671, 823, 975, 

1127, 1279 and 1431Da (Table 2) in the Tara extract 
represent the main series of structures that are esters 
of quinic acid with the mass increments of 152Da. 

The peaks at m/z of 541, 693, 845, 997 and 
1149Da (Table 2) represent a second series of esters 
consisting of two quinic acid units and a sequence of 
gallic acid units having a mass increment of 152Da. 

The peaks at m/z of 375, 572, 723 and 875Da 
(Table 2) belong to another minor series where a 
chlorogenic acid (quinic  acid + caffeic acid) is linked 
with a sequence of gallic acid units. Some units are 
partially methylated. 

The peaks at m/z of 685, 838, 990, 1142 (pink 
series in Table 2) belong to another minor series 
where the sequence of gallic acid units is linked with a 
methylated quinic acid. 

From all the above and the evident 152Da 
repeating jump in molecular weight in the main series 
of oligomers it appeared that solvent extracted 
commercial Tara tannin contains mainly hydrolysable 
tannins composed by gallotannins, where a polygallic 
acid structure is esterified on quinic acid (Fig. 4). 
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Fig. 4. 

Structura principal �  a galotaninurilor prezente în taninul de tara / Main structure of gallotannins 
present in Tara tannin. 

 
Prin urmare, cel mai înalt vârf (maxim) 

spectral detectat în extractul comercial corespunde 
unei serii de structuri prezentate în Fig. 5, respectiv 
o succesiune de molecule de acid galic, unde n din 
Fig. 4 poate varia de la 0 la 8. În loc de acid quinic 
pot fi de asemenea alte molecule de monomer, 
dintre celelalte indicate mai sus, la care aceste 
lan�uri de acid poligalic pot fi ata�ate prin leg � turi 
esterice. 

Thus the highest peaks detected in the 
commercial extract corresponds to the series of 
structures shown in Fig. 5, namely a sequence of 
gallic acid units, where n of Fig. 4 can vary from 0 to 
8. Instead of quinic acid, there can also be other 
monomeric units among the other indicated above on 
which these polygallic acid chains can be attached by 
ester linkages. 
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Fig. 5. 

Serie de oligomeri reprezentând cele mai înalte vârfuri � i masele moleculare corespunz � toare în 
taninul comercial de tara extras cu solvent. Secven �a moleculelor de acid galic, unde n poate varia de 
la 0 la 8, poate fi legat�  de alte molecule de monomer în loc de acid quinic, similar structurii din figur �  

corespunz� toare principalei serii de oligomeri / Series of oligomers representing the highest peaks 
and their respective molecular weights in solvent extracted commercial Tara tannin extract. The 

sequence of gallic acid units, where n can vary from 0 to 8. can be linked to other monomer units 
instead than to quinic acid as shown in the figure for the main series of oligomers. 

 
Spectrul în mod ion negative arat�  cum o 

serie de carbohidra�i pot fi prezen�i � i lega�i la 
frac�iunea polifenolic�  a extractului. De aceea, din 
spectrul în mod (Fig. 6) se poate observa o serie de 
vârfuri minore care corespund aduc�ilor carbohidra�i - 
polifenoli. Seria de vârfuri indicând leg� turi cu 
carbohidra�ii, este reprezentat�  prin vârfuri foarte 
mici. Acest lucru este exemplificat prin vârfurile de 
839Da � i 855Da. Primul dintre acestea, prezentat 
mai jos în Fig. 7, spre exemplu, reprezint�  aductul 
sodiului la structura diglucozei la care se leag�  un 
lan� rezidual din trei unit�� i de acid galic, iar al doilea 
un compus similar, minus o grupare –OH. Cel mai 
mic dintre vârfuri arat�  c�  propor�ia de carbohidra�i 
în extractul de tara cu solvent este într-adev� r foarte 
sc� zut� , cum era de a� teptat. Aceleia� i serii îi 
apar�ine � i vîrful mai pronun�at 687Da reprezentând 
o diglucoz�  legat�  de dou�  reziduuri de acid galic �i 
535Da  (diglucoza legat�  la un singur acid galic). 
Vârfurile de 368Da � i 350Da corespund dimerilor 
acidului quinic � i galic (Tabelul 2, Fig. 5) f� r�  
carbohidra�i ata�a �i. De remarcat este vârful de 
700Da care este o unitate Q-G-G-glucoz� .    

The negative ion spectra defines how some 
carbohydrates may be present and linked to the 
polyphenolic fraction of the extract. Thus from the 
negative spectra (Fig. 6) one can notice a series of 
minor peaks that correspond to carbohydrates 
polyphenolic adducts. The series of peaks indicating 
linking with the carbohydrates is represented by very 
small peaks. This is exemplified by the peaks at 
839Da and 855Da. The first one of this, shown 
hereunder in Fig. 7 for example, represents the 
sodium adduct of a diglucose structure to which is 
linked a three gallic acid residues chain and the 
second the same minus a -OH group. The smallness 
of such peaks indicates that the proportion of 
carbohydrates in tara solvent extract is indeed very 
low, as would be expected. To the same series 
belong the more pronounced 687Da peak 
representing a diglucose linked to two gallic acid 
residues, the 535Da peaks (a diglucose linked to a 
single gallic acid). The peaks ar 368Da and 350Da 
correspond to dimers of quinic and gallic acid (Table 
2, Fig. 5) without carbohydrates attached. Noticeable 
are also a peak at 700Da that is a Q-G-G-glucose. 

 



ONLINE ISSN 2069-7430 
ISSN-L 1841-4737 

���������               Vol. 9  N° 1  2013  
               www.proligno.ro                                pp. 22 -31 

 

 
 

29 

 

505.955

368.717

351.229

715.306

825.493

980.193

20120319_Tarasilva_nosalt_gate200_DHB 0:D9 MS Raw

0.0

0.2

0.4

0.6

0.8

1.0

1.2

6x10

In
te
n
s.
 [a
.u
.]

300 400 500 600 700 800 900 1000 1100
m/z  

Fig. 6. 
Spectrul MALDI-TOF al taninului comercial de tara extras cu solvent (mod negativ, cu NaCl); domeniul 

de mas � : 300-2000Da / MALDI-TOF of solvent extracted commercial Tara tannin extract 
(negative mode, with NaCl); mass range: 300-2000Da. 
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Fig. 7. 

Structura propus �  pentru trimerul corespunz � tor vârfului minor 839Da, rezultat �  prin analiza MALDI-
TOF în mod ion negativ a taninului comercial de tara extras cu solvent / Proposed structure for 

the trimer at  839Da, minor peak, as postulated from the bulk sample of negative ion MALDI-TOF 
analysis of solvent extracted commercial Tara tannin extract. 

 
Interesant�  este �i cromatograma HPLC a 

taninului de tara extras cu solvent prezentat�  în Fig. 
8. Vârfurile ce apar�in acidului galic cu un timp de  
reten�ie de 2,2 minute � i acidului clorogenic cu un 
timp de reten�ie de 1,5 minute sunt clar vizibile. 
Suprafa�a picului indic�  o propor�ie de 1,6% de acid 
galic liber �i de 0,48% de acid clorogenic liber în 
compozi�ia taninului de tara estras cu solven�i. Este 
interesant de notat c�  num� rul de vârfuri prezente în 
Fig. 8, aproximativ 20, corespunde unui num� r 
similar de oligomeri identifica�i prin metoda MALDI-
TOF. Cum picurile de absorb�ie cu arie maxim�  din 
cromatograma din Fig. 8 sunt la 10, 13.5 �i 15.25 
minute ca timp de elu�ie, se poate presupune c�  
acestea corespund oligomerilor prezen�i în propor�ie 
mare, identifica�i prin metoda MALDI-TOF, prin 
urmare corespunzând valorilor  823Da, 975Da � i 
1127Da, de� i nu s-a putut face o atribuire clar� . 

Of interest is also the HPLC chromatogram of 
solvent extracted Tara tannin shown in Fig. 8 The 
peaks belonging to gallic acid of retention time 2.2 
minutes and of chlorogenic acid of retention time 10,6 
minutes are clearly visible. The peak areas indicate a 
proportion of 1.6% of free gallic acid and of 0.48% of 
free chlorogenic acid as present in solvent extracted 
Tara tannin. It is of interest to note that the number of 
peaks present in Fig. 8, approximately 20, correspond 
to a similar number of oligomers identified by MALDI-
TOF. As the peaks of major area in the chromatogram 
in Fig. 8 are those at 10, 13.5 and 15.25 minutes 
elution it can be postulated that such peaks 
correspond to the oligomers present in greater 
proportion as obtained by MALDI-TOF, thus 
corresponding to the 823Da, 975Da and 1127Da, 
although a clear assignment cannot be done. 
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Fig. 8. 

Diagrama de elu � ie HPLC a taninului comercial de tara extras cu solvent. S � ge�ile indic �  picurile 
corespunz� toare monomerilor acidului galic � i acidului clorogenic / HPLC elution diagram of solvent 
extracted commercial Tara tannin extract. Arrows indicate the peaks of the monomers of gallic acid 

and chlorogenic acid. 
 

CONCLUZII 
S-a determinat c�  taninul comercial de tara 

extras cu solvent este compus dintr-o serie de 
oligomeri ai acidului galic ata� a�i prin leg� tura 
esteric�  de acidul quinic. Ei constituie oligomerii cu 
cea mai mare propor�ie în extract. Alte lan�uri 
poligalice legate la una sau dou�  molecule repetate 
precum acidul cafeic �i acidul metil-quinic, metil-galic 
metil-cafeic sunt de asemenea prezente. Unele 
reziduuri de carbohidra�i apar ca fiind înc�  prezente, 
legate de structura polifenolic�  de baz�  a extractului, 
dar propor�ia lor este foarte sc� zut� , a� a de cum era 
de a� tepat la taninul extras cu solvent.   

CONCLUSION 
Solvent extracted commercial Tara tannin 

extract has been found to be composed of a series of 
oligomers of polygallic acid attached by an ester link 
to one quinic acid. They constitute the oligomers in 
higher proportion in the extract. Other polygallic 
chains linked to one only or two repeating units such 
as caffeic acid and methylated quinic, methylated 
gallic and methylated caffeic acids are also present. 
Some carbohydrate residues appear to still be 
present, linked to the polyphenolic material of the 
extract but their proportion is very low as would be 
expected of a solvent extracted tannin. 
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Nouvelles résines de tanins é cosoutenables.  

 

 

Résines pour adhésifs  phénoliques basé s sur les tanins 
hydrolys ables de châtaign ier.  
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Phenolic resin wood panel adhesives based
on chestnut (Castanea sativa) hydrolysable
tannins
S. Spina1,2, X. Zhou2, C. Segovia2, A. Pizzi*2, M. Romagnoli1, S. Giovando3,
H. Pasch4, K. Rode5 and L. Delmotte6

Chestnut hydrolysable tannins are phenolic materials that have been considered too unreactive to
compete in the phenolic resin adhesives market for exterior boards for the building industry.
However, an article in 1973 describing 3 years of industrial application of chestnut hydrolysable
tannins during the first oil crisis indicated that this was not the case. This previous work has been
extended by using superior phenolic resins formulations and producing phenol–formaldehyde–
chestnut tannin adhesives where a substitution of up to 80% of the phenol is possible with
remarkably good results. The reactions involved were clarified by 13C NMR and MALDI–TOF
mass spectrometry.

Keywords: Chestnut tannin, Hydrolysable tannins, Wood adhesives, Wood panel adhesives, Phenolic resins

Introduction
In 1973, as a consequence of the Þrst oil crisis, Nor-
sechem, a Norwegian paint group subsidiary in Malaysia
that produced phenol formaldehyde (PF) resins for
Southeast Asia plywood manufacturers, was forced to
implement a technological change that was utilized for
three years in industrial production (Kulvik 1976). This
technology consisted of substituting 33 wt-% of phenol
with chestnut tannin extract in the PF resin during its
preparation. Up to 50% substitution in the laboratory
was claimed but no glue mix or other information was
given (Kulvik 1976). The motive of this was purely
economical, as phenol prices had skyrocketed and the
cost of chestnut tannin extract was much lower. In the
only written reference that exists relative to this develop-
ment (Kulvik 1976), results and basic material propor-
tions are reported, but resin formulations are not
disclosed.

The use of chestnut tannin extract in this context is
particularly intriguing, as this is the most expensive of
all the natural tanning agents for leather due to the very
light coloured leather it yields. Its use is even more
intriguing if one considers: (1) the development of

cheaper and more abundant condensed or ßavonoid
tannin adhesives, which are far more reactive than
hydrolysable tannins, and were in extended industrial
use at the same time (Pizzi and Scharfetter, 1978; Pizzi
1977, 1979, 1983, 1999); and (2) the low reactivity of the
phenolic rings in hydrolysable tannins and relatively
high proportion of carbohydrates that are inseparably
linked to their phenolic part.

Hydrolysable commercial tannin extracts are mixtures
of esters of a sugar, mainly glucose, with simple phenols
such as gallic and digallic acids, and also with more
complex stuctures containing ellagic acid (Fengel and
Wegener 1984; Paschet al. 2001; Pizzi et al. 2009)
(Scheme 1).

For many decades, hydrolysable tannins were con-
sidered to be mainly formed of phenolic esters of simple
sugars such as glucose. Their alleged lack of a polymeric
structure, although it could still result in complex
structures, caused them to be considered unsuitable for
adhesives (Pizzi 1983). Once the Þrst oil crisis had passed
and the price of phenol became affordable again, the
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phenol formaldehyde (PF)Ðchestnut tannin adhesive
production was stopped, and interest in this resin had
waned by 1977. Recently, however, their extensive
polymeric structure based on pentagalloyl glucose repeat
units has been clearly determined (Pizziet al. 2009).
Thus, in a situation where other types of tannins, e.g.
condensed tannins, are relatively scarce due to the
growing interest in environment friendly adhesives,
revival of the PFÐchestnut tannin extract technology is
a useful exercise, given the abundance of chestnut trees
in Europe.

This study re-examines the PFÐchesnut tannin extract
technology by: (1) developing and optimizing the resin
formulation and synthesis using modern PF resins
formulations; (2) drastically and progressively decreas-
ing the relative proportions of phenol and increasing
those of chestnut tannin extract to obtain even higher
proportions of natural material; (3) determining if
coreaction of phenol and phenolic tannin occurs or
not. This is a crucial question as (1) the hydrolysable
tannin aromatic rings (both monomer as well as bound
in natural oligomers), are less reactive than the reactive
sites of phenol; and (2) only the much less reactivemeta-
sites are still free in the main phenolic unit of chestnut
tannin, namely, gallic acid, of structure

and (4) applying for the Þrst time such improved and
optimised adhesives to wood particleboards, more
complex but much faster pressing panels than plywood
for which these adhesives were originally developed.

Experimental
Resin preparation
Commercial chestnut (Castanea sativa) wood tannin
extract spray dried powder obtained from SILVA
Chimica (S. Michele Mondovi, Italy) was used for the
purpose. The resins based on PF/chestnut tannin extract
were prepared according to the following procedure:
85 g chestnut tannin extract and 85 g 90% phenol were
dissolved in a solution of waterÐmethanol (62?7 g water
and 9?6 g methanol) to which were then added 95?5 g
paraformaldehyde powder (96% purity; Degussa N,
Du¬sseldorf, Germany) premixed with 4 g water. The
reaction mixture was Þrst heated at 40uC for 30 min,
under continuous mechanical stirring in a glass reactor

equipped with a reßux condenser. The mixture was then
heated until the temperature reached 94uC, and then
45?2 g of 30% aqueous NaOH solution was added in
four equal lots at intervals of 15 min. After the addition
of the last lot of NaOH solution (45 min from the start
of NaOH addition), the reaction mixture was heated for
additional 15 min to reach a total of 1 h reaction time.
After a further 15 min reaction, the mixture was cooled
and stored. The resin obtained had viscosity at 25uC of
550Ð600 cP, solid content of 61% and pH of 8?6 which
was then adjusted to pH 11 by addition of 18?4 g 30%
NaOH aqueous solution. This pH adjustment caused a
decrease in solids content to 55?8% and of viscosity to
375Ð400 cP.

Resins in which the effective weight proportions of
phenol/chestnut tannin extract were 50 : 50, 45 : 55,
40 : 60, 30 : 70, 20 : 80, 10 : 90 and 0 : 100 were prepared
and tested, while the relative proportions of formalde-
hyde, water, methanol and sodium hydroxide were
maintained constant for all resins.

MALDI–TOF sample preparation
The resin was dried in two different ways. For the Þrst
sample, water/methanol was evaporated under vacuum at
40uC on a rotary evaporator, to minimise curing and to be
able to better examine the resin oligomerÕs distribution.
The second sample was allowed to dry in the oven at
105uC for 16 h and then ground to Þne powder to study
oligomerÕs distribution once the resin had cured.

These resin samples were dissolved in acetone/water
(4 mg mL2 1, 50 : 50 acetone/water by volume). The
sample solutions were mixed with an acetone solution
of 2,5-dihydroxy benzoic acid (10 mg mL2 1 in acetone).
For the enhancement of ion formation, NaCl was added
to the matrix (10 mg mL2 1 in water). The solutions of
the sample and the matrix were mixed in the proportions
3 parts matrix solutionz 3 parts polymer solutionz1
part NaCl solution. A small amount (0?5Ð1mL) of the
resulting solution mix was placed on the MALDI target.
After evaporation of the solvent, the MALDI target was
introduced into the spectrometer. From each peak value
in the resulting positive mode spectrum, 23 Da of the
Naz of the matrix must be subtracted to obtain the
molecular weight of the chemical species of the peak.

MALDI–TOF–MS analysis
The spectra were recorded on a KRATOS Kompact
MALDI AXIMA TOF 2 instrument. The irradiation
source was a pulsed nitrogen laser with a wavelength of
337 nm. The time period of a laser pulse was 3 ns. The
measurements were carried out using the following
conditions: polarity positive, ßight path linear, mass
high (20 kV acceleration voltage), 100Ð150 pulses per
spectrum. The delayed extraction technique was used by
applying delay times of 200Ð800 ns.

CP-MAS13C NMR
Solid state CP-MAS (cross-polarisation/magic angle
spinning) 13C NMR spectra of the oven-dried resin
were recorded on a Bruker MSL 300 spectrometer at a
frequency of 75?47 MHz. Chemical shifts were calcu-
lated relative to tetramethyl silane. The rotor was spun
at 4 kHz on a double bearing 7 mm Bruker probe. The
spectra were acquired with 5 s recycle delays, a 90upulse
of 5 ms and a contact time of 1 ms. The number of
transients was 3000.
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Thermomechanical (TMA) analysis
The hardening reactions of different resin systems were
evaluated by TMA, by following the progressive hardening
of a resin bonded wood joint as a function of temperature.
All experiments were conducted under the same condi-
tions: heating rate5 10uC min2 1, 30 mg of resin system,
and temperature range of 25Ð250uC. TMA analyser used
was a TMA40 instrument from Mettler Toledo. The
software used for data treatment was STARe. Deßection
curves that permit modulus of elasticity (MOE) deter-
mination were obtained by three-point bending of the
joint formed by two beech wood veneers, dimensions
216 66 0?6 mm each, between which the liquid resin was
inserted. The MOE of resin bonded wood joints gives an
indication of the performance of the adhesive.

It has been shown that the maximum MOE value and
its increase as a function of time or temperature for resin
bonded wood joints gives a good indication of the
possible end performance of the adhesive system tested
(Pizzi 1997, 1999; Pizziet al. 1997; Laigle et al. 1998;
Garnier et al. 2001; Lecourtet al. 2003). Values in excess
or close to 4000 MPa have been shown to indicate the
applicability of the resins for the manufacture of wood
particleboard (Laigle et al. 1998; Garnier et al. 2001;
Lecourt et al. 2003).

Wood particleboard preparation and testing
One-layer laboratory particleboards of dimensions
3506300 6 14 mm were prepared using a wood mixture
of core particles of beech (Fagus sylvatica) and Norway
spruce (Picea abies) at 28 kg cm2 2 maximum speciÞc

pressure and 195uC press temperature. The resin solids
content was maintained at 10% of the total mix. The
total press time was kept at 7?5 min. All particleboards
were tested for internal bond (IB) strength on an
Instron 3369 test machine (Instron, High Wycombe,
UK). First, a 45/55 PF/chestnut adhesive was formu-
lated to prepare 10 laboratory panels. Afterwards,
triplicate panels with adhesive formulations containing
a decreasing proportion of phenol were tested. For
accelerated ageing tests, specimens were boiled in water
for 2 h, dried at 103uC for 16 h and tested for residual
internal bond strength using an Instron 3369 test
machine (Instron).

Results and discussion
The CP-MAS 13C NMR spectrum (Fig. 1) of the oven
dried 45/55 PF/chestnut tannin extract resin indicated
the following: the band at 151 ppm belonging to the
aromatic carbon linked to a phenolic ÐOH, for both the
tannin and the PF resin. The very pronounced 130 ppm
band belongs to all the unreactedmeta-sites and reacted
ortho and para sites on the aromatic phenolic rings. The
bands at 120 and 115 ppm, which are characteristic of
still free, unreactedortho and para sites respectively, do
not appear at all, indicating that these sites had
completely reacted. The large band at 70 ppm is given
by the superposition of the carbohydrate part of the
chestnut extract and of the methylol groups (2CH 2OH)
present on the reactedortho and para sites of both
phenol and the phenolic fraction of the tannin. Finally,
the band centred at 34 ppm is composed of a series of

1 CP-MAS 13C NMR spectrum of oven dried 45/55 PF /chestnut tannin adhesive: band at 37? 3 ppm corresponds to calcu-
lated NMR shift for methylene bridges linking two gallic acid aromatic rings
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superimposed bands one of which is clearly visible as a
separate peak at 37?3 ppm. This one corresponds to
methylene bridges linking gallic acid ring sites (theore-
tically calculated values for these methylene bridges is
37?33 ppm (ChemWindows, 1998) and is indicated with
an arrow in the spectrum in Fig. 1. The band at 40 ppm
belongs to the para–para methylene bridges between
phenols of the synthetic PF component of the hardened
network. The band at 34 ppm belongs toortho–paraPF
methylene bridges that are in greater proportion. These
methylene bridges are between phenol and phenol (40
and 34 ppm), phenol and tannin (37?3 ppm), and tannin
and tannin (37?3 ppm). Thus, given the broadness of
these bands, the phenol and the phenolic fraction of the
tannin appear to have coreacted, conÞrming the reason
why such a resin had hardened.

Further and deÞnitive conÞrmation of coreaction of
tannin and phenol is obtained by the MALDIÐTOF
spectrum of the same resin. MALDIÐTOF analysis can
be performed in either positive or negative ion modes
(Pizzi et al. 2009). In the case of hydrolysable tannins,
the positive mode spectrum shows what happens to the
phenolic component of the material, while negative ion
mode analysis shows what happens to the polymeric
carbohydrates of the system (Pizziet al. 2009). Positive
mode MALDIÐTOF analysis is commonly perform-
ed, as is the case in this article, while negative mode is
used rarely. Thus, Figs. 2 and 3 and Table 1 shows the
oligomers that are formed from the phenolic component
of the phenolÐtanninÐformaldehyde resin during the
preparation and hardening of the resin. Table 1 also
shows the relative percentages of an air dried resin (not
cured but simply dried after preparation) and of an oven
cured resin. The Þrst conclusion that can be drawn is
that a number of coreacted phenolÐtannin oligomers are
formed, conÞrming the NMR result (Fig. 1). The tannin
contribution is indicated as ÔGÕ (for gallic acid) this
being calculated as gallic acid equivalents (Table 1).
Thus, deÞnitely belonging to coreacted mixed species are
the series of peaks at 299, 312, 406, 480, 493, 510, 534,
552, 566, 577, 59, 607, 620, 769, 782, 799, 888 and
958 Da, constituting 66% of the total number of species
of the polymer and 50% of the total mass of the
polymer. Mixed species may also contribute to the peaks

at 327 and 403 Da. The rest of the peaks belong to pure
PF oligomers.

The Þrst point of interest of all these observations is
that a species such as gallic acid (structure I), which has
both sterically hindered sites and those inmetaposition
to some of the phenolic ÐOH groups, is rather reactive
and forms through thesemeta sites methylene bridges
with the ortho and para sites of the synthetic phenol.
This indicates that hydrolysable chestnut tannin pheno-
lic aromatic rings are far more reactive than originally
thought (Pizzi 1977).

Table 2 shows the maximum MOE values obtained
during TMA curing of the PF/chestnut extract resins. It
can be observed that the maximum MOE value obtained
is 4135 MPa for resins in which the PF/chestnut extract
weight proportion is 40 : 60, which strongly demon-
strates their capability for use for the manufacture of
particleboard panels of good quality. Table 2 also
reports the average values of maximum MOE obtained
by TMA for resins in which the relative proportions of
phenol to chestnut varied during the preparation of the
resin. Thus, the average maximum MOE value, which is
directly correlatable to the IB strength of wood particle-
board panels (Zhao et al. 1998; Garnier et al. 2001)
varied only little when chestnut tannin was up to 60% of
the total material and decreased with greater propor-
tions of chestnut tannin in the resin. The maximum
value of the MOE starts to be slightly lower, but still
very good for the 35 : 65 adhesive formulation but starts
to decrease rather markedly for the 30 : 70 adhesive
formulation and for formulations with even higher
proportions of hydrolysable chestnut tannin. The results
for the experimental laboratory particleboards (Table 3)
support the TMA results. Thus, wood particleboard
prepared with a 45 : 55 PF/chestnut tannin extract
adhesive yielded average dry IB strength of 0?58 MPa
for an average density of 688 kg m2 3 (Table 3). This is
considerably above the 0?35 MPa required by interna-
tional wood particleboard standards for the same type.
The 40 : 60 adhesive formulation also produced panels
that satisÞed well the dry IB strength requirements of
relevant the European Norm (P2) (EN 312, 1995).
However, the 30 : 70 phenol/tannin adhesive formulation
gave results that were just close to the European Norm

2 MALDI…TOF spectrum of air dried 45 : 55 PF/chestnut tannin adhesive
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3 MALDI…TOF spectrum of oven-dried 45 : 55 PF/chestnut tannin adhesive

Table 1 MALDI…TOF spectrometry peaks, corresponding oligomer s formed, and their relative percentage proportions for
a 45 : 55 PF/chestnut tannin resin reacted for 68 min

Mz Naz (expl.) Mz Naz (calc.)

Relative proportion/%

Oligomer typeAir dried Oven dried

233?9–235 236 3.5 18.7 PCH2PCH2
z

263?7 264 7.1 16.3 HOCH2PCH2PCH2
z

277?8 277 0.7 2.8 HOCH2PCH2P(CH2
z )2

299* 3.8 6.8 GCH2P
312?5* 4.7 1.1 GCH2PCH2

z

327* 3.5 0.8 GCH2PCH2OH
or GCH2OCH2P

329 PCH2PCH2P
343.7 9.9 … PCH2PCH2PCH2

z

358.4 359 2.8 2.3 PCH2PCH2PCH2OH
373?5 373.7 9.8 2.8 HOCH2PCH2PCH2PCH2

z

375* 375 2.7 4.4 GCH2G
386?5 387 3.6 9.9 HOCH2PCH2PCH2P(CH2

z )2

403?5* 403 4.7 2.4 (HOCH2)2PCH2PCH2PCH2
z

or GCH2OCH2G
406?5* 4.8 6.3 GCH2PCH2G
419.6 0.4 … (HOCH2)2PCH2PCH2PCH2OH
430?9 432 4.4 3.9 (HOCH2)2PCH2P(–CH2

z )CH2PCH2OH
449.9 1.5 … (HOCH2)2PCH2PCH2P(CH2OH)2
480.1* 481 9.6 … GCH2PCH2G
493.4* 1.8 … GCH2PCH2GCH2

z

510.3* 3.0 … GCH2PCH2GCH2OH
534* ƒ 0 ?7 (CH2

z )GCH2P(–2 CH2
z )CH2GCH2OH

552* 1?2 4?9 HOCH2GCH2P(–CH2
z )CH2GCH2OH

566?4* 568 … 0.5 HOCH2GCH2P(–CH2OH)CH2GCH2OH
577?5* 2 2.9 HOCH2G(–CH2

z )CH2P(–CH2OH)CH2GCH2OH
599.1* 599 2 0.3 GCH2PCH2GCH2PCH2

z

607?2* 4.2 5.7 (HOCH2)2PCH2P(–CH2G)CH2PCH2OH
or (HOCH2)2PCH2P(–CH2OCH2G)CH2P

620* 3.7 0.3 (HOCH2)2PCH2P(–CH2OCH2G)CH2PCH2
z

752?6 1.6 1.5 GCH2PCH2GCH2PCH2G minus 1(–OH)
769* 0.8 0.3 GCH2PCH2GCH2PCH2G
782?8* 0.9 1.3 GCH2PCH2GCH2PCH2GCH2

z

799* 0.5 … GCH2PCH2GCH2PCH2GCH2OH
815?3 0.8 1.1 HOCH2GCH2PCH2GCH2PCH2GCH2

z

888.9* 888.8 0.5 … GCH2PCH2GCH2PCH2GCH2PCH2
z

928?4 … 1.0 GCH2PCH2GCH2P(–CH2G)CH2G
958?3* … 1.0 GCH2PCH2GCH2PCH2GCH2G

*Peaks where G (gallic acid) is present.
Underlined are the peaks present as well in the oven dried specimens.
Underlined in bold are the peaks that are present in the oven dried specimens but not in the air dried ones.
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limit for P2, indicating that such a formulation cannot
be used industrially for P2 type panels because even
small variations will push its internal bond strength
below the standard requirements. However, all the
panels in Table 3 pass the European Norm speciÞcation
limit for P1 type panels, an encouraging result.

Conclusion
Hydrolysable tannins, e.g. chestnut tannin, appear to be
able to substitute a high proportion of synthetic phenol
in PF resins for wood particleboard.13C NMR and, in
particular, MALDIÐTOF spectrometry have determined
that synthetic phenol and hydrolysable chestnut tannin
do coreact with formaldehyde, forming methylene
bridges linking phenol and the phenolic rings of the
tannin. This was found to be remarkable for two
reasons: (1) notwithstanding the relative low reactivity
of the phenolic aromatic rings of the tannin these still
managed to coreact with formaldehyde and to form
tannin to phenol methylene bridges; and, (2) even more
remarkable is that the hydrolysable tannin reacted
through their meta- sites, supposedly less reactive, but
as is demonstrated, these were the only tannin aromatic
ring sites still available for reaction.
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Table 2 TMA results: average value of maximum MOE and temperature at maximum MOE at which full curing occurs for
different proportions of PF/chestnut tannin in adhesive formulations

Phenol/chestnut tannin ratio Average value of maximum MOE/MPa Temperature at max MOE/ uC

50 : 50 4109 170
45 : 55 4002 170–180
40 : 60 4135 185
35 : 65 3866 170–190
30 : 70 3264 180
20 : 80 3117 185–220
10 : 90 3162 200–230
0 : 100 2231 . 240

Table 3 Laboratory particleboard internal bond (IB) strength results for resins with different relative proportions of
phenol and chestnut tannin

Resins pH Board density/kg m 2 3 Internal bond strength/MPa

45% phenol–55% tannin 11.02 688 0.58¡ 0.09
40% phenol–60% tannin 11.02 677 0.40¡ 0.04
30% phenol–70% tannin 11.02 681 0.35¡ 0.06
20% phenol–80% tannin 11.01 682 0.31¡ 0.05
European Norm requirement > 0.35
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Chestnut hydrolysable tannins are phenolic materials that have been considered too unreac-
tive to compete in the phenolic resin adhesives market for exterior boards for the building
industry. However, an article in 1973 describing 3 years industrial application of chestnut
hydrolysable tannins during the� rst oil crisis indicated that this was not the case. We have
extended this old work by using superior phenolic resins formulations and producing phe-
nol–formaldehyde–chestnut tannin adhesives where a substitution of up to 80% of the phe-
nol is possible with remarkably good results. The reactions involved were clari� ed by 13C
NMR and MALDI-TOF mass spectrometry.

Keywords: chestnut tannin; hydrolysable tannins; wood adhesives; wood panel adhesives;
phenolic resins

1. Introduction

In 1973, as a consequence of the�rst oil crisis, Norsechem, a Norwegian paint group subsidi-
ary in Malaysia that produced phenol–formaldehyde (PF) resins for Southeast Asia plywood
manufacturers, was forced to implement a technological change that was utilized for 3 years
in industrial production [1]. This technology consisted of substituting 33% by weight of phe-
nol with chestnut tannin extract in the PF resin during its preparation. Up to 50% substitution
in the laboratory was claimed but no glue-mix or other information was given [1]. The
motive of this was purely economical, as phenol prices had skyrocketed and the cost of chest-
nut tannin extract was much lower. In the only written reference that exists relative to this
development [1], results and basic material proportions are reported, but resin formulations
are not disclosed.

The use of chestnut tannin extract in this context is particularly intriguing, as this is the
most expensive of all the natural tanning agents for leather due to the very light coloured
leather it yields. Its use is even more intriguing if one considers: (1) the development of
cheaper and more abundant condensed or�avonoid tannin adhesives, which are far more
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reactive than hydrolysable tannins, and in extended industrial use at the same time [2–5] and
(2) the low reactivity of the phenolic rings in hydrolysable tannins and relatively high propor-
tion of carbohydrates that are linked to their phenolic part and are undissociable from it.

Hydrolysable commercial tannin extracts are mixtures of esters of a sugar, mainly glucose,
with simple phenols such as gallic and digallic acids, and also with more complex structures
containing ellagic acid [6–8] (Scheme 1).

For many decades hydrolysable tannins were considered to be mainly formed of phenolic
esters of simple sugars such as glucose. Their alleged lack of a polymeric structure, although
it could still result in complex structures, caused them to be considered unsuitable for adhe-
sives [5]. Once the�rst oil crisis had passed and the price of phenol became affordable again,
the PF-chestnut tannin adhesive production was stopped, and interest in this resin had waned
by 1977. Recently, however, their extensive polymeric structure based on pentagalloyl glu-
cose repeat units has been clearly determined [8]. Thus, in a situation where other types of
tannins, e.g. condensed tannins, are relatively scarce due to the growing interest in environ-
ment-friendly adhesives, revival of the PF–chestnut tannin extract technology is a useful exer-
cise, given the abundance of chestnut trees in Europe.

In this study we have re-examined the PF–chesnut tannin extract technology by: (1)
developing and optimizing the resin formulation and synthesis using modern PF resins
formulations; (2) drastically and progressively decreasing the relative proportions of phenol
and increasing those of chestnut tannin extract to obtain even higher proportions of natural
material; (3) determining if coreaction of phenol and phenolic tannin occurs or not. This is a
crucial question as (a) the hydrolysable tannin aromatic rings (both monomer as well as
bound in natural oligomers) are less reactive than the reactive sites of phenol and (b) only the
much less reactivemeta-sites are still free in the main phenolic unit of chestnut tannin,
namely gallic acid, of structure

OH

HO OH

COOH
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and (4) applying for the�rst time such improved and optimized adhesives to wood
particleboards, more complex but much faster pressing panels than plywood for which these
adhesives were originally developed.
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2. Experimental

2.1. Resin preparation

Commercial chestnut (Castanea sativa) wood tannin extract spray-dried powder obtained
from SILVA Chimica, S. Michele Mondovi, Italy was used for the purpose. The resins based
on PF–chestnut tannin extract were prepared according to the following procedure:

Eighty-�ve grams chestnut tannin extract and 85 g 90% phenol were dissolved in a solu-
tion of water–methanol (62.7 g water, 9.6 g methanol) to which were then added 95.5 g 96%
paraformaldehyde powder (Degussa N, Düsseldorf, Germany) premixed with 4 g water. The
reaction mixture was� rst heated at 40 °C for 30 min, under continuous mechanical stirring in
a glass reactor equipped with a re�ux condenser. The mixture was then heated until the tem-
perature reached 94 °C, and then 45.2 g of 30% aqueous NaOH solution was added in four
equal lots at intervals of 15 min. After the addition of the last lot of NaOH solution (45 min
from the start of NaOH addition) the reaction mixture was heated for additional 15 min to
reach a total of 1 h reaction time. After a further 15-min reaction, the mixture was cooled and
stored. The resin obtained had viscosity at 25 °C of 550–600 cP, solids content of 61% and
pH of 8.6 which was then adjusted to pH 11 by addition of 18.4 g 30% NaOH aqueous solu-
tion. This pH adjustment caused a decrease in solids content to 55.8% and of viscosity to
375–400 cP.

Resins in which the effective weight proportions of phenol:chestnut tannin extract were
50:50, 45:55, 40:60, 30:70, 20:80, 10:90 and 0:100 were prepared and tested, while the rela-
tive proportions of formaldehyde, water, methanol and sodium hydroxide were maintained
constant for all resins. The curves obtained yielded maximum modulus of elasticity (MOE)
values by thermomechanical analysis (TMA) analysis.

2.2. MALDI-TOF sample preparation

The resin was dried in two different ways. For the�rst sample, water/methanol was evapo-
rated under vacuum at 40 °C on a rotary evaporator, to minimize curing and to be able to bet-
ter examine the resin oligomers distribution. The second sample was allowed to dry in the
oven at 105 °C for 16 h and then ground to� ne powder to study oligomers distribution once
the resin had cured.

These resin samples were dissolved in acetone/water (4 mg/mL, 50/50 acetone/water by
volume). The sample solutions were mixed with an acetone solution (10 mg/mL in acetone)
of the matrix. As the matrix 2,5-dihydroxy benzoic acid was used. For the enhancement of
ion formation, NaCl was added to the matrix (10 mg/mL in water). The solutions of the
sample and the matrix were mixed in the proportions three parts matrix solution +3 parts
polymer solution +1 part NaCl solution. A small amount (0.5–1� L) of the resulting solution
mix was placed on the MALDI target. After evaporation of the solvent the MALDI target
was introduced into the spectrometer. From each peak value in the resulting positive mode
spectrum 23 Da of the Na+ of the matrix must be subtracted to obtain the molecular weight
of the chemical species of the peak.

2.3. MALDI-TOF-MS analysis

The spectra were recorded on a KRATOS Kompact MALDI AXIMA TOF 2 instrument. The
irradiation source was a pulsed nitrogen laser with a wavelength of 337 nm. The time period
of a laser pulse was 3 ns. The measurements were carried out using the following conditions:
polarity-positive, �ight path-linear, mass-high (20 kV acceleration voltage), 100–150 pulses
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per spectrum. The delayed extraction technique was used by applying delay times of
200–800 ns.

2.4. CP-MAS13C NMR

Solid state CP-MAS (cross-polarization/magic angle spinning)13C NMR spectra of the oven-
dried resin were recorded on a Bruker MSL 300 spectrometer at a frequency of 75.47 MHz.
Chemical shifts were calculated relative to tetramethyl silane (TMS). The rotor was spun at
4 kHz on a double-bearing 7 mm Bruker probe. The spectra were acquired with 5 s recycle
delays, a 90° pulse of 5� s and a contact time of 1 ms. The number of transients was 3000.

2.5. Thermomechanical analysis

The hardening reaction of different resin systems was evaluated by TMA, by following the
progressive hardening of a resin-bonded wood joint as a function of temperature. All experi-
ments were conducted under the same conditions: heating rate = 10 °C/min, 30 mg of resin
system and temperature range of 25–250 °C. Thermomechanical analyser used was a TMA40
instrument from Mettler Toledo. The software used for data treatment was STARe. De�ection
curves that permit MOE determination were obtained by three-point bending of the joint
formed by two beech wood veneers, dimensions 21 mm� 6 mm � 0.6 mm each, between
which was inserted the liquid resin. The MOE of resin-bonded wood joints gives an indica-
tion of the performance of the adhesive.

The maximum MOE value and its increase as a function of time or temperature for resin
bonded wood joints gave a good indication of the possible end performance of the adhesive
system tested. Values in excess or close to 4000 MPa indicated the applicability of the resins
for the manufacture of wood particleboard.

2.6. Wood particleboard preparation and testing

One-layer laboratory particleboards of dimensions 350 mm� 300 mm � 14 mm were pre-
pared using a wood mixture of core particles of beech (Fagus sylvatica) and Norway spruce
(Picea abies) at 28 kg/cm2 maximum pressure and 195 °C press temperature. The resin solids
content was maintained at 10% of the total mix. The total press time was kept at 7.5 min. All
particleboards were tested for internal bond (IB) strength on an Instron 3369 test machine
(High Wycombe, UK). First a 45/55 PF/chestnut adhesive was formulated to prepare 10 labo-
ratory panels. Afterwards triplicate panels with adhesive formulations containing a decreasing
proportion of phenol were tested. For accelerated ageing tests, specimens were boiled in water
for 2 h, dried at 103 °C for 16 h and tested for residual IB strength using an Instron 3369 test
machine (High Wycombe, UK).

3. Results and discussion

The CP-MAS 13C NMR spectrum (Figure 1) of the oven-dried 45/55 PF/chestnut tannin
extract resin indicated the following: the band at 151 ppm belonging to the aromatic carbon
linked to a phenolic–OH, for both the tannin and the PF resin. The very pronounced
130 ppm band belongs to all the unreactedmeta-sites and reactedortho andpara sites on the
aromatic phenolic rings. The bands at 120 and 115 ppm, which are characteristic of still free,
unreactedortho and para sites, respectively, do not appear at all, indicating that these sites
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had completely reacted. The large band at 70 ppm is given by the superposition of the carbo-
hydrate part of the chestnut extract and of the methylol groups (–CH2OH) present on the
reactedortho and para sites of both phenol and the phenolic fraction of the tannin. Finally,
the band centered at 34 ppm is composed of a series of superimposed bands one of which is
clearly visible as a separate peak at 37.3 ppm. This one corresponds to methylene bridges
linking gallic acid ring sites (theoretically calculated values for these methylene bridges is
37.33 ppm [9]) and is indicated with an arrow in the spectrum in Figure 1. The band at
40 ppm belongs to thepara–para methylene bridges between phenols of the synthetic PF
component of the hardened network. The band at 34 ppm belongs toortho–para PF methy-
lene bridges that are in greater proportion. These methylene bridges are between phenol and
phenol (40 and 34 ppm), phenol and tannin (37.3 ppm) and tannin and tannin (37.3 ppm).
Thus, given the broadness of these bands, the phenol and the phenolic fraction of the tannin
appear to have coreacted, con�rming the reason why such a resin had hardened.
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Figure 1. CP-MAS13C NMR spectrum of oven-dried 45/55 PF/chestnut tannin adhesive. Band at
37.3 ppm corresponds to calculated NMR shift for methylene bridges linking two gallic acid aromatic
rings.
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Figure 2. MALDI-TOF spectrum of air-dried 45/55 PF/chestnut tannin adhesive.
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Further and de� nitive con�rmation of coreaction of tannin and phenol is obtained by the
MALDI-TOF spectrum of the same resin. MALDI-TOF analysis can be performed in either
positive or negative ion modes [8]. In the case of hydrolysable tannins the positive mode
spectrum shows what happens to the phenolic component of the material while negative ion
mode analysis shows what happens to the polymeric carbohydrates of the system [8]. Positive
mode MALDI-TOF analysis is commonly performed, as is the case in this article, while nega-
tive mode is used rarely. Thus, in Figures 2 and 3 and Table 1 are shown the oligomers that
are formed from the phenolic component of the phenol–tannin–formaldehyde resin during the
preparation and hardening of the resin. Table 1 also shows the relative percentages of an air-
dried resin (not cured but simply dried after preparation) and of an oven-cured resin. The�rst
conclusion that can be drawn is that a number of coreacted phenol–tannin oligomers are
formed, con�rming the NMR result (Figure 1). The tannin contribution is indicated as‘G’
(for gallic acid) this being calculated as gallic acid equivalents (Table 1). Thus, de�nitely
belonging to co-reacted mixed species are the series of peaks at 299, 312, 406, 480, 493,
510, 534, 552, 566, 577, 599, 607, 620, 769, 782, 799, 888 and 958 Da, constituting 66% of
the total number of species of the polymer and 50% of the total mass of the polymer. Mixed
species may also contribute to the peaks at 327 and 403 Da. The rest of the peaks belong to
pure PF oligomers.

The �rst point of interest of all these observations is that a species such as gallic acid
(structure I), which has both sterically hindered sites and those inmetaposition to some of
the phenolic–OH groups, is rather reactive and forms through thesemeta sites methylene
bridges with theortho andpara sites of the synthetic phenol. This indicates that hydrolysable
chestnut tannin phenolic aromatic rings are far more reactive than originally thought [4].

Table 2 shows the maximum MOE values obtained during TMA curing of the PF/chestnut
extract resins. It can be observed that the maximum MOE value obtained is 4135 MPa for
resins in which the PF/chestnut extract weight proportion is 40/60, which strongly demon-
strates their capability for use for the manufacture of particleboard panels of good quality.
Table 2 also reported the average values of maximum MOE obtained by TMA for resins in
which the relative proportions of phenol to chestnut varied during the preparation of the resin.
Thus, the average maximum MOE value, which is directly correlatable to the IB strength of
wood particleboard panels [10,11] varied only little when chestnut tannin was up to 60% of
the total material and decreased with greater proportions of chestnut tannin in the resin. The
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Figure 3. MALDI-TOF spectrum of oven-dried 45/55 PF/chestnut tannin adhesive.

6 S. Spinaet al.
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