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���,QWURGXFWLRQ
%HV LGHV � SD OP� DQG � UXEEHU � W UHHV � � ND\X � PDQLV�

�Cinnamomum� VS��� LV� D� FRPPRQ�SODQWDWLRQ� VSHFLHV� LQ�
6RXWK�.DOLPDQWDQ�� ,QGRQHVLD� �)LJ������.D\X�PDQLV� WUHHV�
DUH�KDUYHVWHG�IRU�WKH�HVVHQWLDO�RLOV�SUHVHQW�LQ�WKH�EDUN��)LJ��
����ZKLFK�DUH�XVHG�LQ�FRVPHWLFV��PHGLFLQHV��DQG�DV� LQVHFW�
UHSHOOHQWV�����5HFHQWO\�� WKH�SODQWDWLRQ�DUHD�RI� WKLV�VSHFLHV�
KDV� LQFUHDVHG� LQ�6RXWK�.DOLPDQWDQ�� ,QGRQHVLD��EHFDXVH�
WKH� WUHHV�JURZ�UDSLGO\�����$IWHU�KDUYHVWLQJ� WKH�EDUN�� WKH�
UHPDLQLQJ�ZRRG�RI� WKH�ND\X�PDQLV� WUHH� LV� W\SLFDOO\�RQO\�
XVHG�IRU�ILUHZRRG��5HVHDUFK�RQ�WKH�ZRRG�SURSHUWLHV�RI�WKLV�
VSHFLHV�LV�UHTXLUHG�WR�GHWHUPLQH�WKH�XWLOLW\�RI�WKH�ZRRG�IRU�
RWKHU�SXUSRVHV��

7KH�REMHFWLYH�RI� WKLV� VWXG\� LV� WR�GHWHUPLQH�JHQHUDO�
LQIRUPDWLRQ�RQ�EDVLF�ZRRG�SURSHUWLHV�RI�SODQWDWLRQ�JURZQ�
ND\X�PDQLV��ZKLFK�ZLOO�DLG� LQ� WKH�GLVFRYHU\�RI�DOWHUQDWH�
XVHV�RI�WKH�ZRRG�

���0DWHULDOV�DQG�PHWKRGV
7KH� WUHHV� RI� ND\X�PDQLV� �Cinnamomum� VS���ZHUH�

SODQWHG� LQ�/RNVDGR��6RXWK�.DOLPDQWDQ��,QGRQHVLD�������ƍ�
6±�����ƍ�6�DQG��������ƍ�(±�������ƍ�(���$�ORJ��ca������PP�
LQ�GLDPHWHU�DQG�ca������PP�LQ�OHQJWK��ZDV�FROOHFWHG�IURP���
P�DERYH�WKH�JURXQG�RI�D�WUHH�DIWHU�KDUYHVWLQJ�IRU�FROOHFWLQJ�
WKH�EDUN�E\�ORFDO�SHRSOH�

$�GLVF�ZLWK����PP�LQ�WKLFNQHVV�ZDV�REWDLQHG�IURP�WKH�
ORJ�IRU�PHDVXULQJ�WKH�SK\VLFDO�SURSHUWLHV�DQG�DQDWRPLFDO�

)LJ�����3ODQWDWLRQ�RI�ND\X�PDQLV�LQ�/RNVDGR��6RXWK�.DOLPDQWDQ��,QGRQHVLD�

)LJ�����+DUYHVWHG�EDUN�RI�ND\X�PDQLV�LQ�/RNVDGR��6RXWK�.DOLPDQWDQ����
������������,QGRQHVLD�
1RWH����,Q�/RNVDGR��6RXWK�.DOLPDQWDQ��,QGRQHVLD��ORFDO�SHRSOH�KDUYHVWHG
������������EDUN�RI�ND\X�PDQLV�DW�DERXW���\HDUV�DIWHU�SODQWLQJ��$IWHU�KDUYHVWLQJ�
������������WKH�EDUN�ZDV�DLU�GULHG�DQG�WKHQ�LW�ZDV�VROG�IRU�ORFDO�PDUNHW�
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FKDUDFWHULVWLFV��'XH�WR�LQGLVWLQFW�JURZWK�ULQJ�LQ�WKH�VDPSOH��
WKH�UDGLDO�YDULDWLRQ�RI�ZRRG�SURSHUWLHV�ZDV�DQDO\]HG�DW���
FP�LQWHUYDOV�IURP�SLWK�WR�EDUN��

7KH� VWULS� IURP�SLWK� WR�EDUN� ����PP� LQ�ZLGWK��ZDV�
FROOHFWHG�DQG� WKHQ� VPDOO�EORFNV�ZHUH�REWDLQHG�DW���FP�
LQWHUYDO�IURP�SLWK��%DVLF�GHQVLW\�ZDV�FDOFXODWHG�DV�WKH�UDWLR�
RI�RYHQ�GU\�ZHLJKW�DQG�JUHHQ�YROXPH�GHWHUPLQHG�E\�ZDWHU�
GLVSODFHPHQW�PHWKRG�����

7UDQVYHUVH�VHFWLRQV������P�LQ�WKLFNQHVV��ZHUH�REWDLQHG�
E\�VOLGLQJ�PLFURWRPH� �5(0�����<DPDWR�.RXNL���6OLGH�
ZDV�SUHSDUHG�DFFRUGLQJ�WR�PHWKRG�GHVFULEHG�SUHYLRXVO\����
'LJLWDO� LPDJHV�ZHUH�REWDLQHG�E\�GLJLWDO� FDPHUD� �(�3���
2O\PSXV��HTXLSSHG�ZLWK�PLFURVFRSH� �%;����2O\PSXV��
IRU�PHDVXULQJ�WKH�GLDPHWHU�DQG�IUHTXHQF\�RI�YHVVHOV��DQG�
GLDPHWHU�DQG�FHOO�ZDOO� WKLFNQHVV�RI�ZRRG� ILEHUV��7KHVH�
DQDWRPLFDO�FKDUDFWHULVWLFV�ZHUH�GHWHUPLQHG�E\�XVLQJ�,PDJH-�
VRIWZDUH��1DWLRQDO�,QVWLWXWH�RI�+HDOWK���

6PDOO�VWLFNV�ZHUH�SUHSDUHG�DW���FP�LQWHUYDO�IURP�SLWK�
DQG�ZHUH�PDFHUDWHG� IRU�PHDVXULQJ� WKH� OHQJWK�RI�YHVVHO�
HOHPHQWV� DQG�ZRRG� ILEHUV��0DFHUDWHG� VDPSOHV�ZHUH�
SURMHFWHG�RQ�VFUHHQ� �9���%��1LNRQ��DQG� WKH� OHQJWK�ZDV�
PHDVXUHG�E\�GLJLWDO�FDOLSHUV� �&'���&;��0LWXWR\R���$OO�
YHVVHO�DQG�ZRRG�ILEHU�PRUSKRORJLHV�ZHUH�PHDVXUHG����DQG�
���LQGLYLGXDO�FHOOV�LQ�HDFK�UDGLDO�SRVLWLRQ��UHVSHFWLYHO\��

$LU�GU\LQJ�VSHFLPHQV�����[����[����PP��ZHUH�SUHSDUHG�
DW����PP�LQWHUYDO�IURP�SLWK�WR�EDUN��)LYH�VSHFLPHQV�ZHUH�
REWDLQHG� LQ� HDFK� UDGLDO�SRVLWLRQ��5DGLDO� DQG� WDQJHQWLDO�
GLUHFWLRQV�ZHUH�PHDVXUHG�E\� VFUHZ�PHWHU� �0'&���0��
0LWXWR\R��DW�DLU��DQG�RYHQ�GULHG�FRQGLWLRQV��6KULQNDJH�SHU�
���PRLVWXUH�FRQWHQW�LQ�UDGLDO�DQG�WDQJHQWLDO�GLUHFWLRQV�ZDV�
FDOFXODWHG�DFFRUGLQJ�WR�SUHYLRXV�SDSHU�����

6WDWLF�EHQGLQJ�WHVW�VSHFLPHQV������5��[�����7��[�����
�/��PP��ZHUH�SUHSDUHG� IURP��� FP� LQWHUYDO� IURP�SLWK��
7RWDO����VSHFLPHQV�ZHUH�SUHSDUHG��6WDWLF�EHQGLQJ�WHVW�ZDV�
FRQGXFWHG�E\�XQLYHUVDO� WHVWLQJ�PDFKLQH� �06&����������
7RN\R�7HVWLQJ�0DFKLQH��ZLWK�����PP�RI�VSDQ��7KH�ORDG�
ZDV�DSSOLHG�WR�WKH�FHQWHU�RI�VSHFLPHQ�ZLWK���PP�PLQ��)URP�
REWDLQHG� ORDG�GHIOHFWLRQ�GLDJUDPV��PRGXOXV�RI�HODVWLFLW\�
�02(��DQG�PRGXOXV�RI� UXSWXUH� �025��ZDV�FDOFXODWHG��
$IWHU�EHQGLQJ�WHVW��VPDOO�VSHFLPHQV��ca�����[����[����PP��
ZHUH�REWDLQHG�IURP�EHQGLQJ�VSHFLPHQV�IRU�GHWHUPLQLQJ�WKH�
DLU�GU\�GHQVLW\�DQG�PRLVWXUH�FRQWHQW��7KH�PHDQ�PRLVWXUH�
FRQWHQW�GHWHUPLQHG�E\�RYHQ�GU\LQJ�PHWKRG�ZDV��������

:RRG�PHDOV� ���� WR� ���PHVK��ZHUH� SUHSDUHG� IRU�
GHWHUPLQLQJ� WKH�FKHPLFDO�FRPSRQHQWV��KRW�ZDWHU�H[WUDFW��
���1D2+�H[WUDFW�� HWKDQRO�WROXHQH� ������ Y�Y�� H[WUDFW��
KRORFHOOXORVH� α－,β－, DQG γ－ FHOOXORVH��.ODVRQ�OLJQLQ��
DFLG�VROXEOH� OLJQLQ, DQG�DVK���7KH�FKHPLFDO�FRPSRQHQWV�
ZHUH�GHWHUPLQHG�DFFRUGLQJ�WR�RUGLQDU\�PHWKRGV����������(DFK�
FRPSRQHQW�ZDV�GHWHUPLQHG�DW�WKUHH�WLPHV�DQG�PHDQ�YDOXHV�
ZHUH�FDOFXODWHG��

���5HVXOWV�DQG�GLVFXVVLRQ
7DEOH��� VKRZV� WKH�PHDQ�YDOXHV�RI�ZRRG�SURSHUWLHV�

RI�ND\X�PDQLV��%DVLF�GHQVLW\��DLU�GU\�GHQVLW\�� UDGLDO��DQG�

WDQJHQWLDO�VKULQNDJH�SHU����PRLVWXUH�FRQWHQW�YDOXHV�ZHUH�
�����������J�FP���������DQG��������UHVSHFWLYHO\��7KH�PHDQ�
YDOXH�RI�PRGXOXV�RI� HODVWLFLW\� �02(��DQG�PRGXOXV�RI�
UXSWXUH��025��ZHUH������*3D�DQG�������03D��UHVSHFWLYHO\��
6LJQLILFDQW�SRVLWLYH�FRUUHODWLRQV�EHWZHHQ�DLU�GU\�GHQVLW\�DQG�
02(�DQG�EHWZHHQ�DLU�GU\�GHQVLW\�DQG�025�ZHUH�IRXQG��
VXJJHVWLQJ� WKDW�PHFKDQLFDO�SURSHUWLHV�RI�ND\X�PDQLV�FDQ�
EH�SUHGLFWHG�E\�DLU�GU\�GHQVLW\��1XJURKR�et al����� UHSRUWHG�
WKDW�WKH�UDQJH�RI�ZRRG�GHQVLW\�RI�Acacia mangium�JURZLQJ�
LQ�,QGRQHVLD�IURP������WR������J�FP��DQG�LQ�RXU�SUHYLRXV�
UHVHDUFK����ZH�IRXQG�WKH�UDQJH�RI�EDVLF�GHQVLW\�LQ�PHGDQJ�
ZRRG��Neolitsea latofolia��JURZLQJ�LQ�,QGRQHVLD�ZDV������
WR������J�FP���,Q�WKH�SUHVHQW�UHVHDUFK��EDVLF�GHQVLW\�RI�ND\X�
PDQLV� LV� LQ� WKH�EDVLF�GHQVLW\�UDQJH�YDOXH�RI�A. mangium�
DQG�0HGDQJ��,Q�JHQHUDO��LW�LV�ZHOO�NQRZQ�WKDW�ZRRG�GHQVLW\�
SRVLWLYHO\�FRUUHODWHV�ZLWK� WKH�PHFKDQLFDO�SURSHUWLHV�RI�
ZRRG�������)URP�WKH�REWDLQHG�UHVXOW�ZH�FDQ�VD\�WKDW�PLJKW�
EH� WKLV�VSHFLHV�KDV�VLPLODU�PHFKDQLFDO�SURSHUWLHV�ZLWK�A. 
mangium�DQG�0HGDQJ�ZRRG��

7KH�PHDQ�YDOXH�RI�RUJDQLF�VROYHQW�H[WUDFWV��.ODVRQ�
OLJQLQ��DQG�KRORFHOOXORFH�FRQWHQWV�ZDV������������DQG��������
UHVSHFWLYHO\��3LQWR�et al�����UHSRUWHG�WKDW�WKH�PHDQ�YDOXH�RI�
RUJDQLF�VROYHQW�H[WUDFWV��.ODVRQ�OLJQLQ��DQG�KRORFHOOXORFH�
FRQWHQWV� LQ�A. mangium� ZDV� ����� ������ DQG� �������
UHVSHFWLYHO\��2UJDQLF�VROYHQW�H[WUDFWV�DQG�.ODVRQ�OLJQLQ�LQ�
ND\X�PDQLV�ZRRG�ORZHU�WKDQ�WKDW�FRQWHQWV�LQ�A. mangium 
ZKLOH�KRORFHOOXORVH�FRQWHQW� LQ�ND\X�PDQLV�ZRRG�KLJKHU�
WKDQ�WKDW�FRQWHQW�LQ�A. mangium�

)LJXUH���VKRZV�SKRWRPLFURJUDSKV�RI�WUDQVYHUVH��UDGLDO��
DQG� WDQJHQWLDO� VHFWLRQV�RI�ND\X�PDQLV�� ,Q�Cinamomum�
VSS���/HPPHQV�et al�����UHSRUWHG�WKDW�JURZWK�ULQJV�SUHVHQWHG�
EXW� LQGLVWLQFW� WR�YDJXH��:RRG�ZDV�GLIIXVH�SRURXV� DQG�
YHVVHOV�ZHUH�VROLWDU\�DQG�UDGLDO�PXOWLSOHV�RI��� WR���URZV��
3HUIRUDWLRQV�ZHUH�SUHGRPLQDQWO\�VLPSOH��DQG� W\ORVHV�DQG�
RLO�FHOOV�SUHVHQWHG������2XU�UHVXOWV�ZHUH�VLPLODU�WR�WKH�UHVXOWV�
REWDLQHG�E\�/HPPHQV�et al������

7KH� VWDWLVWLFDO�YDOXHV�RI� DQDWRPLFDO� FKDUDFWHULVWLFV�
ZHUH�OLVWHG�LQ�7DEOH����7KH�PHDQ�YDOXH�RI�YHVVHO�GLDPHWHU��
FHOO�ZDOO� WKLFNQHVV�RI�ZRRG�ILEHU��ZRRG�ILEHU� OHQJWK��DQG�
YHVVHO�IUHTXHQF\�LQ�WKLV�VSHFLHV�ZHUH�������P�������P�������
PP��DQG������QR��PP���UHVSHFWLYHO\��7DEOH����

5DGLDO�YDULDWLRQ�RI�FHOO� OHQJWK�ZDV�VKRZQ�LQ�)LJ�����
9HVVHO�HOHPHQW�OHQJWK�LQFUHDVHG�IURP�WKH�SLWK�WR�WKH�EDUN��
7KLV�SDWWHUQ� LV� VLPLODU�ZLWK�DQRWKHU� VSHFLHV��Casuarina 
equisetifolia�JURZLQJ�LQ�%DQJODGHVK����:KLOH��+RQMR�et al����
UHSRUWHG�LI�YHVVHO�HOHPHQW�OHQJWK�LQ�A. mangium�ZDV�DOPRVW�
FRQVWDQW�DFURVV�WKH�VWHP��)LEHU�OHQJWK�JUDGXDOO\�LQFUHDVHG�
IURP�SLWK� WR�EDUN� �)LJ������6RPH�UHSRUWV�DOVR� IRXQG� WKH�
VDPH�SDWWHUQ�ZLWK�WKLV�SUHVHQW�VWXG\����������9HVVHO�GLDPHWHU�
VWURQJO\�LQFUHDVHG�IURP�WKH�SLWK��DQG�WKHQ�VOLJKWO\�LQFUHDVHG�
ZLWK� OLWWOH� IOXFWXDWLRQ� WR� WKH� EDUN� �)LJ�� ����$� VLPLODU�
SDWWHUQ�ZDV�REVHUYHG� LQ�A. mangium� IURP�,QGRQHVLD�DQG�
Eucalyptus camaldulensis� IURP�7KDLODQG��ZKHUHLQ�YHVVHO�
GLDPHWHU�LQFUHDVHG�IURP�SLWK�WR�EDUN��������

7DEOH��� VKRZV� WKH� FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�
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Property n Mean SD 

Basic density (g/cm3)  6    0.53   0.02 
Air-dry density (g/cm3)  6    0.62   0.02 

82.106.971)aPG(EOM
MOR (MPa) 17 106.2  7.1 
RS per 1% change in MC (%)  15    0.15   0.02 
TS per 1% change in MC (%) 15    0.28   0.02 

1.711.577)mμ(DV
VF (no./mm2)  7  39.0  7.2 
WFCWT (μm)  7   2.5  0.5 

5.00.517)mμ(DFW
70.035.07)mm(LEV
91.031.17)mm(LFW

Hot water extract (%)  3   6.6  0.5 
1% NaOH extract (%)  3  17.9  0.3 
Organic solvent extract (%)  3   2.9  0.1 
Klason lignin (%)  3  19.0  2.9 
Acid soluble lignin (%)  3   0.6  0.1 
Total lignin (%)  3  19.6  2.9 
Holocellulose (%)  3  80.3  0.1 
α-Cellulose (%)  3  45.1  0.3 
β -Cellulose (%)  3   3.6  2.1 
γ-Cellulose (%)  3  30.3  2.0 

2.03.03)%(hsA

Property n BD MOE MOR VD VF WFCWT WFD

BD 6 1.000       
MOE 6 0.851* 1.000      
MOR 6 0.875** 0.913* 1.000     
VD 7 0.956** 0.954** 0.931** 1.000    
VF 7 -0.931** -0.881** -0.838* -0.913** 1.000   
WFCWT 7 0.944** 0.891** 0.884** 0.977** -0.897** 1.000  
WFD 7 0.511 0.548 0.346 0.408 -0.656 0.391 1.000

)LJ���� 3KRWRPLFURJUDSKV�RI� WUDQVYHUVH�� UDGLDO��DQG� WDQJHQWLDO� VHFWLRQV�RI�
ND\X�PDQLV��

1RWH�� $��7UDQVYHUVH� VHFWLRQ��%�� DQG�&�� UDGLDO� VHFWLRQV��'�� WDQJHQWLDO�
VHFWLRQ��:I��ZRRG� ILEHU��9��YHVVHO��$S�� D[LDO� SDUHQFK\PD��5S��
UD\�SDUHQFK\PD��7\�� W\ORVHV��2F��RLO� FHOO���� VLPSOH�SHUIRUDWLRQ��
$UURZKHDGV�DQG�GRXEOH�DUURZKHDG�LQGLFDWH�JURZWK�ULQJ�DQG�YHVVHO�
UD\�SLWWLQJ��UHVSHFWLYHO\��6FDOH�EDU� ������P�

1RWH��n��VDPSOH�QXPEHU��6'��VWDQGDUG�GHYLDWLRQ��02(��PRGXOXV�RI�HODVWLFLW\��
025��PRGXOXV� RI� UXSWXUH��56�� UDGLDO� VKULQNDJH��76�� WDQJHQWLDO�
VKULQNDJH��9'��YHVVHO�GLDPHWHU��9)��YHVVHO� IUHTXHQF\��:)&:7��
FHOO�ZDOO� WKLFNQHVV�RI�ZRRG�ILEHU��:)'��ZRRG�ILEHU�GLDPHWHU��9(/��
YHVVHO�HOHPHQW� OHQJWK��:)/��ZRRG�ILEHU� OHQJWK��6DPSOH�QXPEHU� LQ�
DQDWRPLFDO�FKDUDFWHULVWLFV��EDVLF�GHQVLW\��DQG�DLU�GU\�GHQVLW\�LV�WKDW�RI�
UDGLDO�SRVLWLRQ��02(��025��56��DQG�76�ZHUH�REWDLQHG�IURP�VDPSOHV�
DW�GLIIHUHQW�UDGLDO�SRVLWLRQV��&KHPLFDO�FRPSRQHQWV�ZHUH�GHWHUPLQHG�LQ�
WULSOLFDWHV�

1RWH�n��QXPEHU�RI�PHDVXUHG�SRVLWLRQV� IURP� WKH�SLWK� WR�EDUN��%'��EDVLF�
GHQVLW\��02(��PRGXOXV�RI�HODVWLFLW\��025��PRGXOXV�RI�UXSWXUH��9'��
YHVVHO�GLDPHWHU��9)��YHVVHO�IUHTXHQF\��:)&:7��FHOO�ZDOO�WKLFNQHVV�RI�
ZRRG�¿�EHU��:)'��ZRRG�¿�EHU�GLDPHWHU����VLJQL¿�FDQW�DW�WKH����OHYHO��
��VLJQL¿�FDQW�DW�WKH����OHYHO�

7DEOH����0HDQ�YDOXHV�RI�ZRRG�SURSHUWLHV�RI�ND\X�PDQLV 7DEOH����&RUUHODWLRQ�FRHI¿�FLHQWV�EHWZHHQ�ZRRG�SURSHUWLHV�DQG�DQDWRPLFDO�FKDUDFWHULVWLFV

)LJ����5DGLDO�YDULDWLRQV�RI�EDVLF�GHQVLW\�� VWDWLF�EHQGLQJ�SURSHUWLHV��FHOO�
OHQJWK��DQG�FHOO�GLDPHWHU�LQ�ND\X�PDQLV�

1RWH���02(��PRGXOXV�RI�HODVWLFLW\��025��PRGXOXV�RI�UXSWXUH��9(/��YHVVHO�
HOHPHQW�OHQJWK��:)/��ZRRG�¿�EHU�OHQJWK��:)��ZRRG�¿�EHU��
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DQDWRPLFDO�FKDUDFWHULVWLFV�DQG�EDVLF�GHQVLW\�RI�ND\X�PDQLV��
%DVLF�GHQVLW\�ZDV�VWURQJO\�LQIOXHQFHG�E\�YHVVHO�GLDPHWHU��
FHOO�ZDOO� WKLFNQHVV�RI�ZRRG�ILEHU��ZRRG�ILEHU� OHQJWK��DQG�
YHVVHO�IUHTXHQF\��

���&RQFOXVLRQ
:RRG�SURSHUWLHV�RI�ND\X�PDQLV�IURP�6RXWK�.DOLPDQWDQ�

ZHUH�LQYHVWLJDWHG�IRU�UDWLRQDO�XWLOL]DWLRQ��%DVLF�GHQVLW\��DLU�
GU\�GHQVLW\��02(��025��UDGLDO��DQG�WDQJHQWLDO�VKULQNDJH�
SHU����PRLVWXUH�FRQWHQW�YDOXHV�ZHUH������������J�FP��������
*3D��������03D��������DQG�������� UHVSHFWLYHO\��9HVVHO�
HOHPHQW�DQG�ILEHU�OHQJWK�LQFUHDVHG�IURP�SLWK�WR�EDUN��9HVVHO�
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