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カニやエビなどの甲殻類の殻に含まれ
る成分には抗癌作用があるとされる。
そうした水産資源の多いインドネシア
で、抗癌剤開発の可能性を探った。

Local chitin waste from crab industries can be used as a source for production of oligomer which has 
important biological activity. The aim of this study was to evaluate the activities of oligomer produced 
by enzymatic hydrolysis upon proliferation of lymphocytes and cancer cells. The chitinase enzyme was 

obtained from thermophilic bacterium Bacillus cereus SW41 isolated from South Sulawesi. The reaction products 
were analyzed and fractionated using HPLC. Cytotoxic assay to determine the lethal concentration 50 (LC50) used the 
BSLT method. The effect of oligomer hydrolysates on lymphocyte proliferative activity and inhibition of cancer cells 
was determined by MTT method. The oligomer hydrolysate processes with or without lyophilization at concentration 
of 62.5 and 125 µg/ml were able to increase lymphocytes proliferation (3-22%). Antiproliferation activity of oligomer 
chitin hydrolysate was detected in all tested cancer cell lines with the highest activity occurring in MT2 cell ranging 
from 17-48% followed by Raji cell (17-43%), and HeLa cell (5-33%). Based on these results, we conclude that oligomer 
chitin hydrolysate could be used as an anti-proliferation of cancer cell but a further study is needed to develop 
before commercial use.  
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Introduction
7KH�LVVXH�RI�IRRG�VHFXULW\�DQG�VDIHW\�LQ�,QGRQHVLD�
UHTXLUHV�D�VROXWLRQ�DQG�LQWHJUDWHG�HIIRUW�LQ�H[SORLWLQJ�
DOO�RI�WKH�SRWHQWLDO�H[LVWLQJ�ORFDO�UHVRXUFHV��
� ,QYHUWHEUDWH�PDULQH�FUXVWDFHDQV�VXFK�DV�VKULPSV�
DQG�FUDE�KDYH�KDUG�VKHOOV�WKDW�FRQWDLQ�D�FRPSRXQG�
NQRZQ�DV�FKLWLQ��&KLWLQ�LQ�FUXVWDFHDQ�LV�RI�KLJK�FRQ-
WHQW�UDQJLQJ�IURP��������GHSHQGLQJ�RQ�WKH�VSHFLHV�
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LQ�HIIRUWV�WR�LQFUHDVH�WKH�DGGHG�YDOXH�RI�FKLWLQ�ZDVWH�
WKURXJK� WKH� SURGXFWLRQ� RI� ELRDFWLYH� NLWRROLJRPHU�
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ODWHV��Bacillus cereus�6:����ZKLFK�KDG�EHHQ�SUH-
YLRXVO\�FKDUDFWHUL]HG�ZKROO\��DQG�D�ELRDFWLYLW\�WHVW�
WR�REVHUYH� WKH�SKDUPDFRORJLFDO�DFWLYLW\�RI�D�FRP-
SRXQG��)XUWKHU��WKLV�VWXG\�ZDV�LQWHQGHG�WR�SURGXFH�
WKH�ROLJRPHU�FRPSRXQGV�RI�FKLWLQ�ZKLFK�KDYH� WKH�
ELRDFWLYH�DFWLYLW\�RI�FDQFHU�FHOO� DQWL�SUROLIHUDWLRQ��
WKXV�PDNLQJ� LW�SRVVLEOH� WR�SURYLGH� LQIRUPDWLRQ�RQ�
DOWHUQDWLYHV�IRU�LQFUHDVLQJ�WKH�YDOXH�DQG�XVDELOLW\�RI�
ORFDO�PDULQH�ZDVWH�LQWR�SURGXFWV�RI�KLJK�HFRQRPLF�
YDOXH�� DQG� WKH� LQIRUPDWLRQ� SURYLGHG� FDQ� EH� XVHG�
IRU�LQGXVWULDO�GHYHORSPHQW�HIIRUWV��SDUWLFXODUO\�IRRG�
DQG�PDULQH�EDVHG�QXWUDFHXWLFDO�SURGXFWV��ZKLFK�DUH�
OLNHO\�WR�EHFRPH�H[SRUW�SURGXFWV�

Research Methodology
Time and Study Site
7KH�VWXG\�ZDV�FRQGXFWHG�DW�WKH�/DERUDWRU\�RI�0LFUR-
ELRORJ\�DQG�%LRFKHPLVWU\�RI� WKH�5HVHDUFK�&HQWHU�
RI�%LRORJLFDO�6FLHQFHV� DQG�%LRWHFKQRORJ\�RI� ,3%�
DQG�7LVVXH�&XOWXUH�/DERUDWRU\��3DWKRORJ\�6HFWLRQ��
'HSDUWPHQW�RI�5HSURGXFWLRQ�&OLQLFV�DQG�3DWKRORJ\�
�.53��)DFXOW\�RI�9HWHULQDU\�0HGLFLQH�RI�,3%��7KH�
VWXG\�ZDV�FRQGXFWHG�IURP�-XQH���'HFHPEHU������

Study Materials
&KLWLQ�K\GURO\VDWH�ROLJRPHUV�RI����)%6�IRU���KRXUV�
DQG����(0�IRU����KRXUV��+H/D�FHUYLFDO�FDQFHU�FHOOV�
�$7&&�&&/�����O\PSKRPD�5DML�FDQFHU�FHOO��$7&&�
&&/������DQG�O\PSKRPD�FDQFHU�FHOOV�7��07���IURP�
WKH� 6WHP� &HOO� &DQFHU� ,QVWLWXWH� RI� -DNDUWD�� 2WKHU�
PDWHULDOV�LQFOXGH�DPRQJ�RWKHUV�WKH�FXOWXUH�SXUSRVHV�
VXFK� DV�'XOEHFFR¶V�PRGL¿HG� HDJOH¶V�PHGLXP�DQG�
�������GLPHWK\O���WKLD]RO\�������GLSKHQ\O��+�WHWUD-
]ROLXP�EURPLGH��077��

5HVHDUFK�0HWKRG
7KLV�VWXG\�FRQVLVWV�RI�IRXU�PDLQ�SDUWV�����HQ]\PDWLF�
SURGXFWLRQ� RI� ELRDFWLYH� ROLJRPHU� FRPSRXQGV� RI�
FKLWLQ�K\GURO\VDWH�� ��� IUDFWLRQDWLRQ� FRPSRXQGV�RI�
ROLJRPHUV�LQ�K\GURO\VDWHV�UHVXOWLQJ�IURP�HQ]\PDWLF�
UHDFWLRQ�����F\WRWR[LF�WHVWLQJ�RI�/HWKDO�&RQFHQWUD-
WLRQ�����/&��������7HVWLQJ�RI�O\PSKRF\WH�SUROLIHUD-

WLRQ�DFWLYLW\�DQG�LQKLELWLRQ�DFWLYLW\�RI�FDQFHU�FHOOV�

6WXG\�RQ�WKH�SURGXFWLRQ�RI�ROLJRPHU�FRPSRXQGV�
RI�K\GURO\]HG�FKLWLQ
7KH�SURGXFWLRQ�RI�FKLWLQDVH�HQ]\PH�DQG�PDQXIDF-
WXUH�RI�FROORLGDO�FKLWLQ�XVHG�WKH�PHWKRG�RI�$UQROG�
DQG�6RORPRQ���������WKH�SURGXFWLRQ�RI�HQ]\PHV�)%6�
DQG�(0�DGRSWHG�WKH�PHWKRG�RI�:DK\XQL���������WKH�
WHVWLQJ�RI�FKLWLQDVH�HQ]\PH�DFWLYLW\�DQG�FRQFHQWUD-
WLRQ�RI�1�DFHW\O�JOXFRVH-DPLQH�XVHG�WKH�PHWKRG�RI�
8HGD�DQG�$UDL���������WKH�PHDVXUHPHQW�RI�SURWHLQ�
FRQWHQW�ZDV�EDVHG�RQ�WKH�PHWKRG�RI�%UDGIRUG��������
DQG�WKH�HOHFWURSKRUHVLV�IROORZHG�WKH�PHWKRG�RI�%RO-
ODJ�DQG�(GHOVWHLQ��������

)UDFWLRQDWLRQ�RI�2OLJRPHU�&RPSRQHQWV�RI� 
Chitin hydrolysate 
,GHQWL¿FDWLRQ�DQG�IUDFWLRQDWLRQ�E\�+3/&�XVHG�FDU-
ERK\GUDWH�FROXPQ��ZDWHUV��DV�WKH�VWDWLRQDU\�SKDVH��
DQG�WKH�VROYHQW�LV�����DFHWRQLWULOH�LQ�ZDWHU�DV�WKH�
PRYLQJ�SKDVH��'HWHFWLRQ�LV�EDVHG�RQ�WKH�UHWHQWLRQ�
WLPH��ZLWK�D�89�GHWHFWRU�RI�����PRGHO�GXDO�ODPEGD��
XVLQJ�DQ�LQMHFWLRQ�YROXPH�RI�VDPSOH�DV�PXFK�DV����ȝO�
DQG�ÀRZ�UDWH�RI���PO�PLQ��$V�VWDQGDUG��DQ�ROLJRPHU�
FRPSRXQG�ZDV�XVHG��D�PL[WXUH�RI�6HLNDJDNX�-DSDQ�
ZLWK�WKH�PRQRPHU�XQLW�WR�KH[DPHU�DW�D�FRQFHQWUD-
WLRQ�RI����PJ�PO��DQG�FKLWRVDQ�DV�VWDQGDUG��-HRQ�DQG�
.LP��������

&\WRWR[LF� WHVWLQJ� RI� /HWKDO� &RQFHQWUDWLRQ� ���
�/&50��E\�WKH�%ULQH�6KULPS�/HWKDOLW\�7HVW��%6/7�
%6/7�LV�D�WHVW�RI�WR[LFLW\�RQ�WKH�ODUYDH�RI�Artemia 
salina�/��,W�ZDV�FDUULHG�RXW�RQ�D�VDPSOH�H[WUDFW�RI�
FKLWLQ�K\GURO\VDWH�ROLJRPHUV�ZLWK�D�FRQFHQWUDWLRQ�RI�
�����������������������DQG������ȝJ���PO���'DWD�ZHUH�
WKHQ�SURFHVVHG�E\�D�SURELW�DQDO\VLV�WR�REWDLQ�/&���

7HVWLQJ�RI�K\GURO\]HG�FKLWLQ�ROLJRPHU� VDPSOHV�
on lymphocytes
7KH� WHVW� RQ� O\PSKRF\WHV� LV� WR� VHH� WKH� DELOLW\� RI�
ROLJRPHU�VDPSOHV�LQ�HQKDQFLQJ�WKH�LPPXQH�V\VWHP��
6XVSHQVLRQ�RI�O\PSKRF\WH�FHOOV����[�����FHOOV���PO��
LQ�FRPSOHWH�PHGLXP��530,�SOXV�IHWDO�ERYLQH�VHUXP�
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����� ���8�PO� SHQLFLOOLQ� DQG� ���� ȝJ�PO� VWUHSWR-
P\FLQ��ZDV�LQFXEDWHG�IRU����KRXUV�ZLWK�RU�ZLWKRXW�
WUHDWPHQW�RI�ROLJRPHU�VDPSOHV�RI�FKLWLQ�K\GURO\VDWH�
1�DFHW\O�JOXFRVDPLQH�����)%6�IRU���KRXUV�DQG����
(0�IRU����+RXUV��=DNDULD���������6DPSOH�FRQFHQ-
WUDWLRQ�LV�WKH�FRQFHQWUDWLRQ�RI�VRPH�GLOXWLRQ�OHYHOV�
DGMXVWHG�WR�WKH�UHVXOWV�RI�/&���PHDVXUHPHQW��&HOO�
YLDELOLW\�ZDV�FDOFXODWHG�ZLWK�WKH�KHOS�RI�WU\SDQ�EOXH�
G\H��/\PSKRF\WH�FHOO�SUROLIHUDWLRQ�DFWLYLW\�WHVW�ZDV�
EDVHG�RQ�WKH�PHWKRG�RI���������GLPHWK\O���WKLD]RO\��
�����GLSKHQ\O��+�WHWUD]ROLXP�EURPLGH��077��
 
7HVWLQJ�RI�K\GURO\]HG�FKLWLQ�ROLJRPHU� VDPSOHV�
DJDLQVW�FDQFHU�FHOOV�RI�+H/D��5DML�DQG�07�
7HVWLQJ� RQ� FDQFHU� FHOOV�ZDV� WR� VHH� WKH� LQKLELWRU\�
DFWLYLW\�RI�ROLJRPHU�DJDLQVW�FDQFHU�FHOOV��&DQFHU�FHOOV�
�����[�����FHOOV�PO��LQ�FRPSOHWH�PHGLXP��'0(0�
SOXV� ���� IHWDO� ERYLQH� VHUXP�� ���8�PO� SHQLFLOOLQ�
DQG�����ȝJ�PO�VWUHSWRP\FLQ��ZHUH�FXOWXUHG�IRU����
KRXUV��$IWHU�WKH�FHOO�GHQVLW\�UHDFKHG�DERXW������WKH�
FXOWXUH�ZDV�IXUWKHU�LQFXEDWHG�IRU����KRXUV�ZLWK�RU�
ZLWKRXW�WKH�WUHDWPHQW�RI�ROLJRPHU�VDPSOHV��6DPSOH�
FRQFHQWUDWLRQ�LV�WKH�FRQFHQWUDWLRQ�RI�VRPH�GLOXWLRQ�
OHYHOV�DGMXVWHG�WR�WKH�UHVXOWV�RI�/&���PHDVXUHPHQW��
7HVWLQJ�RI�WKH�LQKLELWRU\�DFWLYLW\�DJDLQVW�FDQFHU�FHOOV�
ZDV�EDVHG�RQ�(/,6$�UHDGHU�DW�Ȝ�����QP�E\�XVLQJ�WKH�
PHWKRG���� �����GLPHWK\O���WKLD]RO\������GLSKHQ\O�
�+�WHWUD]ROLXP�EURPLGH��077����.DZDLL��������

Results and Discussion
(Q]\PDWLF�3URGXFWLRQ�RI�2OLJRPHU�&RPSRXQGs
7KH�WHVWLQJ�RI�K\GURO\VLV�DELOLW\�RI�VRPH�FKLWLQDVH�
HQ]\PH� RQ� ��� FROORLGDO� FKLWLQ� UHVXOWHG� LQ� VRPH�
SRWHQWLDO�HQ]\PHV�IRU�XVH�LQ�SURGXFLQJ�WKH�ROLJRPHU�
FRPSRXQGV��7KH�DFWLYLWLHV�RI� VHYHUDO�HQ]\PHV�DUH�
SUHVHQWHG�LQ�7DEOH����%DVHG�RQ�WKHVH�DFWLYLWLHV��VRPH�
HQ]\PH� FRQFHQWUDWLRQV� �������� �������� DQG� �����
XQLWV�SHU�PLOOLJUDP�RI�FKLWLQ��ZHUH�XVHG�WR�SURGXFH�
WKH�ROLJRPHU�FRPSRXQGV��7KH�VHOHFWHG�HQ]\PH�FRQ-
FHQWUDWLRQV�ZHUH�EDVHG�RQ�HVWLPDWHV�RI�WKH�HQ]\PH�
DELOLW\�WR�SURGXFH�UHDFWLRQV�RI�ROLJRPHU�FRPSRXQGV�
LQ�D�FHUWDLQ�DPRXQW�RI�XQLWV�SUHYLRXVO\�UHSRUWHG�E\�
-HRQ�DQG�.LP��������
� 7KH� UHVXOWV� LQ�7DEOH� �� VKRZ� WKDW� SXUH� HQ]\PH�
DSSHDUV�WR�KDYH�D�JRRG�SHUFHQWDJH�RI�UHQGHPHQ�DQG�
VSHFL¿F�DFWLYLWLHV�±�D�ORZ�UHQGHPHQ�EXW�ZLWK�KLJKHU�
VSHFL¿F� DFWLYLWLHV� FRPSDUHG� ZLWK� RWKHU� HQ]\PHV�
LQFOXGLQJ�$6�EHFDXVH�WKH�PDJQLWXGH�RI�WKH�VSHFL¿F�
DFWLYLW\�LV�DQ�LQGLFDWLRQ�RI�HQ]\PH�SXULW\�
� 7R� PRQLWRU� WKH� UHDFWLRQV� RI� VRPH� SUHSDUHG�
HQ]\PHV�ZLWK�YDULRXV�SDUDPHWHUV�RI� HQ]\PH�FRQ-
FHQWUDWLRQ�YDOXHV��VXEVWUDWH�FRQFHQWUDWLRQ�DQG�LQFX-
EDWLRQ�WLPH�RI�HQ]\PH�DQG�VXEVWUDWHV��DV�DQ�LQLWLDO�
VWDJH�D�PHDVXUHPHQW�RI� WKH�1�DFHW\O�JOXFRVDPLQH�
FRQFHQWUDWLRQ�WKDW�FRXOG�SUHGLFW�WKH�IRUPDWLRQ�UDWH�RI�
ROLJRPHU�FRPSRXQGV�LQ�YDULRXV�UHDFWLRQV�ZDV�FDU-
ULHG�RXW��7KH�YDULRXV�SURGXFWLRQ�SDWWHUQV�RI�1�DFHW\O�
JOXFRVDPLQH�DUH�SUHVHQWHG�LQ�WKH�JUDSK�EHORZ�

Table 1.  Activities of Some Enzymes.

7\SHV�RI�HQ]\PHV $FWLYLWLHV
�8�P/�

3URWHLQ
�PJ�PO�

6SHFL¿F�DFWLYLWLHV�
�8�PJ� 5HQGHPHQ

&HOO�IUHH�¿OWUDWH��)%6� ����� ����� ����� �����
+RW�FHOO�IUHH�¿OWUDWH���R&�����PLQXWHV��)%6S� ����� ����� ����� �����
(Q]\PHV�ZLWK�O\RSKLOL]HG�DPPRQLXP�VXOIDWH��$6� ����� ����� ����� �����
3XUL¿HG�HQ]\PHV��(0��
�89�PHWKRG� ����� ����� ����� �����

3XUL¿HG�HQ]\PHV��(0��
�%UDGIRUG�PHWKRG� ����� ����� ����� �����
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 )LJXUH���VKRZV�GLIIHUHQFHV�LQ�WKH�SURGXFWLRQ�RI�1�
DFHW\O�JOXFRVDPLQH�IURP�YDULRXV�HQ]\PH�SUHSDUDWLRQV�
ZLWK�WKH�VDPH�HQ]\PH�FRQFHQWUDWLRQ���������XQLWV�SHU�
PLOOLJUDP�FKLWLQ��DQG�WKH�VDPH�VXEVWUDWH�FRQFHQWUD-
WLRQ�������0RUH�PRQRPHU�FKLWLQ�RI�1�DFHW\O�JOXFRV-
DPLQH�ZLOO�EH�SURGXFHG�RQ�WKH�HQ]\PH�SUHSDUDWLRQV�
RI�JUHDWHU�XQLWV�SHU�PLOOLJUDP�RI�FKLWLQ��HQ]\PH�FRQ-
FHQWUDWLRQ��WKDQ�WKRVH�RI�VPDOOHU�XQLWV�SHU�PLOOLJUDP�
RI�FKLWLQ�LQ�WKH�VDPH�LQFXEDWLRQ�WLPH��7KH�SURGXFWLRQ�
RI�FKLWLQ�ROLJRPHUV�LV�WKURXJK�DQ�RSWLPL]HG�SURGXF-
WLRQ�RI�VSHFL¿F�VL]H�W\SH�RI�FKLWLQ�ROLJRPHUV�EDVHG�RQ�
WKH�NLQHWLFV�VWXG\�RI�HQ]\PH�VXEVWUDWH�UHDFWLRQ��7KLV�
VWXG\�LQFOXGHV�WKDW�RI�HQ]\PH�FRQFHQWUDWLRQ�RI��������
8���PJ�RI�FKLWLQ�DQG�VXEVWUDWH�FRQFHQWUDWLRQ�RI����IRU�
WKH�RSWLPDO�SURGXFWLRQ�RI�FKLWLQ�ROLJRPHUV�
� )URP�WKH�JUDSK�DERYH�RI�1�DFHW\O�JOXFRVDPLQH�
SURGXFWLRQ�� LW� FDQ� EH� VHHQ� WKDW� KLJKHU� VXEVWUDWH�
FRQFHQWUDWLRQV��ZLWKLQ�FHUWDLQ� OLPLWV��ZLOO�SURGXFH�
KLJKHU�DPRXQW�RI�1�DFHW\O�JOXFRVDPLQH�ZLWK�IDVWHU�
LQFXEDWLRQ� WLPHV� WKDQ� D� VPDOOHU� FRQFHQWUDWLRQ� RI�
VXEVWUDWH�
� )RU�WKH�SURGXFWLRQ�RI�ROLJRPHUV�GHULYHG�IURP�WKH�
SXUL¿HG�HQ]\PH��WKH�HQ]\PH�ZDV�SXUL¿HG�E\�XVLQJ�
FHOO�IUHH� ¿OWUDWH� WKDW� KDG� SUHYLRXVO\� EHHQ� WUHDWHG�
ZLWK�VDWXUDWHG�DPPRQLXP�VXOIDWH�RI������DQG�FRO-
XPQ�FKURPDWRJUDSK\�RI�+,&��+\GURSKRELF�,QWHUDF-
WLRQ�&KURPDWRJUDSK\��XVLQJ�D�PDWUL[�EXW\O�VHSDURVH�
DV�WKH�VWDWLRQDU\�SKDVH�DQG�DPPRQLXP�VXOIDWH�EXIIHU�
DV�WKH�PRELOH�SKDVH�
� %\�GHWHFWLRQ�RI�HQ]\PH�SXULW\��WKH�IUDFWLRQ�RI�WKH�

KLJKHVW�DFWLYLW\�ZDV�WDNHQ�DQG�PHDVXUHG�DV�WKH�EDVLV�
WR�EH�XVHG� LQ� WKH� UHDFWLRQ�SURGXFWLRQ�RI�ROLJRPHU�
FRPSRXQGV�ZLWK�WKH�WDUJHWHG�HQ]\PH�FRQFHQWUDWLRQ�
RI��������XQLWV�SHU�PLOOLJUDP�FKLWLQ�

HydrolysDWH� )UDFWLRQDWLRQ� RI� 2OLJRPHU� &RP-
pounds 
2OLJRPHU�FRPSRXQGV�UHVXOWLQJ�IURP�YDULRXV�UHDF-
WLRQV�RI�HQ]\PHV�DQG�VXEVWUDWHV�ZHUH�PRQLWRUHG�E\�
DQDO\]LQJ�WKH�FRPSRVLWLRQ�DQG�FRQFHQWUDWLRQ�RI�WKH�
FRPSRXQGV�LQ�WKH�K\GURO\VDWH�ROLJRPHUV�IURP�PRQR�
WR�KH[DPHU�E\�XVLQJ�WKH�FKURPDWRJUDSKLF�WHFKQLTXHV�
+3/&��&DOFXODWLRQ�RI�WKH�FRQFHQWUDWLRQ�RI�ROLJRPHU�
FRPSRXQGV�RQ�HDFK�K\GURO\VDWH�DIWHU�EHLQJ�DQDO\]HG�
ZLWK�+3/&�LV�SUHVHQWHG�LQ�)LJXUH���
 5HVXOWHG�FRPSRVLWLRQ�DQDO\VLV�RI�WKH�ROLJRPHU�FRP-
SRXQGV�IURP�VRPH�K\GURO\VDWHV�LQ�)LJXUH���VKRZV�WKDW�
RQO\�WKH�SXUL¿HG�HQ]\PH�K\GURO\VDWH�����KRXUV��KDV�D�
FRPSRVLWLRQ�RI�PRQRPHU�WR�SHQWDPHU��ZKLOH�)%6����
KRXUV��KDV�WKH�FRPSRVLWLRQ�RI�RQO\�WKH�PRQRPHU�WR�
WHWUDPHU�EXW�ZLWK�WKH�KLJKHVW�OHYHO�RI�WHWUDPHU��WKXV�LW�
LV�FRQFOXGHG�WKDW�WKH�K\GURO\VDWH�RI�HQ]\PDWLF�UHDF-
WLRQ�XVHG�VKRXOG�FRQWDLQ�D�WHWUDPHU��)%6�RI���KRXUV��
DQG�SHQWDPHU��(0�RI����KRXUV��ZKLFK�ZRXOG�EH�IXU-
WKHU� FRQ¿UPHG�E\� D� IXUWKHU� WHVW� RI� ELRDFWLYLW\��7KH�
GLIIHUHQW�FRPSRVLWLRQ�DQG�FRQFHQWUDWLRQV�RI�ROLJRPHU�
FRPSRXQGV�FDQ�DQVZHU�WKH�GLIIHUHQW�UHVSRQVHV�RI�YDUL-
RXV�K\GURO\VDWHV�ELRDVVD\�RQ�WKH�SUROLIHUDWLRQ�WHVWLQJ�
RI�O\PSKRF\WH�FHOO�FXOWXUH�DQG�FDQFHU�FHOOV�

�

Fig. 1.  Concentration of N Acetyl Glucosamine 
in Various Enzymatic Hydrolisate.
)EV��FHOO�IUHH�¿OWUDWH��
)EVS��KRW�FHOO�IUHH�¿OWUDWH��
$6��HQ]\PH�UHVXOWLQJ�IURP�D�FRQFHQWUDWHG�
DPPRQLXP�VXOIDWH��
(0��SXUL¿HG�HQ]\PH
����������������LQFXEDWLRQ�WLPH��LQ�KRXUV��RI�
HQ]\PHV�DQG�VXEVWUDWHV�LQ�ROLJRPHU�SURGXFWLRQ
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7R[LFLW\�7HVW�ZLWK�%6/7�0HWKRGV
%6/7�WHVW�LV�XVHG�DV�DQ�LQLWLDO�WHVW�WR�GHWHUPLQH�WKH�
DFWLYLW\�RI�D�VXEVWDQFH�RU�FRPSRXQG�FRQWDLQHG�LQ�DQ�
H[WUDFW�RU�D�SXUL¿HG�LVRODWHV�
� 7KH�GDWD�VKRZQ�LQ�7DEOH���LV�WKH�PRUWDOLW\�GDWD�
E\�D�SURELW�DQDO\VLV�WR�JHW�WKH�YDOXH�RI�/&����OHWKDO�
FRQFHQWUDWLRQ� RI� ������ 7KH� GDWD� VKRZHG� /&�� 
H[WUDFWV�RI�FKLWLQ�ROLJRPHUV�SURGXFHG�IURP�HDFK�RI�
FDOFXODWHG�DPRXQWV������ȝJ�PO������ȝJ�PO�DQG�����
ȝJ�PO��7KLV�YDOXH�LQGLFDWHV�WKDW�WKH�FKLWLQ�ROLJRPHU�
H[WUDFW�LV�LQFOXGHG�LQ�WKH�WR[LF�FDWHJRU\�EHFDXVH�RI�
/&���������ȝJ�PO��ZKLFK�KDV�SRWHQWLDO�ELRDFWLYLW\�
�0H\HU�HW�DO��������

$FWLYLW\�RI�2OLJRPHU�&RPSRXQGV�DJDLQVW�/\P-
SKRF\WH�&HOO�3UROLIHUDWLRQ�RI�6SOHHQ
(Q]\PDWLF� K\GURO\VDWHV� FRQWDLQLQJ� D� PL[WXUH� RI�
HQ]\PHV�DQG�ROLJRPHU�FRPSRXQGV�XVHG�WR�WHVW�WKH�
SUROLIHUDWLRQ�RI� O\PSKRF\WH� FHOOV� DQG�FDQFHU� FHOOV�
DUH� )%6� DQG� (0�ZLWK� D� FRQFHQWUDWLRQ� RI� �������
XQLWV��PJ�RI�FKLWLQ��,Q�WKH�SUHOLPLQDU\�VWXG\�RQ�WKH�
HQ]\PH� SURGXFHG�� K\GURO\VDWHV� ZHUH� DW� DQ� HDUO\�
VWDJH� VFUHHQHG� DW� VHYHUDO� OHYHOV� RI� GLOXWLRQ� WR� VHH�
WKH�SUROLIHUDWLYH�DFWLYLW\�RI� O\PSKRF\WH�FHOOV��7KH�
UHVXOWHG�VFUHHQLQJ�VKRZHG� WKDW�K\GURO\VDWH�ZLWK�D�
FKLWLQ� FRQFHQWUDWLRQ�RI� ����ȝJ�PO� VROXWLRQ� WXUQHG�
RXW WR�KDYH�VKRZQ�D�TXLWH�JRRG�SUROLIHUDWLYH�DFWLYLW\�

Table 2.  Resulted Data of BSLT for Hydrolysate Extract of Chitin Oligomers.

7\SHV�RI�H[WUDFWV &RQFHQWUDWLRQ
�ȝJ�PO� /RJ�FRQFHQWUDWLRQ 0RUWDOLW\���� 3URELW��\� /&����ȝJ�PO�
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8QLW�RI�ROLJRPHU�FRPSRXQGV

Fig. 2.  Composition and Concentrations 
of Oligomer Compounds in Various 
Hydrolizates.
)%6���������M� �5HVXOW�RI�HQ]\PH�UHDFWLRQ�
�FHOO�IUHH�¿OWUDWH��DW�D�FRQFHQWUDWLRQ�RI�������
$6����������M� �5HVXOW�RI�HQ]\PH�UHDFWLRQ�
E\�O\RSKLOL]DWLRQ�RI�DPPRQLXP�VXOIDWH�DW�D�
FRQFHQWUDWLRQ�RI�������
(0����������M� �5HVXOW�RI�SXUL¿HG�HQ]\PH�
UHDFWLRQ�DW�D�FRQFHQWUDWLRQ�RI�������
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RI�O\PSKRF\WH�FHOOV�FRPSDUHG�WR�WKH�XVH�RI�K\GURO\-
VDWH�ZLWK�ORZHU�FRQFHQWUDWLRQ��:DK\XQL���������7KLV�
LV�FRQVLVWHQW�ZLWK�WKH�VWXG\�E\�$JXVWLQH���������ZLWK�D�
SRVLWLYH�HIIHFW�RQ�O\PSKRF\WH�SUROLIHUDWLRQ�LQ�YLWUR�DW�
WKH�FKLWLQ�ROLJRPHU�FRQFHQWUDWLRQ�RI�����ȝJ�PO��7KH�
FRQFHQWUDWLRQ�ZDV�WKHQ�DGMXVWHG�WR�WKH�UHVXOWV�RI�/&���

PHDVXUHG�DW�D�FRQFHQWUDWLRQ�RI�����ȝJ�PO�
� 2QH�RI�WKH�SDUDPHWHUV�WR�VHH�WKH�LPPXQRPRGXOD-
WRU\�DFWLYLW\�RI�D�FRPSRQHQW�LV�WKH�DELOLW\�WR�VWLPXODWH�
WKH�SUROLIHUDWLRQ�RI�O\PSKRF\WH�FHOOV��7KH�O\PSKR-
F\WH�FHOO�SUROLIHUDWLRQ�LV� WKH�SURFHVV�RI�PDWXUDWLRQ�
DQG�PXOWLSOLFDWLRQ�RI�FHOOV�WKURXJK�FHOO�GLYLVLRQ�RU�
PLWRVLV��7KH�SUROLIHUDWLQJ�DFWLYLW\�RI� O\PSKRF\WHV�
FHOOV�7� DQG�%� FDQ� EH�PHDVXUHG�ZLWK� WKH� VWLPXOD-
WLRQ�LQGH[��6,���0LWRJHQ�ZDV�XVHG�WR�WULJJHU�D�QRQ�
VSHFL¿F�SUROLIHUDWLRQ�RI�O\PSKRF\WH�FHOOV��LQ�ZKLFK�
PLWRJHQ�OLSRSRO\VDFFKDULGH��/36��DQG�&RQFDYDOLQ�$�
�&RQ�$��DUH�XVHG�DV�FRQWUROV�IRU�WKH�VWLPXODWLRQ�RI�%�
FHOOV�DQG�7�FHOOV�

� 7KH� UHVXOWHG� REVHUYDWLRQ� LQGLFDWHV� WKDW� WKH�
ROLJRPHU�VDPSOHV�RI�K\GURO\]HG�FKLWLQ�KDYH�LPPX-
QRPRGXODWRU\�SURSHUWLHV�WKDW�FRXOG�VWLPXODWH�O\P-
SKRF\WH� FHOOV��7KH� LQFUHDVHG� VWLPXODWLRQ� LQGH[� RI�
FKLWLQ�ROLJRPHU� VDPSOH�ZDV��������7KH�ROLJRPHU�
VDPSOHV�RI�)%6����LQ����VL[��KRXUV�O\RSKLOL]HG�DW�
WKH�VDPSOH�FRQFHQWUDWLRQ�RI�����ȝJ�PO�KDG�WKH�KLJK-
HVW�O\PSKRF\WH�SUROLIHUDWLRQ�RI���������RU�D�VWLPX-
ODWLRQ� LQGH[�VFRUH� �6,��RI������ �LQFUHDVH�RI�������
DOPRVW� HTXLYDOHQW� WR�PLWRJHQ�/36�ZLWK� WKH� 6,� RI�
����������LQFUHDVH���7KLV�UHVXOW� LPSOLHV� WKDW� WKHUH�
ZDV�DQ� LQFUHDVH� LQ� WKH�QXPEHU�RI�FHOOV�XS� WR������
WLPHV�IURP�WKH�LQLWLDO�FHOO�FRXQW�RI���[�����FHOOV�PO��
7KH�LQFUHDVHG�DELOLW\�RI�O\PSKRF\WHV�WR�SUROLIHUDWH�
RU� HVWDEOLVK� FORQHV� VKRZHG� WKDW� O\PSKRF\WH� FHOOV�
KDYH�WKH�DELOLW\�RI�LPPXQRORJLF�UHVSRQG�RU�OHYHOV�RI�
LPPXQLW\�

Fig. 3.  Stimulation Index of Mice Lymphocyte Proliferation In Vitro.
1�$F*���1�DFHW\O�JOXFRVDPLQH�DW�D�FRQFHQWUDWLRQ�RI�����ȝJ�PO
1�$F*���1�DFHW\O�JOXFRVDPLQH�DW�D�FRQFHQWUDWLRQ�RI������ȝJ�PO
)%6��O�����)%6����O\RSKLOL]DWLRQ�DW�D�FRQFHQWUDWLRQ�RI�����ȝJ�PO
)%6��WO��������)%6�ZLWKRXW�O\RSKLOL]DWLRQ�DW�D�FRQFHQWUDWLRQ�RI�����ȝJ�PO
)%6��O�����)%6����O\RSKLOL]DWLRQ�DW�D�FRQFHQWUDWLRQ�RI������ȝJ�PO
)%6��WO�����)%6����ZLWKRXW�O\RSKLOL]DWLRQ�DW�D�FRQFHQWUDWLRQ�RI������ȝJ�PO
(0��O�����(0����O\RSKLOL]DWLRQ�DW�D�FRQFHQWUDWLRQ�RI�����ȝJ�PO
(0��WO�����(0����ZLWKRXW�O\RSKLOL]DWLRQ�DW�D�FRQFHQWUDWLRQ�RI�����ȝJ�PO
(0��O�����(0����O\RSKLOL]DWLRQ�DW�D�FRQFHQWUDWLRQ�RI������ȝJ�PO
(0��WO�����(0����ZLWKRXW�O\RSKLOL]DWLRQ�DW�D�FRQFHQWUDWLRQ�RI������ȝJ�PO
.������QHJDWLYH�FRQWURO
/36��3RVLWLYH�FRQWURO�ZLWK�PLWRJHQ�/36
&RQ�$��3RVLWLYH�FRQWURO�ZLWK�PLWRJHQ�&RQFDQDYDOLQ�$
1XPEHUV�IROORZHG�E\�WKH�VDPH�OHWWHUV�VKRZ�QR�VLJQL¿FDQW�GLIIHUHQFH�DW�WKH�OHYHO�RI���
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$FWLYLW\�RI�2OLJRPHU�&RPSRXQGV� LQ�3UROLIHUD-
WLRQ�,QKLELWLRQ�RI�6HYHUDO�&DQFHU�&HOO�/LQHV
7KH�GDWD�LQ�7DEOH���VKRZV�WKH�DQWL�SUROLIHUDWLRQ�RI�
VRPH�FDQFHU�FHOOV�LQ�WKH�ROLJRPHU�VDPSOHV�RI�FKLWLQ�
K\GURO\VDWHV��7KH�LQKLELWRU\�DFWLYLW\�LQ�WKH�ROLJRPHU�
VDPSOHV�RI�FKLWLQ�K\GURO\VDWH�LQ�FDQFHU�FHOOV�VKRZV�
VLJQL¿FDQW�GLIIHUHQFHV�� LQKLELWLQJ� WKH�SUROLIHUDWLRQ�
RI�+H/D�FDQFHU�FHOO����������5DML�FDQFHU�FHOOV�����
������DQG�07��FDQFHU�FHOOV�����������7KH�ODUJHVW�
LQKLELWRU\� DFWLYLW\� E\� ROLJRPHU� VDPSOHV� RI� FKLWLQ�
K\GURO\VDWH�ZDV�RQ�07��FDQFHU�FHOOV��ZKLFK�ZHUH�
GHULYHG�IURP�WKH�KXPDQ�FHOO�FXOWXUH�7�LVRODWHG�IURP�
WKH� VWHP�FHOOV� RI�EORRG� O\PSKRF\WHV� DQG� VXE�FXO-
WXUHG�IURP�WKH�FHOOV�RI�DGXOW�SDWLHQWV�VXIIHULQJ�IURP�
7�FHOO�OHXNHPLD��7KH�LQKLELWLRQ�RI�FDQFHU�FHOOV�07��
������ZDV�IRXQG�LQ�WKH�VDPSOHV�RI�1�DFHW\O�JOXFRV-
DPLQH� �����ȝJ�PO���7KLV�FRUUHODWHV�ZLWK� WKH�FKLWLQ�
VWUXFWXUH�ZLWK�WKH�PRQRPHU�1�DFHW\O�JOXFRVDPLQH��
&KLWLQ�DQG�LWV�GHULYDWLYHV�VXFK�DV�FKLWLQ�ROLJRPHUV�
KDYH�WKH�DELOLW\�WR�LQKLELW�DQG�IRUP�FDWLRQLF��SRO\-
HOHFWURO\WH���ZKLFK�LV�SUHGLFWHG�WR�EH�FDXVHG�E\�WKH�
ELR�IXQFWLRQDOLW\�RI�DPLQH�JURXS�LQ�LWV�VWUXFWXUH�

 7KH�WHVW�UHVXOWV�LQGLFDWHG�WKDW�WKH�XVH�RI�ROLJRPHU�
FRPSRXQG�VDPSOHV�KDG�LQKLELWRU\�DFWLYLW\�DJDLQVW�WKH�
SUROLIHUDWLRQ�RI�FDQFHU�FHOOV��(Q]\PDWLF�K\GURO\VDWH�
FRQWDLQLQJ�PRQRPHU�XQLW�RI�FKLWLQ�ROLJRPHUV�ZRXOG�
EHWWHU� LQKLELW� WKH�SUROLIHUDWLRQ�RI� HSLWKHOLDO� FHOOV� RI�
+H/D�W\SH�DQG�WKH�VXVSHQVLRQ�FHOOV�RI�07��W\SH�WKDQ�
WKRVH�RI�WHWUDPHU�DQG�SHQWDPHU�XQLWV�RI�FKLWLQ��(DFK�
W\SH�RI�FDQFHU�FHOOV�KDYH�GLIIHUHQW�DFWLYH�VLGHV��VR�WKH�
VDPSOH�RU�FRPSRXQG� WKDW�FDQ� LQKLELW�RU�NLOO� FDQFHU�
FHOOV�DOVR�GLIIHUV��3ULPDGRQD�HW�DO���������&DQFHU�FHOOV�
LQ� D�SUROLIHUDWLYH�F\FOH�RI� FHOOV� DUH� VHQVLWLYH� WR� WKH�
HIIHFWV�RI�F\WRWR[LF�FRPSRXQGV�

Conclusions
��� �2OLJRPHU�FRPSRXQGV�FDQ�DIIHFW�WKH�SUROLIHUDWLRQ�
DFWLYLW\�RI�O\PSKRF\WH�FHOOV��ZLWK�DQ�6,�LQFUHDVH�
RI��������

��� �7KH� LQKLELWRU\� DFWLYLW\� E\� WKH� ROLJRPHU� FRP-
SRXQGV� DJDLQVW� FDQFHU� FHOO� SUROLIHUDWLRQ� LQ� WKH�
HQ]\PDWLF�K\GURO\VDWH�LV�JUHDWHU�RQ�WKH�VXVSHQ-
VLRQ� W\SH� FHOOV� �5DML� DQG�07��� UDWKHU� WKDQ� WKH�
W\SH�RI�RQH�OD\HU�FHOOV��+H/D��

Table 3.  Testing of Inhibited Proliferation in Several Cancer Cell Lines.

6DPSOHV &RQFHQWUDWLRQ
��J�PO�

3UROLIHUDWLRQ�,QKLELWLRQ�,QGH[����
+H/D 5DML 07�

1�$FHW\O�*OXFRVDPLQH ��� �����EF ����D ����DEFG
1�$FHW\O�*OXFRVDPLQH ����� 33,2d ����D 47.9d

)%6����RI���KRXUV��O� ���� ����FG 42.7ab ����DEF
)%6����RI���KRXUV��ZO� ���� ���EFG ����D ����DEFG
)%6����RI���KRXUV��O� ����� ���EFG ����E ����EFG
)%6����RI���KRXUV��ZO� ����� ����EF ����D ����FG
(0����RI����KRXUV��O� ���� ����EF ����D ����FG
(0����RI����KRXUV��ZO� ���� �����D ����D ����DE
(0����RI����KRXUV��O� ����� �����DE ����D ����FG
(0����RI����KRXUV��ZO� ����� ���EFG ����D ����D
3RVLWLYH�FRQWUROV � �� ���� ����

1RWHV���ZO���ZLWKRXW�O\RSKLOL]DWLRQ�RU�ZLWKRXW�D�FRQFHQWUDWLRQ�SURFHVV�
� �O���ZLWK�O\RSKLOL]DWLRQ�RU�FRQFHQWUDWLRQ�SURFHVV
� 1XPEHUV�IROORZHG�E\�WKH�VDPH�OHWWHUV�VKRZ�QR�VLJQL¿FDQW�GLIIHUHQFH�DW�WKH�OHYHO�RI���
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Suggestions
��� �,W�LV�QHFHVVDU\�WR�GR�D�VWXG\�RQ�WKH�PHFKDQLVPV�RI�
O\PSKRF\WH�FHOO�SUROLIHUDWLRQ�DQG�DQWL�FDQFHU�DW�
WKH�FHOOXODU�DQG�PROHFXODU�OHYHOV�VXFK�DV�UHFHSWRUV�
RQ�FHOOV�DVVRFLDWHG�ZLWK�ROLJRPHU�FRPSRXQGV�

��� �$�IXUWKHU�VWXG\�LV�UHTXLUHG�WR�LGHQWLI\�DQG�FODULI\�
WKH�PHFKDQLVPV�RI�FDQFHU�FHOO�DSRSWRVLV�DQG�FHOO�
PHPEUDQH�GDPDJH�DV�D�UHVXOW�RI�ROLJRPHU�FRP-
SRXQG�WUHDWPHQW�

��� �$�IXUWKHU�VWXG\�LQ�YLYR�LV�DOVR�QHHGHG�LQ�WHUPV�RI�
DQWL�FDQFHU�DFWLYLW\�LQ�H[SHULPHQWDO�DQLPDOV�
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