
B
iopolymers are environmental friendly sources as renewable and sustain-

able substituents for petroleum-based polymers. Application of these poly-

mers is common in variety of industries including papermaking. Herbal

exudate gums have been used in papermaking industry for decades, especially paper

recycling. In this study, gum polysaccharide exudates from Baridje plant (Ferula

Gummosa) extracted and purified with ethanol, analyzed by using Saeman method

and added as a dry strength additive to improve the mechanical properties (burst,

breaking length and Scott internal bonding) of recycled paper, 60 g/m2 grammage,

produced from old corrugated cartons. The purified monosaccharide contained:

galactose 60%, arabinose 15% and galacturonic acid 25%. The effects of the biopoly-

mer on mechanical properties of the recycled paper showed statistical significance at

99% level. The anionic nature of the biopolymer, fibres and paper recycling system

was neutralized by addition of polyaluminium chloride (PAC) to adjust zeta poten-

tial to about zero and improve system’s strength properties. Interaction effects of

cationic oligomer (PAC) and biopolymer were also statistically significant at 99%

level and displayed stronger material with improved mechanical strength.
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…¶• Þú ¬° ‹©¼|ø†ÿ „‹ß»þ „ó �±…Þñ~û º~û|…ð~ ô ¾íÔ ¬°ôó …üò

ìœ†°ÿ ‹ú Æõ° ÆŒýÏþ ü† {¥±üßþ {±…ô½ ìþ|ºõ¬. ‹ù}±üò ²ì†ó

‹ù±û|‹±¬…°ÿ ô ̈†°ž|¶†²ÿ ¾íÔ …üò âý†û€ ‹·}ú ‹ú ìõÚÏý• ›Ó±…Öý†üþ

…² ðýíú ̈±¬…¬ {† �†ü†ó ºù±üõ°ì†û …¶•. ¾íÔ ‹†°üœú )ºßê 1 -Ž( ‹œ³

ì¿†°Ù …ð~á Æ� ¶ñ}þ ¬…̈ê Þ»õ°€ ‹ú Æõ° Îí~û ‹† Úýí• Þíþ …²

Þ»õ° ¾†¬° ìþ|ºõ¬. ¬° …üò �µôø¼€ {±ÞýŒ†– �éþ|¶†Þ†°ü~ÿ )ºßê 1-ž(

ìõ›õ¬ ¬° ¾íÔ ‹†°üœú ºñ†¶†üþ ô Þ†°‹±¬ „ó ‹ú Îñõ…ó …Ö³ô¬ðþ ìÛ†ôì•

¨»à ¬° ‹ùŒõ¬ ̈õ…Á ìß†ðýßþ Þ†Ò̄ø†ÿ ‹†²ü†Ö}þ ‹±…ÿ ð©·}ýò ‹†°

ìÇ†èÏú º~û …¶•.

|

{œ±‹þ

ìõ…¬ ô °ô½|ø†

…¶}©±…ž ô ̈†èÀ|¶†²ÿ |

¾íÔ ìõ°¬ ‹±°¶þ …² …°{×†Ñ 0052 ì}±ÿ …² ¶Ç¦ ¬°ü†€ …² ìñÇÛú

Öý±ô²Þõû ¬° …¶}†ó {ù±…ó ¬° ºù±üõ°ì†û 8831 ‹±¬…º• ô ¬° ¬ì†ÿ Co4

ðãú|¬…°ÿ º~. �̧ …² …ð}Û†ë ‹ú ¬…ð»ß~û ºýíþ ¬…ð»ã†û orievA¬°Þ»õ°

�±{Ó†ë€ ‹©¼ Þ±‹õøý~°…{þ ¾íÔ …² ‹©¼ °ôÒñþ ô Ö±…° „ó ‹ú ô¶ýéú

¤çë|ø†ÿ ì}†ðõë )HO3HC(|€ …{†ðõë )HO5H2C(|€ �±ô�†ðõë

)HO7H3C(| ô ‹õ{†ðõë )HO9H4C(| øíãþ …² ðõÑ „²ì†ü»ã†øþ ›~…

º~. ‹† ¬° ðË± â±Ö}ò ¶×ý~ÿ ô ¬°›ú ̈éõÁ ìÏýò º~û ‹† °ô½

°²ôð†ð̧ ìÓñ†Æý̧ ø·}ú )RMN(€ …{†ðõë ‹ú Îñõ…ó Þ†°„ì~{±üò ¤çë

‹±…ÿ ̈†èÀ|¶†²ÿ …ð}©†Ž º~ )ºßê2(. ¬° ðù†ü•€ ÆŒÜ °ô½ hguoH€

¾íÔ ̈†ï …ôèýú ‹ú ì~–  h4 ‹† ¶õÞ·éú „²ì†ü»ã†øþ ̈†èÀ|¶†²ÿ º~

ô {õ¬û ›†ì~ Þ†ìç_ ¶×ý~°ðãþ ¬° ¬°ôó Þ†°{õ½ ‹†Úþ|ì†ð~. ‹ú ìñËõ°

²¬ô¬ó ð†̈†è¿þ|ø†ÿ ›†ì~ „ìý©}ú º~û ‹† ¾íÔ ¬° øñã†ï ‹±¬…º•€

{õ¬û Þ±‹õøý~°…– ‹†Úþ|ì†ð~û ¬° „Ž ìÛÇ± üõó ²¬ô¬û ¤ê ô ‹† ¾†Ù

Þ±¬ó {¿×ýú º~. ¬° ðù†ü• ‹ú ìñËõ° °¶õŽ ¬…¬ó Þ±‹õøý~°…– ô ¤Ù̄

Þ†ìê „Ž€ {±ÞýŒþ …² …{†ðõë -ì}†ðõë )08-02( ‹† ¤œî {Û±üŒþ 4 ‹±…‹±

ì¥éõë Þ±‹õøý~°…– ‹ú „ó …Ö³ô¬û ô ‹ú ì~– h42 ‹ú „ó Ö±¾• °¶õŽ

ºßê 1 -ðí†ÿ Ê†ø±ÿ âý†û ô ¾íÔ ‹†°üœú: )…èØ( âý†û ‹†°üœú€ )Ž(

¾íÔ {±…ôü~û …² âý†û ô )ž( �éýí± Þ±‹õøý~°…{þ ̈†èÀ|¶†²ÿ º~û …²

¾íÔ {±…ôü~û.

)…èØ(

)Ž(

)ž(
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 

ô ›~…º~ó ¬…¬û º~. ‹±…ÿ {·±üÐ ô {ßíýê °¶õŽ|¶†²ÿ€ Ÿñ~ ÚÇ±û

Ö±ìýà …¶ý~ )H2OCH(| ðý³ ‹ú ì¥éõë …Â†Öú º~. �̧ …² ›~…¶†²ÿ ì†üÐ

²æë °ôÿ °¶õŽ€ {ÏéýÜ ‹†Úþ|ì†ð~û Ÿñ~ ì±{Œú ‹† ì}†ðõë º·• ô  ºõ ô

‹† ðý±ôÿ ì±Þ³â±ü³ ›~… º~. ¬° �†ü†ó€ {õ¬û ¶×ý~ °ðä ‹†Úþ|ì†ð~û ¬°

º±…üÈ ̈çŠ ̈»à º~ ] 62[.    |

ºñ†¶†üþ Þ±‹õøý~°…–  |

„Ž|Þ†Ö• Úñ~ø†ÿ Þ±‹õøý~°…{þ ‹† °ô½ nameaS| º†ìê üà ì±¤éú

�ý¼„Ž|Þ†Ö• ¬° ¬ì†ÿ ì¥ýÈ ‹† ¶õè×õ°üà …¶ý~  )4OS2H(|L/lom11

‹ú ì~– h3 ô „Ž Þ†Ö• ¬° ¬ì†ÿ  Co001 ‹† ¶õè×õ°üà …¶ý~|L/lom1 ‹ú

ì~– h5/2 |…ðœ†ï º~ ]72[. ¶�̧€ ‹ú Þíà ¶~üî|‹þ|Þ±‹ñ†–

)3OCHaN(| ̈ñþ̃ º~û ô �̧ …² …¶}ýê|¬…° º~ó ‹† …¶}ýà|…ðý~°ü~ ‹ú

ºßê „è~ü}õë|ø†ÿ …¶}±ÿ º~û )…¶}†–( ‹ú ô¶ýéú ¬¶}ã†û DIF-CG| ô ‹†

¶}õó 522-BD| ºñ†¶†üþ º~. …² 2- ¬…Þ·þ âéõÞõ² )5O21H6C( ðý³ ‹ú

Îñõ…ó Úñ~ …¶}†ð~…°¬ ¬…̈éþ …¶}×†¬û º~ ]82[. „²ìõó ô›õ¬ …¶ý~ø†ÿ

…ô°ôðýà ðý³ ‹ú °ô½ °ðä|¶ñœþ ô ‹± …¶†¹ °ô½ lonehplynehP-m|

�ý»ñù†¬ º~û {õ¶È nesnaHô znarknemulB| …ðœ†ï â±Ö• ]92€82[.

{í†ï ì±…¤ê ºñ†¶†üþ Ÿù†° ì±{Œú {ß±…° ô …² ø± {ß±…° ¬ô {³°üÜ …ðœ†ï º~.

|

{ùýú ̈íý±Þ†Ò̄ ô …°²ü†‹þ …èý†Ù

¨íý±Þ†Ò̄ �†æü¼ º~û ô „ì†¬û|¶†²ÿ º~û ¤†¾ê …² …èý†Ù ‹†²ü†Ö}þ

Þ†°{ò|ø†ÿ Úùõû|…ÿ Þñã±û|…ÿ Þùñú  )CCO( …² Þ†°̈†ðú anaiV| ¬° ºí†ë

�±{Ó†ë ô …² ðÛÇú �ý¼ …² ô°ô¬ ‹ú ›ÏŒú {Ó̄üú ì†ºýò Þ†Ò̄¶†²ÿ€ ‹~ôó

ø± ðõÑ …Ö³ô¬ðþ {ùýú º~. ‹ú Þíà ìýß±ô¶ßõ’ ðõ°ÿ€ …èý†Ù ìõ›õ¬

¬° ¬ôÒ†Ž ̈íý±Þ†Ò̄ ‹ú Þíà ¬¶}ã†û ºñ†¶†â± Þý×ý• …èý†Ù )AQF(|€

ìÇ†‹Ü ‹† …¶}†ð~…°¬ 89-mo172 T IPPAT|€ ¬°¾~ ð±ìú ô ìý†ðãýò Æõèþ

…èý†Ù …ð~…²û|âý±ÿ º~.

ìÛ~…° Þñ~ÿ ̈íý±Þ†Ò̄  |

Þñ~ÿ ̈íý± Þ†Ò̄ ìÏý†°ÿ …² {œíÐ ô �ýõ¶}ãþ …èý†Ù ‹ú üà ¬üã± ‹± …÷±

�ýõð~ø†ÿ øý~°ô´ðþ ü† Îõ…ìê ¬üã±ÿ ðËý± �éýí±ø†ÿ ìÛ†ôì• ̈»à

…¶•. ‹ñ†‹±…üò€ Þñ~ÿ ̈íý±Þ†Ò̄ {ùýú º~û Þú º†̈¿þ …² ìÛ~…°

èý×¡ú|…ÿ ‹õ¬ó ô Ú†‹éý• �ýõð~ü†‹þ øý~°ô´ðþ �éýí±ø†ÿ ¶†²ð~û …èý†Ù

…¶•€ ìÇ†‹Ü ‹† …¶}†ð~…°¬ 1-7625OSI| ô ‹ú Þíà ¬¶}ã†û  retseT RS W&L|

…ð~…²û|âý±ÿ º~ Þú ‹±…‹±  RS
o63 )053 FSC( ìÏýò º~.

HHpp| ô °¶†ð†üþ …èß}±üßþ

¬° {í†ï ðíõðú|ø† ‹† …Ö³ô¬ó ¶õè×õ°üà …¶ý~ °ÚýÜ º~û Hp| ¬° ¤~ô¬ 5/5

{ñËýî º~. ‹ú ìñËõ° {ñËýî °¶†ð†üþ …èß}±üßþ ‹ú ¬ôÒ†Ž ̈íý±Þ†Ò̄ ‹†

¬°¾~ ̈»ßþ 5/0 ¬°¾~€ lom|4-|01 ¶~üî ‹þ|Þ±‹ñ†– …Ö³ô¬û º~.

¶�̧€ ìÛ~…° ìÏýñþ ¶~üî|¶õè×†– ‹ú „ó …Â†Öú º~ {† °¶†ð†üþ …èß}±üßþ

¬ôÒ†Ž ̈íý±Þ†Ò̄ ¬° ¬ì†ÿ Co32 ¬° ¤~ô¬ mc/s| 0001 {ñËýî ºõ¬.

øî|Ÿñýò€ ‹ú ìñËõ° ÷†‹• ðãú ¬…º}ò Hp| ô °¶†ð†üþ …èß}±üßþ ‹ú øñã†ï

„Ž|âý±ÿ …² Þýà …èý†Ù€ ‹ú „Ž ¬°ôó ì¥×Ëú ì†ºýò ¶†̈• Þ†Ò̄

¬¶•|¶†² ðý³ ìÛ~…° Þ†Öþ …² ì¥éõë ¶~üî ¶õè×†– {³°üÜ º~.

¶†̈• Þ†Ò̄ø†ÿ ¬¶•|¶†²  |

¶†̈• Þ†Ò̄ ìÇ†‹Ü ‹† …¶}†ð~…°¬ 1-9625OSI| ‹ú ô¶ýéú ¬¶}ã†û dloM

teehS hsitirB| ‹† ô²ó �†üú 2m/g|06 ô ‹† „Ž üõó ²¬ô¬û …ðœ†ï â±Ö•.  |

�}†ð·ýê ²{†ÿ ¾íÔ

�}†ð·ýê ²{†ÿ ¬ôÒ†Ž ̈íý±Þ†Ò̄€ ‹ú Þíà ¬¶}ã†û SZ onaN reziS ateZ

¶†̈• º±Þ• nrevlaM|€ ‹± …¶†¹ °ô½ Þ†° {õ¾ýú º~û ‹† �ñ� {ß±…°

…ð~…²û|âý±ÿ º~ Þú ‹±…‹± ‹† Vm91- ‹õ¬ )ºßê 3(.  |

�}†ð·ýê ²{† ô Þ†{ýõó|̈õ…øþ ¬ôÒ†Ž …èý†Ù  |

�}†ð·ýê ²{†ÿ ¬ôÒ†Ž ̈íý±Þ†Ò̄ ìÇ†èÏú º~û ¬° ìÛ~…° ̈»ßþ ìÏ†¬ë ‹†

ì†ºýò ¶†̈• Þ†Ò̄ ¬¶•|¶†² ‹ú Þíà ¬¶}ã†û 60-PZSMTketuM ô

‹± …¶†¹ °ô½ Þ†° {õ¾ýú º~û „ó ‹† ¬û ì±{Œú {ß±…° …ð~…²û|âý±ÿ º~.

Þ†{ýõó|̈õ…øþ ¬ôÒ†Ž …èý†Ù ðý³ ‹ú ¶ú °ô½ {ý}±Þ±¬ó Þéõüý~ÿ€ ‹ú ô¶ýéú

¬¶}ã†ûDCP| ô „²ìõó ô ̈Ç† ‹† ¬¶}ã†û 60-PZSMTketuM | …ðœ†ï º~.

μ

ºßê 2 -ÆýØ °²ôð†ð̧ ìÓñ†Æý̧ ø·}ú �éþ|¶†Þ†°ü~ …¶}©±…ž º~û ‹†

¤çë …{†ðõë )*ð†̈†è¿þ ¤çë(.  |  |
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�éþ„èõìýñýî Þé±ü~ )CCAAPP(|

|…üò ì†¬û Þ†{ýõðþ n)m-n3lCm)HO(nlA(ì¥éõèþ ²°¬°ðä ‹† ÒéË• 81

¬°¾~ ô²ðþ ô Ÿã†èþ 3mc/g93/1 …² º±Þ• ¶†²ð~û ìõ…¬ ºýíý†üþ

A.S ,acimiuQ zaviR| {ùýú ô ¬° ¬ô ¶Ç¦ 0 ô 1 ¬°¾~ ‹± ìŒñ†ÿ ô²ó

¨»à ̈íý±Þ†Ò̄ ‹ú ¬ôÒ†Ž …Ö³ô¬û º~.  |

…Ö³ô¬ó �éþ|¶†Þ†°ü~ ‹ú ¬ôÒ†Ž ̈íý±Þ†Ò̄

¾íÔ Þ±‹õøý~°…{þ …¶}©±…ž º~û ìÇ†èÏú º~û ¬° Ÿù†° ¶Ç¦ 0€ 5/0€ 1

ô 5/1 ¬°¾~ ‹± ìŒñ†ÿ ô²ó ̈»à ̈íý±Þ†Ò̄ Æþ ì~– ²ì†ó s|03 ‹ú

¬ôÒ†Ž ¬° ¤†ë …Ò}»†½ ‹† º~– Ÿ±̈¼ mpr057 …Ö³ô¬û º~. �̧ …²

s06 øî|²¬ó€ Þ†Ò̄ ¬¶•|¶†² {ùýú º~. ¬° ðíõðú|ø†ÿ ¬…°…ÿ �éþ„èõìýñýî

Þé±ü~€ …‹}~… …üò {±Þý� Æþ ì~– ²ì†ó s|03 ‹ú ¬ôÒ†Ž ¬° ¤†ë …Ò}»†½

‹† º~– Ÿ±̈¼ mpr057 …Ö³ô¬û ô �̧ …² s|06 øî ²¬ó ìÛ~…° ì»©¿þ

¾íÔ …Â†Öú º~.

¨õ…Á ìÛ†ôì}þ ìÇ†èÏú º~û

|…÷± Þ†°‹±¬ ¾íÔ ‹†°üœú ‹† …¶}×†¬û …² ì†¬û Þ†{ýõðþ �éþ„èõìýñýî Þé±ü~ ô

‹~ôó „ó ‹± ̈õ…Á ìÛ†ôì• ‹ú {±Þý~ó€ Æõë �†°û º~ó ô �ýõð~ü†‹þ

¬°ôðþ …èý†Ù ‹ú {±{ý� ‹± …¶†¹ °ô½|ø†ÿ 8572OSI€ 2-4291OSI| ô

965T IPPAT| ‹±°¶þ º~. ìÛ†ü·ú|ø†ÿ „ì†°ÿ ðý³ ‹† ð±ï|…Ö³…° SSPS| ¬°

Ú†è� Æ±§ Þ†ìç_ {¿†¬Öþ …ðœ†ï â±Ö•.  |

ð}†ü� ô ‹¥™

{±Þý� ìõðõì±ø†ÿ ¾íÔ

{œ³üú Þ±‹õøý~°…–|ø†ÿ …¶}©±…ž º~û …² ¾íÔ ̈†ï …ôèýú ð»†ó|¬øñ~û

ô›õ¬ â†æÞ}õ² )6O21H6C(| ‹ú ìÛ~…° {Û±üŒþ06%€ „°…‹ýñõ²

)5O01H5C(| ‹ú ìÛ~…° {Û±üŒþ 51% ô …¶ý~ â†æÞ}õ°ôðýà )7O01H6C(|

‹ú ìÛ~…° {Û±üŒþ 52% …¶• )ºßê 4(. …² ðË± {±Þý� ºýíý†üþ€

�éþ|¶†Þ†°ü~ø†ÿ …üò ¾íÔ ‹·ý†° ºŒýú ‹ú øíþ|¶éõèõ² „°…‹ýñõâ†æÞ}†ó

ìõ›õ¬ ¬° ¬°ôó|ŸõŽ âõðú|ø†ÿ Ÿõ‹þ Þ†ž …¶ß†–€ ðõê̂ ð±ôÿ́ ô ìé³

¶ýŒ±ÿ …¶• ]03[ Þú Ö†Ú~ âéõÞõ²…ð~ ô ìÛ~…° …ô°ôðýà …¶ý~ ¬° „ðù† ²ü†¬

…¶•. ô›õ¬ ð·Œ• ²ü†¬ÿ …² â±ôû|ø†ÿ „ðýõðþ …¶ý~ â†æÞ}õ°ôðýà

ð»†ó|¬øñ~û ì†øý• „ðýõðþ ¾íÔ ìÇ†èÏú º~û …¶•. ð}†ü� ¤†¾ê …²

…ð~…²û|âý±ÿ �}†ð·ýê ²{†ÿ Þ±‹õøý~°…– )Vm91-( ðý³ ìõöü~ …üò ¤ÛýÛ• …¶•.

{±Þý� èý×þ ô „ð†{õìþ ̈íý±Þ†Ò̄

‹±°¶þ|ø†ÿ ìýß±ô¶ßõ’ ðõ°ÿ€ ô›õ¬ …èý†Ù âõðú|ø†ÿ Þ†ž

)seirtsevlyS suniP(|€ …Þ†èý�}õ¹ )sulobulG sutpylacuE(| ô {õ¹

)aludneP aluteB(| °… ¬° ¬ôÒ†Ž ̈íý±Þ†Ò̄ {†‡üý~ Þ±¬. …² è¥†Í ìý†ðãýò

Æõèþ€ ¬ôÒ†Ž ¤†ôÿ 4/3 ¬°¾~ ô …² è¥†Í ìý†ðãýò ¤·†‹þ 4/91 ¬°¾~

ð±ìú ‹õ¬. øî|Ÿñýò€ ìý†ðãýò Æõë …èý†Ù mm391/1 ìÏýò º~ )ºßê 5(.

�}†ð·ýê ²{† ô Þ†{ýõó|̈õ…øþ …èý†Ù

|�}†ð·ýê ²{†ÿ ¬ôÒ†Ž ̈íý± Þ†Ò̄ ‹ú Æõ° ìý†ðãýò Vm501- ‹õ¬. …² ¶ú

°ô½ ‹ú Þ†° °Ö}ú ‹±…ÿ {Ïýýò ìÛ~…° ðý†² ¬ôÒ†Ž ̈íý±Þ†Ò̄ ‹ú ì†¬û

Þ†{ýõðþ …¶}×†¬û º~û ‹±…ÿ ¬¶•|ü†‹þ ‹ú ¶í• �}†ð·ýê ²{†ÿ ¾×± ¬°

¶Ç¦ …èý†Ù€ ìý†ðãýò üà ¬°¾~ ô²ó ̈»à ̈íý± Þ†Ò̄ …¶}ñ}†ž º~.

ôüµâþ|ø†ÿ ìÛ†ôì• ìß†ðýßþ

…÷± ì·}Ûê …Ö³ô¬ó �éþ|¶†Þ†°ü~ …¶}©±…ž º~û …² ¾íÔ ̈†ï {±…ôü~û …²

âý†û ‹†°üœú ‹± {í†ï ̈õ…Á ìÛ†ôì}þ Þ†Ò̄ ¶†̈}ú º~û …² ‹†²ü†Ö•

|ºßê 4 -°ðä|ðã†° Úñ~ø†ÿ …¶}±ÿ º~û ¤†¾ê …² ¬¶}ã†û °ðä|ðã†°

â†²ÿ )CG(|.  |

ºßê 3 -ðíõ¬…° �}†ð·ýê ²{†ÿ ¾íÔ ‹†°üœú.
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 

Þ†Ò̄ø†ÿ Þñã±û|…ÿ Þùñú ¬° ¶Ç¦ …Æíýñ†ó 99 ¬°¾~ ìÏñþ|¬…° ‹õ¬

)ºßê|ø†ÿ 8-6(. ‹† {õ›ú ‹ú ì†øý• …¶ý~ÿ �éýí± ìÇ†èÏú º~û ‹ú ¬èýê

ô›õ¬ â±ôû …ô°ôðýà …¶ý~€ ›†®‹ú …èß}±ô¶}†{ýßþ ìñœ± ‹ú ›Ž̄ „ó ‹±
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