
Majalah Pusat Pengajian Biologi UiTMCNS OKT 2023| | Bilangann 9 / 2023

EEEEEEOOEOOOEEEEEEEEEEEEOOOOOOEONNONNOOOOOOOOOOOONNNNO IIIIIIInnInnnI ssssnnnnnnnnnnnnnnnnssssnnnssn ppsppppssssssssssssppppps ipiippppppppppppiiiipppiiipppp rrirriiiiiiiiiiiirrri aaaaaaassssaaaaaaaaaaaaaassssaaasssa isiissssssssssssiiiissiiissssi
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEddddddddddddddddddddddddddddddddddEEEEEEEEEEEEEEdddddEEEEEEEEEEEEddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiidddiiddddddddiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiidddddddddddddddddddddddddddddddddiiidddd sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssiiiiiiiisssssssssssssssssssssssssiiiiiiiiiiiiiiiiiiiiisssssssssssssssssssssssssssssssssssiiiiii iiiiiiiiiiiiiiiiiiiiiiiisssssssssssssssiissssssssiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiisssssssssssssiiiissss DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrDDDDDDDrrDDDDDDDDrrrrrrrrrrrrrrDDDDD ........rrrrrrr..rrrrrrr. NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNoooooooooooooooooooooooooooooooooooooooooooooooooooooooooNNNNNNNNNNooooNNNNNNNNNNNNooooooooooooooooooooooooooNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrorroooooooorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrroooooo ’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAiiiiiiiiiiiiiiiiiAAAAAAAAAAAAAAAAAiiiAAAAAAAAiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAiiiAA sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssiiiiiiiiiiiissssssssssssssssssssssssiiiiiiiiiiiiiiissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssiiiiiiiiiiiiiiiiiiiiiiiiiii hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhssssssssssssssshhsssssssshhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhsssssssssssssss aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaahhhhhhhhhhhhhhhaaahhhhhhhhaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaahhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhaaaaaaaahhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhaaaaaaaaaaaaaa AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbAAAAAAAAbbbAAAAAAAAbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbAAAAAAAAAAA uuuuuuuuuuuuuuuuuuuuuuuuuuuuubbbbbbbbuubbbbbbbbuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuubbbbbbbbb SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSShhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhSSSSSSSSShhSSSSSSSShhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaahhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhaaahhhhhhhhaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaahhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhaaaaaaaahhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhaaaaaaaaaaaaaaaaa

RRRRRRRaaRRRaaaRRRRRRRRRRRRaaaaaR hhhhaaaaaaaaaaaahhhha sssshhhhhhhhhhhhsssshhhssh isiissssssssssssiiiissiiissss aaiiiaaaiiiiiiiiiiiiaaaaaii LLLLLLeeLeeLLLLeeLebbebbeeeeeeeeeeeebbbbbe aabaabbbbbbbbbbbbaaaaab hhhhaaaaaaaaaaaahhhha
SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaSSSSSSSSSSSSSSaaSSSSSSSSaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaaaiiaaaaaaaaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaiiiiaa nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnniiiiiiiiinnniiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnniiiiiiii sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnnnnnnssssssssssssssssssssssssssssnnnnnnnnnnnnnnnnnnnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnnnnnnnnnnnnnn vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAlllllllllllllllAAAAAAAAAAAAAAAAAllllAAAAAAAAllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllAAAAAAAAAAAAAAAAA qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqllllllllllllllllllllllllllllllllllqqqqllllllllqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqllllllllllllllllllllllllll uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuqqqqqquuqqqqqqqquuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuqqqqqqqqqqqqqqqqqqqqqurrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrruuuuuuuurrruuuuuuuurrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrru aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnaaaaaaaaaaaannaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnaaa

WWWWWWaaaaaarrarraaaaaaaaaaaarrrra iiiiiiissssiiiiiiiiiiiissssiiissi aasaaassssssssssssaaaas nnannaaaaaaaaaaaannnna SSSSSSeeSeeSSSSSSSSSSSSeeeSemmmmmeeeeeeeeeeeemmmme umuuummmmmmmmuuum llullluuuuuuuuuuuullllu alllaaallllllllllllaaaalajjjjaaaaaaaaaajjjjjaaaaajjjjjjaaaa aajjjaaajjjjjjjjaaaaj ddadddaaaaaaaaaaaaddddda iidiiddddddddddddiiidiiidddd GGGGGGeeGeeGGGGGGGGGGGGeeeeGeooeoooeeeeeeeeeeeeooooeoollolloooooooooooollllo olllooollllllllllllooolooggoggoooooooooooogggggooogiigiiggggggggggggiiiigggiiigg
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHuuuuuuuuuuuuuHHHHHHuuHHHHHHHHuuuuuuuuuuuuuuuuuuuuuuuuuuuuuHHHHHHHHHHHHHHHH bbbbbbbbbbbbbbbbuuuuuuuubbbuuuuuuuubbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbuuuu uuuuuuuuuuuuuuuuuuuuuuuuuuuubbbbbbbuubbbbbbbbuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuubbbbbbbbb nnnnnnnnnnnnnnnuuuuuuuunnnuuuuuuuunnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnu gggggggggggggggggggggggggnnnnnnnnnnnnnngggnnnnnnnnnnnngggggggggggggggggggggggggggnnnnnnnnnnnnnnnnn aaaaaaaaaaaaaaaaaaaagggggaaggggggggaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaggggggggggggannnnnnnnnnnnnnnnnnnnnnnnnnnnnnaaaaaaannaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnaaa ddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddeeeeeeeeddddddeeeeeeddddddddeeeeeeeeeeeeeeeeeeeeedddddddddddddddennnnnnnnnnnnnnnnnnnneeenneeeeeeeennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnne gggggggggggggggggggggggnnnnnnnnnngggnnnnnnnnnnnnggggggggggggggggnnnnnnnnnn aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaggggggggggggggggaaggggggggaaaaaaaaaaaaaaaaaaaggggggannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnaaaaaaaaaaaaaaaannaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnaaa ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffflllllllllfffffllfffffffflllllllllllllllllllllllllllllllllllllllllllllllllllllffffffffffffff oooooooooolllllooooolllllllloooooooooollllllllllllllllllllllllooooooooooorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrorroooooooorrrrrrrrrrrrrrrrroo aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddaaaaaaaaaaaaaaadddddddddddddaaaaddddddddaaaaaaaaaaaaaaaaaaaaaaddddddd nnnnnnnnnnnnnnaaaannaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnaa ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffaaaaaaaaaaaaaaaaaaaaaaaaaaaffffffffffffffffffffffaaaffffffffaaaaaaaaaaaaaaaaaaaaaaaaaaafffffffffffffffffffffffffffffffffffffffaauuuuuuuuuuuuuaaaaauuaaaaaaaauuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuaaaaaaa nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnuuuuunnnuuuuuuuunnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnuu aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnaaannnnnnnnaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

BBBBBBBBaaBBBaaaBBBBBBBBBBBBaaaaaBassssaaaaaaaaaaaaaassssaaasssa isiissssssssssssiiiisssiiissss cciiiccciiiiiiiiiiiiccci NNNNNNNaaNNNaaaNNNNNNNNNNNNaaaaNavvaaavvvaaaaaaaaaaaavvviiiiiiiiggiiigggiiiiiiiiiiiigggggi aagaaggggggggggggaaaagatttaaaatttaaaaaaaaaaaattttiitiiittttttttttttiiitiitttt oiiioooiiiiiiiiiiiiooooioonnonnoooooooooooonnno iiiiiiinninnniiiiiiiiiiiinnni FFFFFooFooFFFFoFFFFooorrorroooooooooooorrro eeeeeessssseeeeeeeeeeeeeeeesssseeessse tttssssttttsssssssssssstttt
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTiiiiiiiiiiiiiiiiiiTTTTTiiTTTTiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiTTTTTTTTTTTTTTTiiiippppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppiiiiiiiippppppppppppppppppppppppppppppppppppppppppppppppppiiiiiiiiiiii ssssssssssssssssssssssssssssssssssssssssssssspppppppppppssppppppppppppsssssssssssssspppppppppppppppppsssssssssssssssssssssssssssspppppppppppppp aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnaaaaaaaannaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnaa dddddddddddddddddddddddddddddddnnnnnnnnnnnndddnnnnnnnnnndddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddnnnnnnnnnnnnnnnnnnd ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttrrrrrrrrrrrrrrrrrrrrrttttttttttrrrttttttttrrrrrrrrrrrrrrrrrrrttttt iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiccccccccccccccciiiiiiiiiiiiccciiiiiiiicccccccccccccccciiiiii kkkkkkkkkkkkkkkkcckkcccccccckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkcccc ssssssssssssssssssssssssssssssskkkkkkkksssssssssskkkkkkkkkksssssssssssssssssssssssssssssssssskkk

1



Oleh
Nurhamimah Zainal Abidin

Pusat Pengajian Biologi, UiTM Cawangan
Negeri Sembilan, Kampus Kuala Pilah, Pekan 

Parit Tinggi, 72000 Kuala Pilah, Negeri 
Sembilan

nnurhamimah@uitm.edu.my

EDITOR: DR. NOR’AISHAH ABU SHAH

Makalah
Akademia

GLANDERS:: SENJATAA 
BIOLOGII DARII HAIWANN 

KEE MANUSIA

Glanders merupakan penyakit jangkitan bakteria
Burkholderia mallei yang sebelumnya dikenali sebagai
Pseudomonas mallei. Bakteria ini kebiasannya menjangkiti
haiwan seperti kuda, keldai, unta, kambing, anjing dan juga
kucing. Namun begitu, pathogen ini bersifat zoonotik di
mana jangkitan tersebut boleh merebak ke manusia juga
apabila mempunyai sentuhan tisu atau cecair yang sudah
dijangkiti. Glanders juga boleh merebak melalui
pengudaraan atau aerosol. Kes sporadik juga pernah
didokumentasi di kalangan doktor veterinari, penjaga kuda
dan pekerja makmal. Transmisi jangkitan dari manusia ke
manusia namun adalah terhad. Jangkitan oleh pathogen B.
mallei ini sama ada di haiwan ataupun di manusia membawa
peratusan kematian yang tinggi iaitu 90% jika tidak dikesan
dari awal dan dirawat. Ciri-ciri sempurna bagi senjata
biologi termasuklah mudah dihasilkan, stabil, dapat
disebarkan melalui semburan dan memiliki peratusan
kematian yang tinggi. Tempoh inkubasi patogen ini adalah
antara 1 sehingga 14 hari.

Glanders pertama kali disebut sebagai salah
satu penyakit jangkitan di kuda sejak beratus
tahun yang lalu oleh Aristotle. Namun
pengenalan B. mallei hanya
didokumentasikan pada 1882 selepas bakteria
di isolasikan dari organ dalaman kuda yang
dijangkiti. Antara simptom jangkitan patogen
ini di kuda, termasuklah pembentukan nodul
dan ulser di laluan pernafasan dan juga paru-
paru haiwan tersebut. Selain itu, jangkitan ini
menyebabkan penyakit kulit haiwan yang
dikenali sebagai ‘farcy’.

Langkah-langkah kawalan
seperti kawalan import 

haiwan dari luar negara dan 
pengesanan jangkitan yang 
efisien. Langkah eliminisasi

haiwan yang dijangkiti
menyebabkan penyakit

glanders ini sudah berjaya
dibendung di Amerika Utara, 
Australia dan juga Eropah. 

Namun, kes sporadik glanders 
juga dilaporkan di beberapa
negara di Asia, Afrika, Timur 
Tengah dan Amerika Selatan 

mengikut laporan ‘World 
Organisation for Animal 

Health’ (WOAH). 

Contohnya, Bahrain memberi notifikasi
pertama kes glanders pada April 2010, dan
jangkitan ini dikesan semula di Brazil pada
tahun 2009. Glanders merupakan salah satu
penyakit yang tersenarai dalam ‘WOAH
Terrestrial Animal Health Code’ dimana
sebarang kes jangkitan harus dilaporkan
mengikut kod WOAH. Setakat ini, belum
ada vaksin untuk merawat penyakit glanders.
Jangkitan glanders pada manusia memiliki
simptom seperti selesema, pneumonia dan
tibi.
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Senjata biologi yang menggunakan ejen oleh tentbiologi
seperti bakteria telah digunakan sejak ribuan tahun lagi
sebagai senjata keganasan (bioterrorisme). Ini
mengakibatkan kemudaratan kepada populasi yang
disasarkan yang terdiri daripada manusia, haiwan mahupun
tumbuhan. Seperti contoh, agen biologi glanders iaitu B.
mallei telah digunakan era Jerman untuk menyebarkan
jangkitan wabak kepada kuda-kuda perang Rusia dalam
Perang Dunia Pertama. Selain B. mallei, ejen biologi yang
lain seperti Bacillus anthracis yang menyebabkan jangkitan
anthrax juga digunakan untuk menyebarkan jangkitan wabak
kepada lebih 4500 ekor lembu dan 200 ekor keldai yang
dieksport ke Rusia. Sejurus kemudian, bilangan jangkitan
glanders pada manusia yang tinggal di Rusia meningkat.
Pada Perang Dunia Kedua, Jepun telah menjalankan kajian
bioterorisme di tahanan penjara dengan beberapa patogen
termasuk B. mallei dan B. anthracis. B. mallei juga
disebarkan untuk menjangkitkan kuda dan juga orang awam
di China dan kesannya, 30% dari kuda yang dikaji didapati
positif glanders. Sejurus kemudian, Kesatuan Soviet juga
berminat untuk menggunakan B. mallei sebagai senjata
biologi. Sebagai tindak balas kepada pembangunan senjata
biologi oleh Jerman dan Jepun, negara-negara lain juga
memulakan program Senjata Biologi. Sebagai contoh,
United Kingdom telah mengadakan ujian lapangan anthrax
di Pulau Gruinard, Scotland dengan menyebarkan spora B.
anthracis dan menjangkiti lebih 80 kambing biri-biri semasa
Perang Dunia kedua.

Penggunaan senjata biologi kini telah
dilarang melalui perjanjian internasional
Protokol Geneva 1925, namun ada negara
yang tidak mematuhi perjanjian tersebut.
Pada 1972, Perjanjian Senjata Biologi telah
ditubuhkan yang melarang pembangunan,
penghasilan dan penyimpanan mikrobes atau
agen biologi yang boleh dijadikan sebagai
senjata biologi. Di masa kini, penghasilan
senjata biologi bermula dengan
penyalahgunaan bioteknologi contohnya
modifikasi genetik agar memiliki kemampuan
menghasilkan toksin atau racun yang
berbahaya dan memenuhi ciri-ciri senjata
biologi seperti stabil, mudah dihasilkan dan
berkesan melalui semburan. Penghasilan ejen
biologi yang memiliki perubahan struktur
dan profil immunologi supaya tidak dikenali
sistem imun tubuh manusia juga menjurus
kepada pembangunan senjata biologi.
Malahan senjata biologi ini dikira juga
sebagai ancaman bukan tentera yang perlu
dipupuk kesedaran di peringkat pertahanan
negara, sektor kesihatan mahupun sektor
pendidikan.
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Gambar 1: Salah satu simtom glanders adalah pembentukan ulser di permukaan kulit haiwan. 
(Sumber: Laman web World Organisation for Animal Health)


