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ABSTRAK 

 Telah dilakukan penelitian Photodynamic Inactivation (PDI) 

menggunakan laser dioda merah dengan kombinasi ozon pada fotosensitizer 

endogen bakteri biofilm Staphylococcus aureus untuk meningkatkan produksi 

oksigen reaktif yang menimbulkan kerusakan biologis bakteri. Studi ini bertujuan 

untuk mempelajari potensial laser dioda merah dengan penambahan ozon untuk 

mengurangi biofilm bakteri gram positif S. aureus yang menyebabkan penyakit 

infeksi di rumah sakit. Metode yang digunakan adalah penyinaran dengan laser 

dioda merah, pemaparan ozon, dan kombinasi laser dengan ozon. Total Plate 

Count (TPC) digunakan untuk mengetahui jumlah koloni sehingga bisa 

mengkonversi nilai OD koloni tersebut menjadi CFU/ml dan perhitungan nilai OD 

dilakukan menggunakan alat ELISA reader. Hasil uji menunjukkan penyinaran 

dengan laser dioda merah selama 40 detik dengan rapat energi 9,87 J/cm² 

ditambah pemaparan ozon secara maksimal mampu untuk mereduksi biofilm 

bakteri S. Aureus sebesar 94,33%. Sedangkan pada perlakuan hanya laser biofilm 

bakteri mampu tereduksi sebesar 76,38 % dan pemaparan ozon mampu mereduksi 

sebesar 64,44%.  

 

Kata kunci: Fotoinaktivasi, Laser Dioda, Staphylococcus aureus, Biofilm. 
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ABSTRACT 

 Research has been done Photodynamic Inactivation (PDI) using red diode 

laser combined with ozone on endogen photosensitizer for Staphylococcus aureus 

biofilm bacteria to increase to production of reactive oxygen that cause biological 

damage on the bacteria. The goal of this research is to study the red diode laser 

potential with ozone to reduce S. aureus positive gram bacteri which is the one of 

the cause for nosocomial infection,. Method that will be used on this research is 

red diode laser irradiation, ozone exposure, and ozone lazer combination. Total 

Plate Count (TPC) is used to count the total of bacteria colony so that we can 

convert OD value of the colony into CFU/ml and the calculation of OD value is 

done by using ELISA reader. The experiment results showed  red diode laser 

irradiation for 40 seconds with energy density of 9,87 J/cm² with ozone exposure 

can maximally reduce S.aureus bacteria biofilm with a death percentage of 

94,33%. Meanwhile with laser irradiation only the bacteria death percentage is 

76,38% and only ozone exposure is able to give a death percentage of 64,44%.  

 

Kata kunci: Fotoinaktivasi, Laser Dioda, Staphylococcus aureus, Biofilm  

 

 

 

 



IR-PERPUSTAKAAN UNIVERSITAS AIRLANGGA 

x 

SKRIPSI EFEK PAPARAN LASER AULIA HAIDAR 

DAFTAR ISI 

LEMBAR PENGESAHAN SKRIPSI ......................................................................... iii 
PEDOMAN PENGGUNAAN SKRIPSI ..................................................................... iv 
SURAT PERNYATAAN TENTANG ORISINALITAS ..........................................�. v 
KATA PENGANTAR ................................................................................................. vi 
ABSTRAK................................................................................................................. viii 

ABSTRACT ..............................................................................................................�� i� 
DAFTAR ISI ................................................................................................................. x 
DAFTAR TABEL .....................................................................................................��xii 
DAFTAR GAMBAR ............................................................................................... ��xiii 
BAB I ............................................................................................................................. 1 
1.1 Latar Belakang ......................................................................................................... 1 
1.2 Rumusan Masalah ................................................................................................... 5 
1.3 Batasan Masalah ...................................................................................................... 5 
1.4 Tujuan Penelitian ..................................................................................................... 5 
1.5 Manfaat Masalah ..................................................................................................... 6 
BAB II TINJAUAN PUSTAKA ................................................................................... 2 
2.1 Sterilisasi ................................................................................................................. 2 
2.2 Photodynamic Inactivation ...................................................................................... 8 
2.2.1 Fotosensitiser Endogen (Porfirin) ......................................................................... 9 
2.2.2 Sumber Cahaya ................................................................................................... 10 
2.2.3 Interaksi Cahaya Terhadap Jaringan................................................................... 13 
2.2.4 Mekanisme Fotosensitisasi ................................................................................. 15 
2.3 Ozon ...................................................................................................................... 18 
2.3.2 Mekanisme Ozon Merusak Mikroorganisme ..................................................... 21 
2.4 Bakteri ................................................................................................................... 22 
2.4.1 Bakteri Staphylococcus Aureus .......................................................................... 23 
2.4.3 Biofilm ................................................................................................................ 24 
2.4.3.1 Mekanisme Pembentukan Biofilm .................................................................. 26 
BAB III ........................................................................................................................�� 
3.1 Waktu dan Tempat Penelitian ...............................................................................�� 



IR-PERPUSTAKAAN UNIVERSITAS AIRLANGGA 

xi 

SKRIPSI EFEK PAPARAN LASER AULIA HAIDAR 

3.2 Alat dan Bahan ......................................................................................................�� 
3.2.1 Alat Penelitian ....................................................................................................�� 
3.2.2 Bahan Penelitian .................................................................................................�� 
3.3 Rancangan Penelitian ............................................................................................ 30 
3.4 Definisi Operasional Variabel ............................................................................... 32 
3.4.1 Waktu Paparan .................................................................................................... 32 
3.4.2 Optical Density ................................................................................................... 32 
3.4.3 Jumlah Koloni Bakteri ........................................................................................ 32 
3.4.4 Kultur Bakteri ..................................................................................................... 32 
3.4.5 Medium TSA ...................................................................................................... 33 
3.5 Prosedur Penelitian ................................................................................................ 33 
3.5.1 Tahap Persiapan .................................................................................................. 34 
3.5.1.1 Karakterisasi Laser Dioda Merah .................................................................... 34 
3.5.1.2. Pembuatan Diagram Standar McFarland ........................................................ 36 
3.4.1.3 Pengkulturan Bakteri dalam Mikroplate ......................................................... 37 
3.5.2 Treatment ............................................................................................................ 38 
3.5.3 Analisis Statistik ................................................................................................. 38 
3.5.4. Analisis .............................................................................................................. 39 
BAB IV ........................................................................................................................ 30 
4.1 Hasil Penelitian ...................................................................................................... 30 
4.1.1 Karakterisasi Sumber Cahaya ............................................................................. 30 
4.1.2 Konsentrasi sumber ozon.................................................................................... 43 
4.1.3 Hasil Uji Standar Mc Farland dan Standar Pengenceran Bakteri 

Staphylococcus aureus ................................................................................................ 43 
4.1.4 Hasil Analisis Perlakuan Biofilm Bakteri Staphylococcus aureus ..................... 44 
4.2 Pembahasan ........................................................................................................... 47 
BAB V ......................................................................................................................... 53 

5.1 Kesimpulan ............................................................................................................ 53 

5.2 Saran ...................................................................................................................... 53 

DAFTAR PUSTAKA .................................................................................................. 54 
LAMPIRAN ................................................................................................................ 60 



IR-PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

xii 
 

SKRIPSI EFEK PAPARAN LASER AULIA HAIDAR 

 

DAFTAR TABEL 

 

2.1   Komponen Biofilm      25 

4.1    Rapat Energi Keluaran Laser Dioda   42 

4.2    Konsentrasi Ozon     43 

4.3    Tabel Hasil Analisis Statistik     46 

4.4    Penelitian fotodinamik inaktivasi bakteri S. aureus 50 

 

 

 

 

 

 

 

  



IR-PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

xiii 
 

SKRIPSI EFEK PAPARAN LASER AULIA HAIDAR 

 

DAFTAR GAMBAR 

 

2.1    Diagram Jablonski      9 

2.2   Bahan Pembentukan Laser    10 

2.3    Sifat Cahaya Laser     11 

2.4   Pemetaan Interaksi Cahaya dengan Jaringan  15 

2.5   Jalur fotokimia     17 

2.6   Dinding sel bakteri      18 

2.7    Pembentukan ozon proses tumbukan   20 

2.8   Prinsip alat pembangkit ozon    20 

2.9    Ilustrasi pembentukan ozon secara parsial  21 

2.10   Struktur dinding sel bakteri gram positif  23 

2.11   Siklus biofilm      28 

3.1    Skema Definisi Operasional Variabel   31 

3.2    Diagram alir penelitian    32 

3.3    Skema Tahap Perlakuan    33 

3.4    Skema karakterisasi temperatur   34 

3.5    Skema karakterisasi intensitas cahaya laser  34 

4.1    Karakterisasi Panjang Gelombang Laser Dioda 40 

4.2    Karakterisasi Intensitas terhadap Waktu  41 

4.3    Karakterisasi Temperatur terhadap Waktu  42 

4.4    Kurva McFarland     43 

4.5    Penurunan Viabilitas Biofilm Bakteri S. aureus 44 



IR-PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

xiv 
 

SKRIPSI EFEK PAPARAN LASER AULIA HAIDAR 

4.6    Perbandingan Presentase Reduksi    45 

4.7    Ilustrasi Mekanisme Pertumbuhan Biofilm   47 

4.8    Ilustrasi Mekanisme Inaktivasi pada Treatment 48 

4.9    Perbandingan Dinding Sel Jenis Bakteri  49 

 

 

 

   


