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LAMPIRAN
Lampiran 1. Data Stabilitas Uji Kinerja Daya LED 100 mW
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No. Waktu Daya LED Daya LED No. Waktu Daya LED Daya LED
(s) Merah Biru (s) Merah Biru
1 10 107,50 100 34 340 97,56 98
2 20 115,09 107 35 350 116,87 107
3 30 87,03 96 36 360 99,38 101
4 40 109,37 105 37 370 89,01 94
5 50 99,38 100 38 380 93,25 92
6 60 85,56 94 39 390 116,77 104
7 70 94,19 91 40 400 92,50 100
8 80 100,00 99 41 410 96,95 97
9 90 96,97 96 42 420 96,95 98
10 100 113,75 101 43 430 111,80 101
11 110 90,86 95 44 440 98,56 93
12 120 92,57 97 45 450 89,94 95
13 130 98,77 98 46 460 109,82 106
14 140 93,83 97 47 470 98,77 99
15 150 92,57 99 48 480 99,38 100
16 160 113,66 109 49 490 111,87 106
17 170 91,93 90 50 500 119,37 105
18 180 92,00 97 51 510 113,58 107
19 190 99,39 100 52 520 94,67 94
20 200 86,96 94 53 530 89,94 94
21 210 99,38 99 54 540 92,53 96
22 220 98,17 97 55 550 97,55 98
23 230 98,77 98 56 560 97,56 99
24 240 114,29 101 57 570 120,13 106
25 250 96,97 96 58 580 98,77 99
26 260 114,37 111 59 590 115,00 105
27 270 99,38 90 60 600 119,37 107
28 280 98,76 99 61 610 90,91 95
29 290 117,88 107 62 620 101,25 100
30 300 99,38 93 63 630 98,15 100
31 310 100,00 100 64 640 109,32 100
32 320 87,98 95 65 650 118,12 108
33 330 97,56 97 66 660 98,14 100




Lanjutan Tabel 1

No. Waktu Daya LED Daye_i No. Waktu Daya LED Daya_ LED
(s) Merah LED Biru (s) Merah Biru
67 670 91,93 99 100 1000 115,19 108
68 680 100,62 107 101 1010 95,83 101
69 690 89,39 93 102 1020 113,04 108
70 700 116,25 108 103 1030 109,37 104
71 710 99,38 100 104 1040 85,64 94
72 720 98,15 96 105 1050 95,81 93
73 730 91,93 97 106 1060 120,14 114
74 740 99,38 98 107 1070 100,62 100
75 750 90,91 92 108 1080 111,87 114
76 760 98,76 100 109 1090 98,15 99
77 770 98,77 99 110 1100 89,44 101
78 780 91,53 97 111 1110 83,77 93
79 790 106,87 108 112 1120 97,55 98
80 800 108,70 104 113 1130 87,91 93
81 810 106,25 101 114 1140 111,87 112
82 820 114,19 108 115 1150 116,87 108
83 830 86,89 97 116 1160 110,49 104
84 840 96,43 102 117 1170 116,25 108
85 850 110,62 105 118 1180 83,77 93
86 860 115,00 109 119 1190 112,42 106
87 870 114,37 109 120 1200 99,38 100
88 880 98,77 100 121 1210 107,55 114
89 890 91,43 95 122 1220 118,75 104
90 900 99,38 100 123 1230 95,81 91
91 910 89,39 95 124 1240 108,81 108
92 920 88,40 94 125 1250 115,09 108
93 930 94,08 94 126 1260 93,57 90
94 940 113,75 113 127 1270 113,21 104
95 950 93,57 92 128 1280 92,49 96
96 960 111,32 104 129 1290 98,76 100
97 970 113,66 105 130 1300 94,67 91
98 980 89,39 95 131 1310 100,00 99
99 990 95,29 90 132 1320 109,37 104

37



Lanjutan Tabel 1

No. Waktu Daya LED Daya LED No. Waktu  Daya LED Daya LED
(s) Merah Biru (s) Merah Biru
133 1330 112,27 111 166 1660 112,58 107
134 1340 98,76 99 167 1670 90,40 95
135 1350 100,00 100 168 1680 90,40 95
136 1360 110,00 101 169 1690 93,10 105
137 1370 87,03 93 170 1700 99,38 99
138 1380 110,00 106 171 1710 98,77 99
139 1390 123,75 106 172 1720 98,77 99
140 1400 91,93 101 173 1730 109,37 106
141 1410 96,39 95 174 1740 94,41 95
142 1420 91,43 96 175 1750 84,82 94
143 1430 97,56 96 176 1760 116,87 109
144 1440 93,06 95 177 1770 110,49 104
145 1450 98,16 98 178 1780 96,39 96
146 1460 119,50 107 179 1790 81,99 99
147 1470 129,38 107 180 1800 87,29 96
148 1480 98,16 99 181 1810 111,87 107
149 1490 127,94 103 182 1820 89,44 99
150 1500 92,09 95 183 1830 91,43 96
151 1510 106,87 102 184 1840 99,38 96
152 1520 112,84 107 185 1850 113,21 105
153 1530 108,75 108 186 1860 100,62 96
154 1540 98,77 99 187 1870 99,38 101
155 1550 102,50 106 188 1880 118,87 107
156 1560 85,56 95 189 1890 90,68 98
157 1570 109,88 107 190 1900 91,36 87
158 1580 95,27 100 191 1910 108,70 104
159 1590 87,98 96 192 1920 100,00 99
160 1600 87,50 95 193 1930 97,56 96
161 1610 104,97 100 194 1940 91,93 100
162 1620 114,81 105 195 1950 104,35 101
163 1630 100,00 100 196 1960 115,00 107
164 1640 97,59 104 197 1970 95,65 96
165 1650 85,00 100 198 1980 94,77 102
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Lanjutan Tabel 1

No. Waktu Daya LED Dayz_i LED No. Waktu  Daya LED Daye_l LED
(s) Merah Biru (s) Merah Biru
199 1990 98,39 94 233 2330 95,81 95
200 2000 90,06 97 234 2340 91,25 101
201 2010 98,16 96 235 2350 99,38 98
202 2020 113,75 107 236 2360 87,85 95
203 2030 100,00 99 237 2370 106,87 105
204 2040 112,50 105 238 2380 85,11 99
205 2050 86,02 90 239 2390 89,44 99
206 2060 99,38 93 240 2400 99,38 100
207 2070 97,55 98 241 2410 100,00 99
208 2080 101,86 100 242 2420 110,62 104
209 2090 88,89 87 243 2430 91,43 98
210 2100 112,84 108 244 2440 115,72 107
211 2110 99,38 99 245 2450 101,87 107
212 2120 92,05 99 246 2460 126,42 107
213 2130 104,97 100 247 2470 99,38 99
214 2140 99,38 99 248 2480 110,56 105
215 2150 98,77 97 249 2490 103,70 101
216 2160 98,77 99 250 2500 89,39 97
217 2170 98,16 98 251 2510 93,02 97
218 2180 102,50 108 252 2520 98,16 98
219 2190 91,48 95 253 2530 116,25 109
220 2200 111,87 107 254 2540 91,43 97
221 2210 96,25 96 255 2550 102,50 100
222 2220 107,45 106 256 2560 99,38 100
223 2230 98,77 99 257 2570 91,43 95
224 2240 87,50 94 258 2580 96,91 100
225 2250 110,00 107 259 2590 96,97 95
226 2260 98,16 99 260 2600 104,49 106
227 2270 112,50 111 261 2610 100,00 97
228 2280 98,77 99 262 2620 110,00 104
229 2290 99,39 105 263 2630 99,38 99
230 2300 112,50 105 264 2640 110,56 107
231 2310 113,12 116 265 2650 98,16 98
232 2320 98,16 98 266 2660 92,50 97
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Lanjutan Tabel 1

No. Waktu Daya LED Daye} LED No. Waktu Daya LED Daya_ LED
(s) Merah Biru (s) Merah Biru
267 2670 82,50 101 299 2990 99,38 108
268 2680 99,38 100 300 3000 90,29 110
269 2690 90,40 91 301 3010 107,61 110
270 2700 100,00 100 302 3020 92,50 97
271 2710 98,78 101 303 3030 98,76 99
272 2720 92,03 95 304 3040 97,53 100
273 2730 96,83 98 305 3050 95,00 99
274 2740 94,08 95 306 3060 93,64 95
275 2750 92,49 92 307 3070 91,93 100
276 2760 109,87 106 308 3080 99,38 99
277 2770 96,39 95 309 3090 108,70 107
278 2780 90,91 96 310 3100 97,55 98
279 2790 98,55 108 311 3110 92,44 93
280 2800 95,21 92 312 3120 106,87 104
281 2810 90,91 100 313 3130 98,76 100
282 2820 98,51 100 314 3140 87,43 95
283 2830 96,97 93 315 3150 109,32 102
284 2840 98,16 97 316 3160 115,00 107
285 2850 97,56 99 317 3170 94,41 90
286 2860 86,49 93 318 3180 97,55 99
287 2870 96,00 110 319 3190 91,43 96
288 2880 100,63 96 320 3200 108,75 108
289 2890 88,40 94 321 3210 100,62 100
290 2900 87,43 97 322 3220 89,44 99
291 2910 87,98 94 323 3230 99,38 99
292 2920 99,38 97 324 3240 94,15 99
293 2930 99,38 99 325 3250 113,51 108
294 2940 83,95 99 326 3260 108,92 103
295 2950 89,44 99 327 3270 100,62 101
296 2960 87,91 96 328 3280 98,14 99
297 2970 94,35 112 329 3290 111,87 105
298 2980 98,00 100 330 3300 95,21 94
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Lanjutan Tabel 1

No Waktu Daya LED DayalLED

(s) Merah Biru
331 3310 98,15 98
332 3320 97,56 97
333 3330 98,16 98
334 3340 85,48 92
335 3350 100,62 101
336 3360 95,81 94
337 3370 94,91 90
338 3380 98,16 99
339 3390 98,77 97
340 3400 107,89 118
341 3410 107,50 101
342 3420 100,00 100
343 3430 109,37 107
344 3440 110,56 104
345 3450 111,80 115
346 3460 98,15 99
347 3470 100,00 99
348 3480 98,77 99
349 3490 95,21 94
350 3500 98,76 99
351 3510 98,18 96
352 3520 106,53 110
353 3530 96,36 94
354 3540 114,37 105
355 3550 101,85 98
356 3560 88,52 95
357 3570 87,36 95
358 3580 106,87 108
359 3590 92,50 98
360 3600 109,21 105
Rata-Rata 100,24 99,98

ST Deviasi 9,32 5




Lampiran 2. Data Spektrum Uv-Vis AQNPs-MO, MO, dan Control AgNOs
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No Panjang AgNPs- Panjang MO Panjang Control
gelombang (nm) MO gelombang (nm) gelombang (nm)  (AgNOs;)
1 300 1,047 300 0,671 300 0,728
2 310 0,735 322 1,095 310 0,384
3 324 0,494 346 1,437 334 0,326
4 330 0,48 355 1,698 344 0,319
5 340 0,63 365 1,875 350 0,302
6 350 0,903 373 1,984 363 0,299
7 360 1,106 379 2,121 372 0,281
8 370 1,267 390 2,353 387 0,277
9 380 1,47 398 2,476 395 0,262
10 390 1,663 400 2,497 409 0,259
11 400 1,88 405 2,555 417 0,253
12 410 2,021 415 2,629 423 0,234
13 425 2,153 419 2,657 425 0,226
14 433 2,201 425 2,659 430 0,219
15 436 2,212 440 2,547 436 0,217
16 440 2,214 450 2,381 441 0,203
17 445 2,193 462 2,074 445 0,198
18 450 2,123 467 1,938 454 0,192
19 455 2,054 478 1,601 465 0,185
20 464 1,823 500 0,873 475 0,179
21 476 1,556 510 0,572 480 0,162
22 490 1,28 526 0,549 485 0,152
23 500 1,04 534 0,543 504 0,145
24 510 0,843 552 0,505 516 0,138
25 520 0,686 563 0,514 527 0,123
26 530 0,564 590 0,519 535 0,116
27 540 0,407 598 0,825 552 0,098
28 550 0,386 600 0,958 568 0,072
29 560 0,329 610 1,212 574 0,051
30 570 0,284 611 1,333 590 0,023
31 580 0,298 622 1,574 600 0,000
32 590 0,278 625 1,652 610 0,000
33 600 0,263 630 1,732 615 0,000
34 610 0,242 635 1,754 620 0,000
35 620 0,223 640 1,749 630 0,000
36 630 0,214 645 1,622 640 0,000
37 640 0,211 655 1,386 650 0,000
38 650 0,209 663 1,177 660 0,000
39 660 0,196 670 0,856 665 0,000
40 670 0,185 675 0,654 670 0,000
41 680 0,177 680 0,439 680 0,000
42 690 0,164 690 0,321 690 0,000
43 700 0,152 700 0,299 700 0,000




Lampiran 3. Hasil Pemeriksaan FTIR

Sampel 1 (AgNPs-MO)
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Sampel 2 (MO Ekstract)
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1 |372.28 |84.687 |2.780 |378.05 345.26 1.486 0.323
2 54505 73.005 0120 547.78 370.08 17.678 0.784
3 567,83 72361 2384 634 58 54071 11.342 0.554
4 Igﬁﬂ.ﬂ] 75.175 |1.485 |752.24 |638.51 11.452 0.811
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14 2164.13 0.141 2184.80 2007.8 0.671 0.086
15 2372.44 1.858 230550 2353.18 0.222 0.161
16 2436.08 D.857 2586.54 2305.58 0.628 0.154
17 2626.84 0.034 2606.48 2648.34 0.042 0.003
18 2785.21 0.837 2706.78 2754.35 0.058 0.076
19 2852.72 7.000 2868.15 2708.78 2674 0.83
20 2022 16 12.358 2089.21 2870.08 12.644 4.041
21 3412.08 37.218 3670.54 3001.24 108.537 85.017

Lampiran 4. Hasil Perhitungan Ukuran Kristal AQNPs-MO berdasarkan Rumus

Debye-Scherrer

p=_K4_
P cosf

Keterangan:

D = ukuran kristal

K = faktor bentuk dari kristal (0,9)

A = panjang gelombang dari sinar-X (1,54056 A)

B = nilai dari Full Width at Half Maximum (F\WHM) (rad)
6 = sudut difraksi (derajat)

Posisi Puncak FWHM Ukuran Kristal (nm)
37,733 0,394 20,776
43,995 0,336 23,843
64,283 0,504 14,544

Rata-rata ukuran AgNPs = 19,721
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Lampiran 5. Struktur morfologi dan data ukuran partikel pada SEM

No Length (nm)
1 10,00
2 19,11
3 13,04
4 14,32
5 10,00
6 18,00
7 13,04
8 14,87
9 9,22

10 12,08
11 9,85
12 11,00
13 13,00
14 13,42
15 7,07
16 10,20
17 7,07
18 10,44



Lanjutan Tabel 5

No. Length (nm)
19 13,00
20 15,97
21 14,21
22 9,06
23 10,20
24 14,00
25 14,04
26 10,30
27 19,03
28 13,00
29 16,00
30 13,93
31 32,00
32 22,36
33 18,11
34 12,00
35 14,14
36 8,94
37 18,97
38 12,65
39 16,13
40 18,00
41 10,20
42 17,89
43 13,45
44 10,44
45 13,93
46 17,12
47 17,80
48 13,34
49 11,40
50 11,18
51 22,14
52 15,81
53 21,21
54 17,21

Rata-rata partikel =

14,16
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Lampiran 6. Data nilai OD Pengujian XTT Assay
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Lama ODg0nm * SD
No. Penyinaran
(s) LED Merah LED Biru PS + LED Merah PS + LED Biru
1 60 0,588+0,002 0,487+0,001 0,285+0,001 0,252+0,001
2 120 0,556+0,003 0,427+0,001 0,246+0,001 0,236+0,001
3 180 0,462+0,001 0,418+0,002 0,231+0,003 0,216+0,002
4 240 0,396+0,002 0,364+0,003 0,216+0,002 0,198+0,001
5 300 0,361+0,002 0,347+0,002 0,172+0,002 0,167+0,002
Lampiran 7. Data Inaktivasi Biofilm C. albicans
Lama % Inaktivasi  SD
No. Penyinaran - .
(s) LED Merah LED Biru PS + LED Merah  PS + LED Biru
1 60 18,529+0,607 32,531+0,332 60,489+0,182 65,064+0,273
2 120 22,874+0,119 40,849+0,362 65,896+0,164 67,329+0,104
3 180 35,951+0,281 42,051+0,474 68,159+0,531 70,008+0,355
4 240 45,101+0,253 49,491+0,524 70,009+0,279 72,551+0,127
5 300 50,046+0,175 51,848+0,309 76,201+0,376 76,801+0,322

Lampiran 8. Data absorbansi sampel hasil pengujian TBARS assay

ODs32nm *+ SD

No. Lama Penyinaran (s) - -
LED Merah LED Biru PS + LED Merah  PS + LED Biru
1 60 0,047+0,001  0,054+0,003 0,191+0,002 0,208+0,002
2 120 0,049+0,001  0,058+0,002 0,185+0,002 0,227+0,003
3 180 0,053+0,001 0,062+0,001 0,212+0,002 0,279+0,002
4 240 0,057+0,001  0,064+0,001 0,203+0,002 0,306+0,003
5 300 0,061+0,002 0,064+0,002 0,233+0,001 0,332+0,001
Lampiran 9. Data MDA Level
No. Lama Penyinaran Kadar MDA (nmol/ml) £ SD
(s) LED Merah LED Biru PS + LED Merah ~ PS + LED Biru

1 60 1,325+0,002 1,336+0,004 1,551+0,003 1,577+0,003
2 120 1,328+0,002 1,341+0,003 1,541+0,003 1,608+0,004
3 180 1,334+0,002  1,348+0,002 1,584+0,003 1,688+0,002
4 240 1,340+0,002  1,351+0,002 1,569+0,003 1,731+0,005
5 300 1,347+0,003  1,353%0,004 1,617+0,002 1,772+0,002




Lampiran 10. Surat Keterangan Pembimbing
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Abstract

Green synthesis of silver nanoparticles using Moringa oleifera (AgNPs/MO) was carried ouf to
produce nanoscale antifungal agents which are used as photosensitizing agents in photoantimicrobial
therapy. This study focused on investigating the potential of AgNPs/MO producing some toxic radical
compounds that inhibit the growth of Candida albicans biofilms. The inhibition mechanism uses the
principle of photoinactivation treatment which combines a photosensitizer with an LED light source at a
power of 100 mW for 60 - 300 s of exposure. Quantitative data analyzed were the number of viable cells
and radical compounds. formed by malondialdehyde (MDA) level. It is investigated through
staining the XTT (2.3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide) and
TBARS (Thiobarbituric Acid Reactive Substances). The results show that the maximum wavelength of
AgNPs is 440 nm while the Moringa oleifera has 2 peaks at 425 and 635 nm. The maxinmm effect occurred
in the group of photosensitizer AgNPs/MO combined LED with percentage inactivation about 76.80 % for
blue LEDs and 76.20 % for red LEDs. The group of LED irradiation without photosensitizer obtained about
51.85 % for blue LEDs and 50.04 % for red LEDs. The MDA level group of AgNPs/MO combined LED
also produced MDA levels of 1.772 nmol/mL for blue LED and 1.617 nmol/mL for red LED. Meanwhile.
the application of photoantimicrobial nsing only LEDs produced MDA levels of only 1.353 nmol/mL for
blue LEDs and 1.347 nmol/mL for red LEDs. This research has shown that the green synthesis of
AgNPs/MO has a good potential to inhibit the growth of Candida albicans biofilms as a photosensitizer

agent.

Keywords: Photoantimicrobial. Green synthesis, Silver nanoparticles, Moringa oleifera. Candida albicans
biofilms, LED light
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Introduction

Infections friggered by pathogenic microbes, including the fungus Candida albicans (Candida
albicans), severely threaten human health [1]. It is known as the most common pathogen that causes
infections of the oral and vaginal mucosa, which accounts for 90 % of candidiasis cases [2.3]. The
fungus Candida albicans can form a more rigid and thick biofilm due to the presence of p-glucan, which is
antimicrobial-resistant [4]. Biofilm is a microbial community of cells attached to a tissue/substrate surface
covered by an extracellular polymeric substance (EPS) matrix that leaves persistent cells. Cells from
Candida biofilms can detach and spread throughout the host and invade new sites of infection [5]. Long-
term conventional treatment with antibiotics can result in potential health risks, such as drug resistance [6].
Therefore, photoantimicrobial were developed as alternative light-based treatments that can penetrate
transparent materials such as biofilms and prevent the emergence of resistance.

Photodynamic therapy (PDT). also known as photoantimicrobial mechanism [7]. is an alternative
mechanism for dealing with biofilms. A therapeutic system that utilizes the activation of photosensitizer
(PS) by light at certain wavelengths. Together with oxygen. it produces various reactive oxygen species.
such as singlet oxygen, which is very toxic. This cytotoxic product inferacts with cell components,
especially proteins. membrane lipids and nucleic acids. causing permanent damage to microorganism cells
and even death. According to the Jablonski diagram. the photoantimicrobial mechanism involves 3 activity
processes: Photophysical, photochemical and photobiological processes. Photophysical activity consists of
the absorption of light energy at certain wavelengths, which causes the excitation of PS* molecules from
the lowest energy level to the excitation level (Sp— S1) or (Sp— S2). PS* molecules can return to the
ground state (Eg) after experiencing vibrational relaxation and internal conversion down to the singlet
ground level (S10) and emit fluorescence. Another possibility, PS* can undergo conversion to the triplet
excitation energy level (S; — T) and carry out a chemical reaction with oxygen molecules to form ROS
compounds. PS molecules that are stable at the friplet level return to their ground state by releasing energy
in the form of phosphorescence emissions. The release of energy at the triplet level is carried out by PS
molecules in 2 ways: Electron transfer to form radical compounds and energy transfer to form singlet
oxygen [5.8.9]. Mechanism of photoantimicrobial shown in Figure 1.

Some research that applies PDT development can be carried out through PS engineering. ranging
from synthetic agents. crunde exfracts, to green nanoparticle synthesis. Research in the field of
nanotechnology plays an active role in the field of modern science and technology. Improved material
properties through nanoscale size provide better functionality [10]. Nanomaterials can penetrate a variety
of microbial mechanisms, including direct damage to cell walls and membranes [11]. These metal-based
nanoparticles interact with cell membranes. thereby disrupting the electron fransport chain, permeability
and respiratory fimction of cells. These nanoparticles also destroy bacterial DNA and proteins with the
release of metal ions and the formation of reactive oxygen species (ROS) [12-14]. Photoantimicrobial
mechanism against Candida albicans biofilms which are damaged. especially in the cell walls of the lipid

layer and produce malondialdehyde compounds as shown in Figure 1.
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Figure 1 Moditied photoantimicrobial system adapted from [51].

Photoantimicrobial system that consists of 3 processes: Photophysical process (absorption and
excitation), photochemical process (chemical reaction to produce a radical compound) and photobiological
process (toxicity of target cells by ROS which causes cell damage or bacterial death). The mechanism of
each process involves attracting PS electron molecules to transition to the triplet level and then interacting
with oxygen molecules around the target. Photochemistry causes the production of radical compounds
through complex chemical reactions such as ROS which are reactive and very toxic. thus initiating cell
death. The photobiological process is the occurrence of cell damage to the cell wall and other cell
organelles. The process of microbial cell damage (Figure 1) due to attack by ROS compounds, especially
on cell walls that contain lipids. Disruption of the lipid structure in the cell wall is called lipid peroxidation,
namely damage to the structure and function of the cell membrane which will then oxidize proteins and
damage nucleic acids (DNA). Rapidly reactive cell organelles such as DNA, cell membranes and nucleic
acids will disrupt cell genetic function and cause cell death [51].

Ag metal or Ag ions are used in various treatments for dental materials. water treatment. textile
fabrics, sunscreen lotions, burn wound treatment. etc. This material has high thermal stability and little
toxicity to human cells [15-17]. Agis considered to have effective antifungal, antimicrobial and anticancer
effects against various nanoscale pathogens [18]. Cwrently. nanoparticle production is developed through
3 methods: Chemical. physical and “green” routes, which involve the use of biological reducing agents,
including plant extracts and microbial filtrates. The first 2 methods. namely chemical and physical, are
often expensive and produce toxic by-products, but the green nano synthesis method has been recognized
as a cheap and environmentally friendly process. For these reasons, interest in green synthetic metal
nanoparticles is increasing [16,19]. Astuti ef al. [20] research on antifungal agents using silver nanoparticles
activated by a diode laser light source succeeded in reducing around 64.48 = 0.07 % of Candida albicans
biofilm [20] .

Moringa oleifera (MO) [21.22] is a plant that is often used in traditional medicine systems. MO acts
as a circulatory and cardiac stimulant. MO is an excellent source of flavonoids, phenolic acids. methionine.
antioxidant vitamins, cysteine, tocopherol. calcium. [-carofene, potassium. alkaloids. saponins. tannin,
steroids metabolite and protein [23.24]. Research conducted by Bindhu ef al. [25] proved that MO flowers
are capable of producing silver nanoparticles which are quite stable in solution. The silver nanoparticles
formed show considerable antimicrobial activity compared to other antibiotics so the green synthesis of
silver nanoparticles using MO has been proven to be a potential candidate for medical applications [25].

The wavelength of light in the photoantimicrobial mechanism is a very important component in the
production of ROS. where the light provided must be safe for host cells (humans). LEDs are light sources
that originate from a semiconductor voltage. causing charge injection and light emission. LEDs are cheap.
small. flexible and lightweight. The emission wavelengths of available LEDs cover the majority of PS. so

LEDs can be selected to match the PS absorption and used without filters [26.27]. Santos ef al. [28]
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conducted research on the application of response surface methodology to evaluate photodynamic
inactivation mediated by Eosin Y and 530 nm LEDs against Staphylococcus aureus bacteria. Huang ef al.
[1] conducted research on the irradiation of halogen/nitrogen-doped graphene polymer quantum dot LEDs
triggering photodynamic inactivation of bacteria in infected wounds. An ideal light source should provide
high output power at the wavelengths required for PS activation. Some research says the infensity of the
light source that is suitable for photoantimicrobial in fungi is in the range of 10 to 100 mW/cm? [29.30].
Research related to photoantimicrobial has reported significant success when using organic PSs such
as methylene blue, malachite green, toluidine blue O, 5-ATA and synthetic AgNPs. Other research relies
on medicinal plant extracts that produce chlorophyll. curcumin and pheophytin as natural photosensitizing
agents. The combination of the potential of medicinal plant extracts with the synthesis of nano silver
through green synthesis has also been widely reported as an inhibitor of the growth of microorganisms but
not much research has been developed that applies green synthesis as a PS in killing pathogenic microbes.
This research combines the synthesis of AgNPs with MO leaf plant extract which aims to optimize the
potential of natural ingredients with nanoparticle materials so as to further increase the effectiveness of
photoantimicrobial mechanisms. The microbial test sample used in this research is Candida albicans

biofilm and the light source for illumination was red and blue LEDs.

Materials and methods

Material

Candida albicans cell cultures were obtained from the Indonesian Muslim University’s labotatory
collection (South Sulawesi. Indonesia). Silver Nitrate (AgNOs) from Sigma-Aldrich Chemical Pvt. Ltd.
Moringa oleifera (MO) leaf extract is used as a reducing agent in green synthesis. XTT (2.3-Bis-(2-
Methoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide) formation salt 1 mg/mL as a cell
viability dye. Menadion 10 mg/mL. Trichloroacetic acid (TCA) 20 % and Thiobarbituric Acid (TBA) 0.67
% from Merck as a TBARS dye for testing Malondialdehyde (MDA) levels. Red LEDs (620 nm) and blue

LEDs (450 nm) light source based on a microcontroller system was used in this research.

Research method

This research method starts from preparing green synthesis AgNPs/MO extraction, preparing Candida
Albicans biofilm. characterization of AgNPs/MO (UV-Vis spectrum test, FTIR and clear zone test), then
the samples are given photoantimicrobial treatment based on treatment groups (PS combined LED or LED
only). The next stage is to test the success of the photoantimicrobial treatment based on cell viability test

using the XTT assay staining and the value of MDA levels through the TBARS staining fest.

The extraction of AgNPs/MO

AgNPs/MO is a photosensitizer agent applied to the photoantimicrobial mechanism in this research.
This material is formed from a green synthesis process. AgNOs; was reduced using MO extract to become
AgNPs which are shown in Figures 2(a) and 2(b). About 150 g of MO leaves were macerated with 750
mL of methanol:petroleum ether (3:7; v/v) solvent. Maceration was carried out in dark conditions or the
bottle was covered with aluminum foil for 2x24 h. Next. it was partitioned with diethyl ether:petroleum
ether solvent to separate carotene pigments from chlorophyll pigments.

To prepare the green synthesis of AgNPs/MO. about 0.017 g of Silver Nitrate (AgNQ3) powder was
dissolved in 100 mL of distilled water to make a 1 mM AgNO; solution [31]. A total of 10 mL MO

chlorophyll extract was added to 90 mL. AgNOs solution until the color of the solufion changed from clear
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to reddish brown. The indication of the formation color change in the AgNOj; solution to reddish brown
color indicates the formation of AgNPs/MO [32].

Biofilm Candida albicans preparation

To prepare the biofilm. one of Candida albicans culture that has been rejuvenated is diluted in 10 mL
of BHI-B media then vortexed and incubated for 24 h to form inocula. The harvested inocula was placed
in an Eppendort and then centrifuged at 4 °C. 10.000 rpm for 15 min until pellets were formed. Next. the
pellets were dissolved in sterile PBS to measure their turbidity with an OD value of 0.729 (detection i
transmission = 600 nm) or the equivalent of 0.5 Mc. Farland. About 500 uL aliquots of Candida albicans
were planted in Eppendorf tubes and then incubated for 90 min. After that. the tubes were washed with
sterile PBS to remove cells that weren’t attached to the tube wall. Added 500 pL of BHI-B glucose 8 %
then incubated for 48 h to get the optimum biofilm before testing. After that. the sample’s fluid were
removed, leaving a biofilm attached to the tube wall. The oxygen was flowed into the Eppendorf well for
30 s for each sample, then stored for 15 min in a closed chamber to increase the chance of a reaction between
compound radicals, or ROS and molecules of oxygen during the irradiation process. Then 500 uL of PS
AgNPs/MO was added to the tube and incubated at 37 °C for 60 min to maximize the potency of PS. The

illustration of the biofilm preparation before the photoantimicrobial mechanism is shown in Figure 2(c).
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Figure 2 Stage of preparation: (a) MO chlorofil extract. (b) green synthesis of AgNPs/MO as a PS and (c)
Candida albicans biofilm.

Characterization of AgNPs/MO

UV-Vis spectral analysis

The UV-Vis spectrum test was used to characterize the green synthesis results of AgNPs/MO using a
UV-Vis spectrophotometer in the wavelength range 300 - 700 nm. The spectrum observation is used to
measure the maximum absorption of AgNPs/MO in the wave length range. This absorbance value is used
to determine the percentage of intensity that can be absorbed by AgNPs/MO.
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FTIR (Fourier Transform Infrared) spectroscopy analysis

FTIR used to analyze the function groups of the green synthesis results of AgNPs/MO. The
characterization of the FTIR shows the silver nanoparticles spectrum of the AgNOs; synthetic result that
reacts with the extract of Moringa oleifera. This characteristic reveals the bond of any compound contained
in the PS [33]. This FTIR analysis is tested in the range 400 to 4.000 cm ™.

Photoantimicrobial procedure

The LEDs instrument of irradiation in this research uses a time variation of 1 to 5 min of irradiation
using 100 mW power with a 3 cm distance from the sample to the LEDs light. This instrument 1s shown in
Figure 3(a).

Before the sample was irradiated, 500 pL of AgNPs/MO was added to the wells and incubated for 60
min. The procedure of the irradiation process on the photoantimicrobial as shown in Figure 3(b).

jv-a-)- T D)
| Blue LED €—— —> RedLED

-~
-

~

Panel Display
Power

= Tuning Dial | adding 500 uL
LEDs Instrument AgNPs/MO

Irraciation biofim jonly
ilumination groups: with LEDs

Figure 3 Photoantimicrobial procedure: (a) the LEDs instrument and (b) the process of irradiation.

The function of the tuning dial (Figure 3) is to adjust the power output and time that we set on the
instrument. The panel display shows the value of the power output and time variation. During the process
of irradiation. the cover of the instrument was closed to prevent another light source from entering the room.
This irradiation process produces energy that is absorbed by PS which produce radical compounds that can
damage the cells. The energy that was absorbed from the LEDs was calculated by using equations:

P
ILep =7 @
[absorbed = %0(Absorbance) X Iy gp 2)
E= labsurbed Xt (3)

With “%(Absorbance)” is the percentage of photon absorbs of AgNPs/MO at wavelength of 450 and
620 nm according to the LED specification of LED light used in this research. “Tipsorbed”” is LED Intensity
absorbed by AgNPs/MO (unit: W/cm?) suitable for each wavelength. “Trzp” is the Intensity of each LED
which was measured using a luxmeter (unit: W/cm?). Other symbols: “P” is the output power of the light
source (unit: W), “t” is the irradiation time (unit: s). “A” is the beam area of the light source (unit: cm?),
and “E” is the energy of the flux light (J/cm?) [30.34.35]. The design of treatment groups in this research is

shown in Table 1.
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Table 1 Design of treatment groups.

No. Group treatment Description
1 C() Control negative (Biofilm)
2 C(+)agno3 Control positive (Biofilm + AgNOs)
3 C(+) Mo Control positive (Biofilm + extract chlorophyll MO)
4 C(+)agwpsiio Control positive (Biofilm + AgNPs/MO)
5 Lo~ Lo Treatment photoantimicrobial without PS (biofilm + red LEDs)
with variation time irradiation 1, 2. 3. 4 and 5 min
Treatment photoantimicrobial with PS (biofilm + AgNPs/MO + red
6 PLim - PLsm . e .
LEDs) with variation time irradiation 1, 2. 3. 4 and 5 min
, Lin-Le Treatment photoantimicrobial without PS (biofilm + blue LEDs)
with variation time irradiation 1, 2. 3, 4 and 5 min
Treatment photoantimicrobial with PS (biofilm + AgNPs/MO +
8 PLis - PLss

blue LEDs) with variation time irradiation 1, 2. 3. 4 and 5 min

Antimicrobial activity test

The test of antimicrobial activity was performed using a disc method that produced a clear zone
around Candida albicans cell culture by immersing 4 paper discs in a row with AgNOs, AgNPs/MO. MO
extract and aquadest. Then paper discs are placed on petri dish containing nutrient media that the biofilm
Candida albicans has been applied and incubated for 24 h. The diameter of the clear zone that occurs around
the paper disc was measured and observed to prove the existence of antimicrobial activity [48].

Cell viability test with XTT assay

XTT assay test aims to detect whether the cell is viable. The coloring process is carried out by adding
100 pL XTT. 1 mg/mL. 5 uL Menadion 10 mg/mL and 395 pL sterile PBS into the Eppendorf tube that
contains the sample after photoantimicrobial treatment and then incubating in the oven at a temperature of
37 °C for 2 h. Absorbance was read by using an ELISA reader at 490 nm wavelength. Then, to determine

the inactivation value. the following formula is used:

ODcontrol — ODtreatment
ODcontrol

% inactivation = | x 100 % (4)
Optical density (OD) serves as an indicator of cell viability with a yellow to orange gradation color.
The more concentrated the color, the more active the cells are in metabolizing and reacting to XTT. The
term OD refers to the density of microbial matter determined by the brightness of the sample and absorbance
value.
Test MDA levels with the TBARS staining method
The Malondialdehyde level test (MDA) is intended to detect how many radical compounds have
accumulated in a tissue. MDA is a compound that forms when a cell reacts with a radical, resulting in cell
oxidation. After passing through the irrigation process, the biofilm is cleaned with sterile PBS. added to 1
mL of aquadest, homogenized with vortex and then inserted into the centrifuge at a temperature of 4 °C at
a speed of 10.000 rpm for 15 min. After that, biofilm was heated in waterbath at a temperature of 95 °C for
15 min and then stored at room temperature for 1 h. The absorbance at Asazm Was read using the UV-Vis
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spectrophotometer. The resulting color of the sample was pink. an indicator of the number of microbes that
died after releasing the MDA compound. The following MDA levels were converted using the
concentration of TEP (1.1.3.3-tetraethoxypropane) as the compounds of MDA. Determination of MDA
level using the following equation:

y=ax+b (3)

MDA level (2221) = ¥=b (6)

Eq. (5) is a linearity function of the standard curve created based on the TEP concentration which
produces the constant values “a” and “b” which are needed to further calculate the MDA content of the
sample. From the linearity function, the following value is obtained: a = 0.6373 and b =—-0.7972 (the data
not shown). then this constant will be substituted in Eq. (6). “y” is the value of absorbance and “x”
represents the MDA level.

Statistical analysis

This experiment was replicated 3 times, and the results were presented as the mean = SD, so we used
a statistical test by 1-way ANOVA with significance for (p < 0.05) to know each treatment group has a
different effect in this mechanism.

Results and discussion

The energy of LED light

Power output from red and blue LEDs was set at 100 mW power for 3.600 s. The mean value of
output power of the red LED was measured at 100.24 mW while the mean output power of 99.98 mW for
the blue LED. It can be said that the red and blue LEDs used during the radiation were still working well.
The energy of red and blue LEDs during irradiation is the result of the light intensity absorbed by

AgNPs/MO per irradiation area for a certain duration of time. The results can be seen in the Table 2.

Table 2 Data of energy density in photoantimicrobial applicated (absorbance from AgNPs/MO activated
with red LED (620 nm) is 0.223 and blue LED (450 mm) is 2.123. irradiation area = 0.785 cm’.

LEDs intensity LEDs intensity absorbed by N
Energy (Wiem?) AGNPS/MO (Wiem?) 1€ Energy (J/emr)
fevel Red LED Blue LED Red LED Blue LED ) Red LED  Blue LED

Ex 60 3.06 7.56
Ex 120 6.12 15.12
Es 0.128 0.127 0.051 0.126 180 9.18 22.68
E4 240 12.24 30.24
Es 300 15.30 37.80

Table 2 shows the data of energy density from LEDs light to the surface of biofilm Candida albicans
in the eppendort well by varying the irradiation time produces different light energy values. The
calculations show that the energy density from 100.24 mW of red LEDs is 3.06 J/cm? per minute, while the
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energy density from 99.98 mW of blue LEDs is 7.56 J/cm’ per minute. We can see that the 300 s irradiation
time of red LED and blue LED produces energy densities of 15.30 and 37.80 J/em?. respectively. The longer
irradiation time we use in this research produces a higher energy density. Blue LED also shows a higher
energy density than red LED because the absorbance of blue LED is higher than that of red LED.

Green synthesis silver nanoparticles using Moringa oleifera

The process of green synthesis AgNPs/MO can be observed by changes of color in the solution
AgNOs that has been reduced to AgNPs. as shown in Figure 4. The visualization of the color change from
yellow to dark brown. These results are similar to the studies by Azarbani and Shiravand [36]. Another
observation that can be obtained from this green synthesis process is that the longer the solution AgNPs/MO
stay at room temperature, the color of the solution became more concentrated [36-38].

Figure 4 Color visualization of green synthesis AgNPs/MO.

Characterization of PS AgNPs/MO

UV-Vis visible spectra analysis

Characteristics of PS green synthesis AgNPs using Moringa oleifera was carried out using a UV-Vis
spectrophotometer. This test shows the absorbance of the fotosensitizer in the spectrum range 300 - 700 nm

that can be seen in Figure 5.
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Figure 5 Optimum wavelength of AgNPs/MO. MO extract and AgNOs,
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Figure 5 shows the absorption rate of AgNO;, MO extract and AgNPs/MO at wavelengths with a
visible light spectrum range of 300 - 700 nm. The absorption rate of the MO extract has 2 peaks. The first
peak is A; 425 nm with maximum absorbance 2.695 and at the second peak is A> 635 nm with maximum
absorbance 1.754. The peak UV-Vis absorption spectrum for green synthesis AgNPs/MO is at a wavelength
of 440 nm with a maximum absorbance of 2.214. Similar research about optimum wavelength of AGNPs
by Riyanto er al. [40] obtained wavelengths 440 nm, Ghojavands 450 nm and Hirpara 430 nm. Other studies
have noted that the absorption of AgNPs is in the wavelength range 420 - 450 nm [39-42].

Fourier transform infrared spectroscopy

FTIR is used to identify function groups on AgNPs surfaces synthesized using Moringa oleifera leaf
extract. This function group is responsible for reducing Ag® to Ag® [43]. The spectrum of AgNPs/MO
shown in Figure 6.

MO Extract]

_@NPSMO

Transmittance (%)

T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™')

Figure 6 FTIR spectrum of MO Extract and AgNPs/MO.

AgNPs/MO peaks appearing at 424.34, 536.21. 596.00. 823.60. 1.041.56, 1.072.42. 1.384.89,
1.602.85. 1.716.65. 2,061.90. 2.370.51, 2.854.65. 2.922.16 and 3.388.93. Phenolic O-H bonds are seen at
424.34, 536.21 and 596.00. The bonds that appear below 700 cm™ are related to the extract-vibration of
the Ag metal. The peak formation of AgNPs occurred at 823.60 cm . Peaks 1.041.56 and 1.072.42 refer to
the C-O carboxyl group or C-N group which is an extension of the amide bond in the protein. This indicates
that MO contains protein. The peak at 1,384.89 cm™ is associated with the symmetric C-H stretching of
the alkane groups. The peak at 1.602.85 refers to C=C stretching. The peak at 1.716.65 cm™ is caused by
C=0 stretching. Peaks 2.854.65 and 2.922.16 refer to strong bonds of the C-H base group. The peak at
2,370.51 cm ! refers to the C=N nitrile bond. While peak 3,388.93 indicates N-H/O-H binding of phenolic
compounds. The presence of phenols and proteins in MO not only serves as a reduction factor but can also
act as a stabilizing factor. The leaf of MO contains phenols, carboxylic acids, proteins and terpenoids, which
are responsible for the synthesis and reduction of AgNPs [38.45-47].

FTIR test results show a comparison between the MO spectrum (before reducing AgNOs) and the

AgNPs/MO spectrum (after green synthesis). Specifically. several transmission peaks can be identified. for
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the MO FTIR spectrum it has a wider band. especially in the range 2.700 - 3,500 cm™!. Meanwhile. for the
AgNPs/MO spectrum, the peak appears to be single with a transmission value of 60 %. Another
identification area, namely in the range 1,200 - 1,700 cm™', appears to have several insignificant or noise
peaks in the spectrum which is different from the FTIR specttum of AgNPs/MO where single and sharp
peaks are seen. This indicates that AgNQ; has the potential to be reduced by MO and can be used as a
photosensitizing agent in the photoantimicrobial mechanism of Candida albicans biofilms. If we look at
the comparison between the characteristics of the AgNPs/MO spectrum based on the profiles displayed in
UV-Vis and FTIR. it can be estimated that the appearance of 1 AgNPs/MO peak in the UV-Vis spectrum
profile is in line with the many single peaks in the FTIR spectrum profile. Single peaks indicate that the
molecule strongly absorbs light at a certain wavelength. Illumination treatment that uses 2 different
wavelengths. namely red and blue. still has the potential to be absorbed by AgNPs/MO.

Inhibition of Candida albicans biofilin in photoantimicrobial

The disc method was used to conduct antimicrobial activity, whichresulted in a clear area swrrounding
the cell of Candida albicans. The circles forming around the disc indicating antifungal activity that inhibited
the formation of Candida albicans colonies. The diameter of clear zone formed around the AgNPs/MO PS
compared to the clear zone formed surrounding the AgNO; solution. and MO extract are 15.6, 10.5 and 9.7
mm. respectively (the data not shown). It indicates that AgNPs/MO PS have greater antifungal activity than
the other 2. Another similar research by Jain and Mehata [48] shows that AgNPs with plant extract (Tulsi
extract) have higher antibacterial activities than AgNO;s solution. The clear zone of AgNPs with Tulsi
extract is 14 mm, while the AgNO; solution is only 10 mm.

Cell viability testing using XTT assay staining produces various visualizations of orange degradation

ranging from bright to cloudy as seen in Figure 7.
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Figure 7 The different color gradation of viability cells using the XTT assay.

The color gradation from yellow to orange that is relevant to the number of viable cells. The color of
light orange indicates many cells are still actively metabolized and product dehydrogenase enzymes bind
to formasan salt. The data quantitative of OD is presented in Figure 8.
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Figure 8 The optical density (OD) value reduction curve for Candida albicans biofilm resulting from
photoantimicrobial treatment using radiation: (a) red LED and (b) blue LED.

Figure 8 shows a decreasing trend in optical density values depending on the energy level of the 2
types of LEDs used. Each graph displays 3 curves. each representing the positive control group (only
AgNPs/MO). The PS LED without treatment group (L and Lg). and the combined PS with LED treatment
group (PLy and PLg). The starting point of the OD value for group C(-) is a reference for reduction from
the other 3 treatment groups. For the positive control group. the OD value decreased from 0.721 £ 0.004 to
0.312 £ 0.004. Figure 8(a) shows the result of photoantimicrobial using red LED only. which has decreased
the OD value from 0.721 + 0.004 to 0.361 £ 0.001 and the photoantimicrobial using PS combined with red
LED has decreased the effective OD value from 0.721 + 0.004 to 0.172 £ 0.002. Figure 8(b) shows that

the photoantimicrobial using only blue LED could reduce the OD value from 0.721 + 0.004 to 0.347 +
0.002. The smallest reduction in OD values occurred in the combination group of PS and blue LED. It went
from 0.721 & 0.004 to 0.167 £ 0.002. The PLsg group is significantly different at (p < 0.05) compared to
the other groups. The lowest OD value occurs at a higher energy level. namely Es, with an irradiation time
of 5 min. Because it has less viability. it is the most optimal treatment in this research. Biofilms irradiated
with blue LEDs also had lower viability values than the group irradiated with red LEDs. This is probably
because AgNPs/MO absorption properties are more optimal in the blue spectrum. which has implications
for many AgNPs molecules that have the opportunity to produce ROS compounds. Another suggestion is
that the blue spectrum wavelength (450 - 495 nm) has a higher energy so that the existence of AgNPs/MO
after being excited is relatively longer at the ftriplet level. This opportunity has a strong synergy with the
number of dead microbes.

Further analysis was carried out to determine the percentage of inactivation for each treatment using
Eq. (6). The percentage of inactivation results is presented in Figure 9.
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Figure 9 The inactivation percentage of treatment group by (a) blue LEDs and (b) red LEDs.
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Figure 9 shows the statistics of the 1-way ANOV A test with lines connecting data that is significantly
different between treatments at the confidence level (p < 0.05). The statistical test results for all treatments
were significantly different. The images shown with connecting lines in the 2 radiation groups are
representative for all data including the significance between groups of radiation treatments with and
without PS as well as between treatment groups with different energy levels.

Figure 9(a) shows Red LEDs group (Lyy) inactivated the Candida albicans about (18.529 + 0.607 to
50.046 £ 0.175) % from 1 to 5 min of irradiation. While the group of PS combined with Red LEDs (PLsy)
could inactivate this microbe higher than the other. it is about (60.489 + 0.182 to 76.201 + 0.376) % from
1 to 5 min of irradiation. Figure 9(b) shows that blue LEDs groups with PS or not (Lg and PLg) are more
effective than red LEDs groups with PS or not (Ly and PLyy). The inactivation percentage of Ly groups
from 1 to 5 min of irradiation is about (32.531 £ 0.332 to 51.851 = 0.309) %. The group of PS with blue
LEDs could inactivate this microbe from (65.064 + 0.273 to 76.801 + 0.322) % during the irradiation
process, so we can say that the PS combined with blue LEDs is a great photoantimicrobial agent compared
to the other groups in this research. It is because the energy density of blue LED is higher than the energy
density of Red LED. This study is in line with research conducted by Toan ef al. [49] that showed blue
LED has reduced 90 % S.aureus and 60 % E. coli with an energy dose of 230.10 J/em?. Several studies
related to photoantimicrobial using AgNPs. Singh and Mohanlall [50] examined the activity of Cassia
occidentalis biocatalyst with Silver Nanoparticles, AgNPs showed a 70.90 % inhibitory potential at 1.000
ng/ml against some gram-positive and gram-negative bacteria. Astuty er al. [34] also studied the
effectiveness of lasers using AgNPs photosensitizer with Jatrohpa leaf chlorophyll and succeeded in
reducing Candida albicans biofilms to 60 - 80 % using a 650 nm laser.

The test for Malondialdehyde levels (MDA) is designed to measure the quantity of radical compounds
that have built up in a tissue. The increasing amount of MDA formed indicates the increasing number of
ROS compounds produced. Assuming that every single ROS compound will damage 1 cell. the higher the
MDA level, the more successful the photoantimicrobial results. The color produced on the sample is pink.
which is an indicator of how many microbes die after releasing the MDA compound. The amount of MDA
formed is analyzed as the number of radical compounds or singlet oxygen formed during
photoantimicrobial treatment. The higher the number of microbial deaths. the greater the intensity of the
brightness of the pink color, the more it tends to be purple. The color gradation from MDA levels can be
shown in Figure 10. This figure shows the differences in solution color in each treatment group. The pink
color indicates the presence of more MDA compounds. MDA is a metabolite product after lipid
peroxidation occurs in the Candida albicans cell wall due to attack by ROS compounds produced during
the photoantimicrobial mechanism. This principle is based on the assumption that 1 microbe releases 1
MDA compound because it is attacked by 1 ROS compound.
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Figure 10 The different levels of MDA shown by color gradation: (a) control group. (b) treatment group
using red LED. (c) treatment group using blue LED. (d) treatment group using PS combined with red LED
and (e) treatment group using PS combined with blue LED.

The quantitative OD value of MDA can be shown at Figure 11.
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Figure 11 The absorbance at ODs3;q0: (a) control group and (b) treatment group (p < 0.05).

Figure 11 shows the statistics of the l-way ANOVA test with lines connecting data that are
significantly different between treatments at the confidence level (p < 0.05). Figure 11(a) shows the
statistical test results from the control group are not significantly different. While the data statistical test
results in Figure 11(b) for the treatments group were significantly different (p < 0.05). The images show
that there are connecting lines in the 2 radiation groups, namely Lg and PLg in the first energy level, Ly
and PLy in the third energy level. and the other data PL:g and PLsp represent significant difference in the
data (p < 0.05) based on their energy levels. The more irradiation time we use and the more energy absorbed
by PS, the more cell death occurs. Figure 11(a) showed that the highest ODs35, Was in the AgNPs/MO
control group (0.051 + 0.001) compared to other control groups. AgNOs control group (0.046 +0.001) and
MO extract (0.048 &+ 0.001). This is because the more Malondialdehyde compounds are formed. the more
ROS compounds are produced. causing more cells to be damaged. This shows that PS combined with or
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without LED irradiation has the potential to inhibit the growth of Candida albicans biofilms. even though
the amounts are relatively small. Meanwhile, Figure 11(b) shows the ODsspy, value for the
photoantimicrobial treatment group of PS with blue LEDs for the length of irradiation of 300 s (PLsg) is
(0.332 £0.001). The PS with red LEDs group obtains an OD (PLsy) of (0.233 £0.001). PS combined with
LED light has a higher OD than treatment group PS without LED. The ODs320m for blue LEDs only (Lsg)
in 5 min of irradiation is (0.065 + 0.002). This value is higher than the red LEDs (Lsy) that is only about
(0.061 £ 0.002). It can be said that the use of PS combined with LED light is also more effective than the
samples that only use irradiation only or PS only. The use of AgNPs/MO PSs with blue LEDs also produces
a Malondialdehyde compound that causes more cell death than red LEDs. MDA compounds are products
of lipid peroxidation from every pathogenic microbe, especially Candida albicans, which has thicker lipid
cell wall components. The more lipid peroxidation occurs, the higher the degree of MDA level produced
and correlated with the number of dead cells. The TBA reagent binds several MDA compounds using a
TCA reagent catalyst. This oxidative stress marker is widely used to measure metabolic enzymes.
mitochondrial function and cell metabolism.

Furthermore, the MDA level is determined using the absorption value read at Asayy in Eq. (6). The

MDA level value is shown in Figure 12.
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Figure 12 MDA level: (a) control group and (b) treatment group. This data is statistically significant at p
< 0.05.

Figure 12(a) shows the MDA value resulting from the control group. The MDA level of the control
group (—) is 1.321 nmol/ml. It is lower than the other positive controls, AgNOQOs. extract MO and
AgNPs/MO are 1.327, 1.323 and 1.331 nmol/ml.. respectively. Meanwhile, in Figure 12(b). the mean
value of the MDA using AgNPs/MO treatment irradiated with red LEDs is 1.617 + 0.002 nmol/ml and
higher for blue LEDs is 1.772 = 0.002 nmol/mL. The samples that were only irradiated with a red LED
without a PS had MDA levels of around 1.347 + 0.003 nmol/mL and for blue LEDs around 1.353 = 0.001
nmol/mL. So. it can be said that the value of MDA levels in samples that went through the
photoantimicrobial process with LED irradiation and using a PS were very good when compared to samples
without using a PS. Blue LEDs is also have higher MDA levels than red LEDs.

Comparable research was conducted by Astuty er al. [29] using laser light with the addition of papaya
leaf chlorophyll produces the malondialdehyde levels of 0.467 and 0.397 nmol/mL for 650 and 445 nm
laser, respectively. Statistical tests between the control (+) and (—) groups were not significantly different.
But there is significantly different value (p < 0.05) of MDA level between the treatment group of LEDs
only and the PS with LEDs combination group. as seen in Figure 12. It demonstrates that this
photoantimicrobial mechanism treatment has more potential when a combination of light and PS is applied
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to kill microbial cells. It also shows that the blue LED treatment group has a higher value compared to the
Red LED treatment group. It is because the blue LED absorbs more energy than the red LED.

The application of green synthesis AgNPs/MO as a photosensitizer in photoantimicrobial mechanism
to inhibit microbe pathogens. This is useful in the medical and pharmaceutical fields to eradicate infectious
diseases. It is hoped that in the future this photosensitizer can be applied in more diverse forms such as
cream, gel or liquid so that it can be easily applied above the wound. Further, AgNPs/MO is not only used
as antibacterial agents but they can also be applied as conductive nanofluids, bio-sensors, catalysis, water

treatment. etc.

Conclusions

Implementation of photoantimicrobial applications using photosensitizer from green synthesis of
AgNPs/MO with LED light has been proven to have the potential to inhibit the growth of Candida albicans
biofilms. The use of Moringa oleifera as a natural reductant for green synthesizers is very well demonstrated
by the maximum wavelength of AgNPs is 440 nm while the Moringa oleifera has 2 peaks at 425 and 635
nm. The maximum effect occurred in the group of photosensitizer AgNPs/MO combined LED with
percentage inactivation about 76.80 % for blue LEDs and 76.20 % for red LEDs. The group of LED
irradiation without photosensitizer obtained about 51.85 % for blue LEDs and 50.04 % for red LEDs. The
MDA level group of AgNPs/MO combined LED also produced MDA levels of 1.772 nmol/mL for blue
LED and 1.617 nmol/mL for red LED. Meanwhile, the application of photoantimicrobial using only LEDs
produced MDA levels of only 1.353 nmol/mL for blue LEDs and 1.347 nmol/mL for red LEDs. This
research has shown that the green synthesis of AgNPs/MO has a good potential to inhibit the growth of
Candida albicans biofilms as a photosensitizer agent. The different OD and MDA values of each treatment
group showed that AgNPs/MO has great potential as photosensitizers in photoantimicrobial systems. The
group of photosensitizers combined with light was more effective than the light treatment group alone. and
the use of blue light was more optimal than red light.
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