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ABSTRACT: Six novel bridged structure cyclotriphosphazenes (4a-f) were synthesized from the reactions of 
aryloxycyclotriphosphazenes [aryloxy= phenoxy (2a) and (2-naphthoxy) (2b)] with monocarbonyl curcumin 
derivatives [acetone (3a), cyclopentanone (3b) and cyclohexanone (3c)] for the first time. The structures of the 
compounds (4a-f) were defined by elemental analysis, FT-IR, mass and NMR (1H and 31P) spectroscopies. The 
antimicrobial properties of the compounds (2a, 2b, 3a-c and 4a-f) were screened in vitro against Escherichia coli ATCC 
8739, Staphylococcus aureus ATCC 29213, Bacillus subtilis ATCC 6633, Bacillus cereus DSMZ 4312 and Candida albicans 
ATCC 10231. In addition, effective substance of 3b and 4c were evaluated Minimal Inhibition Concentration.  

KEYWORDS: : Antimicrobial activity; mininimal inhibition concentration; phosphazene; curcumin. 

1. INTRODUCTION 

Curcumin [1, 7-bis-(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione], a natural polyphenolic 
compound isolated from Curcuma longa L. (Zingiberaceae family) is nontoxic and possesses a variety of 

pharmacological activities and therapeutic properties [1-4]. However, the poor absorption and low 
bioavailability of curcumin limits its clinical application [4-7]. To improve these properties, a number of 
curcumin derivatives have been chemically synthesized [2,8]. Among these derivatives, monocarbonyl 
curcumin analogs, {1,5-bis(4’-hydroxy-3’-methoxyphenyl)-1,4-pentadiene-3-one (3a), 2,5-bis-(4-hydroxy-3-
methoxybenzylidene)- cyclopentanone (3b), 2,6-bis-(4-hydroxy-3-methoxy-benzylidene)-cyclohexanone(3c)} 

exhibited better biological activities including antitumor [9-16], antioxidant [17,18], antiinflammation [17,19]. 
1,5-bis(4’-hydroxy-3’-methoxyphenyl)-1,4-pentadiene-3-one(3a) was used on allergic diseases [20]. 

Compounds 3a-c also exhibited enhanced antibacterial activities [1,7,21].  

Cyclotriphosphazenes are a class of inorganic heterocyclic rings containing phosphorous-nitrogen 
double bounds [22-24]. These molecules have reactive phosphorus halogen (e.g. chlorine atom) bonds that can 
give easy substitution reactions with a wide variety of organic groups and prepared new derivatives having 
different properties can be obtained depending on the characteristics of the substituted groups [22-27]. For 
example, they have been extensively used such as anticancer agents [26-30] and antimicrobial agents [28,33-
39]. 

Although there have been two studies about the reactions of curcumin {1,7-bis(4-hydroxy-3-
methoxyphenyl)-1,6-heptadiene- 3,5-dione} with hexachlorocyclotriphosphazatriene (trimer, 1) in the 
literature [40,41] and obtained phosphazene polymer containing curcumin from these reactions, according to 
best of our knowledge, there is no report so far about monocarbonyl curcumin derivatives substituted 
cyclotriphosphazenes. 

Curcumins are candidate of a superb compound for a new drug design, because they have 
characteristics of non-toxicity against human cells, highly bioactivities and easy synthesis [4, 6]. Antibacterial 
properties of curcumin compounds have reported in several studies. Especially curcumins, with the aims of 
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improving biological activities, modified by new conjugates such as palmitic acid [1, 42]. Therefore, in the 
present work, three series of monocarbonyl curcumin analogues (4a-f) (Figure 1) by presenting with 
cyclotriphosphazenes derivatives to enhance antimicrobial activity of the molecule were prepared and their 
antimicrobial properties in vitro were evaluated by using strains of Escherichia coli ATCC 8739, Staphylococcus 
aureus ATCC 29213, Bacillus subtilis ATCC 6633, Bacillus cereus DSMZ 4312 and Candida albicans ATCC 10231. 

 
 

Figure 1. The synthesis scheme of compounds 4a-4f. 
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2. RESULT AND DISCUSSION 

2.1. Syntheses and characterizations of the compounds  

Monocarbonyl curcumin derivatives substituted cyclotriphosphazenes (4a-f) were synthesized from the 
reactions of chloropenta(phenoxy)cyclotriphosphazatriene (2a) and chloropenta(2-
naphthoxy)cyclotriphosphazatriene (2b) with compounds 3a-c in the presence of K2CO3 at the boiling point of 
dry acetone under argon atmosphere for 48h, respectively (Figure 1). The products (4a-f) were isolated by 
column chromatography. Each of the compounds (4a-f) was characterized by using elemental analysis, FT-IR, 
mass, NMR (1H and 31P) spectroscopy techniques. The elemental and mass analyses, FT-IR and 1H NMR results 
for each new compound were provided as part of the analytical data in the synthesis section. 

The results of elemental and mass of bridged cyclotriphosphazenes (4a-f) confirmed that the 
dipotassium salt of monocarbonyl curcumin derivatives (3a-c) replaced one chlorine atom in compounds 2a 
and 2b, respectively. The MALDI-TOF spectrum of 4f was depicted as an example in Figure 2. 

 

Figure 2. The MALDI-TOF spectrum of 4f. 

Although, the -OH stretching vibration in the structures of compounds 3a-c was observed between at 
3488 and 3276 cm-1, this vibration was not displayed in the FT-IR spectra of compounds 4a-f. Furthermore, 

these spectra shown characteristic stretching band at around 1147-1263(P=N), 941-969 (P-O-Phenyl or P-O-2-Naphthyl), 

1024-1035(P-O-C) and 1651-1695 cm-1 (C=O), as expected [43]. 
31P{1H} NMR results of 4a-f confirmed the proposed structures and were summarized in Table 1. The 

31P{1H} NMR spectra of 4a-f were observed as AB2 spin systems (see Figure 3 as an example for 4a) due to two 
different phosphorus environments within the molecules. The signals of for P(O-Phenyl)2 (at ca. δ = 8.33-8.37 
ppm), P(O-2-Naphthyl)2 (at ca. δ = 8.99-9.10 ppm), P(O)(O-Phenyl) (at ca. δ = 9.16-9.25 ppm) and P(O)(O-2- 
Naphthyl) (at ca. δ = 9.38-9.51 ppm)  groups were observed, respectively (as shown in Table 1). 

 Table 1. 31 P NMR parameters of cyclotriphosphazenes (4a-f). 

 
 
 

Compound 

 
 

Spin 
System 

δ ( 31P NMR ) [ppm] 2J(PNP) [Hz] 

P(O)(O-
Phenyl) 

(1) 

P(O-
Phenyl)2 

(2) 

P(O)(O-2-
Naphthyl) 

(3) 

P(O-2-
Naphthyl)2 

(4) 

1,2 
 

3,4 

4a AB2 9.16 8.33 - - 90.5 - 
4b AB2 - - 9.38 9.03 - 92.6 
4c AB2 9.21 8.33 - - 90.3 - 
4d AB2 - - 9.58 8.99 - 89.1 
4e  AB2 9.25 8.37 - - 90.4 - 
4f AB2 - - 9.51 9.10 - 89.1 

a202.38 MHz 31P NMR chemical shifts (ppm) in CDCl3 with respect to external 85 % H3PO4. 
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Figure 3.  31P {1H} NMR spectrum of compound 4a in CDCl3 solution. 

The 1H NMR spectra of compounds 4a-f were similar. The methoxy (at ca. δ = 3.62-3.77 ppm) and -CH= 
(at ca. δ = 6.82-6.76 ppm) protons were observed in the 1H NMR spectra of compounds 4a-f, respectively. The 
chemical shifts for -CH2 protons were also observed at around 1.77-3.04 ppm in the 1H NMR spectra of 
compounds 4c-f. 

2.2. Antimicrobial activity and minimal inhibition concentration 

Antimicrobial test results were shown that compounds 3b and 4c had influence against Gram-positive 
bacteria B. cereus and B. subtilis. All tested curcumin compounds had not affect against the other evaluated 
standard microorganisms. Antimicrobial effect was determined as an inhibition percentage as showed Figure 
4. According to antimicrobial test results, it was shown that the most effective curcumin compound was 4c 
with 52% inhibition rate compared to control (chloramphenicol inhibition zone diameter) against B. subtilis. 
That was followed by compound 3b with 48% against same microorganism. According to B. cereus test results, 
compounds 3b and 4c were found less effective against B. cereus with 40% and 36% inhibition rate, 

respectively. These indicated that the cyclotriphosphazene substitution may enhance the bioactivities the 
curcumin analog (3b) and of cyclopentanone analogues (3b and 4c) was more active than the acetone (3a and 
4a) and cyclohexanone analogues (3c and 4e).  

MIC value of compounds 3b and 4c, which have antibacterial effect were determined and given in Table 
2. Their MIC value were observed against B. subtilis as 9.76 µg/mL, 19.53 µg/mL and against B. cereus as <625 

µg/mL and 1250 µg/mL, respectively. 

Table 2. Final results of MIC values (µg/mL). 

Control strains Effective Curcumin Compounds (µg/mL) 

3b 4c 

Bacillus subtilis 9.76 19.53 
Bacillus cereus <625 1250 
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Figure 4. Representation of bactericidal effect of curcumin compounds (3b and 4c) as inhibition percentage. 
P<0.05 is considered as significant. 

When examining antibacterial features of 3b and 4c, it can be seen that having some structural features 
of these compounds. Molecules have two domains within two aromatic or Michael acceptor and two 
cyclotriphosphazene rings with aromatic rings within unsaturated C=C bonds flanking the carbonyl groups. 
These characteristics may be gained an antibacterial features to 3b and 4c. This is likely to play a role 
compound’s antimicrobial activity [44]. 

3.  CONCLUSION 

In this paper, three series of monocarbonyl analogues of curcumin (3a-c and 4a-f) were synthesized and 
evaluated for antimicrobial activities against five microorganisms. It was observed that heterocycle 
substituents may enhance the activity of curcumin analogues and Gram positive spore forming bacteria B. 
cereus and B. subtilis as antibacterial were sensitive to cyclopentanone curcumin analogues (3b and 4c). Future 
work will be designed on reason why same compounds have different behaviors of antimicrobial effect against 
Gram positive spore forming bacteria of B. cereus and B. subtilis, which belongs to same genus Bacillus. 

4. MATERIALS AND METHODS 

4. 1. Materials 

Hexachlorocyclotriphosphazatriene (1) (Aldrich) was purified by fractional crystallization from n-

hexane. The following chemicals were obtained from Merck: tetrahydrofurane (THF), dichloromethane 
(DCM), sodium hydride (NaH) (60 % dispersion in mineral oil), acetone, vanillin, n-hexane, petroleum ether 

(bp: 60-80 C), 2-naphthol, cyclopentanone, cyclohexanone, methanol, ethanol, 2,5-dihydroxybenzoic acid, 
ethyl acetate, H2SO4, K2CO3, Na2SO4, phenol. CDCl3 for NMR spectroscopy was also obtained from Merck. 
1,8,9-anthrasenetriol (DIT) was also obtained from Alfa aesar. Acetone (Merck) dried over 3A molecular sieves. 
All solvents used in this work were purified by conventional methods.  

4.2. Measurements 

Thin layer chromatography (TLC) was performed on Merck Silica gel plates (Merck 60, 0.25 mm 
thickness) with F254 indicator. Column chromatography was performed on silica gel (Merck 60, 0.063–0.200 
mm; for 3 g crude mixture, 120 g silica gel was used in a column of 3 cm in diameter and 110 cm in length). 
The melting point was measured with a Gallenkamp apparatus using a capillary tube. Elemental analyses 
were obtained using a Thermo Finnigan Flash 1112 Instrument. Mass analyses were recorded on a Bruker 
MALDI–TOF (Matrix-Assisted Laser Desorption/Ionization-Time-Of-Flight mass, Rheinstetten, Germany) 
spectrometer using 2, 5-dihydroxybenzoic acid ( for 2a, 2b, 3b, 3c, 4a, 4c, 4d, 4e, 4f ) and 1,8,9-anthrasenetriol 
(DIT) ( for 3a and 4b) as a matrix. Infrared spectra were recorded on a Perkin Elmer Spectrum 100 FT-IR 
spectrophotometer. The 1H and 31P NMR spectra for compounds in CDCl3 solutions were recorded on a Varian 
INOVA 500 MHz spectrometer using SiMe4 as an internal reference for 1H, and 85% H3PO4 as an external 
reference for 31P NMR measurements. 
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4.3. Syntheses 

4.3.1. General synthetic procedures for the compounds  

2-chloro-2,4,4,6,6-pentaphenoxy-1,3,5,25,45,65-triazatriphosphinine (2a) [45,46] and 2-chloro-

2,4,4,6,6-pentakis(naphthalen-2-yloxy)-1,3,5,25,45,65-triazatriphosphinine (2b) [47] were synthesized and 
purified according to the literature procedures. The synthetic pathway and structure of 2a and 2b were given 
in Figure 5.  

 

 

Figure 5. The synthesis scheme of compounds 2a and 2b. 

The melting points of these compounds were 111 °C and 135 C, respectively and consistent with the 
literature. Monocarbonyl curcumin analogues (3a-c) were also synthesized according to literatures [21, 48]. 
The synthetic pathway and structure of 3a-c were given in Figure 6. The melting points of the curcumin 

derivatives were 69 °C, 212 C and 179 C according to the literature, respectively.  

 

Figure 6. The synthesis scheme of compounds 3a-c. 

The general method for the synthesis monocarbonyl curcumin analogues substituted 
cyclotriphosphazenes (4a-f) was stated as below: 

The compounds 2a and 2b with monocarbonyl curcumin derivatives (3a-c) were reacted using K2CO3 
in dry acetone by refluxing for 48 h, respectively. The reactions were followed on TLC silicagel plates using n-
hexane: ethyl acetate (3:2) as the eluent. The reactions mixture was allowed to cool to room temperature. 
Potassium chloride and any other insoluble materials were filtered off and the solvent was removed under 

reduced pressure at 30 C. The crude products were isolated by column chromatography with n-hexane: ethyl 
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acetate (3:2) as the mobile phase. Generally, the products (4b, 4c, 4d, 4f) were dissolved in DCM and obtained 
as yellow solid by precipitation with petroleum ether.  

The same general procedure gave compounds (4a-f), with scale (gram, mol), yield, and spectroscopy 
data given below. Synthetic pathway and molecular structures of the compounds were given in Figure 1.  

4.3.2. Synthesis of 4a 

K2CO3 (1.497 g, 0.011 mol), compounds 2a (0,5 g, 7.86x10-4 mol) and 3a (0.26 g, 7.86x10-4 mol) were used. 

The product 4a, (1E,4E)-1,5-bis(3-methoxy-4-((2,4,4,6,6-pentaphenoxy-1,3,5,25,45,65-triazatriphosphinin-2-

yl)oxy)phenyl)penta-1,4-dien-3-one,  (0.2 g, 80 %) was isolated as an oil. Anal. Calc. for C79H66N6O15P6: C, 62.21; 
H, 4.36; N, 5.51. Found: C 62.22; H 4.34; N 5.50%. MALDI-TOF-MS (m/z): [M+H]+, 1525.845 (calcd. 1525.28). 
FT-IR (ATR, cm -1) ν 3060 (C-H aromatic), 2931 and 2843 (C-H Aliphatic), 1651(C=O), 1621,1590 and 1510(C=C), 
1260 and 1157 (P=N), 1025 (P-O-C) and 968(P-O-Ph).1H NMR (500 MHz, CDCl3, 298 K); δ(ppm): 6.88-7.68 (m, 
60H, -CH=), 3.78 (s, 6H, -OCH3). 

4.3.3. Synthesis of 4b 

K2CO3 (0.84 g, 6.093x10-3 mol), compounds 2b (0,45 g, 5.07x10-4 mol) and 3a (0.1986 g, 6.073x10-4  mol) 
were used. The product 4b, (1E,4E)-1,5-bis(3-methoxy-4-((2,4,4,6,6-pentakis(naphthalen-2-yloxy)-

1,3,5,25,45,65-triazatriphosphinin-2-yl)oxy)phenyl)penta-1,4-dien-3-one, (mp: 81 ºC, 0.08 g, 40 %) was 
obtained as a yellow solid. Anal. Calc. for C119H86N6O15P6: C, 70.55; H, 4.28; N, 4.15. Found: C 70.56; H 4.26; N 
4.14%.MALDI-TOF-MS (m/z): [M+H]+, 2025.111 (calcd. 2025.89). FT-IR (ATR, cm -1) ν 3056(C-H aromatic), 
2923 (C-H Aliphatic), 1655 (C=O), 1627, 1598 and 1510 (C=C), 1195 and 1149(P=N), 1035 (P-O-C) and 968 (P-
O-C10H7). 1H NMR (500 MHz, CDCl3, 298 K); δ(ppm): 6.93-7.76 (m, 80H, -CH=), 3.64 (s, 6H, -OCH3). 

4.3.4. Synthesis of 4c 

K2CO3 (1.44 g, 0.01 mol), compounds 2a (0.46 g, 7.2x10-4 mol) and 3b (0.25 g, 7.2x10-4 mol) were used. 

The product 4c, 2,5-bis((E)-3-methoxy-4-((2,4,4,6,6-pentaphenoxy-1,3,5,25,45,65-triazatriphosphinin-2-

yl)oxy)benzylidene)cyclopentan-1-one, (mp: 68 ºC,  0.09 g, 35%)  was isolated as a yellow solid. Anal. Calc. for 
C81H68N6O15P6: C, 62.71; H, 4.42; N, 5.42. Found: C 62.72; H 4.43; N 5.41%. MALDI-TOF-MS (m/z): [M+H]+, 
1552.828 (calcd. 1551.32). FT-IR (ATR, cm -1) ν 3068 (C–H aromatic), 2920 and 2830 (C-H Aliphatic), 1695 (C=O), 
1590, 1509, and 1487(C=C), 1263 and 1173 (P=N), 1024 (P-O-C) and 944 (P-O-Ph).1H NMR (500 MHz, CDCl3, 
298 K); δ(ppm): 6.89-7.52 (m, 58H, -CH=), 3.77 (s, 6H, -OCH3), 3.04 (s, 4H, -H2C-CH2). 

4.3.5. Synthesis of 4d 

K2CO3 (1.07 g, 0.0078 mol), compounds 2b (0.5 g, 5.4 x10-4 mol) and 3b (0.197 g, 5.6x10-4 mol) were used. 
The product 4d, 2,5-bis((E)-3-methoxy-4-((2,4,4,6,6-pentakis(naphthalen-2-yloxy)-1,3,5,25,45,65-

triazatriphosphinin-2-yl)oxy)benzylidene)cyclopentan-1-one, (mp: 83 ºC, 0.06 g, 30%) was obtained as a 
yellow solid. Anal. Calc. for C121H88N6O15P6: C, 70.83; H, 4.10; N, 5.42. Found: C 70.84; H 4.31; N 4.09%. MALDI-
TOF-MS (m/z): [M+H] +, 2052.166 (calcd. 2051.92). FT-IR (ATR, cm -1) ν 3056(C–H aromatic), 2956 and 2933 
(C-H Aliphatic), 1693 (C=O), 1630, 1598 and 1508 (C=C), 1209 and 1196(P=N), 1034 (P-O-C) and 967 (P-O-
C10H7). 1H NMR (500 MHz, CDCl3, 298 K); δ(ppm): 6.84-7.74 (m, 78H, -CH=), 3.64 (s, 6H, OCH3), 2.65 (s, 4H, -
H2C-CH2). 

4.3.6. Synthesis of 4e 

K2CO3 (0.456 g, 3.29x10-3 mol), compounds 2a (0.25 g, 3.93x10-4 mol) and 3c (0.173 g, 4.72x10-4 mol) were 

used. The product 4e, 2,6-bis((E)-3-methoxy-4-((2,4,4,6,6-pentaphenoxy-1,3,5,25,45,65-triazatriphosphinin-

2-yl)oxy)benzylidene)cyclohexan-1-one, (0.08 g, %13) was isolated as an oil. Anal. Calc. for C82H70N6O15P6: C, 
62.92; H, 4.51; N, 5.37. Found: C 62.93; H 4.53; N 5.36%. MALDI-TOF-MS (m/z): [M+H]+, 1566.058 (calcd. 
1565.35).FT-IR (ATR, cm -1) ν 3068 (C-H aromatic), 2923 (C-H Aliphatic), 1663 (C=O), 1594, 1508, and 
1486(C=C), 1262 and 1155 (P=N), 1025 (P-O-C) and 941 (P-O-Ph). 1H NMR (500 MHz, CDCl3, 298 K); δ(ppm): 
6.82-7.72 (m, 58H, -CH=), 3.75 (s, 6H, OCH3), 2.86 (t, J= 5.2 Hz, 4H, H2C-C-CH2), 1.77 (quintet, J= 5.5 Hz,  2H, 
C-H2C-C). 

4.3.7. Synthesis of 4f 

K2CO3 (1.804 g, 3.29x10-3 mol), compounds 2b (0.638 g, 7.2x10-4 mol) and 3c (0.344 g, 9.4x10-4 mol) were 

used. The product 4f, 2,6-bis((E)-3-methoxy-4-((2,4,4,6,6-pentakis(naphthalen-2-yloxy)-1,3,5,25,45,65-

triazatriphosphinin-2-yl)oxy)benzylidene) cyclohexan-1-one, (mp: 81 ºC,   0.23 g, 89%) was obtained as a 
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yellow solid. Anal. Calc. for C122H90N6O15P6: C, 70.93; H, 4.39; N, 4.07. Found: C 70.94; H 4.38; N 4.08%. MALDI-
TOF-MS (m/z): [M+H]+, 2067.689 (calcd. 2065.95). FT-IR (ATR, cm -1) ν 3052(C-H aromatic), 2927 (C-H 
Aliphatic), 1669 (C=O), 1631, 1609 and 1510 (C=C), 1195 and 1147 (P=N), 1030 (P-O-C) and 969 (P-O-C10H7). 
1H NMR (500 MHz, CDCl3, 298 K); δ(ppm): 6.82-7.72 (m, 78H, -CH=), 3.62 (s, 6H, OCH3), 2.62(br, 4H, H2C-C-
CH2), 2.12 (br, 2H, C-H2C-C). 

4.4. Antimicrobial Assay 

4.4.1. Antimicrobial activity 

All of the compounds (2a, 2b, 3a-c and 4a-f) were screened by agar well method on Mueller Hinton 
Agar (MHA) [49]. Prepared fresh microorganism cultures (E. coli ATCC 8739, S. aureus ATCC 29213, B. subtilis 
ATCC 6633, B. cereus DSMZ 4312 and C. albicans ATCC 10231) in Mueller Hinton Broth (MHB) were adjusted 
to 0.5 McFarland [108 colony forming unit (cfu)/ mL for E. coli, S. aureus and 105 cfu/mL for B. cereus, B. subtilis 
and C. albicans] in sterile phosphate buffer saline (PBS 0,85%) by using nephelometer (Crystal SpecTM, Becton 

Dickenson, USA). They were inoculated with sterile swab on MHA Petri dishes. Then, all of compounds solved 
in dimethyl sulfoxide (DMSO) (20 mg/mL) were added in wells on agar. Antimicrobial screening test were 
carried out two times. DMSO were used as negative control, Chloramphenicol disk (30 mg) (HIMEDIA) for 
bacteria and Nystatin (10000 u/mL) for fungi were used as positive controls in all experiments. Finally, all 
Petri dishes were incubated for 24 h at 30 °C and 37 °C for bacteria and fungi, respectively. The results of 
antibacterial activity were evaluated as percentage inhibition term. It was determined by inhibition zone 
diameter on test plates against compound and compared with control antibiotic inhibition zone. 

Inhibition percentage was calculated as given below:  
% inhibition = (C-T)/C x100   
C: Control antibiotics zone diameter 
T: Substances zone diameter 

4.4.2. Minimum inhibitory concentration (MIC) of the curcumin compounds 

Associatively the result of antimicrobial activity test, MIC values of efficient curcumin compounds on 
test microorganisms were revealed. MIC assays were carried out by 96 well plate in MHB using of two folds 
serial dilution way [50, 51]. They were set from 10 000 μg/mL to 4.89 μg/mL with 12 serial dilutions (10 000 
μg/mL; 5000 μg/ml; 2500 μg/mL; 1250 μg/mL; 625 μg/mL; 312.5 μg/mL; 156.25 μg/mlL; 78.125 μg/mL; 
39.062 μg/mL; 19.53 μg/mL; 9.76 μg/mL; 4.89 μg/mL) in microplaque with using by MHB. Fresh bacterial 
cultures were adjusted 0.5 McFarland using sterile MHB. 100 µL of bacterial suspensions were inoculated in 
dilutions of antibacterial compounds on microplaques. All microplaques were incubated at 30 °C for 24 h. 
After incubation period, absorbance value (OD600) of mixtures of bacterial culture and curcumin compounds 
dilutions were screened by micro plaque reader (BMG LABTECH, FLUOstar Omega, USA). Chloramphenicol 
and fresh bacteria culture were used as a positive control and negative control, respectively. The half of 
absorbance of fresh bacteria culture were accepted as a MIC value (μg/mL) of compounds [50]. MIC tests were 
realized duplicate. 
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