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Abstract 
Proliposomes are dry phospholipid-based particles in which bioactives can 
be entrapped, and that can produce liposomal suspensions if adequately 
hydrated. In our study, curcumin and cholecalciferol were incorporated in 
proliposomes obtained by coating of micronized sucrose. Different mass 
ratios of Lipoid S40 and Phospholipon 90H were used to produce the 
proliposomes. The powders were structurally characterized and bioactives 
content were analyzed over 60 days of storage. Curcumin and cholecalciferol 
amounts in F100CV formulation were 100 and 98.7% of their initial amount, 
respectively. Strucutral characterization showed bioactives were successfully 
incorporated in concentrations compatible with recommended daily dosages. 
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1. Introduction 

Proliposomes are defined as dry, free-flowing powders composed mainly of phospholipids 
and that can instantly form liposome dispersions upon addition of an aqueous solution 
under appropriate conditions [1]. Advantages attributed to proliposomes as the convenience 
for transportation, distribution, and dosing, including the production of capsules/tablets, 
easier to be industrialized [2]. 

Curcumin is the major yellow hydrophobic pigment of the rhizomes of Curcuma longa. 
Nowadays, despite its use as food spicy, curcumin has been studied by pharmaceutical and 
medical researchers because of its antioxidant, anti-inflammatory and anti-carcinogenic 
actions [3]. However, the main limitation for the application of curcumin in food is its low 
water solubility and its poor bioavailability [4]. Cholecalciferol (vitamin D3) is the naturally 
occurring form of vitamin D. It plays an important role in regulation of calcium 
homeostasis and mineralization of bones [5]. Unfortunately, vitamin D3 carency affects 
almost 50% of worldwide population due, mostly, to lifestyle habits and environment 
factors that reduce the exposition to sunlight [6]. Thus, its supplementation is highly 
necessary as few enriched food are commercially available. However, as curcumin, vitamin 
D3 is extremely sensitive to higher temperatures and exposure to light [7]. Hence, 
encapsulation in lipid delivery system could increase their stability and bioacessibility [8,9].  

In this study, curcumin and cholecalciferol were incorporated in proliposomes obtained by 
coating of micronized sucrose. The powders were characterized by Raman spectroscopy 
(RS) and Fourier-transform infrared spectroscopy (FTIR). In addition, proliposomes were 
analyzed in terms of their morphology, hygroscopicity, solubility, and amount of bioactives 
retained. Data revealed by this research will help to show the feasibility to produce 
proliposomes containing both bioactives in concentrations compatible with their 
recommended daily dosage for further application in food formulations. 

2. Materials and Methods 

2.1. Production of proliposomes by coating of micronized sucrose 

Proliposomes production was based in the methodology described by Silva et al. (2017) 
[10]. Different mass percentages of phospholipids were tested: 50% Lipoid S40 + 50% 
Phospholipon 90H (F50), 70% Lipoid S40 + 30% Phospholipon 90H (F70), and 100% 
Lipoid S40 (F100).  

2.2. Spectroscopical characterizaton of the proliposomes  

The spectra in the infrared regions were obtained in the 4000-400 cm-1 region by using a 
Perkin Elmer FT-IR Spectrometer (Waltham, MA, USA). Raman spectroscopy analyses 
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were performed with a RAMII (Billerica, MA, USA) in the 4000-400 cm-1 region with Ge 
detector and a 1064 nm laser. 

2.3. Morphololgy of proliposomes by scanning electron microscopy (SEM) 

Morphology was studied using a scanning electron microscope (model 3000 TM; Hitachi, 
Japan) equipped with TM3000 software. 

2.4. Hygroscopicity and solubility 

The proliposomes were characterised in terms of hygroscopicity according to the procedure 
described by Cai and Corke (2000) [11]. The solubility of the proliposomes was determined 
according to the method of Eastman & Moore (1984) [12]. 

2.5. Quantification of bioactives in proliposomes 

Curcumin quantification was carried out according to Silva et al. (2017) [10]. 
Concentrations were obtained by absorbance readings at 425 nm in a spectrophotometer 
(Libra S22; Biochrom, Cambridge, UK). Regarding cholecalciferol retained in 
proliposomes, these values were obtained by high-performance liquid chromatography 
(Shmadzu; Kyoto, Japan) according to Staffas and Nyman (2003) [13].  

3. Results and Discussion 

3.1. Visual aspect and morphology of proliposomes  
 
The visual aspect of blank and curcumin-cholecalciferol-loaded  proliposomes are shown in 
Figure 1. The powders containing curcumin presented an intense and characteristic yellow 
color. The formulation prepared with only Lipoid S40 (F100) seemed to be more 
agglomerated than the produced with  Phospholipon 90H. This may be due because Lipoid 
S40 is a non-hydrogenated phospholipid, with a strong tendency to absorve moisture from 
the environment. 

 
Figure 1. Visual aspects of blank (superior line) and curcumin-cholecalciferol-entrapped (inferior 

line) proliposomes produced with (A, D) 50% Lipoid S40; (B, E) 70% Lipoid S40; (C, F) 100% 
Lipoid S40 
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The coating of micronized sucrose by phospholipids produced flake powders whose 
morphological characteristics are shown in the scanning electron micrographies illustrated 
in Fig. 2. In the SEM micrographs, it is possible to distinguish a layer of phospholipid 
coating the micronized sucrose granules. The coated material presented very irregular and 
different shapes, with many agglomerates in the visual fields. 

 
Figure 2. Micrographies obtained by scanning electronic spectroscopy for the blank (superior line) 

and curcumin-cholecalciferol-entrapped (inferior line) proliposomes produced with (A, D) 50% 
Lipoid S40; (B, E) 70% Lipoid S40; (C, F) 100% Lipoid S40. Scale: 2nm. Magnitude: 50x 

3.2. Fourier-transform infrared spectroscopy (FTIR) 

The characteristic absorption peaks for blank and loaded proliposomes obtained by FTIR 
are shown in Figure 3. No major changes were detected in the spectra of empty and loaded 
proliposomes. Intense vibration peaks were observed at 2854 and 2920 cm-1 in all  spectra. 
These peaks are related to sυ(CH2), and the higher their intensity, the more ordered are the 
acyl chains of the phospholipids. Therefore, as shown in Figs. 3E and 3F, higher amounts 
of Lipoid S40 in the proliposomes led to a reduction in the peak intensities. Such reduction 
was mainly due to the high content of unsaturated phospholipids in Lipoid S40, which 
helps to decrease the acyl chains ordering [10]. On the other hand, assymetrical stretching 
mode of a P=O group is identified by a peak in the range 1200-160 cm-1 according to Lewis 
and McElhaney (1996) [14]. In this case, proliposomes showed this peak as the located in 
the wavenumber near 1043 cm-1. Popova and Hincha (2003) [15] stated  this peak increased 
its position with hydrogen bonding. Regarding these peaks in Figs 3E and 3F, it can be 
verified a slight decrease, an indication that part of sucrose interacted with the polar heads 
of phospholipids, in a behavior that resembles that in which sucrose is used as cryoprotector 
during the production of lyophilized liposomes [16]. These interactions caused also a 
decrease in C=O stretching, which was located at 1741 cm-1. Summarily, it can be stated 
that part of sucrose interacted with some polar heads of the phospholipids presented in 
Lipoid S40, hindering the coating process [10].  
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Figure 3. FTIR spectra obtained for formulations F50 (A); F50CV (B); F70 (C); F70CV (D); F100 

(E) and F100CV (F). 

3.3. Raman spectroscopy 

Figure 4 shows the FT-Raman spectra obtained for blank and loaded proliposomes. The 
bands at 1596 and 1632 cm-1, are attributed to v(C=C) motions of the inter-ring chain of 
curcumin and to v(C=O)/v(C=C) vibrations in the side aromatic rings of both curcumin and 
cholecalciferol. As can be seen, these peaks appeared only on formulations F50CV and 
F70CV. Therefore, it can be stated that in formulation F100CV both bioactives remained 
entrapped in the phospholipid matrix in their amorphous form. Changes in the broadening 
of the 1596 and 1632 cm-1 bands seen between F50CV and F70CV are due to 
conformational modifications on the side aromatic rings that can cause a variation of the 
electronic conjugation degree along the entire molecule [17]. Other Raman peak 
assignments for curcumin were obtained by Mohan et al. (2012) [18] and appeared in 
F50CV and F70CV spectras, as it follows: 1125 cm-1 (δ(CCH) of aromatic rings and δ(C–
OH) of the enolic group coupled to δ(C=CH) in the inter-ring chain), 1241 cm-1 (δ(CH) of 
the aromatic rings, combined to υ(C–O) of the ether groups linked to these rings), 1295 cm-

1 (δ(CCH) of the inter-ring chain (C10 and C11), and 1439 cm-1 (δ(CCC), δ(CCH) and δ(C–
OH) of aromatic rings). Cholecalciferol peak at 1650 cm-1 was possibly covered by peak at 
1655 cm-1 commonly found in polyunsaturated lipids [19]. In addition, the low 
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concentration of cholecalciferol added in proliposomes may have remained within the 
surrounding matrix, which explained the absence of its related peak. 

 
Figure 4. FT-Raman spectra obtained for formulations F50 (black); F50CV (red); F70 (blue); 

F70CV (green); F100 (purple) and F100CV (orange). 

3.4. Hygroscopicity, solubility and amount of bioactives retained 

Physicochemical parameters obtained for proliposomes over 60 days of storage are in Table 
1. Higher hygroscopicities were obtained for proliposomes with higher contents of Lipoid 
S40. These values can be considered low, which is a highly desirable characteristic for 
powders. The incorporation of the hydrophobic actives in proliposomes did not lead to a 
decrease in solubility values. This result corroborates what was mentioned before, that both 
molecules remained entrapped in phospholipid matrix. However, the values obtained were 
quite lower than those obtatined by Silva et al. (2017) [10] which also produced 
proliposomes containing curcumin by coating of micronized method. Additionally, it is 
important to mention that Silva et al. (2017) [10] produced proliposomes using only 
Phospholipon 90H, which contains a higher number of hydrogenated phospholipids, which 
are easier to be dispersed in aqueous medium.   

The amount of bioactives retained in proliposomes after 60 days of storage are presented in 
Table 1. Considering that curcumin and cholecalciferol are highly sensitive to degradation, 
the results obtained can be considered promising, as 100% of curcumin and more than 85% 
of the cholecalciferol initially present in the powder were preserved.  
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Table 1. Physicochemical parameters obtained for blank and loaded proliposomes 

 Solubility 
(%) 

Hygroscopicity 
(%) 

 Preserved bioactives 
(after 60 days) (%) 

   Curcumin Cholecalciferol 
F50 36.4C ± 2.02 7.24B ± 0.23 - - 

F50CV 42.4B ± 0.64 5.90C ± 0.23 100 ± 1.18 92.3 ± 3.50 
F70 44.5A ± 0.93 6.49C ± 0.31 - - 

F70CV 44.8A ± 1.38 7.50BC ± 1.47 100 ± 0.91 85.1 ± 0.10 
F100 37.9C ± 1.36 11.1A ± 2.66 - - 

F100CV 42.5AB ± 1.49 8.62AB ± 1.54 100 ± 1.04 98.7 ± 0.37 
 
4. Conclusions 

The experimental data indicate  it is possible to produce proliposomes containing curcumin 
and cholecalciferol by coating of micronized sucrose. The process of coating with 
phospholipid was effective as illustrated by SEM images. Proliposomes presented low 
hygroscopicity and moderate solubility, which not hinders the production of liposome 
dispersions, as mechanical energy can be applied during their preparation. The amount of 
cholecalciferol added to the formulations was low, which hindered its determination by 
spectroscopies. The results showed the feasibility of producing proliposomes incorporating 
both bioactives in concentrations compatible with their recommended daily dosage for 
further application in food formulations. 
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