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Abstract: In this study, oleic acid-PVA based amphiphilic polymer micelles were prepared for vitamin D 

encapsulation. The amphiphilic polymer encapsulations were characterized using Fourier transformed 
infrared spectroscopy (FTIR) and nuclear magnetic resonance spectroscopy (1H-NMR). The goal of the 
study was to create micelles by using a lipophilic and biocompatible polymer. An oleic acid-substituted 

polyvinyl alcohol polymer was created through an acidic esterification reaction. The chemical structure of 
the polymer was disclosed by FTIR. To calculate the polymer's substitution ratio, 1H-NMR was used. 
Micellization was used to encapsulate vitamin D. Scanning electron microscope (SEM) analysis was used 
to determine the crucial micelle concentration and the size of the oleic acid-modified PVA. Ultraviolet–
visible (UV) spectroscopy was used to analyze the release of vitamin D at various pH levels. As a result, 

vitamin D can be enclosed in PVA polymer that has been substituted with oleic acid. 
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1. INTRODUCTION  
 
The process of covering solid, liquid, or gaseous 
components with a film coating material is referred 

to as encapsulation (1,2).  The outer material is 
referred to as the shell, the shield, or the wall, and 
the inside substance is referred to as the core, 
corona, or active substance. It is frequently 
employed in a variety of industries, including 
medicine, nanotechnology, paint, cosmetics, and 

many more.  Typically, one of the generated blocks 
is found to be hydrophilic, while the other is 
hydrophobic. Amphiphilic polymers can also be 
used to encapsulate molecules with a lipophilic 

structure (3). 
 
Drug delivery systems that facilitate the transport 

of low-resolution drugs in the body have high 
interest. Such systems often allow the drug to be 
transported within the body and released in the 
targeted area (4,5). Polymeric carriage systems 
are used due to their easy adaptation in the body, 
protection of the drug from external factors, 
formation of phase separation, facilitation of 

distribution and easy movement within the vessels 

(6). In addition, drug transportation systems 
reduce side effects, inactivate body areas where 
unnecessary, and increase bioavailability, in 
addition to their easier production and lower costs 

(7).  
 
Due to their capacity for absorption by the body, 
biodegradable polymers have become necessary as 
medication carriers in controlled-release 
technologies. Natural or artificial, biodegradable 

polymers can be broken down in vivo either 
enzymatically or non-enzymatically. They generate 
by-products that are biocompatible and 
toxicologically safe and can be further removed 

through regular metabolic function (8). 
Researchers currently have access to a wide 
variety of degradable polymers with a variety of 

breakdown rates thanks to the field of 
biodegradable polymers' rapid development (9). 
Polyvinyl alcohol (PVA), polylactic acid (PLA), and 
polylactic-co-glycolic acid (PLGA) are the most 
commonly utilized and researched biodegradable 
polymers. These polymers have been used in the 
formulation of numerous micro- and 

nanoparticulate systems. 
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The following benefits (16,17,18) should be 

provided by the encapsulation technique: the 
encapsulation should not have any negative 
consequences on the drug's stability or biological 
activity, the drug should not be affected during the 
final phase of the microsphere process, the 

effectiveness of the drug's encapsulation should 
not be subpar, and the yield of microspheres 
should be sufficient (up to 250 nm, ideally 125 
nm). Additionally, the medication release profile 
and microsphere quality should be repeatable 
within the predetermined ranges. The 
microspheres must be manufactured in a powder 

that flows freely and exhibit neither agglomeration 
nor adhesion. 
 
The coacervation technique (19,20), interfacial 
polymerization (21,22), and “in situ” 

polymerization (23,24) are the most frequently 

used techniques for microencapsulation. 
 
Vitamin D, is a fat-soluble vitamin. Some types of 
vitamin D, such as ergocalciferol, play an 
important role in terms of their effects in the in 
vivo metabolism of calcium and phosphorus. 
Vitamin D has an important role in human health, 

from bone fractures to cardiovascular disease, 
neuromuscular problems, and diabetes. D vitamins 
could also be preferred as provitamin for the 
body’s needs. Vitamin D precursors turns into 
Vitamin D by UV rays, which makes calcium 
binding faster (25). 
 

In this study, PVA is modified with oleic acid, and 
optimum conditions for the encapsulation of 
vitamin D have been studied. 

 
2. MATERIALS AND METHODS 
 

2.1. Material 
PVA (Mw ~150,000) (89% Hydrolyzed), oleic acid, 
sulfuric acid, ethanol, and citric acid were 
purchased from Sigma Aldrich. Vitamin D (98 %) 
was obtained from Merck. 
 
2.2. Characterization techniques 

A Shimadzu UV-Vis spectrophotometer 2450 
(Kyoto Japan) was used for the spectrophotometric 
analysis. Using a Perkin-Elmer Spectrum 100 ATR-
FTIR spectrophotometer, synthetic oligomers' 
chemical structures were determined (WA). A 
Varian Unity Inova Spectrometer (CAL USA) 
running at 400 MHz was used to generate 1H-NMR 

spectra. SEM images of the resultant composites 
were captured using a Philips XL30 ESEM-
FEG/EDAX. In order to prepare specimens for SEM, 
liquid nitrogen was used to solidify them, break 
them, and then cover them in platinum. 
 

2.3. Synthesis of oleic acid modified polyvinyl 
alcohol 
The oleic acid modified PVA (OA-PVA) was 
prepared according to previous studies (3,26). 
Briefly, PVA (600 g, 4 mmol) dissolved in 200 mL 

of distilled water and oleic acid (0.34 g, 1.2 mmol) 
were put into to a three-necked glass flask 

equipped with a nitrogen inlet, a magnetic stirrer, 
a reflux condenser, and a thermometer. 1 mL of 
H2SO4 was added with 250 rpm stirring at 80 °C in 
an oil bath through a dropping funnel. The mixture 
was refluxed at a temperature of 80 °C for 24 

hours. The obtained product was precipitated with 
ethanol. The oleic acid-modified PVA was filtered 
and dried overnight at room temperature in a 
vacuum.  
 
1H-NMR: δ5.26-5.41(2H, 5.33 (dt, J=11.0, 7.4 
Hz), 5.33 (dt, J=11.0, 7.4 Hz), 4,69 (1H, q, J=7.1 

Hz), 3.57-3.6 (3H, 3.59 (q,J=7.4 Hz), 3.6 (tt, 
J=6.2,2.7 Hz), 3.6 (qt, J=6.2,2.6 Hz), 2.19-2.31 
(2H, 5.33 (dt,J=11.0, 7.4 Hz), 2.25(t,J=7.4Hz), 
1.91-2.03 (4H, 1.97(q, J=7.4 Hz), 1.97 (q, J=7.4 
Hz), 1.97(q, J=7.4 Hz), 1.97 (q, J=7.4 Hz)), 1.35-

1.84 (14 H, 1.42(tt, J=7.4,7.0 Hz), 1.42 (tt, J=7.4, 

7.0 Hz), 1.43 (tt, J=7.4,7.0 Hz), 1.43 (tt, J=7.4, 
7.0 Hz), 1.56 (tt, J=7.7,7.4 Hz), 1.56 (tt, 
J=7.7,7.4 Hz), 1.62 (qd, J=7.5, 6.2 Hz), 1.62 (qd, 
J=7.5, 6.2 Hz),1.71 (t, J=2.6 Hz), 1.71 (t, J=2.6 
Hz), 1.77 (dd, J=7.1, 2.7 Hz), 1.77 (dd, J=7.1, 2.7 
Hz), 1.77 (dd, J=7.1, 2.7 Hz), 1.77 (dd, J=7.1, 2.7 
Hz), 1.11-1.34 (21H, 1.17 (d, J=6.2 Hz), 1.23 (tt, 

J=7.0, 6.9 Hz), 1.23 (tt, J=7.0, 6.9 Hz), 1.23(q, 
J=7.0 Hz), 1.23 (q, J=7.0 Hz), 1.23 (q, J=7.0 Hz), 
1.23 (q, J=7.0 Hz), 1.23 (q, J=7.0 Hz), 1.23 (q, 
J=7.0 Hz), 1.24 (tt, J=7.0, 6.9 Hz), 1.24 (q, J=7.0 
Hz), 1.24 (q, J=7.0 Hz), 1.25 (tt, J=7.7, 6.9Hz), 
1.24 (q, J=7.0 Hz), 1.24 (q, J=7.0 Hz), 1.25 
(tt,7.7,6.9 Hz), 1.25 (tt, J=7.7,6.9 Hz), 1.28 (tt, 

J=7.0,6.9 Hz), 1.28 (tt, J=7.0,6.9 Hz), 1.28 (h, 
J=7.0 Hz), 1.28 (h, J=7.0 Hz), 0.81-1.02 (6H, 
0.86 (t, J=7.0 Hz), 0.96 (t, J=7.5 Hz). 

 
2.4. Vitamin D encapsulation by using OA-
PVA and determination of optimum 

capsulation parameters 
Vitamin D encapsulation was performed by the 
direct dissolution method at optimum critical 
micelle concentration (CMC), resulting in the self-
assembling of the drug and polymer to form 
polymeric micelles. In the encapsulation study, 0.6 
g oleic acid-modified PVA was dissolved in 50 mL 

distilled water, stirred for 2 h, and 1 mL of vitamin 
D was added to the solution. After 1 h, 4 mL of 1M 
citric acid were added. The resulting mixture was 
stirred for 2 h at 500 rpm (27). The obtained 
capsules were filtered and dried.  
The CMC is the minimum quantity of wall material 
necessary for micelle formation during the 

manufacturing of a capsule. Both SEM analysis and 
visual inspection revealed that different amounts of 
OA-PVA (0.2, 0.4, 0.6, 0.8, and 1 g) were used to 
make capsule walls, and varying amounts of 
vitamin D (0.5, 1 and 1.5 mL) were placed into the 
micelle that served as the cores of the capsules to 

determine the optimal encapsulation parameters. 
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2.5. Decomposition of nanocapsules at 
various pH values 

The release studies were carried out at different 
pHs to monitor the pH dependence of vitamin D 
encapsulated wall material for the critical micelle 
concentration and the optimum vitamin D amount. 
The solutions were stirred for 20 minutes, followed 

by changing pH values. Capsule deterioration has 
been revealed by means of changes in its color 

with a UV–Vis spectrophotometer in addition to 
visual inspection. 

 
3. RESULTS  
 
3.1. Synthesis and characterization 
Oleic Acid Substituted Polyvinyl Alcohol was 

prepared via Fisher esterification according to 
Figure 1. 

 

 
Figure 1: Synthesis of oleic acid substituted polyvinyl alcohol 

 
In Section 2.3, the 1H-NMR spectrum of oleic acid 

modified polyvinyl alcohol can be seen. The double 
bond proton signals for the oleic acid substituted 
polyvinyl alcohol appeared at 5.33 ppm and at 
4.69-4.75 ppm for oleic acid bonded C-H. 
Additionally, the spectrum exhibits OH protons 

signals of PVA at 3.60 and 3.57 ppm. At 2.25 ppm, 

the first protons of oleic acid and, at 1.96 and 1.25 
ppm, methyl protons (-CH2-) of oleic acid can be 
seen. In addition, the methyl protons of PVA 
appear at 1.72, 1.76, and 1.50 ppm.  Moreover, 
the terminal methyl protons of the oleic acid are 
seen at 0.86 ppm. The obtained results were in 
accordance with the literature (28). The 

substitution was calculated by comparing the areas 
of the peaks at 4.69-4.75 ppm oleic acid bonded 
C-H and OH protons signals of PVA at 3.60 and 

3.57 ppm. The ratio is calculated as 1: 4. The 

substitution range is close to the calculated value 
and matches the literature (29). The results of 1H-
NMR analysis demonstrated that the expected 
structure was synthesized successfully. 
  

Additionally, the FTIR analysis supports the 1H-

NMR results. Figure 2a demonstrated that the 
carbonyl stretching of PVA's acetate groups 
emerged at 1693 cm-1 and that the typical CH2 
stretching band for PVA appeared at 2915 cm-1. 
Moreover, at 3307 cm-1 typical strong hydroxyl 
bands for PVA can be seen. Crystallization-
sensitive band of PVA at 1090 cm-1 Similar results 

could also be found in the literature for the PVA 
(30).  Figure 2b showed that the characteristic 
carbonyl strength band of oleic acid at 1711 cm-1 
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and the peaks at 2900 and 2850 cm−1 were 
attributed to the asymmetric CH2 stretch and the 

symmetric CH2 stretch, respectively, in-plane and 
out-of-plane. The peak at 3005 cm-1 belongs to 
CH=CH strength of oleic acid.  The results are 
consistent with the literature (31). Figure 2c 
showed that oleic acid modified polyvinyl alcohol 

FTIR. The key parameter of the stretching 
vibration of carbonyl groups in esters (C-O-C=O) 

was observed at 1644 cm-1 (figure 2c). The results 
are consistent with the data of Zagonel et al. (32). 
The emergence of the ester peak 1644 cm-1, and 
the double bond peak at 3005 cm-1 demonstrates 
successful binding. 

 

 
Figure 2: FTIR spectra a. PVA b. oleic acid c. oleic acid substituted polyvinyl alcohol 

 

The FTIR spectrum of the encapsulated vitamin D 
at the optimum amount of vitamin D and polymer 
content, which are determined with critic micelle 
concentration and oil amount study (Figure 3). 

Figure 3 shows the FTIR spectrum of vitamin D 
with bands of 2915-2917 cm-1 free CH3 stretching, 
1730 cm-1 ester stretching, and 1088 cm-1 
carbonyl stretching (33). Comparing the FTIR 
spectra of vitamin D and the capsule according to 

Figure 3, the vibration band at 965 cm-1 due to 
sulfoxide (S=O) and sulfhydryl groups for vitamin 
D disappeared in the FTIR spectrum of the capsule. 
It is seen that all the vitamin D was encapsulated 

in the core and only the polymeric peaks at the 
wall appeared in the spectrum (34). The absence 
of a vitamin D band indicates that capsulation has 
been achieved successfully. 
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Figure 3: FTIR spectra of a) vitamin D and b) vitamin D-oleic acid modified polyvinyl alcohol capsule 

 
The encapsulation of vitamin D was prepared 
under acidic conditions. When the pH dependence 

of encapsulation was examined (Figure 4a), it was 
concluded that encapsulation does not occur at a 
basic pH and only occurs at an extreme acidic pH 
(35). In addition, when the SEM images were 

examined, it was determined that the capsule size 
was homogeneous and about 6.5 nm (Figure 4b). 

When the size of the obtained capsules was 
compared with the literature, it was determined 
that 10 times smaller capsules were synthesized 
(36). 

   

 
Figure 4: a. Encapsulation condition image b. SEM images of vitamin D- oleic acid modified polyvinyl 

alcohol capsules 
 
The minimum oleic acid modified polyvinyl alcohol 

polymer that is needed to achieve critical micelle 
concentration for the encapsulation of vitamin D 
was determined. It was visually found that the 
encapsulation did not occur at the concentration of 

OA-PVA under 0.6 g/50 mL water. This result is 

also supported by the literature (37). In addition, 

when the SEM images were examined, it was seen 
that the capsules were agglomerated at a 
concentration of 1 g/50 mL, whereas the capsules 
were not formed at a concentration of 0.4 g/50 mL 

at 50.000x magnification. 
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Figure 5: SEM images of capsules obtained with various amount of OA-PVA 

 
To investigate the effect of vitamin D concentration 
on encapsulation, different concentrations were 
added to of 0.6 g of OA-PVA, and the 
encapsulation was visually inspected. The 

encapsulations of 0.5 mL and 1 mL of vitamin D 

were performed without issues, but when the 
vitamin D was further increased, the emulsion 
could not be formed completely with the OA-PVA. 
The untreated vitamin D remained on the surface. 
As a result, the upper limit for micellization of 
vitamin D was determined to be 1 mL.   
 

3.2. Decomposition of nanocapsules at 
various pH values 
The decomposition of capsules due to the pH 
changes was investigated by UV spectroscopy. The 

decomposition of capsules release profiles of 

vitamin D (Figure 6) from micelles prepared with 
OA-PVA polymer showed significant differences 
with pH. It was observed that OA- PVA polymer 
stabilized the vitamin D at acidic pH, but the 
capsules were deteriorated at pH 6 and above. The 
oil phase containing vitamin D was separated 
above pH 6. This observation was also compatible 

with the literature (38). 

 
Figure 6:  UV spectrum of capsules at different pH 

 
 
4. CONCLUSION 

 

OA-PVA amphiphilic polymer was prepared with 
Fisher acidic esterification. 1H-NMR and ATR-FTIR 
confirmed the expected structures. The vibration 
band belonging to sulfoxide (S=O) and sulfhydryl 
groups of vitamin D at 965 cm-1 disappeared in the 
FTIR spectrum of the capsule. The absence of 
vitamin D bands indicates that capsulation has 

been achieved successfully. Herein, vitamin D 
encapsulation with the obtained polymer is 
reported for the first time. The optimum conditions 

for encapsulation were determined visually and by 

SEM. In light of the results obtained, it was 

concluded that the optimum capsulation conditions 
were 0.6 g / 50 mL polymer solution, 1 mL vitamin 
D, and an extremely acidic environment. The 
decomposition of vitamin D capsules at various pH 
values was investigated. It was observed that oleic 
acid-substituted PVA polymer stabilized the 
capsule at acidic pH.  Considering all of the results, 

it could be stated that oleic acid substituted 
polyvinyl alcohol polymer can be used for 
encapsulation applications of vitamin D.  



 
 
Birtane H. JOTCSA. 2023;10(4):1055-1062.                     RESEARCH ARTICLE 
 
 

1061 
 

5. CONFLICT OF INTEREST 
 

There is no conflict of interest. 
 
6. REFERENCES 
 
1. Dubey R. Microencapsulation technology and 
applications. Defence Science Journal. 2009; 59(1): 82-
95. Available from: <URL> 
 
2. Mars G, Scher H. Controlled delivery of crop 

protecting agents. Taylor and Francis, London. 1990:65-
90. 
 
3. Ozcan A, Kandirmaz EA, editors. Poly [(vinyl 
alcohol)-(stearic acid)] synthesis and use in lavender oil 
capsulation. 9th International symposium on graphic 
engineering and design, https://doi org/1024867/GRID-
2018-p23 (2018, accessed 29 December 2020); 2018. 
 
4. Yang L, Alexandridis P. Physicochemical aspects 
of drug delivery and release from polymer-based colloids. 
Current opinion in colloid & interface science. 2000;5(1-
2):132-43. Available from: <URL> 
 
5. Allen, C., Eisenberg, A., Maysinger, D. 
Copolymer drug carriers: conjugates, micelles and 
microspheres. STP. Pharma Sciences. 1999;9(1):139-
151.  
 
6. Luppi B, Orienti I, Bigucci F, Cerchiara T, Zuccari 
G, Fazzi S, Zecchi, V. Poly (vinylalcohol-co-vinyloleate) 
for the preparation of micelles enhancing retinyl 
palmitate transcutaneous permeation. Drug Delivery. 
2002;9(3):147-152. Available from: <URL> 
 
7. Kataoka K, Harada A, Nagasaki Y. Block 
copolymer micelles for drug delivery: design, 
characterization and biological significance. Advanced 
Drug Delivery Reviews.  2012;64:37-48. Available from: 
<URL> 
 
8. Wise DL. Encyclopedic handbook of biomaterials 
and bioengineering: v. 1-2. Applications: CRC Press; 
1995. 
 
9. Vert M, Li SM, Spenlehauer G, Guérin P. 
Bioresorbability and biocompatibility of aliphatic 
polyesters. Journal of Materials Science: Materials in 
Medicine. 1992;3(6):432-446. Available from: <URL> 
 
10. Chacon M, Berges L, Molpeceres J, Aberturas 
MR, Guzman M. Optimized preparation of poly D, L 
(lactic-glycolic) microspheres and nanoparticles for oral 
administration. International Journal of Pharmaceutics. 
1996;141(1-2):81-91. Available from: <URL> 

 
11. Ammoury N, Dubrasquet M, Fessi H, 
Devissaguet JP, Puisieux F, Benita S. Indomethacin-
loaded poly (D,L-lactide) nanocapsules, protection from 
gastrointestinal ulcerations and antiinflammatory-
activity, evaluation in rats. Clinical Materials. 1993;13(1-
4):121-130. Available from: <URL> 
 
12. Uchida T, Yoshida K, Nakada Y, Nagareya N, 
Konishi Y, Nakai A, Matsuyama K. Preparation and 
characterization of polylactic acid microspheres 
containing water-soluble anesthetics with small molecular 
weight. Chemical and Pharmaceutical Bulletin. 
1997;45(3):513-517. Available from: <URL> 
 

13. Soriano I, Evora C, Llabrés M. Preparation and 
evaluation of insulin-loaded poly (DL-lactide) 
microspheres using an experimental design. International 
Journal of Pharmaceutics. 1996;142(2):135-142. 
Available from: <URL> 
 
14. Yamakawa I, Tsushima Y, Machida R, Watanabe 
S. In vitro and in vivo release of poly (DL-lactic acid) 
microspheres containing neurotensin analogue prepared 
by novel oil-in-water solvent evaporation method. 
Journal of Pharmaceutical Sciences. 1992;81(8):808-
811. Available from: <URL> 
 
15. Niwa T, Takeuchi H, Hino T, Kunou N, 
Kawashima Y. Preparations of biodegradable nanospheres 
of water-soluble and insoluble drugs with D,L-
lactide/glycolide copolymer by a novel spontaneous 
emulsification solvent diffusion method, and the drug 
release behavior. Journal of Controlled Release. 
1993;25(1-2):89-98. Available from: <URL> 
 
16. Jalil R, Nixon JR. Biodegradable poly(lactic acid) 
and poly(lactide-co-glycolide) microcapsules: problems 
associated with preparative techniques and release 
properties. Journal of Microencapsulation. 
1990;7(3):297-325. Available from: <URL> 
 
17. Southern TRT, Tabibi SE. Parenteral Drug 
Delivery: Injectables. Treatise on Controlled Drug 
Delivery: Fundamentals-optimization-applications. 
2017:315. 
 
18. Fong J. Microencapsulation by solvent 
evaporation and organic phase separation processes. 
Controlled release systems: fabrication technology. 
1988;1:81-108. 
 
19. Moutinho IMT, Kleen AM, Figueiredo MML, 
Ferreira PJT. Effect of surface sizing on the surface 
chemistry of paper containing eucalyptus pulp. 
Holzforschung. 2009;63(3):282-289. Available from: 
<URL> 
 
20. Pruszynski P, editor Recent developments in 
papermaking chemicals. Chemical Technology of Wood, 

Pulp and Paper, Proceedings of the International 
Conference" Chemical Technology of Wood, Pulp and 
Paper; 2003;82-90. 
 
21. Zhu GY, Xiao ZB, Zhou RJ, Yi FP. Fragrance and 
flavor microencapsulation technology. Advanced Materials 
Research. 2012;535:440-445. Available from: <URL> 
 
22. Moutinho IM, Ferreira PJ, Figueiredo ML. Paper 
surface chemistry as a tool to improve inkjet printing 
quality. BioResources. 2011;6(4):4259-4270. Available 
from: <URL> 
 
23. Singh MN, Hemant KSY, Ram M, Shivakumar 
HG. Microencapsulation: A promising technique for 
controlled drug delivery. Research in Pharmaceutical 
Sciences. 2010;5(2):65-77.  
 
24. Mervosh TL, Stoller EW, Simmons FW, Ellsworth 
TR, Sims GK. Effects of starch encapsulation on 
clomazone and atrazine movement in soil and clomazone 
volatilization. Weed Science. 1995;43(3):445-453. 
Available from: <URL> 
 
25. Nieves JW. Skeletal effects of nutrients and 
nutraceuticals, beyond calcium and vitamin D. 
Osteoporosis International. 2013; 24(3): 771-786. 
Available from: <URL> 

https://doi.org/10.14429/dsj.59.1489
https://doi.org/10.1016/S1359-0294(00)00046-7
https://doi.org/10.1080/10426500290095647
https://doi.org/10.1016/S0169-409X(00)00124-1
https://doi.org/10.1007/BF00701240
https://doi.org/10.1016/0378-5173(96)04618-2
https://doi.org/10.1016/0267-6605(93)90098-R
https://doi.org/10.1248/cpb.45.513
https://doi.org/10.1016/0378-5173(96)04648-0
https://doi.org/10.1002/jps.2600810817
https://doi.org/10.1016/0168-3659(93)90097-O
https://doi.org/10.3109/02652049009021842
https://doi.org/10.1515/HF.2009.046
https://doi.org/10.4028/www.scientific.net/AMR.535-537.440
https://doi.org/%2010.15376/biores.6.4.4259-4270
https://www.jstor.org/stable/4045578
https://doi.org/10.1007/s00198-012-2214-4


 
 
Birtane H. JOTCSA. 2023;10(4):1055-1062.                     RESEARCH ARTICLE 
 
 

1062 
 

 
26. Özgülsün A, Karaosmanoglu F, Tüter M. 
Esterification reaction of oleic acid with a fusel oil fraction 
for production of lubricating oil. Journal of the American 
Oil Chemists’ Society. 2000;77(1):105-109. Available 
from: <URL> 
 
27. Kikuchi A, Okano T. Pulsatile drug release 
control using hydrogels. Advanced Drug Delivery 
Reviews. 2002;54(1):53-77. Available from: <URL> 
 
28. Chetri P, Dass NN. Development of a new 
method for synthesis of poly (vinyl oleate) from poly 
(vinyl alcohol). Polymer. 1996;37(23):5289-5293. 
Available from: <URL> 
 
29. Crini G, Torri G, Guerrini M, Martel B, Lekchiri Y, 
Morcellet M. Linear cyclodextrin-poly (vinylamine): 
Synthesis and NMR characterization. European Polymer 
Journal. 1997;33(7):1143-1151. Available from: <URL> 
 
30. Mansur HS, Sadahira CM, Souza AN, Mansur AA. 
FTIR spectroscopy characterization of poly (vinyl alcohol) 
hydrogel with different hydrolysis degree and chemically 
crosslinked with glutaraldehyde. Materials Science and 
Engineering: C. 2008;28(4):539-548. Available from: 
<URL> 
 
31. Zhang L, He R, Gu HC. Oleic acid coating on the 
monodisperse magnetite nanoparticles. Applied Surface 
Science. 2006;253(5):2611-2617. Available from: 
<URL> 
 
32. Zagonel GF, Peralta-Zamora P, Ramos LP. 
Multivariate monitoring of soybean oil ethanolysis by 
FTIR. Talanta. 2004;63(4):1021-1025. Available from: 
<URL> 
 
33. Molavesi M, Shahidi-Noghabi M, Naji-Tabasi S. 
Vitamin D3-loaded nanophytosomes for enr,chment 
purposes: Formulation, structure optimization, and 
controlled release. Journal of Food Process Engineering. 
2020;43:13560-13572. Available from: <URL> 
 
34. Miyamoto K, Murayama E, Ochi K, Watanabe H, 

Kubodera N. Synthetic studies of vitamin D analogues. 
XIV. Synthesis and calcium regulating activity of vitamin 
D3 analogues bearing a hydroxyalkoxy group at the 2β-
position. Chemical and Pharmaceutical Bulletin. 
1993;41(6):1111-1113. Available from: <URL> 
 
35. Ziani K, Fang Y, McClements DJ. Encapsulation 
of functional lipophilic components in surfactant-based 
colloidal delivery systems: vitamin E, vitamin D, and 
lemon oil.  Food Chemistry.  2012;134(2):1106-1112. 
Available from: <URL> 
 
36. Mu L, Feng SS. Vitamin E TPGS used as 
emulsifier in the solvent evaporation/extraction technique 
for fabrication of polymeric nanospheres for controlled 
release of paclitaxel (Taxol). Journal of Controlled 
Release. 2002;80(1-3):129-144. Available from: <URL> 
 
37. Domínguez A, Fernandez A, Gonzalez N, Iglesias 
E, Montenegro L. Determination of critical micelle 
concentration of some surfactants by three techniques. 
Journal of Chemical Education. 1997;74(10):1227. 
Available from: <URL> 
 
38. Luppi B, Bigucci F, Cerchiara T, Andrisano V, 
Pucci V, Mandrioli R, Zecchi V. Micelles based on 
polyvinyl alcohol substituted with oleic acid for targeting 

of lipophilic drugs. Drug Delivery. 2004;12(1):21-26. 
Available from: <URL> 

https://doi.org/10.1007/s11746-000-0017-5
https://doi.org/10.1016/S0169-409X(01)00243-5
https://doi.org/10.1016/0032-3861(96)00337-0
https://doi.org/10.1016/S0014-3057(96)00169-3
https://doi.org/10.1016/j.msec.2007.10.088
https://doi.org/10.1016/j.apsusc.2006.05.023
https://doi.org/10.1016/j.talanta.2004.01.008
https://doi.org/10.1111/jfpe.13560
https://doi.org/%2010.1248/cpb.41.1111
https://doi.org/10.1016/j.foodchem.2012.03.027
https://doi.org/%2010.1016/s0168-3659(02)00025-1
https://doi.org/10.1021/ed074p1227
https://doi.org/%2010.1080/10717540590889646

