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EFFECT OF VANILLIN QUALITY ON THE SYNTHESIS AND SOLID DISPERSION SYSTEMS ON 
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ABSTRACT 

Objective: Pentagamavunon-0 (PGV-0) was a curcumin analog with antioxidant properties and has been synthesizing with improvement 
techniques using vanillins with different qualities. PGV-0 has a low bioavailability but could be increased solubility by making a solid dispersion 
system. This study aimed to determine the antioxidant properties of PGV-0 that were synthesized with different quality starting materials of vanillin 
and also to obtain the effect of PEG 6000 and maltodextrin solid dispersion systems. 

Methods: PGV-0 was synthesizing by mixing cyclopentanone into two different groups of vanillins (vanillin pro analysis and vanillin “Kapal Layar”) 
using an HCl catalyst. The purity of products was identified with TLC (Thin Layer Chromatography) and spectrophotometrically compared with 
PGV-0 standard. Solid dispersion system consisting of two treatment groups: PEG 6000 and maltodextrin groups. The measurement of antioxidant 
properties was examined by Cupric Ion Reducing Antioxidant Capacity (CUPRAC).  

Results: PGV-0 of vanillin pro analysis group (EC50= 13.62 ppm) was found higher antioxidant capacity as compared to the vanillin “Kapal Layar” 
group (EC50= 15.35 ppm). The solid dispersion system of PGV-0-PEG 6000 at ratio 1:10 has shown powerful antioxidant capacity (EC50= 9.00 ppm) 
than the PGV-0-PEG 6000 at ratio 1:5 group (EC50= 10.65 ppm). PGV-0-maltodextrin at ratio 1:10 (EC50= 11.96 ppm) also has powerful antioxidant 
activity when compared with PGV-0-maltodextrin at ratio 1:5 (EC50= 13.63 ppm).  

Conclusion: The results of the study showed that the use of vanillin with different qualities in PGV-0 synthesis and also solid dispersion systems can 
affect the antioxidant activity of PGV-0. 
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INTRODUCTION  

Curcumin compounds can be found in many types of Curcuma 
species and are the main pigment in turmeric (Curcuma longa). The 
broad range of biological and pharmacological activities of curcumin 
and its derivatives have been widely explored and reported include 
antimetastatic, antibacterial, anticancer, antitumor, antimalarial, and 
antioxidant activities [1]. Curcumin has a prominent chemical 
structure containing two ferulic acid residues connected by a 
methylene bridge. It has two hydrophobic phenyl domains 
connected by flexible linkers (seven carbons). Although curcumin 
has unique structural features, it lacks stability and bioavailability 
features [2].  

Pentagamavunon-0 (PGV-0) is an approach that has been taken to 
overcome the curcumin stability problem. PGV-0 is a curcumin 
analog with many potential activities, especially antioxidant 
properties. PGV-0 is one of cyclopentanone derivatives with 
identical symmetrical aromatic rings of curcumin that has been 
synthesizing with improvement techniques using a different quality 
source of vanillin [3]. The main problem in PGV-0 development was 
the same as curcumin with poor water solubility and low 
bioavailability because of their two hydrophobic phenyl domains. 
This problem could be dissolved with increased solubility by making 
a solid dispersion system as has been applied to curcumin [4, 5].  

A solid dispersion system can increase solubility by increasing the area 
of contact of the active substance with the solvent with the aid of 
dispersing agents [6]. In this research, maltodextrin and polyethylene 
glycol 6000 (PEG 6000) were used as dispersing agents to increase 
solubility. Maltodextrin and PEG were some of the excipients that were 
often used as carriers to increase the dissolution rate in the form of 
solid dispersions [7]. Maltodextrin had high water solubility and could 
give a solubilizing effect on drugs [8]. Meanwhile, PEG polymers are 
often used due to their hydrophilicity, low toxicity, low melting point, 
chemical compatibility, and has a fast solidification level or 
compaction rate [7, 9].  

The DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity of 
PGV-0 has been proven including a very strong antioxidant category 
but the ability to reduce or chelating metal was never reported [10]. 
Several studies reported solid dispersion system can increase the 
activity of some antioxidant compounds because of their solubility 
was increase [11-13]. This study aimed to determine the antioxidant 
properties of PGV-0 that were synthesized with different quality 
starting materials of vanillin and also to obtain the effect of PEG 
6000 and maltodextrin solid dispersion systems towards Cupric Ion 
Reducing Antioxidant Capacity (CUPRAC). 

MATERIALS AND METHODS 

Chemicals and instruments 

All chemicals, solvents, and reagents used in the experiments were 
purchased from Merck KGaA were of analytical grade, except one of 
vanillin material from the market that have been used for food with 
the brand name “Kapal Layar” and standard PGV-0 from Faculty of 
Pharmacy, Gadjah Mada University, Yogyakarta, Indonesia. All 
spectrophotometric measurements were made with a pair of 
matched quartz cuvettes using a PG Instruments-T60 UV-Vis 
spectrophotometer. 

PGV-0 synthesis 

PGV-0 was synthesizing according to Ritmaleni’s (2016) research by 
mixing cyclopentanone into two different groups of vanillins 
(vanillin pro analysis [VPA] and vanillin “Kapal Layar” [VKL]) using 
an HCl catalyst without solvent, stirred with a magnetic stirrer and a 
new improvement technique of maceration was applied [3]. 

Identification of product purity 

The purity of PGV-0 was determined by a TLC (Thin Layer 
Chromatography). PGV-0 product, PGV-0 standard, and vanillins were 
running on TLC plate then eluted with a mobile phase of n-hexane: 
ethyl acetate (2:1). The plate was then dried, the propagation length of 
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the compounds was observed under UV lamps of 254 nm and 366 nm 
and the Retention factor (Rf) value of each spot was measured. PGV-0 
product also analysis spectrophotometrically compared with vanillins 
and PGV-0 standard [14]. 

Solid dispersion system (SDs) 

Solid dispersion system consisting of two treatment groups: PEG 6000 
and maltodextrin groups. In this work, the SDs of PGV-0 were obtained 
using three different technologies, including solvent evaporation and 
melting-dissolution techniques. The preparation of drug-carrier 
dispersions was easy and convenient in terms of mass ratio and molar 
ratio. Therefore, these mass ratios were prepared in this study. The 
making of solid dispersion PGV-0 was done by a solvent evaporation 
method using maltodextrin and melting-dissolution method using PEG 
6000 and each system mixed in a ratio 1: 5 and 1: 10. 

a) Solvent evaporation (SE) 

The SD of PGV-0 was prepared by the SE method in different ratios 
of PGV-0 to Maltodextrin, which was coded as PGV-0-MD with two 
different mass ratios (1:5, and 1:10). PGV-0 and maltodextrin were 
dispensed into a beaker in which the required amount of ethanol was 
added for the dissolution of PGV-0 and maltodextrin. In the 
preparation of SDs of drugs, organic solvents were evaporated 
completely with a rapid evaporation rate, which cannot be achieved 
using a rotary evaporator. The preparation was cooled in ice and 
solidified for 12 h, and the obtained mass was stored and then 
pulverized using a pestle and mortar. The obtained mass was sieved 
using sieve no. 60 in order to obtain the particles of uniform size [11]. 

b) Melting-dissolution 

PGV-0-PEG 6000 SDs were prepared by the melting-dissolution 
method using the different ratios of PGV-0 to PEG 6000, which was 
mass ratios 1:5, and 1:10. Each SD was heated to a molten state at 60 
°C, and the calculated amount of PGV-0 was included. The molten 
mass was continuously stirred with a glass rod till the complete 
dissolution of PGV-0. The obtained dispersion was solidified at 
ambient temperature. The dispersion was transferred in a 
desiccator for 24 h and then pulverized using a porcelain mortar and 
pestle. The obtained mass was sieved again using sieve no. 60 to 
obtain the particles of uniform size [11] 

Quantitative antioxidant capacity with CUPRAC assay 

The CUPRAC method based on Ramadhan et al. (2020) is comprised 
of mixing the antioxidant solution (1 ml of each serial concentration 
of two PGV-0 groups and their solid dispersions) with a copper (II) 
chloride solution 0.01 M (1 ml), an ethanolic neocuproine 0.0075 M 
(1 ml), an ammonium acetate aqueous buffer 1 M at pH 7 (1 ml), an 
aquadest of 0.1 ml, and subsequently measuring the developed 
absorbance at 450 nm after 30 min. The antioxidant activity against 
the CUPRAC reagent was expressed as a percent capacity of each 
dilution that was calculated as follows:  

Ts =  −Log Abs. Sample 

% capacity = (1 − Ts)x 100% 

Ts was the negative log value of the sample absorbance and Abs. 
Sample was the absorbance of each concentration of the test 
solutions that have been reacted with CUPRAC reagent. The results 

were expressed as EC50 value (EC50 was the effective concentration 
at which 50% of its maximal effect is observed) and were obtained 
by interpolation of the equation y = a+bx that was determined 
through linear regression, where x was the concentration (ppm) of 
the substance measured and y was the percentage of capacity (%). 
The EC50 value was obtained as the x value using y = 50 [15-17]. 

Statistical analyses 

All tests were carried out independently in triplicate. Data are 
expressed as mean ± standard deviation. One-way analysis of 
variance (ANOVA) was used to determine significant differences 
between groups were considered significant at p<0.05. 

RESULTS AND DISCUSSION 

PGV-0 synthesis 

Pentagamavunon-0 (PGV-0), known by the chemical name 2,5-bis 
(4-hydroxy-3-methoxybenzilidine) cyclopentanone, is an α,β 
unsaturated compound. Pentagamavunon-0 (PGV-0) was one of the 
modified curcumin compounds. The aim of modification of curcumin 
is to increase the stability of curcumin which was very easily 
influenced by environmental pH and light, and in an aqueous 
environment with alkaline conditions, curcumin is easily hydrolyzed 
and degraded. To increase the stability of curcumin, It can be 
overcome by modifying curcumin through synthesis to form 
curcumin analogs. Curcumin analog was a modification of curcumin 
with 3 pharmacophore groups similar to curcumin with the parent 
compound [18]. PGV-0 was a curcumin analog that has been widely 
studied for its biological activity, especially the DPPH radical 
scavenging activity [10]. Previous research stated that PGV-0 has a 
stronger antioxidant and anti-inflammatory potential than other 
curcumin analog compounds but they have low solubility in water 
[19]. The main problem faced in the development of PGV-0 is its 
poor solubility in water and low bioavailability, thus affecting the 
resulting activity for disease therapy [6]. Poor solubility leads to a 
low dissolution rate which results in scarce absorption systemically, 
which leads to poor performance PGV-0 in terms of bioavailability 
and high inter-subject variation [20]. To solve this problem, an 
increase in solubility was carried out using the solid dispersion 
method, so it is hoped that the increased solubility of PGV-0 can 
affect the antioxidant activity of PGV-0. In addition, this study also 
aims to determine the effect of the quality of the vanillin used on the 
antioxidant activity of PGV-0. 

The study began with the synthesis of PGV-0 using two types of 
vanillin with different qualities, each mixed with cyclopentanone. 
PGV-0 from vanillin pro analysis (VPA) gives 31.175% randemen of 
the product; meanwhile, vanillin “Kapal Layar” also has a similar % 
of randemen which is 31.997%. The results still not good enough for 
the value of randemen because after the maceration treatment of 
synthesis product just left for two hours, different with Ritmaleni 
(2016) left the product for 14 d that why resulting maximum 
randemen [3]. Organoleptic identification based on fig. 1 and table 1 
showed a little different color of the product if compared with 
standard, but % recovery of the product showed maximum values 
which is PGV-0 of VPA has a higher value of % recovery (90.186%) 
than PGV-0 of VKL (86.769%). Based on the results, the quality of 
the starting material could be affecting the purity of the synthesis 
product.

 

 

Fig. 1: PGV-0 product of (A) VKL, (B) VPA, and (C) standard 
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Table 1: Organoleptic identification of products 

Organoleptic identification PGV-0 
VKL VPA Standard 

Color Yellow Pale orange Orange 
Smell Odourless Odourless Odourless 
Shape Crystal Crystal Crystal 

 

Identification of product purity 

The purity of the synthesis product was proven by TLC using the 
mobile phase n-hexane: ethyl acetate (2:1), which showed a single 
spot on each product and was parallel to standard PGV-0 with Rf = 
0.22 (fig. 2). The spots of product and standard on each plate 
showed a significant difference with vanillin (Rf = 0.59), so it can be 

said that the resulting product has high purity [21]. These results 
were supported by UV-Vis spectrophotometric analysis as shown in 
fig. 3. The UV-Vis spectrum shows the similarity of the curve and 
wavelength of the PGV-0 product derived from VPA with standard 
PGV-0, which is 408 nm. PGV-0 derived from VKL shows a difference 
in wavelength which is 410 nm, but this difference could still be 
tolerated if the difference was less than or equal to 2 nm. 

 

 

Fig. 2: Purity identification of (A) PGV-0 (VPA) and (B) PGV-0 (VKL) with TLC in the mobile phase of (2:1) n-hexane: ethyl acetate; (1) 
visually, (2) under UV 254 nm, and (3) under UV 366 nm 

 

 

Fig. 3: Comparison UV-Vis spectrum of (a) vanillin, (b) PGV-0 standard, and synthesis product of (A) PGV-0 from VKL and (B) PGV-0 from 
VPA 

 

Solid dispersion system (SDs) 

The formation of solid dispersions can help increase solubility and 
dissolution rates of drugs that are difficult to dissolve in water. A 
solid dispersion system is a dispersion system of one or more 
substances active in an inert carrier or water-soluble matrix in its 
solid form prepared by the methods of smelting, dissolving, as well 
as a combination of smelting and dissolving. The choice of the 
carrier also influences the dissolution rate of the dispersed drug. The 
water-soluble carriers will accelerate the release of the drug from 
the matrix, while the carriers which are difficult to dissolve water 
will slow the release from the matrix [22]. The product of each PGV-
0 was prepared for the manufacture of different solid dispersion 

(SD) systems using two different methods. The solvent evaporation 
method involves the solubility/miscibility of PGV-0 and 
maltodextrin as a carrier in absolute ethanol, and then the organic 
solvent was evaporated in a water bath. The key point of this 
method was to ensure complete solubility/miscibility of PGV-0 in 
the carrier and disperse uniformly. 

The formulation PGV-0-SD was obtained with the carrier 
maltodextrin and PEG 6000 at the different mass ratios of 1:5, and 
1:10 using different techniques. The mass ratios of 1:5 and 1:10 
were selected randomly as there was no issue of 
miscibility/solubility of the carrier with most of the organic solvents 
used in the preparation of SD. In the preparation of solid dispersions 
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using solvent evaporation, the drugs and polymers are separately 
dissolved in organic solvents. Then, the drug solutions and polymer 
solutions were mixed together, and organic solvents were 
evaporated in order to obtain SD (fig. 4) [11]. Maltodextrin was used 
because of a hydrophilic polymer with high solubility in water and 
porous structure. Its circular structure creates a greater surface area 

resulting in more efficient rehydration; thus a mixture of maltodextrin 
with other compounds can increase solubility. PEG was very effective 
in an aqueous environment and forms two different phases of polymer 
systems. When PEG is attached to another polymer molecule, it can 
affect the chemical properties and solubility of the drug molecule so 
that it can dissolve easily in bodily fluids [23]. 

 

 

Fig. 4: Solid dispersion products of (A) PGV-0-PEG 6000 (1:5), (B) PGV-0-PEG 6000 (1:10), (C) PGV-0-maltodextrin (1:5), and (D) PGV-0-
maltodextrin (1:10) 

 

Quantitative antioxidant capacity with CUPRAC assay 

The CUPRAC assay measured the ability of PGV-0 and its SD as 
antioxidants to reduce Cu(II)-Nc cation to an orange-yellow colored 
Cu(I)-Nc cation at pH 7, and the absorbance of the Cu(I) chelate 
formed as a result of the redox reaction with reducing polyphenols 
was measured at 450 nm [24]. The results of the CUPRAC assay were 
presented as EC50 (effective concentration at which 50% of its 
maximal effect is observed). The EC50 values of samples were 

obtained based on the calculation results of the linear regression 
equation in fig. 5. PGV-0 of the VPA group (EC50= 13.62 ppm) was 
found higher antioxidant capacity as compared to the VKL group 
(EC50= 15.35 ppm). The solid dispersion system of PGV-0-PEG 6000 
at ratio 1:10 has shown powerful antioxidant capacity (EC50= 9.00 
ppm) than the PGV-0-PEG 6000 at ratio 1:5 group (EC50= 10.65 
ppm). The same thing happened to PGV-0-MD at ratio 1:10 (EC50= 
11.96 ppm) also has powerful antioxidant activity when compared 
with PGV-0-MD 1:10 (EC50= 13.63 ppm) (table 2). 

 

 

Fig. 5: Linear regression equation curve of concentration vs % capacity of (A) PGV-0 (VKL) with maltodextrin solid dispersion formula 
(MSDF) and (B) PGV-0 (VPA) with PEG 6000 solid dispersion formula (PSDF) 
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Table 2: Comparison of antioxidant capacities result using 
CUPRAC assay 

Sampel EC50 (ppm) 
PGV-0 (VPA) 13.62 
PGV-0 (VKL) 15.34 
PGV-0-Maltodextrin (1:5) 13.63 
PGV-0-Maltodextrin (1:10) 11.95 
PGV-0-PEG 6000 (1:5) 10.65 
PGV-0-PEG 6000 (1:10) 9.00 

 

The result of the study showed a significant increase (p<0.05) of 
CUPRAC capacity for PGV-0-SDs) than pure PGV-0. Among the two 
prepared SD, the highest CUPRAC capacity showed by PGV-0-PEG 
6000 (1:10) followed by PGV-0-PEG 6000 (1:5). CUPRAC capacity of 
PGV-0-PEG 6000 was found significantly higher than that of PGV-0-
maltodextrin and pure PGV-0 (p<0.05). The significantly higher 
antioxidant activity result was achieved due to the higher solubility 
of PGV-0 in the used carrier PEG 6000. The results of the study 
revealed that the formation of PGV-0-SD showed good antioxidant 
activities. PGV-0-SD showed the ability in exhibiting the most active 
cupric ion reducing capacity as compared to pure PGV-0. Although 
previous research reported DPPH radical scavenging activity of PGV-
0, which is IC50 = 11. 627 ppm more powerful than cupric ion 
reducing capacity [25], but a solid dispersions system could increase 
the capacity. These results indicate that the selection of the CUPRAC 
method was more suitable for determining the antioxidant activity 
of solid dispersion because it can be applied to overcome various 
sample matrices. This method was quite appropriate for 
determining the power of the phenolic group compared to the DPPH 
method because it can be applied to compounds that are hydrophilic 
or lipophilic [24]. 

Based on the results of the antioxidant activity test can be seen the 
formation of solid dispersion affects the antioxidant activity. The 
higher the value solubility, the better of antioxidant value which has 
reported with the formation of phenolic compounds [26]. Several 
studies reported that powders of natural products produced with 
maltodextrin showed higher antioxidant capacity due to its high 
soluble nature, which supports the results of this study [27]. 
Furthermore, maltodextrin as a drying agent significantly increased 
the antioxidant activity of spray-dried amla juice powder [28]. 
However, due to the use of vanillin quality in the synthesis process, 
it appears to affect antioxidant activity. The PGV-0 used in the PGV-
0-maltodextrin solid dispersion uses vanillin sold in the market for 
food additives while the PGV-0-PEG 6000 solid dispersion uses 
vanillin pro analysis. This turned out to affect the antioxidant 
activity of each PGV-0 solid dispersion. So that the PGV-0-PEG 6000 
solid dispersion has a greater antioxidant activity compared to the 
PGV-0-maltodextrin solid dispersion. 

CONCLUSION 

The results of the study show that the use of vanillin with different 
quality in PGV-0 synthesize and also solid dispersion systems can 
affecting the antioxidant activity of PGV-0. PGV-0 from vanillin for 
synthesis resulted in powerful antioxidant activity compared with 
PGV-0 of vanillin food grade. The greater the ratio of PGV-0 to the 
dispersing agent, the higher the PGV-0 antioxidant capacity in 
reducing cupric ion. 

ACKNOWLEDGMENT 

The authors would like to acknowledge the Ministry of Research, 
Technology and Higher Education of the Republic of Indonesia for 
the financial support (Beginner Lecturer Research Grant 2019) and 
STIKES Borneo Lestari for providing the laboratory facility. 

AUTHORS CONTRIBUTIONS 

All the authors have contributed equally. 

CONFLICT OF INTERESTS 

Authors declare no conflict of interest. 

REFERENCES 

1. Alisi IO, Uzairu A, Abechi SE, Idris SO. Evaluation of the 
antioxidant properties of curcumin derivatives by genetic 
function algorithm. J Adv Res. 2018;12:47-54. doi: 
10.1016/j.jare.2018.03.003, PMID 30050693. 

2. Narayanaswamy R, Wai LK, Abas F, Ismail IS. Molecular 
docking analysis of curcumin analogues as human neutrophil 
elastase inhibitors. Bangladesh J Pharmacol. 2014;9(1):77-82. 
doi: 10.3329/bjp.v9i1.17474. 

3. Ritmaleni. Synthesis of pentagamavunon- an Improved 
technique. Int J Pharm Sci Rev Res. 2016;39:9-11. 

4. Zhang M, Zhuang B, Du G, Han G, Jin Y. Curcumin solid 
dispersion-loaded in situ hydrogels for local treatment of 
injured vaginal bacterial infection and improvement of vaginal 
wound healing. J Pharm Pharmacol. 2019;71(7):1044-54. doi: 
10.1111/jphp.13088, PMID 30887519. 

5. Deshkar S, Satpute A. Formulation and optimization of 
curcumin solid dispersion pellets for improved solubility. Int J 
App Pharm. 2020;12:36-46. doi: 
10.22159/ijap.2020v12i2.34846. 

6. Forestryana D, Ramadhan H. Formulasi Dispersi Padat 
Pentagamavunon-0 (PGV-0) dalam bentuk sediaan hidrogel 
dengan kombinasi basis polimer kitosan-agar-PVP. J Sains Farm 
Klin. 2020;7(1):(PGV-0). doi: 10.25077/jsfk.7.1.66-75.2020. 

7. Moyano Mendez JR, Fabbrocini G, De Stefano D, Mazzella C, 
Mayol L, Scognamiglio I, Carnuccio R, Ayala F, La Rotonda MI, 
De Rosa G. Enhanced antioxidant effect oftrans-resveratrol: 
potential of binary systems with polyethylene glycol and 
cyclodextrin. Drug Dev Ind Pharm. 2014;40(10):1300-7. doi: 
10.3109/03639045.2013.817416, PMID 23862976. 

8. Largo Avila E, Cortes Rodriguez M, Ciro Velasquez HJ. Influence 
of maltodextrin and spray drying process conditions on 
sugarcane juice powder quality. Rev Fac Nac Agron Medellin 
2014;68(1):7509-20. doi: 10.15446/rfnam.v68n1.47839. 

9. Afifi S. Solid dispersion approach improving dissolution rate of 
stiripentol: a novel antiepileptic drug. Iran J Pharm Res. 
2015;14(4):1001-14. PMID 26664367. 

10. Shang Y, Jin X, Shang X, Tang J, Liu G, Dai F, Qian Y, Fan G, Liu Q, 
Zhou B. Antioxidant capacity of curcumin-directed analogues: 
structure-activity relationship and influence of 
microenvironment. Food Chem. 2010;119(4):1435-42. doi: 
10.1016/j.foodchem.2009.09.024. 

11. Alshehri S, Imam SS, Altamimi MA, Hussain A, Shakeel F, 
Elzayat E, Mohsin K, Ibrahim M, Alanazi F. Enhanced 
dissolution of luteolin by solid dispersion prepared by different 
methods: physicochemical characterization and antioxidant 
activity. ACS Omega. 2020;5(12):6461-71. doi: 
10.1021/acsomega.9b04075, PMID 32258881. 

12. Cuzzucoli Crucitti VC, Migneco LM, Piozzi A, Taresco V, Garnett 
M, Argent RH, Francolini I. Intermolecular interaction and solid 
state characterization of abietic acid/chitosan solid dispersions 
possessing antimicrobial and antioxidant properties. Eur J 
Pharm Biopharm. 2018;125:114-23. doi: 10.1016/ 
j.ejpb.2018.01.012, PMID 29366926. 

13. Fitriani L, Rismawati E, Umar S, Zaini E. Solid dispersion of 
usnic acid-PVP K30 and evaluation of antioxidant activity. 
Rasayan J Chem. 2018;11(4):1643-8. doi: 10.31788/ 
RJC.2018.1144076. 

14. Wijianto B, . R, Purnomo H, Nurrochmad A. In silico and in vitro 
assay of HGV analogue as antibacterial. Int J Pharm Pharm Sci. 
2019;11:78-85. doi: 10.22159/ijpps.2019v11i3.30581. 

15. Ramadhan H, Baidah D, Lestari NP, Yuliana KA. Aktivitas 
antioksidan ekstrak etanol 96% daun, buah dan kulit Terap 
(Artocarpus odorratissimus) menggunakan metode CUPRAC. 
Farmasains. 2020;7(1):7-12. doi: 10.22236/ 
farmasains.v7i1.4331. 

16. Apak R, Guclu K, Demirata B, Ozyurek M, Celik SE, Bektasoglu B, 
Berker KI, Ozyurt D. Comparative evaluation of various total 
antioxidant capacity assays applied to phenolic compounds 
with the CUPRAC assay. Molecules. 2007;12(7):1496-547. doi: 
10.3390/12071496, PMID 17909504. 

17. Yunitrianti EB, Elya B, Noviani A. Determination of the 
antioxidant activity of prasman leaf extracts (Ayapana 

https://doi.org/10.1016/j.jare.2018.03.003�
https://www.ncbi.nlm.nih.gov/pubmed/30050693�
https://doi.org/10.3329/bjp.v9i1.17474�
https://doi.org/10.1111/jphp.13088�
https://www.ncbi.nlm.nih.gov/pubmed/30887519�
https://doi.org/10.22159/ijap.2020v12i2.34846�
https://doi.org/10.25077/jsfk.7.1.66-75.2020�
https://doi.org/10.3109/03639045.2013.817416�
https://www.ncbi.nlm.nih.gov/pubmed/23862976�
https://doi.org/10.15446/rfnam.v68n1.47839�
https://www.ncbi.nlm.nih.gov/pubmed/26664367�
https://doi.org/10.1016/j.foodchem.2009.09.024�
https://doi.org/10.1021/acsomega.9b04075�
https://www.ncbi.nlm.nih.gov/pubmed/32258881�
https://doi.org/10.1016/j.ejpb.2018.01.012�
https://doi.org/10.1016/j.ejpb.2018.01.012�
https://www.ncbi.nlm.nih.gov/pubmed/29366926�
https://doi.org/10.31788/RJC.2018.1144076�
https://doi.org/10.31788/RJC.2018.1144076�
https://doi.org/10.22159/ijpps.2019v11i3.30581�
https://doi.org/10.22236/farmasains.v7i1.4331�
https://doi.org/10.22236/farmasains.v7i1.4331�
https://doi.org/10.3390/12071496�
https://www.ncbi.nlm.nih.gov/pubmed/17909504�


H. Ramadhan et al. 
Int J App Pharm, Vol 14, Special Issue 2, 2022, 31-36 

International Conference and Call for Paper UTA 45 Jakarta 2022 on Pharmacy, Indonesia         | 36 

triplinervis [Vahl]) and the total flavonoid and phenol contents 
of the most active extracts. Int J App Pharm. 2020;12:107-11. 
doi: 10.22159/ijap.2020.v12s1.FF021. 

18. Da’i M. Fajria A, Utami W. Sintesis senyawa analog kurkumin 3. 
5-bis-(4’-hidroksi-3’-metoksibenzilidin)-piperidin 4-on 
(monohidrat hidroklorida) dengan katalis HCl. Pharmacon. 
2010;11:33-8. 

19. Marbawati D, Sardjiman S. Konsentrasi aman kurkumin dan 
PGV-0 terhadap sel vero berdasarkan hasil uji sitotoksik. J 
Kefarmasian Indones. 2015;5(2):67-73. doi: 
10.22435/jki.v5i2.4408.67-73. 

20. Anwer MK, Ahmed MM, Alshetaili A, Almutairy BK, Alalaiwe A, 
Fatima F, Ansari MN, Iqbal M. Preparation of spray-dried 
amorphous solid dispersion of diosmin in soluplus with 
improved hepato-renoprotective activity: in vitro anti-oxidant 
and in vivo safety studies. J Drug Deliv Sci Technol. 
2020;60:1021-1. doi: 10.1016/j.jddst.2020.102101. 

21. Warsi W, Sardjiman S, Riyanto S. Sintesis 4–hidroksi–5–kloro–
3–metoksibenzaldehid dan elusidasi strukturnya. Pharmaciana 
2012;2(2):129-39. doi: 10.12928/pharmaciana.v2i2.663. 

22. Gayo Z, Lucida H, Zaini E. Solid dispersion of quercetin-PVP K-
30 and its effects on the antioxidant activity. JIF. 
2020;16(2):144-54. doi: 10.20885/jif.vol16.iss2.art6. 

23. Surini S, Evangelista CN, Iswandana R. Development of glimepiride 
solid dispersion using the co-processed excipients of 

polyvinylpyrrolidone, maltodextrin, and polyethylene glycol. J 
Young Pharm. 2018;10(2s):S45-50. doi: 10.5530/jyp.2018.2s.9. 

24. Apak R, Gorinstein S, Bohm V, Schaich KM, Ozyurek M, Guclu K. 
Methods of measurement and evaluation of natural antioxidant 
capacity/activity (IUPAC Technical Report) [IUPAC technical 
report]. Pure Appl Chem. 2013;85(5):957-98. doi: 
10.1351/PAC-REP-12-07-15. 

25. Da’I M. Wulandari RR, Utami W. Uji aktivitas penangkap radikal 
DPPH analog kurkumin siklik dan n-heterosiklik monoketon. 
Pharmacon. 2011;12:19-25. 

26. de Mello Costa AR, Marquiafavel FS, de Oliveira Lima Leite Vaz 
MM, Rocha BA, Pires Bueno PC, Amaral PLM, da Silva Barud H, 
Berreta-Silva AA. Quercetin-PVP K25 solid dispersions. J Therm 
Anal Calorim. 2011;104(1):273-8. doi: 10.1007/s10973-010-
1083-3. 

27. Adetoro AO, Opara UL, Fawole OA. Effect of carrier agents on 
the physicochemical and techno-functional properties and 
antioxidant capacity of freeze-dried pomegranate juice (Punica 
granatum) powder. Foods. 2020;9(10):1-20. doi: 
10.3390/foods9101388, PMID 33019645. 

28. Mishra P, Mishra S, Mahanta CL. Effect of maltodextrin 
concentration and inlet temperature during spray drying on 
physicochemical and antioxidant properties of Amla (Emblica 
officinalis) juice powder. Food Bioprod Process. 
2014;92(3):252-8. doi: 10.1016/j.fbp.2013.08.003. 

 

https://doi.org/10.22159/ijap.2020.v12s1.FF021�
https://doi.org/10.22435/jki.v5i2.4408.67-73�
https://doi.org/10.1016/j.jddst.2020.102101�
https://doi.org/10.12928/pharmaciana.v2i2.663�
https://doi.org/10.20885/jif.vol16.iss2.art6�
https://doi.org/10.5530/jyp.2018.2s.9�
https://doi.org/10.1351/PAC-REP-12-07-15�
https://doi.org/10.1007/s10973-010-1083-3�
https://doi.org/10.1007/s10973-010-1083-3�
https://doi.org/10.3390/foods9101388�
https://www.ncbi.nlm.nih.gov/pubmed/33019645�
https://doi.org/10.1016/j.fbp.2013.08.003�

	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENT
	AUTHORS CONTRIBUTIONS
	CONFLICT OF INTERESTS
	REFERENCES


