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Abstract  

Horses used for hyperimmune serum production frequently develop local inflammatory reactions at injection 

sites. The dry extract of Curcuma longa L. (DECL) exhibits anti-inflammatory and wound-healing properties; 

however, its topical veterinary use requires pharmaceutical standardization. In this study, a 3% DECL oil-in-

water emulsion was developed and its physicochemical, microbiological, and stability characteristics were 

evaluated using a validated HPLC method for total curcuminoids. Diethylene glycol monoethyl ether was 

selected as a pre-solvent based on solvent-screening assays. DECL-loaded and blank emulsions were 

prepared using a mixed nonionic emulsifying system and evaluated at 0, 30, and 90 days under room (25 ± 

2°C) and accelerated (45 ± 2°C) conditions. The formulations remained homogeneous, with no phase 

separation or precipitation, and showed pH values compatible with equine skin, with only a slight decrease 
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over time. Total curcuminoid content remained stable under both storage conditions. The HPLC-DAD 

method demonstrated adequate selectivity, linearity, accuracy, and precision according to regulatory 

guidelines. Microbiological analyses confirmed the absence of contamination. Overall, the 3% DECL 

emulsion met essential pharmaceutical quality attributes and maintained stability for 90 days, supporting its 

potential as a standardized topical herbal medicinal product for veterinary use in horses.  

Keywords: Curcuma longa L.; Emulsion; Turmeric extract; Curcumin; Curcuminoids; Horses. 

Abbreviations 

DECL – Dry Extract of Curcuma longa L.  

C. longa – Curcuma longa L. 

O/W – Oil-in-Water  

UHPLC – Ultra-High Performance Liquid Chromatography 

HPLC – High Performance Liquid Chromatography 

DAD – Diode Array Detector 

UV–Vis – Ultraviolet–Visible Spectrophotometry 

ANVISA – Agência Nacional de Vigilância Sanitária (Brasil) 

WHO – World Health Organization 

USP – United States Pharmacopeia 

RH – Relative Humidity 

LDPE – Low-Density Polyethylene 

GMP – Good Manufacturing Practices  

DEGEE – Diethylene Glycol Monoethyl Ether 

THF – Tetrahydrofuran 

VP – Vinylpyrrolidone  

q.s. – Quantum sufficit  

CAS – Chemical Abstracts Service 

TAMC – Total Aerobic Microbial Count 

TYMC – Total Yeast and Mold Count 

CFU – Colony-Forming Units 

TSB – Tryptic Soy Broth 

TSA – Tryptic Soy Agar 

SDA – Sabouraud Dextrose Agar 

MSA – Mannitol Salt Agar 

CA – Cetrimide Agar 

ATCC – American Type Culture Collection 

SD – Standard Deviation 

RSD – Relative Standard Deviation 

ANOVA – Analysis of Variance 

r – Correlation coefficient 

r² – Determination coefficient 

p – p-value 

T0 – Initial Time (baseline) 
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T30 – 30 days 

T90 – 90 days 

RT – Room Temperature 

N – Normal  

LM – Lightly Modified 

SM – Slightly Modified 

IM – Intensely Modified 

NA – Not Applicable 

SQR – Secondary Quality Reference 

FCA – Freund’s Complete Adjuvant 

FIA – Freund’s Incomplete Adjuvant 

Introduction 

Skin problems are common in horses and have been widely reported in the literature, often associated with 

sports practice, vehicle traction, or exposure to environmental conditions, facilities, and pastures. The active 

behavior and quick reactions of horses predispose them to frequent skin injuries, whose healing process is 

known to be slower compared to other species. In addition, horses subjected to immunization protocols for 

the production of hyperimmune serum are particularly vulnerable, as they may develop local inflammatory 

reactions at the antigen inoculation site, characterized by edema, abscesses, and fistulas[1]. These adverse 

effects are often related to the use of adjuvants, such as Freund’s incomplete adjuvant (FIA), Freund’s 

complete adjuvant (FCA), and Montanide®[2]. Consequently, the World Health Organization (WHO) 

recommends the implementation of alternative protocols that minimize potential harm to horses undergoing 

immunization procedures[3]. 

In this context, medicinal plants have been increasingly investigated for their anti-inflammatory, analgesic, 

and wound-healing properties, as well as for their ability to inhibit or mitigate toxic effects of snake venoms. 

Among them, Curcuma longa L. (Zingiberaceae) stands out due to its wide spectrum of pharmacological 

activities, including antioxidant and anti-inflammatory[4], antimicrobial[5], antifungal, antiviral[6], and wound-

healing effects[7]. These biological activities are primarily attributed to curcuminoids (polyphenols) present in 

the rhizomes: curcumin, desmethoxycurcumin, and bisdesmethoxycurcumin[8,9]. Ethnoveterinary studies 

reinforce these findings, reporting the traditional use of C. longa in horses, either added to feed for arthritis 

and joint pain or applied directly to hooves and skin lesions[10]. 

Despite these promising biological effects, the clinical application of C. longa extracts and their main active 

compound, curcumin, remains limited due to challenges related to low bioavailability, solubility, and 

permeability[11]. To overcome these issues, several strategies have been investigated, including 

nanotechnology-based delivery systems such as nanogels, nanoemulsions, nanosuspensions, and lipid 

carriers[12,13]. However, conventional pharmaceutical systems such as emulsions also represent a promising 

and more feasible approach, given their ability to enhance solubilization, stability, and delivery of poorly 

soluble phytochemicals. An emulsion is a biphasic system in which one immiscible liquid is dispersed into 

another in the form of fine droplets, allowing solubilization of the active compound either in the dispersed or 

continuous phase[14]. 

https://creativecommons.org/licenses/by/4.0/
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Emulsions have demonstrated their importance as versatile carriers in pharmaceutical technology and can 

play a key role in veterinary medicine by improving the therapeutic use of herbal extracts[15]. Our previous 

study with a 3% C. longa topical emulsion in horses used for antivenom production demonstrated anti-

inflammatory, anti-edematous, and wound-healing potential[16]. In the development of herbal medicines, it is 

critical to conduct tests established in official pharmacopoeias, including evaluations of physicochemical, 

biological, and microbiological stability, using validated analytical methods in accordance with regulatory 

requirements such as Resolution RDC Nº. 166/2017 of the Brazilian Health Regulatory Agency (ANVISA)[17]. 

Thus, the objective of this study was to develop and evaluate the stability of a topical emulsion containing 

3% C. longa extract, aiming to provide a safe, stable, and standardized herbal product with potential 

veterinary application in horses used for hyperimmune serum production. 

Results and Discussion 

O/W Emulsion Formulation 

The development of the oil-in-water (O/W) emulsion aimed to obtain a stable vehicle for incorporating the 

DECL, a phytocomplex rich in curcuminoids with recognized therapeutic potential. As a preliminary step, a 

solubility assay was conducted to identify the most suitable solvent for dissolving the extract prior to 

incorporation into the formulation. Among the tested solvents, DEGEE (105.40 ± 3.84 mg·g⁻¹) showed 

significantly higher solubilizing capacity for curcuminoids compared with propylene glycol (7.13 ± 0.59 

mg·g⁻¹), yielding approximately 14-fold higher curcuminoid concentrations. These findings are consistent 

with previous reports highlighting DEGEE as an effective solvent and penetration enhancer for curcumin-

based formulations[12]. Importantly, toxicological and biocompatibility studies confirm that this excipient 

exhibits good dermal tolerability and low irritancy at formulation-level concentrations[18], supporting its safe 

use in both human and veterinary topical preparations. Based on these results, DEGEE was selected as the 

diluent to maximize curcuminoid incorporation, enhance reproducibility, and ensure formulation stability. 

The qualitative and quantitative composition of the formulations (TABLE 1) was designed to balance 

physicochemical stability, safety, and compatibility for topical application. The oily phase contained a 

combination of glyceryl monostearate, cetearyl alcohol, and ceteareth-20, which acted synergistically as 

emulsifying and stabilizing agents while providing emollience and consistency. Liquid paraffin and 2-

ethylhexyl stearate were included to enhance occlusion, spreadability, and sensorial properties of the 

product. The antimicrobial system consisted of phenoxyethanol combined with parabens, in accordance with 

regulatory guidelines for cosmetic and dermatological preparations[19]. 

TABLE 1: Qualitative–quantitative composition of DECL-loaded O/W emulsion (A) and blank (B). 

Component Concentration (%, w/w) Function 

 A B  

Oil phase 

Glyceryl monostearate 3.0 3.0 Consistency agent; co-emulsifier; 
emollient 

Cetearyl alcohol 4.0 4.0 Consistency agent; stabilizer; 
emollient 

Ceteareth-20 1.5 1.5 Nonionic O/W emulsifier 

https://creativecommons.org/licenses/by/4.0/
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Component Concentration (%, w/w) Function 

 A B  

Liquid paraffin 1.0 1.0 Emollient; occlusive agent 

2-Ethylhexyl stearate 2.0 2.0 Emollient; spreading enhancer 

Phenoxyethanol + parabens 0.2 0.2 Preservatives (antimicrobial 
system) 

Aqueous phase 

VP/Ammonium acryloyldimethyltaurate 
copolymer 0.3 0.3 Rheology modifier; thickener; 

stabilizer 

Glycerin 5.0 5.0 Humectant; solvent 

Purified water q.s. 100 q.s. 100 Vehicle; continuous phase 

Phase C 

DEGEE 4.5 — Solubilizer; penetration enhancer; 
co-solvent 

DECL 3.0 — Active ingredient 

q.s. = quantum sufficit 
 

The aqueous phase was composed of glycerin, acting as both a humectant and solvent, and VP/Ammonium 

acryloyldimethyltaurate copolymer, a rheology modifier responsible for viscosity control and stabilization of 

the dispersed system. Purified water served as the continuous phase. Finally, DEGEE (Phase C) was used 

to solubilize the extract, enabling homogeneous dispersion of the active ingredient within the emulsion. 

A total of 1500 g of DECL-loaded emulsion (3%, w/w) and 1500 g of blank were produced and filled into 

opaque low-density polyethylene (LDPE) containers (50 g capacity, single wall, screw cap) to prevent light-

induced degradation. Quality control tests, including physicochemical and microbiological assessments, 

were carried out after 24 h of preparation, ensuring compliance with pharmacopeial recommendations. 

Method validation 

The analytical method for the quantification of total curcuminoids in the DECL-loaded emulsion was validated 

in accordance with ANVISA Resolution RDC nº 166/2017[17]. The validation parameters investigated 

included selectivity, linearity, accuracy, and precision. 

Selectivity 

Selectivity refers to the ability of an analytical method to unequivocally assess the analyte of interest in the 

presence of other components, such as excipients, impurities, or degradation products[17]. In this study, 

selectivity was evaluated by comparing chromatograms of the diluent, blank, pure DECL, and blank spiked 

with DECL. No interfering peaks were observed at the retention time of the analytes, confirming the absence 

of matrix effects. Additionally, peak purity analysis was performed using the diode array detector, with purity 

index values > 999, indicating no co-elution and confirming that the curcuminoid peaks were spectrally 

homogeneous (FIGURE 1). 
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FIGURE 1: Chromatograms for selectivity assessment: (A) Diluent; (B) Blank; (C) Pure DECL; (D) Blank spiked with 
DECL. Peaks 1–3 correspond to curcuminoids (curcumin, demethoxycurcumin, and bisdemethoxycurcumin, 
respectively). 

 

Linearity 

Linearity is defined as the method’s ability to obtain results that are directly proportional to the concentration 

of the analyte across a specified range[17]. This ensures reliable quantification at different concentration 

levels. Calibration curves were prepared in the range of 0.16–0.24 mg/mL, with each concentration injected 

in triplicate. The chromatographic response was calculated from the sum of the individual peak areas of the 

curcuminoids. Regression analysis showed a correlation coefficient and determination coefficient, both 

exceeding the acceptance criterion of 0.99. Residual analysis confirmed homoscedasticity (Cochran’s test), 

normal distribution (Shapiro–Wilk test, p > 0.05), and absence of lack-of-fit by ANOVA, demonstrating that 

the method provides accurate linear responses (TABLE 2). 

TABLE 2: Statistical evaluation results of the calibration curve and linear range. 

Parameter Result Critical value (95% confidence) 

Linear range of the method 0.16 – 0.24 mg·mL⁻¹ N.A. 

Slope (b) 76,132,418 N.A. 

Intercept (a) 1,216,028 N.A. 

Correlation coefficient (r) 0.9985 N.A. 

Determination coefficient (r²) 0.9969 N.A. 

https://creativecommons.org/licenses/by/4.0/
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Parameter Result Critical value (95% confidence) 

ANOVA (lack-of-fit test) 4187.91 F(0.05; 1; 19) = 4.67 

Homoscedasticity (Cochran’s test) C_calc = 0.397 C_critical = 0.684 

Residuals normality (Shapiro–Wilk test) W(b²/SS) = 1,486,418 W_critical (α = 0.05; n = 15) = 0.881 

*N.A.: Not applicable 
 

Accuracy 

Accuracy expresses how close the experimental results are to the true value, and it is usually evaluated by 

recovery studies with spiked samples. In this work, the blank matrix was fortified with the curcuminoid 

standard at three levels (80%, 100%, and 120%). Mean recovery values ranged from 99.23% to 103.4%, all 

within the acceptance range of 95–105%, demonstrating that the method is accurate for total curcuminoid 

determination in the emulsion matrix (TABLE 3). 

TABLE 3: Accuracy (% recovery) and precision (% RSD) of the validated HPLC method for total curcuminoids (n=3). 

Concentration (mg·mL-1) % Recovery (mean ± SD) % RSD repeatability % RSD intermediate precision  

0.161 (80%) 99.33 ± 0.39% 

0.92 

1.77 

0.201 (100%) 101.03 ± 0.19% 

0.241 (120%) 99.23 ± 0.41% 

Overall (Day 1) 99.87% 

0.166 (80%) 103.4 ± 0.93% 

2.20 
0.207 (100%) 99.5 ± 1.33% 

0.249 (120%) 100.6 ± 2.19% 

Overall (Day 2) 101.14% 

 

Precision 

Precision measures the degree of agreement between independent analytical results under defined 

conditions and is expressed as the relative standard deviation (RSD). It is subdivided into repeatability (same 

analyst, same day) and intermediate precision (different analysts and/or days). Repeatability showed RSD 

values of 0.92% (Day 1) and 2.20% (Day 2), while intermediate precision, evaluated with 18 determinations 

across both analysts, resulted in an RSD of 1.77% (TABLE 3). All values were below the 5% acceptance 

limit, confirming that the method is precise under both repeatability and intermediate precision. 

DECL-loaded and Blank Emulsions Physico-Chemical Stability Test 

The physical–chemical stability of the 3% DECL-loaded emulsion and its blank was investigated under two 

storage conditions (25 ± 2°C and 45 ± 2°C) for 90 days. Parameters included macroscopic aspect, pH, phase 

separation, and total curcuminoid content, and the results are summarized in TABLE 4. 

 

https://creativecommons.org/licenses/by/4.0/
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TABLE 4: Results of the accelerated stability tests of DECL-loaded (A) and blank (B) emulsions under different storage 
conditions and time points. 

Pa
ra

m
et

er
s 

A B 

Initia
l 

(T=0) 

25 ± 2°C / 60 ± 5% 
RH 

45 ± 2°C / 75 ± 5% 
RH Initial 

(T=0) 

25 ± 2°C / 60 ± 5% 
RH 

45 ± 2°C / 75 ± 5% 
RH 

T=30 T=90 T=30 T=90 T=30 T=90 T=30 T=90 

M
ac

ro
sc

op
ic

 
as

pe
ct

 

N N N LM LM N N N LM LM 

pH
 (2

5°
C

 ±
 

2 
°C

) 5.93 
± 

0.12 

5.56 ± 
0.15* 

5.24 ± 
0.04* 

4.87± 
0.08 

4.71± 
0.05 

5.95±0.2
6 

5.88±0.2
4* 

5.40±0.1
0* 

5.19±0.2
1 

5.22±0.0
8 

Ph
as

e 
se

pa
ra

tio
n 

N N N N N N N N N N 

To
ta

l 
cu

rc
um

in
oi

d 
co

nt
en

t (
%

) 

3.30±
0.017 

3.35±0.03
0 

3.30±0.01
0 

3.50±0.03
0 

3.50±0.01
7 NA NA NA NA NA 

N = Normal (no alteration); LM = Slightly modified; NA = Not applicable. *Statistically significant difference (p < 0.05). 
 

Macroscopic Aspect and Phase Separation 

At baseline (T0), both formulations presented homogeneous appearance, with no signs of precipitation and 

phase separation. The DECL-loaded emulsion was characterized by a bright yellow–orange color and a 

pungent odor typical of C. longa extract, whereas the blank showed a uniform white and glossy aspect. 

These findings indicated adequate incorporation of the extract into the system and absence of incompatibility 

between components. After 90 days at room temperature, no macroscopic alterations were observed for 

either emulsion, both remaining stable and classified as normal (N). 

Under accelerated conditions (45°C), mild modifications were observed: the DECL-loaded emulsion 

exhibited surface bubbles, possibly due to water evaporation, and the blank showed a more fluid and opaque 

consistency. However, neither formulation presented phase separation or loss of integrity, and both were 

classified only as slightly modified (LM). The results are shown in FIGURE 2. 
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FIGURE 2: (A) DECL-loaded emulsion and (B) blank emulsion stored at room temperature (25 ± 2°C); (C) DECL-loaded 
emulsion and (D) blank emulsion stored at oven temperature (45 ± 2 °C). All samples were stored for 90 days. 

 
 

pH Evaluation 

At T0, the DECL-loaded emulsion had a mean pH of 5.93 ± 0.12 and the placebo 5.31 ± 0.10, values within 

the physiological range for equine skin (4.8–6.8)[10]. Over storage at 25 °C, a progressive decrease in pH 

was observed, reaching 5.24 ± 0.04 (DECL-loaded emulsion) and 5.40 ± 0.10 (blank) at T90, with statistically 

significant differences (p < 0.05). Despite this reduction, no macroscopic or organoleptic alterations were 

detected. At 45°C, DECL-loaded emulsion pH values decreased further to 4.71 ± 0.05, while the blank 

remained relatively stable. Importantly, all values remained within the safe range for topical use, ensuring 

compatibility with skin application and preservative system activity[20]. Such pH decreases, often reported in 

emulsions containing polyphenols, may reflect slow oxidative or hydrolytic processes in the system, even in 

the absence of visible instability or loss of active content, and should therefore be monitored as potential 

early indicators of long-term degradation[21]. 

Total Curcuminoid Content 

Quantification of curcuminoids was performed using a validated HPLC method, in which the total 

curcuminoid content was calculated from the sum of the individual peak areas of curcumin, 

demethoxycurcumin, and bisdemethoxycurcumin. This strategy is scientifically justified because these 

congeners share a common chromophore and exhibit similar UV absorption characteristics, allowing 

accurate quantification under the same detection wavelength. Moreover, this approach follows established 

practices in phytopharmaceutical analysis, where the labeled marker is defined as the sum of structurally 

related constituents. Examples include total hypericins in Hypericum perforatum[22] and total silymarin in 

Silybum marianum[23]. 

In the DECL-loaded emulsion, total curcuminoid content remained stable under both storage conditions. At room 

temperature (25 ± 2°C), values were 3.30% at T0 and remained unchanged at 3.30% after 90 days, despite a 

slight increase at T30 (3.35%), which may be attributed to analytical variability. Under accelerated storage (45 ± 

2°C), total curcuminoid content was also stable, with identical values of 3.50% at both T30 and T90. 

https://creativecommons.org/licenses/by/4.0/
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These findings demonstrate that the emulsion matrix provided effective protection for the curcuminoids, 

preventing significant degradation even under elevated temperature conditions.  

Microbiological quality and method suitability 

Microbiological quality is a key attribute in topical formulations, as contamination or ineffective preservation 

may compromise both safety and therapeutic performance. In the present study, the microbiological assays 

were performed according to the Brazilian Pharmacopoeia[24] confirming that both the DECL-loaded and 

blank emulsions met the requirements for non-sterile topical products. 

TAMC, TYMC and microbial recovery assays demonstrated the adequacy of the pharmacopoeial method. 

All reference microorganisms — A. Brasiliense, C. albicans, P. aeruginosa, S. aureus, and B. subtilis — 

were successfully recovered within the acceptance limits of 50–200% of the inoculum. The neutralization 

step by 1:10 dilution proved effective in suppressing preservative interference (phenoxyethanol and 

parabens) while maintaining the detection capacity of the culture media, thus validating the robustness of 

the approach for semisolid emulsions. 

Although alternative neutralizers such as polysorbate 80 and lecithin are commonly employed for paraben-

containing formulations, the Brazilian Pharmacopoeia recognizes dilution as a valid neutralization strategy, 

particularly for emulsified systems. Comparative studies[25,26] also support this procedure as reliable and 

reproducible when microbial recovery remains within pharmacopoeial limits, as observed herein. 

Challenge tests and microbial detection 

The challenge tests further confirmed that the preservative system was effectively neutralized, allowing 

consistent recovery of S. aureus and P. aeruginosa in both DECL-loaded and blank emulsions. S. aureus 

colonies exhibited the characteristic yellow pigmentation with halo on MSA, whereas P. aeruginosa produced 

typical green colonies on CA. Growth was consistently detected at all evaluated time points (T0, T30 under 

room temperature, and T30 under accelerated conditions), demonstrating that the formulation matrix exerted 

no inhibitory effects on microbial detection. 

Absence of microbial contamination 

Routine microbiological quality tests revealed no contamination in either formulation during the entire 

experimental period. These results confirm that the emulsions complied with microbiological specifications 

for non-sterile topical products and that manufacturing and handling processes were properly controlled. 

Similar findings were described by Al-Busaid et al.[27], in curcumin-based topical formulations, reinforcing the 

safety and microbiological stability of phytopharmaceutical emulsions. 

Material and Methods 

Materials and Reagents 

The dried extract of Curcuma longa L. (DECL) (CJH-A-822542), obtained from rhizomes through 

hydroethanolic extraction, was purchased from Infinity Pharma® (São Paulo, Brazil) (CAS No. 458-37-7). 

From the same supplier were also obtained: propylene glycol, cetearyl alcohol, ceteareth, liquid paraffin, 

https://creativecommons.org/licenses/by/4.0/
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phenoxyethanol, parabens, and glycerin. Glyceryl monostearate was acquired from Via Pharma® (São 

Paulo, Brazil); 2-ethylhexyl stearate from Farmos® (São Paulo, Brazil); diethylene glycol monoethyl ether 

(DEGEE) from Gattefossé® (Saint-Priest, France); ammonium acryloyldimethyltaurate/VP copolymer from 

Clariant® (Muttenz, Switzerland); citric acid (≥ 99%); tetrahydrofuran (THF, HPLC grade) and acetonitrile 

(HPLC grade, LiChrosolv®) all from Merck® (Darmstadt, Germany); and the curcuminoid reference standard 

SQR (≥ 94% curcuminoids, ≥ 80% curcumin, lot SLBR4883V) from Sigma-Aldrich® (St. Louis, MO, USA). 

Purified water was obtained using a reverse osmosis system (Gehaka®, São Paulo, Brazil). 

For the microbiological assays, the following culture media were used: tryptic soy broth (TSB), tryptic soy 

agar (TSA), sabouraud dextrose agar (SDA, 4%), mannitol salt agar (MSA), and cetrimide agar (CA) (all 

from Becton Dickinson, Franklin Lakes, NJ, USA). Reference strains included Staphylococcus aureus ATCC 

6538, Pseudomonas aeruginosa ATCC 9027, Bacillus subtilis ATCC 6633, Candida albicans ATCC 10231, 

and Aspergillus brasiliensis ATCC 16404 (American Type Culture Collection, Manassas, VA, USA). 

Inoculum preparation employed McFarland standard 0.5 (≈ 1 × 108 CFU/mL; Marcy-l'Étoile, French) and 

physiological saline solution (0.9% NaCl; Merck®, Darmstadt, Germany). 

Solubility assay 

The solubility of the DECL was assessed in DEGEE and propylene glycol. Samples (1 g/10 mL) were vortex-

mixed, shaken for 48 h at room temperature, and centrifuged at 4000 rpm for 10 min. Supernatants were 

diluted and analyzed by UV–Vis spectrophotometry at 425 nm (Cary 50, Varian®). Quantification was 

performed using SQR curcuminoid standard and calibration curves prepared according to USP 43 

guidelines[28]. 

O/W Emulsion Formulation 

The O/W emulsion was prepared according to the composition described in TABLE 1. The raw materials 

were separated into two phases: the oil phase (Phase A), heated to 75 ± 1°C, and the aqueous phase (Phase 

B), heated to 80 ± 1°C. Once all ingredients of both phases were completely solubilized, the aqueous phase 

was poured into the oil phase under homogenization (Ultra-T18 basic, IKA®, Staufen, Germany) at 500–

1000 rpm for 10 min. 

For the preparation of the complementary phase (Phase C), DECL was gradually solubilized in DEGEE 

under constant stirring at room temperature and subsequently incorporated into the oil phase. The blank 

(placebo emulsion without the active extract) was prepared following the same procedure but without the 

addition of Phase C. 

Emulsion Physico-Chemical Stability Test 

The immediate stability, (T0), of DECL-loaded and blank emulsions was assessed 24h after the preparation, 

to give the emulsion time to stabilize, for evaluation of the physico-chemical (Macroscopic aspect, pH, phase 

separation and total curcuminoid content) characteristics. 

For long-term stability tests, the formulations were stored under two temperature conditions for 90 days: 

room temperature (25 ± 2°C) and accelerated storage at 45 ± 2°C in an oven (Model 430, Ethik Technology®, 
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São Paulo, Brazil), according to ANVISA guidelines[29]. Quality control tests, as described above, were 

performed after 30 (T30) and 90 (T90) days of storage. 

Macroscopic aspect  

The macroscopic characteristics of A and B emulsions were evaluated under natural light, considering color, 

odor, and the presence of precipitate or phase separation. The formulations were classified according to the 

following criteria: normal without changes (N), slightly modified (SM), or intensely modified (IM). Odor 

evaluation was performed directly by olfactory assessment, following ANVISA guidelines[29,30]. 

pH Measurements 

The pH of the formulations was determined at 25 ± 2.0°C using a digital benchtop potentiometer (Hach 

Sension 3®, Loveland, CO, USA) equipped with a glass electrode previously calibrated with standard buffer 

solutions at pH 4.00 and 7.00. The measurements were performed on aqueous dispersions of the samples 

(1:10, w/w, sample:water). Each determination was carried out in triplicate, and results were expressed as 

mean ± standard deviation (SD). 

Centrifugation Assay 

The centrifugal stability of A and B emulsions was evaluated using conical graduated centrifuge tubes 

containing 3.0 g of each formulation. Samples were centrifuged (CT 4000, Cientec®, São Paulo, Brazil) at 3000 

rpm for 30 min at 25 ± 2.0°C. After centrifugation, the samples were visually inspected for signs of phase 

separation, caking, coalescence, or other instability phenomena, according to ANVISA guidelines[29]. The 

formulations were classified as normal without changes (N), slightly modified (SM), or intensely modified (IM). 

Total Curcuminoid content 

The quantification of total curcuminoids in DECL-loaded emulsion was performed using an ultra-high-

performance liquid chromatography (UHPLC) system NEXERA (Shimadzu®, Kyoto, Japan) equipped with 

the following modules: diode array detector (DAD, SPD-M20A Prominence), column oven (CTO-30A), dual 

pumps (LC-30AD), and autosampler (SIL-30AC). Data acquisition and processing were carried out using 

LabSolutions software.  

Chromatographic separation was achieved on an ACE® C8 column (150 × 4.6 mm i.d., 5 µm particle size; 

Analítica®, Brazil). The isocratic mobile phase consisted of citric acid solution (1 mg·mL⁻¹), tetrahydrofuran 

(THF), and acetonitrile in a ratio of 57:40:03 (v/v/v), with a flow rate of 1.2 mL/min, column temperature of 

30°C, and injection volume of 10 µL. Detection was carried out at 420 nm. The chromatographic conditions 

were adapted from the United States Pharmacopeia[28] for curcuminoid analysis. 

For sample preparation, approximately 320 mg of DECL-loaded emulsion or blank were accurately weighed 

and transferred into a 50 mL volumetric flask. About 40 mL of acetonitrile were added, and the mixture was 

sonicated for 1 min to achieve complete solubilization. The volume was then adjusted with the same solvent, 

homogenized, and filtered through a regenerated cellulose (RC) membrane filter (0.45 µm) into vials for 

injection. Each sample was injected in duplicate, and the quantification was performed by substituting the 
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values of the summed peak areas of curcuminoids into the linear regression equation obtained from the 

calibration curve (linearity assay), in order to determine the total curcuminoid content. 

Method validation 

The analytical method for total curcuminoid content was validated according to the parameters established 

by ANVISA Resolution RDC nº 166/2017[17], including selectivity, linearity and range, accuracy, and 

precision (repeatability and intermediate precision). 

Selectivity was evaluated by UHPLC analysis of diluent, blank, pure DECL, and fortified blank solutions. The 

acceptance criterion was the absence of interference from the diluent, blank, or any excipient at the retention 

time of the curcuminoids. All analyses were performed after appropriate sample preparation and filtration. 

Linearity and range were assessed using three independent calibration curves, each constructed with five 

concentration levels (0.16–0.24 mg/mL). The regression analysis was performed by the least-squares 

method, and statistical evaluation included correlation coefficients, homoscedasticity (Cochran test), 

normality of residuals (Shapiro–Wilk test), and lack-of-fit assessment (ANOVA). The method was considered 

linear when r and r² values were greater than 0.99 and when the 95% confidence interval of the slope did 

not include zero. 

Accuracy was determined by recovery assays at three levels (80%, 100%, and 120% of nominal 

concentration, n = 3, each). Results were expressed as percentage recovery compared with the calibration 

curve obtained from linearity. The acceptance criterion was recovery within 95–105% for all levels. 

Precision was evaluated at the same three concentration levels (80%, 100% and 120%) in triplicate. 

Repeatability was determined by the same analyst on the same day, and intermediate precision was 

assessed by two different analysts on different days. Precision was considered adequate when the relative 

standard deviation (RSD) was below 5%. 

Microbiological assays 

Microbiological quality tests were performed according to the Brazilian Pharmacopoeia, 6th edition[24], which 

establishes standardized procedures for non-sterile pharmaceutical products. Since the formulations contained 

preservatives (phenoxyethanol and parabens), all samples were neutralized prior to testing to avoid false-

negative results. Both blank and DECL-loaded emulsions were diluted at a 1:10 ratio (w/v) in TSB under 

constant homogenization to ensure complete dispersion. All analyses were performed in duplicate, and results 

were expressed as arithmetic means of colony-forming units (CFU) per gram of product. 

Method suitability test 

The suitability of the pharmacopoeial method was verified by inoculating standardized suspensions of 

reference strains (Aspergillus brasiliensis, Candida albicans, Pseudomonas aeruginosa, Staphylococcus 

aureus, and Bacillus subtilis) in the presence and absence of the product. The method was considered 

adequate when microbial recovery ranged between 50–200% of the initial inoculum compared with the 

control samples, confirming the absence of preservative interference. 
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Microbial enumeration tests 

Total aerobic microbial count (TAMC) and total yeast and mold count (TYMC) were determined using the 

plate count method on TSA and SDA, respectively. Plates were incubated under conditions recommended 

by the Brazilian Pharmacopoeia[24], and results were expressed as CFU/g of product. 

Challenge test and controls 

Assay reliability was verified using negative, positive, and product controls conducted in parallel. Tests were 

carried out at baseline (T0), after 30 days at room temperature (T30 – RT), and under accelerated conditions 

(T30 – oven). For microbial quality testing, the acceptance criterion was the absence of specified pathogens, 

while for challenge assays, recovery of the inoculated microorganisms was expected, confirming effective 

neutralization of the preservative system. 

Test for specified microorganisms 

Specific tests for Staphylococcus aureus and Pseudomonas aeruginosa were performed using MSA and 

CA, respectively. Plates were incubated at 35 ± 2.5°C for 72h. Absence of growth indicated compliance with 

microbiological quality requirements, while typical colony morphology confirmed microbial recovery in the 

challenge assays. 

Statistical analysis 

Results were expressed as mean ± standard deviation (SD) (n=3). Comparisons among arithmetic means were 

performed using analysis of variance (ANOVA). A p-value ≤ 0.05 was considered statistically significant. 

Conclusion 

This study developed and standardized a topical oil-in-water emulsion containing 3% DECL and 

demonstrated its quality, safety, and stability for potential veterinary use in horses employed for 

hyperimmune serum production. A targeted solubility screening justified the use of DEGEE as the pre-

solubilizing co-solvent, enabling efficient incorporation of curcuminoids into the emulsion. A stability-

indicating HPLC method adapted from USP was validated for total curcuminoids (sum of curcumin, 

demethoxycurcumin, and bisdemethoxycurcumin), meeting regulatory criteria for selectivity, linearity, 

accuracy, and precision. 

Across 90 days at 25 ± 2°C and 45 ± 2°C, the DECL-loaded emulsion showed no phase separation and only 

minor, acceptable pH decreases that remained within the physiological range for equine skin. Total 

curcuminoid content remained stable in the emulsion at both temperatures, indicating protective effects of 

the vehicle on the phytomarkers. Microbiological assessments confirmed method suitability, effective 

neutralization of preservatives at 1:10 dilution, recovery of challenge organisms, and absence of 

contamination in DECL and blank formulations. 

Together with prior evidence of anti-inflammatory, anti-edematous, and wound-healing actions of C. longa 

in horses, these data support the DECL emulsion as a promising herbal medicinal candidate. Future work 

should extend shelf-life studies (6–12 months, photostability and packaging compatibility), characterize 
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rheology and skin permeation in equine skin, perform preservative-effectiveness testing, and conduct 

controlled clinical evaluations of efficacy and local tolerance under field conditions, alongside scale-up and 

GMP validation. 
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