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Abstract: Hortia oreadica is indiscriminated used by people from Cerrado. However, vegetable raw 

material quality is decisive in obtaining intermediate and final products. So, this study aimed to establish 

quality parameters of H. oreadica. For this, we performed the phytochemical screening of H. oreadica 

leaf and identified the best extractive conditions for phenolic compounds and flavonoids using factorial 

experimental design, varying the alcoholic strength, extraction temperature, and solid/liquid ratio in the 

ultrasound-assisted extraction method. The optimum extraction condition for phenolic compounds and 

flavonoids was 60% alcoholic strength, 40°C temperature, and a solid/liquid ratio of 8 mg/mL. Under this 

setting, the phenolic and flavonoid contents were 0.171 ± 0.002 mg/mL (predicted value = 0.165) and 

0.087 ± 0.002 mg/mL (predicted value = 0.084), respectively. The optimized extraction parameters could 

be upscaled to develop pharmaceutical drugs or nutraceutical products from this non-traditional plant 

species using an eco-friendly approach. 
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Resumen: Hortia oreadica es utilizada indiscriminadamente por la gente del Cerrado. Sin embargo, la 

calidad de la materia prima vegetal es determinante en la obtención de productos intermedios y finales. 

Por lo tanto, este estudio tuvo como objetivo establecer parámetros de calidad de H. oreadica. Para ello, 

realizamos el tamizaje fitoquímico de la hoja de H. oreadica e identificamos las mejores condiciones 

extractivas para compuestos fenólicos y flavonoides mediante un diseño experimental factorial, variando 

el grado alcohólico, la temperatura de extracción y la relación sólido/líquido en el método de extracción 

asistido por ultrasonido. La condición óptima de extracción para compuestos fenólicos y flavonoides fue 

de 60% de grado alcohólico, 40°C de temperatura y una relación sólido/líquido de 8 mg/mL. Bajo esta 

configuración, los contenidos de fenoles y flavonoides fueron 0,171 ± 0,002 mg/mL (valor previsto = 

0,165) y 0,087 ± 0,002 mg/mL (valor previsto = 0,084), respectivamente. Los parámetros de extracción 

optimizados podrían ampliarse para desarrollar fármacos o productos nutracéuticos a partir de esta 

especie de planta no tradicional utilizando un enfoque ecológico. 
 

Palabras clave: Diseño giratorio compuesto central; Cerrado; Quina-do-campo; Plantas medicinales; 

Rutaceae. 
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INTRODUCTION 

Hortia oreadica Groppo, Kallunki & Pirani 

(Rutaceae) is a Cerrado shrub with a subterranean 

stem well developed that confers resistance to arid 

climate during the dry season, fire protection, and 

good production of vegetable mass throughout the 

year (Groppo & Pirani, 2005). H. oreadica, known as 

“quina” (Saint-Hilaire, 1824), “quina-do-campo” 

(Pio-Corrêa, 1984), and “para-tudo” (Groppo & 

Pirani, 2012), is popularly used as antipyretic (Saint-

Hilaire, 1824), as a substitute for quinine (Cinchona - 

Rubiaceae) (Pio-Corrêa, 1984), to treat stomach 

disorders, fever, diarrhea, vomiting, and liver 

diseases (Pio-Corrêa, 1984; Groppo & Pirani, 2012). 

Phenolic compounds extracted from H. oreadica 

presented antimicrobial (Melliou et al., 2005; 

Severino et al., 2015), cytotoxic (Cazal et al., 2013), 

spasmolytic (Abbaskhan et al., 2012), hepato-

protective (Atmaca et al., 2011), antiulcerogenic 

(Choi et al., 2012), insecticidal (Mukandiwa et al., 

2013; Mukandiwa et al., 2015), and antiparasitic 

(Severino et al., 2009) potential, corroborating the 

popular use. 

As plant species can undergo qualitative and 

quantitative variations throughout the year, it is 

essential to establish quality parameters for those 

with therapeutic and technological potential. 

Quantifying chemical markers in the vegetable raw 

material is also helpful in setting quality parameters. 

For phenols and flavonoids extraction, the 

ultrasound-assisted extraction procedure is one of the 

most applied because it is simple and uses small 

amounts of raw material, with reduced extraction 

time and solvent consumption, being considered eco-

friendly (Azwanida, 2015; Braga et al., 2017). 

To optimize the chemical markers extraction 

in a solid-liquid phase, the response surface 

methodology (RSM), proposed by Box and Wilson 

(1951), has been widely used as a statistical 

approach. Central composite rotatable design 

(CCRD) consists of one of the most used 

experimental designs for this purpose due to its 

efficiency and flexibility. In addition, simultaneous 

optimization of multiple responses and their 

interactions is performed using desirable functions 

(Hossain et al., 2011). So, fewer experimental runs 

are needed to optimize a reaction, a great benefit 

when an industrial process is taken into account 

(Yusof et al., 2021). 

In this sense, this study aimed to establish 

quality parameters of H. oreadica leaf. For this, we 

performed the phytochemical screening of H. 

oreadica leaf; and optimized an ultrasound-assisted 

extraction of total phenols and flavonoids using a 

CCRD approach, varying the alcoholic strength, 

extraction temperature, and solid/liquid ratio, to 

obtain the best extractive condition. 

 

MATERIAL AND METHODS 

Plant material 

The H. oreadica leaf were collected in Pirenópolis, 

Goiás (15°48'15" S, 48°52'48" W, 1295 m). A 

voucher specimen was identified by Prof. Dr. Heleno 

Dias Ferreira and deposited in the Herbarium of UFG 

under the code number UFG-47798. Leaves were 

oven-dried at 40°C, powdered in a knife mill, and 

packed in a closed container. 

 

Physicochemical parameters 

The content of volatile compounds was determined in 

a humidity analyzer that produces radiation in the 

infrared region employing a halogen lamp (Gibertini 

model Eurotherm) (Brasil, 2010a). For this, 1 g of the 

leaf powder was weighed, distributed in the collector, 

and the tub was heated to 105°C until constant 

weight. The tests were performed in triplicate, and 

the mean, standard deviation, and coefficient of 

variation were calculated. The total ash and acid 

insoluble ash contents were performed according to 

the Brazilian Pharmacopoeia (Brasil, 2010a). All 

assays were performed in triplicate. The 

granulometric distribution was performed according 

to Brazilian Pharmacopoeia (Brasil, 2010a) using 

tamis with 1000 µm, 850 µm, 425 µm, 250 µm, 150 

µm, and 125 µm mesh. The same was done to obtain 

the intumescence index. The assays were performed 

in triplicate.   

 

Phytochemical screening 

Phytochemical screening of the H. oreadica leaf 

powder was performed using the methodologies 

adapted from Costa (2001a), Matos (2009), Matos & 

Matos (1989) for digital heterosides, flavonoids, 

saponins, tannins, alkaloids, and coumarins. 

 

Quantitative analysis of total phenols (TP) and 

flavonoids (Fv), and optimization of the ultrasound-

assisted extraction 

The quantitative analysis for total phenols was 

performed by the Hagerman and Butler adapted 

method (Mole & Waterman, 1987). The method 

described by Rolim et al. (2005), was used for 

flavonoid content. 
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To optimize total phenols (TP) and 

flavonoids (Fv) extraction, a CCRD with six central 

points was conducted, evaluating the effect of three 

factors: temperature (°C) (X1), solid-liquid ratio 

(SLR, g/ml) (X2) and alcoholic strength (%) (X3) 

(Table No. 2) over the phenolic compounds and total 

flavonoids concentration, whereby 20 different 

combinations were obtained (Table No. 3). All 

experiment runs were executed in triplicates, and the 

response (denoted by Y) was presented as the average 

TP or Fv measured. Based on the data obtained from 

the experiments, a regression analysis was performed, 

and an empirical second-order polynomial model was 

fitted. The equation below shows the relationship: 

 

  
 

Where Y = response (TP or Fv) and the 

regression coefficients are denoted by β0 = intercept, 

βi = linear, βii = quadratic, βij = interaction, whereas xi 

and xj = independent variables. 

The desirability function approach evaluated 

the optimized values for the independent variables. 

Derringer’s approach involves first converting each 

response, yk, into individual desirability, dk. The 

desirability scale ranges from 0 to 1. If the response 

is outside an acceptable region, dk is set to 0; if the 

response is fully desirable, dk is set to 1. Considering 

the responses with significant effects on the 

experimental design, the dk value is expected to be 

closer to 1. The individual desirability functions from 

the analyzed responses are then combined to obtain 

the overall desirability D, which is the geometric 

average of the individual desirability values, as 

represented below. 

 

The D value ranges from 0 to 1, and a high 

value of D is considered the best solution for the 

system (Hu et al., 2008). 

Data were analyzed using Design Expert 7.0 

software (Stat-Ease, Inc., Minneapolis, MN). 

 

Table No. 2 

Evaluated factors and their levels used in the central composite rotatable design (CCRD) applied to TF and 

Fv ultrasound-assisted extraction from Hortia oreadica leaves. 

Independent variables 
Levels 

-1.68 -1 0 +1 +1.68 

T (°C) (X1) 37 40 45 50 53 

SLR (mg/ml) (X2) 3 4 6 8 9 

EtOH (% m/m) (X3) 33 40 50 60 67 

T (°C) (X1) = Temperature; SLR (mg/mL) (X2) = solid-liquid ratio (H. oreadica powder leaves/ EtOH);  

EtOH (% m/m) (X3) = Alcoholic strength 

 

 

 

RESULTS 

Volatiles content, total ashes, and insoluble acids 

ashes 

Volatiles content level was 8.44 ± 0.06%, total ashes 

were 2.46 ± 0.0010%, and insoluble acids ashes were 

0.06 ± 0.0007%. 

 

Particle size distribution and intumescence index 

The H. oreadica powder leaf presented granulometry 

between 150 µm to 1000 µm, with retention of 

47.38% and 47.51% in the diameters of 425 μm 

(tamis 40) and 250 μm (tamis 60), respectively. The 

intumescence index obtained was 3 mL. 

 

Phytochemical screening 

In the leaf powder were verified coumarins, 

cyanogenetic heterosides, digitalis, flavonoids, 

saponins, and tannins (Table No. 1). 
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Table No. 3 

The central composite rotatable design (CCRD) delineation of the TP and Fv ultrasound-assisted extractive 

process of Hortia oreadica leaves 

Assays T (ºC) X1 SLR (mg/mL) X2 EtOH (%) X3 TP 

(mg/mL) 

Fv 

(mg/mL) 

1 40 4 40 0.079 0.049 

2 40 4 60 0.099 0.069 

3 50 4 40 0.092 0.054 

4 50 4 60 0.101 0.053 

5 40 8 40 0.149 0.076 

6 40 8 60 0.173 0.088 

7 50 8 40 0.151 0.068 

8 50 8 60 0.177 0.068 

9 45 6 33 0.128 0.044 

10 45 6 67 0.125 0.058 

11 37 6 50 0.134 0.062 

12 53 6 50 0.134 0.063 

13 45 3 50 0.067 0.035 

14 45 9 50 0.173 0.080 

15 45 6 50 0.127 0.063 

16 45 6 50 0.119 0.057 

17 45 6 50 0.124 0.063 

18 45 6 50 0.123 0.058 

19 45 6 50 0.127 0.065 

20 45 6 50 0.135 0.065 
T (°C) (X1) = Temperature; SLR (mg/mL) (X2) = Solid-liquid ratio (H. oreadica powder leaves/EtOH);  

EtOH (% m/m) (X3) = Alcoholic strength; TP (mg/mL) = Total phenols; Fv (mg/mL) = Flavonoids 

 

 

 

Table No. 1 

Summary of the phytochemical screening in Hortia oreadica leaves. 

Metabolites Presence 

Alkaloids - 

Anthraquinones - 

Digitalis  + 

Flavonoids + 

Saponins + 

Tannins + 

Coumarins + 

Cyanogenetic heterosidases + 

 

 

 

Quantitative analysis of total phenols (TP) and 

flavonoids (Fv) and extraction optimization 

The total phenols ranged from 0.079 to 0.177 mg/mL 

and flavonoids ranged from 0.035 to 0.088 mg/mL 

(Table No. 3). By the desirability function approach, 

it was verified that the best-predicted extraction 

condition would be at 40ºC using 60% 

hydroalcoholic solution (w/w) and a solid-liquid ratio 

of 8 mg/mL (p<0.05).  

From the multiple regression data analysis of 

total phenolic compounds, it was observed that the 

factors evaluated did not present significant 
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interaction at the 5% level. However, their respective 

linear effects and quadratic effect of the SLR variable 

were included in the model. The value of p for lack of 

fit was not significant, showing that the model 

presented adequate adjustment. The value of R2adj 

was 0.9438, indicating that the model showed a 

relevant predictive and explainability power that can 

be described by: 

TP = 0.24165 + (5.43484 x 10-4) x EtOH – 0.011226 

x Temp + 0.016798 x SLR + (1.28526 x 10-4) x Temp2 

For the Fv response variable, the variance 

analysis reveals that the interaction between the 

EtOH and temperature variables was significant at 

the 10% level (p = 0.0732), and the behavior of these 

two variables together can be visualized in the plot of 

response surface at Figure No. 1. From this plot, it is 

possible to visualize that lower temperatures 

associated with higher alcoholic strength have higher 

concentrations of total flavonoids. The R2
adj value for 

this model was 0.7075. Therefore, the model for this 

behavior can be described by: 

 

Fv = -0.037681 + (6.30333 x 10-3) x EtOH - (3.94376 

x 10-3) x Temp + (5.51892 x 10-3) x SLR -(8.47909 x 

10-5) x EtOH x Temp - (2.09685 x 10-5) x EtOH2 + 

(8.49714 x 10-5) x Temp2 

 

Using the desirability function approach, a D 

= 0.903 value was obtained, revealing that the 

geometric combination of the two variables with the 

best conditions suggested by the model was: 

alcoholic strength at 60%, the temperature at 40°C, 

and 8 mg/mL solid-liquid ratio. The contour plot 

(Figure No. 2) represents the variation of D values as 

a function of temperature and EtOH levels. From this 

plot, it is possible to notice that higher desirability 

values are found in higher alcoholic gradations and 

lower temperatures. 

  

 

Figure No. 1 

 
Response surface plot: flavonoids (Fv) as a function of the variables: temperature (Temp),  

alcoholic strength (EtOH) 
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Figure No. 2 
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Contour plot representing the overall desirability of the following responses: total phenols (TF) and 

flavonoids (Fv) as a function of the variables: temperature (Temp) and alcohol (EtOH) 

 

 

Global desirable function (D) verification 

The values predicted by the global desirability 

function were verified in triplicate for the 

combination of factors alcoholic strength at 60%, 

temperature at 40°C, and SLR of 8 mg/mL. The 

following experimental concentrations were obtained: 

0.171 ± 0.002 mg/mL for TF (predicted value = 

0.165) and 0.087 ± 0.002 mg/mL for Fv (predicted 

value = 0.084). For TF, the 5% difference between 

the experimental and predicted results for this assay 

was observed. For the variable Fv, the difference of 

4.6% between predicted and experimental values was 

observed. Thus, the agreement between the 

experimental and predicted results obtained by the 

desirability function was verified. 

 

DISCUSSION 

Despite its therapeutic and technological potential, 

the plant species H. oreadica is poorly studied. Its 

quality parameters had not been established yet. 

Excessive moisture in plant raw materials allows 

enzymes that can degrade chemical constituents, 

besides allowing the development of fungi and 

bacteria. The maximum moisture content established 

in different pharmacopeias varies between 8 and 

14%. Hence, the moisture content of H. oreadica 

(volatile content = 8.44 ± 0.06%) is within the 

parameters described for other species (Soares & 

Farias, 2017). Furthermore, the total ash content 

determination enables the presence of non-volatile 

inorganic impurities, which may be present as 

contaminants, to be verified. And the content of ash 

insoluble in hydrochloric acid allows, for example, to 

verify soil or sand residues (Soares & Farias, 2017). 

The Brazilian Pharmacopoeia (Brasil, 2010b) 

recommends, in the monographs of vegetal drugs 

constituted by leaf, total ash contents varying 

between 30% to 4%; and acid-insoluble ash contents 

ranging from 12.0% to 0.4%. In this sense, H. 

oreadica is within the parameters described for other 

species (total ash contents = 2.46 ± 0.0010%; acid-

insoluble ash = 0.06 ± 0.0007%).  

According to the Brazilian Pharmacopoeia 

(Brasil, 2010a), the particle size range from H. 

oreadica leaf was classified as a semi-thin powder 

(the one whose particles pass entirely through the 

nominal opening aperture mesh of 355 mm and, at 

most, 40% by the sieve with a little aperture of 180 

mm mesh). The powder particles’ size determines the 

contact surface for the interaction with the extracting 

liquid, making it possible to choose the appropriate 

extraction process for this raw material. Its 

determination is an essential step in the extractive 

processes to ensure the extraction yield and the 

quality of the extract (Migliato et al., 2007; Hubinger 

et al., 2009; Alves et al., 2010). 
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The swelling index determination is a method 

to indicate the number of polysaccharides present in 

the raw material (Soares & Farias, 2017), being 

essential to predict the volume of solvent that must be 

added during the production of these extracts (Couto 

et al., 2009). The swelling index for the powder of H. 

oreadica leaves was 3 ml, suggesting the presence of 

mucilage and gum (Frasson et al., 2003; Barroso & 

Oliveira, 2009). 

It was verified the presence of coumarins, 

cyanogenetic heterosidases, digitalis, flavonoids, 

saponins, and tannins in the H. oreadica leaf. Many 

phenolic compounds have been identified in H. 

oreadica leaf (Severino et al., 2009; Braga et al., 

2012). Although the presence of alkaloids in species 

of Rutaceae is expected, this metabolite was not 

found in the present study. In previous studies with 

H. oreadica leaf, alkaloids were reported (Severino et 

al., 2009; Braga et al., 2012; Severino et al., 2014). 

This divergence may be due to differences in soil 

composition, seasonality, or individual variations 

(Gobbo-Neto & Lopes, 2007) since the samples were 

collected in different regions and at different times of 

the year. 

Identifying and quantifying metabolite 

classes is an essential strategy for quality control of 

raw materials and products of natural origin (Soares 

& Farias, 2017). The ultrasound-extractive method is 

an alternative approach to extract phenols and 

flavonoids with the advantage of shorter extraction 

time and optimization of solvents and raw material 

amounts, reducing degradation risks of the 

components by oxidation, thermal stress, or 

photodegradation (Costa, 2001b; Azwanida, 2015). 

However, optimizing this extraction without a 

statistical tool is a time-, solvent-, and material-

consuming task. The optimization of phenol and 

flavonoids extraction using CCRD is considered the 

most convenient design in RSM because it allows fast 

evaluation of the conditions ranges and indicates the 

role of each parameter (Chen et al., 2015; Izadiyan & 

Hemmateenejad, 2016; Hayder et al., 2021; Yusof et 

al., 2021; Zakaria et al., 2021). This statistical 

approach demonstrated to be efficient also for 

Cerrado plant species. 

 

CONCLUSION  

The present work provided the physicochemical 

characterization of the H. oeradica leaf powder and 

the physicochemical description of the H. oeradica 

leaf hydroethanolic extract (obtained by percolation), 

standard data that can be used as parameters of raw 

material quality. In leaf powder, coumarins, 

cyanogenetic heterosidases, digitalis, flavonoids, 

saponins, and tannins were identified. The 

ultrasound-assisted extraction of phenolic and 

flavonoid compounds was optimized by the CCRD, 

employing a desirability function approach. It was 

found ideal for extracting phenols and flavonoids 

from H. oeradica leaf: alcoholic strength at 60%, the 

temperature at 40°C, and 8 mg/mL of SLR. Due to 

the popular use and the potential therapeutic use of H. 

oreadica, the optimized extraction parameters 

obtained in this study could be upscaled to develop 

pharmaceutical drugs to treat bacterial and parasitic 

infections, hepatopathies, and gastropathy, among 

others. In addition, further bioprospecting studies of 

new bioactive molecules and biological activities of 

H. oeradica are urgent. 

 

ACKNOWLEDGEMENTS 

We thank the National Conselho Nacional de 

Desenvolvimento Científico e Tecnológico (CNPq) 

and the Fundação de Amparo à Pesquisa do Estado 

de Goiás (proc 201810267001553) for financial 

support. 

 

REFERENCES 
Abbaskhan A, Choudhary MI, Ghayur MN, Parween Z, Shaheen F, Gilani AU, Maruyama T, Iqbal K, Tsuda Y. 

2012. Biological activities of Indian celery, Seseli diffusum (Roxb. ex Sm.) Sant. & Wagh. Phytother Res 

26: 783 - 786. https://doi.org/10.1002/ptr.3600 

Alves MSM, Mendes PC, Vieira JGP, Ozela EF, Barbosa WLR, Silva-Júnior JOC. 2010. Análise farmacognóstica 

das folhas de Arrabidaea chica (Humb. & Bonpl.) B. Verlt., Bignoniaceae. Braz J Pharmacogn 20: 215 - 

221. 

Atmaca M, Bilgin HM, Obay BD, Diken H, Kelle M, Kale E. 2011. The hepatoprotective effect of coumarin and 

coumarin derivates on carbon tetrachloride-induced hepatic injury by antioxidative activities in rats. J 

Physiol Biochem 67: 569 - 576. https://doi.org/10.1007/s13105-011-0103-5 

Azwanida NN. 2015. A review on the extraction methods use in medicinal plants, principle, strength and limitation. 

Med Aromat Plant 4: 1 - 6. 

Barroso ICE, Oliveira FD. 2009. Caracterização farmacognóstica dos frutos de Cordia sellowiana Cham. e de 

https://doi.org/10.1002/ptr.3600
https://doi.org/10.1007/s13105-011-0103-5


 

Borges et al. Extraction of phenolic compounds from Hortia oreadica leaf 

 

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 894 

 

Cordia myxa L. (Boraginaceae Jussieu). Rev Bras Farmacogn 19: 458 - 470.  

https://doi.org/10.1590/s0102-695x2009000300021 
Box GEP, Wilson KB. 1951. On the experimental attainment of optimum conditions. J Royal Stat Soc Series B 

13: 1 - 45. 

Braga FC, Rates SMK, Simões CMO. 2017. Avaliação da eficácia e segurança de produtos naturais candidatos 

a fármacos e medicamentos, in: Simões, C.M.O. (Ed.) Farmacognosia: do produto natural ao 

medicamento. Artmed, Porto Alegre, Brasil. 

Braga PAC, Severino VGP, de Freitas SDL, da Silva MFGF, Fernandes JB, Vieira PC, Pirani JR, Groppo M. 2012. 

Dihydrocinnamic acid derivatives from Hortia species and their chemotaxonomic value in the Rutaceae. 

Biochem Syst Ecol 43: 142 - 151. https://doi.org/10.1016/j.bse.2012.03.005 

Brasil, 2010a. Agência Nacional de Vigilância Sanitária. Farmacopeia Brasileira, ANVISA, Brasília, Brasil.  

Brasil, 2010b. Agência Nacional de Vigilância Sanitária. Farmacopeia Brasileira. ANVISA, Brasil. 

Cazal CM, Choosang K, Severino VG, Fernandes JB, da Silva MF, Vieira PC, Nascimento MS, Almeida GM, 

Vasconcelos MH, Pakkong P, Pinto MM. 2013. Natural compounds with cell growth inhibitory activity in 

human tumor cell lines. Anticancer Agents Med Chem 13: 1582 - 1589.  

https://doi.org/10.2174/1871520613666131125122857 
Chen M, Zhao Y, Yu S. 2015. Optimisation of ultrasonic-assisted extraction of phenolic compounds, antioxidants, 

and anthocyanins from sugar beet molasses. Food Chem 172: 543 - 550.  

https://doi.org/10.1016/j.foodchem.2014.09.110 

Choi WS, Jang DY, Nam SW, Park BS, Lee HS, Lee SE. 2012. Antiulcerogenic activity of scoparone on 

HCl/ethanol-induced gastritis in rats. J Korean Soc Appl Biol Chem 55: 159 - 163.  

https://doi.org/10.1007/s13765-012-1023-y. 

Costa AF. 2001a. Farmacognosia, F. Calouste Gulbenkian, Lisboa, Portugal. 

Costa AF. 2001b. Farmacognosia, Fundação Calouste Gulbenkian, Lisboa, Portugal. 

Couto RO, Valgas AV, Bara MTF, Paula JR. 2009. Caracterização físico-química do pó das folhas de Eugenia 

dysenterica DC. (Myrtaceae). Rev Eletron Farm 6. https://doi.org/10.5216/ref.v6i3.7651 

Frasson APZ, Bittencourt CF, Heinzmann BM. 2003. Caracterização físico-química e biológica do caule de 

Caesalpinia ferrea Mart. Rev Bras Farmacogn 13: 35 - 39.  

https://doi.org/10.1590/s0102-695x2003000100004 
Gobbo-Neto L, Lopes NP. 2007. Medicinal plants: factors of influence on the content of secondary metabolites. 

Quim Nova 30: 374 - 381. 

Groppo M, Pirani JR. 2005. Two new species of Hortia (Rutaceae) from Amazonia. Novon 15: 139 - 143. 

Groppo M, Pirani JR. 2012. A revision of Hortia (Rutaceae). Syst Bot 37: 197 - 212.  

https://doi.org/10.1600/036364412X616765 
Hayder Z, Elfalleh W, Othman KB, Benabderrahim MA, Hannachi H. 2021. Modeling of polyphenols extraction 

from pomegranate by-product using rotatable central composite design of experiments. Acta Ecol Sin 41: 

150 - 156. https://doi.org/10.1016/j.chnaes.2020.10.003 

Hossain MB, Barry-Ryan C, Martin-Diana AB, Brunton NP. 2011. Optimisation of accelerated solvent extraction 

of antioxidant compounds from rosemary (Rosmarinus officinalis L.), marjoram (Origanum majorana L.) 

and oregano (Origanum vulgare L.) using response surface methodology. Food Chem 126: 339 - 346.  

https://doi.org/10.1016/j.foodchem.2010.10.076 
Hu Z, Cai M, Liang HH. 2008. Desirability function approach for the optimization of microwave-assisted 

extraction of saikosaponins from Radix bupleuri. Separation and Purification Technology 61: 266 - 275.  

https://doi.org/https://doi.org/10.1016/j.seppur.2007.10.016 
Hubinger SZ, Salgado HRN, Moreira RRD. 2009. Controles físico, físico-químico, químico e microbiológico dos 

frutos de Dimorphandra mollis Benth., Fabaceae. Rev Bras Farmacogn 19: 690 - 696. 

Izadiyan P, Hemmateenejad B. 2016. Multi-response optimization of factors affecting ultrasonic assisted extraction 

from Iranian basil using central composite design. Food Chem 190: 864 - 870.  

https://doi.org/https://doi.org/10.1016/j.foodchem.2015.06.036 
Matos FJA. 2009. Introdução a fitoquímica experimental, UFC, Fortaleza, Brasil. 

Matos JMD, Matos MEO. 1989. Farmacognosia: curso teórico-prático. UFC, Fortaleza, Brasil. 

Melliou E, Magiatis P, Mitaku S, Skaltsounis AL, Chinou E, Chinou I. 2005. Natural and synthetic 2,2-

https://doi.org/10.1590/s0102-695x2009000300021
https://doi.org/10.1016/j.bse.2012.03.005
https://doi.org/10.2174/1871520613666131125122857
https://doi.org/10.1016/j.foodchem.2014.09.110
https://doi.org/10.1007/s13765-012-1023-y
https://doi.org/10.5216/ref.v6i3.7651
https://doi.org/10.1590/s0102-695x2003000100004
https://doi.org/10.1600/036364412X616765
https://doi.org/10.1016/j.chnaes.2020.10.003
https://doi.org/10.1016/j.foodchem.2010.10.076
https://doi.org/https:/doi.org/10.1016/j.seppur.2007.10.016
https://doi.org/https:/doi.org/10.1016/j.foodchem.2015.06.036


 

Borges et al. Extraction of phenolic compounds from Hortia oreadica leaf 

 

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas / 895 

 

dimethylpyranocoumarins with antibacterial activity. J Nat Prod 68: 78 - 82.  

https://doi.org/10.1021/np0497447 
Migliato KF, Moreira RRD, Mello JCP, Sacramento LVS, Corrêa MA, Salgado HRN. 2007. Controle da qualidade 

do fruto de Syzygium cumini (L.) Skeels. Rev Bras Farmacogn 17: 94 - 101.  

https://doi.org/10.1590/s0102-695x2007000100018 
Mole S, Waterman PG. 1987. A critical analysis of techniques for measuring tannins in ecological studies : I. 

Techniques for chemically defining tannins. Oecologia 72: 137 - 147.  

https://doi.org/10.1007/bf00385058 
Mukandiwa L, Ahmed A, Eloff JN, Naidoo V. 2013. Isolation of seselin from Clausena anisata (Rutaceae) leaves 

and its effects on the feeding and development of Lucilia cuprina larvae may explain its use in 

ethnoveterinary medicine. J Ethnopharmacol 150: 886 - 891. https://doi.org/10.1016/j.jep.2013.09.037 

Mukandiwa L, Eloff JN, Naidoo V. 2015. Larvicidal activity of leaf extracts and seselin from Clausena anisata 

(Rutaceae) against Aedes aegypti. South Afric J Bot 100: 169 - 173. 

https://doi.org/https://doi.org/10.1016/j.sajb.2015.05.016 
Pio-Corrêa M. 1984. Dicionário de plantas úteis do Brasil e das exóticas cultivadas. Instituto Brasileiro de 

Desenvolvimento Florestal, Rio de Janeiro, Brasil. 

Rolim A, Maciel CP, Kaneko TM, Consiglieri VO, Salgado-Santos IM, Velasco MV. 2005. Validation assay for 

total flavonoids, as rutin equivalents, from Trichilia catigua Adr. Juss (Meliaceae) and Ptychopetalum 

olacoides Bentham (Olacaceae) commercial extract. J AOAC Int 88: 1015 - 1019. 

Saint-Hilaire A. 1824. Plantes usuelles des brasiliens. Grimbert Libraire, Paris, France. 

Severino VG, Cazal CM, Forim MR, da Silva MF, Rodrigues-Filho E, Fernandes JB, Vieira PC. 2009. Isolation of 

secondary metabolites from Hortia oreadica (Rutaceae) leaves through high-speed counter-current 

chromatography. J Chromatogr A 1216: 4275 - 4281. https://doi.org/10.1016/j.chroma.2009.02.009 

Severino VGP, De Freitas SDL, Braga PAC, Forim MR, Da Silva MFGF, Fernandes JB, Vieira PC, Venâncio T. 

2014. New limonoids from Hortia oreadica and unexpected coumarin from H. superba using 

chromatography over cleaning sephadex with sodium hypochlorite. Molecules 19. 

https://doi.org/10.3390/molecules190812031 

Severino VGP, Monteiro AF, Silva MFDGF, Lucarini R, Martins CHG. 2015. Chemical study of Hortia superba 

(Rutaceae) and investigation of the antimycobacterial activity of crude extracts and constituents isolated 

from Hortia species. Química Nova https://doi.org/10.5935/0100-4042.20140290 

Soares LALS, Farias MR. 2017. Qualidade de insumos farmacêuticos ativos de origem natural, in: Simões, 

C.M.O. (Ed.) Farmacognosia: do produto natural ao medicamento. Artmed, Porto Alegre, Brasil.  

Yusof N, Munaim MSA, Veloo Kutty R. 2021. Optimization of total phenolic compounds extracted from propolis 

by ultrasound- assisted extraction. Chem Eng Commun 208: 564 - 572. 

https://doi.org/10.1080/00986445.2020.1761799 

Zakaria F, Tan JK, Mohd Faudzi SM, Abdul Rahman MB, Ashari SE. 2021. Ultrasound-assisted extraction 

conditions optimisation using response surface methodology from Mitragyna speciosa (Korth.) Havil 

leaves. Ultrasonics Sonochemistry 81: 105851. 

https://doi.org/https://doi.org/10.1016/j.ultsonch.2021.105851 

 

https://doi.org/10.1021/np0497447
https://doi.org/10.1590/s0102-695x2007000100018
https://doi.org/10.1007/bf00385058
https://doi.org/10.1016/j.jep.2013.09.037
https://doi.org/https:/doi.org/10.1016/j.sajb.2015.05.016
https://doi.org/10.1016/j.chroma.2009.02.009
https://doi.org/10.3390/molecules190812031
https://doi.org/10.5935/0100-4042.20140290
https://doi.org/10.1080/00986445.2020.1761799
https://doi.org/https:/doi.org/10.1016/j.ultsonch.2021.105851

