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INTRODUCTION

Medicinal plants are important as raw material to new 
medicines, however that this fact becomes reality is 
necessary studies to prove their efficacy, safety and source of  
raw material.[1,2] Often the chemical and medicinal potential 
of  the plant is discarded because there is no standardization 
of  raw material, generating results not accurate, with low 
reproducibility. Now there are advanced techniques to aid in 
the standardization of  raw materials, e.g. High‑performance 
liquid chromatography‑mass spectrometry (HPLC‑MS), 
Gas chromatography‑MS (GC‑MS), Raman and infrared 
spectroscopy, however extraction techniques have not 
advanced. This is a problem for accurate evaluation of  the 
potential of  a species.[1,3,4]

The extraction is an important step because the choices of  
extraction conditions determine the quality and the yield 

of  the constituents. Plants are complex samples, so it is 
often necessary to employ various methods of  extraction 
to evaluate the chemical profile of  the species.[5]

Conventional extraction methods such as (i) heating 
maceration, (ii) refluxing, (iii) Soxhlet extraction, 
(iv) supercritical fluids,[6‑10] generally require long 
extraction time, organic solvents toxics that may have 
potential negative on human health and environment.
[11‑13] Heating boiling or refluxing can be made use for 
extraction of  natural products; the disadvantages are 
the loss of  substances of  interest due to hydrolysis, 
oxidation and ionization during the extractive process. 
In recent years, some new extraction methods have 
been employed for the extraction of  natural products 
from herbals, including ultrasound‑assisted extraction 
microwave‑assisted extraction supercritical f luid 
extraction.[6‑10]

Due the potential of  Apeiba tibourbou Aubl, this study 
aimed to evaluate the impact of  the extraction method on 
the quality of  herbal extract and optimize the extraction 
of  fatty acid, rosmarinic (Ra) and caffeic (Ca) acid from 
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A. tibourbou. This species is popularly known as “pente 
de macaco” have great interest by the population, due 
many properties such as: Avoid hair fall, spasms and 
rheumatism, the leaves are rich in Ra and Ca, which are 
potent anti‑inflammatory.

Plant material
The fruits and leaves of  A. tibourbou Aubl were collected 
in Goiânia, Goiás, Brazil and Serra Dourada, Mossâmedes, 
Goiás, Brazil. The species was identified by Ph.D 
Edemilson Cardoso da Conceição, and a voucher was 
deposited in the Herbarium of  the Universidade Federal 
de Goiás (#40119) [Table 1].

Chemical characterization of leaves
Determinations of  residual moisture (Rm), polyphenols 
(Py) and flavonoids (Fn), were performed in triplicate 
samples according Assessment of  Antioxidant 
Capacity (AOAC) (1998).[14] AOA was performed 
2,2‑diphenyl‑1‑picrylhydrazyl * free radical method 
described by (Roberta 2007).[15] Ra and Ca were quantified 
by HPLC. The separation method was adapted from 
Oliveira (2013)[16] was used Zorbax Eclipse eXtra‑Dense 
Bonding‑C18, de 25 cm × 4, 6 mm × 5 μm, mobile 
phase methanol (A): Water (1% acetic acid) (B), 
0–7 min (40% of  A), 7–11 min (40–80% of  A), 11–23 min 
(80% of  A), 23–24 min (80–90% of  A), and flux was 
1.0 mL/min. Separated Ra and Ca peaks were identified by 
comparing the individual standard with the retention time 
and the 330 nm spectra. The methodology was validated 
in accordance to United States Pharmacopeial[17] (data not 
shown).

Optimization of extraction of rosmarinic acid and 
caffeic acid
The ultrasound‑assisted extraction (UEA) was performed 
in an ultrasonic bath (USC‑4800, 50 kHz, 200W Instrument 
Company, Brazil) and was used flask volumetric (10 mL) 
with 25 mg of  powdered leaves and the 10 mL of  
hydroethanolic mixture. The flask volumetric was partially 
immersed in an ultrasonic bath and submitted to ultrasound 
energy for a specific time. The extracts obtained were 
filtered and then analyzed by HPLC.

The influence of  extraction method on yield of  Ra and Ca 
were evaluation using a factorial drawing 33 (Box‑Behnken) 
with 15 experimental runs, including three replicates at 
the center point. The factorial design matrix contained 
temperature 30, 40 and 50°C (X1), ethanol/water 20, 50 and 
80% (v/v) (X2) and time extraction 10.20 and 30 min (X3). 
Experimental data were fitted to a polynomial model, and 
regression coefficients obtained [Equation. 1]. The M1 
was used to optimization because had higher amounts of  
Ra and Ca.
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 (Eq. 1)

Where y is the dependent variable; β0 is the constant 
term; k number of  variables; βi represents the coefficients 
of  linear parameters; βii represents the coefficients 
of  quadratic terms; βij represents the coefficients of  
interaction parameters. The Design expert 7.0 software 
was used to generate response surfaces. In order to verify 
the predictive capability of  the model, optimum conditions 
were established by surface response methodology (RSM) 
and comparisons between the predicted results and the 
practical values were done by experimental rechecking 
using those presumed optimal conditions.

Optimization of extraction parameters
The optimized conditions were determined by RSM, and 
the criterion of  desirability was the maximum extraction 
of  Ra and Ca.

Evaluation of degradation of rosmarinic acid and 
caffeic acid by ultrasound
A previous study of  stability was done with Ra and 
Ca (1 mg/mL), it was kept for 40 min in ultrasound 
bath (50°C) (USC‑4800, 50 kHz, 200W Instrument 
Company, Brazil) A control solution in the same 
contraction was made and the areas of  chemical marker 
were compared by HPLC.

Chemical characterization of seeds
Determinations of  Rm, proteins (Pt), lipids (Lp), total 
fiber (Tf), and carbohydrate (Cy) were performed in 
triplicate samples according AOAC (1998). Extraction of  
fatty acids was carried out by two different methods: (i) By 
shoxlet (LpS), and (ii) bligh and dyer (LpBD) (1959).

Fatty acids were analyzed on GC model Varian 3900 A, 
fitted with a capillary column CP WA × 30 m and was used 
under the following conditions: Carrier gas, nitrogen with a 
flow rate of  2.5 μL/min; column temperature, 5 min hold 
for 90°C, 90–250°C at 5°C/min, 30 min hold at 280°C; 
injector temperature, 240°C; volume injected, 2 μL. The MS 
operating parameters were as follows: Ionization potential, 

Table 1: Location collection of samples de 
Apeiba tibourbou
Sample ID Collection location
G1 Goiânia, Góias, Brazil; 

16°34´29.84’’S; 49°09’35.23’’ O
G2 Goiânia, Góias, Brazil; 

16°34’19.79’’S; 49°09’26.48’’ O
M1 Mossâmedes, Goiás, Brazil; 

16°06’37.00’’S; 56°13’15.72’’O
M2 Mossâmedes, Goiás, Brazil; 

10°627.64’’S; 50°13’09.77’’O
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70 μeV; ion source temperature, 280°C; quadrupole 100°C, 
speed 2000 μ amu/s.[1]

RESULTS

The chemical profile was different to all samples leaves, 
M1 had the highest levels of  polypenols (22.9% w/w), 
flavonoids (7.9% w/w), Ca 0.04 and rosmarinc (1.2% w/w) 
acid, therefore the antioxidant activity 45.3% was higher 
[Table 2].

The AOA of  these compounds was related another 
works,[4,18] this compounds are used as nutrients in the 
treatment and prevention of  diseases, however, there 
are a great variety of  substances that can act in synergy 
in protecting cells and tissues.[19,20] The importance 
concerning the performance of  antioxidants in vitro or 
in vivo depends on the factors types free radicals formed, 
where and how these radicals are generated, analysis and 
methods for identifying damage and optimal dosages for 
protection.[20]

The protein content of  9–16% (w/w), Lp 22.8–28.2% (w/w), 
fiber 5.5–7.2 and CY 3.9–6.1% (w/w), are lower than the 
other species of  the Brazilian Cerrado.[1] The method of  
extraction of  Lp had influence on the yield and composition 
of  fatty acids found in the oil [Tables 3 and 4].

The method of  bligh and dyer was able to extraction more 
total Lp (increase 5%) than the shoxlet. However, the 
extraction of  fatty acid was different for the two methods 
[Table 3]. Six fatty acids (Fa) were identified [Table 4], 
five Fa were unsaturated (caprylic, capryc, lauric, myristic, 
arachidic) and one sutured (linoleic acid). The majority 
Fa in all samples was lauric acid 27.1–35.2% (w/w), and 
minority Fa was caprylic acid 0–2.6% (w/w). Table 4 shows 
that the shoxlet does not extract caprylic from G1 and 
linoleic acid from M1.

The efficiency of  extraction depends on solvent and 
sample characteristics, temperature, time of  extraction, 
and particle size.[1] The shoxlet method uses hexane, and 
this solvent is more efficient to extraction of  apolar acids, 
whereas methanol and chloroform used in blingh and 
dyer method extraction fatty acids neutral, polar and not 
polar, high temperatures increase the solubility of  fatty 
acid on solvent, but can degrade same compounds by 
peroxidation or hydrolysis reactions, thus cold extraction 
methods with bligh and dyer are more suited to preserve 
the lipid profile.[21]

Due a wide hydrophobicity range of  Fa, the extraction 
with a single solvent is inefficient, neutral Lp form 
covalently bond, and it can be extracted by apolar 
solvents. The polar Lp form forces electrostatic and 

Table 2: Elemental analysis of leaves from Apeiba tibourbou
Sample Rm (% w/w) Py (% w/w) Fn (% w/w) AOA Ra (% w/w) Ca (% w/w)
G1 3.1±0.3 15.2±0.1 6.5±0.2 27.6±0.1 0.9±0.01 0.05±0.01
G2 2.3±0.1 12.8±0.01 4.8±0.2 22.2±0.2 1.2±0.01 0.04±0.01
M1 4.2±0.4 22.9±0.4 7.9±0.1 45.3±0.1 2.0±0.01 0.08±0.01
M2 2.8±0.03 18.6±0.2 6.8±0.3 37.4±0.1 1.5±0.01 0.03±0.01

AOA: Assessment of antioxidant

Table 3: Elemental analysis of seeds from Apeiba tibourbou
Sample Rm (% w/w) Pt (% w/w) Lps (% w/w) LpBD (% w/w) Tf (% w/w) Cy (% w/w)
G1 1.1±0.2 12±0.1 24.1±0.2 26.4±0.0 7.1±0.0 5.2±0.1
G2 0.8±0.1 14±0.1 23.2±0.2 28.2±0.1 5.8±0.1 3.9±0.1
M1 1.3±0.2 16±0.0 22.5±0.3 25.5±0.1 5.5±0.0 4.7±0.2
M2 0.5±0.3 9±0.4 25.8±0.3 27.8±0.3 7.2±0.1 6.1±0.3

Table 4: Profile of fatty acids found in seed’s Apeiba tibourbou
Fat acid Rt 

min
Fa yield by shoxlet (%w/w) Fa yield by B and D (%w/w)

G1 G2 M1 M2 G1 G2 M1 M2
Caprylic (C8:0) 3.1 * 2.2 0.31 2.6 0.8 2.4 0.9 3.1
Capryc (C10:0) 4.8 19.4 30 18.3 26.1 18.2 28.2 17.3 25.3
Lauric (C12:0) 8.7 34.7 35.2 26.1 34.9 32.1 34.1 27.1 33.2
Myristic (C14:0) 14.8 9.7 5.5 5.3 4.4 6.7 6.3 5.3 4.3
Linoleic (C18:2, ω6) 30.4 8.2 9.5 9.1 * 15.2 11.2 9.6 0.9
Arachidic (C20:0) 33.0 9.9 4.9 12.1 6.6 10.1 8.1 12.1 8.1
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hydrogen bonds with Pt, and to breaking this kind of  
bonds is required polar solvents as methanol.[21] Single 
extraction method to characterize the lipid profile is not 
inefficient, the adequate use more methods.

The stability study shows that Ca and Ra were not altered 
by the action of  ultrasound, there was a range of  <0.5% 
between the sample content and the control.

The UEA values are summarized in Table 5 caffeic 
acid yield (CaY) ranged 0.016–0.048% (w/w) and 
rosmarinic acid yield (RaY) 1.3–2.0% (w/w), the 
analysis of  variance in Table 6. This analysis showed 
that the factors X2, X3 and X2

2 were significant to 
extract Ca, and to Ra, X2, X3, interaction between X1. 

X3 and X2. X3, no linear interaction X1
2, X2

2, and X3
2 

were significant.

The Model F‑value of  54.20 to Ra and 34.17 to Ca implies 
the model is significant. There is only a 0.02% (Ra) and 
0.06% (Ca) chance that a “Model F‑Value” this large could 
occur due to noise. To Ra Lack of  Fit F‑value was 17.33 
implies there is a 5.5%, to Ca the “Lack of  Fit F‑value” 
was 4.48 implies there is a 18.8% chance this model to 
be confused with the noise.

Figures 1 and 2 shows the surface response plot for the CaY 
and RaY. When there are an increase in temperature (X1) 
and extraction time (X3) increases extraction of  CaY, 
on the other hand increasing the proportion of  ethanol 
decreases the efficiency of  extraction. RaY extraction 
performance was a parable, when used medium levels 
the extraction increase [Figure 2].

The theoretical optimized conditions was calculated 
by RSM, 42°C, 30% (alcohol degree) and 24 min, this 
conditions maximize simultaneously the extraction of  
Ca (0, 04%) and Ry (1.89), but the max extraction of  
RaY could be obtained using 50% of  ethanol. Ra is more 
polar than Ca, than the extraction was favored with higher 
concentrations of  alcohol.

The verification test showed that the Ra and Ca 
contents obtained from extraction under optimal 
conditions were 0.042 ± 0.01% w/w (n = 5) to Ca and 
1.85 ± 0.08% w/w (n = 5). A good correlation between 
the theoretical results and the rechecked values confirmed 
that the response model [Equations 1 and 2] represented 
the expected optimization well.

Table 5: Box–Behnken factorial design matrices 
and result of UAE
Run X1 X2 X3 CaY % RaY %
1 30 20 20 0.041 1.484
2 40 20 30 0.048 1.565
3 40 80 30 0.021 1.695
4 30 50 10 0.022 1.780
5 40 50 20 0.027 2.063
6 50 80 20 0.016 1.390
7 40 50 20 0.026 2,040
8 50 50 10 0.019 1.534
9 40 80 10 0.016 1.421
10 50 50 30 0.025 1.894
11 50 20 20 0.051 1543
12 40 50 20 0.029 2.043
13 30 50 30 0,024 1.707
14 30 80 20 0.016 1.364
15 40 20 10 0.041 1.636

CaY: Caffeic acid yield; RaY: Rosmarinic acid yield

Table 6: Summary of factor effects and significances (P) ANOVA
Rosmarinic acid Cafeic acid

SS df F P SS df F P
Model 0.800 9 54.20 0.0002* 0.0002 9 34.17 0.0006*
X1 8.07×10−5 1 0.049 0.8333 10−5 1 1.71 0.2481
X2 0.016 1 9.796 0.0260* 0.0015 1 25.84 <0.0001*
X3 0.03 1 18.27 0.0079* 5.2×10−5 1 8.59 0.0326*
X1×X2 2.6×10−4 1 0.163 0.7029 2.5×10−5 1 4.12 0.0981*
X1×X3 0.0467 1 28.49 0.0031 5.3×10−6 1 0.88 0.3912*
X2×3 0.029 1 18.11 0.0080 1.5×10−6 1 0.26 0.6327*
X1

2 0.189 1 115.5 0.0001 3.2×10−5 1 5.34 0.0689*
X2

2 0.523 1 318.8 0.0001* 1.5×10−4 1 26.20 0.0037*
X3

2 0.031 1 19.36 0.0070 1.7×10−5 1 2.88 0.1506*
Residual 0.008 5 6.0×10−6 5
Lack of fit 0.0079 3 17.33 0.0550 8.8×10−6 3 4.48 0.1880
Pure error 03.0×10−4 2 1.9×10−6 2
Cor total 0.808 14 14

ANOVA: Analysis of variance; df: Degrees of freedom. *Significant
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CONCLUSION

It was observed that the extraction method alters the 
chemical composition of  the extract, and it is possible to 
extract Ca and Ra from A. tibourbou’s leaves using UEA. 
Optimization studies are important for predicting the 
extraction behavior of  herbal compounds of  interest 
in terms of  controllable factors, such as extraction 
time, alcohol content, and particle size, to predict and 
minimize the costs involved in the production of  herbal 
extracts.
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