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ABSTRACT 
 
In the present work modified extracts of Larrea divaricata was obtained by 
chemical transformations in order to improve the antioxidant activity and the 
protein precipitating capacity.  Apigenine-7-methylether, quercetin, nor 
dihydroguaiaretic acid, 3,4-dihydroxy-3,4-dimethoxy-6,7-cyclolignan and p-
coumaric acid were identified in the methanolic extract by Electron Impact Mass 
Spectrometry (EIMS). Chemically modified extracts were prepared through acid 
hydrolysis, sulfonylation, O-methylation, O-acylationand C-acylation reactions. 
Total phenolics and flavonoids contents were determined by spectrophotometric 
methods. Antioxidant properties were evaluated by 2,2-diphenyl-1-picrylhydrazyl 
(DPPH), 2,2′-azinobis(3-ethylbenzthiazoline-6-acid) (ABTS) and ferric ion 
reducing power. In addition, the protein precipitating capacity was evaluated in 
two protein system and significant changes were observed. Methanolic extract 
containing the highest amount of phenolic compounds and flavonoids exhibited 
significative antioxidant activity. The hydrolyzed methanolic extract increased 
their antioxidant properties. However, C-acylated and O-acylated methanolic 
extracts were the most active. In addition, these extracts revealed the highest 
protein precipitating capacity in both protein system. In relation to obtain 
bioproducts, these results show that antioxidant activity and the protein 
precipitating capacity can be increased by chemical modifications of the natural 
organic extracts. 
 
Keywords: Larrea divaricata, modified extracts, antioxidant activity, protein 
precipitating capacity. 

 
 
INTRODUCTION 
 
During the last years, medicinal herbs have not only served 
as therapeutic to treat different illness but also with a 
source of new industrial bio-products. A large percentage of 
nutraceuticals and functional foods are medicinal herbal-
based products (Santini et al., 2017). Their physiological 
benefits has been, to some extent, associated with their 
antioxidant properties (Jia et al., 2015). It is well known 
that antioxidants were used to ameliorate the actions of 
free radicals involved in the onset of many chronic diseases 
(Bodoira et al., 2017). Phenolic compounds such as 
flavonoids or lignans are commonly found in medicinal 

plants and have been reported to have antioxidant effects 
and protein precipitating capacity. In this sense, medicinal 
and nutraceutical plants with antioxidant properties and 
precipitating protein capacity offers a wide array of 
products utilized or can be utilized in the pharmaceutical 
and food industries (Pelitli et al., 2017). 

On the other hand, taking into account that beneficial 
effects of plants typically result from the synergy effect, one 
approach to improve the bioactivity of plant extracts is the  
chemical diversification of a natural extract through 
chemical transformations (Yang et al., 2014). The chemical 
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transformation of a single functional group, such as the 
hydroxyl group can affect the overall electronics properties, 
solubility and steric dimensions. In this sense, the 
Functional Group Interconversion of bioactive molecules is 
a useful strategy to increase the bioavailability of secondary 
metabolites present in a natural extract (Silverman and 
Holladay, 2014). Recently, ammonolysis, sulfonylation, 
bromination, ethanolysis and epoxidation procedures for 
plant extracts were performed to obtain new or bioactive 
compounds (Ramalo et al., 2011; Salazar et al., 2009). 

Larrea divaricata Cav.,“jarilla”, is a perennial woody 
shrub with a wide distribution in Argentina (Del Vitto et al., 
1997). Anti-inflammatory, antibacterial and antioxidants 
properties were reported (Zampini et al., 2007; 
Goleniowski et al., 2006; Alonso, 2004). Phytochemical 
studies of L. divaricata in form of the presence of lignans 
and flavonoids as major secondary metabolites (Vogt et al., 
2013; Palacio et al., 2011) were reported. 

In the present work we modified by chemical 
transformations, natural extracts obtained from aereal 
parts of L. divaricata in order to improve the antioxidant 
activity and the protein precipitating capacity. Significant 
changes in the bioactivities evaluated were observed. 
 
 
MATERIALS AND METHODS  
 
Plant material and preparation of natural extracts 
 
Aerial parts of L. divaricata Cav. were collected in February, 
2015 in Nogolí, San Luis, Argentina. A voucher specimen 
was deposited at the Herbarium of the Universidad 
Nacional de San Luis (UNSL Del Vitto and Petenatti 8432). 
The aerial parts (500 g) were dried in shade at room 
temperature, then chopped and ground to fine powder in a 
mechanical blender. Dried aerial powder (20 g) was packed 
into a Soxhlet apparatus and extracted with 300 ml of n-
hexane, chloroform and methanol at 60 to 70°C for 3 to 4 h, 
respectively. The organic extracts were filtered through 
Whatman filter paper No. 1 and the filtrates concentrated 
under reduced pressure at 40°C. The extracts were dried, 
weighed (2.6 g) and stored at 4°C in storage vials for 
experimental use. 
 
 
Determination of total phenolic and flavonoids content 
 
Total phenolics of natural extracts of L. divaricata were 
estimated using the Folin-Ciocalteu reagent (Johns et al., 
1999). Total phenolics were expressed as gallic acid 
equivalent per gram of powder (GAE/g powder) and linear 
gallic acid standard curve (y = 8.2313x + 0.078; r2 = 
0.9971). The AlCl3 method was used for the determination  
 

of total flavonoids content of natural extracts (Chang et al., 
2002). Total flavonoid contents were expressed as 
quercetin equivalent per gram of powder (QE/g powder). 
Quercetin was used as a standard (y = 0.0097x + 0.0127, r2 
= 0.9995). 
 
 
Phytochemical screening of methanolic extract 
 
The chemical composition pattern of methanolic extract 
was identified by Gas Chromatography–Electronic Impact 
Mass Spectrometry (CG-EIMS) and NIST Mass Spectrometry 
Data Center. A CG-Mass spectrometer and GCQ Plus with 
ion trap and MS/MS (Finnigan,Thermo-Quest, Austin, TX, 
USA) was used. Compounds 1 to 5 were identified in the 
methanolic extract (Figure 1).  
 
 
Chemical transformations of methanolic extract 
 
Acid hydrolysis of methanolic extract (50 mg) was 
performed with hydrochloric acid 2 M, refluxing at 80°C for 
3 h. Sulfonylation reaction was carried out with p-toluene 
sulfonyl chloride and K2CO3 in acetone refluxing for 24 h. O-
methylation of methanlic extract (50 mg) was carried out 
with equimolecular quantities of dimethyl sulfate (2 ml), in 
potassium carbonate. The C-acylation reaction (Friedel-
Crafts acylation) was carried out in a 250 ml batch reactor 
equipped with a condenser and magnetic stirrer. To a 
mixture of  2,3,4-trihydroxybezoyl chloride and anhydrous 
AlCl3 stirred at 90 to 110°C, 50 mg of methanolic extract 
was added in several portions. After completion, the 
mixture was poured into ice water and then concentrated 
HCl (2 to 4 ml) was added. The suspension was stirred 
vigorously for 5 to 10 min. After filtration, the C-acylated 
derivative was obtained. The 2,3,4-trihydroxybezoyl 
chloride was obtained from 2,3,4-trihydroxybezoic acid 
(97% Sigma-Aldrich) with thionyl chloride. All reaction 
process were monitored by TLC (Tomohara et al., 2016; 
Salazar et al., 2009). 
 
 
Antioxidant assays: DPPH, ABTS and ferric ions 
reduction power 
 
The radical scavenging activity was evaluated using the 
DPPH and ABTS assays (Wu et al., 2009). DPPH (2,2-
diphenyl-1-picrylhydrazyl) experiments were carried out 
according to the method of Blois with a slight modification. 
Briefly, a 0.1 mM solution of DPPH radical solution in 
MeOH/H2O (8:2) was prepared. Then, 1 ml of this solution 
was mixed with sample solution (3 ml) (1 mg/ml final 
concentration). Finally, after 30 min, the absorbance was 
measured at 517 nm. Tests were carried out in triplicate.   

The free radical-scavenging activity of the extracts was
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Figure 1: Compounds identified by EIMS in methanolic extract of L. divaricata. 
 
 
determined by ABTS [2,2′-azinobis(3-ethylbenzthiazoline-
6-acid)] assay. Experiments were carried out according to 
the method of Cano with some modifications. Radical cation 
ABTS+ was produced by mixing 2 mM ABTS with 30 μm 
Η2Ο2 and 6 μμ horse radish peroxidase (HRP) enzyme in 50 
mM phosphate buffered saline (PBS-pH 7.5). Immediately 
after the addition of the HRP enzyme, the contents were 
vigorously mixed, incubated at room temperature in the 
dark and the reaction monitored at 730 nm until stable 
absorbance was obtained. Then, 10 μl of different extract 
concentrations were added in the reaction mixture and the 
decrease in absorbance at 730 nm was measured.  Percent 
inhibition of DPPH and ABTS radicals was calculated by the 
formula IC (%) = [(Abscontrol-Abssample)/Abscontrol)] × 100 
(Abs = absorbance).  

The ferric reducing power test was determined by a 
slightly modified method of Yen and Duh  (Wu et al., 2010). 
Sample of 1.0 ml of various dilutions was mixed with 2.5 ml 
of phosphate buffer (0.2 mol/L, pH 6.6) and 2.5 ml of 1% 
potassium ferricyanide. The mixtures were incubated at 
50ºC for 20 min. After incubation, 2.5 ml of 10% 
trichloroacetic acid was added to the mixture, which was 
then centrifuged at 3000 rpm for 10 min. Upper layer (0.5 
ml) of solution was mixed with 2.5 ml of distilled water and 

100 ml of 0.1% FeCl3 and the absorbance measured at 700 
nm. Controlling sample contained 1.0 ml distilled water, 2.5 
ml of phosphate buffer, 2.5 ml of 1% potassium 
ferrocyanide and 2.5 ml of 10% trichloroacetic acid. Blank 
sample contained 1.0 ml distilled water, 2.5 ml of 
phosphate buffer, 2.5 ml of 1% potassium ferricyanide and 
2.5 ml of 10% trichloroacetic acid. The reducing power of 
samples was calculated by the formula:  
 
RP (%) = [(Abscontrol-Abssample) × 100]   
 
All tests were carried out in triplicate. As positive controls, 
caffeic acid and quercetine were used. The IC50 was 
determined using GraphPad software.  
 
 
Protein precipitating capacity (PPC) 
 
The PPC of natural and modified extracts of L. divaricata 
was determined as described by Rickard (1986) using BSA 
and the partially purified GNCA prepared by following the 
method of Prasad (1985). BSA and GNCA solutions (0.3%) 
were prepared in 0.2 M acetate buffer, pH 5.0, containing 
0.17 M NaCl. For the determination of PPC, a 0.1 g  

 
 



                                                                     Academia Journal of Scientific Research; Ortega et al.          

200 
 

 
 

Table 1: Extraction yield, total phenolic and flavonoids content of L. divaricatanatural extracts (n = 3). 
 

Natural extracts 
Extraction yield 

(% w/w) 
Total phenolic content 

(mg GAE/g extract) 
Total flavonoids content 

(µg QE/g extract) 

Hexanic E. 16.177 ± 0.302a 2.637 ± 0.148c 1.083± 0.162b 

Chloroformic E. 50.332 ± 0.502b 9.688 ± 0.074a 19.252 ± 0.406a 

Methanolic E. 23.783 ± 0.004c 69.705 ± 3.370b 16.405 ± 0.345b 
 

Values with different superscript letters within the same column are statistically different (p < 0.05). All the values 
are mean ± SD; SD: standard deviation. 

 
representative sample was mixed with or without BSA or 
GNCA in 10.0 ml of 0.2 M acetate buffer. The contents were 
shaken for 45 min at 37°C and centrifuged at 4000 r.p.m. 
The supernatant was analyzed for crude protein content 
(N×6.25) by micro-kjeldhal method. The amount of protein 
precipitated in the BSA or GNCA solution was obtained by 
subtracting the protein (crude protein and NPN) extracted 
into the buffer in control from the protein content in the 
supernatant. As at least twice the amount of protein is 
required for the complete incorporation of poliphenolic 
compounds into the poliphenolic compounds-protein 
complex, sufficient quantity of protein (30 mg BSA or GNCA 
in solution) was used in the present study (Hagerman and 
Butler, 1978). 
 
 
Statistical analysis 
 
Data was reported as mean ± standard deviation from 
triplicate determination. Analysis of variance (ANOVA) 
accompanied with LSD and Tukey tests (SPSS for Windows, 
Version 15) were conducted to identify the significant 
difference between samples (p < 0.05). 
 
 
RESULTS AND DISCUSSION  
 
Air-dried leaves and stem of L. divaricata were extracted 
thrice for 48 h at room temperature with n-hexane, 
chloroform and methanol. After filtration, extracts were 
concentrated in vacuum to dryness. Total content of 
phenolic compounds and flavonoids were measured by 
spectrophotometric techniques (Table 1). The content of 
extractable phenolic compounds in the natural extracts was 
determined through a linear gallic acid standard curve. The 
total phenolic content of natural extracts varied from 2.637 
± 0.148 to 69.705 ± 3.370 mg GAE/g extract (Johns et al., 
1999). The highest content of total phenolic compounds 
was detected in the methanolic extract (69.705 mg GAE/g 
extract) (p < 0.05). The total flavonoid content of natural 
extracts from aerial part of L. divaricata was evaluated by 
aluminium colorimetric assay (Chang et al., 2002). 
Quercetin was used as a standard and the total flavonoid 
content of natural extracts was expressed in microgram of 

quercetin equivalents per gram of extract (µg QE/g extract). 
The total flavonoid content of L. divaricata natural extracts 
was significant in chlroformic extract (19.252 ± 0.406 µg 
QE/g) and methanolic extract (16.405 ± 0.345 µg QE/g). 

The antioxidant activity of natural extracts of L. 
divaricata was evaluated by spectrophotometric testing 
methods including two assays of radical scavenging activity 
and reduction of transition metal assay: 1,1-Diphenyl-2-
picrylhydrazyl radical-scavenging activity (DPPH) (Wu et 
al., 2009), 2,2´-Azino-bis(3-ethylbenzthiazoline-6-sulphonic 
acid) radical-scavenging activity (ABTS) (Wu et al., 2009) 
and ferric ions-reducing power test (RP-Fe) (Wu et al., 
2010) (Table 2). These methods were selected due to their 
simplicity, sensitivity and reproducibility. As positive 
controls were used caffeic acid  (DPPH, IC50,(mg/mL) = 0.051 ± 
0.001;  ABTS IC50,(mg/mL) = 0.003 ± 0.000; RP-Fe, IC50,(mg/mL) = 
0.667 ± 0.022) and Quercetin (DPPH, IC50,(mg/mL) = 0.081 ± 
0.001; ABTS IC50,(mg/mL) = 0.026 ± 0.003; RP-Fe and 
IC50,(mg/mL) = 1.024 ± 0.020). Among natural extracts, the 
methanolic extract was the most active (DPPH, IC50,(mg/mL) = 
0.096 ± 0.015;  ABTS IC50,(mg/mL) = 0.054 ± 0.001; RP-Fe, 
IC50,(mg/mL) = 8.090 ± 0.146). 

The chemical composition pattern of methanolic extract 
was characterized by EIMS-CG and NIST Mass Spectrometry 
Data Center. Flavonoids and lignans were identified as 
major secondary metabolites in the methanolic extract. The 
compounds identified were:  apigenine-7-methylether (1), 
quercetin (2),  nordihydroguaiaretic acid (3) and 3,4-
dihydroxy-3,4-dimethoxy-6,7-cyclolignan (4) and p-
coumaric acid (5)  (Figure 1) (Vogt et al., 2013). 

On the other hand, it is well-accepted that the antioxidant 
activity and the PPC are markedly influenced by the 
presence of hydroxyl groups in a molecular structure. 
Modified extracts were prepared by chemical 
transformations of methanolic extract in order to alter their 
antioxidant and protein precipitating properties. 

In this sense, acid hydrolysis, sulfonylation, O-
methylation, O-acylation and Friedel-Crafts reactions were 
performed (Tomohara et al., 2016; Salazar et al., 2009). 
Acid hydrolysis was performed with 2 M HCl at 80ºC and 
sulfonylation reaction carried out with p-toluene sulfonyl 
chloride and potassium carbonate in acetone refluxing for 
24 h. O-methylation was carried out with dimethyl sulfate 
in the presence of potassium carbonate. The C-acylated and  
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Table 2: Antioxidant activity of natural and chemically modified extracts of L. divaricata. 
 

Natural and modified extracts 
DPPH 

IC50 (mg/ml) 
ABTS 

IC50 (mg/ml) 
RP-Fe 

IC50 (mg/ml) 

n-Hexanic 0.163 ± 0.092 0.098 ± 0.002 41.359 ± 0.246 
Chloroformic 0.101 ± 0.032 0.068 ± 0.002 9.538 ± 1.103 
Methanolic 0.096 ± 0.015 0.054 ± 0.001 8.090 ± 0.146 
Quercetin 0.081 ± 0.001 0.026 ± 0.003 1.024 ± 0.020 
Caffeic acid 0.051 ± 0.001 0.003 ± 0.000 0.667 ± 0.022 
Hydrolyzed 0.092± 0.011 0.048 ± 0.003 4.167 ± 0.020 
Tosylated 0.130 ± 0.093 0.080 ± 0.002 19.436 ± 0.237 
O-Methylated 0.143 ± 0.023 0.085 ± 0.001 26.744 ± 1.138 
C-Acylated 0.085 ± 0.011 0.028 ± 0.003 3.207 ± 0.128 
O-Acylated 0.090 ± 0.054 0.041 ± 0.013 4.033 ± 0.041 

 

Values are for triplicate analysis. All the values are mean ± SD; SD: standard deviation. 
 
 

Table 3: Protein precipitated by 100 mg natural and chemically modified extracts of L. 
divaricata. 

 

Modified extracts mg BSA precipitation mg GNCA precipitation 

Hexanic a a 

Chloroformic 11.55 ± 0.22 8.03 ± 0.17 

Methanolic 8.92 ± 0.62 7.33 ± 0.30 
Hydrolyzed 7.10± 0.34 4.76± 0.20 
Tosylated 13.36 ± 0.93 11.88 ± 0.30 
O-Methylated 14.43 ± 0.39 12.69 ± 0.28 
C-Acylated 2.10 ± 0.31 1.76 ± 0.11 
O-Acylated 5.10 ± 0.10 3.05 ± 0.09 

 

Values are for triplicate analysis. All the values are mean ± SD; SD: standard deviation. 
aAvailable concentrations of samples were too low to obtain reliable results. 

 
 
O-acylated extracts were prepared from methanolic extract 
using 2,3,4-trihydroxybezoyl chloride as acylating agent in 
the presence or without aluminium chloride as Lewis acid.  

Significant changes in antioxidant properties were 
observed. High antioxidant activity levels were observed in 
hydrolyzed C-acylated and O-acylated extracts methanolic 
extract (Table 2). However, C-acylated and O-acylated 
derivatives showed the best antioxidant activity. The C-
acylated derivative (DPPH, IC50,(mg/mL) = 0.085 ± 0.011;  
ABTS IC50,(mg/mL) = 0.028 ± 0.003; RP-Fe, IC50,(mg/mL) = 3.207 ± 
0.128) increased the antioxidant activity more than the 
corresponding O-acylated derivatives (DPPH, IC50,(mg/mL) = 
0.090 ± 0.054; ABTS IC50,(mg/mL) = 0.041 ± 0.013; RP-Fe, 
IC50,(mg/mL) = 4.033 ± 0.041). In contrast, the methylation and 
tosylation reactions largely eliminates the ‘‘chemical’’ 
antioxidant capacity of the extract. 

Taking into account these results, the protein 
precipitating capacity of natural and modified extracts was 
evaluated in two protein system BSA (bovine serum 

albumin) and the partially purified GNCA (groundnut cake 
albumin) (Rickard, 1986; Prasad, 1985). The PPC of natural 
and chemically modified extracts of L. divaricata was 2.10 
to 14.43 in the case of BSA and 1.76 to 12.69 in the case of 
GNCA. The data clearly showed that methanolic, 
hydrolizated, C-acylated and O-acylated extracts contained 
an appreciable amount of phenolic compounds precipitated 
proteins present in buffer solutions (Table 3).  

The higher PPC of methanolic and increasing PPC of 
hydrolyzed, O-acylated and C-acylated extracts in the 
presence of BSA in comparison with GNCA could be either 
due to the purified nature of the BSA or its higher affinity 
towards phenolic compounds or both. The methylated and 
tosylated extracts showed the lowest value of PPC. The 
differences in the affinities of BSA and GNCA for modified 
extracts are probably due to the existing differences in the 
availability of binding sites for modified extracts as well as, 
in the net charge of these proteins in the model system 
used.  
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Future studies on the effect of pH, temperature and 
concentration in the protein precipitating capacity and 
docking studies are in progress. These findings suggest that 
flavonoids and lignans were the mayor contributor of the 
antioxidant power in methanolic extract of L. divaricata. 
However, among all extracts natural and chemically 
modified, the hydrolazed, O-acylated and C-acylated 
extracts were the most bioactive. Hydrolazed, O-acylated 
and C-acylated extracts of L. divaricata could be used as a 
promoter antioxidant from a natural source. Moreover, the 
methylated and tosylated extracts possess the lowest 
protein precipitating capacity and the highest lipophilicity, 
which is a considerable advantage to be used as a natural 
additive in food industry. 
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